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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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a third party.

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

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

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

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

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

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

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

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

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

. Please contact Renesas Technology Corp. for further details on these materials or the produ
contained therein.
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arein 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 isfirst supplied, the product's state is undefined.
The states of internal circuits are undefined until full power is supplied throughot
chip and alow level isinput on the reset pin. During the period where the states
undefined, the register settings and the output state of each pin are aso undefinec
your system so that it does not malfunction because of processing whileitisin th
undefined state. For those products which have areset function, reset the LS| imt
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

Note: Access to undefined or reserved addresses is prohibited.
The undefined or reserved addresses may be used to expand functions, or test reg
may have been be allocated to these addresses. Do not access these registers; the
operation is not guaranteed if they are accessed.
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e CPU and System-Control Modules
e  On-Chip Peripheral Modules

The configuration of the functional description of each module differs according to th
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 requirec
final part of each section.

7. List of Registers

8. Electrical Characteristics

9. Appendix

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

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

11. Index

Rev. 1.00 Dec. 27, 2005 Page vi of xlii
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characteristics of thisLSI to tHe above users.
Refer to the SH-3/SH-3E/SH3-DSP Programming Manual for a detailed de
of the instruction set.

Notes on reading this manual:

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

Product Classifications and Abbreviations

Basic Classification Product Code
SH7712 HD6417712

e Inorder to understand the overall functions of the chip

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

e |norder to understand the details of the CPU's functions

Read the SH-3/SH-3E/SH3-DSP Programming Manual.
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Related Manuals:  The latest versions of all related manuals are available from our wi
Please ensure you have the latest versions of all documents you re
http://www.renesas.com/

SH7712 manuals:

Document Title Document
SH7712 Hardware Manual This manue
SH-3/SH-3E/SH3-DSP Programming Manual ADE-602-0

User's manuals for development tools:

Document Title Document

SuperH™ RISC engine C/C++ Compiler,Assembler,Optimizing Linkage REJ10B01!
Editor Compiler Package V.9.00 User's Manual

SuperH™ RISC engine High-performance Embedded Workshop 3 Users REJ10B00:
Manual

SuperH RISC engine High-Performance Embedded Workshop 3 Tutorial REJ10B00:

Application note:

Document Title Document

SuperH RISC engine C/C++ Compiler Package Application Note REJ05B04¢

Rev. 1.00 Dec. 27, 2005 F
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H-UDI
INTC
JTAG
LSB
MMU
MSB
PFC
RISC
RTC
SCIF
SIOF
TLB
T™MU
UART
UBC
WDT

User debugging interface

Interrupt controller

Joint test action group

Least significant bit

Memory management unit

Most significant bit

Pin function controller

Reduced instruction set computer
Realtime clock

Serial communication interface with FIFO
Seria 1/0 with FIFO

Tranglation lookaside buffer

Timer unit

Universal asynchronous receiver/transmitter
User break controller

Watchdog timer
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The LS| has alarge capacity (32-kbyte) cache memory, 16-kbyte on-chip X/Y memory,
interrupt controller for system configuration to enable flexible system design. It support
speed data transfer using an on-chip direct memory access controller (DMAC). Its exter
memory access support provides direct connection to various types of memory.

The strong on-chip power saving function reduces power consumption even during higf
operation.

1.1 Features
The features of this LS| are shown below.
CPU:

e Origina Renesas-Technology SuperH architecture
e Compatible with SH-1, SH-2, and SH-3 at object code level
e 32-bitinterna databus
e Various groups of built-in registers
General registers. Sixteen 32-bit registers (including eight 32-bit bank registers)
Control registers: Five 32-bit registers
System registers: Four 32-bit registers
e Supports RISC-type instruction set
Instruction length: 16-bit fixed length for improved code efficiency
L oad/store architecture
Delayed branch instructions
Instruction set based on C language
e Instruction execution time: one instruction/cycle for basic instructions
e Logica address space: 4 Gbytes
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Two 40-bit data registers
e Supports extended harvard architecture for DSP data bus
Two data buses
One instruction bus
e Maximum four parallel operations
ALU, multiply, and two load/store
e Two addressing units to generate addresses for two memory access
e Supports DSP data addressing modes
Increment and indexing (with or without modulo addressing)
e Zero-overhead repeat |oop control
e Conditional execution instructions
e Supports user DSP mode and privileged DSP mode

Memory management unit (MM U):

e 4 Gbytes of address space, 256 address spaces (8-bit ASID)
e Page unit sharing
e Supports multiple page sizes
1 kbyte or 4 kbytes
e Supports 128-entry, 4-way set associative TLB
e Supports software selection of replacement way and random-replacement algorithms
e Contentsof TLB are directly accessible by address mapping
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Maximum two 16-bit accesses from the DSP
8-/16-/32-bit access from the DMAC or E-DMAC
e A total of 16 kbytes memory (8-kbyte RAM each for X- and Y -memory)

Interrupt controller (INTC):

e Supports seven external interrupt pins (NMI, IRQ5 to IRQO)

e Supports fifteen level interrupt pins (IRL3 to IRLO)

e Supports one interrupt request output pin (IRQOUT)

e On-chip peripheral interrupt: Priority level isindependently selected for each modul
e Supports software vector mode

e Selection of falling/rising/high/low

User break controller (UBC):

e Address, datavalue, access type, and data size are available for setting as break conc
e Supports the sequential break function
e Two break channels

On-Chip Oscillation Circuits:

o Clock source selectable between an external supply (EXTAL or CKIO) and crystal r

Theinternal clock and peripheral clock can be adjusted by setting the PLL circuit an
ratio.

e Threetypes of clocks generated:
CPU clock (I clock): 200 MHz (max)
Bus clock (B clock): 66 MHz (max)
Peripheral clock (P clock): 33 MHz (max)
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Mbytes, and areas 5A, 5B, 6A, 6B; each a maximum of 32 Mbytes.
e Thefollowing features are settable for each area.
Bus size (8, 16 or 32 hits): The supported bus size differs for each area.

Number of access wait cycles: Numbers of wait-state cycles during reading and writit

independently selectable for some aress.
Setting of idle wait cycles. For the same area or different area.

Specifying the memory to be connected to each area enables direct connection to SR/
SRAM with byte selection, burst ROM (synchronization/asynchronous), SDRAM an

PCMCIA.

e Outputs chip select signal (CS0, CS2 to CS4, CS5A/B, and CS6A/B) for correspondil

(The CS assert/negate timing can be selected by software.)
Direct memory access controller (DMAC):

e Six channels. Two of these channels (chO and chl) support external requests.
e Supports burst mode and cycle-stealing mode

Timer unit (TMU):

e 3-channel auto reload 32-bit on-chip timer
e 4typesof counter input clocks can be selected

Realtime clock (RTC)**:

e On-chip clock, calendar, and alarm
e On-chip 32 kHz crystal oscillator with 1/256-second resolution (interrupt cycle)
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e 64 bytes each for transmit/receive FIFO

e 8-/16-/16-bit stereo-audio input/output supported
e Two channels (SIOF0 and SIOF1)

o DMA transfer

e Frame synchronous signal

Ethernet controller (Ether C):

e MAC (MediaAccess Control)

o Dataframe assembly/disassembly (frame format conforming to |EEE802.3u)
e CSMA/CD link management (collision prevention and collision processing)
e CRC processing

e Full-duplex transmit/receive support

e Detects short frames and long frames

e Conformsto MII (Media Independent Interface) standard **

e Conversion from 8-bit stream datain MAC layer to MII nibble (4-bit) stream
e Station management (STA function)

e 10/100 Mbps transfer rate adjustable

e WOL (Wake-On-LAN) signal output with Magic Packet** detection

e CAM sense signa input

Ethernet Controller Direct Memory Access Controller (E-DMAC):

o EtherC— Transfer between external and internal memories
e 16-byte burst transfer

e Single address transfer

e Chain block transfer
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supplies even if only RTC operates.
2. +5V 1/Oisnot supported.
3. Magic Packet isthe registered trademark of Advanced Micro DevicesInc.

Product Lineup:

Power supply voltage Maximum

operating
Abbreviation /0 Internal frequency Type name Packa
SH7712 33V+03V 15V+01V 200MHz HD6417712BP/BPV 256-pi
(BP-2¢
HD6417712F/FV 256-pi
(FP-2¢
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- S R
CPU/DSP 16 kbytes e e S

Internal bus (B clock)

£ 1t 1

Direct
memory
access
controller

Transmit FIFO
2 kbytes Ethernet controller Of—p

EtherCO —

Ethernet Receive FIFO ( ) f
controller 2 kbytes

direct memor Transfer FIFO| [Transfer FIFO]

access 3 kbytes 3 kbytes

Bus state Peripheral
controller bus
(BSC) controller

controller | [Fransmit FIFO
External bus (E-DMAC) 2 kbytes Ethernet controller 1f—p
Receive FIFO (EtherCt) [
(2 kbytes)

Peripheral bus (P clock)

r 1T 1t T T 1 1

. Serial User . )
R Serial I/0 communication| | qepuggin Interrupt | | Realtime Timer oscillatio
SR-AX/I with FIFO interface iit:r?gceg controller clock unit CE?:”(%S
SIOF)* with FIFO
(SIOF) (SCIF)* (H-UDI) (INTC) (RTS) (TMU) D

)

Note: * SCIF and SIOF have two channels respectively.

Figurel.1 Block Diagram
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NM
IRQO/IRLO
IRQ1/IRLT

HQFP2828-256
226 (FP-256G/GV)

s
Cvcss(aiov} 208 Top view

DREQO

DREQ1
PTCO/SCK_SIO1
PTC1/SIOMCLK1
PTC2/RXD_SIO1
Vee(1.5V)
Vss(0V)

(
PTC3/TXD_SIO1
PTC4/SIOFSYNC1

WEO(BEO)/DQMLL

WET(BET)/DQMLUWE

Figure1.2 Pin Assignment (HQFP2828-256(FP-256G/GV))
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D4 | Vec | Vss | D1 ERXDO00 [ERXD02

D6 | b2 | D3 | DS ITX-EROJRX-CLK

D8 D7 | VssQ -

VeeQ P-LFBGA1717-256 [[X-ENQ VeoQ
(BP-256H/HV)
D12 | D10 [ D9 | D11 ETXDO03 [ETXDO1
Top view
D13 | Vss | Vcc D14 Voo |CAuseny
D15 | CKIO |Rp/WR|"ESEY LNKSTAT | MDIO1
WET(BET)/
PV | VssQ | VeeQ | CAS ERXD13| VeeQ
CKE | Vss | CS3 | RAS Vee  [ERXDI11|!
Cs2 A4 Al Vee RX-DV1 | RX-ER1
A0 A8 A9 A3 TX-CLK1 [ ETXD10|
PTB1/ PTB7/ | PTA1/
A2 VeeQ | A10 A5 D16 D20 |VssQ | D24 D28 D30 A19 A21 A25 cTsT Vce RTS0 | TXDO VeeQ |
Vi Q ?QNE Vi Vi Q \/ Vi Q PTB3/ PTBS/ PTAS/ PTA6/
A6 ATl A7 cc icioro | D18 | D22 ss D26 cc cc A23 €CQ | RXD1 | sciFick [Rxp-sioo|TxD-s100 [sCK-8100
VssQ | a1 | At4 | At5 | A17 | D17 | D21 | Veo | D27 |vssQ | Vss | A24 |vssq | Vss |PTAO | SRt Voo Lot
WES@ES) PTB2/ [PTB4/ | PTB6/ | P2

A12 A16 ?gg“l,ﬁv:/ VssQ | D19 | VeeQ | D23 D25 D29 D31 A18 A20 A22 | PTBO BTST | TXD1 | ©T50 |57

Figure1.3 Pin Assignment (P-L FBGA1717-256(BP-256H/HV))
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6 CS0 O] Chip select 0

7 Ct CS4 o] Chip select 4

8 D3 CS5A o] Chip select 5 A

9 D1 CS6A o] Chip select 6 A

10 E4 WAIT I Hardware wait request
11 F2 RD 0] Read strobe

12 F3 BS o] Bus cycle start signal

13 E1 VeeQ I/O power supply (3.3 V)
14 F4 VssQ I/0 power supply (0 V)
15 G2 Vce Internal power supply (1.5 V)
16 G3 Vss Internal power supply (0 V)
17 F1 DO 10 Data bus

18 G4 D1 10 Data bus

19 H2 D2 10 Data bus

20 H3 D3 10 Data bus

21 G1 D4 10 Data bus

22 H4 D5 10 Data bus

23 HA1 D6 10 Data bus

24 J3 D7 10 Data bus

25 J2 VeeQ I/O power supply (3.3 V)
26 Ja VssQ I/0O power supply (0 V)
27 J1 D8 10 Data bus

28 K3 D9 10 Data bus

29 K2 D10 10 Data bus
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WEO(BEV)/DQMLL /0 D/ 10 DO-select signal/DQIVI |
38 N1 WET(BE1)/DQMLU/  O/O/0O D15 to D8-select signal/DQM
WE (SDRAM)/PCMCIA write cycl
39 M3 RD/WR 0 Read/write
40 M2 CKIO 10 System clock 1/0
41 N4 CAS (0] CAS (SDRAM)
42 P1 CKE 0] CK enable (SDRAM)
43 N3 VeeQ I/O power supply (3.3 V)
44 N2 VssQ I/O power supply (0 V)
45 P4 RAS (0] RAS (SDRAM)
46 R1 CS2 0 Chip select 2
47 P3 CS3 0 Chip select 3
48 T1 A0 0] Address bus
49 R4 Vce Internal power supply (1.5 V)
50 P2 Vss Internal power supply (0 V)
51 R3 A1l @) Address bus
52 U1 A2 0] Address bus
53 T4 A3 o Address bus
54 R2 A4 O Address bus
55 u4 A5 0] Address bus
56 V1 A6 O Address bus
57 u2 VeeQ I/O power supply (3.3 V)
58 Wi1 VssQ 1/0 power supply (0 V)
59 V3 A7 0] Address bus
Rev. 1.00 Dec. 27, 2005 Pa
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Al1o O AQaress bus

68 Y2 A16 0] Address bus

69 W5 A17 o Address bus

70 V5 WE2(BE2)/DQMUL/ O/0O/O D23 to D16-select signal/DQM
ICIORD (SDRAM)/PCMCIA 1/O read

71 Y3 WES3(BE3)/DQMUU/ 0O/O/O D31 to D24-select signal/DQM
ICIOWR (SDRAM)/PCMCIA 1/O write

72 V4 VeeQ 1/0 power supply (3.3 V)

73 Y4 VssQ 1/0 power supply (0 V)

74 U5 D16 10 Data bus

75 W6 D17 10 Data bus

76 V6 D18 10 Data bus

77 Y5 D19 10 Data bus

78 uée D20 10 Data bus

79 w7 D21 10 Data bus

80 V7 D22 10 Data bus

81 Y6 VeeQ 1/0 power supply (3.3 V)

82 u7z VssQ I/O power supply (0 V)

83 W8 Vce Internal power supply (1.5 V)

84 V8 Vss Internal power supply (0 V)

85 Y7 D23 10 Data bus

86 us D24 10 Data bus

87 Y8 D25 10 Data bus

88 V9 D26 10 Data bus
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Y11 Alo O Aaaress bus
97 Ui A19 0] Address bus
98 Y12 A20 o Address bus
99 V11 Vee Internal power supply (1.5 V)
100 W11 Vss Internal power supply (0 V)
101 u12 A21 o Address bus
102 Y13 A22 0] Address bus
103 V12 A23 o Address bus
104 W12 A24 O Address bus
105 u13 A25 O Address bus
106 Y14 PTBO 10 I/O port B
107 V13 VeeQ I/O power supply (3.3 V)
108 W13 VssQ I/O power supply (0 V)
109 ui4 PTB1/CTS1 10/1 I/O port B/SCIF1 transmit cle
110 Y15 PTB2/RTS1 I0/0 /O port B/SCIF1 transmit req
111 Vi4 PTB3/RXD1 10/1 1/0 port B/SCIF1 receive datc
112 Y16 PTB4/TXD1 IO/O  1/O port B/SCIF1 transmit dat
113 u15 Vcce Internal power supply (1.5 V)
114 W14 Vss Internal power supply (0 V)
115 V15 PTB5/SCIF1CK I0/I0  1/0O port B/SCIF1 serial clock
116 Y17 PTB6/CTSO 10/1 I/O port B/SCIFO transmit cle
117 u1e PTB7/RTSO I0/O  1/O port B/SCIFO transmit req
118 W15 PTAO/RXDO 10/1 1/0 port A/SCIFO receive dat:
119 ut7 PTA1/TXDO I0/O  1/O port A/SCIFO0 transmit dat
Rev. 1.00 Dec. 27, 2005 Pa
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2/

Wilo

F1TA//S1I0FSYNCUO

10/10

170 port A/SIOFO Trame sync

128 Y20 VeeQ I/O power supply (3.3 V)
129 W19 CRS1 I MACH1 carrier detection
130 V19 COL1 I MACH1 collision detection
131 u19 ETXD13 o MAC1 transmit data 3
132 W20 ETXD12 o MACH1 transmit data 2
133 T19 ETXD11 0] MAC1 transmit data 1
134 T18 ETXD10 o MACH1 transmit data O
135 V20 TX-ENA1 (0] MACH1 transmit enable
136 u18 VeeQ I/O power supply (3.3 V)
137 u20 VssQ I/O power supply (0 V)
138 T17 TX-CLK1 I MACH1 transmit clock
139 R19 TX-ER1 @) MAC1 transmit error
140 R18 RX-ER1 I MACH1 receive error

141 T20 RX-CLK1 I MACT1 receive clock

142 R17 RX-DVA1 I MAC1 receive data valid
143 P19 ERXD10 I MACH1 receive data 0
144 P18 ERXD11 I MACHT1 receive data 1
145 R20 ERXD12 I MACHT1 receive data 2
146 P17 Vcee Internal power supply (1.5 V)
147 N19 Vss Internal power supply (0 V)
148 N18 VeeQ I/O power supply (3.3 V)
149 P20 VssQ I/O power supply (0 V)
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B bt

request

157 L19 CRSO0 | MACO carrier detection
158 L17 Vce Internal power supply (1.5 V)
159 L20 Vss Internal power supply (0 V)
160 K20 COLo I MACO collision detection
161 K17 ETXDO03 0] MACO transmit data 3
162 J20 ETXD02 o MACO transmit data 2
163 K18 ETXDO1 0] MACO transmit data 1
164 K19 ETXDO00 0] MACO transmit data 0
165 J17 TX-ENO o MACO transmit enable
166 H20 TX-CLKO I MACO transmit clock
167 J18 VeeQ I/O power supply (3.3 V)
168 J19 VssQ I/O power supply (0 V)
169 H17 TX-ERO O MACO transmit error
170 G20 RX-ERO I MACO receive error
171 H18 RX-CLKO I MACO receive clock
172 H19 RX-DVO I MACO receive data valid
173 G17 ERXDO00O I MACO receive data 0
174 F20 ERXDO1 I MACO receive data 1
175 G18 ERXDO02 I MACO receive data 2
176 E20 Vcece Internal power supply (1.5 V)
177 F17 Vss Internal power supply (0 V)
178 G19 ERXDO03 MACO receive data 3
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185 D19 VeeQ I/O power supply (3.3 V)

186 B20 VssQ I/O power supply (0 V)

187 Cc18 VssQ I/O power supply (0 V)

188 E19 MD4 I Specifies area 0 bus width
189 E18 MD5 I Endian select

190 D18 VeeQ I/O power supply (3.3 V)

191 C19 VssQ I/O power supply (0 V)

192 A20 VeeQ I/0O power supply (3.3 V)

193 B19 VceQ-RTC RTC oscillator power supply (¢
194 B18 XTAL2 0] On-chip RTC crystal oscillator
195 B17 EXTAL2 I On-chip RTC crystal oscillator
196 A19 VssQ-RTC RTC oscillator power supply (C
197 B16 ASEMDO [ ASE mode

198 C16 TDI | Test data input

199 A18 T™MS I Test mode select

200 Cc17 TDO 0] Test data output

201 A17 TRST | Test reset

202 D16 TCK I Test clock

203 B15 ASEBRKAK 0 ASE break acknowledge

204 C15 AUDSYNC 0 AUD synchronous

205 A16 AUDCK O AUD clock

206 D15 Vce Internal power supply (1.5 V)
207 B14 Vss Internal power supply (0 V)
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219

Alo

RESEITF

Fower-on reset request

216 C12 NMI I Non-maskable interrupt requ
217 B12 IRQO/IRLO I External interrupt request
218 D12 IRQ1/IRLT I External interrupt request
219 A12 IRQ2/IRL2 | External interrupt request
220 C11 IRQ3/IRL3 | External interrupt request
221 B11 Vee Internal power supply (1.5 V)
222 D11 Vss Internal power supply (0 V)
223 A1 STATUSO (0] Processor status

224 A10 STATUSH (0] Processor status

225 D10 CKIO2 0] System clock output

226 A9 DACKO 0] DMA acknowledge 0

227 C10 VeeQ I/0 power supply (3.3 V)

228 B10 VssQ I/O power supply (0 V)

229 D9 DACK1 0] DMA acknowledge 1

230 A8 DREQO I DMA request 0

231 C9 DREQ1 I DMA request 1

232 B9 PTCO0/SCK_SIO1 I0/10  1/O port C/SIOF1 communica
233 D8 PTC1/SIOMCLK1 10/1 I/0 port C/SIOF1 clock input
234 A7 PTC2/RXD_SIO1 10/1 1/0 port C/SIOF1 receive dat:
235 Ccs8 Vce Internal power supply (1.5 V)
236 B8 Vss Internal power supply (0 V)
237 D7 PTC3/TXD_SIO1 I0O/O /O port C/SIOF1 transmit da
238 A6 PTC4/SIOFSYNCA1 10/I0  1/O port C/SIOF1 frame sync

RENESAS
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i

enable
246 B6 VssQ I/O power supply (0 V)
247 D4 MDO I Clock mode select
248 A3 MD1 I Clock mode select
249 B4 MD2 I Clock mode select
250 A2 MDS3 | Area 0 bus width
251 C3 Vee-PLLA PLL1 power supply (1.5 V)
252 B5 Vss-PLL1 PLL1 power supply (0 V)
253 C5 Vee-PLL2 PLL2 power supply (1.5 V)
254 C4 Vss-PLL2 PLL2 power supply (0 V)
255 B3 XTAL (0] Clock oscillator pin
256 Al EXTAL I External clock/crystal oscillatol
Notes: 1. VccQ-RTC must be supplied even if the realtime clock (RTC) is not used.

2. RTC in this LSI does not operate even if VccQ-RTC is turned on. The crystal c
circuit for RTC operates with VccQ-RTC. The control circuit and the RTC coun
operate with Vcc (common to the internal circuit). Therefore, all power supplie:
than VccQ-RTC should always be turned on even if only RTC operates.

3. Vcc-PLL1/Vee-PLL2 must be supplied even if the on-chip CPG is not used.

4. VceQ (3.3V), Vee (1.5 V), VssQ, and Vss must be connected to the system pc

supply (for uninterrupted supply).
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Vss

Ground

Ground pin. Connect all
to the system power sup
There will be no operatic
pins are open.

VeeQ

Power supply

Power supply for 1/O pin
all VceQ pins to the syst
supply. There will be no
if any pins are open.

VssQ

Ground

Ground pin. Connect all
to the system power sup
There will be no operatic
pins are open.

Clock

Vce-PLLA

PLL1 power
supply

Power supply for the on-
oscillator.

Vss-PLL1

PLL1 ground

Ground pin for the on-ch
oscillator.

Vce-PLL2

PLL2 power
supply

Power supply for the on-
oscillator.

Vss-PLL2

PLL2 ground

Ground pin for the on-ch
oscillator.

EXTAL

External clock

For connection to a crys
resonator. This pin can |
used for external clock ir
examples of crystal reso
connection and external
input, see section 11, Or
Oscillation Circuits.

RENESAS
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Operating moae Do 1o MDO

control

Viode set

‘Inhese pins set the operat
mode. Do not change val
these pins during operatic

MD2 to MDO set the clock
MD4 and MDS3 set the bu:
mode of area 0, and MD5
endian.

System control

RESETP

Power-on reset

When low, the system en!
power-on reset state.

RESETM

Manual reset

When low, the system ent
manual reset state.

STATUSH
STATUSO

Status output

Indicates that this LSl is ir
software standby mode, r
sleep.

Bus request

Low when an external de
requests the release of th
mastership.

Bus request
acknowledge

Indicates that the bus ma:
has been released to an ¢
device. Reception of the |
signal informs the device
has output the BREQ sigr
has acquired the bus mas
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Address bus

Address bus A25 to AO (0] Outputs addresses.
Data bus D31 to DO I/0 Data bus 32-bit bidirectional bus.
Bus control CSo, O Chip select 0,  Chip-select signals for e
CS2 to CS4, 21to 4, 5A, 5B, memory or devices.
CS5A, CSBA, 6A, 6B PCMCIA card select sigt
CSSB/CETA, PCMCIA card  PCMCIA is used.
CS6B/CE1B, select
CE2A, CE2B
RD o Read Indicates reading of datz
external devices.
RD/WR 0 Read/write Read/write signal
BS o Bus start Bus-cycle start signal
WE3(BE3)/ O Byte write Indicates that bits 31 to :
ICIOWR data in the external men
device are being written.
strobe signal when PCM
used.
WE2(BE2)/ O Byte write Indicates that bits 23 to |
ICIORD data in the external men
device are being written.
strobe signal when PCM
used.
WE1(BE1)/ o Byte write Indicates that bits 15 to ¢
WE data in the external men
device are being written.
write strobe signal when
is used.
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selection

DQMUU DQM Selects D31 to D24 during -
the SDRAM.
DQMUL DQM Selects D23 to D16 during -
the SDRAM.
DQMLU DQM Selects D15 to D8 during a
the SDRAM.
DQMLL DQM Selects D7 to DO during ac
the SDRAM.
REFOUT Refresh request Outputs the refresh request
output master mode or bus releas
WAIT Wait Inserts a wait cycle into the
cycles during access to the
space.
Direct memory DREQO, DMA-transfer Input pin for external reque
access controller DREQ1 request DMA transfer.
(DMAC) DACKO, DMA-transfer Output pin for request acce
DACK1 request accept  in response to external requ
DMA transfer.
TENDO, DMA-transfer Output pin for DMA transfel
TEND1 end output signal.
Rev. 1.00 Dec. 27, 2005 Page 22 of 932
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)

AUVUUAT AUV

niouc.

AUDCK

AUD clock

Synchronous-clock outy
AUD trace mode.

AUDSYNC

AUD
synchronous
signal

Data start-position ackn
signal output pin in AUL
mode.

E10A interface

ASEBRKAK

Break mode
acknowledge

Indicates that the E10A
has entered its break m

For the connection with
see the SH7712 E10A E
User's Manual (tentative

ASEMDO

ASE mode

Sets the ASE mode.

Realtime clock
(RTC)

VceQ-RTC

RTC oscillator
power supply

Power supply pin for the
RTC

VssQ-RTC

RTC oscillator
ground

Ground pin for the on-cf

EXTAL2

RTC external
clock

Clock input pin for the o
RTC clock (32.768 MHz
connection example, ref
section 15, Realtime Clc

XTAL2

RTC crystal

Clock output pin for the
RTC clock (32.768 MHz
connection example, ref
section 15, Realtime Clc

RENESAS
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(EtherC).

ETXDO03 to
ETXDO00

MACO transmit
data

4-bit transmit data pins. F
connection example, refe
section 18, Ethernet Con
(EtherC).

TX-EN1,
TX-ENO

MAC1/0
transmit enable

These pins indicate that t
data is ready on ETXD13
ETXD10 and ETXDO03 to
For a connection exampl
section 18, Ethernet Con
(EtherC).

TX-CLK1,
TX-CLKO

MAC1/0
transmit clock

Timing reference pins (cl
TX-EN1/0, TX-ER1/0, ET
ETXD10 and ETXDO03 to
For a connection exampl
section 18, Ethernet Con
(EtherC).

TX-ERT1,
TX-ERO

MAC1/0
transmit error

These pins notify an erro
transmission to the PHY-
a connection example, re
section 18, Ethernet Con
(EtherC).

RX-ERT,
RX-ERO

MAC1/0 receive
error

These pins notify an erro
data reception. For a con
example, refer to section
Ethernet Controller (Ethe
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REJ09B0269-0100

RENESAS



Ethernet Controller (Eth

ERXD13 to | MAC1 receive  4-bit receive data pins. |
ERXD10 data connection example, ref
section 18, Ethernet Co
(EtherC).
ERXDOS3 to | MACO receive  4-bit receive data pins. |
ERXDO00 data connection example, ref
section 18, Ethernet Co
(EtherC).
MDCH1, (0] MAC1/0 Reference clock pins fo
MDCO management information transfer via
data clock a connection example, r
section 18, Ethernet Co
(EtherC).
MDIOT1, /0 MAC1/0 Bidirectional pins for ex
MDIOO management management informatio
data I/0 connection example, ref
section 18, Ethernet Co
(EtherC).
WOL1, 0] MAC1/0 Wake- These pins indicate that
WOLO On-LAN Packet has been receiv
LNKSTAT1, | MAC1/0 link Link state input pins frot
LNKSTAO status PHY-LSI
EXOUT1, (0] MAC1/0 External output pins
EXOUTO general-purpose
external output
CAMSENT, | MAC1/0 CAM  CAM interface pins inpu
CAMSENO input
Rev. 1.00 Dec. 27, 2005 Pa
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RXDO data
TXD1, (0] SCIF1/0 Transmit data pins
TXDO transmit data
SCIF1CK, I/0 SCIF1/0 serial  Clock I/O pins
SCIFOCK clock
Serial I/0 with SCK_SIO1, 1/10 SIOF1/0 Transmit/receive commu
FIFO (SIOF1/0) SCK_SIO0 communication clock I/O pins
clock
SIOMCLK1, | SIOF1/0 clock  Master-clock input pins
SIOMCLK 0 input
RXD_SIO1, | SIOF1/0 receive Receive data pins
RXD_SIO0 data
TXD_SIO1, (0] SIOF1/0 Transmit data pins
TXD_SIO0 transmit data
SIOFSYNCH, I/0 SIOF1/0 Frame Transmit/receive frame-
SIOFSYNCO synchronous synchronous-signal I/0 p
signal
I/0 port PTA7 to PTAO I/O General 8-bit general-purpose I/0
purpose 1/O port
A
PTB7 to PTBO I/O General 8-bit general-purpose I/0
purpose /O port
B
PTC7 to PTCO I/O General 8-bit general-purpose I/0
purpose /O port
C
Rev. 1.00 Dec. 27, 2005 Page 26 of 932
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Reset State: In the reset state, the CPU isreset. The LS| supports two types of resets: p
reset and manual reset. For details on resets, refer to section 4, Exception Handling.

In power-on reset, the registers and internal statuses of all LS| on-chip modules are initi
manual reset, the register contents of a part of the LS| on-chip modules, such as the bus
controller (BSC), are retained. For details, refer to section 23, List of Registers. The CP
statuses and registers are initialized both in power-on reset and manual reset. After initic
the program branches to address H'A0000000 to pass control to the reset processing pro
executed.

Exception Handling State: In the exception handling state, the CPU processing flow i
temporarily by a general exception or interrupt exception processing. The program cour
and status register (SR) are saved in the save program counter (SPC) and save status reg
(SSR), respectively. The program branches to an address obtained by adding a vector of
vector base register (VBR) and passes control to the exception processing program defir
user to be executed. For details on reset, refer to section 4, Exception Handling.

Program Execution State: The CPU executes programs sequentialy.

L ow-Power Consumption State: The CPU stops operation to reduce power consumpti
low-power consumption state can be entered by executing the SLEEP instruction. For d
the low-power consumption state, refer to section 10, Power-Down Modes.

Figure 2.1 shows a status transition diagram.
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resources from the user program. To change the processing mode from user to privileged
transition to exception handling stateis required*.

Notee * Tocal aservice routine used in privileged mode from user mode, the LS| suf
unconditional trap instruction (TRAPA). When atransition from user mode tc
privileged mode occurs, the contents of the SR and PC are saved. A program ¢
in user mode can be resumed by restoring the contents of the SR and PC. Tor
from an exception processing program, the LS| supports an RTE instruction.

(From any states)
Power-on reset
Manual reset

Reset processing
routine starts

Reset state Program execution state

A Exception
handling
Multiple routine starts

exceptions

SLEEP instruction

An exception
is accepted

Low-power
consumption state

Exception handling state

An exception
is accepted

Figure2.1 Processing State Transitions
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If the cache is enabled, accessto the PO or UO areais cached. If a PO or UO addressis sp
while the address trandlation unit is enabled, the PO or U0 addressis trandated into a ph
address based on trandlation information defined by the user.

If the CPU isin user mode, only the UO area can be accessed. If P1, P2, P3, or P4 isacc
user mode, atransition to an address error exception occurs.

P1 Area: The Pl areais defined as a cacheable but non-address trand atable area. Norm
programs executed at high speed in privileged mode, such as exception processing hanc
are at the core of the operating system (S), are assigned to the P1 area.

P2 Area: The P2 areais defined as a non-cacheable but non-address tranglatable area. A
processing program to be called from the reset state is described at the start address (H'/
of the P2 area. Normally, programs such as system initialization routines and OS initiati
programs are assigned to the P2 area. To access a part of an on-chip /O, its correspondi
program should be assigned to the P2 area.

P3 Area: The P3 areais defined as a cacheable and address trand atable area. This area
an address translation is required for a privileged program.

P4 Area: The P4 areais defined as a control areawhich is non-cacheable and non-addre
translatable. This area can be accessed only in privileged mode. A part of the LSI'son-c
assigned to this area.

Rev. 1.00 Dec. 27, 2005 Pz
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H'C0000000to  P3 Privileged mode 0.5-Gbyte physical space, cacheable,

H'DFFFFFFF translatable
H'EO000000to P4 Privileged mode 0.5-Gbyte control space, non-cacheal
H'FFFFFFFF

222 External Memory Space

The LS| uses 29 bits of the 32-bit logical address to access external memory. In this case
Gbyte of external memory space can be accessed. The external memory space is managex
units. Different types of memory can be connected to each area, as shown in figure 2.2. F
details, please refer to section 12, Bus State Controller (BSC).

In addition, area 1 in the external memory space is used as an on-chip 1/0 space where m
this LSI’ s on-chip 1/0s are mapped. **

Normally, the upper three bits of the 32-bit logical address are masked and the lower 29|
used for external memory addresses.** For example, address H'00000100 in the PO area, -
H'80000100 in the P1 area, address H'A0000100 in the P2 area, and address H'C000010C
area of the logical address space are mapped into address H’ 00000100 of area 0 in the ex
memory space. The P4 areain the logical address space is not mapped into the external n
address. If an addressin the P4 areais accessed, an external memory cannot be accessed.

Notes: 1. To accessan on-chip I/O mapped into area 1 in the external memory space, &
address from the P2 area which is not cached in the logical address space.
2. If the address trandlation unit is enabled, arbitrary mapping in page units can |
specified. For details, refer to section 5, Memory Management Unit (MMU).
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Address error

< alca 1
H'C000 0000 ,"
P3 area ;'
H'E000 0000
P4 area
H'FFFF FFFF H'FFFF FFFF
Privileged mode User mode
Figure2.2 Logical Addressto External Memory Space Mapping
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and procedure register (PR) as system registers. These registers can be accessed regardl e
processing mode.

Program Counter: The program counter stores the value obtained by adding 4 to the cul
instruction address.

Control Registers: This LSl incorporates the status register (SR), global base register (G
save status register (SSR), save program counter (SPC), and vector base register as contre
register. Only the GBR can be accessed in user mode. Control registers other than the GE
accessed only in privileged mode.

Table 2.2 shows the register values after reset. Figure 2.3 shows the register configuratiol
process mode.
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GBR, SSR, SPC Undefined
VBR H'00000000
Note: * Initialized by a power-on or manual reset.
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R13 R13 R13
R14 R14 R14
R15 R15 R15
| SR SR SR
SSR SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
| PC PC PC
SPC SPC
RO_BANKO*'"*4 RO_BANK1*1"3
R1_BANKO™ R1_BANK1"3
R2_BANKO** R2_BANK1"3
R3_BANKO™ R3_BANK1*3
R4_BANKO™ R4_BANK1*3
R5_BANKO™* R5_BANK1"3
R6_BANKO™* R6_BANK1"3
R7_BANKO™* R7_BANK1"3
(a) User mode register (b) Privileged mode register (c) Privileged mode register

configuration configuration (RB = 1) configuration (RB = 0)

Notes: *1 The RO register is used as an index register in indexed register indirect addressing mode

and indexed GBR indirect addressing mode.

*2 Bank register

*3 Bank register
Accessed as a general register when the RB bit is set to 1 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is cleared to 0.

*4 Bank register
Accessed as a general register when the RB bit is cleared to 0 in the SR register.
Accessed only by LDC/STC instructions when the RB bit is set to 1.

Figure2.3 Register Configuration in Each Processing M ode
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R/_BANKU and ko 10 R1o are acCessed as general registers RU 10 R1o. 1ne RU_BANK
R7 _BANKZ1 registersin bank 1 cannot be accessed.

In privileged mode that is entered by atransition to exception handling state, the RB bit
to select bank 1. In privileged mode, sixteen registers: RO BANK1to R7 BANK1 and |
are accessed as general registers RO to R15. A bank is switched automatically when an ¢
handling state is entered, registers RO to R7 need not be saved by the exception handlin
The RO_BANKO to R7_BANKO registersin bank 0 can be accessed asR0_ BANK to R
by the LDC and STC instructions.

In privileged mode, bank 0 can aso be used as general registers by clearing the RB bit t
case, sixteen registers: RO_BANKO to R7_ BANKO and R8 to R15 are accessed as gene
registers RO to R15. The RO BANK1to R7_ BANKL1 registersin bank 1 can be accesse
RO _BANK to R7_BANK by the LDC and STC instructions.

The general registers RO to R15 are used as equivalent registers for amost al instructiol
some instructions, the RO register is automatically used or only the RO register can be u
source or destination registers.
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R11
R12
R13
R14
R15

Figure2.4 General Registers

232 System Registers

The system registers: multiply and accumulate registers (MACH/MACL) and procedure
(PR) as system registers can be accessed by the LDS and STS instructions.

Multiply and Accumulate Registers (MACH/MACL): The multiply and accumulate re
(MACH/MACL) store the results of multiplication and accumulation instructions or mult
instructions. The MACH/MACL registers also store addition values for the multiplicatiot
accumulations. After reset, these registers are undefined. The MACH and MACL registel
upper 32 bits and lower 32 bits, respectively.

Procedur e Register (PR): The procedure register (PR) stores the return address for a sul
call using the BSR, BSRF, or JSR instruction. The return address stored in the PR registe
restored to the program counter (PC) by the RTS (return from the subroutine) instruction
reset, this register is undefined.
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31 0
MACH
MACL
Procedure register (PR)
31 0
| o |

Program counter (PC)
31 0

I Po |

Figure2.5 System Registersand Program Counter
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31 — 0 R

Reserved

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

30 MD 1 R/W

Processing Mode

Indicates the CPU processing mode.

0: User mode

1: Privileged mode

The MD bit is set to 1 in reset or exception handl

29 RB 1 R/W

Register Bank

The general registers RO to R7 are banked regis!
RB bit selects a bank used in the privileged mod

0: Selects bank 0 registers. In this case, RO_BAI
R7_BANKO and R8 to R15 are used as gener:
registers.

RO_BANK1 to R7_BANK1 can be accessed b
LDC or STR instruction.

1: Selects bank 1 registers. In this case, RO_BAR
R7_BANK1 and R8 to R15 are used as gener:
registers.

RO_BANKO to R7_BANKO can be accessed b
LDC or STR instruction.

The RB bit is set to 1 in reset or exception handli
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always pbe 0.

9 M — R/W M Bit

8 Q — R/W  QBit
These bits are used by the DIV0OS, DIVOU, and I
instructions. These bits can be changed even in
mode by using the DIVOS, DIVOU, and DIV1 ins
These bits are undefined at reset. These bits do
change in an exception handling state.

7t04 I3tol0 All 1 R/W  Interrupt Mask
Indicates the interrupt mask level. These bits do
change even if an interrupt occurs. At reset, the:
initialized to B'1111. These bits are not affected
exception handling state.

3,2 — AllO R Reserved
These bits are always read as 0. The write value
always be 0.

1 S — R/W  Saturation Mode

Specifies the saturation mode for multiply instru
multiply and accumulate instructions. This bit ca
specified by the SETS and CLRS instructions in
mode.

At reset, this bit is undefined. This bit is not affec
exception handling state.
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Save Status Register (SSR): The save status register (SSR) can be accessed only in priv
mode. Before entering the exception, the contents of the SR register is stored in the SSR
At reset, the SSRinitial value is undefined.

Save Program Counter (SPC): The save program counter (SPC) can be accessed only i
privileged mode. Before entering the exception, the contents of the PC is stored in the SF
reset, the SPC initial value is undefined.

Global Base Register (GBR): The global base register (GBR) is referenced as a base rex
GBR indirect addressing mode. At reset, the GBR initial value is undefined.

Vector Base Register (VBR): The global base register (GBR) can be accessed only in pi
mode. If atransition from reset state to exception handling state occurs, this register isre
as abase address. For details, refer to section 4, Exception Handling. At reset, the VBR i
initialized as H'00000000.

Figure 2.6 shows the control register configuration.
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| VBR |

Status register (SR)
31 0
| 0[MD|RBI|BL]| 0 o[M[Q[I13 1211 10[0[0[S[T]

Figure2.6 Control Register Configuration
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24.2 Memory Data For mats

Memory data formats are classified into byte, word, and longword. Memory can be acces
byte, word, and longword. When the memory operand is only a byte (8 bits) or aword (1
is sign-extended into a longword when loaded into aregister.

An address error will occur if word data starting from an address other than 2n or longwc
starting from an address other than 4n is accessed. In such cases, the data accessed canno
guaranteed.

When aword or longword operand is accessed, the byte positions on the memory corresy
the word or longword data on the register is determined to the specified endian mode (bic
or little endian).

Figure 2.7 shows a byte correspondence in big endian mode. In big endian mode, the MS
the register corresponds to the lowest address in the memory, and the LSB the in the regi:
corresponds to the highest address. For example, if the contents of the general register R(
at an address indicated by the general register R1 in longword, the MSB byte of the RO is
the address indicated by the R1 and the L SB byte of the R1 register is stored at the addre:
indicated by the (R1 +3).

The on-chip device registers assigned to memory are accessed in big endian mode. Note
available access size (byte, word, or long word) differsin each register.

Note: The CPU instruction codes of this LSl must be stored in word units. In big endiar
the instruction code must be stored from upper byte to lower byte in this order frc
word boundary of the memory.
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The little endian mode can also be specified as data format. Either big-endian or little-er
mode can be selected according to the external pin (MD5) at a power-on reset. When M
at reset, the processor operates in big-endian mode. When MD5 is high at reset, the proc
operatesin little-endian mode. The endian mode cannot be modified dynamically.

In little endian mode, the MSB byte in the register corresponds to the highest addressin
memory, and the LSB the in the register corresponds to the lowest address (figure 2.8). |
example, if the contents of the general register RO is stored at an address indicated by th
register R1 in longword, the MSB byte of the RO is stored at the address indicated by th
and the L SB byte of the R1 register is stored at the address indicated by the R1.

If thelittle endian mode is selected, the on-chip memory are accessed in little endian mc
However, the on-chip device registers assigned to memory are accessed in big endian m
that the available access size (byte, word, or long word) differsin each register.

Note: The CPU instruction codes of this LSl must be stored in word units. In little enc
the instruction code must be stored from lower byte to upper byte in this order fi
word boundary of the memory.

31 23 15 7
Byte position
in RO [7:0] [15:8] [7:0] [31:24] | [23:16] | [1!

e L |1 Jwa [ [ ] [use [wa | [eres] ese]
in memory [7:0] [15:8] | [7:0] [31:24] | [23:16] | [1!

@(R1+3) @(R1+2) @(R1+1) @(R1+0) @(R1+3) @(R1+2) @(R1+1) @(R1+0)  @(R1+3) @(R1+2) @(f

(a) Byte access (b) Word access (c) Longword ac
Example: MOV.B RO, @R1 Example: MOV.W RO, @R1 Example: MOV.L F
(R1 = Address 4n) (R1 = Address 4n) (R1 = Addres:

Figure2.8 Data Format on Memory (Little Endian Mode)
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All dataitems are handlesin longword (32 bits). Memory can be accessed in byte, word,
longword. In this case, Memory byte or word data is sign-extended and operated on aslo
data. Immediate data is sign-extended to longword size for arithmetic operations (MOV,
and CMP/EQ instructions) or zero-extended to longword size for logical operations (TST
OR, and XOR instructions).

L oad/Store Ar chitectur e: Basic operations are executed between registers. In operation:
involving memory, dataisfirst loaded into aregister (load/store architecture). However, |
manipulation instructions such as AND are executed directly on memory.

Delayed Branching: Unconditional branch instructions are executed as delayed branche
delayed branch instruction, the branch is made after execution of the instruction (called t
instruction) immediately following the delayed branch instruction. This minimizes disruy
the pipeline when a branch is made.

This LSI supports two types of conditional branch instructions: delayed branch instructio
normal branch instruction.

Example: BRA TARGET

ADD R1, RO ; ADD is executed before branching to the TARG

T Bit: Theresult of acomparison isindicated by the T bit in the status register (SR), and
conditional branch is performed according to whether the result is True or False. Processi
has been improved by keeping the number of instructions that modify the T bit to a minir

Example: ADD #1, RO ; The T bit cannot be modified by the ADD inst
CMP/EQ #0, RO ; The T bit is set to 1 if RO is 0.

BT Target ; Branch to TARGET if the T bit is set to 1 (R
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16-Bit/32-Bit Displacement: When datais referenced with a 16- or 32-bit displacemen
displacement value is placed in atable in memory beforehand. Using the method wherel
longword immediate data is loaded when an instruction is executed, this value is transfe
register and the dataiis referenced using indexed register indirect addressing mode.

252 CPU Instruction Addressing M odes

The following table shows addressing modes and effective address cal cul ation methods
instructions executed by the CPU core.

Table2.3 Addressing Modes and Effective Addressesfor CPU Instructions

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
l Rn r—H Rn ]
Register @Rn+ Effective address is register Rn contents. Rn
indirect with A constant is added to Rn after instruction After instr
post-increment execution: 1 for a byte operand, 2 for a execution
word operand, 4 for a longword operand.
- | Byte: Rn +
Word: Rn +
Longword:
Rn

RENESAS
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D I R oo

in.direct with Rn) with fl-bit displaoement. qisp adField. After Word: Rn + disf
displacement disp is zero-extended, it is multiplied by
1 (byte), 2 (word), or 4 (longword), Longword: Rn +

according to the operand size.

Rn
+ disp x 1/2/4

disp

(zero-extended)

Indexed @ (RO, Rn) Effective address is sum of register Rn Rn + RO
register indirect and RO contents.
©

[ R0 ]
GBR indirect @(disp:8, Effective address is register GBR Byte: GBR + di
w_|th GBR) contents with g-bl’F displacement dISp _ Word: GBR + d
displacement added. After disp is zero-extended, it is

multiplied by 1 (byte), 2 (word), or 4 Longword: GBF

(longword), according to the operand 4

size.

GBR
+ disp x 1/2/4

disp

(Zero-extended)
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size..Witﬁ a Iohgword opérand, thé lower 2
bits of PC are masked.

PC + disp x 2
o
i PC &
disp HFFFFFFFC
(zero-extended) + disp x 4

*: With longword operand

PC-relative

disp:8

Effective address is PC with 8-bit
displacement disp added after being sign-
extended and multiplied by 2.

PC + disp

disp

PC +disp x 2

(sign-extended)

disp:12

Effective address is PC with 12-bit
displacement disp added after being sign-
extended and multiplied by 2

PC + disp

disp

PC + disp x 2

(sign-extended)
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#imm:8 8-bit immediate data imm of TRAPA —
instruction is zero-extended and multiplied
by 4.

Note: For addressing modes with displacement (disp) as shown below, the assembler de
in this manual indicates the value before it is scaled (x 1, x2, or x4) according to th
operand size to clarify the LS| operation. For details on assembler description, refe
description rules in each assembler.

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

@ (disp:8, GBR) ; GBR indirect with displacement
@ (disp:8, PC) ; PC relative with displacement

disp:8, disp ; PC relative

253 CPU Instruction Formats

Table 2.4 shows the instruction formats, and the meaning of the source and destination o
for instructions executed by the CPU core. The meaning of the operands depends on the
instruction code. The following symbols are used in the table.

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

dddd: Displacement
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Control register or nnnn: pre- STC.L SR,@
system register decrement register
indirect
m type mmmm: register  Control register or LDC Rm,S
15 0 direct system register
mmmm: post- Control registeror LDC.L @Rm
increment register system register
indirect
mmmm: register — JMP @Rm
indirect
PC-relative using — BRAF Rm
Rm
nm type mmmm: register  nnnn: register ADD Rm,R
15 0 direct direct
ER e
mmmm: register  nnnn: register MOV.L Rm,@
indirect indirect
mmmm: post- MACH, MACL MAC.W @Rm:

increment register
indirect (multiply-
and-accumulate
operation)

nnnn: * post-
increment register
indirect (multiply-
and-accumulate
operation)
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register inairect

15 0
dddd with displacement
nd4 type RO (register direct) nnnndddd: MOV.B RO, @(d
15 0 register indirect
dddd with displacement
nmd type mmmm: register  nnnndddd: MOV.L Rm,@(c
15 0 direct register indirect
[ 000 i ] with displacement
mmmmdddd: nnnn: register MOV.L @ (disp,
register indirect direct
with displacement
d type dddddddd: GBR RO (register direct) MOV.L @ (disp,
15 0 indirect with
displacement
RO (register direct) dddddddd: GBR MOV.L RO, @ (d
indirect with
displacement
dddddddd: RO (register direct) MOVA @ (disp,]
PC-relative with
displacement
dddddddd: — BF label
PC-relative
d12 type dddddddddddd: — BRA label
15 0 PC-relative (label=d
nd8 type dddddddd: PC- nnnn: register MOV.L @ (disp,
15 0 relative with direct
displacement
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Type Instruction Op Code Function Inst
Data transfer 5 MOV Data transfer 39
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
pperatiqn ADDC Binary addition with carry
instructions
ADDV Binary addition with overflow check
CMP/cond Comparison
DIVA Division
DIVOS 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
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SuUB

Binary subtraction

SUBC Binary subtraction with carry

SUBV Binary subtraction with underflow
Logic 6 AND Logical AND 14
pperatign NOT Bit inversion
instructions

OR Logical OR

TAS Memory test and bit setting

TST Logical AND and T bit setting

XOR Exclusive logical OR
Shift 12 ROTL 1-bit left shift 16
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

SHAD Arithmetic dynamic shift

SHLD Logical dynamic shift

RENESAS
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JMP Unconditional branch

JSR Branch to subroutine procedure
RTS Return from subroutine procedure
System 15 CLRT T bit clear 75
control CLRMAC  MAC register clear
instructions
CLRS S bit clear
LDC Load into control register
LDS Load into system register
LDTLB PTEH/PTEL load into TLB
NOP No operation
PREF Data prefetch to cache
RTE Return from exception handling
SETS S bit setting
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: 68 188

The instruction code, operation, and number of execution states of the CPU instructions e
in the following tables, classified by instruction type, using the format shown below.
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bt~ il

Rn:  Destination register iiii: Immediate data

Exclusive logical OR of

imm: Immediate data dddd: Displacement*? each bit

disp: Displacement ~:  Logical NOT of each bit

<<n: n-bit left shift

>>n: n-bit right shift

Notes: 1.

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

a. When there is a conflict between an instruction fetch and a data access

b. When the destination register of a load instruction (memory — register) i
by the following instruction

Scaled (x1, x2, or x4) according to the instruction operand size, etc.
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VI V.¥VV

i, =

vuiviinmnmnninnuvuud

LA ALY )

MOV.L Rm,@Rn 0010nnnnmmmm0010  Rm—(Rn)

MOV.B  @Rm,Rn 0110nnnnmmmm0000  (Rm)—Sign extension—Rn

MOV.W @Rm,Rn 0110nnnnmmmm0001  (Rm)—Sign extension—Rn

MOV.L @Rm,Rn 0110nnnnmmmmo0010  (Rm)—Rn

MOV.B Rm,@-Rn 0010nnnnmmmm0100  Rn—1—Rn, Rm—(Rn)

MOV.W Rm,@-Rn 0010nnnnmmmmO0101  Rn—2—Rn, Rm—(Rn)

MOV.L Rm,@-Rn 0010nnnnmmmm0110  Rn—4—Rn, Rm—(Rn)

MOV.B @Rm+,Rn 0110nnnnmmmm0100  (Rm)—Sign extension—Rn,
Rm+1—Rm

MOV.W @Rm+,Rn 0110nnnnmmmm0101  (Rm)—Sign extension—Rn,
Rm+2—Rm

MOV.L @Rm+,Rn 0110nnnnmmmmo0110  (Rm)—Rn, Rm+4—Rm

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

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

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

MOV.B @(disp,Rm),R0O 10000100mmmmdddd (disp+Rm)—Sign
extension—R0

MOV.W @(disp,Rm),RO 10000101mmmmdddd (disp x 2+Rm)—Sign
extension—R0

MOV.L @(disp,Rm),Rn 0101nnnnmmmmdddd (disp x 4+Rm)—Rn

MOV.B Rm,@(RO,Rn)  0000nnnnmmmm0100 Rm—(R0O+Rn)

MOV.W Rm,@(R0O,Rn)  0000nnnnmmmm0101  Rm—(R0+Rn)

MOV.L Rm,@(RO,Rn) 0000nnnnmmmm0110 Rm—(R0O+Rn)
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MOV.B  @(disp,GBR),RO 11000100dddddddd  (disp+GBR)—Sign — 1

extension—R0

MOV.W @ (disp,GBR),R0  11000101dddddddd (disp x 2+GBR)—Sign — 1
extension—R0

MOV.L @ (disp,GBR),R0 11000110dddddddd (disp x 4+GBR)—R0 — 1

MOVA @(disp,PC),R0  11000111dddddddd  disp x 4+PC—R0 — 1

MOVT Rn 0000nnNNn00101001 T—Rn —_ 1

SWAP.B  Rm,Rn 0110nnnnmmmm1000 Rm—Swap lowest two — 1
bytes—Rn

SWAP.W Rm,Rn 0110nnnnmmmm1001 Rm—Swap two consecutive — 1
words—Rn

XTRCT Rm,Rn 0010nnnnmmmm1101  Rm: Middle 32 bits of Rn — 1
—Rn
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A AL ALERE =2 LR ATLIL R} vu b iiinnmmnnnnnvvuvuy mnrur=ruy, 1 =21 1

CMP/HS Rm,Rn 0011nnnnmmmmO010  If Rn > Rm with unsigned data, 1
1T

CMP/GE  Rm,Rn 0011nnnnmmmmo0011  If Rn > Rm with signed data, 1
15T

CMP/HI Rm,Rn 0011nnnnmmmmO0110  If Rn > Rm with unsigned data, 1
1T

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

CMP/PL Rn 0100nnnNn00010101 IfRn>0,1->T 1

CMP/PZ Rn 0100nNnNN00010001 fRn>0,1->T 1

CMP/STR Rm,Rn 0010nnnnmmmm1100  If Rn and Rm have an 1
equivalent byte, 1 > T

DIV1 Rm,Rn 0011nnnnmmmmO0100  Single-step division (Rn/Rm) 1

DIVOS Rm,Rn 0010nnnnmmmmo0111  MSB of Rn — Q, MSB of Rm 1
>M,MAQ->T

DIVOU 0000000000011001 0 - M/QT 1

DMULS.L Rm,Rn 0011nnnnmmmm1101  Signed operation of Rn x Rm 2 (to 5)*
— MACH, MACL 32 x 32 —
64 bits

DMULU.L Rm,Rn 0011nnnnmmmmO0101  Unsigned operation of Rn x 2 (to 5)*

Rm — MACH, MACL 32 x 32
— 64 bits
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— Rn

MAC.L @Rm+,  0000nnnnmmmm1111  Signed operation of (Rn) x — 2 (to 5)*
@Rn+ (Rm) + MAC — MAC,Rn + 4

— Rn, Rm +4 — Rm,
32 x 32 + 64 — 64 bits

MAC.W @Rm+, 0100nnnnmmmm1111  Signed operation of (Rn) x — 2 (to 5)*

@Rn+ (Rm) + MAC - MAC,Rn + 2

— Rn, Rm + 2 — Rm,
16 x 16 + 64 — 64 bits

MUL.L Rm,Rn 0000nnnnmmmmo0111  Rn x Rm — MACL, — 2 (to 5)*
32 x 32 — 32 bits

MULS.W  Rm,Rn 0010nnnnmmmm1111  Signed operation of Rn xRm — 1( to 3)*
— MACL,
16 x 16 — 32 bits

MULU.W  Rm,Rn 0010nnnnmmmm1110  Unsigned operation of — 1(to 3)*
Rn x Rm — MACL,
16 x 16 — 32 bits

NEG Rm,Rn 0110nnnnmmmm1011  0—Rm—Rn — 1

NEGC Rm,Rn 0110nnnnmmmm1010  0—Rm-T—Rn, Borrow—T — 1

SuB Rm,Rn 0011nnnnmmmm1000 Rn-RBm—Rn — 1

SUBC Rm,Rn 0011nnnnmmmm1010  Rn—-BRm-T—Rn, Borrow —T — 1

SUBV Rm,Rn 0011nnnnmmmm1011  Rn—Rm—Rn, Underflow—T — 1

Note: * The number of execution cycles indicated within the parentheses () are requ

the operation result is read from the MACH/MACL register immediately after
instruction.
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M mi, rv HIVUITU L i nuyvpninn = v

OR.B #imm, @ (RO, 1100111 iiiiiiii (RO+GBR) limm — (RO+GBR)
GBR)
TAS.B @Rn 0100nnnn00011011  If (Rn)is 0,1 —» T; 1 — MSB of
(Rn)
TST Rm,Rn 0010nnnnmmmm1000 Rn & Rm; if the resultis 0, 1 —
T
TST #imm,R0 11001000iiiiiiii RO & imm; if the result is 0, 1
->T
TST.B  #imm,@(RO, 1100110Qiiiiiii (RO + GBR) & imm; if the result
GBR) is0,1>T
XOR Rm,Rn 0010nnnnmmmm1010 Rn A Rm — Rn
XOR #imm,R0O 1100101 Qiiiiiiii RO A imm — RO
XOR.B  #imm,@ (RO, 11001110iiiiiii (R0+GBR) » imm — (R0+GBR)
GBR)
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SHAL Rn 0100nnnNn00100000 T<Rn«0 — 1

SHAR Rn 0100nnNn00100001 MSB—Rn—>T — 1
SHLD Rm, Rn 0100nnnnmmmm1101  Rm > 0: Rn << Rm — Rn — 1
Rm < 0: Rn >> Rm — [0 — Rn]
SHLL Rn 0100nNNN00000000 T<Rn«0 — 1
SHLR Rn 0100nnnNN00000001 0—»Rn—>T — 1
SHLL2 Rn 0100nnnNn00001000 Rn<<2 — Rn — 1
SHLR2 Rn 0100nnNnn00001001 Rn>>2 — Rn — 1
SHLL8 Rn 0100nnNNn00011000 Rn<<8 — Rn — 1
SHLR8 Rn 0100nnNn00011001 Rn>>8 — Rn — 1
SHLL16 Rn 0100nnNnn00101000 Rn<<16 — Rn — 1
SHLR16 Rn 0100nnnn00101001 Rn>>16 — Rn — 1
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bl/o label 10001101adadaaad pelayea brancn, r</a
if T=1, dispx2+PC — PC;
if T=0, nop

BRA label 1010dddddddddddd Delayed branch, disp x 2 + PC 2
— PC

BRAF Rm 0000mmmmO00100011  Delayed branch,Rm + PC — PC 2

BSR label 1011dddddddddddd Delayed branch, PC — PR, disp 2
x2+PC — PC

BSRF Rm 0000mmmmO00000011  Delayed branch, PC — PR, Rm 2
+PC—-PC

JMP @Rm 0100mmmm00101011  Delayed branch, Rm — PC 2

JSR @Rm 0100mmmm00001011  Delayed branch, PC — PR, Rm 2
— PC

RTS 0000000000001011 Delayed branch, PR — PC 2

Note: * One state when the branch is not executed.
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LDC Rm,SSR 0100mmmmO00111110  Rm—SSR v 4
LDC Rm,SPC 0100mmmm01001110 Rm—SPC v 4
LDC Rm,RO_BANK 0100mmmm10001110 Rm—R0_BANK v 4
LDC Rm,R1_BANK 0100mmmm10011110 Rm—R1_BANK v 4
LDC Rm,R2_BANK 0100mmmm10101110 Rm—R2_BANK v 4
LDC Rm,R3_BANK 0100mmmm10111110 Rm—R3_BANK Y 4
LDC Rm,R4_BANK 0100mmmm11001110 Rm—R4_BANK v 4
LDC Rm,R5_BANK 0100mmmm11011110 Rm—R5_BANK v 4
LDC Rm,R6_BANK 0100mmmm11101110 Rm—R6_BANK v 4
LDC Rm,R7_BANK 0100mmmm11111110 Rm—R7_BANK v 4
LDC.L @Rm+,SR  0100mmmm00000111 (Rm)—SR, Rm+4—Rm N 8
LDC.L @Rm+,GBR  0100mmmm00010111  (Rm)—GBR, Rm+4—Rm — 4
LDC.L @Rm+,VBR  0100mmmm00100111 (Rm)—VBR, Rm+4—Rm N 4
LDC.L @Rm+,SSR  0100mmmm00110111 (Rm)—SSR,Rm+4—Rm N 4
LDC.L @Rm+,SPC  0100mmmm01000111  (Rm)—>SPC,Rm+4—Rm v 4
LDC.L @Rm+, 0100mmmm10000111  (Rm)—RO_BANK,Rm+4—Rm 4
RO_BANK
LDC.L @Rm+, 0100mmmm10010111  (Rm)—R1_BANK,Rm+4—Rm 4
R1_BANK
LDC.L @Rm+, 0100mmmm10100111  (Rm)—R2_BANK,Rm+4—Rm 4
R2_BANK
LDC.L @Rm+, 0100mmmm10110111  (Rm)—R3_BANK, Rm+4—Rm 4
R3_BANK

RENESAS
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Rm,MACL

LDS 0100mmmm00011010  Rm—MACL — 1
LDS Rm,PR 0100mmmm00101010 Rm—PR — 1
LDS.L @BRm+,MACH 0100mmmm00000110 (Rm)—>MACH, Rm+4—Rm — 1
LDS.L @Rm+MACL 0100mmmmo00010110 (Rm)—MACL, Rm+4—Rm — 1
LDS.L @Rm+,PR 0100mmmmO00100110 (Rm)—PR, Rm+4—Rm — 1
LDTLB 0000000000111000 PTEH/PTEL—TLB v 1
NOP 0000000000001001 No operation - 1
PREF  @Rm 0000mmmm10000011 (Rm) — cache - 1
RTE 0000000000101011 Delayed branch, SSR — SR, 5
SPC —» PC
SETS 0000000001011000  1—S — 1
SETT 0000000000011000 1T — 1
SLEEP 0000000000011011  Sleep y 4!
STC SR,Rn 0000nNNN00000010  SR—RN y 1
STC GBR,Rn 0000nNNN00010010 GBR—Rn — 1
STC VBR,Rn 0000nnNN00100010  VBR—RN Y 1
STC SSR, Rn 0000nnNN00110010  SSR—RN v 1
STC SPC,Rn 0000nNNN01000010  SPC—Rn \ 1
STC RO_BANK,Rn  0000nnnn10000010 RO_BANK—Rn v 1
STC R1_BANK,Rn  0000nnnn10010010 R1_BANK—Rn v 1
STC R2_BANK,Rn  0000nnnn10100010 R2_BANK—Rn v 1
STC R3_BANK,Rn  0000nnnn10110010 R3_BANK—Rn v 1
STC R4_BANK,Rn  0000nnnn11000010 R4_BANK—Rn v 1
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STC.L RO_BANK,@— 0100nnnn10000011  Rn—4—Rn, RO_BANK—(Rn) < 1
Rn

STC.L R1_BANK,@— 0100nnnn10010011  Rn-4—Rn, R1_BANK—(Rn) 1
Rn

STC.L R2_BANK,@- 0100nnnn10100011  Rn—4—Rn, R2_BANK—(Rn) 1
Rn

STC.L R3_BANK,@- 0100nnnn10110011  Rn—4—Rn, R3_BANK—(Rn) < 1
Rn

STC.L R4_BANK,@— 0100nnnn11000011  Rn-4—Rn, R4_BANK—(Rn) 1
Rn

STC.L R5_BANK,@- 0100nnnn11010011  Rn—4—Rn, R5_BANK—(Rn) 1
Rn

STC.L R6_BANK,@— 0100nnnn11100011  Rn-4—Rn, R6_BANK—(Rn) 1
Rn

STC.L R7_BANK,@- 0100nnnn11110011  Rn—4—Rn, R7_BANK—(Rn) < 1
Rn

STS MACH,Rn 0000nnnn00001010 MACH—Rn — 1

STS MACL,Rn 0000nnnn00011010 MACL—Rn — 1

STS PR,Rn 0000nnnn00101010 PR—Rn — 1

STS.L MACH,@-Rn 0100nnnn00000010  Rn—-4—Rn, MACH—(Rn) — 1

STS.L MACL,@-Rn  0100nnnn00010010  Rn—-4—Rn, MACL—(Rn) — 1

STS.L PR,@-Rn 0100nnnn00100010  Rn-4—Rn, PR—(Rn) — 1

TRAPA #imm 1100001 tiiiiiii Unconditional trap exception — 8

occurs*®

Notes: 1. Number of states before the chip enters the sleep state.

2. For detalils, refer to section 4, Exception Handling.
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UUUU UUNVID  UUITU  olL onR, hi o 1L GbhR, NN o1 VDR, AN O 1L OOorF

0000 Rn O01MD 0010 STC SPC, Rn

0000 Rn 10MD 0010 STC RO_BANK, STC R1_BANK, STC R2_BANK, Rn STC R3_
Rn Rn

0000 Rn 11MD 0010 STC R4_BANK, STC R5_BANK, STC R6_BANK, Rn STCR7_
Rn Rn

0000 Rm 00MD 0011 BSRFRm BRAF Rm

0000 Rm 10MD 0011 PREF@Rm

0000 Rn Rm 01MD MOV.B Rm, MOV.W Rm, MOV.L Rm, MUL.L F
@(RO, Rn) @ (RO, Rn) @ (RO, Rn)

0000 0000 OOMD 1000 CLRT SETT CLRMAC LDTLB

0000 0000 O1MD 1000 CLRS SETS

0000 0000 Fx 1001 NOP DIVOU

0000 0000 Fx 1010

0000 0000 Fx 1011 RTS SLEEP RTE

0000 Rn  Fx 1000

0000 Rn  Fx 1001 MOVT Rn

0000 Rn  Fx 1010 STS MACH,Rn  STS MACL, Rn STS PR,Rn

0000 Rn  Fx 1011

0000 Rn Rm 11MD MOV. B MOV.W MOV.L MAC.L
@ (RO, Rm), Rn @ (RO, Rm), Rn @ (RO, Rm), Rn @Rm+, ¢

0001 Rn Rm disp MOV.L Rm, @(disp:4, Rn)

0010 Rn  Rm 0OOMD MOV.B Rm, MOV.WRm, @Rn MOV.L Rm, @Rn
@Rn
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MWL Tt s

VI Tl | T, 0 00T

MWW/ L, Tl I\ v

0100 Rn Fx 0000 SHLL Rn DT Rn SHAL Rn
0100 Rn Fx 0001 SHLRRn CMP/PZ Rn SHAR Rn
0100 Rn Fx 0010 STS.LMACH, @- STS.LMACL, @~ STS.L PR, @-Rn
Rn Rn
0100 Rn 00MD 0011 STC.LSR, @Rn STC.LGBR, @-Rn STC.L VBR, @ STC.L
Rn Rn
0100 Rn O01MD 0011 STC.LSPC, @-Rn
0100 Rn 10MD 0011 STC.L STC.L STC.L STC.L
RO_BANK, @-Rn R1_BANK, @-Rn R2_BANK, @-Rn R3_BAl
0100 Rn 11MD 0011 STC.L STC.L STC.L STC.L
R4_BANK, @-Rn R5_BANK, @-Rn R6_BANK, @-Rn R7_BAl
0100 Rn Fx 0100 ROTL Rn ROTCLRn
0100 Rn Fx 0101 ROTRRn CMP/PL Rn ROTCRRn
0100 Rm Fx 0110 LDS.L LDSL @Rm+,  LDS.L @Rm+, PR
@Rm+, MACH  MACL
0100 Rm 00MD 0111 LDC.L @Rm+, SR LDC.L @Rm+, LDC.L @Rm+,  LDC.L
GBR VBR SSR
0100 Rm 01MD 0111 LDC.L @Rm+,
SPC
0100 Rm 10MD 0111 LDC.L LDC.L LDC.L LDC.L
@Rm+, RO_BANK @Rm+, R1_BANK @Rm+, R2_BANK @Rm-,
0100 Rm 11MD 0111 LDC.L LDC.L LDC.L LDC.L
@Rm+, R4_BANK @Rm+, R5_BANK @Rm+, R6_BANK @Rm-,
0100 Rn Fx 1000 SHLL2 Rn SHLL8 Rn SHLL16Rn
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0100 Rm i0MD 1110 LDC Rm, LDC Rm, LDC Rm, LDC Rr
RO_BANK R1_BANK R2_BANK R3_BAN
0100 Rm 11iMD 1110 LDC Rm, LDC Rm, LDC Rm, LDC Rr
R4_BANK R5_BANK R6_BANK R7_BAN
0100 Rn Rm 1111 MAC.W @Rm+, @Rn+
0101 Rn Rm disp MOV.L @ (disp:4, Rm), Rn
0110 Rn Rm 0OOMD MOV.B @Rm, MOV.W @Rm, MOV.L @Rm, Rn MOV
Rn Rn
0110 Rn Rm 01MD MOV.B @Rm+, MOV.W @Rm+, MOV.L @Rm+, NOT
Rn Rn Rn
0110 Rn Rm 10MD SWAP.B BRm,Rn  SWAP.WRm, Rn NEGC Rm,Rn NEG
0110 Rn Rm 11IMD EXTU.BRm,Rn EXTU.WRm,Rn EXTS.BRm,Rn EXTS.W
0111 Rn imm ADD #imm : 8, Rn
1000 OOMD Rn disp MOV. B MOV. W
RO, @(disp: 4, RO, @(disp: 4,
Rn) Rn)
1000 01MD Rm disp MOV.B MOV.W
@(disp:4, Rm), @(disp: 4, Rm),
RO RO
1000 10MD imm/disp CMP/EQ BT disp: 8 BF dis
#imm:8, RO
1000 11MD imm/disp BT/S disp: 8 BF/Sdis
1001 Rn disp MOV.W @ (disp : 8, PC), Rn
1010 disp BRA  disp: 12
1011 disp BSR disp: 12

Rev. 1.00 Dec. 27, 2005 Page 68 of 932
REJ09B0269-0100

RENESAS



#imm: 8, @ (RO, #imm: 8, @ (RO,

#imm: 8, @ (RO, #imm: ¢

GBR) GBR) GBR) GBR)
1101 Rn disp MOV.L @(disp: 8, PC), Rn
1110 Rn imm MOV #imm:8, Rn
P —
Note: For details, refer to the SH-3/SH-3E/SH3-DSP Programming Manual.
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o Repeat loop control instructions and repeat |oop control register access instructions :
Looped programs can be executed efficiently by using the zero-overhead repeat cont
For details, refer to section 3.3, CPU Extended Instructions.

e Modulo addressing control instructions and control register access instructions are a
Function allows access to data with acircular structure. For details, refer to section ?
Data Transfer Instructions.

e DSP unit register access instructions are added. Some of the DSP unit registers can |
the same way as the CPU system registers. For details, refer to section 3.4, DSP Dat
Instructions.

Data Transfer Instructionsfor Data Transfers between DSP Unit Registersand Or
X/Y memory: Datatransfer instructions for data transfers between the DSP unit registe
chip X/Y memory are called double-data transfer instructions. Instruction codes for thes
transfer instructions are 16 bit codes aswell as CPU instruction codes. These data transf
instructions perform data transfers between the DSP unit and on-chip X/Y memory that
connected to the DSP unit. These data transfer instructions can be described in combina
other DSP unit operation instructions. For details, refer to section 3.4, DSP Data Transf¢
Instructions.

Data Transfer Instructionsfor Data Transfers between DSP Unit Registersand Al
Address Spaces. Datatransfer instructions for data transfers between DSP unit register
logical address spaces are called single-data transfer instructions. Instruction codes for t
transfer instructions are 16 bit codes aswell as CPU instruction codes. These data transf
instructions performs data transfers between the DSP unit registers and all logical addre
For details, refer to section 3.4, DSP Data Transfer Instructions.

DSP Unit Operation Instructions: DSP unit operation instructions are called DSP datz
instructions. These instructions are provided to execute digital signal processing operati
speed using the DSP. Instruction codes for these instructions are 32 bits. The DSP data
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accessed in word units.

15 12 11 0
0000
CPU core instruction . %
1110
15 10 9 0
Double-data transfer instruction | 111100 | A Field |
15 10 9 0
Single-data transfer instruction | 111101 | A Field |
31 26 25 1615
DSP data operation instruction 111110 | A Field | B Field

Figure3.1 DSP Instruction Format
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MD DSP  Processing Mode Execution Functions

0 0 User mode Prohibited Invalid
0 1 User DSP mode Prohibited Valid
1 0 Privileged mode Allowed Invalid
1 1 Privileged DSP mode Allowed Valid

As shown above, the extension of the DSP function by the DSP bit can be specified inde
of the control by the MD bit. Note, however, that the DSP bit can be modified only in p
mode. Before the DSP bit is modified, atransition to privileged mode or privileged DSF
necessary.

322 DSP Mode Memory Map

In DSP mode, a part of the P2 areain the logical address space can be accessed in user [
When this areais accessed in user DSP mode, this areais referred to as a Uxy area. X/Y
isthen assigned to this Uxy area. Accordingly, X/Y memory can also be accessed in use
mode.

Table3.1 Logical Address Space

Address Range Name Protection Description
H'A5000000 to P2/Uxy  Privileged or DSP  16-Mbyte physical address space, n
H'ASFFFFFF cacheable, non-address translatable

Can be accessed in privileged mode
privileged DSP mode, and user DSP
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hd

| RE

| Repeat End register (RE)

31 16 15

0

| ME | MS

| MODuio register (MOD)

Figure3.2 CPU Registersin DSP Mode

Extension of Status Register (SR): In DSP mode, the following control bits are added t
status register (SR). These added bits are called DSP extension bits. These DSP extensior

valid only in DSP mode.

Initial

Bit Bit Name Value R/W Description

31t028 — — — For details, refer to section 2, CPU.

27t0 16 RC11to AllO R/W  Repeat Counter

RCO Holds the number of repeat times in order to perfor

control, and can be modified in privileged mode, pr
DSP mode, or user DSP mode. At reset, this bit is |
to 0. This bit is not affected in the exception handlir

15t0 13 — — — For details, refer to section 2, CPU.

12 DSP 0 R/W  DSP Bit

Enables or disables the DSP extended functions. If
is set to 1, the DSP extended functions are enablec
can be modified in privileged mode or privileged D¢
This bit cannot be modified in user DSP mode. At r
bit is initialized to 0. This bit is not affected in the e
handling state.
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modified in'privileged mode, privileged DSP mode
DSP mode. At reset, these bits are initialized to O.
bits are not affected in the exception handling stat

1to0 — — — For details, refer to section 2, CPU.

Note: When data is written to the SR register, 0 should be written to bits that are specifi

Repeat Start Register (RS): The repeat start register (RS) holds the start address of a l
module that is controlled by the repeat function. This register can be accessed in DSP I
reset, the initial value of this register is undefined. This register is not affected in the exc
handling state.

Repeat End Register (RE): The repeat end register (RE) holds the end address of aloc
module that is controlled by the repeat function. This register can be accessed in DSP I
reset, thisregister isinitialized to 0. This register is not affected in the exception handlir

Modulo Register (MOD): The modulo register stores the modulo end address and moc
address for modulo addressing in upper and lower 16 bits. The upper and lower 16 bits
modulo register are referred to as the ME register and M S register, respectively. Thisre
be accessed in DSP mode. At reset, theinitial value of thisregister is undefined. Thisre
not affected in the exception handling state.

The above registers can be accessed by the control register load instruction (LDC) and <
instruction (STC). Note that the LDC and STC instructions for the RS, RE, and MOD re
be used only in privileged DSP mode and user DSP mode. The LDC and STC instructic
SR register can be executed only when the MD bit isset to 1 or in user DSP mode. Note
that the LDC and STC instructions can modify only the RC11 to RCO, RF1 to RFO, DM
DMY bhitsin the SR, as described below.

e Inuser mode, if the LCD and STC instructions are used for the RS, an illegal instruc
exception occurs.
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o: UK LIUK o, L Invalld o UK, LEUR ol UK, LI NG 1

instruction

RB S: OK,L: OK S, L: Invalid S:OK,L: OK  S:OK, L: NG 1
instruction

BL S:OK,L: OK S, L: Invalid S:0OK,L:OK S: 0K, L:NG 1
instruction

RC S: OK,L: OK S, L: Invalid S:0OK,L:OK S:OK,L:OK SETRC 0000(

[11:0] instruction instruction

DSP S: OK,L: OK S, L: Invalid S:OK,L: OK S:OK, L: NG 0
instruction

DMY S:OK,L: OK S, L: Invalid S:OK,L: OK S: 0K, L: OK 0
instruction

DMX S: OK,L: OK S, L: Invalid S:OK,L: OK  S: OK, L: OK 0
instruction

Q S: 0K, L:OK S, L: Invalid S:OK,L: OK S: OK, L: NG X
instruction

M S: OK,L: OK S, L: Invalid S:0OK,L: OK  S:OK, L: NG X
instruction

1[3:0] S:OK,L: OK S, L: Invalid S:0OK,L: OK S: OK, L: NG 1111
instruction

RF[1:0] S: OK,L: OK S, L: Invalid S:0OK,L:OK S:OK,L:OK SETRC X
instruction instruction

S S: OK,L: OK S, L: Invalid S:OK,L: OK  S:OK, L: NG X
instruction

T S:OK,L: OK S, L: Invalid S:OK,L: OK S: OK, L: NG X
instruction

[Legend]

S: STC instruction

L: LDC instruction

OK: STC/LDC operation is enabled.

Invalid instruction: Exception occurs when an invalid instruction is executed.

NG: Previous value is retained. No change.

X: Undefined
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register (DSR). Figure 3.3 shows the DSP register configuration. These are 32-bit width
with the exception of registers AO and Al. Registers A0 and A1 include 8 guard bits (fie
and A1G), giving them atotal width of 40 bits. The DSR register stores the DSP data of
result (zero, negative, others). The DSP register has a DC bit whose function is similar t
of the CPU register. For details on DSR bits, refer to section 3.5, DSP Data Operation |1

39 32 31 0
A0G A0
A1G Al
MO

WA | | val

nitial value
X0 DSR: AllO
X1 Others: Undefined

YO0
Y1

(a) DSP data registers

31 12 11 9 8 7 6 5 4 3 1
.................................................... | TS[2:0] |TC|GT| Z | N | V| CS[2:0] |DC|

(b) DSP status register (DSR)

Figure3.3 DSP Register Configuration
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LDRS RptStart ; Sets repeat start instruction adc
to the RS register
LDRE RptStart +4 ; Sets (repeat detection instructic
address + 4) to the RE register
SETRC #4 ; Sets the number of repetitions (4
the RC[11:0] bits of the SR regic
Instr0 ; At least one instruction is requi
from SETRC instruction to [Repeat
instruction]
RptStart: instrl ; [Repeat start instruction]
RptDtct: instr(N-3) ; Three instruction prior to the re

end instruction is regarded as re
detection instruction

RptEnd2: instr(N-2) ;

RptEndl: instr(N-1) ;

RptEnd: instrN ; [Repeat end instruction]

In the above program example, instructions from the RptStart address (instr1 instruction)
RptEnd address (instrN instruction) are repeated four times. These repeated instructions i
program are called repest loop. The start and end instructions of the repeat [oop are calle
repeat start instruction and repeat end instruction, respectively. The CPU sequentially exce
instructions and starts repeat loop control if the CPU detects the completion of a specific
instruction. This specific instruction is called the repeat detection instruction. In arepeat
consisting of 4 or more instructions, an instruction three instructions prior to the repeat er
instruction is regarded as the repeat detection instruction. In arepeat loop consisting of 4
instructions, the same instruction is regarded as the RptStart instruction and RptDtct instr
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instructions, the RS register specifies the repeat start instruction address. In a repeat
consisting of three or lessinstructions, a specific address is specified in the RS. This
described later.

e Repeat counter (RC[11:0] bits of the SR)

The repeat counter is specifies the number of repetitions by the SETRC instruction. |
repeat |oop execution, the RC holds the remaining number of repetitions.

o Repeat flags (RF[1:0] bits of the SR)
The repeat flags are automatically specified according to the RS and RE register val
SETRC instruction execution. The repeat flags store information on the number of i
included in the repeat loop. Normally, the user cannot modify the repeat flag values.

The CPU always executes instructions by comparing the RE register to program countel
Because the PC stores (the current instruction address +4), if the RE matches the PC dul
instruction detection execution, arepeat detection instruction can be detected. If arepea
instruction is executed without branching and if RC[11:0] > 0O, then repeat control is per
RC[11:0] = 2 when the repeat end instruction is completed, the RC[11:0] is decremente
then control is passed to the address specified by the RS register.

Examples 2 to 4 show program examples of the repeat |oop consisting of three instructic
instructions, and one instruction, respectively. In these examples, an instruction immedi
to the repeat start instruction is regarded as a repeat detection instruction. The RS regist
the specific value that indicates the number of repeat instructions.
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RptStart: instrl
Instr2

RptEnd: instr3

i

’

7

start instruction is regarded as
repeat detection instruction.

[Repeat start instruction]

[Repeat end instruction]

e Example 3: Repeat loop consisting of two instructions

LDRS RptStart +6

LDRE RptStart +4

SETRC #4

RptDtct: instr0

RptStart: instrl
RptEnd: instr2

’

Sets (repeat detection instructic
address + 6) to the RS register

Sets (repeat detection instructic
address + 4) to the RE register

Sets the number of repetitions (4
the RC[11:0] bits of the SR regis

If RE-RS==-2 during SETRC instruc
execution, the repeat loop is rec
as two-instruction repeat.

An instruction prior to the Repec
start instruction is regarded as
repeat detection instruction.

[Repeat start instruction]

[Repeat end instruction]
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start instruction is regarded as
repeat detection instruction.
RptStart:

RptEnd: instrl ; [Repeat start instruction] ==
[Repeat end instruction]

In repeat loops consisting of three instructions, two instructions and one instruction, spe
addresses are specified in the RS register. RE — RS is calculated during SETRC instruct
execution, and the number of instructionsincluded in the repeat loop is determined accc
the result. A value of 0, —2,and —4 in the result correspond to 3 instructions, two instruct
oneinstruction, respectively.

If repeat instruction execution is completed without branching and if RC[11:0]>0, an in:
following the repeat detection instruction is regarded as a repeat start instruction and ins
execution is repeated for the number of times corresponding to the recognized number ¢
instructions. If RC[11:0] = 2 when the repeat end instruction is completed, the RC[11.:0]
decremented by 1 and then control is passed to the address specified by the RS register.
RC[11:0] ==1(or 0) when the repeat end instruction is completed, the RC[11:0] is cleare
then the control is passed to the next instruction following the repeat end instruction.

Note: If RE—RSisapositive value, the CPU regards the repeat |oop as afour-instruc
loop. (In arepeat loop consisting of four or more instructions, RE — RS is alway
positive value. For details, refer to example 1 above.) If RE —RSis positive, or
other than 0, —2,and —4, correct operation cannot be guaranteed.
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RptENnd3: Address of the instruction three instructions prior to the repeat end instrt

Repeat Control Instructions and Repeat Control Macros. To describe arepeat loop, t
and RE registers must be specified appropriately by the LDRS and LDRS instructions an
number of repetitions must be specified by the SERTC instruction. An 8-bit immediate d
general register can be used as an operand of the SETRC instruction. To specify the RC &
greater than 256, use SETRC Rm type instructions.

Table3.4 Repeat Control Instructions

Number ¢
Instruction Operation Executior
LDRS @(disp,PC)  Calculates (disp x 2 + PC) and stores the result to the 1
RS register
LDRE @(disp,PC) Calculates (disp x 2 + PC) and stores the result to the 1
RE register
SETRC #imm Sets 8-bit immediate data imm to the RC[11:0] bits of 1

the SR register and sets the information related to the
number of repetitions to the RF[1:0] bits of the SR.

RC[11:0] can be specified as 0 to 255.

SETRC Rm Sets the[11:0] bits of the Rm register to the RC[11:0] 1
bits of the SR register and sets the information related
to the number of repetitions to the RF[1:0] bits of the
SR.

RC[11:0] can be specified as 0 to 4095.

The RS and RE registers must be specified appropriately according to the rules shown in
The SH assembler supports control macros (REPEAT) as shown in table 3.5 to solve prol
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RptEnd as repeat end instruction, and the [11:0]
bits of Rm as number of repetitions. This macro
is extended to three instructions: LDRS, LDRE,
and SETRC which are converted correctly.

Using the repeat macros shown in table 3.5, examples 1 to 4 shown above can be simpli

examples 5 to 8 as shown below.

o Example5: Repeat loop consisting of 4 or more instructions (extended to the instruc
stream shown in example 1, above)
REPEAT RptStart, RptEnd, #4

RptStart:

RptEnd:

Instr0

instrl

instr (N-3)
instr (N-2)

instr(N-1)
instrN

; [Repeat start instruction]

’

; [Repeat end instruction]

o Example 6: Repeat loop consisting of three instructions (extended to the instruction

shown in example 2, above)

RptsStart:

RptEnd:

REPEAT RptStart, RptEnd, #4

instr0
instrl
Instr2

instr3

; [Repeat start instruction]

; [Repeat end instruction]
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instro
RptStart:

RptEnd: instrl ; [Repeat start instruction] ==

[Repeat end instruction]

In the DSP mode, the system control instructions (LDC and STC) that handle the RS and
registers are extended. The RC[11:0] bits and RF[1:0] bits of the SR can be controlled by
and STC instructions for the SR register. These instructions should be used if an exceptic
enabled during repeat |oop execution. The repeat 1oop can be resumed correctly by storin
and RE register values and RC[11:0] bits and RF1:0] bits of the SR register before excey
handling and by restoring the stored values after exception handling. However, note that
some restrictions on exception acceptance during repeat loop execution. For details refer
Restrictions on Repeat Loop Control in section 3.3.1, Repeat Control Instructions and sex
Exception Handling.

Table3.6 DSP Mode Extended System Control I nstructions

Number o
Instruction Operation Execution
STC RS, Rn RS—Rn 1
STC RE, Rn RE—Rn 1
STC.L RS, @-Rn Rn-4—Rn, RS—(Rn) 1
STC.L RE, @-Rn Rn-4—Rn, RE—(Rn) 1
LDC.L @Rn+, RS (Rn)—>RS, Rn+4—Rn 4
LDC.L @Rn+, RE (Rn)—>RE, Rn+4—Rn 4
LDC Rn,RS Rn —»RS 4
LDC Rn, RE Rn—RE 4
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DNR\A, Do\, DI, DI, D1/, DIrfTo, DO, NI O, DINATT, N, JON, JVIT—, I INVAFA
— Repeat control instructions

SETRC, LDRS, LDRE
— Load instructions for SR, RS, and RE registers

LDC Rn,SR, LDC @Rn+,SR, LDC Rn,RE, LDC @Rn+,RE, LDC Rn,RS, LDC

Note: Thisrestriction appliesto al instructions for a repeat loop consisting of oneto tl
instructions and to three instructions including a repeat end instruction for arep
consisting of four or more instructions.

3. Instructions prohibited during repeat loop (In arepeat loop consisting of four or mor

instructions)
The following instructions must not be placed between the repeat start instruction ar
detection instruction in arepeat loop consisting of four or more instructions. Otherw
correct operation cannot be guaranteed.
— Repeat control instructions

SETRC, LDRS, LDRE
— Load instructions for SR, RS, and RE registers

LDCRn,SR, LDC @Rn+,SR, LDC Rn,RE, LDC @Rn+,RE, LDC Rn,RS, LDC

Note: Multiple repest loops cannot be guaranteed. Describe the inner loop by repeat ¢
instructions, and the external loop by other instructions such as DT or BF/S.
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Here, abranch includes a return from an exception processing routine. If an exception wi
return address is placed in an instruction following the repeat detection instruction occurs
repeat control cannot be returned correctly. Accordingly, an exception acceptance is restr
from the repeat detection instruction to the repeat end instruction. Exceptions such as inte
that can be retained by the CPU are retained. For exceptions that cannot be retained by th
transition to an exception occurs but a program cannot be returned to the previous execut
correctly. For details, refer to section 4, Exception Handling.

Notes: 1. If aTRAPA instruction isused as arepeat detection instruction, an instructior
following the repeat detection instruction is regarded as areturn address. In th
control cannot be returned to the repeat control correctly. In a TRAPA instruc
address of an instruction following the repeat detection addressis regarded as
address. Accordingly, to return to the repeat control correctly, place areturn a
prior to the repeat detection instruction.

2. If aSLEEP instruction is placed following arepeat detection instruction, atra
the low-power consumption state or an exception acceptance such as interrupt
performed correctly. In this case, however, the repeat control cannot be return
correctly. To return to the repeat control correctly, the SLEEP instruction mus
placed prior to the repeat detection instruction.

5. Branch from arepeat detection instruction
If arepeat detection instruction is a delayed ot instruction of a delayed branch instru
branch instruction, a repeat loop can be acknowledged when a branch does not occur
branch instruction. If abranch occursin abranch instruction, arepeat control is not p
and a branch destination instruction is executed.
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Accordingly, PC relative addressing instructions placed two or more instructions fol
repeat detection instruction cannot be executed correctly and the correct results canr
obtained.

— PC relative addressing instructions
MOVA @(disp, PC), Rn
MOV.W @(disp, PC), Rn
MOV.L @(disp, PC), Rn

(Including the case when the MOV #mm,Rn is extended to MOV .W @(disp, P!
MOV.L @(disp, PC), Rn)

Table3.7 PC Valueduring Repeat Control (When RC[11:0] > 2)

Number of Instructions in Repeat Loop

1 2 3 >4

RptDtct  RptDict + 4 RptDtct + 4 RptDtct + 4 RptDtct
RptDtct1 RptDtct1 + 4 RptDtct1 + 4 RptDtct1 + 4 RptDtct
RptDtct2 — RptDtct1 + 4 RptDtct1 + 4 RS
RptDtct3 — — RptDtct1 + 4 RS + 2
Note: In table 3.7, the following labels are used.

RptDtct: An address of the repeat detection instruction

RptDtct1: An address of the instruction one instruction following the repeat st:

instruction (In a repeat loop consisting of one to three instructions, |
a repeat start instruction)

RptDtct2: An address of the instruction two instruction following the repeat ste
instruction

RptDtct3: An address of the instruction three instruction following the repeat <
instruction
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is executed. The repeat |oop is executed once as hormal instructions and a control
passed to arepeat start instruction even if arepeat end instruction is executed.

332 Extended Repeat Control Instructions

In the repeat control function described in section 3.3.1, Repeat Control Instructions, ther
some restrictions. To reduce these restrictions, this LS| supports the extended repeat instr
to extend the repeat control function. These extended repeat control instructions were not
supported in the conventional SH-DSP. To keep compatibility with the conventional SH-
the conventional repeat control instructions called compatible repeat control instructions.
Program Examples Using the Extended Repeat Control Instructions: Examples of re
programs using the extended repeat control instructions are shown below.
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RptEnd:

Example 2:

RptStart:

RptEnd:

instr (N-3)
instr (N-2)
instr(N-1)

instrN

[Repeat end instruction]

Repeat loop consisting of three instructions

LDRS RptStart

LDRE RptEnd

LDRC #4

instr0

instrl

instr2

instr3

7

Sets repeat start instruction ac
to the RS register

Sets repeat end instruction addr
to the RE register

Sets the number of repetitions |
the RC[11:0] bits of the SR regi

At least one instruction is requ
from LDRC instruction to [Repeat
instruction]

[Repeat start instruction]

[Repeat end instruction]
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RptEnd: instr2 ; [Repeat end instruction]

e Example 4: Repeat loop consisting of one instructions

LDRS RptStart ; Sets repeat start instruction adc
to the RS register

LDRE RptEnd ; Sets repeat end instruction addre
to the RE register
LDRC #4 ; Sets the number of repetitions (4
the RC[11:0] bits of the SR regis
instr0 ; At least one instruction is requi
from LDRC instruction to [Repeat
Rptstart: instruction] RptStart:
RptEnd: instrl ; [Repeat start instruction]=

[Repeat end instruction]

In extended repeat control instructions, arepeat start instruction address and a repeat end
instruction address are stored in the RS register and RE register, respectively, regardless
number of repeat instructions. In addition, the extended repeat control can be performed |
the LDRC instruction instead of the SETRC instruction. During the extended repeat cont
repeat loop can be recognized by executing arepeat end instruction. Therefore, thereisn
restriction on branches or exceptions.

Extended Repeat Control Instructions: To describe the extended repeat 1oop, the repes
and end addresses must be specified to the RS and RE registers by the LDRS and LDRE
instructions, respectively. For the LDRS and LDRE instructions of the extended repeat c
instructions, the LDRS and L DRE instructions of the compatible repeat control instructic
used. The number of repetitions are specified by the LDRC instruction. An 8-bit immedi:
the general register values can be used as an operand of the LDRC instruction. If 256 or ¢
valueis specified to the RC, use the LDRC Rm type instructions.
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RC[1— 1 0] can be specified as 0 to 255.

During extended repeat control, bit 0 of the RE
register is setto 1.

LDRC Rm Sets the[11:0] bits of the Rm register to the 1
RC[11:0] bits of the SR register and sets the
information related to the number of repetitions to
the RF[1:0] bits of the SR. RC[11:0] can be
specified as 0 to 4095.

During extended repeat control, bit 0 of the RE
register is set to 1.

By executing the LDRC instruction, the CPU performs the extended repeat control func
indicate that the CPU is being in extended repeat control, bit O of the RE register is set t
executing the LDRC instruction. To change the RE register value by a process such as e
exception handling, bit O of the RE register must be saved and restored correctly. By sa
restoring the RC[11:0] bits, DSP bit, and RF[1:0] bits of the SR register, RE register, an
register correctly, a control isreturned to the extended repest function correctly after pre
such as exception handling.

Restrictions on Extended Repeat L oop Control

1. Extended repeat control instruction assignment
The LDRC instruction must be executed after executing the LDRS and LDRE instru
addition, note that at least oneinstruction is required between the LDRC instruction
repeat start instruction.

2. lllegal instruction one or more instructions following the repeat detection instructior
If one of the following instructions is executed as a repeat end instruction, an illegal
exception occurs.

— Branch instructions
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3. Repesat counter and repeat control

The CPU always execute a program with comparing the repeat end register (RE) and

4) (current instruction address). If the (PC — 4) [31:1] matches the RE [31:1] while bi

register isset to 1 and RC [11:0] of SR register isnot 0, the extended repeat control fi

initiated.

— If RC > 2, acontrol is passed to arepeat start instruction after arepeat end instruc
been executed. The RC is decremented by 1 at the completion of the repeat end in

— If RC == 1, the RC is decremented to O at the completion of the repeat end instruc
acontrol is passed to the subsequent instruction.

— If RC ==0, the repeat control function is not initiated even if arepeat detection in
is executed. The repeat |oop is executed once as hormal instructions and a control
passed to arepeat start instruction even if arepeat end instruction is executed.
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operation in parallel,

2. Single datatransfer instructions
The DSP unit is aso connected to the L busthat is used by the CPU. The DSP regis
than the DSR can access any logical addresses generated by the CPU. In this case, tf
data transfer instructions are used. The single data transfer instructions cannot be us
combination with the DSP operation instructions and can access only one dataitem

3. System control instructions
Some of the DSP unit registers are handled as the CPU system registers. To control |

system registers, the system control registers are supported. The DSP registers are c
the CPU general registers viathe data transfer bus (C bus).

In any DSP data transfer instructions, an address to be accessed is generated and output
CPU. For DSP data transfer instructions, some of the CPU general registers are used for
generation and specific addressing modes are used.
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Y memory

[15:0]

Mo

M1

X0

X1

YO

Y1

[Legend]

XAB:
XDB:

YAB:

YDB:

LAB:

LDB:
CDB:

X bus (address)
X bus (data)
Y bus (address)
Y bus (data)
L bus (address)
L bus (data)
C bus (data)

Double Data Transfer Instructions (MOVX.W, MOVY.W, MOVX.L, MOVY.L): W
double data transfer group instructions, X memory and Y memory can be accessed in par

In this case, the specific buses called X busand Y bus are used to access X memory and"
memory, respectively. To fetch the CPU instructions, the L busis used. Accordingly, no
occursamong X, Y, and L buses.

Load instructions for X memory specify the X0 or X1 register as the destination operand.
instructions for Y memory specify the YO or Y 1 register as the destination operand. Store
for X or Y memory specify the AO or Al register as the source operand. These instructio
only word data (16 bits). When aword data transfer instruction is executed, the upper wo
register operand is used. To load word data, data is |loaded to the upper word of the destir
register and the lower word of the destination register is automatically cleared to O.

Figure3.4 DSP Registersand Bus Connections
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location. All DSP registers other than the DSR* can be specified as source and destinati
operands. Guard bit registers AOG and A1G can also be specified as two independent re
Because these instructions use the L bus (LAB and LDB), these instructions can access
space handled by the CPU. If these instructions access the cacheable area while the cact
enabled, the area accessed by these instructions are cached. The X memory and Y mem
mapped to the logical address space and can also be accessed by the single data transfer
instructions. In this case, bus conflict may occur between data transfer and instruction fe
because the CPU also usesthe L bus for instruction fetches.

The single data transfer instructions can handle both word and longword data. In word c
transfer, only the upper word of the operand register isvalid. In word dataload, word d
loaded into the upper word of the destination registers and the lower word of the destine
automatically cleared to 0. If the guard bits are supported, the sign bit is extended befor:
In longword data load, longword data is loaded into the upper and lower word of the de:
register. If the guard bits are supported, the sign bit is extended before storage. When th
register is stored, the sign bit is extended to the upper 24 bits of the LDB and are loaded
LDB bus.

Notes: * Becausethe DSR register is defined as the system register, it can be accessa
LDS or STS instruction.

1. Any datatransfer instruction is executed at the MA stage of the pipeline.

2. Any datatransfer instruction does not modify the condition code bits of the
register.

System Control Instructions: The DSR, A0, X0, X1, YO, and Y 1 registersin the DSP
also be used as the CPU system registers. Accordingly, data transfer operations betweer
DSP system registers and general registers or memory can be executed by the STS and |
instructions. These DSP system registers can be treated as the CPU system register such
MACL and MACH and can use the same addressing modes.
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STS.L AO0,@-Rn Rn -4 — Rn, A0 — (Rn) 1
STS.L X0,@-Rn Rn -4 — Rn, X0 — (Rn) 1
STS.L X1,@-Rn Rn -4 — Rn, X1 — (Rn) 1
STS.L YO0,@-Rn Rn—-4 — Rn, YO — (Rn) 1
STS.L Y1,@-Rn Rn—-4—Rn, Y1 — (Rn) 1
LDS.L @Rn+DSR (Rn) - DSR, Rn + 4 — Rn 1
LDS.L @Rn+,A0 (Rn) > A0, Rn +4 — Rn 1
LDS.L @Rn+,X0 (Rn) > X0, Rn +4 — Rn 1
LDS.L @Rn+,X1 (Rn) > X1,Rn+4 - Rn 1
LDS.L @Rn+,YO0 (Rn) » Y0, Rn +4 — Rn 1
LDS.L @Rn+,Y1 (Rn) > Y1,Rn+4 > Rn 1
LDS Rn,DSR Rn — DSR 1
LDS  Rn,A0 Rn — A0 1
LDS  Rn,XO0 Rn — X0 1
LDS RnX1 Rn — X1 1
LDS  Rn,YO Rn — YO0 1
LDS  RnY1 Rn — Y1 1
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X memory (MOVX.W)

R4, R5[AX] R8 [Ix]

Y memory (MOVY.W)

R6, R7[Ay] RO [ly]

e Single datatransfer instructions

In single data transfer, any logical address space can be accessed viathe L bus. The
address pointers and index registers are used.

Address Pointer Index Register

Any logical space (MOVS.WI/L)

R4, R5, R2, R3[As] R8 [Is]

31

RO

R1

R2  [As2]
R3  [As3]
R4 [AsO]
R5 [As1, Ax1]
R6  [Ay0]
R7  [Ay1]
R8  [Ix, Is]
RO [ly]
R10

R11

R12

R13

R14

R15

General registers (DSP mode)

X andY double data transfers:

R4, 5 [Ax] :Address register set for the for X data memory
R8 [IX] :Index regiser for X address register set Ax
R6, 7 [Ay] :Address register set for the for Y data memory
R9 [ly] :Index regiser forY address register set Ay

Single data transfer s:

R4,5,2,3 [As] :Address register set for all data memories
R8 [Is] :Index regiser used for single data transfers

Figure3.5 General Registers(DSP Mode)
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Ay0: .REG (R6)

Ay1: .REG (R7)

ly: .REG (R9)

ASD: .REG (R4); This definitionisused for if the aliasis required in the single data trans
Asl: .REG (R5); Thisdefinitionis used for if the aliasis required in the single data trans
As2: .REG (R2)

As3: .REG (R3)

Is: .REG (R8); This definition isused for if the aliasis required in the single data transfer
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Ay: R6, R7

Index register

Ix: R8, ly: R9

Is: R8

Addressing Nop/Inc (+2)/index addition: Nop/Inc (+2, +4)/index ad
post-increment post-increment

Addressing — Dec (-2, —4): pre-decreme

Modulo addressing Possible Not possible

Data bus XDB, YDB LDB

Data length 16 bits (word) 16/32 bits (word/longworc

Bus conflict No Yes

Memory X/Y data memory Entire memory space

Source register Dx, Dy: AO, A1 Ds: A0/A1, MO/M1, X0/X1

AOG, A1G

Destination register Dx: X0/X1 Ds: A0/A1, MO/M1, X0/X1

Dy: YO/Y1 A0G, A1G

Addressing Mode for Double Data Transfer Instructions. The double data transfer i
supports the following three addressing modes.

e Non-update address register addressing
The Ax and Ay registers are address pointers. They are not updated.

e Increment address register addressing
The Ax and Ay registers are address pointers. After a data transfer, they are each inc
by 2 (post- increment).

e Addition index register addressing
The Ax and Ay registers are address pointers. After a data transfer, the value of the |
register is added to each (post-increment). The double data transfer instructions do n

RENESAS
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transfer instructions.

o Non-update address register addressing
The Asregister is an address pointer. An accessto @Asis performed but Asis not u
e Increment address register addressing:
The Asregister is an address pointer. After an access to @AS, the Asregister isincres
by 2 or 4 (post-increment).
e Addition index register addressing:
The As register is an address pointer. After an accessto @AS, the value of the Is regis
added to the As register (post-increment).
o Decrement address register addressing:

The As register is an address pointer. Before a data transfer, —2 or —4 is added to the /
register (i.e. 2 or 4 is subtracted) (pre-decrement).

In single datatransfer instructions, all bitsin 32-bit address are valid.

343 Modulo Addressing

In double data transfer instructions, a modulo addressing can be used. If the address poin
reaches the preset modul o end address while a modulo addressing mode is specified, the
pointer value becomes the modulo start address.

To control modulo addressing, the modulo register (MOD) extended in the DSP mode an
DMX and DMY hits of the SR register are used.

The MOD register is provided to set the start and end addresses of the modulo address ar
upper and lower words of the MOD register store modulo start address (MS) and modulo
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MOD register must be saved. By restoring these register values, acontrol isreturned to
modulo addressing after an exception handling.

Table3.11 Modulo Addressing Control Instructions

Instruction Operation Execution
STC MOD, Rn MOD — Rn 1
STC.L MOD, @-Rn Rn — 4 — Rn, MOD — (Rn) 1
LDC @Rn+, MOD (Rn) — MOD, Rn+4 — Rn 4
LDC Rn, MOD Rn — MOD 4
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LDC R10, SR ; Specify SR.DMX=1,
SR.DMY=0, and X modulo addressinc

MOV.L #H'A5007000,R14

MOVX.W @R4+,X0 ; R4: H'A5007000— H’'A5007002
MOVX.W @R4+,X0 ; R4: H'A5007002— H'A5007004
MOVX.W @R4+,X0 ; R4: H'A5007004— H’'A5007000
(Matches to ME and MS is set)
MOVX.W @R4+,X0 ; R4: H’A5007000— H'A5007002
MOVX.W @R4+,X0 ; R4: H'A5007000— H'A5007002

The start and end addresses are specified in MS and ME, then the DMX or DMY hit is s
When the X or Y datatransfer instruction specified by the DMX or DMY is executed, the
register contents before updating are compared with ME', and if they match, start addres:
stored in the address register as the value after updating.

When the addressing type of the X/Y data transfer instruction is no-update, the X/Y data
instruction is not returned to MS even if they match ME.

When the addressing type of the X/Y data transfer instruction is addition index register &
the address pointed way not match the address pointer ME and exceed it. In this case, the
pointer value does not become the modulo start address.

The maximum modulo size is 64 kbytes. Thisis sufficient to accessthe X and Y datame

Note: * Not only with modulo addressing, but when X and Y data addressing is used,
ignored. 0 must always be written to bit O of the address pointer, index registe
and ME.
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345 Instruction Formats of Double and Single Transfer I nstructions

The format of double data transfer instructionsis shown in tables 3.12, and that of singl
transfer instructions in table 3.13.
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Y memory NOPY 1 1

gata MOVY.W @Ay,Dy
transfer
MOVY.W @Ay+,Dy
MOVY.W @Ay+ly,Dy
MOVY.W Da, @Ay
MOVY.W Da, @Ay+
MOVY.W Da, @Ay+ly

Note: Ax:0=R4,1=R5
Ay:0=R6,1=R7
Dx: 0 =X0, 1 = X1
Dy:0=Y0,1=Y1
Da: 0=A0,1=A1
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MOVS.W Ds,@As+ls 7:A0

‘ —_

MOVS.L @-As,Ds 8X0 0
MOVS.L @As,Ds 9:x1 0
MOVS.L @As+,Ds AYO 1
MOVS.L @As+ls,Ds B:Y1 1
MOVS.L Ds,@-As CMO 0
MOVS.L Ds, @As DAIG 0
MOVS.L Ds,@As+ EMI 1 o
MOVS.L Ds, @As+ls FAOG 1

Note: * Codes reserved for system use.
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sign-extends the source value to bits 39 to 32. When it uses one of these registers as the
destination register, bits 39 to 32 of the result are discarded.

The second kind of operation isan X or Y data transfer operation, MOVX.W, MOVY.W
operation accesses the X and Y memories through the 16-bit X and Y data buses (figure
register to be loaded or stored by this operation always comprises the upper 16 bits (bits:
X0 or X1 can be the destination of an X memory load and YO or Y 1 can be the destinatio
memory load, but no other register can be the destination register in this operation. Wher
read into the upper 16 bits of aregister (bits 31 to 16), the lower 16 bits of the register (bi
0) are automatically cleared. AO and A1 can be stored in the X or Y memory by this oper
no other registers can be stored.

Thethird kind of operation is a single-data transfer instruction, MOVS.W or MOVS.L. T
instructions access any memory location through the LDB (figure 3.4). All DSP registers
to the LDB and can be the source or destination register of the data transfer. These instru
have word and longword access modes. In word mode, registers to be loaded or stored by
instruction comprise the upper 16 bits (bits 31 to 16) for DSP registers except AOG and A
When datais loaded into aregister other than AOG and A1G in word mode, the lower hal
register is cleared. When AO or Al is used, the datais sign-extended to bits 39 to 32 and
half is cleared. When AOG or A1G isthe destination register in word mode, data is |oade
8-hit register, but AO or Al isnot cleared. In longword mode, when the destination regist
or Al, itis sign-extended to bits 39 to 32.

The fourth kind of operation is system control instructions such as LDS, STS, LDSL.L, or
The DSR, AQ, X0, X1, YO, and Y1 registers of the DSP register can be treated as system
For these registers, data transfer instructions between the CPU general registers and syste
registers or memory access instructions are supported.
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Integer, PDMSB Sign-extended 24-bit result  Cle:
Logical, PSHL Cleared 16-bit result  Cles
Data MOVS.W Sign-extended 16-bit data Cles
transfer MOVS.L Sign-extended 32-bit data
AO0G, A1G  Data MOVS.W Data No update
transfer MOVS.L Data No update
X0, X1 DSP Fixed-point, PSHA, 32-bit result
YO0, Y1 operation PMULS
Mo, M1 Integer, logical, 16-bit result Cles
PDMSB, PSHL
Data MOVX/Y.W, MOVS.W 16-bit result Cles
transfer  “movs.L 32-bit data

Rev. 1.00 Dec. 27, 2005 Page

RENESAS

REJOS



A0G, A1G  Data MOVS.W Data

transfer  “yqovs.L Data
X0, X1 DSP Fixed-point, PDMSB, Sign* 32-bit data
YO0 yq operation = PSHA
Mo, M1 Integer Sign* 16-bit data
Logical, PSHL, PMULS 16-bit data
Data MOVS.W 16-bit data
transfer — “movs.L 32-bit data

Note: * The data is sign-extended and input to the ALU.

The DSP unit incorporates one control register and DSP status register (DSR). The DSR!
stores the DSP data operation result (zero, negative, others). The DSP register also has th
whose functionis similar to the T bit of the CPU register. The DC bit functions as status
Conditional DSP data operations are controlled based on the DC bit. These operation con
affects only the DSP unit instructions. In other words, these operations control affects onl
DSP registers and does not affect address register update and CPU instructions such as ¢
store instructions. A condition to be reflected on the DC bit should be specified to the DC
selection bits (CS[2:0]).

The unconditional DSP type data instructions other than PMULS, MOV X, MOVY, and |
change the condition flag and DC bit. However, the CPU instructions including the MAC
instruction do not modify the DC hit. In addition, conditional DSP instructions do not mc
DSR.
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001: Negative value mode

010: Zero mode

011: Overflow mode

100: Signed greater mode

101: Signed greater than or equal to mode
110: Reserved (setting prohibited)

111: Reserved (setting prohibited)

TC

R/W

TC Bit

0: The T bit of the SR register is not affecte:
DSP instruction.

1: The T bit of the SR register changes acc
the TS bit of the DSR register while the L
instruction is executed. Note, however, t
does not change during conditional DSP
execution.

GT

R/W

Signed Greater Bit

Indicates that the operation result is positive
0), or that operand 1 is greater than operan

1: Operation result is positive, or operand 1
than operand 2

R/W

Zero Bit

Indicates that the operation result is zero (0
operand 1 is equal to operand 2

1: Operation result is zero (0), or operands
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3Jto1 Co2to All0 R/W DC Bit Status Selection
CSo

Designate the mode for selecting the operati
status to be set in the DC bit

000: Carry/borrow mode

001: Negative value mode

010: Zero mode

011: Overflow mode

100: Signed greater mode

101: Signed greater than or equal to mode
110: Reserved (setting prohibited)

111: Reserved (setting prohibited)

0 DC 0 R/W DSP Status Bit

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

0: Designated mode status has not occurred

1: Designated mode status has occurred

Indicates the operation result by carry or bor
regardless of the CS bit status after the PAD
PSUBC instruction has been executed.
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DSP operation instructions are instructions for digital signal processing performed by th
unit. These instructions have a 32-bit instruction code, and multiple instructions can be
in parallel. Theinstruction codeisdivided into an A field and B field; a parallel datatra
instruction is specified in the A field, and asingle or double data operation instruction it
field. Instructions can be specified independently, and are also executed independently.

B-field data operation instructions are of three kinds: double data operation instructions
conditional single data operation instructions, and unconditional single data operation ir
The formats of the DSP operation instructions are shown in table 3.17. The respective 0
are selected independently from the DSP registers. The correspondence between DSP o
instruction operands and registersis shown in table 3.18.
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DCF ALUop. Sy, Dz

Unconditional single data operation ALUop. Sx, Sy, Dz
instructions ALUop. Sx, Dz
ALUop. Sy, Dz

MLTop. Se, Sf, Dg

Table3.18 Correspondence between DSP Instruction Operands and Registers

ALU/Shift Operations Multiply Operatio
Register Sx Sy Dz Du Se Sf [
AO Yes Yes Yes )
Al Yes Yes Yes Yes Yes )
Mo Yes Yes )
M1 Yes Yes )
X0 Yes Yes Yes Yes Yes
X1 Yes Yes Yes
YO0 Yes Yes Yes Yes Yes
Y1 Yes Yes Yes

When writing parallel instructions, the B-field instruction is written first, followed by the
instruction. A sample parallel processing program is shown in figure 3.6.

Rev. 1.00 Dec. 27,2005 Page 112 of 1044
REJ09B0269-0100 RENESAS



v e N it b o=

uncondmonal ALU or shift operation instruction. Conditiona instructions do not update
bit. Multiply instructions, also, do not update the DC bit. DC bit updating is performed |
of the C§[2:0] bitsin the DSR register. The DC bit update rules are shown in table 3.19
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When an ALU or shift (PSHL) logical operation is execut
MSB of the result, excluding the guard bits, is copied intc
bit.

0 1 0 Zerovalue mode

The DC bit is set if the result of an ALU or shift operation
zeros, and is cleared otherwise.

0 1 1 Overflow mode

The DC bit is set if the result of an ALU or shift (PSHA) a
operation exceeds the destination register range, exclud
guard bits, and is cleared otherwise.

When an ALU or shift (PSHL) logical operation is execut
DC bit is always cleared.

1 0 O Signed greater-than
mode

This mode is similar to signed greater-or-equal mode, bu
cleared if the result is all-zeros.

DC = ~{(negative value ” over-range) | zero value};
In case of arithmetic operation

DC = 0; In case of logical operation

1 0 1 Signed greater-or-
equal mode

If the result of an ALU or shift (PSHA) arithmetic operatic
exceeds the destination register range, including the gue
(over-range), the definition is the same as in negative va
mode. If the result is not over-range, the definition is the
of that in negative value mode.

When an ALU or shift (PSHL) logical operation is execut
DC bit is always cleared.

DC = ~(negative value » over-range);
In case of arithmetic operation

DC = 0; In case of logical operation

1 1 0 Reserved (setting prohibited)

1 1 1 Reserved (setting prohibited)
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R&=H"0UU00s0VUU, Ro=0 00005000, RY=0"0000000&
(R4)=H'1111, (R6)=H'2222

After execution: X0=H'11110000, YO0=H'55555555, A0=H'008888888¢
R4=H'00008002, R6=H'00005004, R9=H'00000004
(R4)=H'1111, (R6)=H'3456

When condition is False

Before execution: X0=H'33333333, Y0=H'55555555, AQ0=H'1234567897
R4=H'00008000, R6=H'00005000, R9=H'00000004
(R4)=H'1111, (R6)=H'2222

After execution: X0=H'11110000, YO=H'55555555, AQ0=H'1234567897
R4=H'00008002, R6=H'00005004, R9=H'00000004
(R4)=H'1111, (R6)=H'3456

Figure3.7 Examplesof Conditional Operationsand Data Transfer Instruct

e Assignment of NOPX and NOPY Instruction Codes

When thereis no data transfer instruction to be parallel-processed simultaneously wi
operation instruction, an NOPX or NOPY instruction can be written as the data tran:
instruction, or the instruction can be omitted. The instruction code is the same whetf
NOPX or NOPY instruction is written or the instruction is omitted. Examples of NC
NOPY instruction codes are shown in table 3.20.
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10110001000001

PADD X0,Y0,A0 11111000000000
10110001000001

MOVX.W @R4+,X0 MOVY.W @R6+R9,YO0 11110000000010

MOVX.W @R4+,X0 NOPY 11110000000010

MOVS.W @R4+,X0 11110100100010

NOPX MOVY.W @R6+R9,Y0 11110000000000

MOVY.W @R6+R9, Y0 11110000000000

NOPX NOPY 11110000000000

NOP 00000000000010

353 DSP-Type Data For mats

This LS has several different data formats that depend on the instruction. This section ex

the data formats for DSP type instructions.

Figure 3.8 shows three DSP-type data formats with different binary point positions. A CF
data format with the binary point to the right of bit 0 is aso shown for reference.

The DSP-type fixed point data format has the binary point between bit 31 and bit 30. The
type integer format has the binary point between bit 16 and bit 15. The DSP-type logical
does not have a binary point. The valid data lengths of the data formats depend on the ins

and the DSP register.
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A

31 16 15 0
Without guard bits [s] | | 25 t0 +215 -1
A
Shift amount for 31 22 16 15 0
arithmetic shift (PSHA) | ls| | | -32t0+32
A
Shift amount for 31 2116 15 0
logical shift (PSHL) [ Is[ | | -16t0+16
A
39 31 16 15 0
DSP type logical I |
CPU type integer
yp g 31 0
Longword Isl _081 40 4231 _ 1
A
S: Sign bit A : Binary point I:I : Does not affect the operations

Figure3.8 Data Formats

The shift amount for the arithmetic shift (PSHA) instruction has a 7-bit field that can re
values from —64 to +63, but —32 to +32 are valid numbers for the instruction. Also the s
amount for alogical shift operation has a 6-bit field, but —16 to +16 are valid numbers f
instruction. The results when an invalid shift amount is specified cannot be guaranteed.

RENESAS
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ALU | [GT[ Z [ N ]V [DC]
DSR

Y

|Guard| Destination | |
39 31 0

Figure3.9 ALU Fixed-Point Arithmetic Operation Flow

Note: The ALU fixed-point arithmetic operations are basically 40-bit operation; 32 bits
base precision and 8 hits of the guard-hit parts. So the signed bit is copied to the
parts when aregister not providing the guard-bit partsis specified as the source ¢
When aregister not providing the guard-bit parts is specified as a destination ope
lower 32 hits of the operation result are input into the destination register.

ALU fixed-point operations are executed between registers. Each source and destination
are selected independently from one of the DSP registers. When a register providing guar
specified as an operand, the guard bits are activated for this type of operation. These oper
are executed in the DSP stage, as shown in figure 3.10. The DSP stage is the same stage «
MA stage in which memory accessis performed.
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PABS Absolute Sx AllO Dz

AllO Sy Dz
PNEG Negation Sx AllO Dz
AllO Sy Dz
PCLR Clear Allo AllOo Dz

Table3.22 Correspondence between Operandsand Registers

Register Sx Sy Dz Du
AO Yes Yes Yes
A1 Yes Yes Yes
MO Yes Yes

M1 Yes Yes

X0 Yes Yes Yes
X1 Yes Yes

YO0 Yes Yes Yes
Y1 Yes Yes

Asshown in figure 3.10, data loaded from the memory at the MA stage, which is progre
the same line asthe ALU operation, is not used as a source operand for this operation, e
though the destination operand of the data load operation isidentical to the source opere
ALU operation. In this case, previous operation results are used as the source operands
ALU operation, and then updated as the destination operand of the data load operation.
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Figure3.10 Operation Sequence Example

Every time an ALU arithmetic operation is executed, the DC, N, Z, V, and GT bitsin DS
basically updated in accordance with the operation result. However, in case of a conditiol
operation, they are not updated even though the specified condition is true and the operat
executed. In case of an unconditional operation, they are always updated in accordance w
operation result. The definition of aDC bit is selected by CS[2:0] (condition selection) bi
DSR. The DC bit result isasfollows:

Carry or Borrow Mode: CS[2:0] = 000: The DC hit indicates that carry or borrow is ge
from the most significant bit of the operation result, except the guard-bit parts. Some exa
shown in figure 3.11. This mode is the default condition. When the input data is negative
PABS or PNEG instruction, carry is generated.
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o o
0000 0000 0000 0000 0000 0001 0000 0000 0001 0000 0000 0001

—) 0000 0000 0000 0000 0000 0001 —) 0000 0000 0001 0000 0000 0010
0000 0000 0000 0000 0000 0000 1111111111111 11111111111
Borrow detecting point Borrow detecting point
Borrow is not detected Borrow is detected

Figure3.11 DC Bit Generation Examplesin Carry or Borrow Mode

Negative Value Mode: CS[2:0] = 001: The DC flag indicates the same value as the M
operation result. When the result is a negative number, the DC bit shows 1. Wheniitisa
number, the DC bit shows 0. The ALU always executes 40-hit arithmetic operation, so't
to detect whether positive or negative is aways got from the MSB of the operation resul
regardless of the destination operand. Some examples are shown in figure 3.12.

Example 1 Example 2

Guard bits Guard bits

1 1

1100 0000 0000 0000 0000 0000 0011 0000 0000 0000 0000 0000
+) 0000 0000 0000 0000 0000 0001 +) 0000 0000 1000 0000 0000 0001

1100 0000 0000 0000 0000 0001 0011 0000 1000 0000 0000 0001

Sign bit Sign bit
Negative value Positive value

Figure3.12 DC Bit Generation Examplesin Negative Value M ode

Zero Value Mode: CS[2:0] = 010: The DC flag indicates whether the operation result |
When the result is 0, the DC bit shows 1. When it isnot 0, the DC bit shows 0.

Overflow Mode: CY2:0] = 011: The DC hit indicates whether or not overflow occurs
result. When an operation yields aresult beyond the range of the destination register, ex
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Overflow case Non overflow case

Figure3.13 DC Bit Generation Examplesin Overflow Mode

Signed Greater Than Mode: CS[2:0] = 100: The DC bit indicates whether or not the sc
data (signed) is greater than the source 2 data (signed) as the result of compare operation
Thismode is similar to the Negative Value Mode described before, because the result of

compare operation is a positive value if the source 1 datais greater than the source 2 date
However, the signed bit of the result shows anegative value if the compare operation yie
result beyond the range of the destination operand, including the guard-bit parts (called *
range”), even though the source 1 datais greater than the source 2 data. The DC bit is up
concerning this type of special case in this condition mode. The equation below shows th
definition of getting this condition:

DC = ~ {(Negative ~ Qver-range) | Zero}

When the PCMP operation is executed under this condition mode, the result of the DC bi
same asthe T bit’sresult of the CMP/GT operation of the CPU instruction.

Signed Greater Than or Equal Mode: CH2:0] = 101: The DC bit indicates whether th
1 data (signed) is greater than or equal to the source 2 data (signed) as the result of comp:
operation PCMP. This modeis similar to the Signed Greater Than Mode described befor
equal caseisasoincluded in this mode. The equation below shows the definition of getti
condition:

DC = ~ (Negative A Over-range)

When the PCMP operation is executed under this condition mode, the result of the DC bi
same asthe T bit'sresult of a CMP/GE operation of the SH core instruction.
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ne s nitin o IS erfective 10r any AL U TiIXea-point aritnmetic operations in the Do
section 3.5.11, Overflow Protection, for details.

355 ALU Integer Operations

Figure 3.14 shows the ALU integer arithmetic operation flow. Table 3.23 shows the var
this type of operation. The correspondence between each operand and registersis the sa
ALU fixed-point operations as shown in table 3.22.

39 31 0 39 31 0
|Guard| Source 1 | | |Guard| Source 2
Y Y
Vv
ALU [GT[ Z[ N[V [DC]
DSR
Y
— |:| Ignored
L(;uard |31 Destination | Ol |:| Cleared to 0

Figure3.14 ALU Integer Arithmetic Operation Flow
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word excluding the guard bits of the operation result are input into the destination 1

In ALU integer arithmetic operations, the lower word of the source operand isignored ar
lower word of the destination operand is automatically cleared. The guard-bit parts are ef
integer arithmetic operationsif they are supported. Others are basically the same operatic
ALU fixed-point arithmetic operations. As shown in table 3.23, however, this type of ope
provides two kinds of instructions only, so that the second operand is actualy either +1 ¢
When aword data is |oaded into one of the DSP unit’ s registers, it isinput as an upper wi
When aregister providing guard bitsis specified as an operand, the guard bits are also ac
These operations, aswell as fixed-point operations, are executed in the DSP stage, as sho
figure 3.10. The DSP stage is the same stage as the MA stage in which memory accessis
performed.

Every time an ALU arithmetic operation is executed, the DC, N, Z, V, and GT bitsin DS
basically updated in accordance with the operation result. Thisis the same as fixed-point
operations but the lower word of each source and destination operand is not used in order
generate them. See section 3.5.4, ALU Fixed-Point Operations, for details.

In case of aconditional operation, they are not updated even though the specified conditi
and the operation is executed. In case of an unconditional operation, they are always upd:
accordance with the operation result. See section 3.5.4, ALU Fixed-Point Operations, for

e Overflow Protection

The Shit in SR is effective for any ALU integer arithmetic operationsin DSP unit. Se
3.5.11, Overflow Protection, for details.
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Same Stage as (ne IVIA Stage In wnich memaory acCess IS pertrormed.

39 31 0 39 31 0
| | Source 1 | | | | Source 2 |
Y \i
Vv
ALU | [GT[Z[ N[V [DC|
DSR
A
— |:| Ignored
|39 |31 Destination | Ol I:I Cleared 1o 0

Figure3.15 ALU Logical Operation Flow

Table3.24 Variation of ALU Logical Operations

Mnemonic Function Source 1 Source 2 Dest
PAND Logical AND Sx Sy Dz
POR Logical OR Sx Sy Dz
PXOR Logical exclusive OR Sx Sy Dz

Every time an ALU logical operation is executed, the DC, N, Z, V, and GT bitsinthe D
register are basically updated in accordance with the operation result. In case of a condi
operation, they are not updated even though the specified condition is true and the operz
executed. In case of an unconditional operation, they are always updated in accordance
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Signed Greater Than Mode: CS[2:0] = 100: The DC bit is always cleared.
Signed Greater Than or Equal Mode: CS2:0] = 101: The DC hit is aways cleared.

The N bit always indicates the same state as the DC bit set in negative value mode by the
bits. See the negative value mode part above. The Z bit always indicates the same state a
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The \
always indicates the same state as the DC bit set in overflow mode by the C§2:0] bits. S
overflow mode part above. The GT bit always indicates the same state as the DC bit set il
greater than mode by the CS[2:0] bits. See the signed greater than mode part above.

357 Fixed-Point Multiply Operation

Figure 3.16 shows the multiply operation flow. Table 3.25 shows the variation of this tyf
operation and table 3.26 shows the correspondence between each operand and registers.
multiply operation of the DSP unit is single-word signed single-precision multiplication.
operations are executed in the DSP stage, as shown in figure 3.10. The DSP stage isthe s
stage as the MA stage in which memory access is performed.

If adouble-precision multiply operation is needed, the CPU standard double-word multif
instructions can be made of use.
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39 31 10

Figure3.16 Fixed-Point Multiply Operation Flow

Table3.25 Variation of Fixed-Point Multiply Operation

Mnemonic Function Source 1 Source 2 Dest

PMULS Signed multiplication Se Sf Dg

Table3.26 Correspondence between Operands and Registers

Register Se Sf Dg
AO — — Yes
Al Yes Yes Yes
MO — — Yes
M1 — — Yes
X0 Yes Yes —
X1 Yes — —
YO0 Yes Yes —
Y1 — Yes —

Note: The multiply operations basically generate 32-bit operation results. So when a re
providing the guard-bit parts are specified as a destination operand, the guard-bit
copy bit 31 of the operation result.

The multiply operation of the DSP unit sideis not integer but fixed-point arithmetic. So
words of each multiplier and multiplicand are input into aMAC unit as shown in figure
the SH's standard multiply operations, the lower words of both source operands are inpt
MAC unit. The operation result is also different from the SH's case. The SH's multiply c
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doesnot mean (+1.0). If the Shitis1, overflow is prevented and theresult isH' 00
FFFF.

358 Shift Operations

Shift operations can use either register or immediate value as the shift amount operand. C
source and destination operands are specified by the register. There are two kinds of shift
operations of arithmetic and logical shifts. Table 3.27 shows the variation of this type of
The correspondence between each operand and registers, except for immediate operands,
same as the AL U fixed-point operations as shown in table 3.21.

Table3.27 Variation of Shift Operations

Mnemonic Function Source 1 Source 2 Destir

PSHA Sx, Sy, Dz  Arithmetic shift Sx Sy Dz

PSHL Sx, Sy, Dz  Logical shift Sx Sy Dz

PSHA #lmm1, Dz Arithmetic shift with Dz Immf Dz
immediate.

PSHL #lmm2, Dz Logical shift with Dz Imm2 Dz
immediate.

-32 <= Imm1 <= +32, =16 <= Imm2
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|:| Ignored

Figure3.17 Arithmetic Shift Operation Flow

Note: The arithmetic shift operations are basically 40-bit operation, that is, the 32 bits
base precision and eight bits of the guard-hit parts. So the signed bit is copied tc
bit parts when aregister not providing the guard-bit parts is specified as the sou
operand. When aregister not providing the guard-bit partsis specified as a desti
operand, the lower 32 bits of the operation result are input into the destination re

In this arithmetic shift operation, all bits of the source 1 and destination operands are ac
The shift amount is specified by the source 2 operand as an integer data. The source 2 0|
be specified by either aregister or immediate operand. The available shift rangeisfrom
+32. Here, a negative value means the right shift, and a positive value means the left shi
possible for any source 2 operand to specify from —64 to +63 but the result is unknown |
invalid shift valueis specified. In case of a shift with an immediate operand instruction,
1 operand must be the same register as the destination’s. This operation is executed in tt
stage, as shown in figure 3.10 as well asin fixed-point operations. The DSP stage isthe
stage asthe MA stage in which memory accessis performed.

Every time an arithmetic shift operation is executed, the DC, N, Z, V, and GT hitsin DS
basically updated in accordance with the operation result. In case of a conditional opera
are not updated even though the specified condition is true and the operation is executec
of an unconditional operation, they are always updated in accordance with the operatior
The definition of the DC hit is selected by the CS[2:0] (condition selection) bitsin DSR
bit result is:

1. Carry or Borrow Mode: CS[2:0] = 000
The DC hit indicates the last shifted out data as the operation result.
2. Negative Value Mode: CS[2:0] =001
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The N bit always indicates the same state as the DC bit set in negative value mode by the
bits. See the negative value mode part above. The Z bit always indicates the same state a
bit set in zero value mode by the CS[2:0] bits. See the zero value mode part above. The \
always indicates the same state as the DC bit set in overflow mode by the C§2:0] bits. S
overflow mode part above. The GT bit always indicates the same state as the DC bit set il
greater than mode by the CS[2:0] bits. See the signed greater than mode part above.

e Overflow Protection

The Shitin SR is also effective for arithmetic shift operation in the DSP unit. See sec
3.5.11, Overflow Protection, for details.
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Shltamount data | Sy |
source 2
(source 2) 5 0 :Ilgnored

Figure3.18 Logical Shift Operation Flow

Asshown in figure 3.18, the logical shift operation uses the upper word of the source 1
and the destination operand. The lower word and guard-bit parts are ignored for the sou
operand and those of the destination operand are automatically cleared asin the ALU o
operations. The shift amount is specified by the source 2 operand as an integer data. The
operand can be specified by either the register or immediate operand. The available shif
from —16 to +16. Here, a negative value means the right shift, and a positive value mear
shift. It is possible for any source 2 operand to specify from —32 to +31, but the result is
if aninvalid shift value is specified. In case of a shift with an immediate operand instruc
source 1 operand must be the same register as the destination's. These operations are ex
the DSP stage, as shown in figure 3.10. The DSP stage is the same stage as the MA stag
memory access is performed.

Every time alogical shift operation is executed, the DC, N, Z, V, and GT bitsin DSR ar
updated in accordance with the operation result. In case of a conditional operation, they
updated even though the specified condition is true and the operation is executed. In cas
unconditional operation, they are always updated in accordance with the operation resul
definition of the DC bit is selected by the C§2:0] (condition selection) bitsin DSR. The
result is:

1. Carry or Borrow Mode: CS[2:0] = 000

The DC bit indicates the last shifted out data as the operation result.
2. Negative Vaue Mode: CS[2:0] =001

Bit 31 of the operation result is loaded into the DC bit.
3. ZeroValue Mode: CS[2:0] =010
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DIT SEt 1IN Zero vaiue mode Dy the Lo £:Uf DITS. See the Zero value mode part above. 1 ne v
always indicates the same state as the DC bit set in overflow mode by the CS[2:0] bits, bi
always cleared in this operation. So isthe GT hit.

359 Most Significant Bit Detection Operation

The PDMSB, most significant bit detection operation, is used to cal culate the shift amour
normalization. Figure 3.19 shows the PDM SB operation flow and table 3.28 shows the 0
definition. Table 3.29 shows the possible variations of this type of operation. The corresg
between each operand and registersis the same as for ALU fixed-point operations, as shc
table 3.21.

Note: Theresult of the MSB detection operation is basically 24 bitsaswell asALU int
operation, the upper 16 bits of the base precision and eight bits of the guard-bit p:
When aregister not providing the guard-bit partsis specified as a destination ope
upper word of the operation result isinput into the destination register.

As shown in figure 3.19, the PDM SB operation uses al bits as a source operand, but the
destination operand is treated as an integer operation result because shift amount data for
normalization should be integer data as described in section 3.5.8, Shift Operations. Thes
operations are executed in the DSP stage, as shown in figure 3.10. The DSP stage isthe s
stage as the MA stage in which memory accessis performed.

Every time a PDMSB operation is executed, the DC, N, Z, V, and GT bitsin DSR are ba
updated in accordance with the operation result. In case of a conditional operation, they &
updated, even though the specified condition is true, and the operation is executed. In cas
unconditional operation, they are always updated with the operation result.

Rev. 1.00 Dec. 27,2005 Page 132 of 1044
REJ09B0269-0100 RENESAS



| | L | Bkl g

39 31 0

Figure3.19 PDM SB Operation Flow

The definition of the DC hit is selected by the CS0—CS2 (condition selection) bitsin DS
DC bit result is

Carry or Borrow Mode: CS[2:0] = 000: The DC hit is always cleared.

Negative Value Mode: CS[2:0] = 001: The DC bit is set when the operation result isa
value, and cleared when the operation result is zero or a positive value.

Zero Value Mode: CS[2:0] = 010: The DC bit is set when the operation result is zero;
itiscleared.

Overflow Mode: CS2:0] = 011: The DC bit isalways cleared.

Signed Greater Than Mode: CS[2:0] = 100: The DC hit is set when the operation rest
positive value; otherwiseit is cleared.

Signed Greater Than or Equal Mode: CS2:0] = 101: The DC bit is set when the ope
result is zero or apositive value; otherwise it is cleared.
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means don’t care.
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greater than mode by the CS[2:0] bits. See the signed greater than mode part above.

35.10 Rounding Operation

The DSP unit provides the function that rounds from 32 bits to 16 bits. In case of provic
bit parts, it rounds from 40 bits to 24 bits. When around instruction is executed, H'000C
added to the source operand data and then, the lower word is cleared. Figure 3.20 shows
rounding operation flow and figure 3.21 shows the operation definition. Table 3.30 shov
variation of this type of operation. The correspondence between each operand and regis
same as ALU fixed-point operations as shown in table 3.21.

Asshown in figure 3.21, the rounding operation uses full-size data for both source and c
operands. These operations are executed in the DSP stage as shown in figure 3.10. The |
is the same stage as the MA stage in which memory access is performed.

Every time rounding operation is executed, the DC, N, Z, V, and GT bitsin DSR are ba
updated in accordance with the operation result. In case of a conditional operation, they
updated, even though the specified condition is true, and the operation is executed. In cz
unconditional operation, they are always updated with the operation results. The definiti
DC hit is selected by the CS0—CS2 (condition selection) bitsin DSR. The result of these
code bitsis the same as the ALU-fixed point arithmetic operations.
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Figure3.20 Rounding Operation Flow

Rounded result

A
H00 0002 -~ === ,

H'00 0001 --=-r-- Analog value

True value

H'00 0001 8000 -+----
H'00 0002 0000 ===~~~
H'00 0002 8000 -+{---+---

Figure3.21 Definition of Rounding Operation

Table3.30 Variation of Rounding Operation

Mnemonic Function Source 1 Source 2 Destine
PRND Rounding Sx — Dz
— Sy Dz

o Overflow Protection

The Shit in SR is effective for any rounding operations in the DSP unit. See section ?
Overflow Protection, for details.
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When the overflow protection is effective, overflow never occurs. So, the V hit is cleare
DC hit isaso cleared when the overflow mode is selected by the CS[2:0] bits.

Table3.31 Definition of Overflow Protection for Fixed-Point Arithmetic Oper atit

Sign Overflow Condition Fixed Value Hex Represen
Positive Result > 1 — 27 1-27 00 7FFF FFFF
Negative Result < -1 —1 FF 8000 0000

Table3.32 Definition of Overflow Protection for Integer Arithmetic Operations

Sign Overflow Condition Fixed Value Hex Represen
Positive Result > 2"° — 1 2 -1 00 7FFF ****
Negative Result < —2"° -2 FF 8000 ****

Note: * means don't care.
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3
PSTS PLDS

X0 X1
Yo Y1
Mo M1
A0 Al
AO0G | A1G | DSR
[ cannot be used

Figure3.22 Local Data MoveInstruction Flow

Table3.33 Variation of Local Data M ove Operations

Mnemonic Function Operand
PLDS Data move from DSP register to MACL/MACH Dz
PSTS Data move from MACL/MACH to DSP register Dz

Thisinstruction is very similar to other transfer instructions. If either the AO or A1 regist:
specified as the destination operand of PSTS, the signed bit is sign-extended and copied i
corresponding guard-bit parts, AOG or A1G. The DC bit in DSR and other condition cods
not updated regardless of the instruction result. This instruction can operate as a conditio
instruction can operate with MOV X and MOV in parallel.
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Registers A1

*1

*2

*1

*1

*2

*1

MO

*1

*1

M1

*1

*1

X0

%2

*1

*2

*1

*1

*1

X1

*2

*1

*1

*1

YO

*2 *1

Y1

%2 %1

*1

Notes: 1. Registers available for operands

2. Registers available for operands (when there is operand conflict)

There are three cases of operand conflict problems.

e When ALU operation and multiply instructions specify the same destination operan

Dg)

e When X-memory load and ALU operation specify the same destination operand (Dx

or D2)

e When Y-memory load and ALU operation specify the same destination operand (Dy

or D2)

In these cases above, the result is not guaranteed.

RENESAS
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b D g

ANl e

LDRE @(disp,PC) 10001110dddddddd (disp x 2 + PC) —RE 1
STC MOD,Rn 0000nnNn01010010  MOD—Rn 1
STC RS,Rn 0000nnnNn01100010 RS—Rn 1
STC RE,Rn 0000nnnn01110010 RE—RN 1
STS DSR,Rn 0000nnnNN01101010 DSR—RN 1
STS AO,Rn 0000nnnn01111010  A0O—RnN 1
STS X0,Rn 0000nnNn10001010  X0—RnN 1
STS X1,Rn 0000nnnn10011010 X1—Rn 1
STS YO0,Rn 0000nnnn10101010  YO—RnN 1
STS Y1,Rn 0000nnnn10111010  Y1—Rn 1
STS.LDSR,@-Rn  0100nnnn01100010 Rn-4—Rn, DSR—(Rn) 1
STS.L A0,@-Rn 0100nnnn01110010  Rn-4—Rn, A0O—(Rn) 1
STS.L X0,@-Rn 0100nnnn10000010  Rn-4—Rn, X0—(Rn) 1
STS.L X1,@-Rn 0100nnnn10010010  Rn-4—Rn, X1—(Rn) 1
STS.LY0,@-Rn 0100nnnNn10100010 Rn-4—Rn, YO—(Rn) 1
STS.LY1,@-Rn 0100nnnn10110010 Rn-4—Rn, Y1—(Rn) 1
STC.L MOD,@-Rn 0100nnnn01010011  Rn-4—Rn, MOD—(Rn) 1
STC.L RS,@-Rn 0100nnnn01100011  Rn-4—Rn, RS—(Rn) 1
STC.L RE,@-Rn 0100nnnn01110011  Rn-4—Rn, RE—(Rn) 1
LDS.L @Rn + ,DSR 0100nnnn01100110 (Rn) -DSR, Rn + 4—Rn 1
LDS.L @Rn +,A0  0100nnnn01110110 (Rn) -A0, Rn + 4—Rn 1
LDS.L @Rn +,X0  0100nnnn10000110 (Rn) —XO0, Rn + 4—Rn 1
LDS.L @Rn +,X1  0100nnnn10010110 (Rn) -»X1, Rn + 4—Rn 1
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el L LA 4

o WAV W W

LA 4

LDS Rn,X1 0100nnnn10011010 Rn—X1 1 —
LDS Rn,YO 0100nnnn10101010 Rn—YO 1 —
LDS Rn,Y1 0100nnnNn10111010 Rn—Y1 1 —
LDC Rn,MOD 0100nnnn01011110 Rn—MOD 4 —
LDC Rn,RS 0100nnnn01101110 Rn—RS 4 —
LDC Rn,RE 0100nnnn01111110 Rn—RE 4 —
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Ax +2 — Ax

MOVX.W @Ax + Ix,Dx 111100A*D*0*11**  (Ax) — MSW of Dx,
0 — LSW of Dx,
AX + Ix = Ax
MOVX.W Da, @Ax 111100A*D*1*01** MSW of Da — (Ax)
MOVX.W Da,@Ax +  111100A*D*1*10**  MSW of Da — (Ax),
Ax +2 — Ax
MOVX.W Da,@Ax + Ix 111100A*D*1*11** MSW of Da — (Ax),
AX + IXx — Ax
Y memory NOPY 111100*0*0*0**00 Y memory no access
?ata . MOVY.W @Ay,Dy 111100*A*D*0**01  (Ay) — MSW of Dy,
ranster 0 — LSW of Dy
MOVY.W @Ay +,Dy  111100*A*D*0**10  (Ay) — MSW of Dy,
0 — LSW of Dy,
Ay +2 > Ay
MOVY.W @Ay + ly,Dy 111100*A*D*0**11  (Ay) — MSW of Dy,
0 —LSW of Dy,
Ay + ly Ay
MOVY.W Da, @Ay 111100*A*D*1**01  MSW of Da — (Ay)
MOVY.W Da,@Ay +  111100*A*D*1**10  MSW of Da — (Ay),
Ay +2 — Ay
MOVY.W Da,@Ay +ly 111100*A*D*1**11  MSW of Da — (Ay),
Ay + ly — Ay
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of Ds, As +2 — As

MOVS.W @As + Ix,Ds 111101AADDDD1100 (As) — MSW of Ds, 0 — LSW 1 —
of Ds, As + Ix = As

MOVS.W Ds,@-As 111101AADDDDO0001 As-2 — As, MSW of Ds — (As) 1 —
MOVS.W Ds,@As 111101AADDDD0101 MSW of Ds — (As) 1 —
MOVS.W Ds,@As + 111101AADDDD1001 MSW of Ds — (As), As + 2 —>As 1 —
MOVS.W Ds,@As + Ix 111101AADDDD1101 MSW of Ds — (As), 1 —
As +Ix = As
MOVS.L @-As,Ds 111101AADDDD0010 As-4 — As, (As) — Ds 1 —
MOVS.L @As,Ds 111101AADDDDO0110 (As) — Ds 1 —
MOVS.L @As +,Ds  111101AADDDD1010 (As) — Ds, As + 4 — As 1 —
MOVS.L @As + Ix,Ds 111101AADDDD1110 (As) — Ds, As + Ix — As 1 —
MOVS.L Ds,@-As 111101AADDDDO0011 As-4 — As, Ds — (As) 1 —
MOVS.L Ds,@As 111101AADDDDO0111 Ds — (As) 1 —
MOVS.L Ds,@As + 111101AADDDD1011 Ds — (As), As + 4 — As 1 —
MOVS.L Ds,@As + Ix 111101AADDDD1111 Ds — (As), As + Ix — As 1 —

Note: * If guard bit registers AOG and A1G are specified in source operand Ds, the d
output to the LDB[7:0] bus and the sign bit is copied into the upper bits, [31:8

The correspondence between DSP data transfer operands and registersis shown in table
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R7 (Ay1) Yes

R8 (Ix) Yes

R9 (ly) Yes

DSP A0 Yes

register A1 Yes

Mo

M1

X0 Yes

X1 Yes

YO Yes

Y1 Yes

AOG

A1G

Note: Yes: The register which can be set.
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PSUB Sx,Sy,Du 111110 ******xx*  Gy.GQy ->Du Se* Sf ->Dg (Signed) 1

PMULS Se,Sf,Dg 0110eeffxxyygguu

PADD Sx,Sy,Dz 11111Q*******%%%  Sx + Sy ->Dz 1
10110001xxyyzzzz

DCT PADD 11111Q*********%  |f DC=1, Sx + Sy ->Dz If DC=0, nop 1

Sx,8y,Dz 10110010xxyyzzzz

DCF PADD 11111Q********%%  |f DC=0, Sx + Sy ->Dz If DC=1, nop 1

Sx,Sy,bz 10110011xxyyzzzz

PSUB Sx,Sy,Dz 111110x**x*xx%xx  Gy.Sy ->Dz 1
10100001xxyyzzzz

DCT PSUB 111110 *****xx*%  |f DC=1, Sx-Sy ->Dz If DC=0, nop 1

Sx,8y,Dz 10100010xxyyzzzz

DCF PSUB 111110 *****xx**  |f DC=0, Sx-Sy ->Dz If DC=1, nop 1

Sx,8y,Dz 10100011xxyyzzzz

PSHA Sx,Sy,Dz 11111Q********%%  |f Sy>=0, Sx<<Sy ->Dz (arithmetic shift) 1
10010001xxyyzzzz  If Sy<0, Sx>>Sy ->Dz

DCT PSHA 111110 ******xx*  |f DC=1 & Sy>=0, Sx<<Sy ->Dz (arithmetic shift) 1

Sx,8y,Dz 10010010xxyyzzzz  If DC=1 & Sy<0, Sx>>Sy ->Dz If DC=0, nop

DCF PSHA 111110 ******xx*  |f DC=0 & Sy>=0, Sx<<Sy ->Dz (arithmetic shift) 1

Sx,Sy,Dz 10010011xxyyzzzz  If DC=0 & Sy<0, Sx>>Sy ->Dz If DC=1, nop
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PCOPY Sy,Dz 111110 *****xxkk Gy 5Dz
1111100100yyzzzz

DCT PCOPY Sx,Dz 11111Q*******xx*  |f DC=1, Sx ->Dz If DC=0, nop
11011010xx00zzzz

DCT PCOPY 111110 ******xxx%  |f DC=1, Sy ->Dz If DC=0, nop

Sy.Dz 1111101000yyzzz2

DCF PCOPY 111110 ******xxx%  |f DC=0, Sx ->Dz If DC=1, nop

Sx,bz 11011011xx00zz2z

DCF PCOPY 111110 ******xxx*  |f DC=0, Sy ->Dz If DC=1, nop

Sy.Dz 1111101100yyzzz2

PDMSB Sx,Dz 11111Q*******x*% Gy .>Dz normalization count shift value
10011101xx00zzzz

PDMSB Sy,Dz 111110********** Sy ->Dz normalization count shift value
1011110100yyzzzz

DCT PDMSB 111110*********x  |f DC=1, normalization count shift value Sx

Sx,bz 10011110xx00zzzz ~>D? 1fDC=0, nop

DCT PDMSB 111110*********x  |f DC=1, normalization count shift value Sy

Sy.Dz 1011111000yyzzzz ~>DZ 1f DC=0, nop

DCF PDMSB 11111Q********%x  |f DC=0, normalization count shift value Sx

Sx,Dz 10011111xx00zzzz ~>D? IfDC=1, nop

DCF PDMSB 111110*********x  |f DC=0, normalization count shift value Sy

Sy.Dz 1011111100yyzzzz ~>DZ IfDC=1,nop
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DCF PINC Sx,Dz

11 11 10**********
10011011xx00zzzz

If DC=0, MSW of Sx + 1 ->Dz If DC=1, nop

DCF PINC Sy,Dz

11 11 10**********
1011101100yyzzzz

If DC=0, MSW of Sy+ 1 ->Dz If DC=1, nop

PNEG Sx,Dz

111110**********

11001001xx00zzzz

0-Sx ->Dz

PNEG Sy,Dz

111110**********

1110100100yyzzzz

0-Sy ->Dz

DCT PNEG Sx,Dz

111110**********

11001010xx00zzzz

If DC=1, 0-Sx ->Dz If DC=0, nop

DCT PNEG Sy,Dz

11 11 10**********
1110101000yyzzzz

If DC=1, 0-Sy ->Dz If DC=0, nop

DCF PNEG Sx,Dz

11 11 10**********
11001011xx00zzzz

If DC=0, 0-Sx ->Dz If DC=1, nop

DCF PNEG Sy,Dz

11 1 1 10**********

1110101100yyzzzz

If DC=0, 0-Sy ->Dz If DC=1, nop

POR Sx,Sy,Dz

11 11 10**)\'*******
10110101xxyyzzzz

Sx | Sy ->Dz

DCT POR Sx,Sy,Dz

1 1 1 1 10**)\'*******
10110110xxyyzzzz

If DC=1, Sx | Sy ->Dz If DC=0, nop

DCF POR Sx,Sy,Dz

1 1 1 1 10**)\'*******
101101 11xxyyzzzz

If DC=0, Sx | Sy ->Dz If DC=1, nop
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DCT PXOR 11111Q********x%%  |f DC=1, Sx A Sy ->Dz If DC=0, nop
Sx,Sy,Dz

10100110xxyyzzzz
DCF PXOR 11111Q********x%%  |f DC=0, Sx A Sy ->Dz If DC=1, nop
Sx,8y,Dz 101001 11xxyyzzzz
PDEC Sx,Dz 1111 1Q********%x  Sx [39:16]-1 ->Dz
10001001xx00zzzz

DCT PDEC Sx,Dz  11111Q**********  |f DC=1, Sx [39:16]-1 ->Dz If DC=0, nop
10001010xx00zzzz

DCF PDEC Sx,Dz  111110******x***  |f DC=0, Sx [39:16]-1 ->Dz If DC=1, nop

10001011xx00zzzz

PDEC Sy,Dz 11111Q*****xxx*%x Gy [31:16]-1 ->Dz
1010100100yyzzzz

DCT PDEC Sy,Dz  111110*****=***x*  |f DC=1, Sy [31:16]-1 ->Dz If DC=0, nop
1010101000yyzzzz

DCF PDEC Sy,Dz  111110********x*  |f DC=0, Sy [31:16]-1 ->Dz If DC=1, nop
1010101100yyzzzz

PCLR Dz 11111Q********x%%x  KH'00000000 ->Dz
100011010000zzzz

DCT PCLR Dz 11111Q****x**xx%  |f DC=1, h'00000000 ->Dz If DC=0, nop
100011100000zzzz

DCF PCLR Dz 11111Q*******x*x%  |f DC=0, h'00000000 ->Dz If DC=1, nop
100011110000zzzz
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DCF PSTS 111110*+*#5x5%5% |t DC=0, MACH ->Dz 1

MACH,Dz 1100111100002222

PSTSMACLDz  111110%******xxx  MACL ->Dz 1
1101110100002227

DCT PSTS 111110#**#%xxxxx |t DC=1, MACL ->Dz 1

MACL.Dz 110111100000z222

DCF PSTS 111110#**#%xxxx |f DC=0, MACL ->Dz 1

MACL.Dz 110111110000z222

PLDSDzMACH  111110¢**s*s%55 Dz ->MACH 1
111011010000z222

DCT PLDS 111110***#x#x%5% |t DC=1, Dz ->MACH 1

Dz,MACH 11101110000022z2

DCF PLDS 111110***#x#x%5% |t DC=0, Dz ->MACH 1

Dz,MACH 11101111000022z2

PLDS DzMACL  111110%******xxx Dz ->MACL 1
1111110100002z22

DCT PLDS 111110 #x#xxx2%  |f DC=1, Dz ->MACL 1

Dz,MACL 1111111000002222

DCF PLDS 111110 #x#x5x2%  |f DC=0, Dz ->MACL 1

Dz,MACL 1111111100002222

PADDC Sx,Sy,Dz 11111Q**********x  Sx + Sy + DC ->Dz Carry ->DC 1
10110000xxyyzzzz

RENESAS
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PRND Sx,Dz 111110 ****x*x*x Gy 4 K'00008000 ->Dz h'0000 ->LSW of Dz 1
10011000xx00zzzz

PRND Sy,Dz 11111Qx*****x**x Gy 4 h'00008000 ->Dz h'0000 ->LSW of Dz 1
1011100000yyzzzz

Note: * See table 3.19.
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gttt

WA T

0000 Rn  OOMD 0010 STC SR, Rn STC GBR, Rn STC VBR, Rn STC Ssl
0000 Rn  01MD 0010 STC SPC, Rn STC MOD, Rn STC RS, Rn STC RE,
0000 Rn  10MD 0010 STC RO_BANK,Rn  STC R1_BANK,Rn  STC R2_BANK,Rn  STC R3.
0000 Rn  11MD 0010 STC R4_BANK,Rn  STC R5_BANK,Rn  STC R6_BANK,Rn  STC R7.
0000 Rm 0OMD 0011 BSRF Rm BRAF Rm
0000 Rm 10MD 0011 PREF @Rm
0000 R Rm 0IMD MOV.B Rm, @ R0,  MOV.W Rm, MOV.L Rm, MULL R
Rn) @(Ro, Rn) @(RO, Rn)
0000 0000 OOMD 1000 CLRT SETT CLRMAC LDTLB
0000 0000 O1MD 1000 CLRS SETS
0000 0000 10MD 1000
0000 0000 11MD 1000
0000 0000 Fx 1001 NOP DIVoU
0000 0000 Fx 1010
0000 0000 Fx 1011 RTS SLEEP RTE
0000 Rn  Fx 1000
0000 Rn  Fx 1001 MOVT  Rn
0000 Rn  OOMD 1010 STS MACH, Rn STS MACL, Rn STS PR, Rn
0000 Rn  O1MD 1010 STS DSR, Rn STS A0,
0000 Rn  10MD 1010 STS X0, Rn STS X1,Rn STS Y0, Rn STS Y1,
0000 Rn  Fx 1011
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0011 Rn Rm  00OMD CMP/EQ Rm, Rn CMP/HS Rm, Rn CMP/GE |
0011 Rn Rm  01MD DIV1 Rm,Rn DMULU.L Rm,Rn CMP/HI Rm, Rn CMP/GT F
0011 Rn Rm  10MD SUB Rm, Rn SUBC Rm, Rn SUBV Rn
0011 Rn Rm 11MD ADD Rm, Rn DMULS.L Rm,Rn ADDC Rm, Rn ADDV Rn
0100 Rn Fx 0000 SHLL Rn DT Rn SHAL Rn
0100 Rn Fx 0001  SHLR Rn CMP/PZ Rn SHAR Rn
0100 Rn Fx 0010 STS.LMACH, @-Rn STS.L MACL, @-Rn STS.L PR, @-Rn
0100 Rn 00MD 0011  STC.L SR, @-Rn STC.L GBR, @-Rn  STC.L VBR, @-Rn STC.L SS
0100 Rn 01MD 0011  STC.L SPC, @-Rn STC.L MOD, @-Rn  STC.L RS, @-Rn STC.L R
0100 Rn 10MD 0011  STC.L STC.L STC.L STC.L
RO_BANK, @-Rn R1_BANK, @-Rn R2_BANK, @-Rn R3_BANK,
0100 Rn 11MD 0011  STC.L STC.L STC.L STC.L
R4_BANK, @-Rn R5_BANK, @-Rn R6_BANK, @-Rn R7_BANK,
0100 Rn Fx 0100 ROTL Rn SETRC Rn ROTCL Rn
0100 Rn Fx 0101  ROTR Rn CMP/PL  Rn ROTCR Rn
0100 Rm OOMD 0110 LDS.L LDS.L @Rm+, MACL LDS.L @Rm+, PR
@Rm+, MACH
0100 Rm  01MD 0110 LDS.L @Rm+, DSR LDS.L @F
0100 Rm 10MD 0110 LDS.L @Rm+, X0 LDS.L @Rm+, X1 LDS.L @Rm+, YO LDS.L @F
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0100 Rm 0OMD 1010 LDS Rm, MACH LDS Rm, MACL LDS Rm, PR
0100 Rm 01MD 1010 LDS Rm, DSR LDS Rm
0100 Rm 10MD 1010 'LDS Rm, X0 LDS Rm, X1 LDS Rm, YO LDS Rm
0100 Rm/  Fx 1011 JSR @Rm TAS.B @Rn JMP  @Rm

Rn
0100 Rn Rm 1100 SHAD Rm, Rn
0100 Rn Rm 1101 SHLD Rm, Rn
0100 Rm 00OMD 1110 LDC Rm, SR LDC Rm, GBR LDC Rm, VBR LDC Rm
0100 Rm 01MD 1110 LDC Rm, SPC LDC Rm, MOD LDC Rm, RS LDC Rm
0100 Rm 10MD 1110 LDC Rm, RO_BANK LDC Rm, R1_BANK LDC Rm, R2_BANK LDC Rm
0100 Rm 11MD 1110 LDC Rm, R4_BANK LDC Rm, R5_BANK LDC Rm, R6_BANK LDC Rm
0100 Rn Rm 1111 MACW @Rm+, Rn+
0101 Rn Rm disp MOV.L @(disp:4, Rm), Rn
0110 Rn Rm 00MD MOV.B @Rm, Rn MOV.W @Rm, Rn MOV.L @Rm, Rn MOV R
0110 Rn Rm 01MD MOV.B @Rm+,Rn  MOV.W @Rm+,Rn  MOV.L @Rm+,Rn  NOT Rn
0110 Rn Rm 10MD SWAP.B Rm, Rn SWAP.W Rm, Rn NEGC Rm, Rn NEG Rr
0110 Rn Rm 11MD EXTU.B Rm, Rn EXTUW Rm, Rn EXTS.B Rm, Rn EXTS.W
0111 Rn imm ADD #imm : 8, Rn
1000 OOMD Rn  disp MOV.B MOV.W SETRC #imm

imm RO, @(disp: 4, Rn) RO, @(disp: 4, Rn)

RENESAS
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1HIvVy  VVJiviL

tirdtop

Wi ¥V . LJ

RO, @(disp: 8, GBR)

Wi V.VV

RO, @(disp: 8, GBR)

WINV ol

RO, @(disp: 8, GBR)

LELELUA LI A TR U

1100 01MD disp MOV.B MOV.W MOV.L MOVA
@(disp: 8, GBR), R0 @(disp: 8, GBR), RO @(disp: 8, GBR), R0 @(disp: 8,

1100 10MD imm TST #imm: 8, RO AND #imm:8, R0 XOR #mm:8,R0 OR #mi

1100 11MD  imm TST.B AND.B XOR.B OR.B
#mm: 8, @(R0, GBR)  #imm: 8, @(R0, GBR)  #imm: 8, @(R0, GBR)  #imm: 8, @(

1101 Rn disp

MOV.L

@(disp: 8, PC), Rn

1110 Rn imm

MOV

#imm:8, Rn

1111 00** HAAAIIXK MOVX.W, MOVY.W Double data transfer instruction
1111 01** Fk AR I XK MOVS.W, MOVS.L Single data transfer instruction
1111 10** Fkk ok ok ok k MOVX.W, MOVY.W Double data transfer instruction, with DSP parallel operation in:

(32-bit instruction )

1111 11**

*kKkkkk Kk

Notes: 1. For details, refer to the SH-3/SH-3E/SH3-DSP Programming Manual.

2. Instructions in the hatched areas are DSP extended instructions. These instruc
be executed only when the DSP bit of the SR register is set to 1.
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general exceptions and interrupts. The user can execute the required processing by assig
exception handling routines corresponding to the required exception processing and the
the source program.

A reset input can terminate the normal program execution and pass control to the reset v
register initialization. This reset operation can also be regarded as an exception handling
section describes an overview of the exception handling operation. Here, general except
interrupts are referred to as exception handling. For interrupts, this section describes onl
process executed for interrupt requests. For details on how to generate an interrupt requ
section 8, Interrupt Controller (INTC).

4.1 Register Descriptions

There are five registers for exception handling. A register with an undefined initial valu
beinitialized by the software. Refer to section 23, List of Registers, for the addresses ar
sizes of these registers.

o TRAPA exception register (TRA)

e Exception event register (EXPEVT)
e Interrupt event register (INTEVT)

e Interrupt event register 2 (INTEVT?2)
e Exception addressregister (TEA)

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



31 0
TEA TEA

Figure4.1 Register Bit Configuration

411 TRAPA Exception Register (TRA)

TRA is assigned to address H’FFFFFFDO and consists of the 8-bit immediate data (imm)
TRAPA instruction. TRA isautomatically specified by the hardware when the TRAPA i
is executed. Only bits 9 to 2 of the TRA can be re-written using the software.

Bit Bit Name Initial Value R/W Description
31to10 — — R Reserved

These bits are always read as 0. The w
should always be 0.

9to2 TRA — R/W 8-bit Inmediate Data
1,0 — — R Reserved

These bits are always read as 0. The w
should always be 0.
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11to0 EXPEVT * R/W 12-bit Exception Code
Note: * Initialized to H’000 at power-on reset and H'020 at manual reset.

413 Interrupt Event Register (INTEVT)

INTEVT is assigned to address H’FFFFFFD8 and consists of the exception code or the!
priority code. Whether the occurrence of an interrupt sets the exception code or the inte
priority code depends on the interrupt sources. (See section 8.3.5, Interrupt Exception H
and Priority, for details.) These exception codes and interrupt priority codes are automa
specified by the hardware when an exception occurs. Only bits 11to 0in INTEVT can't
written using the software.

Bit Bit Name Initial Value R/W Description

31to12 — AllO R Reserved

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

11100 INTEVT — R/W 12-bit Exception Code
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11100 INTEVT2 — R 12-bit Exception Code

415 Exception Address Register (TEA)

TEA isassigned to address H'FFFFFFFC and the logical address for an exception occurr
stored in this register when an exception related to memory accesses occurs. TEA can be
using the software.

Bit Bit Name Initial Value R/W Description
31to0 TEA 0 R/W Logical address for Exception Occurren
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and the CPU acceptsit, operations 1 to 8 are executed.

The contents of PC is saved in SPC.

The contents of SR issaved in SSR.

The block (BL) bit in SR is set to 1, masking any subsequent exceptions.

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

The register bank (RB) bitin SRissetto 1.

An exception code identifying the exception event is written to bits 11-0 of the exc

event (EXPEVT) or interrupt event (INTEVT or INTEVT2) register.

7. If aTRAPA instruction is executed, an 8-bit immediate data specified by the TRAF
instruction is set to TRA. For an exception related to memory accesses, the logic ao
where the exception occurred is written to TEA. **

8. Instruction execution jumps to the designated exception vector address to invoke th

routine.

© 0k wbdr

The above operations from 1 to 8 are executed in sequence. During these operations, no
exceptions may be accepted unless multiple exception acceptance is enabled.

In an exception handling routine for a general exception, the appropriate exception hanc
be executed based on an exception source determined by the EXPEVP. In an interrupt €
handling routine, the appropriate exception handling must be executed based on an exce
source determined by the INTEVT or INTEVT2. After the exception handling routine h
completed, program execution can be resumed by executing an RTE instruction. The R
instruction causes the following operations to be executed.

1. The contents of the SSR are restored into the SR to return to the processing state in
before the exception handling took place.

2. A delay dot instruction of the RTE instruction is executed.**
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A vector address for general exceptionsis determined by adding a vector offset to a vectc
address. The vector offset for general exceptions other than the TLB error exception is
H’00000100. The vector offset for interrupts is H'00000600. The vector base addressiis |
into the vector base register (VBR) using the software. The vector base address should re
the P1 or P2 fixed physical address space.

423 Exception Codes

The exception codes are written to bits 11 to 0 in EXPEVT (for reset or general exceptiot
INTEVT2 (for interrupt requests) to identify each specific exception event. See section 8
Controller (INTC), for details on the exception codes for interrupt requests. Table 4.1 list
exception codes for resets and general exceptions.

424 Exception Request and BL Bit (Multiple Exception Prevention)

The BL bitin SR isset to 1 when areset or exception is accepted. While the BL bit is set
acceptance of general exceptionsisrestricted as described below, making it possible to &
prevent multiple exceptions from being accepted.

If the BL bit isset to 1, an interrupt request is not accepted and is retained. The interrupt

accepted when the BL bit is cleared to O. If the CPU isin low power consumption mode,

interrupt is accepted even if the BL bit is set to 1 and the CPU returns from the low powe
consumption mode.

A DMA error is not accepted and is retained if the BL bit is set to 1 and accepted when tf
iscleared to 0. User break requests generated while the BL bit is set are ignored and arer
retained. Accordingly, user breaks are not accepted even if the BL bit is cleared to O.
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Exception Request of Instruction Synchronous Type and I nstruction Asynchronou
Resets and interrupts are requested asynchronously regardless of the program flow. In g
exceptions, aDMA address error and a user break under the specific condition are also |
asynchronously. The user cannot expect on which instruction an exception is requested
general exceptions other than aDMA address error and a user break under a specific co
each general exception corresponds to a specific instruction.

Re-Execution Type and Processing-Completion Type Exceptions: All exceptions are
into two types: a re-execution type and a processing-completion type. If are-execution
exception is accepted, the current instruction executed when the exception is accepted i
terminated and the instruction address is saved to the SPC. After returning from the excs
processing, program execution resumes from the instruction where the exception was ac
a processing-completion type exception, the current instruction executed when the exce
accepted is completed, the next instruction address is saved to the SPC, and then the exc
processing is executed.

During a delayed branch instruction and delay slot, the following operations are execute
execution type exception detected in adelay slot is accepted before executing the del aye
instruction. A processing-completion type exception detected in a delayed branch instru
delay dot is accepted when the delayed branch instruction has been executed. In this ca
acceptance of delayed branch instruction or a delay slot precedes the execution of the br
destination instruction. In the above description, a delay slot indicates an instruction foll
unconditional delayed branch instruction or an instruction following a conditional delay
instruction whose branch condition is satisfied. If abranch does not occur in a conditior
branch, the normal processing is executed.
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re-execution type)

4. An exception caused by an instruction decode (General illegal instruction exceptions
illegal instruction exceptions: re-execution type, unconditional trap: processing-com
type)

5. An exception related to data access (CPU address error and MMU related exceptions
execution type)

6. Unconditional trap (processing-completion type)

7. A user break other than one before instruction execution (processing-completion typ

8. DMA address error (processing-completion type)

Note: * If aprocessing-completion type exception is accepted at an instruction, excep
processing starts before the next instruction is executed. This exception proce:
executed before an exception generated at the next instruction is detected.

Only one exception is accepted at a time. Accepting multiple exceptions sequentially rest

exception requests being processed.
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*> TLB miss (instruction 1-1 Reset H'040 H
access) **
TLB invalid 1-2 Reset H'040 H
(instruction access)**
TLB protection 1-3 Reset H'0A0 H
violation
(instruction access)**
lllegal general instruction 2 Reset H'180 H
exception
llegal slot 2 Reset H'1A0 H
instruction exception
Completed Unconditional trap 4 Reset H'160 H
(TRAPA instruction)
Re-executed CPU address error 3 Reset H'OEO/ H
(data read/write)** H100
*> TLB miss (data 3-1 Reset H'040/ H
read/write)** H060
TLB invalid (data 3-2 Reset H'040/ H
read/write)** H’060
TLB protection 3-3 Reset H'0A0/ H
violation (data H'0CO
read/write)**
Initial page write 3-4 Reset H'080 H
(data write)**
Completed User breakpoint (After 5 Ignored H'1EO0 H

instruction execution,
address)
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are not requested.

2. For details on priorities in multiple interrupt sources, refer to section 8, Interrug
Controller (INTC).

3. If aninterrupt is accepted, the interrupt source register (EXPEVT) is not chang
interrupt source code is specified in interrupt source register 2 (EXPEVT2). Fo
refer to section 8, Interrupt Controller (INTC).

4. If one of these exceptions occurs in a specific part of the repeat loop, a specifi
and vector offset are specified.

5. These exception codes are valid when the MMU is used.
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Power-on reset is request

Operations

Set EXPEVT to H'000, initialize the CPU and on-chip peripheral modules, and bran
reset vector H’A0000000. For details, refer to the register descriptions in the relevan
Be sure to perform power-On Reset at the time of a power supply injection.

Manual Reset:

Conditions

Manual reset is request

Operations

Set EXPEVT to H'020, initialize the CPU and on-chip peripheral modules, and bran
reset vector H’A0000000. For details, refer to the register descriptions in the relevan

H-UDI Reset:

Conditions

An H-UDI reset command is input (see section 22.4.4 H-UDI Reset.)

Operations

EXPEVT is set to H'000, vector base register (VBR) and status register (SR) are init
and branched to the reset vector (H'A0000000). VBR is cleared to H'00000000 by
initialization. In SR, the MD, RB, and BL bitsare set to 1, the DSP bit is cleared to (
interrupt mask bits (13 to 10) are set to B'1111. Then, the CPU and on-chip periphere
areinitialized. For details, see the Register Description in each section.
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mode
e Types
Instruction synchronous, re-execution type
e Saveaddress
Instruction fetch: An instruction address to be fetched when an exception occurred

Data access: An instruction address where an exception occurs (a delayed branch inst
addressif an instruction is assigned to adelay slot)

e Exception code
An exception occurred during read: H’OEO
An exception occurred during write: H100
o Remarks
The logical address (32 bits) that caused the exception isset in TEA.

Illegal general instruction exception:

e Conditions
— When undefined code not in adelay slot is decoded
Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, B

Note: For details on undefined code, refer to table 2.12 in section 2.6.2, Operation Cod:
When an undefined code other than H’FC00 to H’FFFF is decoded, operation car
guaranteed.

— When aprivileged instruction not in adelay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that acces
with LDC/STC are not privileged instructions.
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Conditions
— When undefined code in adelay slot is decoded

Delayed branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, E
— When aprivileged instruction in adelay slot is decoded in user mode

Privileged instructions. LDC, STC, RTE, LDTLB, SLEEP; instructions that acce
with LDC/STC are not privileged instructions.

— When an instruction that rewrites PC in adelay dot is decoded

Instructions that rewrite PC: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, B
BT/S, BF/S, TRAPA, LDC Rm, SR, LDC.L @Rm+, SR

Types

Instruction synchronous, re-execution type
Save address

A delayed branch instruction address
Exception code

H’1A0

Remarks

None
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Remarks

The exception is a processing-compl etion type, so PC of the instruction after the TRA
instruction is saved to SPC. The 8-bit immediate value in the TRAPA instruction is g
and setin TRA[9:2].

User break point trap:

Conditions

When a break condition set in the user break controller is satisfied

Types

Break (L bus) before instruction execution: Instruction synchronous, re-execution typ
Operand break (L bus): Instruction synchronous, processing-completion type

Data break (L bus): Instruction asynchronous, processing-completion type

I bus break: Instruction asynchronous, processing-completion type

Save address

Re-execution type: An address of the instruction where a break occurs (adelayed bra
instruction addressif an instruction is assigned to a delay slot)

Processing-completion type: An address of the instruction following the instruction w
break occurs (a delayed branch instruction destination address if an instruction is assi
delay dlot)

Exception code

H’1E0

Remarks

For details on the user break controller, refer to section 9, User Break Controller.
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prancn Instruction adestinallon adaress 1T an INstruction 1s assigned 1o a delay Siot)
e Exception code

H’5C0
o Remarks

An exception occurs when a DMA transfer is executed while an illegal instruction a
described above is specified in the DMAC. Since the DMA transfer is performed
asynchronously with the CPU instruction operation, an exception is also requested
asynchronously with the instruction execution. For details on the DMAC, refer to se
Direct Memory Access Controller (DMAC).

433 General Exceptions (MM U Exceptions)

When the address translation unit of the memory management unit (MMU) isvalid, M\
exceptions are checked after a CPU address error has been checked. Four types of MMLU
exceptions are defined: TLB miss exception, TLB invalid exception, TLB protection ex
initial page write exception. These exceptions are checked in this order.

A vector offset for a TLB miss exception is defined as H’00000400 to simplify exceptio
determination. For details on MMU exception operations, refer to section 5, Memory M
Unit (MMU).

TL B miss exception:

e Conditions

Comparison of TLB addresses shows no address match.
e Types

Instruction synchronous, re-execution type
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up TLB miss processing, the offset differs from other exceptions.

TLB invalid exception:

Conditions

Comparison of TLB addresses shows address match but V = 0.

Types

Instruction synchronous, re-execution type

Save address

Instruction fetch: An instruction address to be fetched when an exception occurred

Data access: An instruction address where an exception occurs (a delayed branch inst
addressif an instruction is assigned to adelay slot)

Exception code

An exception occurred during read: H’040
An exception occurred during write: H’'060
Remarks

The logical address (32 bits) that caused the exception is set in TEA and the MMU re
are updated.

TLB protection exception:

Conditions

When a hit access violates the TLB protection information (PR bits).
Types

Instruction synchronous, re-execution type
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Initial page write exception:

Conditions

A hit occurred to the TLB for a data write access, but D = 0.

Types

Instruction synchronous, re-execution type

Save address

Instruction fetch: An instruction address to be fetched when an exception occurred

Data access: An instruction address where an exception occurs (a delayed branch ing
addressif an instruction is assigned to adelay slot)

Exception code
H’080
Remarks

The logical address (32 bits) that caused the exception isset in TEA and the MMU
are updated.

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



Inthe DSP mode, STC and LDC instructions for the SR register can be executed even in
mode. (Note, however, that only the RC[11:0], DMX, DMY, and RF1:0] bitsin the DSF
extension bits can be changed.)

442 CPU AddressError

In the DSP mode, a part of the space P2 (Uxy area: H’A5000000 to H’ASFFFFFF) can b
in user mode and no CPU address error will occur even if the areais accessed.

443 Exception in Repeat Control Period

If an exception is requested or an exception is accepted during repeat control, the excepti
not be accepted correctly or a program execution may not be returned correctly from exc
processing that is different from the normal state. These restrictions may occur from repe
detection instruction to repeat end instruction while the repeat counter is 1 or more. In thi
this period is called the repeat control period.

The following shows program examples where the number of instructionsin the repeat Ic
or more, 3, 2, and 1, respectively. In this section, arepeat detection instruction and its ins
address are described as RptDtct. The first, second, and third instructions following the r¢
detection instruction are described as RptDtctl1, RptDtct2, and RptDtct3. In addition, [A]
[C1], and [C2] in the following examples indicate instructions where a restriction occurs.
4.2 summarizes the instruction positions and restriction types.
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3. An interrupt, break or DMA address error request is retained while SR.RC[11
4. A specific exception code is specified while SR.RC[11:0] >1.

Example 1: Repesat loop consisting of four or greater instructions

LDRS RptStart ; [A]
LDRS RptDtct + 4
SETRC #4
instr0

RptStart: instrl

[A] [Repeat start instruction]
[Aa]
[A]

RptDtct: RptDtct [B] A repeat detection
instruction is an
instruction three
instructions before a
repeat end instruction

RptDtctl [C1l]
RptDtct2 [c2]
RptEnd: RptDtct3 [C2] [Repeat end instruction]
InstrNext [A]
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RptEnd: RptDtct3

InstrNext

i

7

[C2] [Repeat end instruction]

[A]

e Example 3: Repeat loop consisting of two instructions

LDRS RptDtct
LDRS RptDtct
SETRC #4

RptDtct: RptDtct

RptStart: RptDtctl
RptEnd: RptDtct2

+ 6 ;
+ 4 ;

7

[B] A repeat detection

instruction is an

instruction prior to a

repeat start instruction
[C1l] [Repeat start instructio

[C2] [Repeat end instruction]

InstrNext ; [A]
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instruction]== [Repeat ¢
instruction]

InstrNext 7 [A]
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Instruction where - @ @ @ -
Exception Occurs 1 2 3 4 or Gre:
RptDtct RptDtct RptDtct RptDtct RptDtct
RptDtct1 RptDtct1 RptDtct1 RptDtct1 RptDtct1
RptDtct2 — RptDtct1 RptDtct1 RS-4
RptDtct3 — — RptDtct1 RS-2

Note: The following labels are used here.
RptDtct: Repeat detection instruction address
RptDtct1: An instruction address one instruction following the repeat detection ins
RptDtct2: An instruction address two instruction following the repeat detection inst
RptDtct3: An instruction address three instruction following the repeat detection in
RS: Repeat start instruction address

If a re-execution type exception is accepted at an instruction in the hatched areas
return address to be saved in the SPC is incorrect. If RC[11:0] is 1 or 0, a correct r
address is saved in the SPC.

Illegal Instruction Exception in Repeat Control Period: If one of the following instruc
executed at the address following RptDtctl, ageneral illegal instruction exception occurs
details on an address to be saved in the SPC, refer to the description in section 4.4.3, Exc
Repeat Control Period.

e Branch instructions
BRA, BSR, BT, BF, BT/S, BF/S, BSRF, RTS, BRAF, RTE, JSR, IMP, TRAPA
e Repeat control instructions
SETRC, LDRS, LDRE
e Load instructionsfor SR, RS, and RE
LDC Rn,SR, LDC @Rn+,SR, LDC Rn,RE, LDC @Rn+,RE, LDC Rn,RS, LDC @Rr
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An exception request is not accepted and retained at instructions [B] and [C]. If an it
indicates as [A] is executed at the next time, an exception request is accepted.* Asd
program examples 1 to 4, any interrupt or DMA address error cannot be accepted in
loop consisting of four instructions or less.

Note: * Aninterrupt request or aDMA address error exception request isretained in

interrupt controller (INTC) and the direct memory access controller (DMAC
CPU can accept arequest.
User break before instruction execution
A user break before instruction execution is accepted at instruction [B], and an addre
instruction [B] is saved in the SPC. This exception cannot be accepted at instruction
the exception request is retained until an instruction [A] or [B] is executed at the nex
Then, the exception request is accepted before an instruction [A] or [B] is executed.
case, an address of instruction [A] or [B] is saved in the SPC.
User bresk after instruction execution
A user break after instruction execution cannot be accepted at instructions [B] and [
exception request is retained until an instruction [A] or [B] is executed at the next tir
the exception request is accepted before an instruction [A] or [B] is executed. In this
address of instruction [A] or [B] is saved in the SPC.

Table4.4  Exception Acceptancein Repeat L oop

Exception Type Instruction [B] Instruction [C]
Interrupt Not accepted Not accepted
DMA address error Not accepted Not accepted
User break before instruction execution Accepted Not accepted
User break after instruction execution Not accepted Not accepted
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Note: Inarepest loop consisting of one to three instructions, some restrictions apply to
detection instructions and all the remaining instructions. In a repeat loop consistil
or more instructions, restrictions apply to only the four instructions that include
end instruction. The restriction occurs when SR.RC[11:0] > 1.

Table4.5 Instruction Where a Specific Exception Occurswhen Memory AccessE

Occursin Repeat Control (SR.RC[11:0] = 1)

Instruction where

Number of Instructions in Repeat Loop

Exception Occurs 1 2 3 4 or Gre:
RptDtct

RptDtct1 Instruction/data  Instruction/data  Instruction/data  Instructic
access access access access

RptDtct2 — Instruction/data  Instruction/data  Instructio
access access access

RptDtct3 — — Instruction/data  Instructic
access access

Note: The following labels are used here.
RptDtct: Repeat detection instruction
RptDtct1: An instruction of one instruction following the repeat detection instructio
RptDtct2: An instruction of two instruction following the repeat detection instruc
RptDtct3: An instruction of three instruction following the repeat detection instr
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Note: Inarepest loop consisting of one to three instructions, some restrictions apply t

4.5

detection instructions and al the remaining instructions. In arepeat |oop consist
or more instructions, restrictions apply to only the four instructions that include
end instruction. The restriction occurs when SR.RC[11:0] > 1.

Usage Notes

Aninstruction assigned at a delay slot of the RTE instruction is executed after the ¢
the SSR is restored into the SR. An acceptance of an exception related to instructiot
determined according to the SR before restore. An acceptance of other exceptionsii:
determined by processing mode of the SR after restore, and BL bit value. A proces:
completion type exception is accepted before an instruction at the RTE branch desti
address is executed. However, note that the correct operation cannot be guaranteed
execution type exception occurs.

In an instruction assigned at a delay slot of the RTE instruction, auser break canno
accepted.

If the MD and BL hits of the SR register are changed by the LDC instruction, an ex
accepted according to the changed SR value from the next instruction.* A processir
completion type exception is accepted after the next instruction is executed. An inte
DMA address error in re-execution type exceptions are accepted before the next ins
executed.

Note: * If an LDC instruction is executed for the SR, the following instructions are r

and an instruction fetch exception is accepted according to the modified SR\
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The MMU is afeature designed to make efficient use of physical memory. As shown in
if aprocessissmaller in size than the physical memory, the entire process can be mappe
physical memory. However, if the processincreasesin size to the extent that it no longe
physical memory, it becomes necessary to partition the process and to map those partsr
execution onto memory as occasion demands (figure 5.1 (1)). Having the process itself
this mapping onto physical memory would impose alarge burden on the process. To lig
burden, the idea of virtual memory was born as a means of performing en bloc mapping
physical memory (figure 5.1 (2)). In avirtual memory system, substantially more virtua
than physical memory is provided, and the process is mapped onto this virtual memory.
process only has to consider operation in virtual memory. Mapping from virtual memor
physical memory is handled by the MMU. The MMU is normally controlled by the ope
system, switching physical memory to allow the virtual memory required by a processt
mapped onto physical memory in a smooth fashion. Switching of physical memory is pt
via secondary storage, etc.

The virtual memory system that came into being in thisway is particularly effectivein
sharing system (TSS) in which a number of processes are running simultaneously (figur
If processes running in a TSS had to take mapping onto virtual memory into considerati
running, it would not be possible to increase efficiency. Virtual memory isthus used to
load on the individual processes and so improve efficiency (figure 5.1 (4)). In the virtua
system, virtual memory is allocated to each process. The task of the MMU isto perforn
mapping of these virtual memory areas onto physical memory. It also has a memory prc
feature that prevents one process from inadvertently accessing another process' s physic:

When address translation from virtual memory to physical memory is performed using t
it may occur that the relevant translation information is not recorded in the MM U, with
that one process may inadvertently access the virtual memory allocated to another proce
case, the MMU will generate an exception, change the physical memory mapping, and
new address translation information.
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address translation. Witn the paging method, the unit of transation IS aTiXed-Sze adares:
(usually of 1 to 64 kbytes) called a page.

In the following text, the address space in virtual memory is referred to asvirtual address
and address space in physical memory as physical memory space.
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. MMU
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Process 2 . Process 2 -
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Process 3,/ e w-
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Figure5.1 MMU Functions

511 MMU of ThisLSI

Virtual Address Space: ThisLSI supports a 32-bit virtual address space that enables &
4-Gbyte address space. As shown in figures 5.2 and 5.3, the virtual address spaceisdivi
severa areas. In privileged mode, a 4-Gbyte space comprising areas PO to P4 are access
user mode, a 2-Gbyte space of UO areais accessible, and a 16-Mbyte space of Uxy area
accessible if the DSP hit of the SR register is set to 1. Accessto any area (excluding the
and Uxy area) in user mode will result in an address error.

If the MMU is enabled by setting the AT bit of the MMUCR register to 1, PO, P3, and L
can be used as any physical address areain 1- or 4-kbyte page units. By using an 8-bit a
space identifier, PO, P2, and UO areas can be increased to up to 256 areas. Mapping fron
address to 29-bit physical address can be achieved by the TLB.
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be cleared to 0.

2. P1Area
The P1 area can be accessed via the cache and cannot be address-translated by the TL
Whether the MMU is enabled or not, replacing the upper three bits of an addressin tt
with Os creates the address in the corresponding physical address space. Use of the ca
determined by the CE bit in the cache control register (CCR1). When the cache is use
the copy-back or write-through mode is selected for write access by the CB bit in the
register.

3. P2Area
The P2 area cannot be accessed via the cache and cannot be address-translated by the
Whether the MMU is enabled or not, replacing the upper three bits of an addressin tt
with Os creates the address in the corresponding physical address space.

4. P4 Area
The P4 areais mapped to the on-chip 1/O of this LSI. This area cannot be accessed Vi
cache and cannot be address-trandated by the TLB. Figure 5.4 shows the configuratic
P4 area.
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Area P1
Cacheable

Address Translation Not Possible
'

Address Error

Area Uxy*

H'A50(
H'ASFF

Area P2

H'A000 0000
Non-Cacheable
Address Translation Not Possible

Address Error

Area P3

H'C000 0000
Cacheable
Address Translation Possible

H'FFF

User Mode

Area

HFFFF FFFF

Privileged Mode

Figureb5.2 Virtual Address Space (MMUCR.AT =

P4
*: Only exists when SR.

H'E000 0000
Non-Cacheable
Address Translation Not Possible

1)
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Cacheable Address Error
H'A000 0000 P H A5
Non-Cacheable Area Uxy H'ASF
H'C000 0000
Area P3
Cacheable Address Error
H'E000 0000
Area P4
Non-Cacheable
H'FFFF FFFF H'FF
Privileged Mode User Mode
*: Only exists when SR.
Figure5.3 Virtual Address Space(MMUCR.AT =0)

RENESAS
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TLB Data Arra
H'F400 0000 y
Reserved Area
H'FC00 0000
Control Register Area
H'FFFF FFFF

Figure5.4 P4 Area

The areafrom H'FO00 0000 to H'FOFF FFFF is for direct access to the cache address arr
more information, see section 6.4, Memory-Mapped Cache.

The areafrom H'F100 0000 to H'F1FF FFFF is for direct access to the cache data array.
information, see section 6.4, Memory-Mapped Cache.

The areafrom H'F200 0000 to H'F2FF FFFF isfor direct accessto the TLB address arre
more information, see section 5.6, Memory-Mapped TLB.

The areafrom H'F300 0000 to H'F3FF FFFF isfor direct accessto the TLB data array. |
information, see section 5.6, Memory-Mapped TLB.

The area from H'FC00 0000 to H'FFFF FFFF is reserved for registers of the on-chip per
modules. For more information, see section 23, List of Registers.

5. Uxy Area

The Uxy areais mapped to the on-chip memory of thisLSI. This areais made usabl
mode when the DSP bit in the SR register is set to 1. In user mode, accessing this ar
the DSP bit is O will result in an address error. This area cannot be accessed viathe ¢
cannot be address-trandated by the TLB. For more information on the Uxy area, see
XY Memory.
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Area 2
H'0C00 0000

Area 3
H'1000 0000

Area 4
H'1400 0000

Area 5
H'1800 0000

Area 6
H'1C00 0000

Area7

(Reserved Area)

H'1FFF FFFF

Figure5.5 External Memory Space

Address Transition: When the MMU is enabled, the virtual address space is divided int
called pages. Physical addresses are trandlated in page units. Address trandlation tables in
memory hold information such as the physical address that corresponds to the virtual ado
memory protection codes. When an access to area P1 or P2 occurs, thereisno TLB acce:
physical address is defined uniquely by hardware. If it belongs to area PO, P3 or UO, the~
searched by virtual address and, if that virtual addressis registered in the TLB, the access
TLB. The corresponding physical address and the page control information are read from
and the physical addressis determined.

If the virtual addressis not registered in the TLB, a TLB miss exception occurs and proce
will shift to the TLB miss handler. In the TLB miss handler, the TLB address trandlation
external memory is searched and the corresponding physical address and the page control
information are registered in the TLB. After returning from the handler, the instruction tr
the TLB missis re-executed. When the MMU is enabled, address trandlation information
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Single Virtual Memory Mode and Multiple Virtual Memory Mode: There aretwo v
memory modes:. single virtual memory mode and multiple virtual memory mode. In sing
memory mode, multiple processesrun in parallel using the virtual address space exclusi
the physical address corresponding to a given virtual address is specified uniquely. In m
virtual memory mode, multiple processes run in parallel sharing the virtual address spac
given virtual address may be translated into different physical addresses depending on tl
By the value set to the MMU control register (MMUCR), either single or multiple virtu
selected.

In terms of operation, the only difference between single virtual memory mode and mul
virtual memory modeisin the TLB address comparison method (see section 5.3.3, TLB
Comparison).

Address Space | dentifier (ASID): In multiple virtual memory mode, the address space
(ASID) is used to differentiate between processes running in parallel and sharing virtual
space. The ASID is eight bitsin length and can be set by software setting of the ASID o
currently running process in page table entry register high (PTEH) within the MMU. W|
processis switched using the ASID, the TLB does not have to be purged.

In single virtual memory mode, the ASID is used to provide memory protection for proc
running simultaneously and using the virtual address space exclusively (see section 5.3.
Address Comparison).

5.2 Register Descriptions

There are four registers for MMU processing. These are all peripheral module registers,
are located in address space area P4 and can only be accessed from privileged mode by
the address.
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consists of avirtual page number (V PN) and ASID. The VPN setis the VPN of the virtu;
at which the exception is generated in case of an MMU exception or address error except
When the page size is 4 kbytes, the VPN is the upper 20 bits of the virtual address, but in
the upper 22 bits of the virtual address are set. The VPN can aso be modified by softwar
ASID, software sets the number of the currently executing process. The VPN and ASID «
recorded in the TLB by the LDTLB instruction.

A program that modifies the ASID in PTEH should be allocated in the P1 or P2 areas.

Initial
Bit Bit Name Value R/W Description
31to10 VPN — R/W Number of Virtual Page
9,8 — AllO R Reserved
These bits are always read as 0. The write \
should always be 0.
7100 ASID — R/W Address space identifier
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should always be 0.

28to 10 PPN — R Number of Physical Page

9 — 0 R/W Page management information

8 \Y — For more details, see section 5.3, TLB Fur
7 — 0

6,5 PR —

4 Sz —

3 C —

2 D —

1 SH —

0 — 0

523 Trandation Table Base Register (TTB)

The trangdlation table base register (TTB) residing at address H'FFFFFFF8, which points
base address of the current page table. The hardware does not set any valuein TTB autc
TTB isavailable to software for general purposes. Theinitia value is undefined.

524 MMU Control Register (MMUCR)

The MMU control register (MMUCR) residing at address H'FFFFFFEO, which makes tt
settings described in figure 5.3. Any program that modifies MMUCR should reside in t
area
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54 RC AllO R/W

Random counter

A 2-bit random counter that is automatically
by hardware according to the following rule
event of an MMU exception.

When a TLB miss exception occurs, all of T
way corresponding to the virtual address at
the exception occurred are checked. If all w
valid, 1 is added to RC; if there is one or me
invalid way, they are set by priority from wa
the order way 0, way 1, way 2, way 3. In th
of an MMU exception other than a TLB mis
exception, the way which caused the excer
set in RC.

Reserved

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

TLB flush

Write 1 to flush the TLB (clear all valid bits
TLB to 0). When they are read, 0 is always

Index mode

0: VPN bits 16 to 12 are used as the TLB ir
number.

1: The value obtained by EX-ORing ASID
in PTEH and VPN bits 16 to 12 is used a
TLB index number.
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The TLB caches address trand ation table information located in the external memory. T
tranglation table stores the logical page number and the corresponding physical number,
address space identifier, and the control information for the page, which is the unit of ac
translation. Figure 5.6 showsthe overall TLB configuration. The TLB is 4-way set assol
with 128 entries. There are 32 entries for each way. Figure 5.7 shows the configuration
addresses and TLB entries.

Entry 0
Entry 1

Entry 31

Way 0to 3

VPN(31-17) [VPN(11-10)| ASID(7-0)

Address Array

Entry O
Entry 1

Entry 31

Way 0to 3

PPN(28-10)

PR(1-0)SZ| C

Data Array

Figure5.6 Overall Configuration of the TLB

RENESAS
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page. Since VPN bits 16 to 12 are used as the index number, they are not stored in the TLB entry.
Attention must be paid to the synonym problem (see section 5.4.4, Avoiding Synonym Problems).

ASID: Address space identifier
Indicates the process that can access a virtual page. In single virtual memory mode and user mode,
in multiple virtual memory mode, if the SH bit is 0, the address is compared with the ASID in PTEH
when address comparison is performed.

SH:  Share status bit
0: Page not shared between processes
1: Page shared between processes

SZ: Page-size bit
0: 1-kbyte page
1: 4-kbyte page

V: Valid bit
Indicates whether entry is valid.
0: Invalid
1: Valid
Cleared to 0 by a power-on reset. Not affected by a manual reset.

PPN: Physical page number
Upper 22 bits of physical address. PPN bits 11 to10 are not used in case of a 4-kbyte page.

PR:  Protection key field
2-bit field encoded to define the access rights to the page.
00: Reading only is possible in privileged mode.
01: Reading/writing is possible in privileged mode.
10: Reading only is possible in privileged/user mode.
11: Reading/writing is possible in privileged/user mode.

C: Cacheable bit
Indicates whether the page is cacheable.
0: Non-cacheable
1: Cacheable
D: Dirty bit
Indicates whether the page has been written to.
0: Not written to

Figureb5.7 Virtual Addressand TLB Structure
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rurlt Sruitaricuusy 111 e salfic viftua alUNess spale (Iiuitpie virtual ITicttiory ) arill a S
entry is selected by indexing of each process. In single virtual memory mode (MMUCR
IX bit should be set to 0. Figures 5.8 and 5.9 show the indexing schemes.

Virtual Address
31

PTEH Register
1716 1211 0

31 10 7
| | | VPN | o | asi
- ASID(4-0) _‘
Exclusive-OR <
Index
Way 0to 3
I T T T I [ I Il Il Il Il
1 | | | I 1 1 1 1 1 1
1 Il Il Il 1 Il Il Il Il Il
0 VPN(31-17) VPN(11-10) | ASID(7-0) | V H| PPN(28-10) | PR(1-0)|SzZ| C | D | SH
L g
31 |

Address Array Data Array

Figure5.8 TLB Indexing (IX =1)
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s | I

Address Array Data Array

Figure5.9 TLB Indexing (IX =0)

533 TLB Address Comparison

Theresults of address comparison determine whether a specific virtual page number isre
inthe TLB. The virtual page number of the virtual address that accesses external memor)
compared to the virtual page number of the indexed TLB entry. The ASID within the PTI
compared to the ASID of the indexed TLB entry. All four ways are searched simultaneot
the compared values match, and the indexed TLB entry isvalid (V bit = 1), the hit isregi

It is necessary to have software ensure that TLB hits do not occur simultaneously in mor
way, as hardware operation is not guaranteed if this occurs. An example of setting which
TLB hitsto occur simultaneously in more than one way is described below. It is necessar
ensure that this kind of setting is not made by software.

1. If therearetwo identical TLB entries with the same VPN and a setting is made such t
TLB hit ismade only by aprocess with ASID = H'FF when oneisin the shared state
and the other in the non-shared state (SH = 0), then if the ASID in PTEH isset to H'F
apossihility of simultaneous TLB hitsin both these ways.

2. If severa entries which have different ASID with the same VPN are registered in sing
memory mode, there is the possibility of simultaneous TLB hitsin more than one way
accessing the corresponding page in privileged mode. Several entries with the same \
not be registered in single virtual memory mode.

3. Thereisthe possibility of simultaneous TLB hitsin more than one way. These hits m
depending on the contents of ASID in PTEH when a page to which SH isset 1 isregi
the TLB in index mode (MMUCR.IX = 1). Therefore a page to which SH is set 1 mu:
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e e

when thereis sharing (SH = 1).

When single virtual memory is supported (MMUCR.SV = 1) and privileged mode is en
(SR.MD =1), al process resources can be accessed. This means that ASIDs are not con
when single virtual memory is supported and privileged mode is engaged. The objects
comparison are shown in figure 5.10.

SH=1or No
(SR.MD =1 and
MMUCR.SV =1)?

No (4-kbyte) No (4-kbyte)

Yes (1-kbyte) Yes (1-kbyte)

Y Y
Bits Compared: Bits Compared: Bits Compared: Bits Compared:
VPN 31to 17 VPN 31to 17 VPN 31to 17 VPN 31to 17
VPN 11 to 10 VPN 11 to 10 ASID 7 to 0
ASID7to0

Figure5.10 Objectsof Address Comparison
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The C hit in the entry indicates whether the referenced page resides in a cacheable or non
cacheable area of memory. When the control registers and on-chip memory in area 1 are
set the C bit to 0. The PR field specifies the access rights for the page in privileged and u
and is used to protect memory. Attempts at non-permitted accesses result in TLB protecti
violation exceptions.

Access states designated by the D, C, and PR bits are shown in table 5.1.
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Permitted

TLB protection

TLB protection

TLB prot

PRbit 00
violation violation violation
exception exception exceptiol
01 Permitted Permitted TLB protection TLB prot
violation violation
exception exceptiol
10  Permitted TLB protection Permitted TLB prot
violation violation
exception exceptiol
11 Permitted Permitted Permitted Permitte
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Getalls ol the aetermination metnod and the hardware processing, see section 2.9, Vi
Exceptions.

54.2 MMU Softwar e M anagement

There are three kinds of MMU software management, as follows.

1.

MMU register setting

MMUCR setting, in particular, should be performed in areas P1 and P2 for which adc
translation is not performed. Also, since SV and I X bit changes constitute address trar
system changes, in this case, TLB flushing should be performed by simultaneously w
the TF hit also. Since MMU exceptions are not generated in the MMU disabled state!
AT bit cleared to 0, use in the disabled state must be avoided with software that does

the MMU.

TLB entry recording, deletion, and reading

TLB entry recording can be done in two ways by using the LDTLB instruction, or by
directly to the memory-mapped TLB. For TLB entry deletion and reading, the memot
alocation TLB can be accessed. See section 5.4.3, MMU Instruction (LDTLB), for d
the LDTLB instruction, and section 5.6, Memory-Mapped TLB, for details of the mer
mapped TLB.

MMU exception processing

When an MMU exception is generated, it is handled on the basis of information set fr
hardware side. See section 5.5, MMU Exceptions, for details.

When single virtual memory mode is used, it is possible to create a state in which physic:
memory access is enabled in the privileged mode only by clearing the share status bit (S
specify recording of all TLB entries. This strengthens inter-process memory protection, &
enables special access levelsto be created in the privileged mode only.
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Figure 5.11 shows the case where the IX bitin MMUCRis 0.

When an MMU exception occurs, the virtual page number of the virtual address that cal
exception is set in PTEH by hardware. The way is set in the RC bit of MMUCR for eacl
exception according to the rules (see section 5.2.4, MMU Control Register (MMUCR)).
Conseguently, if the LDTLB instruction isissued after setting only PTEL in the MMU ¢
processing routine, TLB entry recording is possible. Any TLB entry can be updated by
rewriting of PTEH and the RC bitsin MMUCR.

Asthe LDTLB instruction changes address trandation information, there isarisk of des
address trandation information if thisinstruction isissued in the PO, UO, or P3 area. Ma
therefore, that thisinstruction isissued in the P1 or P2 area. Also, an instruction associa
access to the PO, UO, or P3 area (such as the RTE instruction) should be issued at least t
instructions after the LDTLB instruction.
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VPN(31-17) | VPN(11-10) | ASID(7-0) | V | [l PPN(28-10) |PR(1-0)|Sz| ¢ | D |SH

o

31

Address Array Data Array

Figure5.11 Operation of LDTLB Instruction

544 Avoiding Synonym Problems

When a 1- or 4-kbyte pageis recorded in a TLB entry, a synonym problem may arise. If :
of virtual addresses are mapped onto a single physical address, the same physical address
be recorded in a number of cache entries, and it will not be possible to guarantee data cor
The reason that this problem occurs is explained below with reference to figure 5.12. The
relationship between bit n of the virtual address and cache size is shown in the following

Cache Size Bit n of Virtual Address
16 kbytes 11
32 kbytes 12

To achieve high-speed operation of thisLSI’s cache, an index number is created using vi
address [n:4]. When a 1-kbyte page is used, virtual address [n:10] is subject to address trz
and when a 4-kbyte page is used, avirtual address[n:12] is subject to address trandlation.
Therefore, the physical address [n:10] may not be the same as the virtual address [n:10].

For example, assume that, with 1-kbyte page TLB entries, TLB entries for which the foll
tranglation has been performed are recorded in two TLBs:
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1. When address translation information whereby a number of 1-kbyte page TLB entrit
translated into the same physical addressis recorded in the TLB, ensure that the VP
are the same.

2. When address translation information whereby a number of 4-kbyte page TLB entri¢
translated into the same physical addressis recorded in the TLB, ensure that the VP
the same.

3. Do not use the same physical addresses for address translation information of differe
sizes.

The above restrictions apply only when performing accesses using the cache.

Note:  When multiple items of address translation information use the same physical
provide for future SuperH RISC engine family expansion, ensure that the VPN |
10 are the same.
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* When Using a 1-kbyte Page
Virtual Address
31 1312 1110 0
VPN N Offset |

—r—

Virtual Address 12 to 4

Physical Address
28 131211 10 0
PPN | offset | Cache

Physical Address 28 to 10

Figure5.12 Synonym Problem (32-kbyte Cache)
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Lullipdtu d iU TV a1 TUUTNU. T LD 11Too TALTPYU UL PDIULESSITTY TTILTUUES DULTT THTd VAl
software operations.

Hardware Operations. In aTLB miss, this hardware executes a set of prescribed oper
follows:

1
2.
3.

© © N

The VPN field of the virtual address causing the exception is written to the PTEH re
The virtual address causing the exception is written to the TEA register.

Either exception code H'040 for aload access, or H'060 for a store access, is written
EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurr
written to the save program counter (SPC). If the exception occurred in adelay slot,
value indicating the address of the related delayed branch instruction is written to th
The contents of the status register (SR) at the time of the exception are written to the
status register (SSR).

The MD hit in SR is set to 1 to place the privileged mode.

TheBL bitin SR isset to 1 to mask any further exception regquests.

The RB bitin SRisset to 1.

The RCfield in the MMU control register (MMUCR) is incremented by 1 when all

indexed are valid. When some entries indexed are invalid, the smallest way number
setin RC.

10. Execution branches to the address obtained by adding the value of the VBR content:

H'00000400 to invoke the user-written TLB miss exception handler.

Software (TLB Miss Handler) Operations. The software searches the page tablesin ¢
memory and allocates the required page table entry. Upon retrieving the required page t
software must execute the following operations:
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A TLB protection violation exception results when the virtual address and the address art
selected TLB entry are compared and avalid entry is found to match, but the type of acce
permitted by the access rights specified in the PR field. TLB protection violation exceptit
processing includes both hardware and software operations.

Hardwar e Operations. In a TLB protection violation exception, this hardware executes
prescribed operations, as follows:

1. The VPN field of the virtual address causing the exception is written to the PTEH reg
2. Thevirtual address causing the exception is written to the TEA register.

3. Either exception code H'0OAO for aload access, or H'0OCO for a store access, is written
EXPEVT register.

4. The PC value indicating the address of the instruction in which the exception occurre
written into SPC (if the exception occurred in adelay slot, the PC value indicating the
of the related delayed branch instruction is written into SPC).

The contents of SR at the time of the exception are written to SSR.

The MD bit in SR is set to 1 to place the privileged mode.

TheBL bitin SR isset to 1 to mask any further exception requests.
TheRB hitin SRissetto 1.

The way that generated the exception is set in the RC fieldin MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents
H'00000100 to invoke the TLB protection violation exception handler.

© © N o u

Software (TLB Protection Violation Handler) Operations: Software resolvesthe TLB
protection violation and issues the RTE (return from exception handler) instruction to ter
the handler and return to the instruction stream. 1ssue the RTE instruction after issuing tw
instructions from the LDTLB instruction.
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either exception code H'040 Tor aload access, or H'0b0 1or a store access, I1s written
EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurr
written to the SPC. If the exception occurred in adelay slot, the PC value indicating
address of the delayed branch instruction is written to the SPC.

The contents of SR at the time of the exception are written into SSR.

The mode (MD) bit in SR is set to 1 to place the privileged mode.
Theblock (BL) bitin SR is set to 1 to mask any further exception requests.
TheRB hitin SRissetto 1.

The way number causing the exception iswritten to RC in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR content:

H'00000100, and the TLB protection violation exception handler starts.

Software (TLB Invalid Exception Handler) Operations: The software searchesthe p
in external memory and assigns the required page table entry. Upon retrieving the requil
table entry, software must execute the following operations:

1.

Write the values of the physical page number (PPN) field and the values of the prote
(PR), page size (S2), cacheable (C), dirty (D), share status (SH), and valid (V) bitsc
table entry recorded in the external memory to the PTEL register.

If using software for way selection for entry replacement, write the desired valueto
fieldin MMUCR.

Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.
Issue the RTE instruction to terminate the handler and return to the instruction strear
RTE instruction should be issued after two LDTLB instructions.
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e Virtua alulress Calallly e exCepu or 15 WIIIET 0 Uie 1 EA Teylaler.
Exception code H'080 is written to the EXPEVT register.

The PC value indicating the address of the instruction in which the exception occurre
written to the SPC. If the exception occurred in adelay dlot, the PC value indicating tl
address of the related delayed branch instruction iswritten to the SPC.

The contents of SR at the time of the exception are written to SSR.
The MD hit in SR is set to 1 to place the privileged mode.

TheBL bitin SR isset to 1 to mask any further exception requests.
TheRB hitin SRissetto 1.

. Theway that caused the exception is set in the RC field in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR contents

H'00000100 to invoke the user-written initial page write exception handler.

Softwar e (I nitial Page Write Handler) Operations: The software must execute the foll
operations:

1
2.
3.

Retrieve the required page table entry from external memory.
Set the D bit of the page table entry in the external memory to 1.

Write the value of the PPN field and the PR, SZ, C, D, SH, and V bits of the page tab
in the external memory to the PTEL register.

If using software for way selection for entry replacement, write the desired value to t
fieldin MMUCR.

Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.

Issue the RTE instruction to terminate the handler and return to the instruction stream
RTE instruction must be issued after two LDTLB instructions.
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Vi iNo
and ASIDs
Match?

Yes

Y

TLB Miss
Exception

No

User or
Privileged?

User Mode

A

PR?

00/01 10

R/W?

3

Y

TLB Invalid
Exception

Privileged Mode

TLB Protection
Violation Exception

A

Initial page Write
Exception

No (Non-Cacheable)

Memory
Access

TLB Protection
Violation Exception

Yes (Cacheable)

Cache
Access

Figure5.13 MMU Exception Generation Flowchart
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2.0.1 Adaress Array

The address array is assigned to H'F2000000 to H'F2FFFFFF. To access an address arra
bit address field (for read/write operations) and 32-bit data field (for write operations) n
specified. The address field specifies information for selecting the entry to be accessed;

field specifiesthe VPN, V bit and ASID to be written to the address array (figure 5.14 (.

In the address field, specify the entry address for selecting the entry (bits 16 to 12), W f
selecting the way (bits 9 to 8) and H'F2 to indicate address array access (bits 31 to 24).
in MMUCR indicates whether an EX-OR is taken of the entry address and ASID.

The following two operations can be used on the address array:

1. Addressarray read
VPN, V, and ASID are read from the TLB entry corresponding to the entry address
set in the address field.

2. TLB address array write

The data specified in the data field are written to the TLB entry corresponding to the
address and way set in the address field.

5.6.2 Data Array

The data array is assigned to H'F3000000 to H'F3FFFFFF. To access adata array, the 3
addressfield (for read/write operations), and 32-bit data field (for write operations) mus
specified. The address section specifies information for selecting the entry to be accesse
section specifies the longword data to be written to the data array (figure 5.14 (2)).

In the address section, specify the entry address for selecting the entry (bits 16 to 12), W
selecting the way (bits 9 to 8), and H'F3 to indicate data array access (bits 31 to 24). Thy
MMUCR indicates whether an EX-OR is taken of the entry address and ASID.
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- WWIHE MVLGoo

31 24 23 17 16

1211109 8 7 6

AddressFie|d|11110010 Foaeee e * VPN * W [O] %o
31 17 16 121110 9 8 7

Data Field | VPN Fooeeeee * |VPN[* [V ASID
VPN: Virtual Page Number
V: Valid Bit
W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)
ASID: Address Space Identifier
*: Don't Care Bit

(2) TLB Data Array Access
* Read/Write Access

31 24 23 17 16 121110 9 8 7

AddressFieIdl 11110011 [ %o * VPN * W o[ xereeeeees
31 2928 09 87 6 5 43 ¢

Data Field |0 00 | PPN |X|V|X| PR |SZ|C D

PPN: Physical Page Number
PR:  Protection Key Field
C: Cacheable Bit

SH:  Share Status Bit

VPN: Virtual Page Number

X: 0 for Read, Don’t Care Bit for Write

W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)
V: Valid Bit

SZ: Page-Size Bit

D: Dirty bit

*: Don’t Care Bit

Figure5.14 Specifying Address and Data for Memory-Mapped TLB Acces
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Reading the Data of a Specific Entry: This example reads the data section of a specifi
entry. The bit order indicated in the datafield in figure 5.14 (2) is read. RO specifies the
and the data section of a selected entry is read to R1.

; RO=H'F300 4300 VPN (16-12)=B'00100 Way 3
; MOV.L @RO,R1

5.7 Usage Note

The following operations should be performed in the P1 or P2 areas. In addition, when t
or U0 areas are accessed consecutively (this access includes instruction fetching), thein
code should be placed at least two instructions after the instruction that executes the fall
operations.

Modification of SR.MD or SR.BL
Execution of the LDTLB instruction
Write to the memory-mapped TLB
Modification of MMUCR
Modification of PTEH.ASID

ok~ DN

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



Rev. 1.00 Dec. 27, 2005 Page 214 of 932
REJ09B0269-0100 RENESAS



e \Write system: Write-back/write-througn Is selectaple ror spaces PO, P1, P3, and U0
o Replacement method: Least-recently used (LRU) algorithm

Note: After power-on reset or manual reset, initialized as 16-kbyte mode (256 entries/

6.1.1 Cache Structure

The cache mixes instructions and data and uses a 4-way set associative system. It is con
four ways (banks), and each of which is divided into an address section and a data sectic

Each of the address and data sectionsis divided into 512 entries. The entry datais callec
Each line consists of 16 bytes (4 bytes x 4). The data capacity per way is 8 kbytes (16 b
entries) in the cache as awhole (4 ways). The cache capacity is 32 kbytes as awhole. Fi
shows the cache structure.

Address array (ways 0 to 3) Data array (ways 0 to 3) LRU
1 1 . I
Entry 0| v | U [Tag address Ol Lwo | Lwt | Lw2 | Lw3 0
Entry 1 1 1
Entry 511 | T 511 | T 511
24 (1 + 1 + 22) bits 128 (32 x 4) bits 6 bit
> - > -

LWO to LW3: Longword data 0 to 3

Figure6.1 Cache Structure
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Data Array: Holds a 16-byte instruction or data. Entries are registered in the cachein lir
(16 bytes). The data array is not initialized by a power-on or manual 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 isregistered, LRU shows which of
waysit isrecorded in. There are six LRU bits, controlled by hardware. A least-recently-u
(LRU) algorithm is used to select the way.

Six LRU bitsindicate the way to be replaced, when a cache miss occurs. Table 6.1 shows
relationship between the LRU bits and the way to be replaced when the cache locking me
is disabled. (For the relationship when the cache locking mechanism is enabled, refer to «
6.2.2, Cache Control Register 2 (CCR2).) If abit pattern other than those listed in table 6
in the LRU bits by software, the cache will not function correctly. When modifying the L
by software, set one of the patterns listed in table 6.1.

The LRU bits are initialized to 000000 by a power-on reset, but are not initialized by am
reset.

Table6.1 LRU and Way Replacement (when Cache L ocking M echanism is Disab

LRU (Bits 5to 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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The cacheis enabled or disabled using the CE bit in CCR1. CCR1 also has a CF hit (wh
invalidates all cache entries), and WT and CB bits (which select either write-through me
write-back mode). Programs that change the contents of the CCR1 register should be pl:

address 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
should always be 0.

Cache Flush

Writing 1 flushes all cache entries (clears t
and LRU bits of all cache entries to 0). Thi
always read as 0. Write-back to external rr
not performed when the cache is flushed.

Write-Back
Indicates the cache’s operating mode for s

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

Write-Through

Indicates the cache’s operating mode for s
U0, and P3.

0: Write-back mode
1: Write-through mode
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enters the cache lock mode when the DSP bit (bit 12) in the status register (SR) isset to 1
lock enable bit (bit 16) in the cache control register 2 (CCR2) is set to 1. The cache locki
mechanism is disabled in non-cache lock mode (DSP hit = 0).

When a prefetch instruction (PREF@Rn) isissued in cache lock mode and a cache miss
the line of data pointed to by Rn will be loaded into the cache, according to the setting of
and 8 (W3LOAD, W3LOCK) and hits 1 and 0 (W2LOAD, W2LOCK in CCR2).

Table 6.2 shows the relationship between the settings of bits and the way that isto be rep
when the cache is missed by a prefetch instruction.

On the other hand, when the cache is hit by a prefetch instruction, new datais not loaded
cache and the valid entry is held. For example, a prefetch instruction is issued while bits

W3LOAD and W3LOCK are set to 1 and the line of datato which Rn pointsis already ir
the cache is hit and new data is not loaded into way 3.

In cache lock mode, bits W3LOCK and W2LOCK restrict the way that isto be replaced,
instructions other than the prefetch instruction are issued. Table 6.3 shows the relationshi
between the settings of bitsin CCR2 and the way that is to be replaced when the cache is
by instructions other than the prefetch instruction.

Programs that change the contents of the CCR2 register should be placed in address spac
not cached.
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AT

151010

AllO

R

Reserved

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

W3LOAD
W3LOCK

R/W
R/W

Way 3 Load (W3LOAD)
Way 3 Lock (W3LOCK)

When the cache is missed by a prefetch ir
while in cache lock mode and when bits W
and W3LOCK in CCR2 are set to 1, the d:
always loaded into way 3. Under any othe
condition, the prefetched data is loaded in
to which LRU points.

7102

AllO

Reserved

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

W2LOAD
W2LOCK

R/W
R/W

Way 2 Load (W2LOAD)
Way 2 Lock (W2LOCK)

When the cache is missed by a prefetch ir
while in cache lock mode and when bits W
and W2LOCK in CCR2 are set to 1, the d:
always loaded into way 2. Under any othe
condition, the prefetched data is loaded in
to which LRU points.

Note: W2LOAD and W3LOAD should not be set to 1 at the same time.
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Note: * Don't care
W3LOAD and W2LOAD should not be set to 1 at the same time.

Table6.3 Way Replacement when Instructions other than the PREF Instruction
Cache

DSP Bit W3LOAD W3LOCK W2LOAD W2LOCK Way to be Replaced

* * * * Determined by LRU (tal
Determined by LRU (tal
Determined by LRU (ta
Determined by LRU (tal
Determined by LRU (tal

* *

*

* *

0
1
1 *
1
1

alalo|l o
-1 Oo|=| 0O

* *

Note: * Don't care
WS3LOAD and W2LOAD should not be set to 1 at the same time.

Table6.4 LRU and Way Replacement (when W2LOCK =1 and W3LOCK =0)

LRU (Bits 5to 0) Way to be Re
000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3
000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1
101001, 101011, 111000, 111001, 111011, 111100, 111110, 111111 0
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010100, 010110, 011110, 011111

100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0
111011, 111100, 111110, 111111

6.2.3 Cache Control Register 3 (CCR3)

The CCR3 register controls the cache size to be used. The cache size must be specified
to the LSI to be selected. If the specified cache size exceeds the size of cache incorporat
LS, correct operation cannot be guaranteed. Note that programs that change the content
CCR3 register should be placed in un-cached address space. In addition, note that all ca
must be invalidated by setting the CF bit of the CCR1 to 1 before accessing the cache af
CCR3ismodified.

Initial
Bit Bit Name Value R/W Description
31t024 — AllO R Reserved
These bits are always read as 0. The write
should always be 0.
23to16 CSIZE7to HO1 R/W Cache Size

CSIZED Specify the cache size as shown below.

0000 0001: 16-kbyte cache
0000 0010: 32-kbyte cache
Settings other than above are prohibited.

15100 — All O R Reserved

These bits are always read as 0. The write
should always be 0.
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physical address (tag address) read from the address array are compared. The address cor
uses all four ways. When the comparison shows a match and the selected entry isvalid (\
cache hit occurs. When the comparison does not show a match or the selected entry is no
= 0), acache miss occurs. Figure 6.2 shows a hit on way 1.
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511

Physical address ; l ; *

CMP0O|CMP1|CMP2|CMP3 l

Hit signal 1

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

Figure6.2 Cache Search Scheme

6.3.2 Read Access

Read Hit: In aread access, instructions and data are transferred from the cache to the C
LRU iSupdated to indicate that the hit way is the most recently hit way.

Read Miss: An external bus cycle starts and the entry is updated. The way to be replace
in table 6.3. Entries are updated in 16-byte units. When the desired instruction or data tf
the missisloaded from external memory to the cache, the instruction or datais transferr
CPU in parallel with being loaded to the cache. When it isloaded to the cache, the U bit
to 0 and the V bit is set to 1 to indicate that the hit way is the most recently hit way. Wh
bit for the entry which is to be replaced by entry updating in write-back modeis 1, the c
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 isi
units.
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Write Hit: In awrite access in write-back mode, the data is written to the cache and no €
memory write cycleisissued. The U bit of the entry that has been writtentoisset to 1, a
LRU isupdated to indicate that the hit way is the most recently hit way. In write-through
the data is written to the cache and an external memory write cycle isissued. The U bit o
entry that has been written to is not updated, and the LRU is updated to indicate that the |
the most recently hit way.

Write Miss: In write-back mode, an external write cycle starts when a write miss occurs,
entry is updated. The way to be replaced is shown in table 6.3. When the U bit of the entr
isto be replaced by entry updating is 1, the cache-update cycle starts after the entry has b
transferred to the write-back buffer. Datais written to the cache and the U bit and the V &
to 1. The LRU isupdated to indicate that the replaced way is the most recently updated w
the cache has completed its update cycle, the write-back buffer writes the entry back to tt
memory. Transfer isin 16-byte units. In write-through mode, no write to cache occursin
miss; the write is only to the external memory.

6.3.5 Write-Back Buffer

When the U bit of the entry to be replaced in write-back mode is 1, the entry must be wri
to the external memory. To increase performance, the entry to be replaced isfirst transfer
write-back buffer and fetching of new entriesto the cache takes priority over writing bacl
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 car
accessed. The write-back buffer can hold one line of cache data (16 bytes) and its physic:
address. Figure 6.3 shows the configuration of the write-back buffer.
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the memory-mapped cache to make the data invalid and written back, as required. Mem
shared by thisLSI’s CPU and DMAC should also be handled in thisway.
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32-bit address field (for read/write accesses) and 32-bit datafield (for write accesses) mu
specified. The address field specifies information for selecting the entry to be accessed; ti
field specifies the tag address, V bit, U bit, and LRU bitsto be written to the address arra

In the address field, specify the entry address for selecting the entry, W for selecting the\
for enabling or disabling the associative operation, and H'FO for indicating address array
Asfor W, 00 indicates way 0, 01 indicatesway 1, 10 indicates way 2, and 11 indicates w

In the datafield, specify the tag address, LRU bits, U bit, and V bit. Figures 6.4 and 6.5 s
address and data formats. The following three operations are available in the address arra

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 instru
reading, the associative operation is not performed, regardless of whether the associative
bit) specified in the addressis 1 or O.

Address-Array Write (non-Associative Oper ation): Write the tag address, LRU bits, L
V bit, specified by the datafield of the write instruction, to the entry that correspondsto 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 writet
address, LRU hits, U bit, and V bit specified by the datafield of the write instruction. Wt
written to the V bit, 0 must also be written to the U bit for that entry.

Address-Array Write (Associative Operation): When writing with the associative hit (
the address = 1, the addresses in the four ways for the entry specified by the address field
write instruction are compared with the tag address that is specified by the datafield of tf
instruction. If the MMU is enabled in this case, alogical address specified by datais tran
into a physical address viathe TLB before comparison. Write the U bit and the V bit spe
the datafield of the write instruction to the entry of the way that has a hit. However, thet
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specifiesthe IongWord data to be written to the datavl 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. Asfor L, 00 indicates longword 0, 01 indicates longword 1, 10 indicates longwc
11 indicates longword 3. Asfor W, 00 indicates way 0, 01 indicates way 1, 10 indicates
and 11 indicates way 3.

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

Figures 6.4 and 6.5 show 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 addressfiled, from the entry tha
corresponds to the entry address and the way that is specified by the address filed.

Data-Array Write: Write the longword data specified by the datafiled, to the position
by L of the addressfield, in the entry that corresponds to the entry address and the way
by the addressfield.
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[ Tag address (31 to 10) LRU X X | U]

(2) Data array access (both read and write accesses)
(a) Address specification
31 24 23 14 13 12 11 4 3 2 A
[ 11110001 | e | w | Entry address L 0

(b) Data specification

31

I Longword

*: Don’t care bit
X: 0 for read, don’t care for write

Figure6.4 Specifying Address and Data for Memory-Mapped Cache Acces
(16 kbytes mode)
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[o]o]o] Tagaddress (2810 10) LRU X X | U

(2) Data array access (both read and write accesses)
(a) Address specification
31 24 23 15 14 13 12 4 3 2 A
[ 11110001 | e | w | Entry address L 0

(b) Data specification

31

I Longword

*: Don’t care bit
X: 0 for read, don’t care for write

Figure6.5 Specifying Address and Data for Memory-M apped Cache Acct
(32 kbytes mode)
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MOV.L RO,@R1

Reading the Data of a Specific Entry: To read the datafield of a specific entry is enabl
memory-mapped cache access. The longword indicated in the data field of the data array
6.4 or 6.5 isread into the register. In the example shown below, RO specifies the address
shows what isread.

; RO=H'F100 004C; data array access, entry=B'00000100
; Way = 0, longword address = 3

l

MOV.L @RO,R1 ; Longword 3 is read.
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The X/Y memory islocated in the logical address space, physical address space, anc

and Y -bus address spaces.

In the logical address space, this memory islocated in the addresses shown in table”
addresses are included in space P2 (when SR.MD = 1) or Uxy (when SRMD =0 an
= 1) according to the CPU operating mode.

Table7.1 X/Y Memory Logical Addresses

Page

Memory Size (Total Four Pages)

16 kbytes

Page 0 of X memory

H’A5007000 to H'A5007FFF

Page 1 of X memory

H’A5008000 to H’A5008FFF

Page 0 of Y memory

H’A5017000 to H'A5017FFF

Page 1 of Y memory

H’A5018000 to H'A5018FFF

On the other hand, this memory islocated in a part of area 1 in the physical address spa
this memory is accessed from the physical address space, addresses in which the upper t
are 0 in addresses shown in table 7.1 are used. In the X-bus and Y -bus address spaces, &
which the upper 16 bits are ignored in addresses of X memory and Y memory shown in

are used.

e Ports

Each page has three independent read/write ports and is connected to each bus. The
is connected to the | bus, X bus, and L bus. The Y memory is connected to the | bus,
and L bus. The L busis used when this memory is accessed from the logical address
The busis used when this memory is accessed from the physical address space. Th
and Y bus are used when this memory is accessed from the X-bus and Y -bus addres
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hel Dus arter the 10giCal adaresses are converted 1o be the pnysiCal adaresses using the I\
long as a conflict on the page does not occur, access viathe L busis performed in one cy
Several cycles are necessary for accessing viathe | bus. According to the CPU operating
access from the CPU is asfollows:

Privileged mode and privileged DSP mode (SR. MD = 1): The X/Y memory can be ac
the CPU directly from space P2. The MMU can be used to map the logical addressesin s
and P3 to thismemory.

User DSP mode (SR.MD = 0 and SR.DSP = 1): The X/Y memory can be accessed by t
directly from space Uxy. The MMU can be used to map the logical addresses in space U(
memory.

User mode (SR.MD =0 and SR.DSP = 0): The MMU can be used to map the logical a
in space U0 to this memory.

722 Access from DSP
Methods for accessing from the DSP differ according to instructions.

With a X datatransfer instruction and aY datatransfer instruction, the X/Y memory isal
accessed viathe X busor Y bus. Aslong as a conflict on the page does not occur, access
busor Y busis performed in one cycle. The X memory access viathe X busand the Y m
accessviathe Y bus can be performed simultaneously.

In the case of asingle data transfer instruction, methods for accessing from the DSP are
viathe L busfrom the logical addresses, and viathe | bus after the logical addresses are
to be the physical addresses using the MMU. Aslong as a conflict on the page does not o
accessviathe L busis performed in one cycle. Severa cycles are necessary for accessing
bus. According to the CPU operating mode, access from the CPU is asfollows:
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physical address bus. Addresses in which the upper three bits are 0 in addresses shown i
must be used.

7.3 Usage Notes

731 Page Conflict

In the event of simultaneous accesses to the same page from different buses, the conflic
pages occurs. Although each access is completed correctly, this kind of conflict tends tc
X/IY memory accessibility. Thereforeit is advisable to provide software measures to pre
conflict as far as possible. For example, conflict will not arise if different memory or dif
pages are accessed by each bus.

7.3.2 BusConflict

Thel busis shared by several bus master modules. When the X/Y memory is accessed \
bus, a conflict between the other 1-bus master modules may occur on the | bus. Thiskin
conflict tendsto lower X/Y memory accessibility. Thereforeit is advisable to provide
measures to prevent such conflict as far as possible. For example, by accessing the X/Y
by the CPU not viathe | bus but directly from space P2 or Uxy, conflict on the | bus car
prevented.

7.33 MMU and Cache Settings

When the X/Y memory is accessed viathe | bus using the cache from the CPU and DSF
operation cannot be guaranteed. If the X/Y memory is accessed while the cache is enabl
(CCR1.CE =1), it is advisable to access the X/Y memory viathe L busfrom space P2 c
the X/Y memory is accessed from space PO, P3, or UQ, it is advisable to access the X/Y
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CCR1.CE MMUCR.AT PO, UO P1 P2, Uxy P3

0 0 B B A B
0 1 B B A B
1 0 X X A X
1 1 C X A C
[Legend] A: Accessible (recommended)

B: Accessible

C: Accessible (Note that MMU page attribute must be specified as cache d
by clearing the C bit to 0.)

X: Not Accessible

734 Sleep Maode

In sleep mode, | bus master modules such asthe DMAC and E-DMAC cannot access the
memory.

7.35 AddressError

If writing that may causes an address error is performed on the X/Y memory, the content
X/Y memory are not guaranteed.
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By setting the interrupt-priority registers, the priorities of on-chip peripheral module
interrupts can be selected from 16 levels for individual request sources.

o NMI noise canceler function

An NMI input-level bit indicates the NMI pin state. By reading this bit in the interru
exception service routine, the pin state can be checked, enabling it to be used asanc
canceler.

e [RQ interrupts can be set
Detection of low level, rising edge, falling edge, or high level
e Interrupt request signal can be externally output (IRQOUT pin)

The bus mastership can be requested by notifying the external bus master that the ex
interrupt and on-chip peripheral module interrupt requests have been generated.

8.1.1 Block Diagram

Figure 8.1 shows ablock diagram of the INTC.
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REF __ «Interrupt request) o :
H-UDI \(Interrupt request) . H
: i :
5 [ icRn | [ PRn | :
: :

' E )

: ® O |

H < \ Bus R =

: /| interface . 5

. . £
T  nterrupt controller

[Legend]

DMAC: Direct memory access controller

SCIF0/1: Serial communication interface with FIFO

E-DMAC: Direct memory access controller for ethernet controller
SIOF0/1: Serial I/0 with FIFO

TMU: Timer unit

RTC: Realtime clock unit

WDT: Watchdog timer

REF: Refresh request in bus state controller
H-UDI:  User-debugging interface
ICRn: Interrupt control registers 0, 1

IPRn: Interrupt priority registers A to |
IRRn: Interrupt request registers 0 to 5, 7 and 8
SR: Status register

Figure8.1 Block Diagram of INTC
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Bus mastership request output IRQOUT Output Notifies that an interrupt r
pin*? has generated

Notes: 1. The IRL3 to IRLO pins and the IRQ3 to IRQ0 cannot be used simultaneously
these pins are multiplexed with the IRQS to IRQO pins.

2. When the NMI or H-UDI interrupt requests are generated and the response ti
CPU is short, this pin may not be asserted.

8.3 Interrupt Sources

There are four types of interrupt sources: NMI, IRQ, IRL, and on-chip peripheral modul
interrupt has a priority level (0 to 16), with 1 the lowest and 16 the highest. Priority leve
an interrupt, so the interrupt request isignored.

831 NMI Interrupt

The NMI interrupt has the highest priority level of 16. When the BLMSK bit in the inte
control register 1 (ICRL1) isset to 1 or the BL bit in the status register (SR) is 0 and the
ICR1is0, NMI interrupts are accepted. NMI interrupts are edge-detected. In sleep or st
mode, the interrupt is accepted regardless of the BL setting. The NMI edge select bit (N
the interrupt control register 0 (ICRO) is used to select either rising or falling edge detec

When using edge-input detection for NMI interrupts, a pulse width of at least two Po cy
(peripheral clock) is necessary. NMI interrupt exception handling does not affect the int
mask level bits (13 to 10) in the status register (SR). When the BL bit is 1 and the BLM S
ICR1issetto 1, only the NMI interrupt is accepted.

It is possible to wake the chip up from sleep mode or standby mode with the NMI interr
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Edge input interrupt detection requires input of a pulse width of more than two cycles on
basis.

When using level-sensing for IRQ interrupts, the pin levels must be retained until the CP
samples the pins. Therefore, the interrupt source must be cleared by the interrupt handler

Theinterrupt mask bits (13 to 10) in the status register (SR) are not affected by IRQ interr
handling. IRQ interrupts can be used for recovering from standby when the correspondin
interrupt level is higher than that of bits13 to 10 in SR. (However, only when the RTC is
recovering from standby by using the clock for the RTC is enabled.)

8.3.3 IRL Interrupts

IRL interrupts are input by the IRL3 to IRLO pins as level. The priority level is the highe
that isindicated by the IRL3 to IRLO pins. When the values of the IRL3 to IRLO pins are
(B"0000), the highest level interrupt request (interrupt priority level 15) isindicated. Whe
values of the pinsare 15 (B’1111), no interrupt is requested (interrupt priority level 0). Fi
shows an example of connection for an IRL interrupt. Table 8.3 lists the IRL pins and int
level.

IRL interrupts are included with a noise canceler function and detected when the sampl e
each peripheral module clock keep the same value for 2 cycles. This prevents sampling e
in IRL pin changing. In standby mode, a noise canceler is handled by the RTC clock (32
because the peripheral module clocks are halted. Therefore, when the RTC is not used, re
from standby by IRL interrupts cannot be executed in standby mode.

The priority level of IRL interrupts should be kept until an interrupt is accepted and its he
started. However, changing to higher level is enabled.
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Figure8.2 Exampleof IRL Interrupt Connection

834 On-Chip Peripheral Module Interrupts

On-chip peripheral module interrupts are generated by the following 14 modules:

Direct memory access controller (DMAC)

Serial communication interface with FIFO (SCIFO and SCIF1)
Direct memory access controller for ethernet controller (E-DMAC)
(includes an EtherC interrupt)

Seria 1/0 with FIFO (SIOF0 and SIOF1)

Timer unit (TMUO to TMU2)

Realtime clock (RTC)

Watchdog timer (WDT)

Bus state controller (BSC)

User-debugging interface (H-UDI)

Not every interrupt source is assigned a different interrupt vector. Sources are reflected
interrupt event registers (INTEVT and INTEVT2). It is easy to identify sources by using
of INTEVT or INTEV T2 as abranch offset.

A priority level (from 0 to 15) can be set for each module except the H-UDI by writing 1
interrupt priority registers A, B, and Eto | (IPRA, IPRB, and IPRE to IPRI). The priorit
the H-UDI interrupt is 15 (fixed).
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order of interrupt priority.

Each interrupt source is assigned a unique code by INTEVT or INTEVTZ2. The start addr
interrupt service routine is common for each interrupt source. Thisiswhy, for instance, tl
of INTEVT or INTEVT2 isused as an offset at the start of the interrupt service routine a
branched to in order to identify the interrupt source.

IRQ interrupt and on-chip peripheral module interrupt priorities can be set freely betweer
for each module by setting interrupt priority registers A to | (IPRA to IPRI). A reset assic
priority level 0 to IRQ and on-chip peripheral module interrupts.

If the same priority level is assigned to two or more interrupt sources and interrupts from
sources occur simultaneously, their priority order isthe default priority order indicated at
intables 8.2 and 8.3.

Table8.2 Interrupt Exception Handling Sourcesand Priority (IRQ Mode)

Interrupt Priority
Priority IPR within IPR
Interrupt Source Interrupt Code*' (Initial Value) (Bit Numbers) Setting Unit
NMI H1C0*? 16 — —
H-UDI H’5E0** 15 — —
IRQ IRQO H’600*° 0to 15 (0) IPRC (3to0) —
IRQ1 H'620*° 0to 15 (0) IPRC (7t0o4) —
IRQ2 H'640*° 0to 15 (0) IPRC (11t0 8) —
IRQ3 H'660*° 0to 15 (0) IPRC (15t0 12) —
IRQ4 H’680*° 0to 15 (0) IPRD (3to0) —
IRQ5 H'6A0*° 0to 15 (0) IPRD (7to4) —

Rev. 1.00 Dec. 27, 2005 Page 240 of 932
REJ09B0269-0100 RENESAS



TXIO H’8E0** Low
SCIF1  ERI1 H'900*° 0to 15 (0) IPRE (7to4) High

RXI1 H'920*°

BRI H'940*°

TXI H'960* Low
DMAC DEl4 H'B80** 0to 15 (0) IPRF (11t08) High
@ DEI5 H'BAO*® Low
E-DMAC EINTO H'C00** 0to 15 (0) IPRG (15 to 12) —

EINT1 H'C20*° 0to 15 (0) IPRG (11t0 8) —

EINT2 H'C40*° 0to 15 (0) IPRG (7to 4) —
SIOF0  ERIO H’E00** 0to 15 (0) IPRH (3to 0)  High

TXIO H'E20*°

RXI0 H'E40*°

CcClo H’E60*® Low
SIOF1  ERI H’E80*° 0to 15 (0) IPRI(7to4)  High

TXH H’EAO*®

RXI1 HECO**

cci H'EEO*® Low
TMUO  TUNIO H’400%> 0to 15 (0) IPRA (15 to 12) —
TMU1  TUNH H’420* 0to 15 (0) IPRA (11t08) —
TMU2  TUNI2 H’440%> 0to 15 (0) IPRA (7to4) —
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3. The code that indicates the interrupt level (H’200 to H’3CO0) is set in INTEVT. F
on correspondence between the interrupt level and INTEVT, see table 8.4.
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11 Vv

IRL[3:0] = B'0100 H'280*° 1 — —
IRL[3:0] = B'0101 H"2A0*° 10 — —
IRL[3:0] = B'0110 H2C0** 9 — —
IRL[3:0] = B'0111 H'2E0*° 8 — —
IRL[3:0] = B"1000 H’300*° 7 — —
IRL[3:0] = B'1001 H’320*° 6 — —
IRL[3:0] = B'1010 H’340*° 5 — —
IRL[3:0] = B'1011 H’360*° 4 — —
IRL[3:0] = B'1100 H’380*° 3 — —
IRL[3:0] = B"1101 H’3A0*° 2 — —
IRL[3:0] = B1110 H’3C0*° 1 — —
IRQ IRQ4 H'680*° 0to 15 (0) IPRD (3to 0) —
IRQ5 H'6A0*° 0to 15 (0) IPRD (7to 4) —
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TXI0 H’8E0*® Low
SCIF1  ERN H'900*° 0t015(0) IPRE(7to4) High

RXI1 H’920*°

BRI H’940%° I

TXH H’960*° Low
DMAC DEl4 H'B80*® 0to15(0) IPRF(11t08) High
@ DEI5 H'BAO* Low
E-DMAC EINTO H'C00*° 0t015(0)  IPRG (15t0 12) —

EINT1 H'C20*° 0to15(0) IPRG (11t08) —

EINT2 H'C40%° 0t015(0) IPRG (7to4) —
SIOF0  ERIO H'E00*® 0t015(0) IPRH(3to0) High

TXIO H’E20*°

RXI0 H'E40*° I

CCIo H E60*° Low
SIOF1  ERH H'E80*° 0t015(0) IPRI(7to4)  High

TXI1 H’EA0*®

RXI1 H’ECO*® I

CCi1 H'EEO*® Low
TMUO  TUNIO H'400%> 0t015(0)  IPRA (1510 12) —
TMU1  TUNH H420** 0t015(0) IPRA(11t08) —
TMU2  TUNI2 H'440** 0t0o15(0) IPRA(7to4) —
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3. The code that indicates the interrupt level (H'200 to H’3CO0) is set in INTEVT.
on correspondence between the interrupt level and INTEVT, see table 8.4.

Table8.4 Interrupt Level and INTEVT Code

Interrupt Level INTEVT Code
15 H’200
14 H’220
13 H240
12 H260
11 H’280
10 H'2A0
9 H2C0
8 H"2E0
7 H’300
6 H’320
5 H’340
4 H’360
3 H’380
2 H’3A0
1 H’3C0
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e Interrupt priority register D (IPRD)
e Interrupt priority register E (IPRE)
e Interrupt priority register F (IPRF)
e Interrupt priority register G (IPRG)
e Interrupt priority register H (IPRH)
e Interrupt priority register | (IPRI)
o Interrupt request register 0 (IRRO)
e Interrupt request register 1 (IRR1)
e Interrupt request register 2 (IRR2)
o Interrupt request register 3 (IRR3)
o Interrupt request register 4 (IRR4)
o Interrupt request register 5 (IRR5)
e Interrupt request register 7 (IRR7)
o Interrupt request register 8 (IRR8)

84.1 Interrupt Priority RegistersA tol (IPRA to IPRI)

IPRA to IPRI are 16-hit readable/writable registers in which priority levels from 0 to 15 ¢
on-chip peripheral module and IRQ interrupts. These registers are initialized to H'0000 by
power-on reset or manual reset, but are not initialized in standby mode.
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r - v FPVvy
6 — 0 R/W
5 — 0 R/W
4 — 0 R/W
3 — 0 R/W
2 — 0 R/W
1 — 0 R/W
0 — 0 R/W

Table85 Interrupt Sourcesand IPRA to IPRI

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3 t
IPRA TMUO TMU1 TMU2 RTC
IPRB WDT REF Reserved* Reserve
IPRC IRQ3 IRQ2 IRQ1 IRQO
IPRD Reserved* Reserved* IRQ5 IRQ4
IPRE DMAC (1) SCIFO SCIF1 Reserve
IPRF Reserved* DMAC (2) Reserved* Reserve
IPRG E-DMAC (1) E-DMAC (2) E-DMAC (3) Reserve
IPRH Reserved* Reserved* Reserved* SIOFO0
IPRI Reserved* Reserved* SIOF1 Reserve

Note: * Always read as 0. The write value should always be 0.
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Bit Bit Name Initial Value R/W Description
15 NMIL 0/1* R NMI Input Level
Sets the level of the signal input at the |
This bit can be read from to determine t
pin level. This bit cannot be modified.
0 : NMl input level is low
1 : NMlI input level is high
14 — 0 R Reserved
13 — 0 R These bits are always read as 0. The w
12 . 0 R should always be 0.
11 — 0 R
10 — 0 R
9 — 0 R
8 NMIE 0 R/W NMI Edge Select
Selects whether the falling or rising edg
interrupt request signal at the NMI pin i
detected.
0 : Interrupt request is detected on fallir
of NMI pin input
1 : Interrupt request is detected on risin
NMI pin input
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84.3 Interrupt Control Register 1 (ICR1)

ICR1 is a 16-bit register that specifies the detection mode for external interrupt input pit
IRQ5 individually: rising edge, falling edge, high level, or low level. Thisregister isinif
H’4000 by a power-on reset or manual reset, but is not initialized in standby mode.

Bit Bit Name Initial Value R/W Description
15 MAI 0 R/W All Interrupt Mask

When this bit is set to 1, all interrupt re
are masked while low level is input to |
pin. In standby mode, an NMI interrupf
masked.

0: When the NMI pin is low, all interruy
are not masked

1: When the NMI pin is low, all interrug
are masked

14 IRQLVL 1 R/W Interrupt Request Level Detection

Enables or disables the use of pins IR

IRQO as four independent interrupt pir

IRQ4 and IRQ5 pins are not affected.

0 : Use of pins IRQ3 to IRQO as four
independent interrupt pins enabled

1: Use of pins IRL3 to IRLO as encodk
interrupt pins
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should always be 0.

11 IRQ51S 0 R/W IRQN Sense Select
10 IRQ50S 0 R/W These bits select whether interrupt requ
9 IRQ41S 0 R/W signals corresponding to pins IRQ5 to |
detected by a rising edge, falling edge,
8 IRQ40S 0 R/W level, or low level.
7 IRQ31S 0 R/W Bit 2n+1 Bit2n
6 IRQ30S 0 RW " “Iran1s IRQnOS
5 IRG21S 0 RIW 0 0 Interrupt request
4 IRQ20S 0 R/W detected on fallir
3 IRQ11S 0 R/W edge of IRQn inf
2 IRQ10S 0 R/W 0 1 Interrupt request
detected on risin
1 IRQO1S 0 R/W of IRQn input
0 IRQO0S 0 R/W
1 0 Interrupt request
detected on low |
IRQnN input
1 1 Interrupt request
detected on high
of IRQn input
Legend n=0to 5
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v nmMuionmn v mn/vy MW mciiupt Ncyucotl

4 IRQ4R 0 R/W Indicates whether there is interrupt rec

3 IRQ3R 0 R/W to the IRQn pin. When edge-detegtion
set for IRQnN, an interrupt request is cle

2 IRQ2R 0 R/W writing 0 to the IRQnNR bit after reading

1 IRQ1R 0 R/W 1.

0 IRQOR 0 R/W When level-detection mode is set for |
interrupt request is set/cleared by only
to the IRQn pin.

IRQNR
0: No interrupt request input to IRQn p
1: Interrupt request input to IRQnN pin
Legend:n=0to 5

845 Interrupt Request Register 1 (IRR1)

IRR1 is an 8-bit register that indicates whether interrupt requests from the DMAC and t
are generated. Thisregister isinitialized to H'00 by a power-on reset or manual reset, bt

initialized in standby mode.

Bit Bit Name Initial Value

R/W

Description

7 TXIOR 0

R

TXIO Interrupt Request

Indicates whether the TXI0 (SCIFO0) in
request is generated.

0: TXIO interrupt request is not genera
1: TXIO interrupt request is generated

RENESAS
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1: RXIO0 interrupt request is generated

ERIO Interrupt Request

Indicates whether the ERIO (SCIFO) inte
request is generated.

0: ERIO interrupt request is not generat
1: ERIO interrupt request is generated

DEI3 Interrupt Request

Indicates whether the DEI3 (DMAC) int
request is generated.

0: DEIS interrupt request is not generat
1: DEI3 interrupt request is generated

DEI2 Interrupt Request

Indicates whether the DEI2 (DMAC) int
request is generated.

0: DEI2 interrupt request is not generat
1: DEI2 interrupt request is generated

DEI1 Interrupt Request

Indicates whether the DEI1 (DMAC) int
request is generated.

0: DEI1 interrupt request is not generat
1: DEI1 interrupt request is generated

4 ERIOR 0
3 DEI3R 0
2 DEI2R 0
1 DEIMR 0
0 DEIOR 0

DEIO Interrupt Request

Indicates whether the DEIO (DMAC) int:
request is generated.

0: DEIO interrupt request is not generat
1: DEIO interrupt request is generated
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Indicates whether the TXI1 (SCIF1) in
request is generated.

0: TXI1 interrupt request is not genera
1: TXI1 interrupt request is generated

BRI1R

0

BRI1 Interrupt Request

Indicates whether the BRI1 (SCIF1) in
request is generated.

0: BRI interrupt request is not genera
1: BRI interrupt request is generated

RXIMR

0

RXI1 Interrupt Request

Indicates whether the RXI1 (SCIF1) in
request is generated.

0: RXI1 interrupt request is not genera
1: RXI1 interrupt request is generated

ERIMR

0

ERI1 Interrupt Request

Indicates whether the ERI1 (SCIF1) in
request is generated.

0: ERI1 interrupt request is not genera
1: ERI1 interrupt request is generated
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4 wulin v

LU TICTTupt NMTyucotl

Indicates whether the CUI (RTC) interrt
request is generated.

0: CUl interrupt request is not generate
1: CUl interrupt request is generated

1 PRIR 0

PRI Interrupt Request

Indicates whether the PRI (RTC) interrc
request is generated.

0: PRI interrupt request is not generate
1: PRI interrupt request is generated

0 ATIR 0

ATI Interrupt Request

Indicates whether the ATI (RTC) interru
request is generated.

0: ATl interrupt request is not generatec
1: ATl interrupt request is generated
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TUNIZ ITICITupt Mcyucol

Indicates whether the TUNI2 (TMU2) i
request is generated.

0: TUNI2 interrupt request is not gene
1: TUNI2 interrupt request is generate

TUNIR

TUNI Interrupt Request

Indicates whether the TUNI1 (TMU1) i
request is generated.

0: TUNI interrupt request is not genel
1: TUNI1 interrupt request is generate

TUNIOR

TUNIO Interrupt Request

Indicates whether the TUNIO (TMUO) i
request is generated.

0: TUNIO interrupt request is not genel
1: TUNIO interrupt request is generate

ITIR

ITI Interrupt Request

Indicates whether the ITI (WDT) interr
request is generated.

0: ITl interrupt request is not generate
1: ITl interrupt request is generated

Reserved

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

Rev. 1.00 Dec. 27, 2005 Pag

RENESAS REJOS



A

D i R B e T

are generated. Thisregister isinitialized to H'00 by a power-on reset or manual reset, but

initialized in standby mode.

Bit Bit Name Initial Value R/W Description
7 — 0 R Reserved
6 — 0 R These bits are always read as 0. The w
should always be 0.
5 DEI5SR 0 R DEI5 Interrupt Request
Indicates whether the DEI5 (DMAC) int:
request is generated.
0: DEI5 interrupt request is not generat
1: DEI5 interrupt request is generated
4 DEI4R 0 R DEI4 Interrupt Request
Indicates whether the DEI4 (DMAC) int:
request is generated.
0: DEI4 interrupt request is not generat
1: DEI4 interrupt request is generated
3 — 0 R Reserved
This bit is always read as 0. The write v
should always be 0.
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1: EINT1 interrupt request is generate
0 EINTOR 0 R EINTO Interrupt Request

Indicates whether the EINTO (E-DMAC
request is generated.

0: EINTO interrupt request is not gener
1: EINTO interrupt request is generate

84.10 Interrupt Request Register 7 (IRR7)

IRR7 is an 8-bit register that indicates whether an interrupt request from the SIOFOQ is g
Thisregister isinitialized to H'00 by a power-on reset or manual reset, but is not initiali:
standby mode.

Bit Bit Name Initial Value R/W Description
7 CCIOR 0 R CCIO Interrupt Request

Indicates whether the CCI0 (SIOFQ) in
request is generated.

0: CCIO0 interrupt request is not genera
1: CCIO interrupt request is generated
6 RXIOR 0 R RXIO0 Interrupt Request

Indicates whether the RXI0 (SIOFO0) in
request is generated.

0: RXIO interrupt request is not genera
1: RXIO0 interrupt request is generated
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1: ERIO interrupt request is generated

3to0 — AllO

Reserved

These bits are always read as 0. The w
should always be 0.

84.11 Interrupt Request Register 8 (IRR8)

IRR8 is an 8-hit register that indicates whether interrupt requests from the SIOF1 are gen
Thisregister isinitialized to H'00 by a power-on reset or manual reset, but is not initializ

Description

CCI1 Interrupt Request

Indicates whether the CCI1 (SIOF1) int
request is generated.

0: CCI1 interrupt request is not generat
1: CCH1 interrupt request is generated

standby mode.

Bit Bit Name Initial Value
7 CCHR 0

6 RXHR 0

RXI1 Interrupt Request

Indicates whether the RXI1 (SIOF1) inte
request is generated.

0: RXI1 interrupt request is not generat
1: RXI1 interrupt request is generated
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1: ERI1 interrupt request is generated

3to0 — AllO R Reserved

These bits are always read as 0. The \
should always be 0.
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priority interrupts are neta penaing. 1T two of these Interrupts nave the same priority 1
multiple interrupts occur within asingle module, the interrupt with the highest priorit
selected, according to tables 8.2 and 8.3, Interrupt Exception Handling Sources and P
The priority level of the interrupt selected by the interrupt controller is compared witt
interrupt mask bits (13 to 10) in the status register (SR) of the CPU. If the request prio
is higher than the level in bits I3 to 10, the interrupt controller accepts the interrupt an
an interrupt request signal to the CPU.

Detection timing: The INTC operates, and notifies the CPU of interrupt requests, in
synchronization with the periphera clock (Pd). The CPU receives an interrupt at a bre
instructions.

The interrupt source code is set in the interrupt event registers INTEVT and INTEVT
The status register (SR) and program counter (PC) are saved to SSR and SPC, respect
The block bit (BL), mode bit (MD), and register bank bit (RB) in SR are set to 1.
The CPU jumps to the start address of the interrupt handler (the sum of the value set i
vector base register (VBR) and H'00000600). This jump is not adelayed branch. The
handler may branch with INTEVT or INTEV T2 value asits offset in order to identify
interrupt source. This enablesit to branch to the handling routine for the individual in
source.

Notes: 1. Theinterrupt mask bits (I3 to 10) in the status register (SR) are not changed by

acceptance of an interrupt in thisLSl.

2. Theinterrupt source flag should be cleared in the interrupt handler. To ensure
interrupt request that should have been cleared is not inadvertently accepted a
the interrupt source flag after it has been cleared, and then clear the BL bit or
an RTE instruction.
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No SR.BL=0

or sleep mode?

Level 15
interrupt?

No

Level 14
interrupt?

Y

13 to 10 level
14 or lower?

Set interrupt source in
INTEVT, INTEVT2

Level 1
interrupt?

Y

13 to 10 level

Save SR to SSR; -
save PC to SPC

13 or lower?

[} No

I3to 10

Set BLUMD/RB i R
bit in SR to 1

level 0?

Y

Branch to exception
handler

13 to 10: Interrupt mask bits in status register (SR)

Figure8.3 Interrupt Operation Flowchart
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o. Handlethe interrupt.
6. Execute the RTE instruction.

When these procedures are followed in order, an interrupt of higher priority than the one
handled can be accepted after clearing the BL bit in step 4. See figure 8.3 on asample int
operation flowchart.
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1he UBC hasthertollowing Teatures:

1.

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 sequentia condition on che
and B (sequential break setting: channel A and then channel B match with break cor
but not in the same bus cycle).

Address

Compares 40 hits configured of the ASID and addresses 32 hits: the ASID can be se
either all-bit comparison or all-bit mask. Comparison bits are maskable in 1-bit units
mask addresses at lower 12 hits (4-k page), lower 10 bits (1-k page), or any size of

One of the four address buses (logic address bus (LAB), internal address bus (IAB),
X-memory address bus (XAB), and Y-memory address bus (Y AB)) can be selected.
Data

Only on channel B, 32-bit maskable.

One of the four data buses (L-bus data (LDB), I-bus data (IDB), X-memory data bus
and Y -memory data bus (Y DB)) can be selected.

Buscycle

Instruction fetch or data access

Read/write

Operand size

Byte, word, and longword

A user-designed user-break condition exception processing routine can be run.
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<—| Channel A |

Access

\

comparator EEGE

: Address BARB
= | comparator _BAMRB
»| ASD <_| BASRB |<—.
comparator
Data BDRB
| comparator _BDMRB
- Channel B :' BETR |. »
_ BRSR
»1 PC trace
> BRDR
\ \ \ »| CONTROL BRCR
\
LDB/IDB/ I—»U break t
XDENDS CPU state ser break reques
signals

] UBC Location [__] CCN Location

[Legend]

BBRA: Break bus cycle register A BASRB: Break ASID register B
BARA: Break address register A BDRB: Break data register B
BAMRA: Break address mask register A BDMRB: Break data mask register
BASRA: Break ASID register A BETR: Execution times break reg
BBRB: Break bus cycle register B BRSR: Branch source register
BARB: Break address register B BRDR: Branch destination registe
BAMRB: Break address mask register B BRCR: Break control register

Figure9.1 Block Diagram of User Break Controller
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e Break buscycleregister B (BBRB)

o Break dataregister 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)

e Break ASID register A (BASRA)

e Break ASID register B (BASRB)

921 Break Address Register A (BARA)

BARA isa32-bit readable/writable register. BARA specifies the address used as a break
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 me
is not included in the break condition

Note: n=311t00

9.23 Break Bus Cycle Register A (BBRA)

BBRA isa16-bit readable/writable register, which specifies (1) L bus cycle or | bus cyc
instruction fetch or data access, (3) read or write, and (4) operand size in the break cond

channel A.
Initial
Bit Bit Name Value R/W  Description
1508 — All O R Reserved
These bits are always read as 0. The write v
should 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 b

the 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
RWAO

O

R/W
R/W

Reaad/Write select A

Select the read cycle or write cycle as the bus
the 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 wi

SZA1
0 SZAO

o O

R/W
R/W

Operand Size Select A

Select the operand size of the bus cycle for th
channel A break condition.

00: The break condition does not include oper
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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If the | bus or L bus is selected in BBRB, an IAB
address is set in BAB31 to BABO.

If the X memory is selected in BBRB, the values
to 1in XAB are set in BAB31 to BAB17. In this c
values in BAB16 to BABO are arbitrary.

If the Y memory is selected in BBRB, the values
to 1in YAB are set in BAB15 to BABH1. In this ca
values in BAB31 to BAB16, and BABO are arbitr

Table9.1 Specifying Break Address Register

Bus Selection in

BBRB BAB31to BAB17 BAB16 BAB15to BAB1 B/
L bus LAB31 to LABO
| bus IAB31 to IABO
X bus XAB15 to XAB1 Don't care Don't care Dc
Y bus Don't care Don't care YAB15 to YAB1 Dc
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break condition

1: Break address BABN of channel B is maske
not included in the break condition

Note:n=311t00

9.2.6 Break Data Register B (BDRB)

BDRB is a 32-bit readable/writable register. The control bits CDB1, CDBO, XYE, and X
BBRB select one of the four data buses for break condition B.

Initial
Bit Bit Name  Value R/W  Description
31t00 BDB31 to AllO R/W  Break Data Bit B

BDBO

Stores data which specifies a break condition il
B.

If the | bus is selected in BBRB, the break data
is set in BDB31 to BDBO.

If the L bus is selected in BBRB, the break date
is set in BDB31 to BDBO.

If the X memory is selected in BBRB, the break
bits 15 to 0 in XDB is set in BDB31 to BDB16. |
case, the values in BDB15 to BDBO are arbitra

If the Y memory is selected in BBRB, the break
bits 15to 0 in YDB are set in BDB15 to BDBO.
case, the values in BDB31 to BDB16 are arbitr
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3. Set the data in bits 31 to 16 when including the value of the data bus as an |
break condition for the MOVS.W @-As,Ds, MOVS.W @As,Ds, MOVS.W @,
MOVS.W @ As+Ix,Ds instruction.

9.2.7 Break Data Mask Register B (BDMRB)

BDMRB is a 32-hit readable/writable register. BDMRB specifies bits masked in the bre
specified by BDRB.

Initial
Bit Bit Name Value R/W  Description
31to0 BDMB31to AlO R/W  Break Data Mask B

BDMB 0 Specifies bits masked in the break data of ch

specified by BDRB (BDB31 to BDBO).

0: Break data BDBn of channel B is included
break condition

1: Break data BDBn of channel B is masked :
included in the break condition
Note: n=311t00
Notes: 1. Specify an operand size when including the value of the data bus in the breal

2.  When the byte size is selected as a break condition, the same byte data mu
bits 15 to 8 and 7 to 0 in BDRB as the break mask data in BDMRB.

3. Set the mask data in bits 31 to 16 when including the value of the data bus
bus break condition for the MOVS.W @-As,Ds, MOVS.W @As,Ds, MOVS.V
@As+,Ds, or MOVS.W @ As+Ix,Ds instruction.
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9 XYE

R/W

Selects the X memory bus or Y memory bus a
channel B break condition. Note that this bit se
enabled only when the L bus is selected with tl
and CDBO bits. Selection between the X memc
and Y memory bus is done by the XYS bit.

0: Selects L bus for the channel B break condi

1: Selects X/Y memory bus for the channel B |
condition

8 XYS

RW

Selects the X bus or the Y bus as the bus of th
channel B break condition.

0: Selects the X bus for the channel B break c
1: Selects the Y bus for the channel B break c

CDBH1
CDBO

o o

R/W
R/W

L Bus Cycle/l Bus Cycle Select B

Select the L bus cycle or | bus cycle as the bus
the channel B 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

Rev. 1.00 Dec. 27, 2005 Page 272 of 932

REJ09B0269-0100

RENESAS



RVWD1
RWBO0

o

R/W
R/W

neaa/Write select b

Select the read cycle or write cycle as the bu:
the 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 w

SZB1
SZB0

o O

R/W
R/W

Operand Size Select B

Select the operand size of the bus cycle for
B break condition.

00: The break condition does not include ope
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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o. Enable PC trace.
6. Enable ASID check.

BRCR is a 32-bit readable/writable register that has break conditions match flags and bit:

setting avariety of break conditions.

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 BASMA 0 R/W  Break ASID Mask A
Specifies whether bits in channel A break ASID?
ASIDO (BASA7 to BASAOQ) which are set in BAS
masked or not.
0: All BASRA bits are included in the break conc
and the ASID is checked
1: All BASRA bits are not included in the break
conditions and the ASID is not checked
20 BASMB 0 R/W  Break ASID Mask B

Specifies whether bits in channel B break ASID?
ASIDO (BASB7 to BASBO0) which are set in BAS
masked or not.

0: All BASRB bits are included in the break conc
and the ASID is checked

1: All BASRB bits are not included in the break c
and the ASID is not checked
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match
1: The L bus cycle condition for channel A mat

14

SCMFCB 0

R/W

L Bus Cycle Condition Match Flag B

When the L bus cycle condition in the break co

set for channel B is satisfied, this flag is set to

cleared to 0). In order to clear this flag, write 0

bit.

0: The L bus cycle condition for channel B doe
match

1: The L bus cycle condition for channel B mat

13

SCMFDA 0

R/W

| Bus Cycle Condition Match Flag A

When the | bus cycle condition in the break col

set for channel A is satisfied, this flag is set to

cleared to 0). In order to clear this flag, write O

bit.

0: The | bus cycle condition for channel A does
match

1: The | bus cycle condition for channel A matc

12

SCMFDB 0

R/W

| Bus Cycle Condition Match Flag B

When the | bus cycle condition in the break cor
set for channel B is satisfied, this flag is set to
cleared to 0). In order to clear this flag, write 0
bit.

0: The | bus cycle condition for channel B does
1: The | bus cycle condition for channel B matc
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1: PC Pbreak of channel A IS set arter instructior
execution

— R Reserved
— R These bits are always read as 0. The write valt
always be 0.
7 DBEB 0 R/W  Data Break Enable B
Selects whether or not the data bus condition i
included in the break condition of channel B.
0: No data bus condition is included in the conc
channel B
1: The data bus condition is included in the cor
channel B
6 PCBB 0 R/W  PC Break Select B
Selects the break timing of the instruction fetch
channel B as before or after instruction executi
0: PC break of channel B is set before instructi
execution
1: PC break of channel B is set after instructior
execution
5 — R Reserved
— R These bits are always read as 0. The write valt

always be 0.
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always be 0.

ETBE 0 R/W Number of Execution Times Break Enable

Enables the execution-times break condition ol
channel B. If this bit is 1 (break enable), a user
issued when the number of break conditions m
with the number of execution times that is spec
BETR.

0: The execution-times break condition is disal
channel B

1: The execution-times break condition is enab
channel B
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always be 0.

11to 0 BET11 to

BETO

R/W Number of Execution Times

Note: When the instruction fetch cycle is specified as the break condition of the channel
break condition is triggerd by the following instructions, the BETR is decrimented &
following value (not by one).

Instruction

Decrement value

Instruction

Decremel

RTE

DMULS.L Rm,Rn
DMULU.L Rm,Rn

MAC.L @BRm+,@Rn
MAC.W @Rm+,@Rn
MUL.L Rm,Rn

AND.B #imm, @ (R0,GBR)
OR.B #imm, @ (R0,GBR)
TAS.B @Rn

TST.B #imm, @ (R0,GBR)
XOR.B #imm, @ (R0,GBR)
LDC Rm,SR

APAPAPAPPRPPRPPRPPAPPRAPRAPRAPRPPLOOWWWWWONDNONN A

LDC.L @Rm+,SR
LDC.L @Rm+,GBR
LDC.L @Rm+,VBR
LDC.L @Rm+,SSR
LDC.L @Rm+,SPC
LDC.L @Rm+,R0_BANK
LDC.L @Rm+,R1_BANK
LDC.L @Rm+,R2_BANK
LDC.L @Rm+,R3_BANK
LDC.L @Rm+,R4_BANK
LDC.L @Rm+,R5_BANK
LDC.L @Rm+,R6_BANK

MNNARRADRMRADIMDRADMDRADMDMDMDMDMDMDMDMDMDO

LDC Rm.GBR LDC.L @Rm+R7_BANK
LDC Rm.VBR LDC.L @Rn+,MOD
LDC Rm.SSR LDC.L @Rn+ RS
LDC Rm.SPC LDC.L @Rn+ RE
LDC Rm.RO_BANK LDC Rn,MOD

LDC Rm.R1_BANK LDC Rn.RS

LDC Rm.R2_BANK LDC Rn.RE

LDC Rm.R3_BANK BSR label

LDC Rm.R4_BANK BSRF Rm

LDC Rm.R5_BANK JSR @Rm

LDC Rm.R6_BANK

LDC Rm.R7_BANK
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Indicates whether the branch source addre:
stored. When a branch source address is fe
flag is set to 1. This flag is cleared to 0 by r
from BRSR.

0: The value of BRSR register is invalid
1: The value of BRSR register is valid

30to28 — All O R Reserved
These bits are always read as 0. The write
should always be 0.
27100 BSA27to — R Branch Source Address
BSAO

Store bits 27 to 0 of the branch source addi
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Indicates whether a branch destination addre:
stored. When a branch destination address is
this flag is set to 1. This flag is cleared to 0 by
BRDR.

0: The value of BRDR register is invalid
1: The value of BRDR register is valid
30to28 — AllO R Reserved

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

27t00 BDA27to0 — R Branch Destination Address
BDAO Store bits 27 to 0 of the branch destination ac

9213 Break ASID Register A (BASRA)

BASRA is an 8-bit readable/writable register that specifies ASID which becomes the bre
condition for channel A. BASRA isin CCN.

Initial
Bit Bit Name Value R/W Description
7to0 BASA7to — R/W Break ASID A
BASAO Store ASID (bits 7 to 0) which is the break condit

channel A.
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9.3 Operation

931 Flow of the User Break Operation

The flow from setting of break conditionsto user break exception processing is describe

1.

The break addresses and corresponding ASID are set in the break address registers (
BARB) and break ASID registers (BASRA or BASRB in CCN). The masked addres
in the break address mask registers (BAMRA or BAMRB). The break dataissetin
dataregister (BDRB). The masked datais set in the break data mask register (BDMF
bus bresk conditions are set in the break bus cycle registers (BBRA or BBRB). Thre
of BBRA or BBRB (L bus cycle/l bus cycle sdlect, instruction fetch/data access sele
read/write select) are each set. No user break will be generated if even one of these
set with 00. The respective conditions are set in the bits of the break control register
Make sure to set all registers related to breaks before setting BBRA or BBRB.
When the break conditions are satisfied, the UBC sends a user break request to the C
sets the L bus condition match flag (SCMFCA or SCMFCB) and the | bus condition
flag (SCMFDA or SCMFDB) for the appropriate channel. When the X/Y memory b
specified for channel B, SCMFCB is used for the condition match flag.

The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCMF
be used to check if the set conditions match or not. The matching of the conditions s
but they are not reset. 0 must first be written to them before they can be used again.
There isachance that the break set in channel A and the break set in channel B occu
the same time. In this case, there will be only one break request to the CPU, but thes
break channel match flags could be both set.

When selecting the | bus as the break condition, note the following:
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addresses are not to be cached, they are issued in longwords and their addresses a
rounded to match longword boundaries.

— If alogical addressissued on the L bus by the CPU is an address to be cached and
miss occurs, its bus cycleisissued as a cachefill cycle onthel bus. In this case, if
in longwords and its address is rounded to match longword boundaries. However
cachefill is not performed for awrite missin write through mode. In this case, the
cycle isissued with the data size specified on the L bus and its address is not roun
write back mode, awrite back cycle may beissued in addition to aread fill cycle.
longword bus cycle whose address is rounded to match longword boundaries.

— | bus cycles (including read fill cycles) resulting from instruction fetches on the L
the CPU are defined as instruction fetch cycles on the | bus, while other bus cycle
defined as data access cycles.

— The DMAC and E-DMAC only issues data access cycles for | bus cycles.

— If abreak condition is specified for the | bus, even when the condition matchesin
cycle resulting from an instruction executed by the CPU, at which instruction the |
to be accepted cannot be clearly defined.

6. While the block bit (BL) in the CPU status register (SR) is set to 1, no breaks can be ¢

However, condition determination will be carried out, and if the condition matches, tf

corresponding condition match flagisset to 1.
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be executed). When this kind of break is set for the delay slot of a delayed branch in
the break is generated prior to execution of the delayed branch instruction.

Note: If abranch does not occur at adelay condition branch instruction, the subsex
instruction is not recognized as a delay dlot.

When the condition is specified to be occurred after execution, the instruction set wi
break condition is executed and then the break is generated prior to the execution of
instruction. Aswith pre-execution breaks, this cannot be used with overrun fetch ins
When thiskind of break is set for a delayed branch instruction and its delay slot, ab
generated until the first instruction at the branch destination.

When an instruction fetch cycleis set for channel B, the break data register B (BDR
ignored. Therefore, break data cannot be set for the break of the instruction fetch cy«
If thel busis set for abreak of an instruction fetch cycle, the condition is determine

instruction fetch cycles on the | bus. For details, see 5in section 9.3.1, Flow of the L
Operation.

9.3.3 Break on Data Access Cycle

1

If the L busis specified as abreak condition for data access break, condition compa
performed for the logical addresses (and data) accessed by the executed instructions
break occursif the condition is satisfied. If the | busis specified as a break conditior
comparison is performed for the physical addresses (and data) of the data access cyc
issued on the | bus by all bus masters including the CPU, and a break occursif the c
satisfied. For details on the CPU bus cyclesissued on the | bus, see 5 in section 9.3.
the User Break Operation.

The relationship between the data access cycle address and the comparison conditiol
operand sizeislisted in table 9.3.
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Longword access at H' 00001000
Word access at H'00001002
Byte access at H'00001003
3. When the datavalue isincluded in the break conditions on channel B:

When the data value is included in the break conditions, either longword, word, or by
specified as the operand size of the break bus cycleregister B (BBRB). When data ve
included in break conditions, a break is generated when the address conditions and dé
conditions both match. To specify byte data for this case, set the same datain two byt
15 to 8 and bits 7 to 0 of the break dataregister B (BDRB) and break data mask regis
(BDMRB). When word or byteis set, bits 31 to 16 of BDRB and BDMRB are ignore
word datain bits 31 to 16 in BDRB and BDMRB when including the value of the dat
break condition for the MOVS.W @-As,Ds, MOVS.W @As,Ds, MOVS.W @As+,D:
MOV S.W @As+Ix,Dsinstruction (bits 15 to O are ignored).

4. Access by aPREF instruction is handled as read access in longword units without acc
Therefore, if including the value of the data bus when a PREF instruction is specified
break condition, a break will not occur.

5. If theL busis selected, abreak occurs on ending execution of the instruction that mat
break condition, and immediately before the next instruction is executed. However, w
is also specified as the break condition, the break may occur on ending execution of tl
instruction following the instruction that matches the break condition. If the |l busis s
the instruction at which the break will occur cannot be determined. When this kind of
occurs at a delayed branch instruction or its delay slot, the break may not actually tak
until the first instruction at the branch destination.
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BDRB and BDMRB.

3. Thetiming of adata access break for the X memory or Y memory bus to occur is th
data access break of the L bus. For details, see 5in section 9.3.3, Break on Data Acc

9.35 Sequential Break

1. By setting the SEQ bit in BRCR to 1, the sequential break isissued when achannel
condition matches after achannel A break condition matches. A user break isnot ge
even if achannel B break condition matches before a channel A break condition mat
When channels A and B conditions match at the same time, the sequential break isr
To clear the channel A condition match when a channel A condition match has occu
channel B condition match has not yet occurred in a sequential break specification, c
SEQ bitinBRCR to 0.

2. Insequential break specification, the L/I/X/Y bus can be selected and the execution
break condition can be also specified. For example, when the execution times break
is specified, the break condition is satisfied when a channel B condition matches wit
H'0001 after achannel A condition has matched.
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when adelay dlot instruction matches the condition, the address of the delayed branct
instruction is saved in the SPC.

2. When instruction fetch (after instruction execution) is specified as abreak condition:
The address of the instruction following the instruction that matched the break conditi
saved in the SPC. The instruction that matches the condition is executed, and the breg
before the next instruction is executed. However when a delayed branch instruction o
slot matches the condition, these instructions are executed, and the branch destination
issaved in the SPC.

3. When data access (address only) is specified as a break condition:

The address of the instruction immediately after the instruction that matched the breal
condition is saved in the SPC. The instruction that matches the condition is executed,
break occurs before the next instruction is executed. However when adelay slot instrt
matches the condition, the branch destination address is saved in the SPC.

4. When data access (address + data) is specified as a break condition:

When a data value is added to the break conditions, the address of an instruction that
two instructions of the instruction that matched the break condition is saved in the SP
which instruction the break occurs cannot be determined accurately.

When adelay slot instruction matches the condition, the branch destination address i<
the SPC. If the instruction following the instruction that matches the break condition |
branch instruction, the break may occur after the branch instruction or delay ot hasf
In this case, the branch destination address is saved in the SPC.
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saved in BRDR.

When arepeat loop of the DSP extended function is used, control being transferred 1
repeat end instruction to the repeat start instruction is not recognized as a branch, an
values are not stored in BRSR and BRDR.

BRSR and BRDR have eight pairs of queue structures. The top of queuesis read firs
address stored in the PC trace register isread. BRSR and BRDR share the read point
BRSR and BRDR in order, the queue only shifts after BRDR is read. After switchini
PCTE hit (in BRCR) off and on, the values in the queues are invalid.

9.3.8 Usage Examples

Break Condition Specified for L Bus|nstruction Fetch Cycle:

Register specifications

BARA = H'00000404, BAMRA = H'00000000, BBRA = H'0054, BARB = H'00008
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'000(
BRCR = H'00300400

Specified conditions: Channel A/channel B independent mode
<Channel A>
Address:  H'00000404, Address mask: H'00000000

Buscycle: L bus/instruction fetch (after instruction execution)/read (operand size is
included in the condition)

The ASID check is not included.

<Channel B>
Address;. H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000
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<Channel A>

Address:.  H'00037226, Address mask: H'00000000, ASID = H'80
Buscycle: L bus/instruction fetch (before instruction execution)/read/word
<Channdl B>

Address.  H'0003722E, Address mask: H'00000000, ASID = H'70

Data: H'00000000, Data mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read/word

After an instruction with ASID = H’'80 and address H'00037226 is executed, a user bi
occurs before an instruction with ASID = H’ 70 and address H'0003722E is executed.

o Register specifications
BARA = H'00027128, BAMRA = H'00000000, BBRA = H'005A, BARB = H'00031+
BAMRB = H'00000000, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'0000(
BRCR = H'00300000

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address:  H'00027128, Address mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/write/word
The ASID check is not included.

<Channel B>
Address:. H'00031415, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

The ASID check is not included.

Buscycle: L bus/instruction fetch (before instruction execution)/read (operand sizei
included in the condition)
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<Channel B>

Address.  H'0003722E, Address mask: H'00000000, ASID = H'70

Data H'00000000, Data mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read/word

Sinceinstruction fetch is not awrite cycle on channel A, a sequentia condition does
match. Therefore, no user break occurs.

Register specifications

BARA = H'00000500, BAMRA = H'00000000, BBRA = H'0057, BARB = H'00001
BAMRB = H'00000000, BBRB = H'0057, BDRB = H'00000000, BDMRB = H'000(
BRCR = H'00300001, BETR = H'0005

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address:  H'00000500, Address mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read/longword
The ASID check is not included.

<Channel B>
Address.  H'00001000, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read/longword
The number of execution-times break enable (5 times)
The ASID check is not included.

On channel A, auser break occurs before an instruction of address H'00000500 is ex
On channel B, a user break occurs after the instruction of address H'00001000 are e
four times and before the fifth time.
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Address:  H'00008010, Address mask: H'00000006, ASID = H'70

Data H'00000000, Data mask: H'00000000

Buscycle: L bus/instruction fetch (before instruction execution)/read (operand sizei
included in the condition)

A user break occurs after an instruction with ASID = H’ 80 and addresses H'0000800(

H'00008FFE is executed or before an instruction with ASID = H’ 70 and addresses H'

to H'00008016 are executed.

Break Condition Specified for L Bus Data Access Cycle:

Register specifications

BARA = H'00123456, BAMRA = H'00000000, BBRA = H'0064, BARB = H'000AB
BAMRB = H'000000FF, BBRB = H'006A, BDRB = H'0000A512, BDMRB = H'000(
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address:  H'00123456, Address mask: H'00000000, ASID = H’'80

Buscycle: L bus/data access/read (operand sizeis not included in the condition)
<Channel B>

Address.  H'000ABCDE, Address mask: H'000000FF, ASID =H'70

Data: H'0000A512, Data mask: H'00000000

Buscycle: L bus/data access/write/word

On channel A, auser break occurs with longword read from ASID = H’'80 and addrex
H'00123454, word read from address H'00123456, or byte read from address H'00123
channel B, a user break occurs when word H'A512 iswritten in ASID = H' 70 and adc
H'000ABCO00 to H'000ABCFE.
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Y Address: H'0000F000, Address mask: H'FFFFO000
Data H'00004567, Data mask: H'00000000
Buscycle: Y bus/data access/write/word

The ASID check is not included.

On channel A, auser break occurs during word read from address H'01000000 in the
space. On channel B, a user break occurs when word data H'4567 is written in addre
H'0000F000 in the Y memory space. The X/Y-memory space is changed by a mode

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, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode

<Channel A>

Address.  H'00314156, Address mask: H'00000000, ASID = H'80

Buscycle: | bus/instruction fetch/read (operand size is not included in the conditior
<Channel B>

Address:  H'00055555, Address mask: H'00000000, ASID = H'70

Data: H'00000078, Data mask: H'0000000F

Buscycle: | bus/data access/write/byte

On channel A, auser break occurs when instruction fetch is performed for ASID =+
address H'00314156 in the memory space.

On channel B, a user break occurs when ASID = H' 70 and byte data H'7* iswritten
H'00055555 on the | bus.
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if abus cycle, in which an A-channel match and a channel B match occur simultaneo
Set.

4. When auser break and another exception occur at the same instruction, which has hic
priority is determined according to the priority levels defined in table 4.1 in section 4,
Exception Handling. If an exception with higher priority occurs, the user break is not
generated.

— Pre-execution break has the highest priority.

— When a post-execution break or data access bresk occurs simultaneously with are
execution-type exception (including pre-execution break) that has higher priority,
execution-type exception is accepted, and the condition match flag is not set (see
exception in the following note). The break will occur and the condition match fle
set only after the exception source of the re-execution-type exception has been cle
the exception handling routine and re-execution of the same instruction has ended

— When a post-execution break or data access break occurs simultaneously with a
completion-type exception (TRAPA) that has higher priority, though a break does
occur, the condition match flag is set.

5. Notethefollowing exception for the above note.

If a post-execution break or data access break is satisfied by an instruction that geners

CPU address error (or TLB related exception) by data access, the CPU address error |

related exception) is given priority to the break. Note that the UBC condition match f|

in this case.
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This LSl has the following power-down modes and function:

1. Sleep mode
2. Software standby mode
3. Module standby function

Table 10.1 shows the transition conditions for entering the modes from the program exe
state, as well as the CPU and peripheral module states in each mode and the procedures
canceling each mode.
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Standby instruction with refreshed ,
mode  STBY bitsetto 1 '

in STBCR
Module Set MSTP bitto 1 Run Run Held Held Specified ** Refreshe 1.
standby in STBCR, module d
function STBCR2, and halts

STBCR3 2.

Notes: 1. The RTC runs when the START bit in RCR2 is set to 1. For details, see sectiol
Realtime Clock (RTC).

2. Depends on the on-chip peripheral modules. For details, see section 1, Overvi
Pin Function.

10.1.2 Reset

A reset is used at power-on or to re-execute from the initial state. This LS| supportstwo 't
reset: power-on reset and manual reset. |n power-on reset, any processing to be currently
isterminated and any events not executed are canceled to execute reset processing immes
manual reset, processing required to maintain external memory contentsis continued. Th
following shows the conditions in which power-on reset or manual reset occurs.

e Power-on reset
1. A low level signal isinput to the RESETP pin.
2. The WDT counter overflows if the WDT starts counting while the WT/IT and RS
WTCSR are set to 1 and cleared to O, respectively.
3. AnH-UDI reset occurs. (For details on the H-UDI reset, refer to section 22, User
Debugging Interface (H-UDI).)
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NOF

NOP
TESTCR2_SET

NOP

MOV.B RO, @R1

MOV.B RO, @R1

MOV.L RO, @R2

NOP

NOP

NOP

MOV.L @R2, R3

CMP/EQ R3, RO

BF TESTCR2_SET

NOP

NOP
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LL: Normal operation

Power-on reset RESETP Inputting low level signal to this pin cause a
to power-on reset processing.
Manual reset RESETM Inputting low level signal to this pin cause a |

to manual reset processing.

Note: H and L indicate high and low levels, respectively. The STATUS1 and STATUSO
indicate the pin status in this order.

10.2 Register Descriptions

The following registers are used for the power-down modes. Refer to section 23, List of |
for the addresses and access size for these registers.

e Standby control register (STBCR)
e Standby control register 2 (STBCR2)
e Standby control register 3 (STBCR?3)

10.21  Standby Control Register (STBCR)

STBCR is an 8-hit readable/writable register that specifies the state of the power-down v
register isinitialized to H’00 at power-on reset but retains the previous value after manus
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0

R/W

Module Stop Bit 2

When the MSTP2 bit is set to 1, the suppl
clock to the TMU is halted.

0: TMU runs
1: Clock supply to TMU halted

MSTP1

0

R/W

Module Stop Bit 1

When the MSTP1 bit is set to 1, the suppl
clock to the RTC is halted.

0: RTC runs
1: Clock supply to RTC halted

Reserved

This bit is always read as 0. The write vali
always be 0.
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1: Clock supply to H-UDI halted

6 MSTP9 0

R/W

Module Stop Bit 9

When the MSTP9 bit is set to 1, the supply
clock to the UBC is halted.

0: UBC runs
1: Clock supply to UBC halted

5 MSTP8 0

R/W

Module Stop Bit 8

When the MSTP8 bit is set to 1, the supply
clock to the DMAC is halted.

0: DMAC runs
1: Clock supply to DMAC halted

4 MSTP7 0

R/W

Module Stop Bit 7

When the MSTP?7 bit is set to 1, the supply
clock to the DSP is halted.

0: DSP runs
1: Clock supply to DSP halted

3 MSTP6 0

R/W

Module Stop Bit 6

When the MSTP# bit is set to 1, the supply
clock to the TLB is halted.

0: TLB runs
1: Clock supply to TLB halted
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When the MSTP3 bit is set to 1, the suppl
clock to the X/Y memory is halted.

0: The X/Y memory runs
1: Clock supply to the X/Y memory halted

10.2.3 Standby Control Register 3 (STBCR3)

STBCRS3 is an 8-hit readabl e/writable register that controls the operation of the peripher
in the power-down mode. This register isinitialized to H'00 at power-on reset but retain

previous value after manual reset.

Bit Bit Name

Initial Value R/W

Description

7t04 —

AllO

R

Reserved

These bits are always read as 0. The writt
should always be 0.

3 MSTP33

0

R/W

Module Stop Bit 33

When the MSTP33 bit is set to 1, the supy
clock to the SIOF1 is halted.

0: SIOF1 runs
1: Clock supply to SIOF1 halted

2 MSTP32

0

R/W

Module Stop Bit 32

When the MSTP32 bit is set to 1, the supy
clock to the SIOFOQ is halted.

0: SIOFO0 runs
1: Clock supply to SIOFO halted

Rev. 1.00 Dec. 27, 2005 Pag

RENESAS REJOS



1: Clock supply to the SCIFO halted

10.3  Operation

10.31 Sleep Mode

Transition to Sleep Mode: Executing the SLEEP instruction when the STBY bit in STB
causes atransition from the program execution state to sleep mode. Although the CPU he
immediately after executing the SLEEP instruction, the contents of its internal registersr
unchanged. The on-chip peripheral modules continue to run in sleep mode and the clock
to be output to the CKIO pin. In sleep mode, a high signal and low signal are output frorr
STATUSLI and STATUSO pins, respectively.

Canceling Sleep M ode: Sleep mode is canceled by an interrupt (NMI, IRQ, IRL, or on-¢
peripheral module) or reset. Interrupts are accepted in sleep mode even when the BL bit i
If necessary, save SPC and SSR to the stack before executing the SL EEP instruction.

e Canceling with an Interrupt

When an NMI, IRQ, IRL, or on-chip peripheral module interrupt occurs, sleep mode
canceled and interrupt exception handling is executed. A code indicating the interrupt
setin INTEVT and INTEVT2.

e Canceling with a Reset
Sleep mode is canceled by a power-on reset or a manual reset.
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Table10.3 Register Statesin Software Standby Mode

Module Registers Initialized Registers Retaini
Interrupt Controller (INTC) — All registers
On-Chip Oscillation Circuits — All registers
User Break Controller (UBC) — All registers
Bus State Controller (BSC) — All registers
Timer Unit (TMU) TSTR Registers other the
I/O ports — All registers
H-UDI — All registers
SCIF0/1 — All registers
SIOF0/1 — All registers
EtherC, E-DMAC — All registers
DMAC — All registers
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e Canceling with an Interrupt

The on-chip WDT can be used for hot starts. When the chip detects an NMI, IRQ**, IRL’
RTC** interrupt, the clock will be supplied to the entire chip and software standby mode
after thetime set in the WD T’ s timer control/status register has elapsed. The STATUSL ¢
STATUSO pins go low. Interrupt exception handling then begins and a code indicating th
interrupt sourceisset in INTEVT and INTEVT2. After the branch to the interrupt handli
routine, clear the STBY bitin STBCR. The WDT stops automatically. If the STBY bit is
cleared, the WDT continues operation and a transition is made to software standby mode
WTCNT reaches H'80. A manual reset is not accepted until the STBY bit is cleared to 0.

Interrupts are accepted in software standby mode even when the BL bit in SR is 1. If nec
save SPC and SSR to the stack before executing the SLEEP instruction.

Immediately after an interrupt is detected, the phase of the CKIO pin clock output may b
unstable, until the software standby mode is canceled.

Notes: 1. Only when the RTC is used, software standby mode can be canceled by an IR
or RTC.

2. This standby mode can be canceled only by a power-on reset.
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- V

Figure10.1 Canceling Standby Modewith STBCR.STBY

e Canceling with a Reset

Software standby mode is canceled by areset (power-on or manual). Keep the RESETP
RESETM pin low until the clock oscillation settles. Theinternal clock will continueto t
to the CKIO pin.

10.3.3 Module Standby Function

Transition to M odule Standby Function: Setting each MSTP bit in the standby contrc
to 1 halts the supply of clocks to the corresponding on-chip peripheral modules. Thisful
be used to reduce the power consumption in normal or sleep mode. Before atransition i
module should be disabled.

In the modul e standby state, the functions of the external pins of the on-chip peripheral |
change depending on the on-chip peripheral module. For details, see section 1, Overvie
Function. All of the register states are the same as those in standby mode. For details, st
10.3.

Canceling M odule Standby Function: The module standby function can be canceled |
the MSTP bitsto O, or by a power-on reset.

To cancel the module standby function by clearing the corresponding MSTP bit to O, re:
MSTP hit to check the MSTP bit was cleared correctly.
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*2 | Y | *1 .
STATUS normal ' X 1 reset ><. n

0to5 Beyc *3 ' 0 to 30 Beyc*3 '

Notes: *1 reset : HH (STATUS1 = High, STATUSO = High)
*2 normal : LL (STATUS1 = Low, STATUSO = Low)
*3 Beyc : Bus clock cycle

Figure10.2 STATUS Output at Power-On Reset
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Figure10.3 STATUS Output at Manual Reset
Softwar e Standby M ode:

o Software standby modeis canceled by an interrupt

Oscillation stops Interrupt request WDT overfloy

: . }
awo [ L] : (T 1T

STATUS normal*? X standby ™’ ; XI |

Notes: *1 standby : LH (STATUS1 = Low, STATUSO = High)
*2 normal : LL (STATUS1 = Low, STATUSO = Low)

Figure10.4 STATUS Output when Software Standby Mode is Canceled by In
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Notes: *1 If a standby mode is canceled by a power on reset, the WDT stops counting.
RESETP must be kept low for the PLL oscillation stabilization time.
*2 reset: HH (STATUS1 = High, STATUSO = High)
*3 standby : LH (STATUS1 = Low, STATUSO = High)
*4 normal : LL (STATUS1 = Low, STATUSO = Low)
*5 Bceyc : Bus clock cycle

Figure10.5 STATUS Output when Software Standby Mode is Canceled by Power -

o Software standby modeis canceled by a manual reset

Oscillation stops Reset

RESETWM | I I

STATUS normal” X standby*3 X reset *2 x no
f

f
' '
| ——
! 0to 20 Beyc*5 !

Notes: *1  If a standby mode is canceled by a power on reset, the WDT stops counting.
RESETM must be kept low for the PLL oscillation stabilization time.
*2 reset: HH (STATUS1 = High, STATUSO = High)
*3 standby : LH (STATUS1 = Low, STATUSO = High)
*4 normal : LL (STATUS1 = Low, STATUSO = Low)
*5  Beyc : Bus clock cycle

Figure10.6 STATUS Output when Software Standby M ode is Canceled by Manu
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Figure10.7 STATUS Output when Sleep Modeis Canceled by Interrup

Sleep mode is canceled by a power-on reset

Reset

CKIO2
1 N 1
RESETP t | . .
. T
.
.
.

1 '
L '
:- :
STATUS normal” X sleep*3 reset*2 E A\ nor
\ 0 '
h

4
'
H —-_— g
0to 10 Beyc*S 0 to 30 Beyc *S
Notes: *1 If PLL1 multiplication rate changed by a power-on reset,
RESETP must be kept low for the oscillation stabilization time.

*2 reset : HH (STATUS1 = High, STATUSO = High)

*3 sleep : HL (STATUS1= High, STATUSO= Low)

*4 normal : LL (STATUS1 = Low, STATUSO = Low)

*5 Beyc : Bus clock cycle

Figure10.8 STATUS Output when Sleep Modeis Canceled by Power-on R
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*4 normal:LL (STATUS1T = Low, STATUSO = Low)
*5 Beyc:Bus clock cycle

Figure10.9 STATUS Output when Sleep Modeis Canceled by Manual Res
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Sudl IUVY HTIVUT Adliu weliipuld y oldl IUVY S, ouLl T o TTTyutliLy Ulidilyto. 1t Ld l dlou JT UstU A
ordinary watchdog timer or interval timer.

1111 Features
The CPG has the following features:

e Seven clock modes: Selection of seven clock modes according to the frequency rang
used and direct connection of crystal resonator or external clock input.

e Three clocks generated independently: An internal clock (19) for the CPU and cache
peripheral clock (Pd) for the peripheral modules; and a bus clock (B¢ = CKIO) for tl
bus interface.

e Frequency change function: Internal and peripheral clock frequencies can be change
independently using the PLL circuit and divider circuit within the CPG. Frequencies
changed by software using frequency control register (FRQCR) settings.

e Power-down mode control: The clock can be stopped for sleep mode and standby m
specific modules can be stopped using the module standby function.

The WDT has the following features:

e Can beused to ensure the clock settling time:
Use the WDT to cancel standby mode and the temporary standbys which occur whel
frequency is changed.
e Can switch between watchdog timer mode and interval timer mode.
e Generatesinterna resets in watchdog timer mode:
Internal resets occur after counter overflow.
Selection of power-on reset or manual reset.
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‘ - (x1,2,3) I—) - 1/5 | N7 [niernal cl
x - (19)
CKIO < x1/4 |—
x 1/6 [
ckioz2 [R{——~<F—
.
Crystal 2 ——>» Busclock
= B¢=CKIO
1,2,4
EXTALW 1,24 >
}*) Peripheral
> (P9)
TCPG control unit T
Clock frequency| Standby control
control circuit circuit
FRQCR | STBCR | | sTBCR2 || STBCRS |
A
Y Y Y A
( Bus interface )
A
Y
Internal bus
[Legend]

FRQCR: Frequency control register
STBCR: Standby control register

STBCR2: Standby control register 2
STBCRS3: Standby control register 3

Figure11l.1 Block Diagram of CPG
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and EXTAL pins. This crystal oscillator operates according to the clock operating mc
Setting.

4. Divider 1: Divider 1 generates a clock at the operating frequency used by the internal
peripheral clock. The operating frequency of theinterna clock (1¢) canbe 1, 1/2, or 1
the output frequency of PLL circuit 1, aslong asit stays at or above the clock frequer
CKIO pin. The operating frequency of the peripheral clock (Pd) can be 1/2, 1/3, 1/4, «
times the output frequency of PLL circuit 1 within 8.34 MHz < P < 33.34 MHz. The
ratio is set in the frequency control register.

5. Clock Frequency Control Circuit: The clock frequency control circuit controlsthe clo
frequency using the MD pins and the frequency control register.

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

7. Frequency Control Register: The frequency control register has control bits assigned |
following functions: clock output/non-output from the CKIO pin, the frequency multi
ratio of PLL circuit 1, and the frequency division ratio of the internal clock and the pe
clock.

8. Standby Control Register: The standby control register has bits for controlling the po
modes. See section 10, Power-Down Modes, for more information.
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wiyotldl UolllialUl
pins (clock input

AL AL

A VUITICULS a LUlyoldl UolllidlUl.

. EXTAL | Connects a crystal oscillator. Also used to inpu
pins) external clock.
Clock 1/0 pin CKIO IO  Inputs or outputs an external clock.
Clock output pin  CKIO2 (0] Outputs an external clock.

Note: To prevent device malfunction, the value of the mode control pin is sampled only
power-on reset.

11.3

Clock Operating Modes

Table 11.2 shows the relationship between the mode control pins (MD2 to MDO) combi
and the clock modes. Table 11.3 shows the available combinations of the values of the c
modes and frequency control register (FRQCR).

Table11.2 Clock Operating M odes

Pin Values Clock I/0 PLL2 PLL1L CKI

Mode MD2 MD1 MDO Source Output On/Off On/Off Fret

0 0 0 0 EXTAL CKIO ON ON (EX
CKIO2 (x 1) (x1,2,3)

1 0 0 1 EXTAL CKIO ON ON (EX
CKIO2 (x 4) (x1,2,3)

2 0 1 0 Crystal CKIO ON ON (Cny
resonator ckj02  (x 4) (x1,2,3)

4 1 0 0 Crystal CKIO ON ON (Cny
resonator ckj02  (x 1) (x1,2,3)

RENESAS
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Mode 1:

Mode 2:

Mode 4:

Mode 5:

Mode 6:

Mode 7:

R R R e
circuit 2 before being supplied inside this LSI. An input clock frequency of 33.3 |
66.67 MHz can be used, and the CKIO frequency range is 33.3 MHz to 66.67 M
An external clock is input from the EXTAL pin and its frequency is multiplied by -
circuit 2 before being supplied inside this LSI, allowing a low-frequency external
be used. An input clock frequency of 10.00 MHz to 16.67 MHz can be used, an
CKIO frequency range is 40.00 MHz to 66.67 MHz.

The on-chip crystal oscillator operates, with the oscillation frequency being multi
by PLL circuit 2 before being supplied inside this LSI, allowing a low-frequency e
clock to be used. A crystal oscillation frequency of 10.00 MHz to 16.67 MHz can
and the CKIO frequency range is 40.00 MHz to 66.67 MHz.

The on-chip crystal oscillator operates and undergoes waveform shaping by PLI
before being supplied inside this LSI. A crystal oscillation frequency of 33.34 MF
48.00 MHz can be used, and the CKIO frequency range is 33.34 MHz to 48.00 |

An external clock is input from the EXTAL pin and its frequency is multiplied by !
circuit 2 before being supplied inside this LSI, allowing a low-frequency external
be used. An input clock frequency of 16.67 MHz to 33.34 MHz can be used, anc
CKIO frequency range is 33.34 MHz to 66.67 MHz.

The on-chip crystal oscillator operates, with the oscillation frequency being multi
by PLL circuit 2 before being supplied inside this LSI, allowing a low-frequency c
be used. A crystal oscillation frequency of 10.00 MHz to 16.67 MHz can be usec
CKIO frequency range is 40.00 MHz to 66.67 MHz

In this mode, the CKIO pin is an input, an external clock is input to this pin, and
undergoes waveform shaping and also frequency multiplication according to the
by PLL circuit 1 before being supplied to this LSI. As PLL circuit 1 compensates
fluctuations in the CKIO pin load, this mode is suitable for connection of synchro
DRAM.
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48.00 MHz

11Uo un (Xxz)  Un(X1) vo.94 VIFZ 10 0O.04 VIfZ
66.67 MHz MHz

1104 On(x2) On(x1) 2:1:1/3 33.34 MHz to 33.34 MHz
66.67 MHz MHz

1204 On(x3) On(x1) 3:1:1/2 33.34 MHz to 33.34 MHz
66.67 MHz MHz

1,2 1001 On(x1) On((x4) 4:4:2 10.00 MHz to 40.00 MHz
16.67 MHz MHz

1002 On(x1) On(x4) 4:4:4/3 10.00 MHz to 40.00 MHz
16.67 MHz MHz

1003 On(x1) On((x4) 4:4:1 10.00 MHz to 40.00 MHz
16.67 MHz MHz

1103 On(x2) On((x4) 8:4:2 10.00 MHz to 40.00 MHz
16.67 MHz MHz

1104 On(x2) On(x4) 8:4:4/3 10.00 MHz to 40.00 MHz
16.67 MHz MHz

1204 On(x3) On((x4) 12:4:2 10.00 MHz to 40.00 MHz
16.67 MHz MHz

4 1001 On(x1) On(x1) 1:1:1/2 33.34 MHz to 33.34 MHz
48.00 MHz MHz

1002 On(x1) On(x1) 1:1:1/3 33.34 MHz to 33.34 MHz
48.00 MHz MHz

1003 On(x1) On(x1) 1:1:1/4 33.34 MHz to 33.34 MHz
48.00 MHz MHz

1103 On(x2) On(x1) 2:1:1/2 33.34 MHz to 33.34 MHz

MHz
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1003 On(x1) On((x2) 2:2:1/2 16.67 MHzto 33.34 MHz to
33.34 MHz MHz
1103 On(x2) On((x2) 4:2:1 16.67 MHz to 33.34 MHz to |
33.34 MHz MHz
1104 On(x2) On(x2) 4:2:2/3 16.67 MHzto 33.34 MHz to
33.34 MHz MHz
1204 On(x3) On((x2) 6:2:1 16.67 MHz to 33.34 MHz to |
33.34 MHz MHz
6 1001 On(x1) On((x2) 2:2:1 16.67 MHz to 33.34 MHz to |
33.34 MHz MHz
1002 On(x1) On(x2) 2:2:2/3 16.67 MHzto 33.34 MHz to
33.34 MHz MHz
1003 On(x1) On((x2) 2:2:1/2 16.67 MHzto 33.34 MHz to |
33.34 MHz MHz
1103 On(x2) On((x2) 4:2:1 16.67 MHz to 33.34 MHz to
33.34 MHz MHz
1104 On(x2) On(x2) 4:2:2/3 16.67 MHzto 33.34 MHz to |
33.34 MHz MHz
1204 On(x3) On((x2) 6:2:1 16.67 MHz to 33.34 MHz to
33.34 MHz MHz
7 1001 On (x1) Off 1:1:1/2 33.34 MHz to 33.34 MHz to |
66.67 MHz MHz
1002 On (x1) Off 1:1:1/3 33.34 MHz to 33.34 MHz to |
66.67 MHz MHz
1003 On (x1) Off 1:1:1/4 33.34 MHz to 33.34 MHz to |
66.67 MHz MHz
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. Use the CKIO frequency within 33.34 MHz < CKIO < 66.67 MHz.
. The input to divider 1 is the output of PLL circuit 1.

. Use the internal clock frequency within 33.34 MHz < 1 < 200.00 MHz.

The internal clock frequency is the product of the frequency of the CKIO pin,
frequency multiplication ratio of PLL circuit 1 selected by the STC bit in FRQ(
the division ratio selected by the IFC bit in FRQCR.

Do not set the internal clock frequency lower than the CKIO pin frequency.

. Use the peripheral clock frequency within 8.34 MHz < P¢ < 33.34 MHz.

The peripheral clock frequency is the product of the frequency of the CKIO pi
frequency multiplication ratio of PLL circuit 1 selected by the STC bit in FRQ(
the division ratio selected by the PFC bit in FRQCR.

Do not set the peripheral clock frequency higher than the frequency of the Ck
. x1,x2, orx 3 can be used as the multiplication ratio of PLL circuit 1. x 1, x 1
can be selected as the division ratio of an internal clock. x 1/2, x 1/3, x 1/4, ol
x 1/6 can be selected as the division ratio of a peripheral clock. Set the rate il
. The output frequency of PLL circuit 1 is the product of the CKIO frequency ar
multiplication ratio of PLL circuit 1. Use the output frequency under 200.00 M
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R R

and the frequency division rat

io of theint

e e e

ernal clock and the peripheral clock.

Only word access can be used on the FRQCR register. FRQCR isinitialized to H’ 1003 b
power-on reset, but retains its value in amanual reset and in standby mode.

The write values to bits 15 to 13, 11 to 10, 7 to 6, and 3 should always be 0.

Bit

Initial
Bit Name Value

R/W

Description

15t0 13

AllO

R

Reserved

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

12

CKOEN

1

R/W

Clock Output Enable

CKOEN specifies whether a clock is output f
CKIO pin or the CKIO pin is placed in the lev
state in the standby mode, CKIO pin is fixed
during STATUS 1 =L, and STATUSO = H, w
CKOEN is set to 0. Therefore, the malfunctio
external circuit because of an unstable CKIO
releasing the standby mode can be prevente
CKIO pin becomes to input pin regardless of
value of the CKOEN bit in clock operating me

0: CKIO pin goes to low level state in standb
1: Clock is output from CKIO pin

11
10

Reserved

These bits are always read as 0. The write v
should always be 0.
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IFC1
IFCO

R/W
R/W

Internal Clock Frequency Division Ratio

These bits specify the frequency division ra
internal clock (l¢) with respect to the output
of PLL circuit 1.

00: x 1 time

01: x 1/2 time

10: x 1/3 time

11: Reserved (setting prohibited)

Reserved

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

PFC2
PFC1
PFCO

R/W
R/W
R/W

Peripheral Clock Frequency Division Ratio

These bits specify the division ratio of the p
clock (P¢) frequency with respect to the out
frequency of PLL circuit 1.

001: x 1/2 time
010: x 1/3 time
011: x 1/4 time
100: x 1/6 time
Other than above: Reserved (setting prohib
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Intheinitial state, the multiplication rate of PLL circuit 1is 1.

Set avalue that will become the specified oscillation settling timein the WDT and stc
WDT. The following must be set:

TME bit in WTCSR = 0: WDT stops

CKS2 to CKSO bitsin WTCSR: Division ratio of WDT count clock

WTCNT: Initial counter value

Set the desired value in the STC1 and STCO bits. The division ratio can also be set in
and IFCO bits and PFC2 to PFCO hits.

The processor pauses internally and the WDT starts incrementing. The internal and p
clocks both stop and the WDT is supplied with the clock. The clock will continueto k
at the CKI10O pin.

Supply of the clock that has been set begins at WDT count overflow, and the process
operating again. The WDT stops after it overflows.

11.5.2 Changing Division Ratio

The WDT will not count unless the multiplication rate is changed simultaneously.

1
2.

In theinitial state, IFC1 and IFCO = 00 and PFC2 to PFCO = 011.

Set the IFC1, IFCO, and PFC2 to PFCO bits to the new division ratio. The values that
are limited by the clock mode and the multiplication rate of PLL circuit 1. Note that i
wrong value is set, the processor will malfunction.

The clock isimmediately supplied at the new division ratio.
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v v clock
'”‘?gg:{ Reset |« | Divider
| g FSRNNey!
request Clock selection
Y Clock selector
Interrupt Interrupt |« Overflow |CI )
request control <_| oc
A\
WTCSR WTCNT
( Bus interface )
< : » Peripheral bus
[Legend]

WTCSR: Watchdog timer control/status register
WTCNT: Watchdog timer counter

Figure11.2 Block Diagram of WDT
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WTCNT is an 8-bit readable/writable counter. WTCNT increments on the selected clock
an overflow occurs, it generates areset in watchdog timer mode and an interrupt in interv
mode. WTCNT isinitialized to H'00 only by a power-on reset through the RESETP pin.
word access to write to WTCNT, with H'5A in the upper byte. Use abyte accessto read \

Note: WTCNT differs from other registersin that it is more difficult to write to. See sex
11.7.3, Notes on Register Access, for details.

11.7.2  Watchdog Timer Control/Status Register (WTCSR)

WTCSR is an 8-hit readabl e/writable register composed of bits to select the clock used fc
count, bits to select the timer mode, and overflow flags.

WTCSRisinitialized to H'00 only by a power-on reset through the RESETP pin. When ¢
overflow causes an internal reset, WTCSR retains its value. When used to count the clocl
time for canceling a standby, it retainsits value after counter overflow.

Use aword accessto write to WTCSR, with H'A5 in the upper byte. Use a byte access to
WTCSR.

Note: WTCSR differs from other registersin that it is more difficult to write to. See sec
11.7.3, Notes on Register Access, for details.
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or an interval timer.
0: Use as interval timer
1: Use as watchdog timer

Note: If WT/IT is modified when the WDT
the up-count may not be performed

5

RSTS

0

R/W

Reset Select

Selects the type of reset when the WTCNT
in watchdog timer mode. In interval timer m
setting is ignored.

0: Power-on reset
1: Manual reset

4

WOVF

0

R/W

Watchdog Timer Overflow

Indicates that the WTCNT has overflowed il
watchdog timer mode. This bit is not set in i
timer mode.

0: No overflow
1: WTCNT has overflowed in watchdog tim¢

IOVF

0

R/W

Interval Timer Overflow

Indicates that the WTCNT has overflowed il
timer mode. This bit is not set in watchdog 1
mode.

0: No overflow
1: WTCNT has overflowed in interval timer |
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011

1/32

546 us

100

1/64

1.09 ms

101

1/256

4.36 ms

110

1/1024

17.48 ms

111

1/4096

69.91 ms

Note: If bits CKS2 to CKSO0 are modified wt
WODT is running, the up-count may nc
performed correctly. Ensure that thes
are modified only when the WDT is n
running.

11.7.3 Noteson Register Access

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

below.

Writingto WTCNT and WTCSR: Theseregisters must be written by aword transfer

instruction. They cannot be written by a byte or longword transfer instruction.

When writing to WTCNT, set the upper byte to H'5A and transfer the lower byte asthew
as shown in figure 11.3. When writing to WTCSR, set the upper byte to H'A5 and transfe
lower byte as the write data. This transfer procedure writes the lower byte datato WTCN

WTCSR.
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Figure11.3 Writingto WTCNT and WTCSR

11.8  UsingWDT

11.81 Canceling Standbys

The WDT can be used to cancel standby mode with an interrupt such asan NMI. The pi
described below. (The WDT does not run when resets are used for canceling, so keep th
or RESETM pin low until the clock stabilizes.)

1.

Before transitioning to standby mode, always clear the TME bitin WTCSR to 0. Wt
TME bit is 1, an erroneous reset or interval timer interrupt may be generated when tl
overflows.

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

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

The WDT starts counting by detecting the edge change of the NMI signal.

When the WDT count overflows, the CPG starts supplying the clock and the proces:
resumes operation. The WOVF flag in WTCSR is not set at thistime.

Since the WDT continues counting from H'00, clear the STBY bitin STBCRto0in
interrupt processing program and this will stop the WDT. When the STBY bit remai
LS| again enters the standby mode when the WDT has counted up to H'80. This star
can be canceled by power-on resets.
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WDT starts counting.

When the WDT count overflows, the CPG resumes supplying the clock and the proce
resumes operation. The WOVF flag in WTCSR is not set at thistime.

The counter stops at the values H'00.

Before changing the WTCNT after the execution of the frequency change instruction,
confirm that the value of the WTCNT is H'00 by reading the WTCNT.

11.8.3 Using Watchdog Timer Mode

1

Set the WT/IT bit in WTCSR to 1, set the reset type in the RSTS hit, set the type of ¢
clock in the CKS2 to CK S0 hits, and set theinitial value of the counter in WTCNT.
Set the TME bit in WTCSR to 1 to start the count in watchdog timer mode.

While operating in watchdog timer mode, rewrite the counter periodically to H'00 to |
the counter from overflowing.

When the counter overflows, the WDT sets the WOV F flagin WTCSR to 1 and gene
type of reset specified by the RSTS bit. The counter then resumes counting.

11.84 Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at every o
the counter. This enables interrupts to be generated at set periods.

1

Clear the WT/IT bit in WTCSR to 0, set the type of count clock in the CKS2 to CKSX
set theinitial value of the counter in WTCNT.

Set the TME bit in WTCSR to 1 to start the count in interval timer mode.

When the counter overflows, the WDT setsthe IOVF flag in WTCSR to 1 and an inte
timer interrupt request is sent to INTC. The counter then resumes counting.
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This LSI

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

Figure11.4 Pointsfor Attention when Using Crystal Resonator

Bypass Capacitors. Insert alaminated ceramic capacitor as a bypass capacitor for each
and Vcc/VecQ pair. Mount the bypass capacitors to the power supply pins, and use corr
with afrequency characteristic suitable for the operating frequency of the LSI, aswell a
capacitance value.

Pin assignments of HQFP2828-256 (FP-256G/GV)

Vsg/VssQ and Vee/VeeQ pair of digital circuitry

3and 4, 13 and 14, 15 and 16, 25 and 26, 35 and 36, 43 and 44, 49 and 50, 57 and 5!
73, 81 and 82, 83 and 84, 92 and 93, 99 and 100, 107 and 108, 113 and 114, 121 anc
and 137, 146 and 147, 148 and 149, 158 and 159, 167 and 168, 176 and 177, 185 an
and 192, 206 and 207, 208 and 209, 221 and 222, 227 and 228, 235 and 236, 241 an

Vss/VssQ and Vee/VeeQ pair of the on-chip oscillator
193 and 196, 251 and 252, 253 and 254
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connection pattern to the power supply pins short, and make the pattern width large, to m
the inductance component.

D R oo T e m s e R

Connect the EXTAL pinto VeceQ or VssQ and make the X TAL pin open in clock mode

The analog power supply system of the PLL is sensitive to anoise. Therefore the system
malfunction may occur by the intervention with other power supply. Do not supply the ar
power supply with the same resource as the digital power supply of Vcc and VccQ.

Avoid crossing

signal lines
Vee(PLL2) _L
| Power
T: Vce supply
Vss(PLL2) :
Vee(PLL1) _L
| Vss
Vss(PLL1) -|_

Figure11.5 Pointsfor Attention when Using PLL Oscillator Circuit
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. External address space

A maximum 32 or 64 Mbytes for each of the eight areas, CS0, CS2 to C4, CS5A, (
CS6A and CS6B, totally 384 Mbytes (divided into eight areas).

A maximum 64 Mbytes for each of the six areas, CS0, CS2 to C$4, CS5, and CS6, t
total of 384 Mbytes (divided into six areas).

Can specify the normal space interface, byte-selection SRAM, burst ROM (clock sy
or asynchronous), SDRAM, PCMCIA for each address space.

Can select the data bus width (8, 16, or 32 bits) for each address space.
Controls the insertion of the wait state for each address space.
Controls the insertion of the wait state for each read access and write access.

Can set the independent idling cycle in the continuous access for five cases. read-wr
same space/different space), read-read (in same space/different space), or the first cy
write access.

. Normal space interface
Supports the interface that can directly connect to the SRAM.

. Burst ROM (clock asynchronous) interface
High-speed access to the ROM that has the page mode function.

. SDRAM interface

Can set the SDRAM inup to 2 areas.

Multiplex output for row address/column address.
Efficient access by single read/single write.
High-speed access by bank-active mode.
Supports an auto-refresh and self-refresh.
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8. Busarbitration
o Sharesall of the resources with other CPU and outputs the bus enable after receiving
request from external devices.

9. Refresh function

e Supports the auto-refresh and self-refresh functions.

o Specifiestherefresh interval using the refresh counter and clock selection.

e Can execute concentrated refresh by specifying the refresh counts (1, 2, 4, 6, or 8).

10. Interval timer using refresh counter
e Generates an interrupt request by a compare match.

The block diagram of the BSC is shown in figure 12.1.
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CS0, CS82, CS8,

Il QUL VVLT T

CS4, CS5A, CS5B,
CS6A,CS6B Area
controller

Y

MD5 to MD3

A

A

A25 to A0,

D31 to DO

BS, RD/WR, RD,
WE3(BE3) to WEO(BEO),
RAS, CAS, <
CKE, DQMxx,
CE2A, CE2B

Memory
controller

w < Refresh
controller

Interrupt
controller

A

~— CSOBCR |<g=—
¢ [ossmBr] >

Module bus

[Legend]

CMNCR: Common control register
CSnWCR: CSn space wait control register (n =
CSnBCR: CSn space bus control register (n =
SDCR: SDRAM control register

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

RTCOR: Refresh time constant register

0,2,3,4,5A, 5B, 6A, 6B)
0,2,3,4,5A, 5B, 6A, 6B)

Figure12.1 Block Diagram of BSC

RENESAS
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synchronous/asynchronous), or PCMCIA is accessed. Asserte
same timing as CAS in SDRAM access.

CS0,CS2t0 CS4 O Chip select

CS5A O  Chip select
Active only for address map 1

CS5B/CE1A O  Chip select
Corresponds to PCMCIA card select signals D7 to DO when th
PCMCIA is used.

CE2A O  Corresponds to PCMCIA card select signals D15 to D8 when t
PCMCIA is used.

CS6A O  Chip select
Active only for address map 1

CS6B/CE1B O  Chip select
Corresponds to PCMCIA card select signals D7 to DO when th
PCMCIA is used.

CE2B O  Corresponds to PCMCIA card select signals D15 to D8 when t
PCMCIA is used.

RD/WR O  Read/write
Connects to WE pins when SDRAM or byte-selection SRAM is
connected.

RD O Read pulse signal (read data output enable signal)

A strobe signal to indicate the memory read cycle when the P(
used.
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Connected to the byte select signal when a byte-selection SF

connected.
Functions as the memory write strobe signal when the PCMC
used.
WEO(BEO) O Indicates that D7 to DO are being written to.
Connected to the byte select signal when a byte-selection SF
connected.
RAS O Connects to RAS pin when SDRAM is connected.
CAS O Connects to CAS pin when SDRAM is connected.
CKE O Connects to CKE pin when SDRAM is connected.
I0IS16 | PCMCIA 16-bit I/O signal
Valid only in little endian mode.
Make it into low level at the time of big endian mode.
DQMUU O  Connected to the DQMxx when the SDRAM is connected.
DQMUL DQMUU: Selects D31 to D24
DQMLU DQMUL: Selects D23 to D16
DQMLL DQMLU: Selects D15 to D8
DQMLL: Selects D7 to DO
WAIT I External wait input
BREQ I Bus request input
BACK O  Bus acknowledge output
MD5 to MD3 | MDS5: Selects data alignment (big endian or little endian)
MD4 and MD3: Specify area 0 bus width (8/16/32 bits)
REFOUT O  Refresh request output when a bus is released
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it outputs chip select signals (CS0, CS2 to CS4, CS5A, CS5B, CS6A, and CS6B) for eac
CSO0 is asserted during area 0 access, CS5A is asserted during area 5A access when addre
is selected; and CS5B is asserted when address map 2 is selected.

12.3.2 Shadow Area

Areas 0, 2to 4, 5A, 5B, 6A, and 6B are decoded by physical addresses A28 to A25, whic
correspond to areas 000 to 111. Address bits 31 to 29 are ignored. This means that the rar
area 0 addresses, for example, is H'00000000 to H'03FFFFFF, and its corresponding shac
isthe address space in P1 to P3 areas obtained by adding to it H'20000000 x n (n=1t0 €

The address range for area 7 is H'1C000000 to H'1FFFFFFF. The address space H'1C00C
H'20000000 x n to H'1FFFFFFF + H'20000000 x n (n = 0 to 6) corresponding to the ares
shadow space is reserved, so do not useit.

Area P4 (H'E0000000 to H'EFFFFFFF) isan I/O areaand is assigned for internal register
addresses. Therefore, area P4 does not become shadow space.
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H'E0000000 [y

Address Space

Figure12.2 Address Space
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Burst ROM (Asynchronous)
Burst ROM (Synchronous)

H’04000000 to H’'07FFFFFF  Area 1 Internal I/O register area** 64 Mbyte
H’08000000 to H'OBFFFFFF  Area 2 Normal memory** 64 Mbyte
Byte-selection SRAM
SDRAM
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
Burst ROM (Asynchronous)
H’14000000 to H'15FFFFFF ~ Area 5A  Normal memory** 32 Mbyte
H’16000000 to H'17FFFFFF  Area 5B Normal memory*° 32 Mbyte
Byte-selection SRAM
H’18000000 to H'19FFFFFF  Area 6A Normal memory*° 32 Mbyte
H’1A000000 to H'1BFFFFFF  Area 6B Normal memory*® 32 Mbyte
Byte-selection SRAM
H’1C000000 to H'1FFFFFFF  Area 7 Reserved area*' 64 Mbyte

Notes: 1. Do not access the reserved area. If the reserved area is accessed, the correct

operation cannot be guaranteed.

2. Set the top three bits of the address to 101 to allocate in the P2 space.
3. Memory that has an interface such as SRAM.
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R°0C000000 to H'OFFFFFFF

Normal memory~™ "
Byte-selection SRAM
SDRAM

o4 MDYy

H’10000000 to H'13FFFFFF  Area 4

Normal memory**
Byte-selection SRAM
Burst ROM (Asynchronous)

64 Mby

H’14000000 to H'17FFFFFF  Area 5*°

Normal memory**
Byte-selection SRAM
PCMCIA

64 Mby

H’18000000 to H'1BFFFFFF  Area 6*°

Normal memory**
Byte-selection SRAM
PCMCIA

64 Mby

H’1C000000 to H'1FFFFFFF  Area 7

Reserved area*’

64 Mby

Notes: 1. Do not access the reserved area. If the reserved area is accessed, the correc

operation cannot be guaranteed.

2. Forarea 5, CS5BBCR and CS5BWCR are valid.

For area 6, CS6BBCR and CS6BWCR are valid.
3. Set the top three bits of the address to 101 to allocate in the P2 space.
4. Memory that has an interface such as SRAM.
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0 0 Normal memory Reserved (Setting prohibited)
1 8 bits*

1 0 16 bits
1 32 bits

Note: * The bus width must not be specified as eight bits if the burst ROM (clock syncl
interface is selected.

12.35 DataAlignment

This LSl supports the big endian and little endian methods of data alignment. The data a
is specified using the external pin (MD5) at power-on reset as shown in table 12.5.

Table12.5 Correspondence between External Pin (MD5) and Endians

MD5 Endian
0 Big endian
1 Little endian
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e Buscontrol register for area4 (CS4BCR)

e Buscontrol register for area 5A (CS5ABCR)

e Buscontrol register for area 5B (CS5BBCR)

e Buscontrol register for area 6A (CS6ABCR)

e Buscontrol register for area 6B (CS6BBCR)

e Wait control register for area 0 (CSOWCR)

e Wait control register for area 2 (CS2WCR)

e Wait control register for area 3 (CS3WCR)

e Wait control register for area 4 (CSAWCR)

e Wait control register for area 5A (CSSAWCR)
e Wait control register for area 5B (CS5BWCR)
e Wait control register for area 6A (CS6AWCR)
e Wait control register for area 6B (CS6BWCR)
e SDRAM control register (SDCR)

e Refresh timer control/status register (RTCSR)**
e Refresh timer counter (RTCNT)**

e Refresh time constant register (RTCOR)**

e SDRAM mode register for area 2 (SDMR2)**
e SDRAM mode register for area 3 (SDMR3)*?

Notes: 1. Thisregister only accepts 32-bit writing to prevent incorrect writing. In this
upper 16 hits of the data must be H'A55A. Otherwise, writing cannot be perf
reading, the upper 16 bits are read as H'0000.
2. The contents of thisregister are stored in SDRAM. When this register space
accessed, the corresponding register in SDRAM iswritten to. For details, se
description of Power-on Sequence in section 12.5.5, SDRAM Interface.
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Acknowledge

Specifies the bus access start timing after the ext
acknowledge signal is received.

0: Starts the external access at the same timing a
address drive start after the bus acknowledge ¢
received.

1: Starts the external access one cycle following t
address drive start after the bus acknowledge ¢
received.

13 — 0 R

Reserved

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

12 MAP 0 RW

Space Specification

Selects the address map for the external address
The address maps to be selected are shown in ta
and 12.3.

0: Selects address map 1.

1: Selects address map 2.

11 BLOCK 0 R/W

Bus Lock Bit
Specifies whether or not the BREQ signal is recei
0: Receives BREQ.

1: Does not receive BREQ.
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11: Reserved (Setting prohibited)

8

6

DMAIW2 0
DMAIW1 0
DMAIWO O

R/W
R/W
R/W

Wait States between Access Cycles when DMA ¢
Address is Transferred

Specify the number of idle cycles to be inserted a
access to an external device with DACK when DI
address transfer is performed. The method of ins
cycles depends on the contents of DMAIWA.

000: No idle cycle inserted
001: 1 idle cycle inserted
010: 2 idle cycles inserted
011: 4 idle cycled inserted
100: 6 idle cycled inserted
101: 8 idle cycle inserted
110: 10 idle cycles inserted
111: 12 idle cycled inserted

5

DMAIWA 0

R/W

Method of Inserting Wait States between Access
when DMA Single Address is Transferred

Specifies the method of inserting the idle cycles ¢
by the DMAIW1 and DMAIWO bits. Clearing this |
make this LSl insert the idle cycles when another
which includes this LSI, drives the data bus after
external device with DACK drove it. When the ex
device with DACK drives the data bus continuous
cycles are not inserted. Setting this bit will make |
insert the idle cycles even when the continuous a
to an external device with DACK are performed.
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big endian.

1: The external pin for specifying endian (MD5) we
level on power-on reset. This LSl is being opere
little endian.

2 CK2DRV 0 R/W

CKIO2 Drive

Specifies whether the CKIO2 pin outputs a low lev
or clock (Bo).

0: Outputs a low level signal
1: Outputs a clock (B¢)

1 HIZMEM 0 R/W

High-Z Memory Control

Specifies the pin state in standby mode for A25 to
CSn, RD/WR, WEn (BEn)/DQMxx, and RD. When
released, these pins enter the high-impedance sta
regardless of the setting of this bit.

0: High impedance in standby mode
1: Driven in standby mode
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standby mode and bus released.

Note: * The external pin (MD5) for specifying endian is sampled on power-on reset. \
endian is specified, this bit is read as 0 and when little endian is specified, thi
read as 1.

12.4.2 CSn Space Bus Control Register (CSnBCR) (n =0, 2, 3, 4, 5A, 5B, 6A, 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 O until the CSnBCR initialization is conr

Initial
Bit Bit Name Value R/W Description
31 — 0 R Reserved
This bit is always read as 0. The write value shot
be 0.
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011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

27 IWRWD2 0 R/W Idle Cycles for Another Space Read-Write
26 IWRWD1 1 R/W Specify the number of idle cycles to be inserted aff
o5 IWRWDO 1 R/W access to a memory that is connected to the space

target access cycle is a read-write one in which co
accesses switch between different spaces.

000: No idle cycle inserted
001: 1 idle cycles inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted

111: 12 idle cycles inserted
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100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted

21
20
19

IWRRD2
IWRRD1
IWRRDO

0
1
1

R/W
R/W
R/W

Idle Cycles for Read-Read in Another Space

Specify the number of idle cycles to be inserted a
access to a memory that is connected to the spac
target cycle is a read-read cycle of which continu
accesses switch between different space.

000: No idle cycle inserted
001: 1 idle cycles inserted
010: 2 idle cycles inserted
011: 4 idle cycles inserted
100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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100: 6 idle cycles inserted
101: 8 idle cycles inserted
110: 10 idle cycles inserted
111: 12 idle cycles inserted
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0110: Reserved (setting prohibited)
0111: Burst ROM (clock synchronous)*?
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)

Note: Memory type for area 0 immediately after re
normal space. The normal space, burst ROI
asynchronous), or burst ROM (clock synchr
can be selected by these bits.

For details on memory type in each area, see tabl
and 12.3.
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11: 32-bit size

Notes: 1. The data bus width for area 0 is specif
the external pin. The BSZ1 and BSZ0
settings in CSOBCR are ignored.

2. If area 5 or area 6 is specified as PCNV
space, the bus width can be specified
8 bits or 16 bits.

3. Ifarea 2 or area 3 is specified as SDR
space, the bus width can be specified
16 bits or 32 bits.

8to0 — AllO R Reserved

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

Notes: 1. CSOBCR samples the external pins (MD3 and MD4) that specify the bus width
power-on reset.

2. The burst ROM (clock synchronous) must be accessed as a cacheable space.
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initial

Bit Bit Name Value R/W  Description

31to — AllO R Reserved

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

20 BAS 0 R/W  Byte Access Selection for Byte-Selection SRAM
Specifies the WEn (BEn) and RD/WR signal timir
the byte-selection SRAM interface is used.

0: Asserts the WEn (BEn) signal at the read/write
and asserts the RD/WR signal during the write
cycle.

1: Asserts the WEn (BEn) signal during the read/
access cycle and asserts the RD/WR signal at
timing.

19to — AllO R Reserved

13 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 Asse

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 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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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)

External Wait Mask Specification

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

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

5to2 — Al0O R

Reserved

These bits are always read as 0. The write value s
always be 0.
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e CS2WCR, CS3WCR

Initial

Bit Bit Name Value R/W Description

31to — AllO R Reserved

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

20 BAS 0 R/W Byte Access Selection for Byte-Selection SRAM
Specifies the WEn (BEn) and RD/WR signal timir
the byte-selection SRAM interface is used.

0: Asserts the WEn (BEn) signal at the read/write
and asserts the RD/WR signal during the write
cycle.

1: Asserts the WEn (BEn) signal during the read/
access cycle and asserts the RD/WR signal at
timing.

19to0 — All O R Reserved

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

External Wait Mask Specification

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

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

5to0 — AllO R

Reserved

These bits are always read as 0. The write value sl
always be 0.
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and asserts the RD/WR si-gnal during the write
cycle.

1: Asserts the WEn (BEn) signal during the read/
access cycle and asserts the RD/WR signal at
timing.

19

Reserved

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

18
17
16

Ww2
WWi1
WWO0

R/W
R/W
R/W

Number of Write Access Wait Cycles

Specify the number of cycles that are necessary f
access.

000: The same cycles as WR3 to WRO setting (re
wait)

001: 0 cycle

010: 1 cycle

011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15to

13

— AllO

R

Reserved

These bits are always read as 0. The write value :
always be 0.
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who
WR2
WR1
WRO

N 0 © =
C

o = O =

R/VV
R/W
R/W
R/W

NuUmber o ACCess vvalt LyCles

Specify the number of wait cycles that are necess:
read/write access.

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)

R/W

External Wait Mask Specification

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

0: External wait is valid
1: External wait is ignored
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10: 2.5 cycles

11: 3.5 cycles
e CS5AWCR
Initial
Bit Bit Name Value R/W  Description
31to — AllO R Reserved
19 These bits are always read as 0. The write value :
always be 0.
18 Ww2 0 R/W  Number of Write Access Wait Cycles
17 WWi1 0 R/W  Specify the number of cycles that are necessary f
16 WWO0 0 Riw  @ccess.
000: The same cycles as WR3 to WRO setting (re
wait)
001: 0 cycle
010: 1 cycle
011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles
15to0 — AllO R Reserved
13

These bits are always read as 0. The write value :
always be 0.
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9 WR2 0 R/W
8 WR1 1 R/W
7 WRO 0 R/W

Specify the number of wait cycles that are necesse
read/write access.

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)

External Wait Mask Specification

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

0: External wait is valid
1: External wait is ignored
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10: 2.5 cycles

11: 3.5 cycles

e CS5BWCR

Initial

Bit Bit Name Value R/W Description

31to — AllO R Reserved

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

20 BAS 0 R/W Byte Access Selection for Byte-Selection SRAM
Specifies the WEn (BEn) and RD/WR signal timir
the byte-selection SRAM interface is used.

0: Asserts the WEn (BEn) signal at the read/write
and asserts the RD/WR signal during the write
cycle.

1: Asserts the WEn (BEn) signal during the read/
access cycle and asserts the RD/WR signal at
timing.

19 — 0 R Reserved

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

15t013 — A0 R

Reserved

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

12 Swi1 0 R/W
11 SWo 0 RW

Number of Delay Cycles from Address, CSn Asse

RD, WEn (BEn) Assertion

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

00: 0.5 cycle

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

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 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 value
always be 0.

HWH1
HWO

R/W
R/W

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

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

00: 0.5 cycle

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

10 WR3
9 WR2
8 WR1
7 WRO

o = O =

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

Number of Access Wait Cycles

Specify the number of wait cycles that are necesse
read/write access.

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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HWH1
HWO

R/W
R/W

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

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

00: 0.5 cycle

01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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access. If this bit is set to 1, 2-burst access is per
four times when the bus width is 16 bits and 4-bur
access is performed four times when the bus widt
bits.

To use a device that does not support 8-burst acc
16-burst access, set this bit to 1.

0: Enables 8-burst access for a 16-bit bus width a
burst access for an 8-bit bus width.

1: Disables 8-burst access for a 16-bit bus width &
burst access for an 8-bit bus width.

19,18 — AllO R

Reserved

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

17 BW1 0 RW
16 BWO 0 R/W

Number of Burst Wait Cycles

Specify the number of wait cycles to be inserted b
the second or later access cycles in burst access.

00: 0 cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

15to 11 — AllO R

Reserved

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

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 cycles is 0.

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

5t00

AllO

R

Reserved

These bits are always read as 0. The write value
always be 0.
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access is performed four times when the bus widt
bits.

To use a device that does not support 8-burst acc
16-burst access, set this bit to 1.

0: Enables 8-burst access for a 16-bit bus width &
burst access for an 8-bit bus width.

1: Disables 8-burst access for a 16-bit bus width ¢
burst access for an 8-bit bus width.

19,18 — AllO R Reserved
These bits are always read as 0. The write value -
always be 0.

17 BW1 R/W Number of Burst Wait Cycles

16 BWO R/W Specify the number of wait cycles to be inserted t
the second or later access cycles in burst access.
00: 0 cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

15t0 — All O R Reserved

13

These bits are always read as 0. The write value -
always be 0.
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W3
w2
Wi1
WO

o = O =

RW
R/W
R/W
RW

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted i
read/write access cycle.

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)

WM

R/W

External Wait Mask Specification

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

0: External wait is valid
1: External wait is ignored
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01: 1.0 cycles

10: 2.5 cycles
11: 3.5 cycles
SDRAM*:
e CS2WCR
Initial
Bit Bit Name Value R/W Description
31to — All O R Reserved
1 These bits are always read as 0. The write value s
always be 0.
10 — 1 R Reserved
These bits are always read as 1. The write value s
always be 1.
9 — 0 R Reserved
These bits are always read as 0. The write value s
always be 0.
A2CL1 1 R/W CAS Latency for Area 2
A2CLO 0 R/W Specify the CAS latency for area 2.

00: 1 cycle

01: 2 cycles
10: 3 cycles
11: 4 cycles
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These bits are always read as 0. The write value
always be 0.

14
13

TRP1
TRPO

0
0

R/W
R/W

Number of Wait Cycles Waiting Completion of Pr
Specify the number of minimum wait cycles to be
to wait the completion of precharge. The setting f
and 3 is common.

(1) From starting auto-charge to issuing the ACT?
command for the same bank

(2) From issuing the PRE/PALL command to issu
ACTV command for the same bank

(3) To transiting to power-down mode/deep powe
mode

(4) From issuing the PALL command at auto-refre
issuing the REF command

(5) From issuing the PALL command at self-refre
issuing the SELF command

00: 0 cycle

01: 1 cycles
10: 2 cycles
11: 3 cycles

12

Reserved

This bit is always read as 0. The write value shou
be 0.
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9 — 0 R Reserved

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

8 A3CLA1 1 R/W  CAS Latency for Area 3.
7 A3CLO 0 R/W  Specify the CAS latency for area 3.
00: 1 cycle

01: 2 cycles

10: 3 cycles

11: 4 cycles
6,5 — All O R Reserved

These bits are always read as 0. The write value s
always be 0.
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recepuornt or e vvnl it A COTmimara to e sidalt
precharge in each SDRAM data sheet.

Set this bit so that the number of cycles is not
cycles specified by this bit.

(2) This LSl is in bank active mode from issuing ti
command to issuing the PRE command, and |
to different row address in the same bank is p

00: 0 cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

Reserved

This bit is always read as 0. The write value shou
be 0.
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00: 2 cycles
01: 3 cycles
10: 5 cycles
11: 8 cycles

Note: * If both areas 2 and 3 are specified as SDRAM, TRP1/0, TRCDO0/1, TRWL1/0, :
TRC1/0 bit settings are common. If only one area is connected to the SDRAM,
area 3. In this case, specify area 2 as normal space or byte-selection SRAM.
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SA1

0: Specifies memory card interface when A25 = 1
1: Specifies I/O card interface when A25 = 1

SAO0

0: Specifies memory card interface when A25 =0
1: Specifies I/O card interface when A25 =0

19t0o15 — AllO 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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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

WM

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

AllO

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

Burst ROM (Clock Synchronous):

¢ CSOWCR
Initial
Bit Bit Name Value R/W Description
31to — AllO R Reserved
18 These bits are always read as 0. The write value sl
always be 0.
17 BW1 0 R/W Number of Burst Wait Cycles
16 BWO 0 R/W Specify the number of wait cycles to be inserted be

the second or later access cycles in burst access.
00: 0 cycle

01: 1 cycle

10: 2 cycles

11: 3 cycles
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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)

WM

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 cycles is 0.

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

5t00

AllO

R

Reserved

These bits are always read as 0. The write value
always be 0.
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19 A2ROWO

R/W

Specify the number of bits of row address for area ¢
00: 11 bits

01: 12 bits

10: 13 bits

11: Reserved (setting prohibited)

18 —

Reserved

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

17 A2COLA1
16 A2COLO

R/W
R/W

Number of Bits of Column Address for Area 2
Specify the number of bits of column address for ar
00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (setting prohibited)

15,14 —

AllO

Reserved

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

13 DEEP

R/W

Deep Power-Down Mode

This bit is valid for low-power SDRAM. If the RMOL
set to 1 while this bit is set to 1, the deep power-do
command is issued and the low-power SDRAM ent
deep power-down mode.

0: Self-refresh mode
1: Deep power-down mode
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at the rising edge of CKIO. Read data from SDR
latched at the rising edge of CKIO.

1: Command, address, and write data for SDRAM
at the falling edge of CKIO. Read data from SDF
latched at the falling edge of CKIO.

11

RFSH 0

R/W

Refresh Control

Specifies whether or not the refresh operation of tl
SDRAM is performed.

0: No refresh
1: Refresh

10

RMODE 0

RW

Refresh Control

Specifies whether to perform auto-refresh or self-r
when the RFSH bit is 1. When the RFSH bit is 1 a
is 1, self-refresh starts immediately. When the RF!
and this bit is 0, auto-refresh starts according to th
contents that are set in RTCSR, RTCNT, and RTC

0: Auto-refresh is performed
1: Self-refresh is performed

9

PDOWN 0

R/W

Power-Down Mode

Specify whether SDRAM is put in power-down mo
after the access to memory other than SDRAM is
completed. This bit, when set to 1, drives the CKE
and places SDRAM in power-down mode by using
access to a memory other than SDRAM as a trigg

0: Does not place SDRAM in power-down mode a
access to a memory other than SDRAM.

1: Places SDRAM in power-down mode after an a
memory other than SDRAM.

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



When both areas 2 and 3 are set to SDRAN
auto-precharge mode.

7to5 — AllO R Reserved

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

A3ROW1 0 R/W Number of Bits of Row Address for Area 3
A3ROWO 0 R/W Specify the number of bits of the row address for
00: 11 bits
01: 12 bits
10: 13 bits
11: Reserved (setting prohibited)

2 — 0 R Reserved

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

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 address
3.

00: 8 bits

01: 9 bits

10: 10 bits

11: Reserved (setting prohibited)
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always be 0.

CMF

R/W

Compare Match Flag

Indicates that a compare match occurs between 1
timer counter (RTCNT) and refresh time constant
(RTCOR). This bit is set or cleared in the followin
conditions.

0: Clearing condition: When 0 is written in CMF a
reading out RTCSR during CMF = 1.

1: Setting condition: When the condition RTCNT
is satisfied.

CMIE

RW

Compare Match Interrupt Enable

Enables or disables a CMF interrupt request whe
bit of RTCSR is set to 1.

0: Disables the CMF interrupt request
1: Enables the CMF interrupt request

CKS2
CKS1
CKS0

R/W
R/W
R/W

Clock Select

Select the clock input to count-up the refresh time
(RTCNT).

000: Stop the counting-up
001: B¢/4

010: Bo/16

011: By/64

100: B¢/256

101: Bo/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)

1246 Refresh Timer Counter (RTCNT)

RTCNT isan 8-hit counter that increments using the clock selected by bits CKS2 to CK
RTCSR. When RTCNT matches RTCOR, RTCNT iscleared to 0. Thevaluein RTCNT
0 after counting up to 255. When the RTCNT iswritten, the upper 16 bits of the write dal
be H A5S5A to cancel write protection.

Initial
Bit Bit Name Value R/W  Description
31to8 — All O R Reserved
These bits are always read as 0. The write value s
always be 0.
7t00 — All O R/W  8-bit Counter
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affects only interrupts and does not affect refresh requests. This makesit possible to cot
number of refresh requests during refresh by interrupts, and to specify therefresh and ir
timer interrupts simultaneously. When the RTCOR is written, the upper 16 bits of the w
must be H’ A55A 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 value
always be 0.
7t00 — All O R/W 8-bit Counter
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selection SRAM. Two data bus widths (16 bits and 32 bits) are available for SDRAM. Tv
bus widths (8 bits and 16 hits) are available for PCMCIA interface. Data alignment is per
in accordance with the data bus width of the device and endian. This aso means that whe
longword datais read from a byte-width device, the read operation must be done four tirr
this LS, data alignment and conversion of data length is performed automatically betwes
respective interfaces.

Tables 12.6 to 12.11 show the relationship between endian, device data width, and acces:

Table12.6 32-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals

D3lto  D23to  Di5to WE3(BE3), WE2(BE2), WEI1(BET), W
Operation D24 D16 D8 D7to DO DQMUU DQMUL DQMLU D
Byte access Data — — — Assert — — —
at0 7t00
Byte access — Data — — — Assert — —
at1 7t00
Byte access — — Data — — — Assert —
at2 7t00
Byte access — — — Data — — — A
at3 7t00
Word Data Data — — Assert Assert — —
accessat0 15t08 7to0
Word — — Data Data — — Assert A
access at 2 15to8 7to0
Longword  Data Data Data Data Assert Assert Assert A

accessat0 31to24 23to16 15t08 7to0
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Byte access at 3 — — — Data — — i

7t00

Word access at0 — — Data Data — — Assert
15t08 7to0

Word access at2 — — Data Data — — Assert
15t08 7to0

Longword 1st — — Data Data — — Assert
access time at 31 to 23 to

ato 0 24 16

2nd — — Data Data — — Assert

time at 15t08 7t00

2
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Byte access at 3 — — — Data —

7t00

Word 1sttime — — — Data —
accessat0 atO 1510 8

2nd — — — Data —

time at 7t00

1
Word 1st time — — — Data —
access at2 at2 15108

2nd — — — Data —

time at 7100

3
Longword  1sttime — — — Data —
accessat0 atO 31to

24

2nd — — — Data —

time at 23 to

1 16

3rd — — — Data —

time at 15108

2

4th — — — Data —

time at 7100

3
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Byte access Data — — — Assert — —

at3 7t00

Word — — Data Data — — Assert
access at 0 15t08 7100

Word Data Data — — Assert Assert —

accessat2 15t08 7t00

Longword Data Data Data Data Assert Assert Assert
accessat0 31to24 23to16 15t08 7100
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Byte access at 3

Assert

Word access at 0

Assert

Word access at 2

Assert

Longword 1st
access time at
ato 0

Assert

2nd
time at
2

Data —
7t00
Data Data
15t08 7to00
Data Data
15t08 7t00
Data Data
15t08 7100
Data Data
31t024 23to
16

Assert

Rev. 1.00 Dec. 27, 2005 Page 388 of 932

REJ09B0269-0100

RENESAS



Byte access at 3 — — — Data — — —

7t00
Word 1sttime — — — Data — — —
accessat0 atO 7100
2nd — — — Data — — —
time at 15t0 8
1
Word 1st time — — — Data — — —
access at2 at2 7t00
2nd — — — Data — — —
time at 15t0 8
3
Longword  1sttime — — — Data — — —
accessat0 atO 7t00
2nd — — — Data — — —
time at 15108
1
3rd — — — Data — — —
time at 23 to
2 16
4th — — — Data — — —
time at 31to
3 24
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Read

Write

Note: * The waveform for DACKn is when active low is specified.

Figure12.3 Normal Space Basic Access Timing (Access Wait 0)

There is no access size specification when reading. The correct access start address is out
least significant bit of the address, but since there is no access size specification, 32 bitse
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RD
Read
D15 to DO

WEN(BEn)
Write
D15 to DO

Note: * The waveform for DACKn is when active low is specified.

Figure12.4 Continuous Accessfor Normal Space 1, Bus Width = 16 bits, L ongwor
CSnWCR.WM Bit = 0 (Access Wait =0, Cycle Wait = 0)
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RD
Read
D15 to DO

memn T\ /TN
Write E : | | : : | | :
D15toD0—<E X )—

Note: * The waveform for DACKn is when active low is specified.

Figure12.5 Continuous Accessfor Normal Space 2, Bus Width = 16 bits, L ongwo
CSnWCR.WM Bit = 1 (Access Wait = 0, Cycle Wait = 0)
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D8 § OF

WET(BET) — 107
D7 I

Ao
cs
OE
1107

1/00
WE

Figure12.6 Example of 32-Bit Data-Width SRAM Connection
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L———o€

1107

/00

Figure12.7 Example of 16-Bit Data-Width SRAM Connection

128 k x 8 bits
This LSI SRAM
A16 A16
A0 AO
CSn Ccs
RD OE
D7 1107
DO 1/00
WEO(BED) WE

Figure12.8 Example of 8-Bit Data-Width SRAM Connection
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CKIo _f N/ N/

A25 to A0

C

s

G

RD/WR :X

i

O
«
153
|w)
S

o
>
Q
ey
5
%

Note: * The waveform for DACKn is when active IoW is specified.

Figure12.9 Wait Timing for Normal Space Access (Softwar e Wait Only)

When the WM bit in CSnNWCR is cleared to O, the externa wait input WAIT signal is als
sampled. WAIT pin sampling is shown in figure 12.10. A 2-cycle wait is specified asa <
wait. The WAIT signal is sampled on the falling edge of CKI10O at the transition from the
cycletothe T2 cycle.
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D3110D0 —

warr - TUTCTTTVITOITON,

I
BS I :
|
I
I

—

|

I

I ! I

DACKn* ! ! |
|

Note: * The waveform for DACKn is when active low is specified.

Figure12.10 Wait State Timing for Normal Space Access (Wait State I nsertion |

Signal)

RENESAS
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h I T T2 Tf
|<—|—><—|—>|<——|—->|<——->|
I | I | I | I : I
oo _f NS S ) S
R N R
A25 to A0 | >( X
I T I T | T I 1
. I I I I
CSn 1\ : | : | : | : 1/
I | T | T | T | T
RD/WR ' X X
] | ] | ] ; ] ! |
_— T | T | | | |
I \ I \ I | I
Read | | | | | | | |
911000 e
I I T I
| X | X I | |
WEREED) | ; | N o/ ]
Write | ' | ' | ! | | |
D310 DO — Y—
I .

| | |

Bs —h ! —t

: | ! |

| |

DACKn* | \
| |

Note: * The waveform for DACKn is when active low is specified.

Figure12.11 CSn Assert Period Expansion
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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/WR, and specific address:
These commands are shown bel ow.

e NOP

e Auto-refresh (REF)

o Sdf-refresh (SELF)

o All banks precharge (PALL)

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

e Read (READ)

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

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

The byte to be accessed is specified by DOMUU, 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 12.5.1, Endia
Size and Data Alignment.

Figures 12.12 and 12.13 show examples of the connection of the SDRAM with the LSI.
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vol lly L
D16 1100
DQMUU DQMU
DQMUL DQML

D15
: — A13
DO :
sauL b0
CKE
CLK
cs
RAS
CAS
WE
V015
V00
DQMU
DQML

Figure12.12 Example of 32-Bit Data-Width SDRAM Connection
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Do
DQMLU
DQMLL

Figure12.13 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 BSZ[1:0]in CSnE
AXROWI[1:0] and AXCOL[1:0] in SDCR. Tables 12.12 to 12.17 show the relationship b
settings of bits BSZ[1:0], AXROW/[1:0], and AXCOL[1:0] and the bits output at the add
Do not specify those bits in the manner other than this table, otherwise the operation of
not guaranteed. A25 to A18 are not multiplexed and the original values of address are @
output at these pins.

When the data bus width is 16 bits (BSZ[1:0] =B’ 10), A0 of SDRAM specifiesaword ¢
Therefore, connect this AO pin of SDRAM to the Al pin of the LSI; the A1 pin of SDR/
A2 pin of the LSI, and so on. When the data bus width is 32 bits (BSZ[1:0] =B’ 11), the
SDRAM specifies alongword address. Therefore, connect this A0 pin of SDRAM to th
the LSI; the Al pin of SDRAM to the A3 pin of the LSI, and so on.
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A16 A24 A16

A15 A23 A15

Al4 A22*? A22*? A12 (BA1)*® Specifies banl

A13 A21*? A21*? A11 (BAO)

A12 A20 L/H* A10/AP Specifies
address/prect

A1 A19 A1 A9 Address

A10 A18 A10 A8

A9 A17 A9 A7

A8 A16 A8 A6

A7 A15 A7 A5

A6 Al4 A6 A4

A5 A13 A5 A3

A4 Al12 A4 A2

A3 A11 A3 A1l

A2 A10 A2 A0
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64-Mbit product (512 kwords x 32 bits x 4 banks, column 8 bits product): 1
16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 2

Notes: 1. L/His a bit used in the command specification; it is fixed at low or high accorc
access mode.
2. Bank address specification
3. If the number of 16-Mbit SDRAM (512 kwords x 16 bits x 2 banks: pin with 8-
column) is two, the bank address specification is not required. Therefore, the
address should be not used.
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A16 A23 A16

A15 A23** A23** A13 (BA1) Specifies bank

Al4 A22+* A22+* A12 (BAO)

A13 A21 A13 A1 Address

A12 A20 L/H*! A10/AP Specifies
address/preche

A1 A19 A1 A9 Address

A10 A18 A10 A8

A9 A17 A9 A7

A8 A16 A8 A6

A7 A15 A7 A5

A6 Al14 A6 A4

A5 A13 A5 A3

A4 Al12 A4 A2

A3 A11 A3 Al

A2 A10 A2 A0

Al A9 Al Unused

A0 A8 A0

Example of connected memory

128-Mbit product (1 Mword x 32 bits x 4 banks, column 8 bits product): 1
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 2

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

access mode.
2. Bank address specification
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A16 A25 A16

A15 A24** A24** A13 (BA1) Specifies bank

Al4 A23** A23*? A12 (BAO)

A13 A22 A13 A1 Address

A12 A21 L/H*! A10/AP Specifies
address/prech

Al1 A20 A1 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 Al1 A2 A0

Al A10 Al Unused

A0 A9 AO

Example of connected memory

256-Mbit product (2 Mwords x 32 bits x 4 banks, column 9 bits product): 1
128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 2

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

2. Bank address specification
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A16 A26 A16

A15 A25*? A25*? A13 (BA1) Specifies bank

A14 A24*? A24+2 A12 (BAO)

A13 A23 A13 A1 Address

A12 A22 L/H*' A10/AP Specifies
address/precha

A1 A21 A1 A9 Address

A10 A20 A10 A8

A9 A19 A9 A7

A8 A18 A8 A6

A7 A17 A7 A5

A6 A16 A6 A4

A5 A15 A5 A3

A4 A14 A4 A2

A3 A13 A3 A1
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Example of connected memory

512-Mbit product (4 Mwords x 32 bits x 4 banks, column 10 bits
product): 1

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits
product): 2

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

2. Bank address specification
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A16 A25*? A25*? A14 (BA1) Specifies bank

A15 A24%* A24+* A13 (BAO)

Al4 A23 Al4 A12 Address

A13 A22 A13 A1l

A12 A21 L/H*! A10/AP Specifies
address/preche

A1 A20 A1 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 A1l

A2 Al1 A2 A0

A1l A10 Al Unused

A0 A9 A0

Example of connected memory

512-Mbit product (4 Mwords x 32 bits x 4 banks, column 9 bits product): 1
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 2

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

access mode.
2. Bank address specification
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A16 A24 A16

A15 A23 A15

A14 A22 A14

A13 A21 A21

A12 A20*? A20** A11 (BAO) Specifies bank

Al A19 L/H* A10/AP Specifies
address/prech

A10 A18 A10 A9 Address

A9 A17 A9 A8

A8 A16 A8 A7

A7 A15 A7 A6

A6 Al14 A6 A5

A5 A13 A5 A4

A4 Al12 A4 A3

A3 Al11 A3 A2

A2 A10 A2 Al

Al A9 Al AO

A0 A8 A0 Unused

Example of connected memory

16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 1

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

2. Bank address specification
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A16 A24 A16

A15 A23 A15

A14 A22*2 A22*2 A13 (BA1) Specifies bank

A13 A21*? A21%? A12 (BAO)

A12 A20 A12 A11 Address

Al A19 L/H* A10/AP Specifies
address/preche

A10 A18 A10 A9 Address

A9 A17 A9 A8

A8 A16 A8 A7

A7 A15 A7 A6

A6 Al4 A6 A5

A5 A13 A5 A4

A4 Al12 A4 A3

A3 A1l A3 A2

A2 A10 A2 Al

Al A9 Al AO

A0 A8 A0 Unused

Example of connected memory

64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 1

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

access mode.
2. Bank address specification
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A16 A25 A16

A15 A24 A15

A14 A23*? A23** A13 (BA1) Specifies bank

A13 A22%? A22%? A12 (BAO)

A12 A21 A12 A1l Address

Al A20 L/H* A10/AP Specifies
address/prech:

A10 A19 A10 A9 Address

A9 A18 A9 A8

A8 A17 A8 A7

A7 A16 A7 A6

A6 A15 A6 A5

A5 Al14 A5 A4

A4 A13 A4 A3

A3 A12 A3 A2

A2 Al1 A2 Al

Al A10 Al A0

A0 A9 A0 Unused

Example of connected memory

128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 1

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

2. Bank address specification

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



A16 A26 A16

A15 A25 A15

A14 A24*2 A24*? A13 (BA1) Specifies bank

A13 A23*? A23*? A12 (BAO)

A12 A22 A12 A11 Address

Al1 A21 L/H* A10/AP Specifies
address/precha

A10 A20 A10 A9 Address

A9 A19 A9 A8

A8 A18 A8 A7

A7 A17 A7 A6

A6 A16 A6 A5

A5 A15 A5 A4

A4 Al4 A4 A3

A3 A13 A3 A2

A2 Al12 A2 Al

Al A1l Al A0

A0 A10 A0 Unused

Example of connected memory

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 1

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

access mode.
2. Bank address specification
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A16 A25 A16

A15 A24*2 A24*2 A14 (BA1) Specifies bank

A14 A23*? A23** A13 (BAO)

A13 A22 A13 A12 Address

A12 A21 A12 A11

Al A20 L/H*! A10/AP Specifies
address/prech

A10 A19 A10 A9 Address

A9 A18 A9 A8

A8 A17 A8 A7

A7 A16 A7 A6

A6 A15 A6 A5

A5 Al14 A5 A4

A4 A13 A4 A3

A3 A12 A3 A2

A2 Al1 A2 Al

Al A10 Al A0

A0 A9 A0 Unused

Example of connected memory

256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 1

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

2. Bank address specification
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A16 A26 A16

A15 A25*? A25*? A14 (BA1) Specifies bank

A14 A24*2 A24*2 A13 (BAO)

A13 A23 A13 A12 Address

A12 A22 A12 At11

Al A21 L/H* A10/AP Specifies
address/precha

A10 A20 A10 A9 Address

A9 A19 A9 A8

A8 A18 A8 A7

A7 A17 A7 A6

A6 A16 A6 A5

A5 A15 A5 A4

A4 Al14 A4 A3

A3 A13 A3 A2

A2 Al12 A2 Al

Al Al1 Al A0

A0 A10 A0 Unused

Example of connected memory

512-Mbit product (8 Mwords x 16 bits x 4 banks, column 10 bits product): 1

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

access mode.
2. Bank address specification
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Table 12.18 Relationship between Access Size and Number of Bursts

Bus Width Access Size Number of Bursts
16 bits 8 bits
16 bits
32 bits
16 bytes
32 bits 8 bits
16 bits
32 bits
16 bytes

—_

—_

Alala|laloo| N

Figures 12.14 and 12.15 show atiming chart in burst read. In burst read, an ACTV com
output in the Tr cycle, the READ command isissued inthe Tcl, Tc2, and Tc3 cycles, tt
command isissued in the Tc4 cycle, and the read datais received at the rising edge of tf
clock (CKIO) inthe Td1 to Td4 cycles. The Tap cycle isused to wait for the completior
auto-precharge induced by the READA command in the SDRAM. In the Tap cycle, an
command will not be issued to the same bank. However, access to another CS space or
bank in the same SDRAM space is enabled. The number of Tap cyclesis specified by tt
and TRPO bitsin CS3WCR.

InthisLSI, wait cycles can be inserted by specifying each bit in CShnWCR to connect th
in variable frequencies. Figure 12.15 shows an example in which wait cycles are inserte
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 the TRCD1 and TRCDO bitsin (
If the TRCD1 and TRCDO hits specify one cycle or more, a Trw cycle where the NOP c
isissued isinserted between the Tr cycle and Tcl cycle. The number of cycles from the
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.14 Burst Read Basic Timing (Auto Precharge)
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D31 to DO

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure12.15 Burst Read Wait Specification Timing (Auto Precharge)
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D31 to DO

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure12.16 Basic Timing for Single Read (Auto Precharge)
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the Tr cycle, the WRIT command isissued inthe Tcl, Tc2, and Tc3 cycles, and the WR
command isissued to execute an auto-precharge in the Tc4 cycle. In the write cycle, the
is output simultaneously with the write command. After the write command with the au
prechargeis output, the Trw1 cycle that waits for the auto-precharge initiation is follow
Tap cycle that waits for completion of the auto-precharge induced by the WRITA comn
SDRAM. In the Tap cycle, anew command will not be issued to the same bank. Howev
to another CS space or another bank in the same SDRAM space is enabled. The number
cyclesis specified by the TRWL 1 and TRWLO bitsin CS3WCR. The number of Tap cy
specified by the TRP1 and TRPO bitsin CS3WCR.

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



\
/

D31 to DO

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure12.17 Basic Timingfor Burst Write (Auto Precharge)

RENESAS
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.18 Basic Timingfor Single Write (Auto-Precharge)

Bank Active: The synchronous DRAM bank function is used to support high-speed acc
the same row address. When the BACTV bit in SDCRis 1, accesses are performed usin
commands without auto-precharge (READ or WRIT). This function is called bank-activ
Thisfunction isvalid only for either the upper or lower bits of area 3. When area 3 is se
active mode, area 2 should be set to normal space or byte-selection SRAM. When areas
are both set to SDRAM, auto precharge mode must be set.

When a bank-active function is used, precharging is not performed when the access end
accessing the same row address in the same bank, it is possible to issue the READ or W
command immediately, without issuing an ACTV command. As synchronous DRAM is
divided into several banks, it is possible to activate one row address in each bank. If the
accessisto adifferent row address, a PRE command isfirst issued to precharge the rele

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



rricicioalllint Ul iAo, UIc Ulic 1ul Jialllly Taul | Vdl iR T U IS dullve otdlc. 1T UiciT o iut
that there will not be a cache hit and another row address will be accessed within the peri
which thisvalue is maintained by program execution, it is necessary to set auto-refresh a
refresh cycle to no more than the maximum value of tRAS.

A burst read cycle without auto-prechargeis shown in figure 12.19, a burst read cycle for
row addressin figure 12.20, and a burst read cycle for different row addressesin figure 1
Similarly, a single write cycle without auto-precharge is shown in figure 12.22, asinglev
cyclefor the same row addressin figure 12.23, and a single write cycle for different row

infigure 12.24.

In figure 12.20, a Tnop cyclein which no operation is performed is inserted before the T
that issues the READ command. The Tnhop cycle isinserted to acquire two cycles of CAS
for the DQMxx signal that specifies the read byte in the data read from the SDRAM. If tt
latency is specified as two cycles or more, the Tnop cycle is not inserted because the two
latency can be acquired even if the DQMxx signal is asserted after the Tc cycle.

When bank active mode is set, if only accesses to the respective banksin the area 3 space
considered, aslong as accesses to the same row address continue, the operation starts wit
cycleinfigure 12.19 or 12.22, followed by repetition of the cycle in figure 12.20 or 12.2:
access to a different area during this time has no effect. If thereis an accessto a different
address in the bank active state, after thisis detected the bus cycle in figure 12.21 or 12.2
executed instead of that in figure 12.20 or 12.23. In bank active mode, too, all banks becc
inactive after arefresh cycle or after the busis released as the result of bus arbitration.
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D31 to DO

REJOS
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.
Figure12.19 Burst Read Timing (No Auto Precharge)




D31 to DO

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.

2. The waveform for DACKn is when active low is specified.

Figure12.20 Burst Read Timing (Bank Active, Same Row Addr ess)
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RD/WR
DQMxx
D31 to DO

REJOS
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.
RENESAS

Figure12.21 Burst Read Timing (Bank Active, Different Row Addresses




AOWR 1 L/
DQMxx _\ . i/_
D31 to DO —‘——‘—D—

s T\
DACKn*2 \ : /[

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.22 Single Write Timing (No Auto Precharge)
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RD/WR \ /

DQMxx \ : [

s T\

DACKn*2 _\

[

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.23 Single Write Timing (Bank Active, Same Row Addr ess)
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RD/WR

DQMxx _"\

D31 to DO

BS b

DACKn*2 _\

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.24 Single Write Timing (Bank Active, Different Row Addresses

Refreshing: This LS| has afunction for controlling synchronous DRAM refreshing. Aut
refreshing can be performed by clearing the RMODE bit to 0 and setting the RFSH bit to
SDCR. A continuous refreshing can be performed by setting the RRC[2:0] bitsin RTCSk
synchronous DRAM is not accessed for along period, self-refresh mode, in which the po
consumption for data retention is low, can be activated by setting both the RMODE bit a

RFSH bit to 1.
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After starting, the auto refreshing, PALL command isissued in the Tp cycle to make
banksto precharged state from active state when some bank is being precharged. Th
command isissued in the Trr cycle after inserting idle cycles of which number is spe
the TRP[1:0]bitsin CSnNWCR. A new command is not issued for the duration of the
cycles specified by the TRC[1:0] bitsin CSnWCR after the Trr cycle. The TRC[1:0]
be set so asto satisfy the SDRAM refreshing cycle time stipulation (tRC). A NOP ¢
inserted between the Tp cycle and Trr cycle when the setting value of the TRP[1:0] |
CSnWCR islonger than or equal to 1 cycle.
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DaMxx —F————————————————

D31 to D0 —F———+———F—— Hiz——F—+————

BS ——+——+——+—

DACKn*2

A Il

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.25 Auto-Refresh Timing

2. Self-refreshing

Self-refresh mode in which the refresh timing and refresh addresses are generated wit
synchronous DRAM. Self-refreshing is activated by setting both the RMODE bit and
RFSH bit in SDCR to 1. After starting the self-refreshing, PALL command isissued i
cycle after the completion of the pre-charging bank. A SELF command is then issued
inserting idle cycles of which number is specified by the TRP[1:0] bitsin CSnWSR.

Synchronous DRAM cannot be accessed while in the self-refresh state. Self-refresh n
cleared by clearing the RMODE bit to 0. After self-refresh mode has been cleared, co
issuance is disabled for the number of cycles specified by the TRC[1:0] bitsin CSnW
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mode by an int'errupt.
The self-refresh state is not cleared by a manual reset.

In case of apower-on reset, the bus state controller’ sregisters are initialized, and the
self-refresh state is cleared.
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.26 Self-Refresh Timing

Relationship between Refresh Requests and Bus Cycles: If arefresh request occurs du
cycle execution, the refresh cycle must wait for the bus cycle to be completed. If arefrest
occurs while the bus is released by the bus arbitration function, the refresh will not be exc
until the bus mastership is acquired. This LS| supports requests by the REFOUT pin for t
mastership while waiting for the refresh request. The REFOUT pin is asserted low until t
mastership is acquired.

If anew refresh request occurs while waiting for the previous refresh request, the previol
request is deleted. To refresh correctly, abus cycle longer than the refresh interval or the
mastership occupation must be prevented from occurring. If a bus mastership is requeste
self-refresh, the bus will not be released until the self-refresh is completed.

L ow-Frequency Mode: When the SLOW bit in SDCR is set to 1, output of commands,
and write data, and fetch of read data are performed at atiming suitable for operating SD
low frequency.
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CKIO

CKE

A25 to A0

A12/A11*1

CSn

RAS

CAS

RD/WR

DACKn*2 —;'\ i E i E E E

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.27 Access Timingin Low-Freguency Mode

Power-Down Mode: If the PDOWN bit in SDCR is set to 1, the SDRAM is placed in ti
down mode by bringing the CKE signal to the low level in the non-access cycle. Thispc
mode can effectively lower the power consumption in the non-access cycle. However,
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Notes: 1.Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.28 Access Timingin Power-Down Mode

Power-On Sequence: In order to use synchronous DRAM, mode setting must first be pe
after powering on. To perform synchronous DRAM initialization correctly, the bus state
registers must first be set, followed by awrite to the synchronous DRAM mode register.

synchronous DRAM mode register setting, the address signal value at that time is latchec
combination of the CSn, RAS, CAS, and RD/WR signals. If the value to be set is X, the &
controller provides for value X to be written to the synchronous DRAM mode register by
performing awrite to address H'A4FD4000 + X for area 2 synchronous DRAM, and to a
H'A4FD5000 + X for area 3 synchronous DRAM. In this operation the datais ignored, bt

mode write is performed as a byte-size access. To set burst read/single write, CAS latenc
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A'A4rD44600 A"00004600
32 bits H’A4FD4880 H’0000880
H’A4FD48CO0 H’00008C0

Burst read/burst write (burst length 1):

Data Bus Width

CAS Latency

Access Address

External Ad

16 bits 2 H’A4FD4040 H’0000040
3 H’A4FD4060 H’0000060
32 bits 2 H’A4FD4080 H’0000080
3 H’A4FD40CO0 H’00000C0O

e Setting for Area 3 (SDMR3)

Burst read/single write (burst length 1):

Data Bus Width

CAS Latency

Access Address

External Adc

16 bits 2 H’A4FD5440 H’0000440
3 H’A4FD5460 H’0000460
32 bits 2 H’A4FD5880 H’0000880
3 H’A4FD58CO0 H’00008C0O
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MRS command (mode register write command) isfinally issued. Idle cycles, of which nt
specified by the TRP[1:0] bitsin CSNWCR, are inserted between the PALL and the first |
cycles, of which number is specified by the TRC[1:0]bitsin CShWCR, are inserted betwi
and REF, and between the 8th REF and MRS. Idle cycles, of which number is one or mo
inserted between the MRS and a command to be issued next.

It is necessary to keep idle time of certain cycles for SDRAM before issuing PALL comr
power-on. Refer the manual of the SDRAM for the idle time to be needed. When the pul
of thereset signal islonger then the idle time, mode register setting can be started immed
after the reset, but care should be taken when the pulse width of the reset signal is shorter
idletime.
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pawa En o n )b )
D31 to DO )5( HIL )5/ ———
LD D
DAGKN? — T T T

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.29 Write Timing for SDRAM Mode Register (Based on JEDEC

L ow-Power SDRAM: The low-power SDRAM can be accessed using the same protoct
normal SDRAM. The differences between the low-power SDRAM and normal SDRAN
partial refresh takes place that puts only a part of the SDRAM in the self-refresh state di
self-refresh function, and that power consumption islow during refresh under user conc
as the operating temperature. The partial refresh is effective in systemsin which datain
area other than the specific area can be lost without severe repercussions. For details, re
data sheet for the low-power SDRAM to be used.

The low-power SDRAM supports the extension mode register (EMRS) in addition to th
registers as the normal SDRAM. This LSl supports issuing of the EMRS command.

The EMRS command is issued according to the conditions specified in table 12.20. For
if dataH'OYYYYYYY iswritten to address H’ A4AFD5XX X in long-word, the commanc
issued to the CS3 space in the following sequence: PALL -> REF x 8 -> MRS -> EMR
case, the MRS and EMRS issue addresses are H'0O000XXX and HYYYYYY'Y, respecti
dataH'1YYYYYYY iswritten to address H'A4FD5X XX in long-word, the commands :
to the CS3 space in the following sequence: PALL -> MRS -> EMRS.
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(with refresh)

CS2 MRS H'A4FD4XXX H1YYYYYYY 32 bits H'0000XXX HYYYYY
+EMRS

(without
refresh)

CS3 MRS H'A4FD5XXX H1YYYYYYY 32 bits H'0000XXX HYYYYY
+EMRS

(without
refresh)
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Notes: 1. Address pin to be connected to the BA1 pin of SDRAM.
2. Address pin to be connected to the BAO pin of SDRAM.
3. Address pin to be connected to the A10 pin of SDRAM.
4. The waveform for DACKn is when active low is specified.

Figure12.30 EMRS Command Issue Timing

e Deep power-down mode
The low-power SDRAM supports the deep power-down mode as a low-power const
mode. In the partial self-refresh function, self-refresh is performed on a specific aree
deep power-down mode, self-refresh will not be performed on any memory area. Th
effective in systems where all of the system memory areas are used as work areas.

If the RMODE bit of the SDCR is set to 1 while the DEEP and RFSH bits of the SDCR
1, the low-power SDRAM enters the deep power-down mode. If the RMODE bit is clez
the CKE signal is pulled high to cancel the deep power-down mode. Before executing a
after returning from the deep power-down mode, the power-up sequence must be re-exe
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RD/WR .)).....\_

ll:':'//lllll
DQMxx)) P
0911000 —————
s e
DACKn*2:::::::::»//'I'I::E:E\_

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. The waveform for DACKn is when active low is specified.

Figure12.31 Transition Timing in Deep Power-Down Mode

125.6 Burst ROM (Clock Asynchronous) Interface

The burst ROM (clock asynchronous) interface is used to access a memory with a high-g
function using a method of address switching called the burst mode or page mode. In a bt
(clock asynchronous) interface, basically the same access as the normal space is perform
the 2nd and subsequent accesses are performed only by changing the address, without ne
RD signal at the end of the 1st cycle. In the 2nd and subsequent accesses, addresses are ¢
the falling edge of the CKIO.

For the 1st access cycle, the number of wait cycles specified by the W[3:0] bitsin CSnW
inserted. For the 2nd and subseguent access cycles, the number of wait cycles specified b
BW][1:0Q] bitsin CSnWCR isinserted.

In the access to the burst ROM (clock asynchronous), the BS signal is asserted only to th
access cycle. An external wait input isvalid only to the first access cycle.

In the single access or write access that do not perform the burst operation in the burst R(
(clock asynchronous) interface, accesstiming is same as anormal space.

Rev. 1.00 Dec. 27, 2005 Page 440 of 932
REJ09B0269-0100 RENESAS



1 4 4
16 bits Not affected 8 bits 1 1
Not affected 16 bits 1 1
Not affected 32 bits 2 1
0 16 bytes 8 1
1 2 4
32 bits Not affected 8 bits 1 1
Not affected 16 bits 1 1
Not affected 32 bits 1 1
Not affected 16 bytes 4 1

RENESAS
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Figure12.32 Burst ROM (Clock Asynchronous) Access (Bus Width = 32 Bi
16-byte Transfer (Number of Bursts=4), Access Wait for First Time= 2,
Access Wait for 2nd Time and after = 1)

1257 Byte-Selection SRAM Interface

The byte-selection SRAM interfaceis for accessto an SRAM which has a byte-selection
(WEn (BEn)). This interface has 16-bit data pins and accesses SRAMs having upper and
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 tt
selection SRAM interface is the same as that for the normal space interface. While in rex
of abyte-selection SRAM interface, the byte-selection signa is output from the WEn (BI
which is different from that for the normal space interface. The basic accesstiming is shc
figure 12.33. 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 merr

If the BAS bit in CSN\WCR is set to 1, the WEn (BEn) pin and RD/WR pin timings chan
12.34 shows the basic access timing. In write access, datais written to the memory accor
the timing of the write enable pin (RD/WR). The data hold timing from RD/WR negatior
write must be acquired by setting the HW[1:0] bitsin CShnWCR. Figure 12.35 shows the
timing when a software wait is specified.
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D31 to DO
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Read <

Write <

Note: The waveform for DACKn is when active low is specified.

Figure12.33 Basic Access Timing for Byte-Selection SRAM (BAS = 0)
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D31 to DO
D31 to DO

Write <

RENESAS

Note: The waveform for DACKn is when active low is specified.

Figure12.34 Basic Access Timing for Byte-Selection SRAM (BAS=1)
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Note: The waveform for DACKn is when active low is specified.

1) (Softwar e Waif

Figure12.35 Wait Timing for Byte-Selection SRAM (BAS
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WE2(BE2) — B
D15
: A15
DO :
WET(BET) AO
WEO(BEO) CS
OE
WE
11015
1100
UB
B

Figure12.36 Example of Connection with 32-Bit Data-Width Byte-Selection Si

64 k x 16 bits
This LSI SRAM
Al6 A15
A1 A0
CSn CS
RD OE
RD/WR WE
D15 1/0 15
DO 1100
WET(BET) uB
WEO(BED) B

Figure 12.37 Example of Connection with 16-Bit Data-Width Byte-Selection Sl
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vvnen the FLIVICIA INterface IS used, the DUS SiZze must De SPeCITIed as o DITS OF 10 DITS L
BSZ[1:0] bitsin CS5BBCR or CS6BBCR.

Figure 12.38 shows an example of a connection between this LS| and the PCMCIA carc
enableinsertion and removal of the PCMCIA card during system power-on, a three-stat
must be connected between the LS| and the PCMCIA card.

In the JEIDA and PCMCIA standards, operation in the big endian mode is not clearly d
Consequently, an original definition is provided for the PCMCIA interface in big endiar
thisLSI.
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Dt
RD OE
WE - WE/PGM
ICIORD IORD
ICIOWR TOWR
1/0 Port REG
G
WAIT WAIT
101S16 —+ 101S16
Card
detection CD1,CD2
circuit

Figure 12.38 Example of PCMCIA Interface Connection

Basic Timing for Memory Card Interface: Figure 12.39 shows the basic timing of the

IC memory card interface. If areas 5 and 6 in the physical space are specified as the PCM
interface, accessing the common memory areas in areas 5 and 6 automatically accesses tt
memory card interface. If the external bus frequency (CKI10O) increases, the setup times a
times for the address pins (A25 to A0) to RD and WE, card enable signals (CE1A, CE2A
CE2B), and write data (D15 to DO) become insufficient. To prevent this error, the LSI ca
the setup times and hold times for areas 5 and 6 in the physical space independently, usin
CS5BWCR and CS6BWCR. In the PCMCIA interface, asin the normal space interface, |
software wait or hardware wait can be inserted using the WAIT pin. Figure 12.40 shows
PCMCIA memory buswait timing.
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Read P : b P P P
D15 to DO : : : : T : : . { }—

wE o N b P oo
D15 to DO _f—< )—
Bs N Y

Write

Figure12.39 Basic Access Timing for PCM CIA Memory Card I nterfac

TpcmO TpcmOw  Tpemi1  Tpemiw  Tpemiw Tpemiw  Tpemiw  Tpem2  Tper
r T T T T T T r-—

CKIO

A25 to AO:X
cExx _X
RD/WR :X —
T A N S S S SN S S S /A
s {msrooo — L
L R O N A O A A A
Write S T S N I N S N S S
{D‘ISto DO—K
s\ T T T T
TZTLB LARVARAAARAAEAARHRAARAARAEARRBARAANYD

AAARARRBARY

Figure12.40 Wait Timing for PCMCIA Memory Card Interface
(TED[3:0] = B’0010, TEH[3:0] = B’0001, Software Wait = 1, Har dware Wait
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Area 6 : H'18000000

Area 6 : H'1A000000

Attribute memory/common memory

1/0 space

PCMCIA interface area is 16 Mbytes (A24 is used as the REG)

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

1/0O space

Attribute memory

Common memory

1/0 space

Figure12.41 Example of PCMCIA Space Assignment (CS5BWCR.SA[1:0] = I

CS6BWCR.SA[1:0] = B'10)

Basic Timing for I/O Card Interface: Figures 12.42 and 12.43 show the basic timings f

PCMCIA 1/0O card interface.

The /O card and IC memory card interfaces can be switched using an address to be acce:
area 5 of the physical space is specified as the PCMCIA, the 1/O card interface can autorr
be accessed by accessing the physical addresses from H’ 16000000 to H' 17FFFFFF. If ar
the physical space is specified as the PCMCIA, the I/O card interface can automatically &
accessed by accessing the physical addresses from H’1A 000000 to H'1BFFFFFF.

Note that areas to be accessed as the PCMCIA 1/0 card must be non-cached if they areIc

space (space P2 or P3) areas, or a non-cached area specified by the MMU.
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Note that the IOIS16 signal is not supported in big endian mode. In the big endian mode
101S16 signal must be fixed low.

Tpcit Tpcilw Tpcilw Tpcitw Tpci2

CKIO

A25 to A0

CExx
RD/WR
ICIORD . . . .
Read E j E j E , E ! i/_,_\
D15 to DO . - : . ' " 7 : \ /
ICIOWR 5 \ 5 : 5 ' ; ' ; /
Write 5 ; ; : ! : : : : :
' \
D15 to DO T )
BS \ : S : P b |

Figure12.42 Basic Timingfor PCMCIA 1/0 Card Interface
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vvhie

1D15t0 po —

Figure 12.43 Wait Timing for PCMCIA 1/O Card Interface
(TED[3:0] = B’0010, TEH[3:0] = B’0001, Software Wait = 1, Hardware Wait -

Tpci0  Tpeiow Tpcit  Tpcilw  Tpcitw  Tpoitw Tpcilw  Tpci2  Tpei2w  Tpeio  Tpciow Tpeit  Tpeitw  Tpeitw  Tpeidw  Tpeitw  Tpei
v T v v T 4 T > v T 4 v T v - r

ICIORD L L L L L il 1 1
Read { o ' T T T T T
D15 t0 DO
wite ICIOWR : 1 : [ W T S T | II | ' : 1 : 1 : Nl : !
D15 to DO ==f / Y
b
BS
wAT JYLLLIXTJITTTTTTATTRETTARTRYTRTIATIRTNTIY | A LANATATATAT ALY TULRUTITATATAULAARLRALALVL LUK '
101516 \_--\\\\\\\\\\\\\\\\\ \\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ \\\\\\\\

Figure12.44 Timingfor Dynamic Bus Sizing of PCMCIA 1/O Card Interfa
(TED[3:0] = B’0010, TEH[3:0] = B’0001, Software Waits= 3)
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access cycle and an external wait input is also valid for the first access cycle.

If the bus width is 16 bits, the burst length must be specified as 8. If the bus width is 32
burst length must be specified as 4. The burst ROM interface does not support the 8-bit
for the burst ROM. The burst ROM interface performs burst operations for all read acce
example, in alongword access over a 16-bit bus, valid 16-bit datais read two times and
16-bit dataisread six times.

Theseinvalid data read cycles increase the memory access time and degrade the prograr
execution speed and DMA transfer speed. To prevent this problem, a 16-byte read by cz
16-byte read by the DMA should be used. The burst ROM interface performs write acce
same way as normal space access.

Note: Theburst ROM (clock synchronous) must be accessed as cacheabl e space.

T Tw Tw T2B Twb T2B Twb T2B Twb T2B Twb T2B Twb T2B Twb T2B Twb
T T —r T T T

BS:L—!: -:i:i:i:i:i:i:1:1:1:1:1:1:1:1:1

' ' ' ' ' ' ' ' ' ' ' ' ' ' ' '
packns N 0ot bt T S S R S R S R S R S A |
T T T T T T T T T T T T T T T

Note: The waveform for DACKn is when active low is specified.

Figure12.45 Burst ROM (Clock Synchronous) Access Timing
(Burst Length = 8, Wait Cyclesinserted in First Access= 2,
Wait Cyclesinserted in Second and Subsequent Accesses = 1)
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shown below.

Continuous accesses are write-read or write-write

Continuous accesses are read-write for different spaces

Continuous accesses are read-write for the same space

Continuous accesses are read-read for different spaces

Continuous accesses are read-read for the same space

Data output from an external device caused by DMA single transfer is followed by de
from another device that includesthis LSl (DMAIWA =0)

7. Dataoutput from an external device caused by DMA single transfer is followed by ar
access (DMAIWA =1)

o gk~ wbdhrE

12.5.11 BusArbitration

To prevent device malfunction while the bus mastership is transferred between master an
the LSI negates all of the bus control signals before bus release. When the bus mastershiy
received, al of the bus control signals are first negated and then driven appropriately. In
output buffer contention can be prevented because the master and slave drive the same si
with the same values. In addition, to prevent noise while the bus control signal isintheh
impedance state, pull-up resistors must be connected to these control signals.

Bus mastership is transferred at the boundary of bus cycles. Namely, bus mastership isre
immediately after receiving a bus request when a bus cycle is not being performed. Ther
bus mastership is delayed until the bus cycle is complete when a bus cycleisin progress.
when from outside the LS| it looks like a bus cycle is not being performed, abus cyclem
performing internally, started by inserting wait cycles between access cycles. Therefore,
be immediately determined whether or not bus mastership has been released by looking e
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Bits DPRTY[1:0] in CMNCR can select whether or not the bus request is received durir
burst transfer.

This LS has the bus mastership until a bus request is received from another device. Upc
acknowledging the assertion (low level) of the external bus request signal BREQ), the L
the bus at the completion of the current bus cycle and asserts the BACK signal. After th
acknowledges the negation (high level) of the BREQ signal that indicates the slave has|
the bus, it negates the BACK signal and resumes the bus usage.

The SDRAM issues aal bank precharge command (PALL) when active banks exist anc
the bus after completion of a PALL command.

The bus sequenceis as follows. The address bus and data bus are placed in a high-impe
synchronized with the rising edge of CKIO. The bus mastership enable signal is assertex
cycles after the above timing, synchronized with the falling edge of CKI10O. The bus con
(BS, CSn, RAS, CAS, DQMxx, WEn (BEn), RD, and RD/WR) are placed in the high-ir
state at subsequent rising edges of CKI10. Bus request signals are sampled at the falling
CKIO.

The sequence for reclaiming the bus mastership from aslave is described below. 1.5 cyc
the negation of BREQ is detected at the falling edge of CKIO, the bus control signals ar
high. The BACK is negated at the next falling edge of the clock. The fastest timing at w
bus cycles can be resumed after bus control signal assertion is at the rising edge of the C
where address and data signals are driven. Figure 12.46 shows the bus arbitration timing

In an origina slave device designed by the user, multiple bus accesses are generated cor
to reduce the overhead caused by bus arbitration. In this case, to execute SDRAM refres
correctly, the slave device must be designed to rel ease the bus mastership within the ref
interval time. To achieve this, the LS instructs the REFOUT pin to request the bus mas
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ok ]

|
A25 to AO | | | | | I\ | | | | | | | | | | | | | | |
D31 to DO “ /7 ' ' ' ' ' ) W
o [ [ [ [ [ [ | | | | | | | | | | | | | | | [
T T T T T T T ™! | | | | | | | | | | ./ \
Other bus - - - - - “ '/ | | | | | | | | | | | | | | | |
| | | | | | | | | | | | | | | | | | |

control signals

Figure12.46 BusArhbitration Timing

12512 Others

Reset: The bus state controller (BSC) can beinitialized completely only at power-on res
power-on reset, al signals are negated and output buffers are turned off regardless of the
state. All control registers areinitialized. In standby, sleep, and manual reset, control regi
the bus state controller are not initialized. At manual reset, the current bus cycle being ex
completed and then the access wait state is entered. If a 16-byte transfer is performed by .
or if another LS| on-chip bus master module is executed when a manual reset occurs, the
accessis cancelled in longword units because the access request is cancelled by the busn
manual reset. If amanual reset is requested during cache fill operations, the contents of tt
cannot be guaranteed. Since the RTCNT continues counting up during manual reset signs
assertion, arefresh request occursto initiate the refresh cycle. Note, however, a bus arbiti
request by the BREQ signal can't be accepted during manual reset signal assertion.

Some flash memories may specify a minimum time from reset release to the first access.

ensure this minimum time, the bus state controller supports a 5-bit reset wait counter (RV
At power-on reset, the RWTCNT is cleared to 0. After a power-on reset, RWTCNT is co
synchronously together with CK10 and an external access will not be generated until RW
counted up to H’007F. At amanual reset, RWTCNT isnot cleared. RWTCNT cannot be

or written to.
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than the CPU writes data to an external memory otnher than the cache, the contents of the
memory may differ from that of the cache memory. To prevent this problem, if the exte
memory whose contents is cached is written by an on-chip bus master other than the CF
corresponding cache memory should be purged by software.

If the CPU initiates read access for the cache, the cache is searched. If the cache stores
CPU latches the data and completes the read access. If the cache does not store data, the
performs four contiguous longword read cycles to perform cachefill operations viathe|
bus. If acache miss occursin byte or word operand access or at a branch to an odd worc
(4n + 2), the CPU performs four contiguous longword accesses to perform a cachefill o
on the external interface. For a non-Cacheable area, the CPU performs access according
actual access addresses. For an instruction fetch to an even word boundary (4n), the CPL
longword access. For an instruction fetch to an odd word boundary (4n + 2), the CPU p
word access.

For aread cycle of a cache-through area or an on-chip peripheral module, the read cycle
accepted and then read cycleisinitiated. The read datais sent to the CPU viathe cache

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

In write-back mode, the cache isfirst searched. If datais detected at the address corresp
the cache, the datais then re-written to the cache. In the actual memory, datawill not be
until datain the corresponding address is re-written. If datais not detected at the addres
corresponding to the cache, the cache is modified. In this case, data to be modified isfir
theinternal buffer, 16-byte data including the data corresponding to the addressis then |
data in the corresponding access of the cacheis finally modified. Following these operal
write-back cycle for the saved 16-byte data is executed.
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to the same address to check for completion of the write before the next process to be exe

The write buffer of the BSC functions in the same way for an access by a bus master othe
the CPU such asthe DMAC or E-DMAC. Accordingly, to perform dual address DMA tr:
the next read cycle isinitiated before the previous write cycle is completed. Note, howev
both the DMA source and destination addresses exist in external memory space, the next
cycle will not beinitiated until the previous write cycle is completed.

On-Chip Peripheral M odule Access. To access an on-chip module register, two or mor
peripheral module clock (Pd) cycles are required. Care must be taken in system design.
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4-Gbyte physical address space

Datatransfer unit is selectable: Byte, Word (two bytes), Longword (four bytes), and
(longword x 4)

Maximum transfer count: 16,777,216 transfers (24 bits)

Address mode: Dual address mode and single address mode are supported.

Transfer requests:

An externa reguest, on-chip peripheral module request, or auto request can be selec
The following modules can issue an on-chip peripheral module regquest.

SCIFO, SCIF1, SIOFO, SIOF1

Bus mode: Cycle steal mode or burst mode can be selected.

Channel priority levels: The channel priority levels are selectable between fixed mo
round-robin mode.

Interrupt request: An interrupt request can be generated to the CPU at the end of the
counts of data transfer.

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 and transfer end signals: Active levelsfor DACK and
can be set independently.
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Interrupt controller DEIN | control
e
External ROM _E_
- @b
i interface
External RAM K ) !
Externall/o  |,/—— | | || | |77ttt TTTTTTTTTTmTomommommmm o
(memory mapped) D
Legend
External /O Bus state SAR_n : DMA sourFe gddress reglster-
(with acknowledge- <:> controller DAR_n : DMA destination address register
ment) DMATCR_n: DMA transfer count register
DACKO, DACK1, _ CHCR_n : DMA channel control register
TENDO, TEND1 DMAOR  : DMA operation register
DREQO, DREQ1 DMARSO0-2 : DMA extension resource selector
DEIn : DMA transfer end interrupt request
n :0,1,2,83,4,5

Figure13.1 Block Diagram of DMAC
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cxtelrial dcevice 0 Cliarnricel v

DMA transfer request DACKO (0] DMA transfer request acknoy

acknowledge output from channel 0 to exte
device

DMA transfer end TENDO (0] DMA transfer end output for

DMA transfer request DREQ1 | DMA transfer request input fi
external device to channel 1

DMA transfer request DACK1 (0] DMA transfer request acknoy

acknowledge output from channel 1 to exte
device

DMA transfer end TEND1 (0] DMA transfer end output for
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Channdl 1:

e DMA source addressregister_1 (SAR_1)

o DMA destination addressregister_1 (DAR_1)
e DMA transfer count register 1 (DMATCR_1)
o DMA channel control register _1 (CHCR_1)

Channdl 2:

e DMA source addressregister 2 (SAR_2)

o DMA destination address register_2 (DAR_2)
e DMA transfer count register 2 (DMATCR_2)
e DMA channel control register_2 (CHCR_2)

Channel 3:

e DMA source addressregister_3 (SAR_3)

e DMA destination addressregister_3 (DAR_3)
e DMA transfer count register 3 (DMATCR_3)
e DMA channel control register 3 (CHCR_3)

Channedl 4:

o DMA source addressregister 4 (SAR _4)

e DMA destination addressregister_4 (DAR_4)
o DMA transfer count register_4 (DMATCR_4)
e DMA channel control register_4 (CHCR_4)
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e DMA extension resource selector 1 (DMARSL)
o DMA extension resource selector 2 (DMARS2)

1331 DMA Source Address Register (SAR)

SAR is a32-bit readable/writable register that specifies the source address of a DMA tr:
During aDMA transfer, SAR indicates the next source address. When the data is transfe
an external device with the DACK in single address mode, SAR isignored.

To transfer datain 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 (address 16n) must be set fi
source address value.

SAR isundefined at reset and retains the current value in standby or module standby m

13.3.2 DMA Destination Address Register (DAR)

DAR isa32-bit readable/writable register that specifies the destination address of a DM
During aDMA transfer, DAR indicates the next destination address. When the datais tr
to an external device with the DACK in single address mode, DAR isignored.

To transfer datain 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 (address 16n) must be set f
source address value.

DAR isundefined at reset and retains the current value in standby or module standby m
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DA TCR ISUNAETINED al reset ana retans the current value 1n Standoy or moaule Standi

13.34 DMA Channd Control Register (CHCR)
CHCR is a 32-hit readabl e/writable register that controls the DMA transfer mode.

CHCRisinitialized to H'00000000 at reset and retains the current value in the standby or
standby mode.

Initial

Bit Bit Name Value R/W  Description

31to — All O R Reserved

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

23 DO 0 R/W  DMA Overrun
Selects whether the DREQ is detected by overrun
overrun 1.

This bit is valid only in CHCRO and CHCR1.This bi
reserved and always read as 0 in CHCR2 to CHCF
write value should always be 0.

0: Detects DREQ by overrun 0
1: Detects DREQ by overrun 1
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These bits are always read as 0. The write value
always be 0.

17

AM

R/W

Acknowledge Mode

Specifies whether the DACK is output in data rea
in data write cycle in dual address mode.

In single address mode, the DACK is always outy
regardless of the specification by this bit.

This bit is valid only in CHCRO and CHCR1.This'
reserved and always read as 0 in CHCR2 to CHC
write value should always be 0.

0: DACK output in read cycle (Dual address mod
1: DACK output in write cycle (Dual address mod

16

AL

RW

Acknowledge Level

Specifies the DACK signal output is high active o
active.

This bit is valid only in CHCRO and CHCR1.This
reserved and always read as 0 in CHCR2 to CHC
write value should always be 0.

0: Low-active output of DACK
1: High-active output of DACK
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10: Destination address is decremented (—1 in byte
—2 in word transfer, —4 in longword transfer; se
prohibited in 16-byte transfer)

11: Reserved (setting prohibited)

13 SM1 0 R/W
12 SMO 0 R/W

Source Address Mode

Specify whether the DMA source address is incren
decremented, or left fixed. (In single address mode
SM1 and SMO bits are ignored when data is transfe
from an external device with the DACK.)

00: Fixed source address (setting prohibited in 16-t
transfer)

01: Source address is incremented (+1 in byte tran
in word transfer, +4 in longword transfer, +16 ir
transfer)

10: Source address is decremented (-1 in byte trar
in word transfer, —4 in longword transfer; settin
prohibited in 16-byte transfer)

11: Reserved (setting prohibited)
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0100: Auto request
1000: DMA extension resource selector
Other than above: Reserved (setting prohibited)

Note: An external request specification is valid onl
CHCRO and CHCR1. None of the external re
specification can be selected in CHCR2 to C

DL
DS

R/W
R/W

DREQ Level and DREQ Edge Select

Specify the sampling method of the DREQ pin inpt
sampling level.

These bits are valid only in CHCRO and CHCR1. T
are reserved and always read as 0 in CHCR2 to C
The write value should always be 0.

In channels 0 and 1, also, if the transfer request sc
specified as an on-chip peripheral module or if an .
request is specified, the specification by this bit is |

00: DREQ detected in low level
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 the DMA transfers d
0: Cycle steal mode

1: Burst mode
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117 To-Dyte (tour longworas) size

Interrupt Enable

Specifies whether or not an interrupt request is g
to the CPU at the end of the DMA transfer. Settir
to 1 generates an interrupt request (DEI) to the C
when the TE bit is set to 1.

0: Interrupt request is disabled

1: Interrupt request is enabled

Transfer End Flag

The TE bit is set to 1 when data transfer ends wk
DMATCR becomes to 0.

The TE bit is not set to 1 in the following cases.
o DMA transfer ends due to an NMI interrupt o
address error before DMATCR becomes O.

o DMA transfer is ended by clearing the DE bit
DME bit in the DMA operation register (DMA(

Even if the DE bit is set to 1 while this bit is set tc
transfer is not enabled.

0: During the DMA transfer or DMA transfer has
interrupted

1: DMA transfer ends by the specified count (DM
0)

[Clearing condition]
Writing 0 after reading 1 from this bit
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bit to 0 can terminate the DMA transfer.
0: DMA transfer disabled
1: DMA transfer enabled

Note: * Only 0 can be written to clear the flag.

13.35 DMA Operation Register (DMAOR)

DMAOR is a 16-bit readable/writable register that specifies the priority level of channel
DMA transfer. Thisregister indicates the DMA transfer status.

DMAOR isinitialized to H'0000 at areset and retains the current value in standby or mi
standby mode.

Initial
Bit Bit Name Value R/W Description
15t0 — All O R Reserved
10 These bits are always read as 0. The write value :
always be 0.
PR1 0 R/W  Priority Mode
PRO 0 R/W  Select the priority level between channels when ti

transfer requests for multiple channels simultanec
00: Fixed mode 1: CHO > CH1 > CH2 > CH3 > Cl
01: Fixed mode 2: CHO > CH2 > CH3 > CH1 > ClI
10: Reserved (setting prohibited)
11: All channel round-robin mode
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1: DMAC address error
[Clear conditions]
Writing O after reading 1 from this bit

1 NMIF 0 R/(W)*

NMI Flag

Indicates that an NMI interrupt occurred. When th
set, DMA transfer is disabled even if the DE bit in
and the DME bit in DMAOR are set to 1. This bit
be cleared by writing 0 after reading 1.

When the NMI is input, the DMA transfer in progre
be done in one transfer unit. Even if the DMAC is
operational, this bit is set to 1 when the NMI inter
input.

0: No NMl interrupt

1: NMlI interrupt occurs

[Clearing conditions]

Writing 0 after reading 1 from this bit

0 DME 0 R/W

DMA Master Enable

Enables or disables DMA transfers on all channel
DME bit and the DE bit in CHCR are set to 1, DM
transfer is enabled. Note that transfer is enabled i
bit in CHCR and the NMIF and AE bits in DMAOF
0. If this bit is cleared, DMA transfers in all the ch:
can be terminated.

0: Disables DMA transfers on all channels
1: Enables DMA transfers on all channels

Note: * Only 0 can be written to clear the flag.
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DMARS sinitialized to H'0000 at reset and retains the current value in standby or mod

standby mode.
e DMARSO
Initial
Bit Bit Name Value R/W Description
15 CiMID5 O R/W Transfer request module ID for DMA channel 1 (|
14 CiMID4 0 R/W See table 13.2.
13 CiMID3 0 R/W
12 CiMID2 0 R/W
11 CiMID1 0 R/W
10 CiMIDO O R/W
9 CiRID1 O R/W Transfer request register ID for DMA channel 1 (
8 C1RIDO O R/W See table 13.2.
7 CoMID5 O R/W Transfer request module ID for DMA channel O (|
6 CoMID4 0 R/W See table 13.2.
5 CoMID3 O R/W
4 coMiD2 0 R/W
3 CoMID1 O R/W
2 CoMIDO O R/W
1 CORID1 O R/W Transfer request register ID for DMA channel 0 (
0 CORIDO O R/W See table 13.2.

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



9 C3RID1 O Transfer request module ID for DMA channel 3 (Rl
8 C3RIDO O R/W  See table 13.2.

7 CcamID5 0 R/W  Transfer request module ID for DMA channel 2 (Ml
6 C2MID4 0 R/W  See table 13.2.

5 CcamMID3 0 R/W

4 C2MID2 0 R/W

3 camID1 0 R/W

2 C2MIDO O R/W

1 C2RID1 0 R/W  Transfer request module ID for DMA channel 2 (Rl
0 C2RIDO O R/W  See table 13.2.
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9 C5RID1 0 Transfer request module ID for DMA channel 5 (
8 C5RIDO 0 R/W  See table 13.2.

7 C4MID5 0 R/W  Transfer request module ID for DMA channel 4 (
6 C4MID4 0 R/W  See table 13.2.

5 C4aMID3 O R/W

4 C4MID2 0 R/W

3 C4MIDA 0 R/W

2 C4MIDO 0 R/W

1 C4RID1 0 R/W  Transfer request module ID for DMA channel 4 (
0 C4RIDO 0 R/W  See table 13.2.
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SIOF0 H'51 B'010100 B'01 Transmit

H'52 B'10 Receive
SIOF1 H'55 B'010101 B'01 Transmit
H'56 B'10 Receive

134  Operation

When thereisa DMA transfer request, the DMAC starts the transfer according to the
predetermined channel priority order; when the transfer end conditions are satisfied, it en
transfer. Transfers can be requested in three modes: auto request, external request, and or
peripheral module request. In the bus mode, the burst mode or the cycle steal mode can b
selected.

13.4.1 DMA Transfer Flow

After the DMA source address registers (SAR), DMA destination address registers (DAF
transfer count registers (DMATCR), DMA channel control registers (CHCR), DMA ope!
register (DMAOR), and DMA extension resource selector (DMARYS) are set, the DMAC
data according to the following procedure:

1. Checksto seeif transfer isenabled (DE=1, DME =1, TE=0, AE=0, NMIF =0)

2. When atransfer request comes and transfer is enabled, the DMAC transfers 1 transfe
data (depending on the TS0 and TS1 settings). For an auto request, the transfer begin:
automatically when the DE bit and DME bit are set to 1. The DMATCR value will be
decremented for each transfer. The actual transfer flows vary by address mode and bu
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Transfer request
occurs?*1

Bus mode,
%3, transfer request mode,
DREQ detection selection
system

Transfer (1 transfer unit);
DMATCR - 1 — DMATCR, SAR and DAR
updated

DMATCR = 0? No

NMIF =1
orAE=10orDE=0
or DME = 0?

No
orAE=10orDE=0
or DME =0?

( Transferend ) ( Normal end ) ( Transfer aborted )

Notes: *1 In auto-request mode, transfer begins when NMIF, AE and TE are all 0 and the DE and DME
bits are setto 1.
*2 DREQ = 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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Auto-Request Mode: When there is no transfer request signal from an external source,
memory-to-memory transfer or atransfer between memory and an on-chip peripheral m
unable to request atransfer, the auto-request mode allows the DMAC to automatically ¢
transfer request signal internally. When the DE bits of CHCR_0to CHCR_5 and the DN
the DMAOR are set to 1, the transfer begins so long as the TE bits of CHCR_0 to CHCI
of DMAOR, and the NMIF bit of DMAOR areall 0.

External Request M ode: In this mode atransfer is performed at the request signals (DI
DREQL) of an external device. Choose one of the modes shown in table 13.3 according
application system. When this mode is selected, if the DMA transfer isenabled (DE =1
1, TE=0, AE =0, NMIF = 0), atransfer is performed upon arequest at the DREQ inpu

Table13.3 Selecting External Request M odes with RS Bits

RS3 RS2 RS1 RSO Address Mode Source Destinatio
0 0 0 0 Dual address Any Any
mode
0 0 1 0 Single address  External memory, External de
mode memory-mapped DACK
external device
1 External device with External m
DACK memory-m
external de

Whether the DREQ is detected by either the edge or level of the signal input is selected
DREQ level (DL) bit and DREQ select (DS) bitin CHCR_0 and CHCR_1 as shown in
The source of the transfer request does not have to be the data transfer source or destina
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period). After issuing acknowledge signal DACK for the accepted DREQ, the DREQ pin
becomes request accept enabled state.

When DREQ is used by level detection, there are following two cases by the timing to de
next DREQ after outputting DACK.

Overrun O: Transfer is aborted after the same number of transfer has been performed as

Overrun 1: Transfer is aborted after transfers have been performed for (the number of rec
plus 1) times.

The DO bit in CHCR selects this overrun 0 or overrun 1.

Table13.5 Selecting External Request Detection with DO Bit

CHCR

DO External Request
0 Overrun 0

1 Overrun 1

On-Chip Peripheral Module Request Mode: In this mode, the transfer is performed in
to the transfer request signal of an on-chip peripheral module.

The DMA transfer request signals comprise the transmit data empty transfer request and
data full transfer request from the SCIFO, SCIF1, SIOF0, and SIOF1 set by DMARSO to
DMARS2.

When this mode is selected, if the DMA transfer isenabled (DE=1, DME=1, TE=0, £
NMIF = 0), atransfer is performed upon the input of atransfer request signal. When atre
request is set to TXI of the SCIFO, the transfer destination must be the SCIFO’ s transmit «
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transmitter empty interrupt)

10 SCIFO RXI (receive FIFO data SCFRDR_0 Any
receiver full interrupt)
001010 01 SCIF1 TXI (transmit FIFO data Any SCFTDR_1
transmitter empty interrupt)
10 SCIF1 RXI (receive FIFO data SCFRDR_1  Any
receiver full interrupt)
010100 O1 SIOFO0 TXI (transmit FIFO data Any SITDR_0
transmitter empty interrupt)
10 SIOF0 RXI (receive FIFO data SIOFo/ Any
receiver full interrupt) SIRDR_0
010101 Of SIOF1 TXI (transmit FIFO data Any SITDR_1
transmitter empty interrupt)
10 SIOF1 RXI (receive FIFO data SIOF1/ Any
receiver full interrupt) SIRDR_1

13.4.3 Channd Priority

When the DMAC receives simultaneous transfer requests on two or more channels, it se
channel according to a predetermined priority order. The two modes (fixed mode and rc
mode) can be selected using bits PRO and PR1 in DMAOR.

Fixed Mode: In this mode, the priority levels among the channels remain fixed. There e
kinds of fixed modes as follows:

Fixed mode 1: CHO > CH1 > CH2 > CH3> CH4 > CH5
Fixed mode 2: CHO > CH2 > CH3 > CH1 > CH4 > CH5

These are selected by the PR1 and the PRO bitsin DMAOR.
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CH1 > CH2 > CH3 > CH4 > CH5 > CHO
afrer transfer

(2) When channel 1 transfers

Inital priority order  f CHo > CH1 > CH2 > CH8 > CH4 > CH5 |

T -

|CH2>CH3>CH4>CH5>CHO>CH1 |

Priority order
afrer transfer

(3) When channel 2 transfers

Initial priority order | CHO > CH1>CH2 > CH3 > CH4 > CH5|

Priority order
afrer transfer

4 A v
| CHO > CH1 > CH2 > CH3 > CH4 > CH5|

Post-transfer priority order
when there is an
immediate transfer
request to channel 5 only

(4) When channel 5 transfers

Initial priority

order |CHO>CH1 >CH2 >CH3>CH4>CH5|

!

| CHO > CH1 > CH2 > CH3 > CH4 > CH5|

Priority order
afrer transfer

Channel 1 becomes bottom
priority.

The priority of channel 0, which
was higher than channel 1, is alsc
shifted.

Channel 2 becomes bottom
priority.

The priority of channels 0 and 1,
which were higher than channel
are also shifted. If immediately
after there is a request to transfe
channel 5 only, channel 5 becon
bottom priority and the priority of
channels 3 and 4, which were
higher than channel 5, 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
—» —— (2) Channel O transfer «——— 0>1>2>3>4>5
(3) Channel 1 —» B start
Priority order
1,3 (4) Channel 0 transfer Cha”i, 152583545550
ends /
—— (5) Channel 1 transfer
starts

Priority order

3 (6) Channel 1 transfer changes

ends /

—T— (7) Channel 3 transfer

2>83>4>5>0>1

starts
None Priority order
changes
—L—  (8) Channel 3 transfer ————— > 4>5>0>1>2>3
ends

Figure13.4 Changesin Channd Priority in Round-Robin Mode
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External Mapped On-Chip
Device with  External External Peripheral
Source DACK Memory Device Module XIY |
External device with DACK  Not Single Single Not Not
available available
External memory Single Dual Dual Dual Dual
Memory-mapped external Single Dual Dual Dual Dual
device
On-chip peripheral module Not Dual Dual Dual Dual
available
X/Y memory Not Dual Dual Dual Dual
available
Notes: 1. Dual: Dual address mode

2. Single: Single address mode
3. 16-byte transfer is not available for on-chip peripheral modules.

Address M odes:

1. Dua Address Mode

In the dual address mode, both the transfer source and destination are accessed (selec
address. The source and destination can be located externally or internally.
DMA transfer requires two bus cycles because datais read from the transfer sourceir
read cycle and written to the transfer destination in a data write cycle. At thistime, tre
datais temporarily stored in the DMAC. In the transfer between external memories a
in figure 13.5, datais read to the DMAC from one external memory in adata read cy«
then that data is written to the other external memory in awrite cycle.
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First bus cycle

Memory

Transfer source
module

Address bus
Data bus

Transfer destination
module

|
|

|

|

|

|

|

|

| | I
;| Data buffer
|

| ~——" ~———"

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 in Dual Address Mode

Auto request, external request, and on-chip peripheral module request are available
transfer request. DACK can be output in read cycle or write cycle in dual address m
AM hit of the channel control register (CHCR) can specify whether the DACK isou
read cycle or write cycle.

Figure 13.6 shows an example of DMA transfer timing in dual address mode.
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WEn ; ; : \_/i

DACKn :
(Active-Low) \ /
E Data read cycle E \ Data write cycle 1
; (1st cycle) 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 Exampleof DMA Transfer Timingin Dual Address Mode (Source: C
memory, Destination: Ordinary memory)

2. Single Address Mode

In single address mode, either the transfer source or transfer destination external devi
accessed (selected) by means of the DACK signal, and the other device is accessed b
In this mode, the DMAC performs one DMA transfer in one bus cycle, accessing one
external devices by outputting the DACK transfer request acknowledge signal to it, a
same time outputting an address to the other device involved in the transfer. For exan
the case of transfer between external memory and an external device with DACK sho
figure 13.7, when the external device outputs data to the data bus, that datais written
external memory in the same bus cycle.
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DREQ

ffffff » Data flow

Figure13.7 DataFlow 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.

Figures 13.8 shows example of DMA transfer timing in single address mode.
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A25 to A0 -«——— Address output to external memory space
CSn — | -«—— Select signal to external memory space
RD \_| / -«—— Read strobe signal to external memory space
D31 to DO -+—— Data output from external memory space
DACKn —| -«—— 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 Address Mode

Bus Modes. There are two bus modes: cycle steal and burst. Select the modeinthe TB b
channel control register (CHCR).

e Cycle-Steal Mode

In the cycle-steal mode, the bus mastership is given to another bus master after a one-
unit (byte, word, long-word, or 16 bytes unit) DMA transfer. When another transfer r
occurs, the bus masterships are obtained from the other bus master and atransfer is p
for one transfer unit. When that transfer ends, the bus mastership is passed to the othe
master. Thisis repeated until the transfer end conditions are satisfied.

In the cycle-steal mode, transfer areas are not affected regardless of settings of the tra
request source, transfer source, and transfer destination.

Figure 13.9 shows an example of DMA transfer timing in the cycle steal mode. Transfer
conditions shown in the figure are;

1. Dua address mode
2. DREQ low level detection
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detection of the DREQ pin, however, when the DREQ pin is driven high, the bus pa
other bus master after the DMAC transfer request that has already been accepted enc
the transfer end conditions have not been satisfied.

The burst mode cannot be used when the on-chip peripheral module is the transfer re
source. Figure 13.10 shows DMA transfer timing in burst mode.

DREQ \ /
Bus cycle X CPU X cPUYX CPU YOMACKDMACKDMACKDMACKCPU X

Read Write Read Write

Figure13.10 DMA Transfer Examplein Burst Mode
(Dual Address, DREQ Low Level Detection)

Relationship between Request M odes and Bus Modes by DMA Transfer Category:
13.8 shows the relationship between request modes and bus modes by DMA transfer ca
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Memory-mapped external device and External,

B/C  8/16/32/128 C
memory-mapped external device auto
External memory and on-chip peripheral  All*' C 8/16/32*° C
module
Memory-mapped external device and All*’ C 8/16/32*° C
on-chip peripheral module
On-chip peripheral module and on-chip  All*' C 8/16/32*° C
peripheral module
X/Y memory and X/Y memory External, B/C  8/16/32/128 C
auto
X/Y memory and memory-mapped External, B/C  8/16/32/128 C
external device auto
X/Y memory and on-chip peripheral All*’ C 8/16/32*° C
module
X/Y memory and external memory External, B/C  8/16/32/128 C
auto
Single External device with DACK and external External B/C  8/16/32 C
memory
External device with DACK and memory- External B/C  8/16/32 C

mapped external device

[Legend]B: Burst, C: Cycle steal

Notes: 1. External requests, auto requests, and on-chip peripheral module requests are
available. However, the request-source register must be designated as the tral

source or the transfer destination.

2. If the transfer request is an external request, channels 0 and 1 are only availat
3. Access size permitted for each module must be used when accessing the on-c

peripheral module.
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execution.) Figure 13.11 shows an example.

If multiple channels are conflicting in burst mode, the channel with the highest priority |
for execution.

If multiple channels perform DMA transfers, bus mastership is not released to the bus n
all conflicting burst transfers are completed.

DMA bMA \ DMA ' DMA \/ DMA \/ DMA |/ DMA
CPU CH1 A CH1 X CHOX CH1 X CHO X CH1 X CH1 XCPU X

L CHo _L CH1 _L

DMAC CH1 Cycle-steal mode in DMAC CH1
Burst mode DMAC CHO and CH1 Burst mode CPU

A 4

Priority: CHO > CH1
CHO: Cycle-steal mode
CH1: Burst mode

Figure13.11 Bus State when Multiple Channels are Operating

In round-robin mode, the priority changes according to the specification shown in figure
However, no mixture of channelsin cycle-steal mode and channelsin burst modeis allc

13.45 Number of Bus Cycle States and DREQ Pin Sampling Timing

Number of Bus Cycle States: When the DMAC is the bus master, the number of bus ¢
is controlled by the bus state controller (BSC) in the same way as when the CPU isthelt
For details, see section 12, Bus State Controller (BSC).
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Figure 13.12 Example of DREQ Input Detection in Cycle Steal M ode Edge Det

JOS

Bus cycle cru X__cpu X _bwmac X__cpu_ X
DREQ .. 1st acceptance  2nd acceptance
(Overrun 0 at T Non sensitive period T

high level) J NN sensitive period \ N

DACK

(Active-high) — Acceptance

start

Bus cycle X_cpu_ X_cpru_ X _omac_X__cru_ X

DREQ ~ 1st acceptance  2nd acceptance
(Overrun 1 at |V I ) "~

Creiovany 2\ Non sensitve perioa \\

DACK I—l_
(Active-high) ' Acceptance

start

Figure13.13 Example of DREQ Input Detection in Cycle Steal Mode Level Det
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CKIO

Bus cycle X cpu X cpu X DMAC ¢

DREQ i\1 st acceptance _.2nd acceptance
Overrun 0 at T L ) :

(high level) N Non sensitive period\\ ;

DACK

(Active-high)

Acceptance
start

CKIO |
Bus cycle X CPU X CPU DMAC
' ' 3rd
DOREQ fat . 1st acceptance & 2nd acceptanc acceptance
errun 1 al
figh toven - [T N\ Nosensitveperioa \\; \
DACK |
(Active-high) f
E_, Acceptance i Acceptance
start start

Figure13.15 Example of DREQ Input Detection in Burst Mode L evel Detec

TSN I I I I I I I oy B

End of DMA transfer

Bus cycle X_omac X _cpu X DMAC X CPU_ X cPu_ X

DREQ
DACK I—l I—l
(High active)
TEND I—l
(High active)

Figure13.16 Exampleof DMA Transfer End Timing (Cycle Steal L evel Detex
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WERN

|
C

DACKn
(Active low)

TENDnN
(Active low)

Note: TEND is asserted for the last transfer unit of DMA transfers.
If a transfer unit is divided into multiple bus cycles and
if CS is negated during the bus cycle, TEND is also divided.

Figure 13.17 Example of BSC Ordinary Memory Access
(No Wait, Idle Cycle= 1, Longword Accessto 16-bit Device)
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Conditions:

e DACK isoutput in adual address mode read cycle (with the AM bit in CHCR cleare
and the DMA transfer source address (SAR) isin external memory space.

e DACK isoutput in adual address mode write cycle (with the AM bit in CHCR set t
the DMA transfer destination address (DAR) isin external memory space.

e Single address mode

Method of Avoidance:

Perform a dummy DMA transfer under one of the settings below. After start of adumm
transfer, clear al bitsin the DMA channel control register (CHCR) of the corresponding
to suspend the dummy DMA transfer forcibly.

e DACK isoutput in adual address mode read cycle (with the AM bit in CHCR cleare
and the DMA transfer source address (SAR) isin external memory space.

e DACK isoutput in adual address mode write cycle (with the AM bit in CHCR set t
the DMA transfer destination address (DAR) isin external memory space.

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



Rev. 1.00 Dec. 27, 2005 Page 494 of 932
REJ09B0269-0100 RRENESAS



reload Tunctuon thal Can pe reaa or written to al any tme

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

o Allows selection among 4 counter input clocks: Pd/4, Pdp/16, Po/64, and Pp/256

Note: P¢istheinternal clock for peripheral modules. See section 11, On-Chip Oscilla
Circuits, for more information on the clock pulse generator.

1411 Block Diagram

Figure 14.1 shows a block diagram of the TMU.

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



TUNIO =

v

Interrupt

controller

TUNH =

Counter
controller

Module bus

v

Interrupt

controller

Counter
controller

v

TUNI2 =

Legend

TSTR: Timer start register
TCR: Timer control register

Interrupt
controller

TCNT: 32-bit timer counter
TCOR: 32-bit timer constant register

Figure14.1 TMU Block Diagram
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e Timer control register 1 (TCR1)

e Timer constant register 2 (TCOR2)
e Timer counter 2 (TCNT2)

o Timer control register 2 (TCR2)

1421 Timer Start Register (TSTR)

Thetimer start register (TSTR) selects whether to run or halt the timer counters (TCNT)
channels 0 to 2.

TSTR is an 8-bit readable/writable register. It isinitialized to H'00 by a power-on reset
reset. Itisinitialized in standby mode when the multiplication ratio of PLL circuit 1 (PL
changed or when the MSTP2 bit in STBCR is set to 1.

Bit  Bit Name |Initial Value R/W  Description
7t03 — All O R Reserved

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

2 STR2 0 R/W  Counter Start 2
Selects whether to run or halt TCNT2.
0: TCNT2 count halted
1: TCNT2 counts

1 STR1 0 R/W  Counter Start 1
Selects whether to run or halt TCNT1.
0: TCNT1 count halted
1: TCNT1 counts
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The TCR registers control the issuance of interrupts when the flag indicating timer count
(TCNT) underflow has been set to 1, and also carry out counter clock selection.

The TCR registers are 16-bit readable/writable registers. They areinitialized to H'0000 b
power-on reset and manual reset, but are not initialized, and retain their contents, in stanc

Bit Bit Name

Initial Value R/W  Description

150r9 —

AllO

Reserved

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

8 UNF

Underflow Flag

Status flag that indicates occurrence of a TCN
underflow.

0: TCNT has not underflowed
[Clearing condition]

0 is written to UNF

1: TCNT has underflowed
[Setting condition]

TCNT underflows*

Note: * Contents do not change when 1 is writ]
UNF.

7,6 —

AllO

Reserved

These bits are always read as 0. The write val
should always be 0.
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0 R/W  Timer Prescaler 210 0

1 TPSCA1 0 R/W  Select the TCNT count clock.

0 TPSCO 0 R/W  000: Count on P¢/4
001: Count on P¢/16
010: Count on P¢/64
011: Count on P¢/256
100: Reserved (Setting prohibited)
101: Reserved (Setting prohibited)
110: Reserved (Setting prohibited)
111: Reserved (Setting prohibited)

14.2.3 Timer Constant Registers (TCOR)

The TMU has three timer constant registers (TCOR), one for each channel. The TCOR |
set thevalue to be set in TCNT when TCNT underflows.

The TCOR registers are 32-hit readabl e/writable registers. They are initialized to H'FFF
apower-on reset or manual reset, but are not initialized, and retain their contents, in star
mode.

1424  Timer Counters(TCNT)

The TMU has three timer counters (TCNT), one for each channel. The timer counters (T
counts down upon input of aclock. The input clock is selected using the TPSC2 to TPS
the timer control registers (TCR).
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1431 Counter Operation

When the STRO to STR2 bitsin TSTR are set to 1, the corresponding TCNT starts count
When TCNT underflows, the underflow flag (UNF) of the corresponding TCR is set. At
if the UNIE bit in TCRis 1, an interrupt request is sent to the CPU. Also at thistime, the
copied from TCOR to TCNT and the down-count operation is continued.

Count Operation Setting Procedure: An example of the procedure for setting the count
operation is shown in figure 14.2.
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register | ) 1)

¢ (4) Set the initial value in
— TCNT.
Initialize timer 4) (5) Set the STR bit in TST
counter i
¢ to 1 to start operation.
Start counting (5)

Note: When an interrupt has been generated, clear the flag in the interrupt handler that
If interrupts are enabled without clearing the flag, another interrupt will be genera

Figure14.2 Setting Count Operation

Auto-Reload Count Operation: Figure 14.3 showsthe TCNT auto-reload operation.

TCNT value TCOR value set to
A / TCNT during underflow
TCOR

H'00000000

STRO-STR2

—

Figure 14.3 Auto-Reload Count Operation
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TCNT ~ N+ 1 X 33 N « X N_ 1

Figure14.4 Count Timing when Internal Clock Is Operating
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TCNT X' H'00000000 33 >< TCOR value
((
Underflo
sign; A ) |

UNF |

TUNI |

Figure14.5 UNF Set Timing

1442 StatusFlag Clear Timing

The status flag can be cleared by writing O from the CPU. Figure 14.6 shows the timing.

TCR write cycle

|<T_1>|T2T3
o [T LT

Peripheral address bus >< TCR address ><

UNF |

Figure14.6 StatusFlag Clear Timing
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Channel Interrupt Source Description Priority

0 TUNIO Underflow interrupt O High
1 TUNN Underflow interrupt 1
2 TUNI2 Underflow interrupt 2 Low

145 Usage Notes

1451 Writingto Registers

Synchronization processing is not performed for timer counting during register writes. W
writing to registers, always clear the appropriate start bits for the channel (STR2 to STR(
TSTR to halt timer counting.

145.2 Reading Registers

Synchronization processing is performed for timer counting during register reads. When
counting and register read processing are performed simultaneously, the register value be
TCNT counting down (with synchronization processing) is read.
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Hivid 1, d iu ycd

1-Hz to 64-Hz timer (binary format)

Start/stop function

30-second adjust function

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

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

Carry interrupt: a carry interrupt indicates when a carry occurs during a counter reac
Automatic leap year adjustment
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ATI

PRI

Cul

[Legend]
R64CNT:
RSECCNT:
RMINCNT:
RHRCNT:
RWKCNT:
RDAYCNT:
RMONCNT:
RYRCNT:
RSECAR:

D

| 19 [

Interrupt

LA 4ZARE 40N 1

RMONCNT

RYRCNT

v

A

control
circuit

Carry

detection
circuit >

Comparator

A

RSECAR

RMINAR

RHRAR

RWKAR

RDAYAR

RMONAR

RYRAR

64-Hz counter

Second counter

Minute counter

Hour counter

Day of the week counter
Date counter

Month counter

Year counter

Second alarm register

RMINAR
RHRAR:
RWKAR:

RYRAR:
RCR1:
RCR2:
RCR3:

> RCR1
RCR3

v

: Minute alarm register
Hour alarm register

Module bus

RTC

Day of the week alarm register
RDAYAR: Date alarm register
RMONAR: Month alarm register

Year alarm register

RTC control register 1
RTC control register 2
RTC control register 3

Figure15.1 RTC Block Diagram
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Note: 1. Pull up (VccQ-RTC) the EXTAL2 pin, and open (NC) the XTAL2 pin when the
clock (RTC) is not used.

2. RTC in this LSI does not operate even if VccQ-RTC is turned on. The crystal
circuit for RTC operates with VccQ-RTC. The control circuit and the RTC coul
operate with Vcc (common to the internal circuit). Therefore, all power supplie
than VccQ-RTC should always be turned on even if only RTC operates.

15.3 Register Descriptions

The RTC hasthe following registers. Refer to section 23, List of Registers, for more det
address and access size.

e 64-Hz counter (R64CNT)

e Second counter (RSECCNT)

e Minute counter (RMINCNT)

e Hour counter (RHRCNT)

e Day of week counter (RWKCNT)
e Date counter (RDAYCNT)

e Month counter (RMONCNT)

e Year counter (RYRCNT)

e Second alarm register (RSECAR)
e Minute alarm register (RMINAR)
e Hour alarm register (RHRAR)

e Day of week alarm register (RWKAR)
e Datedarmregister (RDAYAR)

e Month alarm register (RMONAR)
e Year darmregister (RYRAR)
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R64CNT is an 8-bit read-only register and not initialized by a power-on reset or manual 1
in standby mode.

Bit Bit Name Initial Value R/W Description
7 — 0 R Reserved

This bit is always read as 0.
6to0 — — R 64-Hz Counter

Each bit (bits 6 to 0) indicates the state «
RTC divider circuit between 64 and 1Hz

Bit Frequency
1Hz

2 Hz

4 Hz

8 Hz

16 Hz

32 Hz

64 Hz

@ hMw s oo

15.3.2  Second Counter (RSECCNT)

RSECCNT isused for setting/counting in the BCD-coded second section. The count opel
performed by a carry for each second of the 64-Hz counter.

Therange of second can be set is 0 to 59 (decimal). Errant operation will result if any ott
is set. Carry out write processing after stopping the count operation with the START bit i

Rev. 1.00 Dec. 27, 2005 Page 508 of 932
REJ09B0269-0100 RENESAS



Ine range can be setirom U 10 9 (decClIr

15.3.3 Minute Counter (RMINCNT)

RMINCNT isused for setting/counting in the BCD-coded minute section. The count op
performed by a carry for each minute of the second counter.

The range of minute can be set is 0 to 59 (decimal). Errant operation will result if any ot
is set. Carry out write processing after stopping the count operation with the START bit

RMINCNT is an 8-bit readable/writable register and not initialized by a power-on reset
reset, or in standby mode.

Bit Bit Name Initial Value R/W Description
7 — 0 R Reserved

This bit is always read as 0.The write v:
should always be 0.

6to4 — — R/W Counter for 10-unit of minute in the BCI
The range can be set from 0 to 5 (decir
3t00 — — R/W Counter for 1-unit of minute in the BCD

The range can be set from 0 to 9 (decir

15.34 Hour Counter (RHRCNT)

RHRCNT is used for setting/counting in the BCD-coded hour section. The count operat
performed by a carry for each 1 hour of the minute counter.
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The range can be set from 0 to 2 (decim
3to0 — — R/W Counter for 1-unit of hour in the BCD-co«
The range can be set from 0 to 9 (decim

1535 Day of Week Counter (RWKCNT)

RWKCNT is used for setting/counting day of week section. The count operation is perfol
carry for each day of the date counter.

Therange for day of the week can be set is0 to 6 (decimal). Errant operation will result i
other valueis set. Carry out write processing after stopping the count operation with the ¢
bit in RCR2.

RWKCNT is an 8-bit readable/writable register and not initialized by a power-on reset o
reset, or in standby mode.

Rev. 1.00 Dec. 27, 2005 Page 510 of 932
REJ09B0269-0100 RENESAS



Wednesday
Thursday
Friday

o 9 kK w

Saturday
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Bit Bit Name Initial Value R/W Description

7,6 — AllO R Reserved
These bits are always read as 0. The wr
should always be 0.

54 — — R/W Counter for 10-unit of date in the BCD-c
The range can be set from 0 to 3 (decim

3to0 — — R/W Counter for 1-unit of date in the BCD-co«

The range can be set from 0 to 9 (decim

15.3.7 Month Counter (RMONCNT)

RMONCNT isused for setting/counting in the BCD-coded month section. The count ope
performed by a carry for each month of the date counter.

The range of month can be set is 1 to 12 (decimal). Errant operation will result if any oth
is set. Carry out write processing after stopping the count operation with the START bit i

RMONCNT is an 8-bit readable/writable register and not initialized by a power-on reset:

manual reset, or in standby mode.
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153.8 Year Counter (RYRCNT)

RYRCNT is used for setting/counting in the BCD-coded year section. The 4 digits of th
displayed. The count operation is performed by a carry for each year of the month count

Therange for year which can be set is 0000 to 9999 (decimal). Errant operation will res
other valueis set. Carry out write processing after stopping the count operation with the

bitin RCR2 or using a carry flag.

RYRCNT is a 16-bit readable/writable register and not initialized by a power-on reset o

reset, or in standby mode.

Leap years are recognized by dividing the year counter value by 4 and obtaining a fracti
of 0. Theyear counter value of 0000 isincluded in the leap year.

Description

Counter for 1000-unit of year in the BC
The range can be set from 0 to 9 (decir

Counter for 100-unit of year in the BCD
The range can be set from 0 to 9 (decir

Counter for 10-unit of year in the BCD-
The range can be set from 0 to 9 (decir

Bit Bit Name Initial Value R/W
15t0 12 — — R/W
11t08 — — R/W
7t04 — — R/W
3t00 — — R/W

Counter for 1-unit of year in the BCD-c
The range can be set from 0 to 9 (decir
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power-on reset. The remaining RSECAR fields are not initialized by a power-on reset or
reset, or in standby mode.

Bit Bit Name Initial Value R/W Description
7 ENB 0 R/W Second Alarm Enable

Specifies whether comparison of RSEC(
RSECAR is performed as an alarm conc

0: Not compared
1: Compared

6to4 — — R/W Setting value for 10-unit of second alarm
BCD-code.

The range can be set from 0 to 5 (decim

3to0 — — R/W Setting value for 1-unit of second alarm i
BCD-code.

The range can be set from 0 to 9 (decim

15.3.10 Minute Alarm Register (RMINAR)

RMINAR is an alarm register corresponding to the minute counter RMINCNT. When the
isset to 1, acomparison with the RMINCNT value is performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR, the counter and alarm reg
comparison is performed only on those with ENB bits and the Y AEN bit in RCR3 set to |
each of those coincide, an RTC aarm interrupt is generated.

The range of minute alarm which can be set is 0 to 59 (decimal). Errant operation will re:
other valueis set.
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BCD-code.
The range can be set from 0 to 5 (decir

3to0 — — R/W Setting value for 1-unit of minute alarm
BCD-code.

The range can be set from 0 to 9 (decir

15.3.11 Hour Alarm Register (RHRAR)

RHRAR isan alarm register corresponding to the hour counter RHRCNT of the RTC. V
ENB bit is set to 1, a comparison with the RHRCNT value is performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR, the counter and alarm re
comparison is performed only on those with ENB bits and the Y AEN hit in RCR3 set tc
each of those coincide, an RTC aarm interrupt is generated.

The range of hour alarm which can be set is 0 to 23 (decimal). Errant operation will rest
other valueis set.

RHRAR is an 8-bit readable/writable register. The ENB bit in RHRAR isinitialized by
on reset. The remaining RHRAR fields are not initialized by a power-on reset or manua
in standby mode.
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BCD-coaqe.

The range can be set from 0 to 2 (decim

3to0 — — R/W Setting value for 1-unit of hour alarm in t
code.

The range can be set from 0 to 9 (decim

15.3.12 Day of Week Alarm Register (RWKAR)

RWKAR isan alarm register corresponding to the day of week counter RWKCNT. Whel
ENB bit is set to 1, acomparison with the RWKCNT value is performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR, the counter and alarm reg
comparison is performed only on those with ENB bits and the Y AEN bit in RCR3 set to |
each of those coincide, an RTC aarm interrupt is generated.

The range of day of the week alarm which can be set is 0 to 6 (decimal). Errant operation
result if any other valueis set.

RWKAR is an 8-hit readable/writable register. The ENB bit in RWKAR isinitialized by
on reset. The remaining RWKAR fields are not initialized by a power-on reset or manual
in standby mode.
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The range can be set from 0 to 6 (decir
Code  Day of the Week

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

@ ah w2

Saturday

15.3.13 Date Alarm Register (RDAYAR)

RDAYAR isan aarm register corresponding to the date counter RDAY CNT. When the
isset to 1, acomparison with the RDAY CNT valueis performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/ and RMONAR, the counter and ala
comparison is performed only on those with ENB bits and the Y AEN hit in RCR3 set tc
each of those coincide, an RTC aarm interrupt is generated.

The range of date alarm which can be set is 1 to 31 (decimal). Errant operation will resu
other valueis set. The RDAY CNT range that can be set changes with some months and
years. Please confirm the correct setting.

RDAY AR isan 8-bit readable/writable register. The ENB bit in RDAY AR isinitialized
power-on reset. The remaining RDAY AR fields are not initialized by a power-on reset
reset, or in standby mode.
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BCD-coae.
The range can be set from 0 to 3 (decim

3to0 — — R/W Setting value for 1-unit of date alarm in tl
code.

The range can be set from 0 to 9 (decim

15.3.14 Month Alarm Register (RMONAR)

RMONAR isan alarm register corresponding to the month counter RMONCNT. When tf
bit is set to 1, a comparison with the RMONCNT value is performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/ and RMONAR, the counter and alart
comparison is performed only on those with ENB bits and the Y AEN bit in RCR3 set to |
each of those coincide, an RTC aarm interrupt is generated.

The range of month alarm which can be set is 1 to 12 (decimal). Errant operation will res
other valueis set.

RMONAR is an 8-hit readable/writable register. The ENB bit in RMONAR isinitialized
power-on reset. The remaining RMONAR fields are not initialized by a power-on reset o
reset, or in standby mode.
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BCD-coae.
The range can be set from 0 to 1 (decir

3to0 — — R/W Setting value for 1-unit of month alarm
BCD-code.

The range can be set from 0 to 9 (decir

15.3.15 Year Alarm Register (RYRAR)

RYRAR isan alarm register corresponding to the year counter RY RCNT. When the Y A
RCR3 is set to 1, acomparison with the RYRCNT value is performed. From among
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/ and RMONAR, the counter and ala
comparison is performed only on those with ENB bits and the Y AEN bit in RCR3 set tc
each of those coincide, an RTC aarm interrupt is generated.

Therange of year alarm which can be set is 0000 to 9999 (decimal). Errant operation wi
any other value is set.

RYRAR is a16-hit readable/writable register. The contents are not initialized by a powe
or manual reset, or in standby mode.
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3to0 — — R/W Setting value for 1-unit of year alarm in t
code.

The range can be set from 0 to 9 (decim

15.3.16 RTC Control Register 1 (RCR1)

RCRL1 isaregister that affects carry flags and alarm flags. It also selects whether to genel
interrupts for each flag. Because flags are sometimes set after an operand read, do not ust
register in read-modify-write processing.

RCRL1 is an 8-hit readable/writable register. RCR1 isinitialized to H'00 by a power-on re
manual reset, al bits are initialized to 0 except for the CF flag, which is undefined. Wher
the CF flag, it must be initialized beforehand. This register is not initialized in standby m

Bit Bit Name Initial Value R/W Description

7 CF Undefined R/W Carry Flag

Status flag that indicates that a carry has
occurred. CF is set to 1 when a count-ur
R64CNT or RSECCNT occurs. A count |
value read at this time cannot be guaran
another read is required.

0: No count up of R64CNT or RSECCNT
Clearing condition: When 0 is written t

1: Count up of R64CNT or RSECCNT.
Setting condition: When 1 is written to
the carry of R64CNT or RSECCNT oc
when R64CNT or RSECCNT is read.
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1%d Wl LW §

AIE

R/W

Alarm Interrupt Enable Flag

When the alarm flag (AF) is set to 1, the
allows interrupts.

0: An alarm interrupt is not generated w
AF flag is set to 1

1: An alarm interrupt is generated wher
flag is setto 1

Reserved

These bits are always read as 0. The w
should always be 0.

AF

R/W

Alarm Flag

The AF flag is set to 1 when the alarm 1
an alarm register (only registers with th
of the corresponding alarm registers an
bit in RCR3 set to 1) matches the clock
calendar time. This flag is cleared to 0 \
written, but holds the previous value wt
be written.

0: Clock/calendar and alarm register he
matched.
Clearing condition: When 0 is written

1: Clock/calendar and alarm register hz
matched.
Setting condition: Clock/calendar an
register have matched (only register:
ENB bit and YAEN bit in RCR3 set tc
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Indicates interrupt generation with the pe
designated by the PES2 to PESO bits. W

to1,

PEF generates periodic interrupts.

0: Interrupts not generated with the peric
designated by the PES bits.
Clearing condition: When 0 is written 1

1: Interrupts generated with the period
designated by the PES bits.
Setting condition: When an interrupt is
generated with the period designated
PESO to PES2 bits or when 1 is writte
PEF flag

6 PES2 0
5 PES1 0
4 PESO 0

RW
R/W
RW

Periodic Interrupt Flags

These bits specify the periodic interrupt.

000:
001:

010:

011:

100:

101:

110:
111:

No periodic interrupts generated

Periodic interrupt generated every -
second

Periodic interrupt generated every 1
second

Periodic interrupt generated every -
second

Periodic interrupt generated every -
second

Periodic interrupt generated every 1
second

Periodic interrupt generated every -

Periodic interrupt generated every 2
seconds
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0: Runs normally.
1: 30-second adjustment.

RESET

0

RW

Reset

When 1 is written, initializes the divider
(RTC prescaler and R64CNT). This bit
reads 0.

0: Runs normally.
1: Divider circuit is reset.

START

1

R/W

Start Bit
Halts and restarts the counter (clock).

0: Second/minute/hour/day/week/montt
counter halts.

1: Second/minute/hour/day/week/montt
counter runs normally.

Note: The 64-Hz counter always runs u
stopped with the RTCEN bit.
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(RYRCNT) is performed. From among R
RMINAR, RHRAR, RWKAR, RDAYAR, :
RMONAR, the counter and alarm registe
comparison is performed only on those v
bits set to 1, and if each of those coincid
RTC alarm interrupt is generated.

6to0 — All O R Reserved

These bits are always read as 0. The wr
should always be 0.
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|
Stop clock, Write 1 to RESET and 0 to
reset divider circuit | START in the RCR2 register

Set seconds, minutes,
hour, day, day of the | Order is irrelevant
week, month, and year

Write 1 to START in the
Start clock RCR2 register

v

Figure15.2 Setting Time

1543 Reading Time
Figure 15.3 shows how to read the time.

If acarry occurs while reading the time, the correct time will not be obtained, so it must
again. Part (a) in figure 15.3 shows the method of reading the time without using interrt
(b) in figure 15.3 shows the method using carry interrupts. To keep programming simpl
(a) should normally be used.
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Carry flag =17 Read RCR1 and check CF

(b) To use interrupts

».
-

Write 1 to CIE in RCR1,
interrupt and write 0 to CF in RCR1
Clear the carry flag Note: Set AF in RCR1 to 1 so that
I alarm flag is not cleared.

Enable the carry

Read counter
register

Yes Interrupt

generated?

Disable the carry

interrupt Write 0 to CIE in RCR1

Figure15.3 Reading Time
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an interrupt is generated when an alarm occurs.

Clock running

Set whether to use | Disable interrupt to prevent errorneous
alarm interrupt interruption.(AIE bit in RCR1 is cleared)
| Then write 1.

Set alarm time

Always clear, since the flag may have been
Clear alarm flag set while the alarm time was being set.
(Write 0 to AF of RCR1 to clear it. )

Monitor alarm time
(wait for interrupt or
check alarm flag)

Figure15.4 Using Alarm Function
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AW
SH7712 Ry

R
ﬁ EXTAL2 X-|E3A L2
UL LS QUL L2 L,

| | XTAL
L]

Cin Cout

N

m

Notes: 1. Select either the Cj, or Cy; side for frequency adjustment variable capacito
according to requirements such as frequency range, degree of stability, etc.

2. Built-in resistance value R (Typ value) = 10 MQ, Rp (Typ value) = 400 kQ

3. Ci, and C,; values include stray capacitance due to the wiring. Take care v
using a ground plane.

4. The crystal oscillation settling time depends on the mounted circuit constan
stray capacitance, etc., and should be decided after consultation with the cr
resonator manufacturer.

5. Place the crystal resonator and load capacitors Cj, and C,; as close as pos
to the chip.

(Correct oscillation may not be possible if there is externally induced noise i
EXTAL2 and XTAL2 pins.)

6. Ensure that the crystal resonator connection pin (EXTAL2, XTAL2) wiring is
routed as far away as possible from other power lines (except GND) and sic
lines.

Figure15.5 Exampleof Crystal Oscillator Circuit Connection
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155.2 Useof Realtime Clock (RTC) Periodic Interrupts
The method of using the periodic interrupt function is shown in figure 15.6.

A periodic interrupt can be generated periodically at the interval set by the periodic inte
(PESO-PES2) in RCR2. When the time set by the PESO—PES2 has elapsed, the PEF is

The PEF is cleared to O upon periodic interrupt generation or when the periodic interrup
(PESO to PES2) is set. Periodic interrupt generation can be confirmed by reading this bi
normally the interrupt function is used.

Set PESO to PES2,

Set PES, clear PEF and clear PEF to 0,
in RCR2
Elapse of time set by PES
Clear PEF Clear PEF to 0

Figure15.6 Using Periodic Interrupt Function

1553 Transition to Standby Mode after Setting Register

When atransition to standby mode is made after registersin the RTC are set, sometimes
is not performed correctly. In case the registers are set, be sure to make atransition to st
mode after waiting for two RTC clocks or more.
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16.1 Features

The SCIF features are listed below.

Asynchronous mode

Seria data communication is executed using an asynchronous system in which

synchronization is achieved character by character. Serial data communication can b
out with standard asynchronous communication chips such as a Universal Asynchro
Receiver/Transmitter (UART) or Asynchronous Communication Interface Adapter (

Thereis achoice of 8 serial data communication formats.
Datalength: 7 or 8 bits

Stop bit length: 1 or 2 bits

Parity: Even/odd/none

Receive error detection: Parity, framing, and overrun errors

Break detection: If aframing error isfollowing by at least one frame at the space “ 0’
level, abreak is detected.

Clock synchronous mode

Seria data communication is synchronized with a clock. Serial data communication
carried out with other chips that have a synchronous communication function.

Data length: 8 bits
Receive error detection: Overrun error
Full-duplex communication capability

The transmitter and receiver are independent units, enabling transmission and recept
performed simultaneously.

The transmitter and receiver both have a 16-stage FIFO buffer structure, enabling fa
continuous serial data transmission and reception.

On-chip baud rate generator allows any bit rate to be selected.
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the receive data 1n the receive H FO register, can be ascertained.

e On reception atime out error (DR) can be detected

e The contents of the transmit FIFO data register (SCFTDR) and receive FIFO datareg
(SCFRDR) are undefined after a power-on or manual reset. Other registers areinitiali
power-on or manual reset, and retain their valuesin standby mode and in the module
state.
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TxDn

SCIFnCK

CTSn
RTSn

Iransmission/

reception control

Parity check

Parity generation

Clock

External clock

[Legend]
SCRSR_n:
SCFRDR_n:
SCTSR_n:
SCFTDR_n:
SCSMR_n:
SCSCR_n:

Receive shift register
Receive FIFO data register
Transmit shift register
Transmit FIFO data register
Serial mode register

Serial control register

SCFSR_n:

SCBRR_n:

SCFCR_n:
SCFDR_n:
SCLSR_n:
n:

SCIFn

Serial status register

Bit rate register

FIFO control register
FIFO data count register
Line status register

0, 1

Figure16.1 Block Diagram of SCIF

RENESAS
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VIOUCTTT COUTIU O pi wiov iput LidlloliioolVll vical

Modem control pin RTSO Output Transmit request

1 Serial clock pin SCIF1CK Input/output  Clock input/output
Receive data pin RxD1 Input Receive data input
Transmit data pin TxD1 Output Transmit data outp
Modem control pin CTS1 Input Transmission clear
Modem control pin RTS1 Output Transmit request

Note: These pins function as serial pins by making the SCIF operation settings with the
SCSMR, TE, RE, CKE1, and CKEO bits in SCSCR, and MCE bit in SCFCR.
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Seria statusregister 0 (SCFSR_0)
Receive FIFO dataregister_ 0 (SCFRDR_0)
FIFO control register_0 (SCFCR_0)

FIFO data count register_0 (SCFDR_0)
Line statusregister_0 (SCLSR _0)

Receive shift register 0 (SCRSR_0)
Transmit shift register 0 (SCTSR_0)

Channel 1:

Serial mode register 1 (SCSMR_1)

Bit rate register_1 (SCBRR_1)

Seria control register 1 (SCSCR_1)
Transmit FIFO dataregister 1 (SCFTDR_1)
Seria statusregister 1 (SCFSR_1)
Receive FIFO dataregister_1 (SCFRDR_1)
FIFO control register 1 (SCFCR_1)

FIFO data count register 1 (SCFDR_1)
Line statusregister_1 (SCLSR 1)

Receive shift register_1 (SCRSR_1)
Transmit shift register 1 (SCTSR_1)

RENESAS
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A

SCFRDR is a 16-stage FIFO register that stores received serial data.

When the SCIF has received one byte of seria data, it transfers the received data from <
SCFRDR where it is stored, and compl etes the receive operation. SCRSR is then enabled
reception, and consecutive receive operations can be performed until the receive FIFO de
register isfull (16 data bytes).

SCFRDR is aread-only register, and cannot be written to by the CPU.

If aread is performed when there is no receive data in the receive FIFO dataregister, an |
value will be returned. When the receive FIFO data register is full of receive data, subsec
serial dataislost.

The contents of SCFRDR are undefined after a power-on reset or manual reset.
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16.34 Transmit FIFO Data Register (SCFTDR)
SCFTDR is an 8-bit 16-stage FIFO data register that stores data for serial transmission.

If SCTSR is empty when transmit data has been written to SCFTDR, the SCIF transfers
transmit data written in SCFTDR to SCTSR and starts serial transmission.

SCFTDR isawrite-only register, and cannot be read by the CPU.

The next data cannot be written when SCFTDR isfilled with 16 bytes of transmit data. |
written in this caseisignored.

The contents of SCFTDR are undefined after a power-on reset or manual reset.

16.3.5 Serial Mode Register (SCSMR)

SCSMR is a 16-hit register used to set the SCIF s serial communication format and sele
clock source of the baud rate generator.

SCSMR can be read or written to by the CPU at all times.

SCSMRisinitialized to H'0000 by a power-on reset or manual reset. It isnot initialized
mode or in the module standby state, and retains its contents.
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6 CHR 0 R/W

Character Length

Selects 7 or 8 bits as the asynchronous mod
length. In clock synchronous mode, a fixed d
length of 8 bits is used regardless of the CHI
0: 8-bit data

1: 7-bit data*

Note: * When 7-bit data is selected, the MS

of the transmit FIFO data register (S
is not transmitted.

Parity Enable

In asynchronous mode, selects whether or n
bit addition is performed in transmission, anc
bit checking in reception. In clock synchronoi
parity bit addition and checking is not perforr
regardless of the PE bit setting.

0: Parity bit addition and checking disabled
1: Parity bit addition and checking enabled*

Note: * When the PE bit is set to 1, the pari
or odd) specified by the O/E bit is a
transmit data before transmission. |
reception, the parity bit is checked f
parity (even or odd) specified by the
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1. Uau pality™
Notes: 1. When even parity is set, parity t
is performed in transmission so
total number of 1-bits in the tran
character plus the parity bit is e\
reception, a check is performed
the total number of 1-bits in the
character plus the parity bit is e\
2. When odd parity is set, parity bi
is performed in transmission so
total number of 1-bits in the tran
character plus the parity bit is o
reception, a check is performed
the total number of 1-bits in the
character plus the parity bit is ot
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before it is sent.

2. In transmission, two 1-bits (stop |
added to the end of a transmit ch
before it is sent.

In reception, only the first stop bit is checked
regardless of the STOP bit setting. If the sec
bit is 1, it is treated as a stop bit; if it is 0, it is
as the start bit of the next transmit character.

2 — 0 R Reserved

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

1 CKSH1 0 R/W Clock Select 1 and 0

0 CKSO0 0 R/W Select the clock source for the on-chip baud
generator.

00: Po
01: Py/4

10: P¢/16
11: Po/64
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DI DiL iINalic vauc LAV A ecotlliipuull

15t08 — AllO R Reserved
These bits are always read as 0. The write
should always be 0.

7 TIE 0 R/W Transmit Interrupt Enable

Enables or disables generation of a transmi
data-empty interrupt (TXI) request when the
flag in SCFSR is set to 1 after the serial trar
is transferred from SCFTDR to SCTSR and
number of data bytes in the transmit FIFO r
equal to or below the trigger set number.

0: Transmit-FIFO-data-empty interrupt (TX
disabled*
1: Transmit-FIFO-data-empty interrupt (TX
enabled
Note: * TXI interrupt requests can be clea
writing transmit data exceeding th
trigger set number to SCFTDR, re

from the TDFE flag, then clearing
by clearing the TIE bit to 0.
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\Bhni) request disablead™

1: Receive-data-full interrupt (RXI) request,
error interrupt (ERI) request, and break-ir
(BRI) request enabled

Note: *  An RXI request can be cleared by r

from the RDF flag or DR flag, then
the flag to 0, or by clearing the RIE
The ERI and BRI requests can be ¢
by reading 1 from the ER, BRK, or
flag, then clearing the flag to 0, or c
the RIE and REIE bits to 0.

5 TE 0 R/W Transmit Enable

Enables or disables the start of serial transm
the SCIF.

0: Transmission disabled

1: Transmission enabled*

Note: * SCSMR and SCFCR settings must
made, the transmit format decided,
transmit FIFO reset, before the TE |
to 1.
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made, the receive format décide
receive FIFO reset, before the F

setto 1.
3 REIE 0 R/W Receive Error Interrupt Enable

Enables or disables generation of receive-e

interrupt (ERI) request and break interrupt (

request. The REIE bit setting is available wi

RIE bit is cleared to 0.

0: Receive-error interrupt (ERI) request an

interrupt (BRI) request disabled*
1: Receive-error interrupt (ERI) request an
interrupt (BRI) request enabled

Note: * A receive-error interrupt (ERI) req
break interrupt (BRI) request can |
by reading 1 from the ER, BRK, a
flags, then clearing the flags to 0,
clearing the RIE and REIE bits to
Even if the RIE bit is cleared to 0,
the REIE bit to 1 enables generati
ERI and BRI requests. This settin
achieved to notify the ERI and BR
to the interrupt controller at the DN
transfer.

2 — 0 R Reserved

This bit is always read as 0. The write value
always be 0.
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mode is selected by SCSMR.
e Asynchronous mode
00: Internal clock/SCIFnCK pin functions as |
(input signal ignored)
01: Internal clock/SCIFnCK pin functions as «
output*?
1-*"; External clock/SCIFnCK pin functions a
input*®
¢ Clock synchronous mode
00: Internal clock/SCIFnCK pin functions as
synchronous clock output
01: Internal clock/SCIFnCK pin functions as
synchronous clock output
1-*": External clock/SCIFNCK pin functions a
synchronous clock input

Notes: 1. When CKE1 = 1, the value of CKI
don’t care.

2. The output clock frequency is 16 1
bit rate.

3. The input clock frequency is 16 tir
bit rate.
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SCFSR isinitialized to H'0060 by a power-on reset or manual reset. It isnot initialized |
mode or in the module standby state, and retains its contents.

Initial

Bit Bit Name Value R/W Description

15 PER3 0 R Parity Error Number 3 to 0

14 PER2 0 R Indicate the number of data bytes, in whic

13 PER{ 0 R errors are generated, in receive data store
SCFRDR.

12 PERO 0 R . .
After setting the ER bit in SCFSR, the vall
15 to 12 indicate the number of parity errc
generated data. When all 16 bytes of rece
in SCFRDR has parity errors, the PERS tc
bits indicate 0.

11 FER3 0 R Framing Error Number 3to 0

10 FER2 0 R Indicate the number of data bytes, in whic

9 FER1 0 R errors are generated, in receive data store
SCFRDR.

8 FERO 0 R

After setting the ER bit in SCFSR, the vall
11 to 8 indicate the number of framing err
generated data.

When all 16 bytes of receive data in SCFI
framing errors, the FER3 to FERO bits ind
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1: A framing error or parity error occurred ¢
reception
[Setting conditions]

¢ When the SCIF checks whether the sto
the end of the receive data is 1 when re
ends, and the stop bit is 0**

e When, in reception, the number of 1-bit
receive data plus the parity bit does nof
the parity setting (even or odd) specifie:
O/E bit in SCSMR

Notes: 1. The ER flag is not affected and
its previous state when the RE
SCSCRis cleared to 0. When ¢
error occurs, the receive data is
transferred to SCFRDR, and re
continues.

The FER and PER bits in SCF¢
be used to determine whether t
receive error in the data read fr
SCFRDR.

2. When the stop length is 2 bits,
first stop bit is checked for a va
the second stop bit is not check
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o When data is written to SCFTDR by tr
1: Transmission has been ended

[Setting conditions]

e Power-on reset or manual reset

e The TE bitin SCSCR is cleared to 0

o When there is no transmit data in SCF
transmission of the last bit of 1-byte se
transmit character
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ourivn
[Clearing conditions]
e When transmit data exceeding the tran:

trigger set number is written to SCFTD
is written to the TDFE bit after reading

e When transmit data exceeding the tran:
trigger set number is written to SCFTDI
DMAC

1: The number of transmit data bytes in SC
does not exceed the transmit trigger set

[Setting conditions]

e Power-on reset or manual reset

¢ When the number of SCFTDR transmit
bytes is equal to or below the transmit 1
set number as the result of a transmit o
Note: * As SCFTDR is a 16-byte FIFO regi
maximum number of bytes that can
written when TDFE = 1 is 16 — (trar
trigger set number). Data written in
of this will be ignored. The number
bytes in SCFTDR is indicated by th

bits in SCFDR.
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[Setting condition]

When data with a framing error is receive
by the space “0” level (low level) for at lea
frame length

Note: * When a break is detected, the rec
(H'00) following detection is not tre
to SCFRDR. When the break end:
receive signal returns to mark “1”,
data transfer is resumed.

FER

Framing Error

In asynchronous mode, indicates that the
framing error or not in the data read from

0: There is no framing error in the receive
from SCFRDR

[Clearing conditions]

e Power-on reset or manual reset

e When there is no framing error in SCF
data

1: There is a framing error in the receive ¢
from SCFRDR

[Setting condition]

When there is a framing error in SCFRDR
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data

1: There is a parity error in the receive date
from SCFRDR

[Setting condition]
When there is a parity error in SCFRDR re:
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e Power-on reset or manual reset

e When SCFRDR is read until the numt
receive data bytes in SCFRDR is less
receive trigger set number, and 0 is wi
RDF after reading RDF = 1

e When SCFRDR is read by the DMAC
number of receive data bytes in SCFF
than the receive trigger set number

1: The number of receive data bytes in SC
equal to or greater than the receive trig
number

[Setting condition]

When SCFRDR contains at least the rece
set number of receive data bytes*

Note: * SCFRDR is a 16-byte FIFO regist:
RDF = 1, at least the receive trigg
number of data bytes can be read
read when SCFRDR is empty, an
value will be returned. The numbe
receive data bytes in SCFRDR is |
by the lower bits in SCFDR.
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[Clearing conditions]

e Power-on reset or manual reset

e When all the receive data in SCFRDR |
read, and 0 is written to DR after readir
1

e When all the receive data in SCFRDR i
the DMAC

1: No further receive data has arrived

[Setting condition]

When SCFRDR contains fewer than the re

trigger set number of receive data bytes, al

further data has arrived for at least 15 etu ¢
stop bit of the last data received*

Note: * Corresponds to 1.5 frame time whe
format of 8-bit length and 1 stop bit
etu: Elementary time unit (time for t
of 1 bit)

Note: * Only 0 can be written for clearing the flags.
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Asynchronous mode;

Ne PO 106 1
T eaxpen-1xB

Clock synchronous mode;

Po

N —M 6 —
8 x22n-1x B x 1051
Where B: Bit rate (bits/s)
N: SCBRR setting for baud rate generator (0 < N < 255)
P¢: Peripheral module operating frequency (MHz)
n: Baud rate generator input clock (n = 0 to 3)

(See table 16.2 for the relation between n and the clock.)
Table16.2 Relationship between n and Clock

SCSMR Setting

n Clock CKS1 CKSO
0 Po 0 0
1 Po/4 0 1
2 P¢/16 1 0
3 Py/64 1 1

The bit rate error in asynchronous maode is found from the following equation:
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SCHCR IsInitialized to H'OOUU by a power-on reset or manual reset. It iIsnot initializea Ir
mode or in the module standby state, and retains its contents.

Initial
Bit Bit Name Value R/W Description
15to 11 — All O R Reserved
These bits are always read as 0. The write v
should always be 0.
10 RSTRG2 0 R/W RTS Output Active Trigger 2 to 0
RSTRGH1 0 R/W The RTS signal goes high when the number
RSTRGO 0 R/W receive data bytes in SCFRDR is equal to or

than the trigger set number shown in below.
RTS active trigger:

000: 15

001: 1

010: 4

011: 6

100: 8

101: 10

110: 12

111: 14
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10: 8 10: 8
11: 14 11: 14

TTRG1
TTRGO

0
0

R/W
R/W

Transmit FIFO Data Number Trigger 1 and

Set the number of remaining transmit data |
sets the TDFE flag in SCFSR.

The TDFE flag is set when, as the result of
operation, the number of transmit data byte
SCFTDR is equal to or below the trigger se
shown in below.

00: 8 (8)
01:4 (12)
10: 2 (14)
11: 0 (16)

Note: The values in parentheses are the n
empty bytes in SCFTDR when the fl

MCE

R/W

Modem Control Enable

Enables modem control signals CTS and R
bit is valid only in asynchronous mode.

0: Modem signal disabled*
1: Modem signal enabled

Note: * CTS is fixed at active 0 regardless c
value, and RTS is also fixed at 0.
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nivalnualo UIC ITuLCIVO Uala 11l uic 1CcuTIvo T 1l

register and resets it to the empty state.
0: Reset operation disabled*
1: Reset operation enabled

Note: * A reset operation is performed in the
a power-on reset or manual reset.

0 LOOP 0 R/W Loopback Test

Internally connects the transmit output pin (T
receive input pin (RxD), and RTS pin and CT
enabling loopback testing.

0: Loopback test disabled
1: Loopback test enabled

16.3.10 FIFO Data Count Register (SCFDR)

SCFDR is a 16-hit register that indicates the number of data bytes stored in SCFTDR anc
SCFRDR.

Bits 12 to 8 show the number of transmit data bytesin SCFTDR, and bits 4 to O show the
of receive data bytesin SCFRDR.

SCFDR can be read by the CPU at all times.

SCFDR isinitialized to H'0000 by a power-on reset or manual reset. It isnot initialized ir
mode or in the module standby state, and retains its contents.
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/100 —_— AllY n neservead

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

4 R4 0 R Bits 4 to 0 in SCFDR show the number of re

3 R3 0 R data bytes in SCFRDR.

2 R2 0 R A value of H'00 means that there is no rece
and a value of H'10 means that SCFRDR is

1 R1 0 R receive data.

0 RO 0 R
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reception and reception is ended abnormal

0: Reception is in progress, or reception h
ended successfully*'

[Clearing conditions]

e Power-on reset or manual reset

e When 0 is written to ORER after readin
=1

1: An overrun error occurred during recep

[Setting condition]

When serial reception is completed while tt
receive FIFO is full

Notes: 1. The ORER flag is not affected :
retains its previous state when
bit in SCSCR is cleared to 0.

2. The receive data prior to the ov
error is retained in SCFRDR, al
data received subsequently is |
Serial reception cannot be cont
while the ORER flag is set to 1.

Note: * Only 0 can be written to clear the flag.
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shown in table 16.3. The SCIF clock source is determined by the combination of the C/;
SCSMR and the CKE1 and CKEOQ hitsin SCSCR. Thisisshown in table 16.4.

Asynchronous M ode

Datalength: Choice of 7 or 8 bits
Choice of parity addition and addition of 1 or 2 stop bits (the combination of these p
determines the transfer format and character length)

Detection of framing errors, parity errors, overrun errors, receive-FIFO-data-full sta
data-ready state, and breaks, during reception

Indication of the number of data bytes stored in the transmit and receive FIFO regist
The SCIF clock source: Choice of internal or external clock
When internal clock is selected: The SCIF operates on the baud rate generator clock

When external clock is selected: Clock with frequency16 times the bit rate must be i
on-chip baud rate generator is not used.)

Clock synchronous M ode

Transfer format: Fixed to 8-bit data

Detection of overrun errors during reception

The SCIF clock source: Choice of internal or external clock

When internal clock is selected: The SCIF operates on the baud rate generator clock
outputs the synchronous clock

When external clock is selected: The SCIF operates on the input synchronous clock.
chip baud rate generator is not used.
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1 2 bi

1 0 Yes 1 bi

1 2bi

1 * * * Clock synchronous mode  8-bit data No No

Table16.4 SCSMR and SCSCR Settingsfor the SCIF Clock Source Selection

SCSMR SCSCR
_ BitlL Bit 0: Clock
Bit 7: C/A CKE1  CKEO Mode Source  SCIFnCK Pin Function
0 0 0 Asynchronous Internal ~ SCIF does not use the SCIFr
1 mode Outputs a clock with frequenc
times the bit rate
1 0 External Inputs a clock with frequency
1 the bit rate
1 0 0 Clock Internal  Outputs the synchronous clot
1 synchronous
mode
1 0 External Inputs the synchronous clock
1
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samples each datr;l bit on the eighth pulse E)f a?:l ock with afrequency'16 tirﬁes the hit ra
Therefore, communication dataiis latched at the center of each hit.

Idle state

Serial
data

0 DO D1 D2 D3 D4 D5 D6 D7 01 1

Start Parity |
bit Transmit/Receive data bit Stop b
1 bit 7 bits or 8 bits 1 bit or 1 bit o

no bit 2 bits

One unit of communication data (character or frame)

Figure 16.2 Data Format in Asynchronous Communication
(Example of 8-Bit Data with Parity and 2 Stop Bits)
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1 0 \ ) \ 8-bit data \ P \s-

1 s | 8-bit data P s
1 0 0 ‘ S ’ 7-bit data ‘STOP‘

1 S 7-bit data ‘ STOP ‘ STOP ‘

1 0 s | 7-bit data | P |stor]|

1 ‘ S ’ 7-bit data ‘ P ‘STOP‘S‘
S: Start bit
STOP: Stop bit
P: Parity bit

Clock: The SCIF transfer clock is set by the C/A bit in SCSMR and the CKE1 and CK E(
SCSCR. For details, seetable 16.4.

When an external clock is input to the SCIFNCK pin, the clock with frequency 16 timest
must be input.

When the SCIF operates on an internal clock, it can output a clock from the SCIFNCK pil
time output clock frequency is 16 times the bit rate.
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When an external clock is used, the clock should not be stopped during operation includ
initialization because its operation becomes unreliable.

Figure 16.3 shows a sample the SCIF initialization flowchart.
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SCIFNnCK pin is input pin (input and nxL pins 1o be used.

signal is ignored)) (leaving TE,
RE, TIE, and RIE bitscleared to 0)

Set C/A bit in SCSMR to 0,
and set transfer format

Set value in SCBRR

Wait

A

1-bit interval elapsed?

Set RTRG1, RTRGO, TTRG1,
and TTRGO bits in SCFCR.
Clear TFRST and
RFRST bits to 0

Set TE and RE bits in SCSCR to
1, and set RIE, TIE, and REIE bits|

|
G

Figure16.3 Samplethe SCIF Initialization Flowchart
Serial Data Transmission: Figure 16.4 shows a sample flowchart for serial transmissior

Use the following procedure for serial data transmission after enabling the SCIF for trans
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data to SCFTDR, read 1
from TDFE bit and TEND flag
in SCFSR, then clear to 0

All data transmitted?

Yes

—

-l

Read TEND bit in SCFSR

Yes

Yes

Clear port DR to 0

|
Clear TE bitin SCSCR to 0

|
Specify TxD pin as output port
by PFC

-
-

( End of transmission )

mern cleal tne 1ure Dit to v.

Break output at the end of serial
transmission:

To output a break in serial transmissic
clear the port data register (DR)to O b
clearing the TE bit in SCSCR to 0, anc
specify the TxD pin as an output port t
PFC.

In steps 1 and 2, it is possible to ascel
the number of data bytes that can be
written from the number of transmit da
bytes in SCFTDR indicated by the upr
bits of SCFDR.

Figure16.4 Sample Serial Transmission Flowchart
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The serial transmit datais sent from the TxD pin in the following order.

A. Start bit: One 0-bit is output.

B. Transmit data: 8-bit or 7-bit datais output in LSB-first order.

C. Parity bit: One parity bit (even or odd parity) is output. (A format in which a parit
not output can also be selected.)

D. Stop bit(s): One or two 1-bits (stop bits) are output.

E. Mark state: 1 isoutput continuously until the start bit that starts the next transmiss
sent.

3. The SCIF checksthe SCFTDR transmit data at the timing for sending the stop bit. If «
present, the datais transferred from SCFTDR to SCTSR, the stop hit is sent, and then
transmission of the next frame is started.

If there is no transmit data, the TEND flag in SCFSR is set to 1, the stop hit is sent, ar
the line goes to the mark state in which 1 is output.
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TXI interrupt
request

\' +
) | ‘ e

Data written to SCFTDR TXI interrupt
and TDFE flag read as request

1 and then cleared to O

by TXI interrupt handler

A

v

One frame

Figure16.5 Exampleof Transmit Operation
(Example of 8-Bit Data with Parity and 1 Stop Bit)
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No (" Error handiing )

Read RDF flag in SCFSR

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

All data received?

Yes

Clear RE bitin SCSCR to 0

( End of reception )

reading e vaiue Ol tre nxu pir.

SCIF status check and receive data
Read SCFSR and check that RDF =
read the receive data in SCFRDR, r
from the RDF flag, and then clear th
flag to 0. The transition of the RDF fl
from 0 to 1 can also be identified by
interrupt.

Serial reception continuation proced
To continue serial reception, read at
the receive trigger set number of dat
from SCFRDR, read 1 from the RDF
and then clear the RDF flag to 0. Th
number of receive data bytes in SCF
can be ascertained by reading the Ic
bits of SCFDR.

Figure16.6 Sample Serial Reception Flowchart (1)
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Yes

Receive error handling

-

BRK =17

Yes

Break handling

-
-

DR=17?

Yes

Read receive data in SCFRDR

-
-

Clear DR, ER, and BRK flags
in SCFSR and ORER flag
in SCLSR to 0

|
G

Figure16.7 Sample Serial Reception Flowchart (2)
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C. overun error Cneck: 1 ne Sl CNeCKs thal the URER TIag IS Cleared 10 U and an C
error does not occur.
D. Break check: The SCIF checks that the BRK flag is O, indicating that the break ste
Set.
If al the above checks are passed, the receive datais stored in SCFRDR.
Note:  Reception continues when areceive error (aframing error or parity error) occurs.

4. If the RIE bit in SCSCR is set to 1 when the RDF flag or DR flag changesto 1, arece
FIFO-data-full interrupt (RXI) request is generated.
If the RIE bit or REIE hit in SCSCR is set to 1 when the ER flag changesto 1, arecel
interrupt (ERI) request is generated.
If the RIE bit or REIE bit in SCSCR is set to 1 when the BRK flag or ORER flag chal
abreak reception interrupt (BRI) request is generated.

Figure 16.8 shows an example of the operation for reception in asynchronous mode.
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RXl interrupt | Data read and RDF flag ERI interrupt

request read as 1 then cleared generated by
»| to 0 by RXl interrupt error
| One frame | handler

Figure 16.8 Example of SCIF Receive Operation
(Example of 8-Bit Data with Parity and 1 Stop Bit)

Modem Function: When using a modem function, transmission can be stopped and sta
according to the CTS input value. When the CTS is set to 1 during transmission, the dat
mark state after transmitting one frame. When CTS is set to 0, the next transmit datais ¢
starting with a start bit.

Start Parity Stop Start
bit ( bit bit bit «

. )) ) 1)
Transmit data |0|DO|D1| |D6|D7|0/1| |0|D0|D1| |D6
TxD ( (

)] 1)
Transmission stops Transmission starts again
when CTS goes high 4 when CTS goes low
CTS | |

((
)

Figure16.9 CTS Control Operation
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at least number of RTS output trigger  less than number of RTS output trigger

Figure16.10 RTS Control Operation

16.4.3  Serial Operation in Clock Synchronous Mode

In clock synchronous mode, the SCIF transmits and receives data synchronizing with clo
This mode is suitable for high-speed serial communication. In the SCIF, the transmitter a
receiver are independent. Therefore, by sharing the same clock, full-duplex communicati
performed. Figure 16.11 shows the general format of clock synchronous serial communic

One unit of transfer data (character or frame)

A
A

* *

Serial clock

LSB MSB
Serial data Don'’t care[} Bit0 >< Bit 1 >< Bit 2 >< Bit 3 >< Bit 4 >< Bit 5 >< Bit 6 >< Bit 7 |XL

Note: * High except in continuous transmission/reception

Figure16.11 Data Format in Clock Synchronous Communication

In clock synchronous serial communication, data on the communication line is output fro
fall of the serial clock to the next. Datais guaranteed valid at the rise of the serial clock.

In serial communication, each character is output starting with the LSB and ending with 1
After the MSB is output, the communication line remains in the state of the MSB.
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only reception is performed, clock pulse is output continuously until the number of data
the receive FIFO reaches the receive trigger set number while the RE bit in SCSCRis 1

Data Transfer Operations:

The SCIF Initialization: Before transmitting and receiving data, it is necessary to clear
and RE bitsin SCSCR to 0, then initialize the SCIF as described below.

When the mode, communication format etc., is changed, the TE and RE bits must be cle
before making the change using the following procedure. When the TE bit is cleared to
isinitialized. Note that the RDF, PER, FER, and ORER flags and contents of SCFRDR
retained even if the RE bit is cleared to 0.
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Set CKE1 and CKEO bits in SCSCR
(TE, RE, TIE, and RIE bits are
cleared to 0)

I

Set transmit or receive format in SCSMR

[
Set value in SCBRR

Wait

1-bit interval elapsed?

Set RTRG1, RTRGO, TTRG1, and
TTRGO bits in SCFCR. Clear TFRST
and RFRST bits to 0.

|
Set external pins (SCIFnCK, TxD, RxD)
I

Set TE and RE bits in SCSCR to 1
and set RIE, TIE, and REIE bits

( TR

No

2. o€l e exiernal pins. opecliies e pins as n.
in reception and TxD output in transmission. !
SCIFnCK input/output according to the CKE1
CKEO settings.

6. Set the TE bit or RE bit in SCSCR to 1. Also,
TIE, RIE, and REIE bits. At this time, the TxD
and SCIFnCK pins can be used. In transmiss
TxD pin is in the mark state. When reception
clock synchronous mode and synchronous cl
(clock master) are selected, a clock is output
SCIFnCK pin.

Figure16.12 Samplethe SCIF Initialization Flowchart
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No the TDFE flag to confirm that writing is po
then write data in SCFTDR and clear the
flag to 0.

TDFE =1?

Yes

Write transmit data in SCFTDR and
clear TDFE and TEND bits in
SCFSRto 0

All data transmitted?

Yes

—

Read TEND bit in SCFSR

Yes

Clear TE bit in SCSCR to 0
( End transmission )

Figure16.13 Sample Serial Transmission Flowchart
In serial transmission, the SCIF operates as described below.

1. When dataiswritten into SCFTDR, the SCIF transfers the data from SCFTDR to
starts transmitting. Confirm that the TDFE flag in SCFSR is set to 1 before writing t
datato SCFTDR. The number of data bytes that can be written is at least 16 — (trans
set number).
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e B ST T

the state of the TxD pin is held.
4. After seria transmission has completed, the SCIFNCK pin is fixed to high.

e e D

Figure 16.14 shows an example of the SCIF transmit operation.

Serial
clock

Serial

data

TDFE

TEND

Hin

L]

UL UL

the TDFE flag to 0

LSB MSB! g
BitOXBit1 x Bit 7 BitOXBit1 x

((
)

((

)
(( (
)) ))

TXI TXI handling routine writes I
request | data in SCFTDR and clears  request

1 frame

Figure16.14 Example of the SCIF Transmit Operation
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-

Read ORER flag in SCLSR

Error handling

Read RDF flag in SCFSR |

No

Yes

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

All data received?

| Clear RE bit in SCSCR to 0 |

( End reception )

occurs, read the ORER flag in SCLS
after executing the necessary error
clear the ORER flag to 0.

Serial reception cannot be continuec
ORER flag is set to 1.

. SCIF status check and receive data

Read SCFSR, check that the RDF fl
to 1, then read receive data in SCFFR
clear the RDF flag to 0. Notification t
RDF flag has changed from 0 to 1 cz
be given by the RXI.

. Serial reception continuation proced

To continue serial reception, read at
receive trigger set number of data by
SCFRDR, read 1 from the RDF flag,
clear the RDF flag to 0. The number
data in SCFRDR can be ascertainec
the lower bits of SCFDR. However, i
is activated by the RXI and the value
SCFRDR, the RDF flag is cleared at

Figure16.15 Sample Serial Reception Flowchart
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| |_ |
( )

Figure16.16 Sample Serial Reception Flowchart
In serial reception, the SCIF operates as described below.

1. The SCIF internaly initializes in synchronization with the synchronous clock input o

2. The SCIF storesreceive datain SCRSR in order from LSB to MSB. After reception, 1
checks whether receive data can be transmitted from SCRSR to SCFRDR. If this chex
passed, the SCIF stores the receive datain SCFRDR. If an overrun error is detected b
check, following reception can not be performed.

3. Ifthe RDFflagissetto 1 and the RIE hit in SCSCR is set to 1, the SCIF requests are
FIFO-data-full interrupt (RXI). If the ORER flag is set to 1 and the RIE bit or REIE b
SCSCR isset to 1, the SCIF requests a break interrupt (BRI).
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RDF

ORER

»

RXI RXI handling RXI
request | routine reads data  request
of SCFRDR and
clears RDF flag to 0

1 frame

BRI reque
by overrur

Figure16.17 Example of the SCIF Receive Operation
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4. SCIF status check and receive data r
Read SCFSR, check that the RDF fla
to 1, then read receive data from SCF

Read ORER flag in SCLSR and clear the RDF flag to 0. Notificati

the RDF flag has changed from 0 to 1

be given by the RXI.

5. Serial transmission/reception continu.
procedure: To continue serial recepti
the MSB of the current frame is recei
the RDF flag and SCFRDR and clear
flag to 0. Also, check that the TDFE fi
to 1 and data can be written before tr

the MSB of the current frame. Futher
| data in SCFTDR and clear the TDFE

Read RDF flag in SCFSR

No

Note: When switching from transmissiol
to simultaneous transmission anc
clear the TE and RE bits to 0, the

Yes bits to 1 simultaneously.

Read receive data in SCFRDR and
clear RDF flag in SCFSR to 0

All data received?

| Clear TE and RE bits in SCSCR to 0 |

( o)

Figure 16.18 Sample Serial Data Transmission/Reception Flowchart
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TIE bit, if the TDFE flag.is_set to 1, only the tr'ansmit—F'I FO-data-empty DMA transfer re
generated. The DMAC can be activated and data transfer performed on generation of the
FIFO-data-empty DMA transfer request.

When the RX1 is enabled by the RIE bit, if the RDF flag or DR flag in SCFSR is set to 1,
reguest and areceive-FIFO-data-full DMA transfer request are generated. When the RXI1
disabled by the RIE bhit, if the RDF flag or DR flag is set to 1, only the receive-FIFO-date
DMA transfer request is generated. The DMAC can be activated and data transfer perfor
generation of the receive-FIFO-data-full DMA transfer request. The generation of the RX
receive-FIFO-data-full DMA transfer requests by setting the DR flag to 1 occursonly in

asynchronous mode.

When the BRK flag in SCFSR or the ORER flag in SCLSR isset to 1, aBRI requestisg
When using the DMAC for transmission/reception, set and enable the DMAC before mal
SCIF settings. See section 13, Direct Memory Access Controller (DMAC), for details on
DMAC setting procedure. Also set the RX1 and TXI requests not to be output to the inter
controller. If theinterrupt requests are set to be generated, the interrupt requeststo the int
controller are cleared by the DMAC regardless of the interrupt handling program.

When the RIE bit is cleared to 0 and the REIE bit isset to 1 in SCSCR, the ERI or BRI re
can be generated without generating the RXI request. Note that the TXI indicates that wri
transmit data is enabled, while the RXI indicates that the receive dataisin SCFRDR.
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Note: * The RXI by the DR is enabled only in asynchronous mode.

See section 4, Exception Handling, for priorities and the relationship with non
interrupts.

16.6  Usage Notes
Note the following when using the SCIF.

SCFTDR Writing and TDFE Flag: The TDFE flag in SCFSR is set when the number
transmit data bytes written in SCFTDR has fallen to or below the transmit trigger numb
bits TTRG1 and TTRGO in SCFCR. After the TDFE flag is set, transmit data up to ther
empty bytesin SCFTDR can be written, allowing efficient continuous transmission.

However, if the number of data bytes written in SCFTDR is equal to or less than the tra
trigger number, the TDFE flag will be set to 1 again after being read as 1 and cleared to
clearing should therefore be carried out when SCFTDR contains more than the transmit
number of transmit data bytes.

The number of transmit data bytesin SCFTDR can be found from bits 12 to 8 in SCFDF

SCFRDR Reading and RDF Flag: The RDF flag in SCFSR is set when the number of
data bytesin SCFRDR has become equal to or greater than the receive trigger number s
RTRG1 and RTRGO in SCFCR. After the RDF flag is set, receive data equivalent to the
number can be read from SCFRDR, alowing efficient continuous reception.

However, if the number of data bytesin SCFRDR is still equal to or greater than the trig
number after aread, the RDF flag will be setto 1 againif it is cleared to 0. The RDF fla
therefore be cleared to O after being read as 1 after all receive data has been read.

The number of receive data bytesin SCFRDR can be found from bits 4 to 0 in SCFDR.
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o= R == I i A e

shown in figure 16.19.

16 clocks
8 clocks ‘

0123456789 101112131415 01 2 3 4 5 6 7 8 9 1011121314150 1 :

Base clock
aE . —=7.5clocks i +7.5clocks ¥
Receive data i ; ¥ : - ™
1 I Start bt [l nl [l nl
(RxD) ! “ | DOH ™

Synchronization ‘ x ‘ ‘ ‘ ‘
sampling timing j L L

Data sampling

timing H H

Figure16.19 Receive Data Sampling Timing in Asynchronous M ode

The receive margin in asynchronous mode can therefore be expressed as shown in equati

o _NO'5|(1 +F) [X100%  coovereereieians (1)

M =‘(o.5 —;—N) —(L-0.5)F -

Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D =0 to 1.0)

Frame length (L = 9 to 12)

Absolute deviation of clock frequency

mTrozxg
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SCIFnCK

—

TDFE

o Y T = =)

Note: To operate on an external clock, specify t as 4 cycles or more of a peripheral operating

Figure16.20 Sample Transfer of Synchronous Clock by DMAC
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hd Xlid Udiol
Sixteen-stage 32-bit FIFOs (transmission/reception independently)
Supports 8-hit data/16-bit data/16-bit stereo audio input/output
MSB or LSB first for data transmission/reception
Supports a maximum of 48-kHz sampling rate
Synchronization by either frame synchronization pulse or left/right channel switch
Supports CODEC control datainterface
Connectable to every A-Law or p-Law CODEC linear audio chip manufactured by ¢
company
Supports both master and slave modes
e Seria clock
An externa pininput or internal clock (P_CLK) can be selected as the clock source.
e Interrupts
Following four interrupts can be requested independently.
Transmission interrupt
Reception interrupt
Error interrupt
Contral interrupt
e DMA transfer
Supports DMA transfer by atransfer request for transmission/reception
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Baud rate
generator

1/nMCLK
"

A
16
y

P A

Control
register

- 32

PRAY
<

32

132

Transmit FIFO
(32 bits x
16 stages)

A 4

Receive
(32 bi
16 ste

Receive control

data

Transmit control
data

SIOMCLK

Timing
control

A

SCK_SIO SIOFSYNC

TXD_SIO

RXD_

Figure17.1 Block Diagram of SIOF
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synchronous pin output (common to transmission/rec
Transmit data pin TXD_SIO0 Output  Transmit data

Receive data pin RXD_ SIO0 Input Receive data

Clock input pin ~ SIOMCLK1 Input Master clock input
Communication SCK_SIO1 Input/ Serial clock (common to
clock pin output transmission/reception)
Frame SIOFSYNCH1 Input/ Frame synchronous signal
synchronous pin output (common to transmission/rec
Transmit data pin TXD_SIO1 Output  Transmit data

Receive data pin RXD_SIO1 Input Receive data

RENESAS
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e Seria control dataassign register 0 (SICDAR_0)
e SIOF control register_ 0 (SICTR_0)

e SIOF FIFO control register_0 (SIFCTR_0)

e SIOF statusregister 0 (SISTR_0)

o S|IOF interrupt enable register 0 (SIIER_0)

e Seria transmit dataregister 0 (SITDR_0)

e Seria receive dataregister 0 (SIRDR_0)

e Seria transmit control dataregister_0 (SITCR_0)
e Seria receive control dataregister 0 (SIRCR_0)

2. Channel 1

e SIOF moderegister_ 1 (SIMDR _1)

e Serial clock select register_1 (SISCR_1)

e Seria transmit dataassign register_1 (SITDAR 1)
e Seia recelvedataassign register_1 (SIRDAR_1)
e Seria control dataassign register_1 (SICDAR 1)
e SIOF control register 1 (SICTR_1)

e SIOF FIFO control register_ 1 (SIFCTR_1)

o SIOF statusregister 1 (SISTR_1)

e S|IOF interrupt enableregister 1 (SIIER_1)

e Serial transmit dataregister_1 (SITDR_1)

e Seria receive dataregister 1 (SIRDR 1)

e Seria transmit control dataregister_1 (SITCR_1)
e Seria receive control dataregister 1 (SIRCR_1)
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Ul olave mode <
10: Master mode 1
11: Master mode 2

Note: For the operation in each mode, see sectiol
Transfer Data Format.

13 — 0 R Reserved
This bit is always read as 0. The write value shou
be 0.

12 REDG 0 R/W Receive Data Sampling Edge

The TXD_SIO signal is transmitted at the oppositt
where the RXD_SIO signal is sampled (see figure

0: RXD_SIO is sampled at the falling edge of SCF
1: RXD_SIO is sampled at the rising edge of SCK

Note: This bit is valid in master mode 1 and mast
2.
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1101: Slot length is 16 bits and frame length is 6:
1110: Slot length is 16 bits and frame length is 1:
1111: Slot length is 16 bits and frame length is 2!

Notes: 1. When slot length is specified as 8 bits,
data cannot be transmitted or receivec

2. When LSB is first transmitted or receiv
control data cannot be transmitted or 1

x: Don't care

7 TXDIZ 0 RW

High-Impedance Output when Transmission is In

Specifies high-impedance output when transmis:
invalid.

0: High output (1 output) when invalid
1: High-impedance output when invalid

Note: Invalid means when disabled, and when a
is not assigned as transmit data or control
being transmitted.

6 LSBF 0 R/W

LSB-First Transmission/Reception

Selects the bit order of a transmit/receive frame.
0: MSB-first

1: LSB-first

5 RCIM 0 R/W

Receive Control Data Interrupt Mode
Selects the set timing of the RCRDY bit in SISTF

0: Sets the RCRDY bit in SISTR when the conter
SIRCR change.

1: Sets the RCRDY bit in SISTR each time when
receives control data.
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reset or software reset.

Initial
Bit Bit Name Value R/W  Description
15 MSSEL 1 R/W  Master Clock Source Selection
The master clock is the clock input to the baud ra
generator.
0: Uses the SIOMCLK pin input signal as the mas
1: Uses PCLK as the master clock
14 MSIMM 1 R/W Master Clock Direct Selection
0: Uses the baud rate generator output clock as tt
source
1: Uses the master clock itself as the clock source
13 — 0 R Reserved
This bit is always read as 0. The write value shou
be 0.
12 BRPS4 0 R/W  Baud Rate Generator's Prescalar Setting (BRPS)
11 BRPS3 0 R/W  Set the master clock division ratio BRPS.
10 BRPS2 0 R/W  00000: (x 1/32)
9 BRPS1 0 R/W  00001: (x 1/1)
8 BRPSO0 0 RW  00010: (x 1/2)
11111: (x 1/31)
7t03 — Al0O R Reserved

These bits are always read as 0. The write value :
always be 0.
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i
100: Prescalar output x 1/32
Note: Other than above is reserved (setting prohi

17.3.3  Serial Transmit Data Assign Register (SITDAR)

SITDAR isused to specify the position of the transmit datain aframe (slot number). SIT
initialized by a power-on reset and software reset.

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
14to12 — AllO R Reserved
These bits are always read as 0. The write value ¢
always be 0.
11 TDLAS3 0 R/W  Transmit Left Channel Data Assigns
10 TDLA2 0 R/W  Specify the position of left-channel data in transmi
9 TDLA1 0 RW as B’0000 to B’1110. Transmit data for the left che
specified in bits SITDL15 to SITDLO in SITDR.
8 TDLAO 0 R/W

Note: If the TDLAS3 to TDLAO bits are set to B’111
operation is not guaranteed.

7 TDRE 0 R/W  Transmit Right Channel Data Enable

0: Disables right channel data transmission

1: Enables right channel data transmission
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4 — 0 R These bits are always read as 0. The write value
always be 0.

3 TDRA3 0 R/W  Transmit Right Channel Data Assigns

2 TDRA2 0 R/W  Specify the position of right-channel data in trans

1 TDRA1 0 R/w as B’0000 to B’1110. Transmit data for the right
specified in bits SITDR15 to SITDRO in SITDR.

0 TDRAO 0 R/W

Note: If the TDRA3 to TDRAO bits are set to B'1
operation is not guaranteed.

17.3.4  Serial Receive Data Assign Register (SIRDAR)

SIRDAR is used to specify the position of the receive datain aframe. SIRDAR isinitia
power-on reset or software reset.

Initial
Bit Bit Name Value R/W Description
15 RDLE 0 R/W Receive Left Channel Data Enable
0: Disables left channel data reception
1: Enables left channel data reception
14t012 — AllO R Reserved

These bits are always read as 0. The write vall
always be 0.
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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 tp B"1 110. Receive data for the
channel is stored in bits SIRDR15 to SIRDRO in
0 RDRAO 0 R/W

Note: If the RDRAS to RDRAO bits are set to B’1
operation is not guaranteed.

17.35 Serial Control Data Assign Register (SICDAR)

SICDAR is used to specify the position of the control datain aframe. SICDAR can be st
only when the FL3 to FLO bitsin SIMDR are specified as 1xxx. SICDAR isinitialized by
power-on reset or software reset.

Initial
Bit Bit Name Value R/W Description
15 CDOE 0 R/W  Control Channel 0 Data Enable
0: Disables transmission and reception of control
0 data
1: Enables transmission and reception of control
0 data
14t012 — AllO R Reserved

These bits are always read as 0. The write value
always be 0.
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0: Disables transmission and reception of control
data

1: Enables transmission and reception of control
data

6to4 — AllO R Reserved
These bits are always read as 0. The write value
always be 0.
3 CD1A3 0 R/W  Control Channel 1 Data Assigns 3to 0
2 CD1A2 0 R/W  Specify the position of control channel 1 data in a
1 CD1A1 0 R/W Or transmit frame as B’0000 to B’1110. Transmit:
the control channel 1 data is specified in bits SIT(
0 CD1A0 0 R/W

SITC10 in SITCR. Receive data for the control ct
data is stored in bits SIRC115 to SIRC10 in SIRC

Note: If the CD1A3 to CD1AO bits are set to B’11
operation is not guaranteed.
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generated in the baud rate generator to the SCK_
0: Disables the SCK_SIO output (outputs 0)
1: Enables the SCK_SIO output

14 FSE 0 R/W  Frame Synchronous Signal Output Enable
This bit is valid in master mode. If this bit is set to
SIOF initializes the frame counter and initiates the
operation.
0: Disables the SIOFSYNC output (outputs 0)
1: Enables the SIOFSYNC output

183to 10 — AllO R Reserved
These bits are always read as 0. The write value -
always be 0.

9 TXE 0 R/W  Transmission Enable

This bit setting becomes valid at the start of the n
(at the rising edge of the SIOFSYNC signal) and
valid data is stored in the transmit FIFO. When th
setting for this bit becomes valid, the SIOF issues
transmission transfer request according to the sef
the TFWM bit in SIFCTR. When transmit data is s
the transmit FIFO, transmission of data from the -
pin begins. This bit is initialized by a transmit rese

0: Disables data transmission from TXD_SIO (out
1: Enables data transmission from TXD_SIO
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1: Enables data reception from RXD_SIO

7t02 — All O R Reserved
These bits are always read as 0. The write value
always be 0.

1 TXRST O R/W  Transmission Reset

This bit setting becomes valid immediately. Whe
setting for this bit becomes valid, the SIOF imm
sets transmit data from the TXD_SIO pinto 1, a
initializes the transmission data register and trar
related status register. The following are initializ

e SITDR

e Transmit FIFO write/read pointer

e TCRDY, TFEMP, and TDREQ bits in SISTR
o TXE bit

As the SIOF is cleared automatically at the com
reset operation, this bit is always read as 0.

0: Transmission operation is not reset
1: Resets transmission operation
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¢ RXE bit

As the SIOF is cleared automatically at the comp
reset operation, this bit is always read as 0.

0: Reception operation is not reset

1: Resets reception operation
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000:

001:
010:
011:
100:

101:

110:

111:

Issue a transfer request when 16 stages of trans
are empty.

Reserved (setting prohibited)
Reserved (setting prohibited)
Reserved (setting prohibited)

Issue a transfer request when 12 or more stage:
transmit FIFO are empty.

Issue a transfer request when 8 or more stages
transmit FIFO are empty.

Issue a transfer request when 4 or more stages
transmit FIFO are empty.

Issue a transfer request when 1 or more stages
transmit FIFO are empty.

12
11
10

TFUA4
TFUA3
TFUA2
TFUA1
TFUAO

o O O O =

n 1V TV 1V I

Transmit FIFO Usable Area

Indicate the number of words that can be transferred
CPU or DMAC as B’00000 to B’10000.
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e S B i &

100: Issue a transfer request when 4 or more stages ©
FIFO are valid.

101: Issue a transfer request when 8 or more stages o
FIFO are valid.

110: Issue a transfer request when 12 or more stages
receive FIFO are valid.

111: Issue a transfer request when 16 stages of receiv
are valid.

4 RFUA4
3 RFUAS3
2 RFUA2
1 RFUA1
0 RFUAO

O O O O o

I T DV VW I

Receive FIFO Usable Area

Indicate the number of words that can be transferred t
CPU or DMAC as B’00000 to B’10000.
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14

TCRDY

0

Transmit Control Data Ready

This bit indicates a state of the SIOF. If SITCR is wri
SIOF clears this bit. This bit is valid when the TXE bi
is set to 1. If the issue of interrupts by this bit is enakt
SIOF issues a control interrupt. If SITCR is written w
bit is cleared to 0, SITCR is over-written and the pre
contents of SITCR are not output from the TXD_SIO

0: Indicates that a write to SITCR is disabled
1: Indicates that a write to SITCR is enabled
Note: When using this bit, see 2 in section 17.5, Usa

13

TFEMP

0

Transmit FIFO Empty

This bit indicates a state; if SITDR is written, the SIC
this bit. This bit is valid when the TXE bit in SICTR s
issue of interrupts by this bit is enabled, the SIOF iss
control interrupt.

0: Indicates that transmit FIFO is not empty

1: Indicates that transmit FIFO is empty

12

TDREQ

0

Transmit Data Transfer Request

A transmit data transfer request is issued when the ¢
space in the transmit FIFO exceeds the size specifie
TFWM bit in SIFCTR. This bit is valid when the TXE
SICTR is 1. This bit indicates a state of the SIOF. If t
empty space in the transmit FIFO is less than the siz
specified by the TFWM bit in SIFCTR, the SIOF clea
If the issue of interrupts by this bit is enabled, the S
a transmit interrupt.

0: No transfer request
1: Transfer request
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lalest Gala.
0: Indicates that SIRCR stores no valid data
1: Indicates that SIRCR stores valid data

Receive FIFO Full

This bit indicates a state. If SIRDR is read, the SIC
this bit. This bit is valid when the RXE bit in SICTR
the issue of interrupts by this bit is enabled, the SI(
issues a control interrupt.

0: Receive FIFO not full
1: Receive FIFO full

Receive Data Transfer Request

A receive data transfer request is issued when the
space in the receive FIFO exceeds the size specifi
RFWM bit in SIFCTR.

This bit is valid when the RXE bit in SICTR is 1. Th
indicates a state the SIOF. If the size of valid spact
receive FIFO is less than the size specified by the
bit in SIFCTR, the SIOF clears this bit.

If the issue of interrupts by this bit is enabled, the ¢
issues a receive interrupt.

0: Indicates that the size of valid space in the rece
does not exceed the size specified by the RFWI
SIFCTR.

1: Indicates that the size of valid space in the rece
exceeds the size specified by the RFWM bit in ¢

9 RFFUL 0 R
8 RDREQ O R
7to5 — AllO R

Reserved

These bits are always read as 0. The write value sl
always be 0.
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0: Indicates that no frame synchronization error occ
1: Indicates that a frame synchronization error occu

3 TFOVR 0 R/W  Transmit FIFO Overrun
Transmit FIFO overrun means that there has been
to write to SITDR when the transmit FIFO is full. Wl
transmit overrun occurs, written data is ignored.
This bit is valid when the TXE bit in SICTR is 1. Wh
written to this bit, the contents are cleared. If the iss
interrupts by this bit is enabled, the SIOF issues an
interrupt.
0: No transmit FIFO overrun
1: Transmit FIFO overrun

2 TFUDR 0 R/W  Transmit FIFO Underrun

Transmit FIFO underrun means that loading for trar
has occurred when the transmit FIFO is empty. Wh
transmit underrun occurs, the SIOF repeatedly sent
previous transmit data.

This bit is valid when the TXE bit in SICTR is 1. Wh
written to this bit, the contents are cleared. If the iss
interrupts by this bit is enabled, the SIOF issues an
interrupt.

0: No transmit FIFO underrun
1: Transmit FIFO underrun
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U. NO IeCelve riruv urjadcriun

1: Receive FIFO underrun

0 RFOVR 0 R/W

Receive FIFO Overrun

Receive FIFO overrun means that writing has occu
when the receive FIFO is full. When a receive overt
occurs, the SIOF indicates the overrun, and receive
lost.

This bit is valid when the RXE bit in SICTR is 1. Wr
written to this bit, the contents are cleared. If the iss
interrupts by this bit is enabled, the SIOF issues an
interrupt.

0: No receive FIFO overrun
1: Receive FIFO overrun
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14 TCRDYE R/W Transmit Control Data Ready Enable
0: Disables interrupts due to transmit control data
1: Enables interrupts due to transmit control data
(control interrupt)
13 TFEMPE R/W Transmit FIFO Empty Enable
0: Disables interrupts due to transmit FIFO empty
1: Enables interrupts due to transmit FIFO empty
interrupt)
12 TDREQE R/W Transmit Data Transfer Request Enable
0: Disables interrupts due to transmit data transfe
1: Enables interrupts due to transmit data transfer
(transmit interrupt)
11 — R Reserved
This bit is always read as 0. The write value shou
be 0.
10 RCRDYE R/W Receive Control Data Ready Enable
0: Disables interrupts due to receive control data |
1: Enables interrupts due to receive control data r
(control interrupt)
9 RFFULE R/W Receive FIFO Full Enable

0: Disables interrupts due to receive FIFO full

1: Enables interrupts due to receive FIFO full (cor
interrupt)
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0: Disables interrupts due to trame synchronizatior

1: Enables interrupts due to frame synchronization
(error interrupt)

3 TFOVRE R/W  Transmit FIFO Overrun Enable
0: Disables interrupts due to transmit FIFO overrur
1: Enables interrupts due to transmit FIFO overrun
interrupt)
2 TFUDRE R/W  Transmit FIFO Underrun Enable
0: Disables interrupts due to transmit FIFO underrt
1: Enables interrupts due to transmit FIFO underru
interrupt)
1 RFUDRE R/W  Receive FIFO Underrun Enable
0: Disables interrupts due to receive FIFO underru
1: Enables interrupts due to receive FIFO underrur
interrupt)
0 RFOVRE R/W  Receive FIFO Overrun Enable

0: Disables interrupts due to receive FIFO overrun

1: Enables interrupts due to receive FIFO overrun
interrupt)
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SITDAR.

These bits are valid only when the TDLE bit in .
setto 1.

15t00 SITDR15t0 All O w Right Channel Transmit Data

SITDRO Specify data to be output from the TXD_SIO pi
channel data. The position of the right channel
transmission frame is specified by the TDRA bi
SITDAR.

These bits are valid only when the TDLE bit an
bit in SITDAR are set to 1 and cleared to 0, res
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These bits are valid only when the RDLE bit in Si
setto 1.

15t0 0 SIRDR15t0 All O R Right Channel Receive Data
SIRDRO

Store data received from the RXD_SIO pin as rig
channel data. The position of the right channel dz
reception frame is specified by the RDRA bit in S

These bits are valid only when the RDRE bit in S
setto 1.
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control channel 0 data in the transmiésion O re
frame is specified by the CDOA bit in SICDAR.

These bits are valid only when the CDOE bit in
is setto 1.

15100 SITC115t0 AllO w Control Channel 1 Transmit Data

siTc10 Specify data to be output from the TXD_SIO pi
control channel 1 transmit data. The position o
control channel 1 data in the transmission or re
frame is specified by the CD1A bit in SICDAR.

These bits are valid only when the CD1E bit in
is setto 1.

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



channel 0 data in the transmission or reception
specified by the CDOA bit in SICDAR.

These bits are valid only when the CDOE bit in ¢
is setto 1.

15100 SIRC115t0 AllO R Control Channel 1 Receive Data
SIRC10

Store data received from the RXD_SIO pin as ¢
channel 1 receive data. The position of the cont
channel 1 data in the transmission or reception
specified by the CD1A bit in SICDAR.

These bits are valid only when the CD1E bit in ¢
is setto 1.
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baul ratc 'ocricl a0l (BbRG). 111 91U ITiaster 1TI0UC, Ui Daul Iale gericladlul (bROY) 15
generate the serial clock. Thedivision ratio is from 1/2 to 1/1024.

Figure 17.2 shows connections for supply of the serial clock.

1/2 to 1/1024MCLK

BRG
= >
SIOMCLK — P - > Timing
P_CLK —P i —» control
/I ———  Master
| \_.I OE
SCK_SIO «—p—9

Figure17.2 Serial Clock Supply
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17.4.2  Serial Timing

SIOFSYNC: The SIOFSY NC is a frame synchronous signal. Depending on the transfer
has the following two functions.

e Synchronous pulse: 1-bit-width pulse indicating the start of the frame

e L/R: 1/2-frame-width pulse indicating the left channel stereo data (L) in high level an
right channel stereo data (R) in low level

Figure 17.3 shows the SIOFSY NC synchronization timing. The timing of master mode 1
mode 1, and slave mode 2 is shown in () in figure 17.3. The timing of master mode 2 is
(b) in figure 17.3.
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SIOFSYNC

TXD_SIO
RXD_SIO

Jhduduoduoodoodl . Jodouugougauouui

channel data (MSB)

1/2 frame length

—(0000000——
First bit of left

—t

g First bit of right

channel data (MSB)

1/2 frame length

<

No delay

A

Figure17.3 Serial Data Synchronization Timing

Transmit/Receive Timing: The TXD_SIO transmission timing and RXD_SIO receptic
relative to the SCK_SIO signal can be set as the sampling timing in the following two w
transmit/receive timing is set using the REDG bit in SIMDR. In slave mode 1 and slave
only falling-edge sampling is available.

o Faling-edge sampling
¢ Rising-edge sampling

Figure 17.4 shows the transmit/receive timing.

RENESAS
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17.43 Transfer Data Format
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 bitsin SIMDR.

Table17.3 Serial Transfer M odes

Transfer Mode SIOFSYNC Bit Delay Control Data
Slave mode 1 Synchronous pulse One bit Slot position
Slave mode 2 Synchronous pulse One bit Secondary FS
Master mode 1 Synchronous pulse One bit Slot position
Master mode 2 L/R No Not supported

Frame Length: The length of the frame to be transferred by the SIOF is specified by the
FLO bitsin SIMDR. Table 17.4 shows the relationship between the settings of the FL3 to
and frame length.
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1101 16 64 16-bit monaural/sterec

1110 16 128 16-bit monaural/sterec
1111 16 256 16-bit monaural/sterec
[Legend]

X: Don't care.

Slot Position: The SIOF can specify the position of transmit data, receive data, and con
(common to transmission and reception) by slot numbers. The slot number of each data
specified by the following registers.

e Transmit data: SITDAR
o Receivedata SSRDAR
e Control data: SICDAR

Only 16-bit slot leugth is valid for control register. In addition, control datais always as
the same slot number both in transmission and reception.
1744 Register Allocation of Transfer Data

Transmit/Receive Data: Writing and reading of transmit or receive data are performed
following registers.

e Transmit datawriting: SITDR (32-bit access)
e Receive datareading: SIRDR (32-bit access)
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(c) 8-bit monaural data
31 24 23 16 15 87
Data : E :
(d) 16-bit stereo data (left and right same audio output) data

31 24 23 16 15 87

Data E H

Note: Inthefigure, only the shaded areas are transmitted or received as valid data. Datz

Figure17.5 Transmit/Receive Data Bit Alignment

unshaded areas is not transmitted or received.

Monaural or stereo can be specified for transmit data by the TDLE bit and TDRE bit in S
Monaural or stereo can be specified for receive data by the RDLE bit and RDRE hit in S
To achieve left and right same audio output while stereo is specified for the transmit data
the TLREP bit in SITDAR. Tables 17.5 and 17.6 show the audio mode specification for t
data and that for receive data, respectively. To execute 8-bit monaural transmission or re

use the left channel.
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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.

Control Data: Control dataiswritten to or read from by the following registers.

e Transmit control datawrite: SITCR (32-bit access)
e Receive control dataread: SIRCR (32-bit access)

Figure 17.6 shows the control data and bit alignment in SITCR and SIRCR.

(a) Control data: one channel
31 24 23 16 15 87 0

Contrc;l data
(channel 0)

(b) Control data: two channel

31 24 23 16 15 87 0
Control data i Control data
(channel 0) : (channel 1)

Figure17.6 Control Data Bit Alignment

The number of channelsin control datais specified by CDOE and CD1E bitsin SICDAF
17.7 shows the relationship between the number of channelsin control data and bit setti
use only one channel in control data, use channel O.
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The SIOF supports the following two control data interface methods.

e Control by slot position
e Control by secondary FS

Control dataisvalid only when slot length is specified as 16 bits and M SB-first
transmission/reception is selected.

Control by Slot Position (Master Mode 1): Control dataistransferred for all framestra
or received by the SIOF by specifying the slot position of control data. This method can |
both SIOF master and slave modes. Figure 17.7 shows an example of control data interfa
by slot position control.

Note:  When using this control method, use PCLK as the master clock (master clock sel
(MSSEL) =1).

1 frame

-
sew.sio T . AU
SIOFSYNC_I—! r

TXD_SIO - = =
| Lch.DATA | Sontral | Rch.DATA || (Sontrl —_
RXD_SIO channel 0 channel 0
Slot No.0  Slot No.1  Slot No.2 Slot No.3
Setting: TRMD =00 or 10, REDG =0, FL = 1110 (Frame length: 128 bits),
TDLE =1, TDLA3 to TDLAO = 0000, TDRE =1, TDRAS to TDRAO = 00
RDLE =1, RDLA3 to RDLAO = 0000, RDRE =1, RDRA3 to RDRAO = 0C
CDOE =1, CDOA3 to CDOAO = 0001, CD1E=1, CD1A3 to CD1A0 = 00

Figure17.7 Control Data Interface (Slot Position)
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- L4

SIRCR) synchronously with the secondary FT.

Figure 17.8 shows an example of control data interface timing by secondary FS.

1 frame ,
- 1/2 frame - 1/2 frame ,
sexsio JULUULMUMUUUUUUUL . SOt
SIOFSYNC I INormaI FS |_|Secondary FS r
TXD_SIO : | N
Lch.DATA” — ontr —
o 50— =i
No.0 LSB = 1 (Secondary FS request) No.0
Setting: TRMD =01, REDG =0, FL = 1110 (Frame length: 128 bits),
TDLE=1, TDLAS3to TDLAO =0000, TDRE=0, TDRA3 to TDRAO = 0000,
RDLE =1, RDLAS3to RDLAO =0000, RDRE =0, RDRAS to RDRAO = 0000,
CDOE =1, CDOA3to CDOAO =0000, CD1E=0, CD1A3to CD1A0 = 0000
Figure17.8 Control Data I nterface (Secondary FS)
1746 FIFO

Overview: The transmit and receive FIFOs of the SIOF have the following features.

e Sixteen-stage 32-bit FIFOs for transmission and reception

e The FIFO pointer can be modified in one read or write cycle regardless of access siz
CPU and DMAC. (One-stage 32-hit FIFO access cannot be divided into multiple act

o Regardless of access size, the number of access cyclesis always two cycles of the P-

Transfer Request: The SIOF indicates atransfer request of the FIFO in the following t
SISTR.
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000 1 Empty area is 16 stages Smal

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 Large

Table17.9 Conditionsto I ssue Receive Request

Number of
RFWM2 to RFWMO Requested Stages Receive Request Usec
000 1 Valid data is 1 stage or more Smal
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 Large

The number of stages of the FIFO is aways sixteen even if the data area or empty area e
above stage number. Accordingly, an overrun error or underrun error occurs if data area
area exceeds sixteen FIFO stages. FIFO transmission or reception request is cancelled wt
above condition is not satisfied even if the FIFO is not empty or full.

Number of FIFOs: The number of FIFO stages used in transmission and reception isinc
the following register.

e Transmit FIFO: The number of empty FIFO stages are indicated by the TFUA4 to TF
in SIFCTR.
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|
4 | Set FSE bit in SICTR to 1 | Set the start for frame Transmit frame
synchronous signal synchronous sigt
. Submit transmiss
Set to enable transmission request
Set transmit data
Output SITDR contents from TXD_SIO .
8 synchronously with SIOFSYNC Transmit
Set to disable transmission End transmission
| Clear TXE bitin SICTR to 0 |
End

Figure17.9 Example of Transmission Operation in Master Mode

Reception in Master Mode: Figure 17.10 shows an example of settings and operation fc
mode reception.
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4 | Set FSE bitin SICTR to 1

| Set the start for frame
synchronous signal

Transmit frame
synchronous sigr

| Set to enable reception

Store receive data from RXD_SIO

6 in SIRDR synchronously with SIOFSYNC

Submit reception
according to the |
FIFO threshold v:

Reception

8 Read SIRDR

| Read receive data

Receive
ended?,

Yes

Set to disable reception

Clear RXE bitin SICTR to 0

End

End reception

Figure17.10 Example of Reception Operation in Master Mode

Transmission in Slave Mode: Figure 17.11 shows an example of settings and operatiot

mode transmission.
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4 Set SITDR Set transmit data

Output SITDR contents from TXD_SIO )
synchronously with SIOFSYNC Transmit

Set to disable transmission End transmission

6| Clear TXE bit in SICTR to 0 |

End

Figure17.11 Example of Transmission Operation in Slave Mode

Reception in Slave M ode: Figure 17.12 shows an example of settings and operation for
mode reception.
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Reception

5 Read SIRDR Read receive data

Transfer
ended?

Yes

Clear RXE bit in SICTR to 0 |

Set to disable reception End reception

End

Figure17.12 Example of Reception Operation in Slave Mode

Transmission/Reception Reset: The SIOF can separately reset the transmission and re
units by setting the following bitsto 1.

e Transmission reset: TXRST bitin SICTR
e Reception reset: RXRST bitin SICTR
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RCRDY bit, RFFUL bit, RDREQ bit in SISTR
RXE bit in SICTR

Module Stop: In the module stop state, the SIOF stops transmit/receive operation with c
al registers retained. If transmit/receive operation is not performed immediately after the
stop state is cleared, issue atransmit/receive reset.

17.4.8 Interrupts

The SIOF has four types of interrupts listed below. This classification is reflected to the |
(SIOF0) and IRR8 (SIOF1) of the interrupt controller (INTC).

e Transmitinterrupt (TXI)
e Receiveinterrupt (RXI)
e Control interrupt (CClI)
e Errorinterrupt (ERI)

Interrupt Sour ces: Interrupts can each be issued by several sources. Each source is shov
SIOF statusin SISTR. Table 17.11 lists the SIOF interrupt sources.
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Slores valla dalta.

5 TFEMP Transmit FIFO empty The transmit FIFO is emp
6 RFFUL Receive FIFO full The receive FIFO is full.
7 Error (ERI) TFUDR Transmit FIFO Serial data transmission t
underrun arrived while the transmit
empty.
8 TFOVR Transmit FIFO Write to the transmit FIFC
overrun performed while the trans
is full.
9 RFOVR Receive FIFO Serial data is received wh
overrun receive FIFO is full.
10 RFUDR Receive FIFO The receive FIFO is read
underrun receive FIFO is empty.
11 FSERR Frame A synchronous signal is ir

synchronization error

before the specified bit tin
been passed (in slave mo

Whether an interrupt isissued 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 s
SIOF issues each interrupt.

Transmit/Receive I nterrupt Flag: Transmit and receive interrupts are sent to the INTC
DMAC by thisinterrupt flag based on the values of bits TDREQ and RDREQ in SISTR
Tablel7.12 shows the setting condition of the transmit/receive interrupt flag.

RENESAS
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e Transmit FIFO underrun (TFUDR)
Theimmediately preceding transmit data is again transmitted.
e Transmit FIFO overrun (TFOVR)

The contents of the transmit FIFO are protected, and the write operation causing the
ignored.

e Receive FIFO overrun (RFOVR)
Data causing the overrun is discarded and lost.
e Receive FIFO underrun (RFUDR)
The latest read data is output on the bus (undefined value as specification).
e Frame synchronization error (FSERR)
The internal counter isreset according to the FSY N signal in which an error occurs.

17.49 Transmission and Reception Timing

Examples of the SIOF serial transmission and reception are shown in figure 17.13 throug
17.19.

8-bit Monaural Data (1): Synchronous pulse method, falling edge sampling, slot No.O u
transmit and receive data, frame length = 8 bits
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Figure17.13 Transmission and Reception Timings (8-Bit M onaural Data (

8-bit Monaural Data (2): Synchronous pulse method, falling edge sampling, slot No.O
transmit and receive data, frame length = 16 bits

1 frame i

P
r rl

SCK_SIO JUUUUUUUUUUUUUUUUUUUL

SIOFSYNC _|_| |_|

TXD_SIO -
i Lch.DATA | |
!
RXD_SIO o Slot No.0 Siot No. 1
—>|—|<— 1-bit delay
Setting: TRMD = 000r10, REDG =0, FL = 0100 (frame length: 16 bits)
TDLE =1, TDLAS to TDLAO = 0000, TDRE =0, TDRAS3 to TDRAO = 0000,
RDLE =1, RDLA3 to RDLAO = 0000, RDRE =0, RDRA3 to RDRAO = 0000,
CDOE =0, CDOA3 to CDOAO = 0000, CD1E =0, CD1A3 to CD1A0 = 0000

Figure17.14 Transmission and Reception Timings (8-Bit M onaural Data (

16-bit Monaural Data (1): Synchronous pulse method, falling edge sampling, slot No.
transmit and receive data, frame length = 64 bits
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16-bit Stereo Data (1): L/R method, rising edge sampling, slot No.0 used for left channe
slot No.1 used for right channel data, frame length = 32 bits

< 1 frame .
SCK_SIO JUUUUUUUUUUUUULJUUUUUUUUUUUUUUUUL
sioFsyNe | | [
TXD_SIO :
Lch.DATA | Rch.DATA |
RXD_SIO
! Slot No.0 Slot No.1
—>4— No bit delay
Setting: TRMD =11, REDG =1, FL = 1100 (frame length: 32 bits)
TDLE=1, TDLA3toTDLAO=0000, TDRE =1, TDRAS3 to TDRAO = 0001,
RDLE =1, RDLA3to RDLAO = 0000, RDRE =1, RDRAS3to RDRAO = 0001,

CDOE =0, CDOA3to CDOAO =0000, CD1E=0, CD1A3to CD1A0 =0000

Figure17.16 Transmission and Reception Timings (16-Bit Stereo Data (1)

16-bit Stereo Data (2): L/R method, rising edge sampling, slot No.0 used for left channe
data, slot No.1 used for left channel receive data, slot No.2 used for right channel transmi
slot No.3 used for right channel receive data, frame length = 64 bits
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Figure17.17 Transmission and Reception Timings (16-Bit Stereo Data (2

16-bit Stereo Data (3): Synchronous pulse method, falling edge sampling, slot N0.0 us
channel data, slot No.2 used for right channel data, slot No.1 used for control channel O
No.3 used for control channel 1 data, frame length = 128 hits

| 1 frame |
I~ >
SIOFSYNC | I I l
TXD_SIO — :
XD SIO —t [ Lon.oata | Contgol [ men.para| Coptpe! | | | |

- ! ! SlotNo.0 SlotNo.1 SlotNo.2 SlotNo.3 SlotNo.4 SlotNo.5 SlotNo.6 Slot No.7

—>—{«—1 bit delay
Setting: TRMD =00 or 10, REDG =0, FL = 1110 (frame length: 128 bits),
TDLE =1, TDLA3 to TDLAO = 0000, TDRE =1, TDRAS3to TDRAO = 0010,
RDLE =1, RDLA3 to RDLAO = 0000, RDRE =1, RDRAS3 to RDRAO =0010,
CDOE =1, CDOA3 to CDOAO = 0001, CD1E=1, CD1A3to CD1A0=0011

Figure17.18 Transmission and Reception Timings (16-Bit Stereo Data (3

16-bit Monaural Data (2): Synchronous pulse method, falling edge sampling, request 1
secondary FS, slot No.0 used for left channel data, slot No.0 used for control channel O «
length = 128 bits
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SCK_SI10 MWW....JMM
SIOFSYNC Normal FS Secondary FS ﬂ Norn
TXD_SIO I Control I
RXD_SIO LERIDAYT : Lo i
Slot Slot Slot Slot Slot Slot Slot Slot
No.0 No.1 No.2 No.3 No.0 No.1 No.2 No.3
T LSB = 1 (Secoundary FS request)
1bit delay
Setting: TRMD = 01 REDG =0, FL = 1110 (frame length: 128 bits),
TDLE =1, TDLA3 to TDLAO = 0000, TDRE =0, TDRARS to TDRAO = 0000,
RDLE =1, RDLA3 to RDLAO = 0000, RDRE =0, RDRAS3 to RDRAO = 0000,
CDOE =1, CDOAS to CDOAO = 0000, CD1E =0, CD1A3 to CD1A0 = 0000

Figure17.19 Transmission and Reception Timings (16-Bit Monaural Data (.
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1The TCRDY value may become 1 berore transmit control data Is sent, anad IT the nex
dataiswritten to the control data register at this point, the control datawaiting to be
be overwritten and erased.

At thistime, also, the control sequenceis disrupted and the SIOF switches around th
FS and secondary FS, with the result that transmission/reception of data and control
no longer be performed normally.

The control data register should therefore be written to after transmit control data ha
sent.

Example:

Check RCRDY, and write to the control data register when RCRDY is 1.

After transmit control data has been written to, it is essential to read the receive cont
(SIRCR) and clear RCRDY .

. DMA transfer

Do not use 16-byte DMA transfer. (See section 13.4.4, DMA Transfer Types.)

. Access from the CPU

When performing access from the CPU, do not access the SIOF's transmit/receive F
consecutively, but instead insert an access to somewhere el se between SIOF transmi
FIFO accesses.

. Transmit/receive FIFO underflow

If the transmit/receive FIFO underflows during a transmit/receive operation, control
SIOF's transmit/receive FIFO may fail and data may be lost.

To prevent this, either set awatermark so that an underflow does not occur, or exect
transmit reset (TXRST) or receive reset (RXRST) when an empty interrupt is genere

. Transmit/receive reset execution

When using the SIOF again after atransmit/receive operation ends, or after erroneot
operation occurs, first execute atransmit reset (TXRST) or receive reset (RXRST).
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controllers. The TSU also has atotal 6-kbyte transfer FIFO for retaining packets to be tr
allowing allocation of transfer FIFO capacity to be set freely for the transfer conditions
1 and port 1 to 0. The Ethernet controller is connected to the Ethernet Direct Memory A
Controller (E-DMAC) for Ethernet controller inside the LS, and carries out high-speed
transfer to and from the memory.

Figure 18.1 shows a configuration of the EtherC.

18.1 Features

e Transmission and reception of Ethernet/| EEE802.3 frames

e Supports 10/100 Mbps receiveltransfer

e Supports full-duplex and half-duplex modes

e Conformsto |IEEE802.3u standard M1l (Media Independent Interface)
e Magic Packet detection and Wake-On-LAN (WOL) signal output

o Ethernet frame relay function by the TSU

e Qtag addition and deletion functions conforming to IEEE802.1Q specifications (whe
relay is performed by the TSU)

o MAC address filtering function by the multicast (group) address

o Ethernet frame receive and transfer control functions by the CAM (Content Address
Memory) interface signals input externally
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\POIL V)

Receive
controller

Transmit

(

interface

Command status

Receive
controller

Transmit
controller

controller ”

interface

Command status

Ml

PHY-0

Figure18.1 Configuration of EtherC
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Transmit enable 0 TX-ENO*' (0] Indicates that transmit data is rea
ETXD3 to ETXDO

Transmit data 0 ETXD03to O 4-bit transmit data

ETXDO00*'

Transmit error 0 TX-ERO*' (e} Notifies PHY_LSI of error during
transmission

Receive data valid 0 RX-DVO*' | Indicates that valid receive data is
ERXD3 to ERXDO

Receive data 0 ERXDO3to | 4-bit receive data

ERXDO0O0*'

Receive error 0 RX-ERO*' | Identifies error state occurred duri
reception

Carrier detection CRS0*' | Carrier detection signal

Collision detection COLo*' | Collision detection signal

Management data MDCO*' O Reference clock signal for informe

clock transfer via MDIO

Management data 0 MDIOO0*' I/0 Bidirectional signal for exchange ¢

I/0 management information betweer
and PHY

Link status LNKSTAO | Inputs link status from PHY

General-purpose 0 EXOUTO (0] Signal indicating value of register-

external output (ECMRO0-ELB)

Wake-On-LAN 0 WOLO (0] Signal indicating reception of Mag

Transmit clock 1 TX-CLK1*' | TX-EN, ETXDS3 to ETXDO, TX-ER
reference signal

Receive clock 1 RX-CLK1*" | RX-DV, ERXD3 to ERXDO, RX-EI

reference signal
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CRAU IV

Receive error 1 RX-ER1*' | Identifies error state occurred durin
reception

Carrier detection 1 CRS1*! | Carrier detection signal

Collision detection 1 COL1*! | Collision detection signal

Management data 1 MDC1* o] Reference clock signal for informat

clock transfer via MDIO

Management data 1 MDIO1*' I/0 Bidirectional signal for exchange of

I/O management information between
and PHY

Link status 1 LKNSTA1 | Inputs link status from PHY

General-purpose 1 EXOUT1 0] Signal indicating value of register-b

external output (ECMR1-ELB)

Wake-On-LAN 1 WOL1 (0] Signal indicating reception of Magic

CAM input 0 — CAMSENO*? | CAM interface signal input 0

CAM input 1 — CAMSEN1*? | CAM interface signal input 1

Bus release request — ARBUSY** O Signal indicating bus release reque

the threshold value set for the data
in the receive FIFO has been exce:

Notes: 1. MIl signal conforming to IEEE802.3u
2. The CAM input signal function is set by the CAMSELO03 to CAMSELOO and CA
to CAMSEL10 in the TSU_FWSLC register.
3. Refer to section 19, Ethernet Controller Direct Memory Access Controller (E-D
and section 19.2.18, Overflow Alert FIFO Threshold Register (FCFTR).

Rev. 1.00 Dec. 27, 2005 Page 640 of 932

REJ09B0269-0100

RENESAS



Port O

EtherC mode register (ECMRO)
EtherC status register (ECSRO)

EtherC interrupt permission register (ECSIPRO)

PHY interface register (PIRO)

MAC address high register (MAHRO)
MAC address low register (MALRO)
Receive frame length register (RFLRO)

PHY status register (PSRO)

Transmit retry over counter register (TROCRO)
Delayed collision detect counter register (CDCRO)
Lost carrier counter register (LCCRO)

Carrier not detect counter register (CNDCRO)

CRC error frame receive counter register (CEFCRO)
Frame receive error counter register (FRECRO)
Too-short frame receive counter register (TSFRCRO)
Too-long frame receive counter register (TLFRCRO)
Residual-bit frame receive counter register (RFCRO)
Multicast address frame receive counter register (MAFCRO)

IPG register (IPGRO)

RENESAS
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Delayed collision detect counter register (CDCRL1)

Lost carrier counter register (LCCR1)

Carrier not detect counter register (CNDCR1)

CRC error frame receive counter register (CEFCR1)

Frame receive error counter register (FRECR1)

Too-short frame receive counter register (TSFRCR1)
Too-long frame receive counter register (TLFRCRL)
Residual-bit frame receive counter register (RFCR1)
Multicast address frame receive counter register (MAFCR1)
IPG register (IPGR1)

TSU Control Registers:

TSU counter reset register (TSU_CTRST)

Relay enable register (Port 0to 1) (TSU_FWENOQ)

Relay enable register (Port 1 to 0) (TSU_FWENL1)

Relay FIFO size select register (TSU_FCM)

Relay FIFO overflow alert set register (port 0) (TSU_BSY SLO)
Relay FIFO overflow alert set register (port 1) (TSU_BSY SL1)
Transmit/relay priority control mode register (port 0) (TSU_PRISLO)
Transmit/relay priority control mode register (port 1) (TSU_PRISL1)
Receivelrelay function set register (port 0to 1) (TSU_FWSLO0)
Receivelrelay function set register (port 1 to 0) (TSU_FWSL1)

Relay function set register (common) (TSU_FWSLC)

Qtag addition/del etion set register (port 0 to 1) (TSU_QTAGMO)
Qtag addition/del etion set register (port 1to 0) (TSU_QTAGM1)
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Transmit frame counter register (port 0) (normal and error transmission) (TXALCR!
Receive frame counter register (port 0) (normal reception only) (RXNLCRO)
Receive frame counter register (port 0) (normal and error reception) (RXALCRO)
Relay frame counter register (port 1 to 0) (normal relay only) (FWNLCRO)

Relay frame counter register (port 1 to 0) (normal and error relay) (FWALCRO)
Transmit frame counter register (port 1) (normal transmission only) (TXNLCR1)
Transmit frame counter register (port 1) (normal and error transmission) (TXALCR:
Receive frame counter register (port 1) (normal reception only) (RXNLCR1)
Receive frame counter register (port 1) (normal and error reception) (RXALCR1)
Relay frame counter register (port 0 to 1) (normal relay only) (FWNLCR1)

Relay frame counter register (port 0 to 1) (normal and error relay) (FWALCR1)
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should always be 0.

0 ARST 0 R/W

Software Reset

When written with 1, a software reset is issuec
modules related to the Ethernet (for 64 cycles
external bus clock Bg).

Writing 0 does not affect this bit. This bit is alw
as 0.

While a software reset is issued, register acce
modules related to the Ethernet is prohibited.
following registers are not initialized by a softv
reset.

TSU_ADRHO to TSU_ADRH31, TSU_ADRLO
TSU_ADRL31, TXNLCRO, TXNLCR1, TXALC
TXALCR1, RXNLCRO, RXNLCR1, RXALCRO.
RXALCR1, FWNLCRO, FWNLCR1, FWALCR:
FWALCR1
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Bit Bit Name Value RIW Description

31to14 — AllO R Reserved

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

13 MCT 0 R/W Multicast Address Frame Receive Mode

0: Frames other than the multicast address
CAM entry table 0 to 31 (H/L) registers ¢
received. However, if the on-chip CAM e
reference is disabled, all multicast addre
are received.

1: Only the multicast address set by the C/
table 0 to 31 (H/L) registers is received.

12 PRCEF 0 R/W CRC Error Frame Reception Enable

0: A receive frame including a CRC error is
as a frame with an error.

1: A receive frame including a CRC error is
as a frame without an error.

When this bit is cleared to 0, the CRC errol
reflected in ECSR of the E-DMAC and the
the receive descriptor. When this bit is set
frame is received as a normal frame.

11 — 0 R Reserved

10 — 0 R These bits are always read as 0. The write
should always be 0.
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6 0] Reception Enable
If a switch is made from receive function enc
= 1) to disabled (RE = 0) while a frame is be
received, the receive function will be enable
reception of the corresponding frame is com
0: Receive function is disabled
1: Receive function is enabled

5 TE 0 R/W Transmission Enable
If a switch is made from transmit function en
(TE = 1) to disabled (TE = 0) while a frame i
transmitted, the transmit function will be ena
transmission of the corresponding frame is
completed.
0: Transmit function is disabled
1: Transmit function is enabled

4 — 0 R Reserved
This bit is always read as 0. The write value
always be 0.

3 ILB 0 R/W Internal Loop Back Mode

Specifies loopback mode in the EtherC.
0: Normal data transmission/reception is per

1: Data loopback is performed inside the MA
EtherC.
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DM R/W Duplex Mode
Specifies the EtherC transfer method.
0: Half-duplex transfer is specified
1: Full-duplex transfer is specified
PRM R/W Promiscuous Mode

Setting this bit enables all Ethernet frames
received. All Ethernet frames means all rec
frames, irrespective of differences or
enabled/disabled status (destination addre:
broadcast address, multicast bit, etc.).

0: EtherC performs normal operation
1: EtherC performs promiscuous mode ope
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Initial

Bit Bit Name Value R/W Description

31t03 — All O R Reserved
These bits are always read as 0. The write val
should always be 0.

2 LCHNG 0 R/W Link Signal Change
Indicates that the LNKSTA signal input from th
LSI has changed from high to low or low to hig
However, signal changes may be detected at t
at which the LNKSTA function was selected us
PACR of PFC.
To check the current Link state, refer to the LM
the PHY status register (PSR).
0: Change in the LNKSTA signal has not been
1: Change in the LNKSTA signal has been det

(high to low or low to high)
1 MPD 0 R/W Magic Packet Detection

Indicates that a Magic Packet has been detect
line.

0: Magic Packet has not been detected
1: Magic Packet has been detected
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18.3.4 EtherC Interrupt Permission Register (ECSIPR)

ECSIPR is a 32-bit readable/writable register that enables or disables the interrupt sourc
indicated by ECSR. Each hit can disable or enable interrupts corresponding to the bitsiit

Initial
Bit Bit Name Value R/W Description
31t03 — All O R Reserved

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

2 LCHNGIP 0 R/W LINK Signal Changed Interrupt Enable
0: Interrupt notification by the LCHNG bit is
1: Interrupt notification by the LCHNG bit is

1 MPDIP 0 R/W Magic Packet Detection Interrupt Enable
0: Interrupt notification by the MPD bit is dis:
1: Interrupt notification by the MPD bit is ene

0 ICDIP 0 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.

MIl Management Data-Out

Outputs the value set to this bit from the MC
when the MMD bit is 1.

1 MMD 0 R/W

MIl Management Mode

Specifies the data read/write direction with r
the MII.

0: Read direction is indicated
1: Write direction is indicated

0 MDC 0 RW

MIl Management Data Clock

Outputs the value set to this bit from the MC
and supplies the MIl with the management ¢
clock. For the method of accessing the MII 1
see section 18.4.6, Accessing MIl Registers
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MA16

These bits are used to set the upper 32 bits ¢
MAC address.

If the MAC address is 01-23-45-67-89-AB
(hexadecimal), the value set in this register i
H'01234567.

18.3.7 MAC AddressLow Register (MALR)

MALR isa32-bit readable/writable register that specifies the lower 16 bits of the 48-hit
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 ir
by means of the SWR bit in EDMR before making settings again.

Initial
Bit Bit Name Value R/W Description
31016 — All O R Reserved

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

15to0 MA15t0 AllO R/W
MAO

MAC Address Bits 1510 0

These bits are used to set the lower 16 bits ¢
address.

If the MAC address is 01-23-45-67-89-AB
(hexadecimal), the value set in this register i
H'000089AB.
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11to0 RFL11to AlO R/W Receive Frame Length 11 to O

RFLO The frame length described here refers to all

from the destination address up to the CRC ¢
Frame contents from the destination address
data are actually transferred to memory. CRC
not included in the transfer.

When data that exceeds the specified value i
received, the part of the data that exceeds thi
specified value is discarded.

H'000 to H'5EE: 1,518 bytes
H'SEF: 1,519 bytes
H'S5F0: 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-LSI to the LNKST
the polarity, refer to the PHY-LSI specificatior
connected.

18.3.10 Transmit Retry Over Counter Register (TROCR)

TROCR is a32-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 ha
TROCR isincremented by 1. When the value in this register reaches H'FFFFFFFF, the «
halted. The counter valueis cleared to 0 by awrite to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to0 TROCS31to 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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18.3.12 Lost Carrier Counter Register (LCCR)

LCCR isa 32-hit 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
31t0o0 LCC31to AllO R/W Lost Carrier Count
LCCO These bits indicate the number of times the c:

lost during data transmission.

18.3.13 Carrier Not Detect Counter Register (CNDCR)

CNDCR is a32-bit counter that indicates the number of times the carrier could not be de
while the preamble was being sent. When the value in this register reaches H'FFFFFFFF,
is halted. The counter valueis cleared to 0 by awrite to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to0 CNDC31 All0 R/W Carrier Not Detect Count
to CNDCO These bits indicate the number of times the c:

was not detected.
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18.3.15 FrameReceive Error Counter Register (FRECR)

FRECR isa32-hit counter that indicates the number of frames for which areceive error
indicated by the RX-ER input pin from the PHY-LSI. FRECR is incremented each time
ER pin becomes active. When the value in this register reaches H'FFFFFFFF, the count
The counter value is cleared to 0 by awrite to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to0 FREC31to AllO R/W Frame Receive Error Count
FRECO These bits indicate the count of errors durin

reception.

18.3.16 Too-Short Frame Receive Counter Register (TSFRCR)

TSFRCR is a32-bit counter that indicates the number of frames of fewer than 64 bytes
been received. When the value in this register reaches H'FFFFFFFF, the count is halted.
counter valueis cleared to 0 by awrite to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to0 TSFC31to AllO R/W Too-Short Frame Receive Count
TSFCO These bits indicate the count of frames recel

length of less than 64 bytes.
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31to0 TLFC31to AllO R/W Too-Long Frame Receive Count

TLFCO These bits indicate the count of frames receive
length exceeding the value in RFLR.

18.3.18 Residual-Bit Frame Receive Counter Register (RFCR)

RFCR is a 32-bit counter that indicates the number of frames received containing residus
(less than an 8-bit unit). When the value in this register reaches H'FFFFFFFF, the count i
The counter value is cleared to 0 by awrite to this register with any value.

Initial
Bit Bit Name Value R/W Description
31to0 RFC31to AllO R/W Residual-Bit Frame Count
RFCO These bits indicate the count of frames receive

containing residual bits.
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18.3.20 PG Register (IPGR)

IPGR setsthe IPG (Inter Packet Gap). This register must not be changed while the trans
and receiving functions of the EtherC mode register (ECMR) are enabled. (For details, 1
section 18.4.8, Operation by 1PG Setting.)

Initial
Bit Bit Name Value R/W Description
31to5 — All O R Reserved
These bits are always read as 0. The write ve
should always be 0.
4t00 IPG4to H13 R/W Inter Packet Gap

IPGO Sets the IPG value every 4-bit time.

H’00: 20-bit time
H’01: 24-bit time

H’13: 96-bit time (Default)

H’1F: 144-bit time
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TXNCRO0/1, TXALCRO/1, RXNLCRO0/1, RXALC!
FWNLCRO0/1, and FWALCRO/1 are cleared to (
0 does not affect this bit. These bits are always
0.

7to0 — AllO R Reserved

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

18.3.22 Relay Enable Register (Port 0to 1) (TSU_FWENO)

TSU_FWENO enables or disables relay operations from the MAC-0 to MAC-1 (writing t
relay FIFO).

Initial
Bit Bit Name Value R/W Description
31 FWENO 0 R/W Port 0 to 1 Relay Operation Enable
0: Port 0 to 1 relay is disabled

1: Port 0 to 1 relay is enabled

When the value of the FCM2 to FCMO in the T¢
size select register TSU_FCM is set to H'4, set
bit to 1 is prohibited.

30to0 — AllO R Reserved

These bits are always read as 0. The write valu
always be 0.
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vwnen tne value o1 tne FUIVic 10 FUNVIU In the
size select register TSU_FCM is set to H'3, s
bit to 1 is prohibited.

30to0 — All O R Reserved

These bits are always read as 0. The write ve
should always be 0.
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FOMO H’0: Port 0 to 1: 3 kbytes Port 1 to 0: 3 kbytes
H’1: Port O to 1: 4 kbytes Port 1 to 0: 2 kbytes
H'2: Port 0 to 1: 5 kbytes Port 1 to 0: 1 kbyte
H’3: Port O to 1: 6 kbytes Port 1 to 0: Not used
H’4: Port 0 to 1: Not used Port 1 to 0: 6 kbytes
H’5: Port 0 to 1: 1 kbyte  Port 1 to O: 5 kbytes
H’6: Port O to 1: 2 kbytes Port 1 to 0: 4 kbytes
H’7: Setting prohibited

Writing to this register is prohibited, after relay op
have been enabled once (after the FWENO in
TSU_FWENO or the FWEN1 in TSU_FWENT1 is s
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e

should always be 0.

5t00

BSYSLO5to All 1
BSYSL00

R/W

Sets the threshold of the port 0 to 1 TSU FI
capacity in 256-byte units when the TSU al
MAC-0 that writing in the TSU FIFO will be
during relay operations.

H’00: 0 byte
H'01: 256 bytes
H’02: 512 bytes

H’16: 5632 bytes
H’17: 5888 bytes

Settings are disabled for H'18 to H'3F. (Ale
always carried out.)

When H’00 is set, the TSU always alerts th
that writing to the TSU FIFO will be disable
the value set is above the port 0 to 1 transf
capacity set by the FCM2 to FCMO in TSU_
TSU does not alert the MAC-0 that writing 1
FIFO will be disabled.

Writing to this register is prohibited, after re
operations have been enabled once (after 1
FWENO in TSU_FWENO or the FWENT1 in
TSU_FWENT1 is set to 1).

When the enable bit of relay operations (thi
in TSU_FWENO or the FWEN1 in TSU_FW
cleared to 0, the TSU stops alerting the MA
writing to the TSU FIFO will be disabled.

Rev. 1.00 Dec. 27, 2005 Pag

RENESAS REJOS



e

should always be 0.

5to0 BSYSL15t0 All1 R/W Sets the threshold of the port 1 to 0 TSU FIF
BSYSL10 capacity in 256-byte units when the TSU ale
MAC-1 that writing in the TSU FIFO will be ¢

during relay operations.

H’00: 0 byte
H'01: 256 bytes
H’02: 512 bytes

H’16: 5632 bytes
H’17: 5888 bytes

Settings are disabled for H'18 to H'3F. (Aler
always carried out.)

When H’00 is set, the TSU always alerts the
that writing to the transfer FIFO will be disab
When the value set is above the port 110 0~
FIFO capacity set by the FCM2 to FCMO in
TSU_FCM, the TSU does not alert the MAC
writing that the TSU FIFO will be disabled.

Writing to this register is prohibited, after rel:
operations have been enabled once (after th
FWENO in TSU_FWENO or the FWENT1 in
TSU_FWENT1 is set to 1).

When the enable bit of relay operations (the
in TSU_FWENO or the FWEN1 in TSU_FWE
cleared to 0, the TSU stops alerting the MAC
writing to the TSU FIFO will be disabled.
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should always be 0.

14 to 12 PRIMDO2 to All O R/W Sets the priority control mode of MAC-0 tra
PRIMDOO and port 1 to O relay operations.

H’0: Round robin
H’1: Transmission priority
H’2: Relay priority

H’4: Round robin, however switched to rels
when TSU FIFO use amount exceeds
value of PRISL0O7 to PRISL0O0O

H’5: Transmission priority, however switche
priority when TSU FIFO use amount e
the set value of PRISLO7 to PRISLOO

Others: Setting prohibited

1108 — AllO R Reserved

These bits are always read as 0. The write
should always be 0.
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H’5F: 6080 bytes
Settings are disabled for H'60 to H'FF.

When set to H00, relay always takes priority
the value set is above the port 1 to 0 TSU FlI
capacity set by the FCM2 to FCMO in TSU_
the PRIMDO02 to PRIMDOO are H’4, round ro
always be set. If the PRIMDO02 to PRIMDOO
transmission always takes priority.

18.3.28 Transmit/Relay Priority Control Mode Register (Port 1) (TSU_PRISL 1)

TSU_PRISL1 setsthe priority control mode when the transmission request from the E-D
MAC-1 comeinto collision with port O to 1 relay operations. Writing to thisregister is pr
after relay operations have been enabled once (after the FWENO in TSU_FWENQO or the |
inTSU_FWEN1issetto1).

Initial
Bit Bit Name  Value R/W Description
31t015 — AllO R Reserved

These bits are always read as 0. The write v
should always be 0.
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D i A B
priority when TSU FIFO use amount e
the set value of PRISL17 to PRISL10

Others: Setting prohibited

11108 — All O R Reserved
These bits are always read as 0. The write
should always be 0.

7t0o0 PRISL17to AllO R/W Sets the threshold value of the port 0 to 1 1

PRISL10

capacity in 64-byte units in the event switcl
relay priority when PRIMD12 to PRIMD10 ¢
H’4 or H’5.

H’00: 0 byte
H’01: 64 bytes
H'02: 128 bytes

H’5E: 6016 bytes
H’5F: 6080 bytes
Settings are disabled for H'60 to H'FF.

When set to H'00, relay always takes priori
the value set is above the port 0to 1 TSU |
capacity set by the FCM2 to FCMO in TSU_
the PRIMD12 to PRIMD10 are H’4, round r
always be set. If the PRIMD12 to PRIMD1(
transmission always takes priority.
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31to12 —

AllO

R

Reserved

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

11 FW40

R/W

Sets the processing method when frames fron
are addressed to this LSI

0: Frames are not relayed
1: Frames are relayed to port 1

10 FW30

R/W

Sets the processing method when frames fron
are Broadcast.

0: Frames are not relayed
1: Frames are relayed to port 1

9 FW20

R/W

Sets the processing method when frames fron
are multicast.

0: CAM hit: Frames are relayed to port 1
CAM mishit: Frames are not relayed

1: CAM hit: Frames are not relayed
CAM mishit: Frames are relayed to port 1

8 FW10

R/W

Sets the processing method when frames fron
are addressed to other than this LSI.

0: CAM hit: Frames are relayed to port 1
CAM mishit: Frames are not relayed

1: CAM hit: Frames are not relayed
CAM mishit: Frames are relayed to port 1
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CAM evaluation results when the multicast frame and the destination are other than this
details, refer to section 18.4.4, CAM Function.) Writing to this register is prohibited, aft
operations have been enabled once (after the FWENO in TSU_FWENO or the FWEN1 i
TSU_FWENL1lissetto 1).

Initial

Bit Bit Name Value R/W Description

31t012 — AllO R Reserved
These bits are always read as 0. The write vé
should always be O.

11 FW41 0 R/W Sets the processing method when frames fro
are addressed to this LSI
0: Frames are not relayed
1: Frames are relayed to port 0

10 FW31 0 R/W Sets the processing method when frames fro
are Broadcast.
0: Frames are not relayed
1: Frames are relayed to port 0

9 FW21 0 R/W Sets the processing method when frames fro

are multicast.

0: CAM hit: Frames are relayed to port O
CAM mishit: Frames are not relayed

1: CAM hit: Frames are not relayed
CAM mishit: Frames are relayed to port 0

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



should always pbe 0.
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Bit

Bit Name

Initial
Value

R/W

Description

31t0 14 —

AllO

Reserved

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

13

POSTENU

R/W

Enables the settings of the POST field of C
tables 0 to 15 (settings by the TSU_POST1
TSU_POST2 registers).

0: Disables the settings of the POST field. |
entry table is referred only in port O recej

1: Enables the settings of the POST field. (
entry table reference conditions follow th
field settings.)

12

POSTENL

R/W

Enables the settings of the POST field of C
tables 16 to 31 (settings by the TSU_POST
TSU_POST4 registers).

0: Disables the settings of the POST field. |
entry table is referred only in port 1 recej

1: Enables the settings of the POST field. (
entry table reference conditions follow th
field settings.)

11108

AllO

Reserved

These bits are always read as 0. The write
should always be 0.
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CAMSELO0O: Refers signals on the CAMSEN
port 1 to O relay

3 CAMSEL13
2 CAMSEL12
1 CAMSEL11
0 CAMSEL10

o = O O

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

These bits set the conditions for referring sig
the CAMSENT1 pin. By setting multiple bits tc
multiple conditions can be selected.

CAMSEL13: Refers signals on the CAMSEN
port 0 reception

CAMSEL12: Refers signals on the CAMSEN
port 0 to 1 relay

CAMSEL11: Refers signals on the CAMSEN
port 1 reception

CAMSEL10: Refers signals on the CAMSEN
port 1 to O relay
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These bits are always read as 0. The write v.
should always be 0.

1,0

QTAGMO1, All O
QTAGMO00

R/W

These bits set Qtag adding and deleting func
during port 0 to 1 relay operations.

H’0: No Qtag adding and deleting functions

H’1: No Qtag adding and deleting functions (
H’0)

H’2: Deletes Qtag from frames with Qtag

H’3: Adds Qtag to frames with no Qtag

Writing to this register is prohibited, after trar
operations have been enabled once (after th
in TSU_FWENO or the FWEN1 in TSU_FWE
to 1).
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These bits are always read as 0. The write valu
always be 0.

1,0 QTAGM11, AllO R/W
QTAGM10

These bits set Qtag adding and deleting functio
port 1 to O relay operations.

H’0: No Qtag adding and deleting functions

H’1: No Qtag adding and deleting functions (sal
H’0)

H’2: Deletes Qtag from frames with Qtag

H’3: Adds Qtag to frames with no Qtag

Writing to this register is prohibited, after transfi
operations have been enabled once (after the F
TSU_FWENO or the FWEN1 in TSU_FWENT is
1).
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Initial

Bit Bit Name Value R/W Description

311028 — All O R Reserved
These bits are always read as 0. The write val
always be 0.

27 TINT40 0 R/W MAC-0 Carrier Not Detect
Set to 1 when a carrier not detect has occurec
MAC-0

26 TINT30 0 R/W MAC-0 Carrier Lost
Set to 1 when a carrier is lost during data tran:
in the MAC-0

25 TINT20 0 R/W MAC-0 Collision Detect
Set to 1 when a collision of frames is detected
MAC-0

24 TINT10 0 R/W MAC-0 Transmission Time Out
Set to 1 when frames were unable to be transi
16 transmission attempts including the retrans
MAC-0

23 OVFO 0 R/W Port 0 to 1 TSU FIFO Overflow Detect
Set to 1 when a port 0 to 1 TSU FIFO overflow
occured

22 RBSYO0 0 R/W MAC-0 Overflow Alert Signal Output
Set to 1 when the threshold of TSU_BSYSLO i
and exceeded

21 — 0 R Reserved

This bit is always read as 0. The write value sl
always be 0.
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17

RINT20

0

R/W

MAC-0 Frame Receive Error

Set to 1 when a receive error is detected on th
pin input from the PHY in the MAC-0

16

RINT10

0

R/W

MAC-0 CRC Error Frame Receive

Set to 1 when a receive frame results in a CR(
the MAC-0

15t0 12 —

AllO

Reserved

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

11

TINT41

R/W

MAC-1 Carrier Not Detect

Set to 1 when a carrier not detect has occured
MAC-1

10

TINT31

R/W

MAC-1 Carrier Lost

Set to 1 when a carrier is lost during data trans
in the MAC-1

TINT21

R/W

MAC-1 Collision Detect

Set to 1 when a collision of frames is detected
MAC-1

TINT11

R/W

MAC-1 Transmission Time Out

Set to 1 when frames were unable to be transr
16 transmission attempts including the retrans
MAC-1

OVF1

RW

Port 1 to 0 TSU FIFO Overflow Detect

Set to 1 when a port 1 to 0 TSU FIFO overflow
occured
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3 RINT41 0

R/W

MAC-1 Exceeding Byte Frame Receive

Set to 1 when frames exceeding the value se
RFLR1 are received in the MAC-1

2 RINT31 0

R/W

MAC-1 Less 64-Byte Frame Receive

Set to 1 when frames with a length of less th:
bytes are received in the MAC-1

1 RINT21 0

R/W

MAC-1 Frame Receive Error

Set to 1 when a receive error is detected on 1
pin input from the PHY in the MAC-1

0 RINT11 0

R/W

MAC-1 CRC Error Frame Receive

Set to 1 when a receive frame results in a CF
the MAC-1

18.3.35 Relay StatusInterrupt Mask Register (TSU_FWINMK)

TSU_FWINMK isa 32-hit readable/writable register that sets the interrupt mask for sta

TSU_FWSR.
Initial
Bit Bit Name Value R/W Description
31t028 — All O R Reserved
These bits are always read as 0. The write va
always be 0.
27 TINTM40 O R/W MAC-0 Carrier Not Detect Interrupt Mask

0: Interrupts disabled
1: Interrupts enabled
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1: Interrupts enabled

23

OVFMO

R/W

Port 0 to 1 TSU FIFO Overflow Detect Interrupt
0: Interrupts disabled
1: Interrupts enabled

22

RBSYMO

R/W

MAC-0 Overflow Alert Signal Output Interrupt M
0: Interrupts disabled
1: Interrupts enabled

21

Reserved

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

20

RINTM50

R/W

MAC-0 Residual Bit Frame Receive Interrupt M
0: Interrupts disabled
1: Interrupts enabled

19

RINTM40

R/W

MAC-0 Exceeding Byte Frame Receive Interrug
0: Interrupts disabled
1: Interrupts enabled

18

RINTM30

R/W

MAC-0 Less 64-Byte Frame Receive Interrupt
0: Interrupts disabled
1: Interrupts enabled

17

RINTM20

R/W

MAC-0 Frame Receive Error Interrupt Mask
0: Interrupts disabled
1: Interrupts enabled
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1: Interrupts enabled

10

TINTM31

R/W

MAC-1 Carrier Lost Interrupt Mask
0: Interrupts disabled
1: Interrupts enabled

TINTM21

R/W

MAC-1 Collision Detect Interrupt Mask
0: Interrupts disabled
1: Interrupts enabled

TINTM11

R/W

MAC-1 Transmission Time Out Interrupt Mas
0: Interrupts disabled

1: Interrupts enabled

OVFM1

R/W

Port 1 to 0 TSU FIFO Overflow Detect Interrt
0: Interrupts disabled
1: Interrupts enabled

RBSYM1

R/W

MAC-1 Overflow Alert Signal Output Interrupf
0: Interrupts disabled

1: Interrupts enabled

Reserved

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

RINTM51

R/W

MAC-1 Residual Bit Frame Receive Interrupt
0: Interrupts disabled
1: Interrupts enabled
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1: Interrupts enabled

0

RINTM11 0 R/W

MAC-1 CRC Error Frame Receive Interrupt Mas
0: Interrupts disabled
1: Interrupts enabled

Rev. 1.00 Dec. 27, 2005 Page 678 of 932
REJ09B0269-0100

RENESAS



QTAGO016

(QTAGO31 to QTAG016) as H’8100 (indice
is the Qtag extension frame format). The vz
is H’8100.

15t0 13 QTAG015to HO
QTAGO013

R/W

Priority Setting (PRT)

These bits set the processing priority of fral
Qtag. For details on the settings, refer to th
specifications on Qtag control specified in
IEEE802.1Q.

12 — 0

Reserved

This bit is always read as 0. The write valu
always be 0.

11to 0 QTAGO11 to H000
QTAGO000

R/W

V-LAN ID Setting (VID)

These bits set the flames with Qtag to be u
systems supporting V-LAN. For details on ¢
refer to the specifications on Qtag control s
IEEE802.1Q.
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QTAG116

(QTAG131 to QTAG116) as H’8100 (indicat
is the Qtag extension frame format). The val
is H’8100.

15t0 13 QTAG115t0 HO R/W
QTAG113

Priority Setting (PRT)

These bits set the processing priority of fram
Qtag. For details on the settings, refer to the
specifications on Qtag control specified in
IEEE802.1Q.

12 — 0 R

Reserved

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

11to 0 QTAG111to H000 R/W
QTAG100

V-LAN ID Setting (VID)

These bits set the flames with Qtag to be us
systems supporting V-LAN. For details on se
refer to the specifications on Qtag control sp
IEEE802.1Q.
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Initial

Bit Bit Name Value R/W Description

31to1 — All O R Reserved
These bits are always read as 0. The write valt
always be 0.

0 ADSBSY 0 R CAM Entry Table Setting Busy

When TSU_ADRHO to TSU_ADRH31 and TSL
to TSU_ADRLS31 are set by register writing, the
bit is set to 1. When the process of reflecting th
contents of the CAM entry table register in the
controller is completed inside the TSU, the AD:!
is automatically restored to 0. Accessing to TS!
to TSU_ADRH31 and TSU_ADRLO to TSU_AL
prohibited, while this bit is set to 1. Writing to tf
is also prohibited.
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30

TENH1

R/W

CAM Entry Table 1 (TSU_ADRH1 and TSU_AL
Setting

0: Disabled
1: Enabled

29

TEN2

RW

CAM Entry Table 2 (TSU_ADRH2 and TSU_AL
Setting

0: Disabled
1: Enabled

28

TEN3

RW

CAM Entry Table 3 (TSU_ADRH3 and TSU_AL
Setting

0: Disabled
1: Enabled

27

TEN4

R/W

CAM Entry Table 4 (TSU_ADRH4 and TSU_AL
Setting

0: Disabled
1: Enabled

26

TEN5

R/W

CAM Entry Table 5 (TSU_ADRH5 and TSU_AL
Setting

0: Disabled
1: Enabled

25

TEN6

R/W

CAM Entry Table 6 (TSU_ADRH6 and TSU_AL
Setting

0: Disabled
1: Enabled

Rev. 1.00 Dec. 27, 2005 Page 682 of 932
REJ09B0269-0100

RENESAS



TENI

R/W

CAM Entry Table 9 (I1SU_ADRRY and 15U_A
Setting

0: Disabled
1: Enabled

21

TEN10

R/W

CAM Entry Table 10 (TSU_ADRH10 and TSU
Setting

0: Disabled
1: Enabled

20

TEN11

R/W

CAM Entry Table 11 (TSU_ADRH11 and TSU
Setting

0: Disabled
1: Enabled

19

TEN12

R/W

CAM Entry Table 12 (TSU_ADRH12 and TSU
Setting

0: Disabled
1: Enabled

18

TEN13

R/W

CAM Entry Table 13 (TSU_ADRH13 and TSU
Setting

0: Disabled
1: Enabled

17

TEN14

R/W

CAM Entry Table 14 (TSU_ADRH14and TSU_
Setting

0: Disabled
1: Enabled
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14 TEN17 0] R/W CAM Entry Tapble 17 (ISU_ADRR1/7 and TSU_F
Setting

0: Disabled
1: Enabled

13 TEN18 0 R/W  CAM Entry Table 18 (TSU_ADRH18 and TSU_/
Setting

0: Disabled
1: Enabled

12 TEN19 0 R/W  CAM Entry Table 19 (TSU_ADRH19 and TSU_A
Setting

0: Disabled
1: Enabled

11 TEN20 0 R/W  CAM Entry Table 20 (TSU_ADRH20 and TSU_A
Setting

0: Disabled
1: Enabled

10 TEN21 0 R/W  CAM Entry Table 21 (TSU_ADRH21 and TSU_A
Setting

0: Disabled
1: Enabled

9 TEN22 0 R/W CAM Entry Table 22 (TSU_ADRH22 and TSU_A
Setting

0: Disabled
1: Enabled
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R/W

CAM Entry Table 25 (1 SU_ADRR20 and ToU_

Setting
0: Disabled
1: Enabled

TEN26

R/W

CAM Entry Table 26 (TSU_ADRH20 and TSU_

Setting
0: Disabled
1: Enabled

TEN27

R/W

CAM Entry Table 27 (TSU_ADRH27 and TSU_

Setting
0: Disabled
1: Enabled

TEN28

R/W

CAM Entry Table 28 (TSU_ADRH28 and TSU_

Setting
0: Disabled
1: Enabled

TEN29

R/W

CAM Entry Table 29 (TSU_ADRH29 and TSU_

Setting
0: Disabled
1: Enabled

TEN30

R/W

CAM Entry Table 30 (TSU_ADRH30 and TSU_

Setting
0: Disabled
1: Enabled
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using the TSU_POST1 to TSU_POST4 registers. TSU_POST 1 specifies the conditions f
referring to TSU_ADRHO to TSU_ADRH7 and TSU_ADRLO to TSU_ADRLY7. The sett
thisregister are valid when the POSENU bitin TSU_FWSLCissetto 1.

Initial
Bit Bit Name Value R/W

Description

31t028 POSTO3to AllO R/W
POSTO00

These bits set the conditions for referring tc
CAM entry table 0. By setting multiple bits t
multiple conditions can be selected.

POSTO03: The CAM entry table O is referrec
reception.

POST02: The CAM entry table 0 is referrec
to 1 relay.

POSTO01: The CAM entry table 0 is referrec
reception.

POSTO00: The CAM entry table O is referrec
to O relay.

27t024 POST13to AlO R/W
POST10

These bits set the conditions for referring tc
CAM entry table 1. By setting multiple bits 1
multiple conditions can be selected.

POST13: The CAM entry table 1 is referrec
reception.

POST12: The CAM entry table 1 is referrec
to 1 relay.

POST11: The CAM entry table 1 is referrec
reception.

POST10: The CAM entry table 1 is referrec
to O relay.
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POST20: The CAM entry table 2 is refert
1 to O relay.

19to 16 POST33to
POST30

AllO

R/W

These bits set the conditions for referring
CAM entry table 3. By setting multiple bit
multiple conditions can be selected.

POST33: The CAM entry table 3 is referr
0 reception.

POST32: The CAM entry table 3 is refer
0 to 1 relay.

POST31: The CAM entry table 3 is refert
1 reception.

POST30: The CAM entry table 3 is referr
1 to O relay.

15t0 12 POST43 to
POST40

AllO

RW

These bits set the conditions for referring

CAM entry table 4. By setting multiple bit

multiple conditions can be selected.

POST43: The CAM entry table 4 is refert
0 reception.

POST42: The CAM entry table 4 is refert
0 to 1 relay.

POST41: The CAM entry table 4 is refer
1 reception.

POST40: The CAM entry table 4 is refert
1 to O relay.
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POST50: The CAM entry table 5 is referred

to O relay.
7t04 POST63to  AllO R/W These bits set the conditions for referring to
POST60 entry table 6. By setting multiple bits to 1, m

conditions can be selected.

POST63: The CAM entry table 6 is referred
reception.

POST62: The CAM entry table 6 is referred
to 1 relay.

POST61: The CAM entry table 6 is referred
reception.

POST60: The CAM entry table 6 is referred
to O relay.

3to0 POST73to0  AllO R/W These bits set the conditions for referring to
POST70 entry table 7. By setting multiple bits to 1, mi
conditions can be selected.

POST73: The CAM entry table 7 is referred
reception.

POST72: The CAM entry table 7 is referred
to 1 relay.

POST71: The CAM entry table 7 is referred
reception.

POST70: The CAM entry table 7 is referred
to O relay.
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conditions can be selected.

POST83: The CAM entry table 8 is referred
reception.

POST82: The CAM entry table 8 is referred
to 1 relay.

POST81: The CAM entry table 8 is referred
reception.

POST80: The CAM entry table 8 is referred
to O relay.

27t024 POST93to AllO
POST90

RW

These bits set the conditions for referring to
entry table 9. By setting multiple bits to 1, m
conditions can be selected.

POST93: The CAM entry table 9 is referred
reception.

POST92: The CAM entry table 9 is referred
to 1 relay.

POST91: The CAM entry table 9 is referred
reception.

POST90: The CAM entry table 9 is referred
to O relay.
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POST100: The CAM entry table 10 is referre
1 to O relay.

19to 16 POST113to AllO R/W
POST110

These bits set the conditions for referring to t
entry table 11. By setting multiple bits to 1, r
conditions can be selected.

POST113: The CAM entry table 11 is referre
0 reception.

POST112: The CAM entry table 11 is referre
0to 1 relay.

POST111: The CAM entry table 11 is referre
1 reception.

POST110: The CAM entry table 11 is referre
1 to O relay.

15t0 12 POST123to AllO R/W
POST120

These bits set the conditions for referring to t

entry table 12. By setting multiple bits to 1, m

conditions can be selected.

POST123: The CAM entry table 12 is referre
0 reception.

POST122: The CAM entry table 12 is referre
0to 1 relay.

POST121: The CAM entry table 12 is referre
1 reception.

POST120: The CAM entry table 12 is referre
1 to O relay.
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POST130: The CAM entry table 13 is referrec
to O relay.

7t04

POST143to AllO
POST140

R/W

These bits set the conditions for referring to tt
entry table 14. By setting multiple bits to 1, mi
conditions can be selected.

POST143: The CAM entry table 14 is referrec
reception.

POST142: The CAM entry table 14 is referrec
to 1 relay.

POST141: The CAM entry table 14 is referrec
reception.

POST140: The CAM entry table 14 is referrec
to O relay.

3to0

POST153to AllO
POST150

R/W

These bits set the conditions for referring to tt

entry table 15. By setting multiple bits to 1, m

conditions can be selected.

POST153: The CAM entry table 15 is referrec
reception.

POST152: The CAM entry table 15 is referrec
to 1 relay.

POST151: The CAM entry table 15 is referrec
reception.

POST150: The CAM entry table 15 is referrec
to O relay.
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conditions can be selected.
POST163: The CAM entry table 16 is referre
0 reception.

POST162: The CAM entry table 16 is referre
0to 1 relay.

POST161: The CAM entry table 16 is referre
1 reception.

POST160: The CAM entry table 16 is referre
1 to O relay.

27t0 24 POST173to AllO R/W
POST170

These bits set the conditions for referring to
entry table 17. By setting multiple bits to 1, n
conditions can be selected.

POST173: The CAM entry table 17 is referre
0 reception.

POST172: The CAM entry table 17 is referre
0to 1 relay.

POST171: The CAM entry table 17 is referre
1 reception.

POST170: The CAM entry table 17 is referre
1 to O relay.
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POST180: The CAM entry table 18 is refer!
1 to O relay.

19to 16 POST193to All O
POST190

R/W

These bits set the conditions for referring tc
entry table 19. By setting multiple bits to 1,
conditions can be selected.

POST193: The CAM entry table 19 is refer
0 reception.

POST192: The CAM entry table 19 is refer
0to 1 relay.

POST191: The CAM entry table 19 is refer!
1 reception.

POST190: The CAM entry table 19 is refer
1 to O relay.

15to 12 POST203 to All 0
POST200

R/W

These bits set the conditions for referring tc
entry table 20. By setting multiple bits to 1,
conditions can be selected.

POST203: The CAM entry table 20 is refer!
0 reception.

POST202: The CAM entry table 20 is refer!
0to 1 relay.

POST201: The CAM entry table 20 is refer
1 reception.

POST200: The CAM entry table 20 is refer!
1 to O relay.
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POST210: The CAM entry table 21 is referre

1 to O relay.
7to4 POST223to AllO R/W These bits set the conditions for referring to
POST220 entry table 22. By setting multiple bits to 1, n
conditions can be selected.
POST223: The CAM entry table 22 is referre
0 reception.
POST222: The CAM entry table 22 is referre
0to 1 relay.
POST221: The CAM entry table 22 is referre
1 reception.
POST220: The CAM entry table 22 is referre
1 to O relay.
3to0 POST233to AllO R/W These bits set the conditions for referring to
POST230 entry table 23. By setting multiple bits to 1, n

conditions can be selected.

POST233: The CAM entry table 23 is referre
0 reception.

POST232: The CAM entry table 23 is referre
0 to 1 relay.

POST231: The CAM entry table 23 is referre
1 reception.

POST230: The CAM entry table 23 is referr
1 to O relay.
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conditions can be selected.

POST243: The CAM entry table 24 is referrec
reception.

POST242: The CAM entry table 24 is referrec
to 1 relay.

POST241: The CAM entry table 24 is referrec
reception.

POST240: The CAM entry table 24 is referrec
to O relay.

27 t0 24 POST253to AllO
POST250

R/W

These bits set the conditions for referring to fl
entry table 25. By setting multiple bits to 1, m
conditions can be selected.

POST253: The CAM entry table 25 is referrec
reception.

POST252: The CAM entry table 25 is referrec
to 1 relay.

POST251: The CAM entry table 25 is referrec
reception.

POST250: The CAM entry table 25 is referrec
to O relay.
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POST260: The CAM entry table 26 is referre

1 to O relay.
19to 16 POST273to AllO R/W These bits set the conditions for referring to
POST270 entry table 27. By setting multiple bits to 1, n
conditions can be selected.
POST273: The CAM entry table 27 is referre
0 reception.
POST272: The CAM entry table 27 is referre
0to 1 relay.
POST271: The CAM entry table 27 is referre
1 reception.
POST270: The CAM entry table 27 is referre
1 to O relay.
1510 12 POST283 to All0 R/W These bits set the conditions for referring to
POST280 entry table 28. By setting multiple bits to 1, n

conditions can be selected.

POST283: The CAM entry table 28 is referre
0 reception.

POST282: The CAM entry table 28 is referre
0 to 1 relay.

POST281: The CAM entry table 28 is referre
1 reception.

POST280: The CAM entry table 28 is referre
1 to O relay.
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POST290: The CAM entry table 29 is refer!
1 to O relay.

7t04

POST303to All0
POST300

R/W

These bits set the conditions for referring tc
entry table 30. By setting multiple bits to 1,
conditions can be selected.

POST303: The CAM entry table 30 is refer
0 reception.

POST302: The CAM entry table 30 is refer
0to 1 relay.

POST301: The CAM entry table 30 is refer!
1 reception.

POST300: The CAM entry table 30 is refer
1 to O relay.

3to0

POST313to AllO
POST310

R/W

These bits set the conditions for referring tc

entry table 31. By setting multiple bits to 1,

conditions can be selected.

POST313: The CAM entry table 31 is refer!
0 reception.

POST312: The CAM entry table 31 is refer!
0to 1 relay.

POST311: The CAM entry table 31 is refer
1 reception.

POST310: The CAM entry table 31 is refer!
1 to O relay.
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e i

(n: 0 to 31) When the MAC address is 01-23-45-67-89-4
(displayed in hexadecimal), H'01234567 is s
register.

Notes: Set the CAM entry table as follows:
1. Check that the ADSBSY bit in TSU_ADSBSY s cleared to 0.
2. Set the upper 32 bits of the MAC address by TSU_ADRHO0 to TSU_ADRH31.
3. Set the lower 16 bits of the MAC address by TSU_ADRLO to TSU_ADRL31.
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should always be 0.

15t0 0 ADRLn15to AllO R/W MAC Address Bit
ADRLNO These bits set the lower 16 bits of the MAC
(n: 0to 31) When the MAC address is 01-23-45-67-89-
(displayed in hexadecimal), H'O00089AB is
register.

Notes: Set the CAM entry table as follows:
1. Check that the ADSBSY bit in TSU_ADSBSY s cleared to 0.
2. Set the upper 32 bits of the MAC address by TSU_ADRHO to TSU_ADRH31.
3. Set the lower 16 bits of the MAC address by TSU_ADRLO to TSU_ADRL31.

18.3.46 Transmit Frame Counter Register (Port 0) (Normal Transmission Only)
(TXNLCRO)

TXNLCRO is a32-bit counter indicating the number of frames successfully transmitted
0. When the value in this register reaches H'FFFFFFFF, the count is halted. The counter
cleared to O by aread to this register. Thisregister cannot be written.

Bit Bit Name Initial Value R/W Description
31to 0 NTCO031to AlO R Port 0 Transmit Frame Counter Bit
NTCO000

These bits indicate the number of frames
successfully transmitted.
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These bits indicate the number of frames succes
transmitted and frames transmitted with error.

18.3.48 Receive Frame Counter Register (Port 0) (Normal Reception Only) (RXNL

RXNLCRO is a32-hit counter indicating the number of frames successfully received in N\
When the value in this register reaches H'FFFFFFFF, the count is halted. The counter val
cleared to O by aread to thisregister. Thisregister cannot be written.

Bit Bit Name Initial R/W  Description
Value

31to 0 NRCO031to AllO R Port 0 Receive Frame Counter Bit
NRC000

These bits indicate the number of frames succes
received.
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received and frames received with error.

18.3.50 Relay Frame Counter Register (Port 1 to 0) (Normal Relay Only) (FWNL

FWNLCRO is a 32-bit counter indicating the number of frames successfully relayed in g
relay operations. When the value in this register reaches H'FFFFFFFF, the count is halte
counter valueis cleared to 0 by aread to thisregister. Thisregister cannot be written.

Initial
Bit Bit Name Value R/W  Description
31to 0 NFCO031to AllO R Port 1 to 0 Relay Frame Counter Bit

NFC000 These bits indicate the number of frames succ

relayed.
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FC000 These bits indicate the number of frames succes:
relayed and frames relayed with error.

18.3.52 Transmit Frame Counter Register (Port 1) (Normal Transmission Only)
(TXNLCR1)

TXNLCRL1 is a32-bit counter indicating the number of frames successfully transmitted il
1. When the value in this register reaches H'FFFFFFFF, the count is halted. The counter
cleared to O by aread to this register. Thisregister cannot be written.

Initial
Bit Bit Name Value R/W  Description
31to0 NTC131to AllO R Port 1 Transmit Frame Counter Bit
NTC100 These bits indicate the number of frames succes:

transmitted.
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TC100 These bits indicate the number of frames succe
transmitted and frames transmitted with error.

18.3.54 Receive Frame Counter Register (Port 1) (Normal Reception Only) (RXN

RXNLCRL isa32-hit counter indicating the number of frames successfully received in
When the value in this register reaches H'FFFFFFFF, the count is halted. The counter vz
cleared to O by aread to this register. Thisregister cannot be written.

Initial
Bit Bit Name Value R/W  Description
31to 0 NRC131to AllO R Port 1 Receive Frame Counter Bit
NRC100 These bits indicate the number of frames succe

received.
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received and frames received with error.

18.3.56 Relay Frame Counter Register (Port 0to 1) (Normal Relay Only) (FWNL(

FWNLCRL1 isa32-bit counter indicating the number of frames successfully relayed in pc
relay operations. When the value in this register reaches H'FFFFFFFF, the count is halte
counter valueis cleared to O by aread to thisregister. Thisregister cannot be written.

Initial
Bit Bit Name Value R/W Description
31to0 NFC131to AllO R Port 0 to 1 Relay Frame Counter Bit

NFC100 These bits indicate the number of frames succes:

relayed.
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These bits indicate the number of frames succ
relayed and frames relayed with error.
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relay sides by means of registers TSU_TEN and TSU_POST1 to TSU_POST4. It also hz
kbyte TSU FIFO for temporarily retaining the frames relayed. This TSU FIFO can vary c
allotment with port 0 to 1 transfer and port 1 to O transfer using the TSU FIFO size select
(TSU_FCM).

TSU FIFO Overflow Prevention Function: By supporting relay operations, the MAC c
needs to transmit relay frames other than transmit frames regquested by the E-DMAC nort
Arbitration is carried out between these two frames. The procedure of arbitration is speci
registers TSU_PRISLO and TSU_PRISL1. It has a function which relays frames of the T
with priority when the using rate of the TSU FIFO exceeds the value set by registers
TSU_PRISLO and TSU_PRISL 1, thus preventing frame losses by TSU FIFO overflow.

QoS (IEEE802.1Q) Frame Transmit/Receive, Relay Function: QoS frames can be tra
and received. At the using relay function, if the Ethernet device connected to one of the N
controllers cannot transmit/receive QoS frames, this LS| can convert to the normal |EEE
frames and relay it.

Figure 18.2 shows the data path and outline of various settings.

Rev. 1.00 Dec. 27, 2005 Page 706 of 932
REJ09B0269-0100 RRENESAS



of priority : |—|TSU FIFO ﬂ_l* I S
TSU_PRISLO 4 L__(1t00) reference Det?rm.'nﬁ
CAM TSU FIFO = of priori
reference | (0to 1) I TSU_PRI
Relay enable
TSU_FWENO
Transmission Reception Reception Transmi
enable enable enable enable
TE (ECMRO) = 1 RE (ECMRO) = 1 RE (ECMR1) =1 TE (ECN
MAC-0 MAC-1
PHY-0 PHY-1

Figure18.2 EtherC Data Path and Various Settings

18.4.1 Transmission

The EtherC transmitter assembl es the transmit data on the frame and outputs to M11 whe
atransmit request from the E-DMAC. The data transmitted via the MII is transmitted to
by PHY-LSI. Figure 18.3 shows the status change of the Ether-C transmitter. This oper:
same between ports 0 and 1. The priority of the process when transmit frame from E-DI!
relay frame transmission collide can be set by the Transmit/Relay Priority Control Mod

(TSU_PRISLO/1).
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Failure of 15
retransfer attempts

after 512-bit time

notification

Retransfer
processing* 1

or collision

Error detection

Error

Normal transmission

Carrier
non-detection

Collision
transmission
Error
C

Carrier
detection

SFD

ollision*2
A

Data
transmission

Collision*2

Legend
FDPX: Full-duplex
HDPX: Half-duplex

Notes:

transmission

1. Transmission retry processing includes both jam transmission that depends on collision
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 greater
than 512 bits, only jam is transmitted and transmission based on the back-off algorithm

is not retried.

Figure18.3 EtherC Transmitter State Transitions

1. When the transmit enable (TE) bit is set, the transmitter enters the transmit idle state.

2. When atransmit request isissued by the transmit E-DMAC, the EtherC sends the pre
after atransmission delay equivalent to the frame interval time. If full-duplex transfer
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18.4.2 Reception

The EtherC receiver separates the frame from the MlI into preamble, SFD, data and CR
fields from DA (destination address) to the CRC data are transferred to the receive E-DI
Figure 18.4 shows the state transitions of the EtherC receiver. These operations are the
ports 0 and 1. In frame processing during reception, CAM evaluation can be referenced.
using the CAM function, refer to section 18.4.4, CAM Function.)
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Reset

Legend

SFD: Start frame delimiter

station aestination aadress

Receivce error

Error
notification*

Own destination ac
or broadcast

or multicast

or promiscuous

detection

Error Data

detection reception
. End of
Recelvcg error reception
detection
Y

CRC

Normal reception reception

Note: The error frame also transmits data to the buffer.

Figure18.4 EtherC Receiver State Transmissions

1. When thereceive enable (RE) bit is set, the receiver enters the receive idle state.

2. When an SFD (start frame delimiter) is detected after areceive packet preamble, ther
starts receive processing. Discards aframe with an invalid pattern.

3. Innorma mode, if the destination address matches the receiver’ s own address, or if b
or multicast transmission or promiscuous mode is specified, the receiver starts datare

4. Following data reception from the M|, the receiver carries out a CRC check. Theres
indicated as a status bit in the descriptor after the frame data has been written to mem
Reports an error status in the case of an abnormality.

5. After one frame has been received, if the receive enable bit is set (RE = 1) in the Ethe
register, the receiver preparesto receive the next frame.
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frames from the E-DMAC may occur. The priority of the process when collision occurs
by TSU_PRISLO0/1. For multicast frames and frames their destinations are other than thi
CAM evaluation in frame relay processing can be referenced (for details on the CAM fi
refer to section 18.4.4, CAM Function). Table 18.2 shows the settings of the relay frame
processing (without CAM).

Table18.2 Transfer Frame Processing (Without CAM)

Name TSU-FWSL Frame Processing
Frame for this LSI FW40/1 =0 Discarded

FW40/1 =1 Relayed
Broadcast frame FW30/1 =0 Discarded

FW30/1 =1 Relayed
Multicast frame FW20/1 =0 Discarded

FW20/1 =1 Relayed
Frames to destinations other FW10/1=0 Discarded
than this LS FWA0/1 = 1 Relayed

18.44 CAM Function

Frames input to the MAC are grouped into the following four types; unicast for thisLSI
broadcast, multicast, and unicast to other destinations. Of this, the MAC addresses of ur
this LS| and broadcast are fixed, and determination is carried out only by register settin
Consequently, only multicast and unicast to other destinations determine whether to rec
and whether to relay or not by using the CAM (unicast frames whose destination MAC
match this LS| are called unicast framesto this LSI, and those that do not are called uni
to other destinations).
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aswhen CAM Isnot used snown In table 1s8.2. 1 he ditterence between the on-chip CAM
table and externally connected CAM logic liesin how the POST tableis set. In the intern
entry table, there are 32 POST tables (same as the number of entries) and the POST table
set for each entry. The internal CAM entry table has 32 entries and 32 POST tables, and 1
table can be specified in each entry. The external connection CAM logic configuration is
pins because POST tables (total of 2) are allocated to the CAMSENO and CAMSENL1 pir

When On-Chip CAM Entry TableisUsed: The on-chip CAM has entry tables which c
register the MAC address of 32 entries, the details of which can be set by TSU_ADRHO
TSU_ADRH31 and TSU_ADRLOto TSU_ADRL31. The setting to enable/disable refere
the on-chip CAM entry table is carried out by the CAM entry table enable setting registel
sets whether to perform CAM evaluation or not, and the CAM entry table POST setting r
for setting whether to use the CAM determination results for determining receive or relay
on-chip CAM entry table referencing during receive is enabled, the destination address ir
frame and MAC address registered in the CAM entry table are compared, and it is detern
whether to transfer the frames input to the MAC to E-DMAC (have E-DMAC receive the
or discard the frames. When relaying and CAM entry table referencing during relay are b
enabled, whether to transfer or discard multicast frames and frames for destinations other
LSl can be determined by comparing the destination addressin the frame and MAC addr
registered in the CAM entry table. Table 18.3 shows the processing method of frames (re
discard) in MACO to E-DMACO0 and MACL1 to E-DMAC1 reception, while table 18.4 sh
processing for framesin MACO to MAC1 and MAC1 to MACO relay (relay or discard).
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CAM mishit Frames to this LS|  Received Received

(when addresses do  Broadcast frame Received Received

not match) Multicast frame Received Discarded Received Dis
Frames to Discarded Received
destinations other
than this LSI

[Legend]

MCT (Bit 13 in ECMR): Multicast receive mode (0: Receive when CAM mishit/
1: Receive when CAM hit)

Table18.4 Relay Frame Process (With CAM)

Relay Function Setting

Frame Register Bit CAM Hit CAM |
Multicast frame FW40/1 =0 Relayed Discal

FW40/1 =1 Discarded Relay:
Frames to destinations other FW40/1 =0 Relayed Discal
than this LS| FW40/1 =1 Discarded Relay

Note: CAM can be referenced only for multicast frames and frames to destinations othe
LSI. The processing of frames to this LS| and broadcast frames conforms to the \
the relay function setting register regardless of CAM reference.

When External CAM LogicisUsed: In addition to the on-chip CAM entry table, use
CAMSENO and CAMSENL1 pins allows referencing of evaluation results of the external
logic connected externally to this LSl for frame processing evaluation. This function ex
connects the CAM logic for comparing the destination address in receive frames, and re
results of comparing destination addresses corresponding to the signals (RXD3 to RXD!
from the M1 to determine whether to receive or discard the corresponding frame. Figur:
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CAMSENT1 pin

External memory External

CAM logic

Descriptor

Figure18.5 Example of External CAM Connection

The setting on whether to enable or disable the referencing of external CAM logic evalue
results by the CAMSENO and CAMSEN1 pinsis carried out by the transfer function setti
register (common) (TSU_FWSLC). When referencing of the CAMSENO and CAMSEN!
enabled during receive, it is determined whether to send or discard the frames input from
0/1 to E-DMACO0/1 (have E-DMAC receive the frames) according to the value of the CA
or CAMSEN1 pin. When relaying and CAMSENO/1 pin referencing are enabled at the s
the transfer or discard of multicast frames and frames to destinations other than thisL S| «
determined by the value of the CAMSENO and CAMSEN1 pins.

Table 18.5 shows the processing method (receive or discard) for framesin MACO to E-D
MAC1 to E-DMACI reception, while Table 18.6 shows the processing method (receive «
discard) for framesin MACO to MAC1 or MACL1 to MAC relay. The external CAM logi
memorized with MAC addresses different from the CAM entry tablein thisLSI. When tt
address received from the PHY matches the destination address memorized in the extern:
logic, the CAMSENO or CAMSENL1 pin is asserted*. EtherC receives or discards the frar
CAMSENO0/1 was asserted according to the settingsin table 18.5.

Figure 18.6 shows the valid range of CAMSENO/1 assertion for the corresponding receiv

Rev. 1.00 Dec. 27, 2005 Page 714 of 932
REJ09B0269-0100 RRENESAS



MCT (Bit 13 in ECMR): Multicast receive mode (0: Received when CAM mishit/
1: Received when CAM hit)

CAMSEN1 Pin Frame MCT=0 MCT=1 MCT=0 MC

Assertion Frame to this LSI Discarded Discarded

(when addresses Broadcast frame Discarded Discarded

match) Multicast frame Discarded Received Discarded Rec
Frames to Received Discarded
destinations other
than this LSI

Negation Frames to this LS|  Received Received

(when addresses do Broadcast frame Received Received

not match) Multicast frame Received Discarded Received Dis
Frames to Discarded Received
destinations other
than this LSI

[Legend]
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the relay function setting register regardless of CAM reference.

CAMSEN signal valid range

RX-CLK _I_IJTI_I_I_I_L;A_l_I_I_I_l_ITLI_l_Iﬁl_IﬁL ﬂ_l_l_l_l

: 1 1 // 1 1 1 1 // 1

mcov L/ o 5

g - 7 ; . ; ; ; 7 7 :

RXD3 to RXDO ,( Preamble 4 X SFD X D(I-Jstlnaltlon alddresls 4 X 4 :

CAMSEN* E

Assemon above
Note: * Outside the valid range of the CAMSEN signal, always set the CAMSEN signal to

Figure18.6 External CAM Signal Timing

Rev. 1.00 Dec. 27, 2005 Page 716 of 932
REJ09B0269-0100 RRENESAS



1 1 1 1 ”I 1 1 1 1 1 I’I 1 1 1 ”I
CRS 1 1 1 1 1 1 1 1 1 1 1 1
ool +——— g

Figure18.7 (1) MII Frame Transmit Timing (Normal Transmission)

meow S LT UL UL LU LU

i i T — T T T T T T T T T T
men /L L
I S S A e s—— v Y rvar

T TX00 A g Preambe X L W L L
TX-ER . . . . . . . . . . . . . .

[ [ [ 7 1 1 1 1 1 1 1 [ [ [

”I 1 1 1 1 1 1 1 1 1 1

CRE L/ & 0oL

oL L e

Figure18.7 (2) MII Frame Transmit Timing (Collision)
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Vit Flhalic Thalotht g (riralathie i or)

iyl © 10.1 \v)

RXD3 to RXDO

Figure18.7 (4) MII Frame Receive Timing (Normal Reception)

RX-CLK

RXD3 to RXDO

Figure18.7 (5) MII Frame Receive Timing (Reception Error (1))

J L

RX-CLK

{(

RX-DV

RXD3 to RXDO

Figure18.7 (6) MII Fame Receive Timing (Reception Error (2))
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Iitem 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-LSI address is 1 (sequential write starting with the MSB).
This bit changes depending on the PHY-LSI address.
REGAD: Write of 0001 if the register address is 1 (sequential write starting with the MSB).
This bit changes depending on the PHY-LSI 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; control unnecessary

Figure18.8 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

Figure189 (1) 1-Bit Data Write Flowchart
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(3) Write to PHY interface
register

MMD =0
MDC =0

Figure18.9 (2) BusRelease Flowchart (TA in Read in Figure 18.8)

(1) Write to PHY interface
register

MMD =0
MDC =1

(2) Read from PHY
interface register

MMD =0
MMC =1

MDlI is read data

(8) Write to PHY interface
register

MMD =0
MDC =0

MDC

'

1M @ @
1-bit data read timing
relationship

Figure18.9 (3) 1-Bit Data Read Flowchart
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18.4.7 Magic Packet Detection

The EtherC has a Magic Packet detection function. This function provides a Wake-On-L
(WOL) facility that activates various peripheral devices connected to a LAN from the ho
or other source. This makes it possible to construct a system in which a peripheral device
aMagic Packet sent from the host device or other source, and activates itself. When the N
Packet is detected, datais stored in the FIFO of the E-DMAC by the broadcast packet the
received data previously and the EtherC is notified of the receiving status. To return to ne
operation from the interrupt processing, initialize the EtherC and E-DMAC by using AR
the software reset register (ARSTR).

With aMagic Packet, reception is performed regardless of the destination address. Asar
functionisvalid, and the WOL pin enabled, only in the case of a match with the destinati
address specified by the format in the Magic Packet. Further information on Magic Packe
found in the technical documentation published by AMD Corporation.

The procedure for using the WOL function with thisLSI is as follows.

1. Disableinterrupt source output by means of the various interrupt enable/mask registe

2. Set the Magic Packet detection enable bit (MPDE) in the EtherC mode register (ECM

3. Set the Magic Packet detection interrupt enable bit (MPDIP) in the EtherC interrupt e
register (ECSIPR) to the enable setting.

4. If necessary, set the CPU operating mode to sleep mode or set peripheral modulesto |
standby mode.

5. When aMagic Packet is detected, an interrupt is sent to the CPU. The WOL pin notif
peripheral LSIsthat the Magic Packet has been detected.
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| I

o
E Packet

Case B (1]

(long IPG)

\

IPG*

L

[2]

(3]

(4]

Note: * IPG may be longer than the set value, depending on the state of the line and the s

Figure18.10 Changing I PG and Transmission Efficiency

18.4.9 Direction for IEEE802.1Q Qtag

The EtherC supports |IEEE802.1Q frame processing. It can add or delete Qtagsto or frol
processed in relay. This function can also transmit and receive QoS frames. During rela
Ethernet device connected to one MAC controller cannot transmit or receive QoS frame
converted to the normal |EEE802.3 frames and relayed in this LSI. Whether to add or d
is determined by the added Qtag value set register (TSU_ADQTO0/1). Figure 18.11 show
outline of the Qtag add function while figure 18.12 shows the comparison between ther
Ethernet frames and IEEE802.1Q frames (with Qtag). For details on setting Qtag, refer |
specifications on Qtag control specified in IEEE802.1Q.
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02.1Q conforming frame
(With Qtag)

| | | Normal frame (With

Figure18.11 Diagram of Qtag Additional Functions

Normal Ethernet frame (Without Qtag)
- 7 _o_c_t_‘___1_o_qt_ 6 oct 6 oct 2 oct 46 to 1500 oct 4 oct
: PR : SFD ; | DA || SA || LT || Data || FCS |
802.1Q conforming frame (With Qtag)
- _Zggg_‘__J_op_t__i 6oct 6oct 4 oct 2 oct 42 to 1500 oct 4 c
ipriso i o || sa || awg ][ Ut | paa || Fe
8 bit 3 bit 1 bit 12 bit -
| H'81 ” H'00 ” PRT ” CFI ” VID
D ——
Legend: Extension code
PR: PReamble (Fixed) Qtag setting (TSU_ADQTO0/1)

SFD: Start Frame Delimiter

DA: Destination Address PRT: Priority level setting

SA: Source Address CFl: Fixed at0
L/T: Length or Type .
FCS: Frame Check Sequence VID: V-LAN ID setting

Figure 18.12 Comparison of Normal Ethernet Frameand |EEE802.1Q Frame (wi
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TXD[O]

ETXDO -
TX-EN = TX_EN
TX-CLK [ TX_CLK
MDC » MDC
MDIO |- » MDIO
ERXD3 [-= RXDI[3]
ERXD2 [ RXD[2]
ERXD1 [ RXD[1]
ERXDO [ RXDI0]
RX-CLK | RX_CLK
CRS [ CRS
COL | coL
RX-DV RX_DV
RX-ER RX_ER
Figure 18.13 Example of Connection to DP83847
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T'nistunction reduces the 10ad on the CPU and enables erficient data transfer control to
achieved. The E-DMACO and E-DMAC1 control the data transmission/reception from t
and MAC-1 of EtherC respectively. (Hereafter the channel controlled by the E-DMACC
0. The channel controlled by the E-DMACL is channel 1.)

Figure 19.1 shows the configuration of the E-DMAC, and the descriptors and transmit/r
buffersin memory.

19.1 Features

The E-DMAC has the following features:

Contains two-channel independent transmit/receive DMAC

The load on the CPU is reduced by means of a descriptor management system
Transmit/receive frame status information is indicated in descriptors

Achieves efficient system bus utilization through the use of DMA block transfer (16
units)

Supports single-frame/single-descriptor operation and single-frame/multi-frame (mu
operation

Note: The E-DMAC cannot access peripheral modules.
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Transmit e
descriptor 0 §
Receive _
descriptor OE§ E

External memory

o

Internal
bus
interface

| Information |

Transmit DMAC

Descriptor
Information

Receive DMAC

il
Receive
FIFO -

<+

Figure19.1 Configuration of E-DMAC, and Descriptorsand Buffers

19.2 Register Descriptions

The E-DMAC has the following registers. The number at the end of the register abbrevia
represents the number of corresponding E-DMAC (E-DMACO or E-DMACI). In this se
some numbers are not mentioned. For addresses and access sizes of these registers, see

List of Registers.

Channel 0:

e E-DMAC mode register (EDMRO)
e E-DMAC transmit request register (EDTRRO)
e E-DMAC receive request register (EDRRRO)

e Transmit descriptor list address register (TDLARQ)
o Receive descriptor list address register (RDLARO)

o EtherC/E-DMAC status register (EESRO)

e EtherC/E-DMAC status interrupt permission register (EESIPRO)

e Transmit/receive status copy enable register (TRSCERO)
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e Transmit interrupt register (TRIMDO)
Channel 1:

e E-DMAC moderegister (EDMR1)

e E-DMAC transmit request register (EDTRR1)

e E-DMAC receive request register (EDRRR1)

e Transmit descriptor list addressregister (TDLAR1)

e Receive descriptor list address register (RDLAR1)

o EtherC/E-DMAC status register (EESR1)

o EtherC/E-DMAC statusinterrupt permission register (EESIPR1)
e Transmit/receive status copy enable register (TRSCER1)
o Receive missed-frame counter register (RMFCR1)

e Transmit FIFO threshold register (TFTRL1)

o FIFO depth register (FDR1)

e Receiving method control register (RMCR1)

e E-DMAC operation control register (EDOCR1)

o Receive buffer write address register (RBWAR1)

o Receive descriptor fetch address register (RDFARL)

e Transmit buffer read address register (TBRAR1)

e Transmit descriptor fetch addressregister (TDFAR1)

e Overflow alert FIFO threshold register (FCFTR1)

e Transmit interrupt register (TRIMD1)
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Initial

Bit Bit Name Value R/W

bttt &

Sl Refed WFE S B RE R | M I =Y

Description

31to6 AllO

Reserved

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

DL1
DLO

R/W
R/W

Descriptor Length

These bits specify the descriptor length. (Se
19.3.1, Descriptors and Descriptor List.)

00: 16 bytes
01: 32 bytes
10: 64 bytes
11: Reserved (setting prohibited)

3to1 AllO R

Reserved

These bits are always read as 0. The write v:
should always be 0.
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register (Port 0 to 1) (TSU_FWENO) and the
enable register (Port 1 to 0) (TSU_FWENT1)
EtherC, software reset should not be perfor
using this bit. While a software reset is issu
cycles of the internal bus clock B¢), accesst
all Ethernet-related registers are prohibited.

Software reset period (example):

When B¢ = 100 MHz: 0.64 uS

When B¢ = 66 MHz: 0.97 uS

When B¢ = 50 MHz: 1.28 uS

When B¢ = 33 MHz: 1.94 uS

This bit is always read as O.

1: EtherC and E-DMAC are reset (when wri

E-DMAC Transmit Request Register (EDTRR)

EDTRR is a 32-hit readable/writable register that issues transmit directivesto the E-DM
writing 1 to the TR bit in this register, the E-DMAC reads the transmit descriptor at the
specified by TDLAR. If the TACT bit of this descriptor is set to 1 (valid), transmit DM/
by the E-DMAC starts. When DMA transfer based on the first transmit descriptor is cor
the E-DMAC reads the next transmit descriptor. If the TACT bit of that descriptor is set
(valid), the E-DMAC continues transmit DMA operation. If the TACT bit of atransmit
iscleared to O (invalid), the E-DMAC clearsthe TR bit and stops transmit DMAC oper:

For details of writing to the TR bit, see section 19.4.1, Using of EDTRR and EDRRR.
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1. thalisimiit UiviAa Opelratlorn Delly periorimcu
DMAC. After writing 1 to this bit, the E-DN
starts reading a transmit descriptor.

19.23 E-DMAC Receive Request Register (EDRRR)

EDRRR is a 32-bit readable/writable register that issues receive directives to the E-DMA
writing 1 to the RR bit in this register, the E-DMAC reads the receive descriptor at the ac
specified by RDLAR. If the RACT bit of this descriptor isset to 1 (valid), and the receiv
holds areceive frame, the E-DMAC starts receive DMA transfer. When DMA transfer b
the first receive descriptor is completed, the E-DMAC reads the next receive descriptor. |
RACT bit of that descriptor isset to 1 (valid), the E-DMAC continues receive DMA opel
However, if the receive FIFO holds no receive data, the E-DMAC places receive DMA o
in the standby state. If the RACT hit of the receive descriptor is cleared to O (invalid), the
DMAC clearsthe RR bit and stops receive DMAC operation.

For details of writing to the RR bit, see section 19.4.1, Using of EDTRR and EDRRR.
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become abnormal and the E-DMAC can not operate successfully. In this cast
the E-DMAC reception enabled again, execute a software reset by the SWR
EDMRO (EDMR1). To make the E-DMAC reception disabled without executir
software reset, specify the RE bit in ECMRO (ECMR1). Next, after the E_DM;
completed the reception and write-back to the receive descriptor has been cc
disable the receive function of this register.

19.24  Transmit Descriptor List Address Register (TDLAR)

TDLAR is a 32-hit readable/writable register that specifies the start address of the transt
descriptor list. Descriptors have a boundary configuration in accordance with the descri
indicated by the DL bit in EDMR. Thisregister must not be written to during transmissi
Modifications to this register should only be made while transmission is disabled by the
(=0) inthe E-DMAC transmit request register (EDTRR).

Initial
Bit Bit Name Value R/W Description
31to0 TDLA31to AllO R/W Transmit Descriptor Start Address

TDLAO The lower bits are set as follows according
specified descriptor length.

16-byte boundary: TDLA3 and TDLAO = 00
32-byte boundary: TDLA4 and TDLAO = 00

64-byte boundary: TDLA5 and TDLAO = 00!
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RDLAO The lower bits are set as follows according tc
specified descriptor length.

16-byte boundary: RDLA3 and RDLAO = 00C
32-byte boundary: RDLA4 and RDLAO = 000

64-byte boundary: RDLA5 and RDLAO = 000

19.2.6  EtherC/E-DMAC Status Register (EESR)

EESR is a 32-bit readable/writable register that shows communications status informatiol
E-DMAC in combination with the EtherC. The information in this register is reported in:
of interrupt sources. Individua bits are cleared by writing 1 (however, bit 22 (ECI) isare
bit and not to be cleared by writing 1) and are not affected by writing 0. Each interrupt sc
also be masked by means of the corresponding bit in the EtherC/E-DMAC status interrug
permission register (EESIPR).

The interrupts generated by this register are EINTO for channel 0 and EINT1 for channel
interrupt priorities, see section 8, Interrupt Controller (INTC) and section 8.3.5, Interrupt
Exception Handling and Priority.

The EINT2 isan interrupt generated by the TSU_FNSR in the EtherC.

Initial
Bit Bit Name  Value R/W Description
31 — 0 R Reserved
This bit is always read as 0. The write value
always be 0.
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These bits are always read as 0. The write
should always be 0.

26

TABT

0

R/W

Transmit Abort Detection

Indicates that the EtherC aborts transmittin
because of failures during transmitting the f

0: Frame transmission has not been aborte
transmit directive

1: Frame transmit has been aborted

25

RABT

0

R/W

Receive Abort Detection

Indicates that the EtherC aborts receiving a
because of failures during receiving the frar

0: Frame reception has not been aborted or
receive directive

1: Frame receive has been aborted

24

RFCOF

0

R/W

Receive Frame Counter Overflow

Indicates that the receive FIFO frame count
overflowed.

0: Receive frame counter has not overflowe
1: Receive frame counter overflows
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reset with the SWR bit in EDMR.

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
also cleared.

0: EtherC status interrupt source has not bee
detected

1: EtherC status interrupt source has been d

21 TC 0 R/W

Frame Transmit Complete

Indicates that all the data specified by the tra
descriptor has been transmitted from the Eth
bit is set to 1, assuming the completion of
transmission, when transmission of one fram
completed in single-frame/single-descriptor c
or when the last data of a frame has been tre
and the transmit descriptor valid bit (TACT) ¢
next descriptor is not set in for the processin
multi-buffer frame based on single-frame/mu
descriptor operation. After frame transmissio
DMAC writes the transmission status back tc
relevant descriptor.

0: Transfer not complete, or no transfer direc

1: Transfer complete
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When transmission descriptor empty (TDE :
occurs, execute a software reset and initiate
transmission. In this case, the address that
in the transmit descriptor list address regist
(TDLAR) is transmitted first.

19

TFUF

0

RW

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

18

FR

R/W

Frame Reception

Indicates that a frame has been received ar
receive descriptor has been updated. This |
1 each time a frame is received.

0: Frame not received
1: Frame received
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1: Receive descriptor active bit RACT = 0 de

16 RFOF

R/W

Receive FIFO Overflow

Indicates that the receive FIFO has overflow:
frame reception.

0: Overflow has not occurred
1: Overflow has occurred

15t012 —

AllO

Reserved

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

11 CND

R/W

Carrier Not Detect

Indicates the carrier detection status during f
transmission.

0: A carrier is detected when transmission st
1: A carrier is not detected

10 DLC

R/W

Detect Loss of Carrier

Indicates that loss of the carrier has been de
during frame transmission.

0: Loss of carrier not detected
1: Loss of carrier detected

R/W

Delayed Collision Detect

Indicates that a delayed collision has been d
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 receiv

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 receivec
1: Residual-bit frame has been received

RTLF

R/W

Receive Too-Long Frame

Indicates that the frame more than the num
receive frame length upper limit set by RFL
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
been received.

0: Too-short frame has not been received
1: Too-short frame has been received

PRE

R/W

PHY-LSI Receive Error
0: PHY-LSI receive error not detected
1: PHY-LSI 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

R/W

Write-Back Complete Interrupt Enable
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 val
should always be 0.

26

TABTIP

R/W

Transmit Abort Detection Interrupt Enable
0: Transmit abort detection interrupt is disable
1: Transmit abort detection interrupt is enablec

25

RABTIP

R/W

Receive Abort Detection Interrupt Enable
0: Receive abort detection interrupt is disablec

1: Receive abort detection interrupt is enabled

24

RFCOFIP

R/W

Receive Frame Counter Overflow Interrupt En
0: Receive frame counter overflow interrupt is
1: Receive frame counter overflow interrupt is

23

ADEIP

R/W

Address Error Interrupt Enable
0: Address error interrupt is disabled
1: Address error interrupt is enabled

22

ECIIP

R/W

EtherC Status Register Interrupt Enable
0: EtherC status interrupt is disabled
1: EtherC status interrupt is enabled

21

TCIP

R/W

Frame Transmit Complete Interrupt Enable
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 Enable
0: Receive descriptor empty interrupt is disak
1: Receive descriptor empty interrupt is enab

16

RFOFIP

0

R/W

Receive FIFO Overflow Interrupt Enable
0: Receive FIFO overflow interrupt is disable:

1: Receive FIFO overflow interrupt is enablec

15t0 12

AllO

Reserved

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

11

CNDIP

R/W

Carrier Not Detect Interrupt Enable
0: Carrier not detect interrupt is disabled
1: Carrier not detect interrupt is enabled

10

DLCIP

R/W

Detect Loss of Carrier Interrupt Enable
0: Detect loss of carrier interrupt is disabled
1: Detect loss of carrier interrupt is enabled

CDIP

R/W

Delayed Collision Detect Interrupt Enable
0: Delayed collision detect interrupt is disable
1: Delayed collision detect interrupt is enable

TROIP

R/W

Transmit Retry Over Interrupt Enable
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

3 RTLFIP

RW

Receive Too-Long Frame Interrupt Enable
0: Receive too-long frame interrupt is disabled
1: Receive too-long frame interrupt is enabled

2 RTSFIP

R/W

Receive Too-Short Frame Interrupt Enable
0: Receive too-short frame interrupt is disable
1: Receive too-short frame interrupt is enablec

1 PREIP

R/W

PHY-LSI Receive Error Interrupt Enable
0: PHY-LSI receive error interrupt is disabled

1: PHY-LSI receive error interrupt is enabled

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 en:
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Bit

Bit Name

Initial
Value

R/W

Description

31to8

AllO

R

Reserved

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

RMAFCE

R/W

RMAF Bit Copy Directive
0: Reflects the RMAF bit status in the RFE bi
receive descriptor

1: Occurrence of the corresponding source is
reflected in the RFE bit of the receive desc

6to0

AllO

Reserved

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

15t00 MFC15to0  AllO R Missed-Frame Counter
MFCO

Indicate the number of frames that are discal
not transferred to the receive buffer during re
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H’0D: 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’FF: 1020 bytes
H’100: 1024 bytes

H’1FF: 2044 bytes
H’200: 2048 bytes

Note: When starting transmission before one frame of data write has completed, take ca
generation of the underflow.
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the size of the transmit FIFO. The setting m
changed after transmission/reception has s

7t03 — AllO R Reserved

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

2t00 RFD2 to All 1 R/W Receive FIFO Size

RFDO Specifies 256 bytes to 2 kbytes in 256-byte
the size of the receive FIFO. The setting m
changed after transmission/reception has s
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Sets whether to continue frame reception.

0: Upon completion of reception of one frame
DMAC writes receive status to the descrip
clears the RR bit in EDRRR to 0

1: Upon completion of reception of one frame
DMAC writes (writes back) receive status
descriptor. In addition, the E-DMAC reads
descriptor and prepares for the reception
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 adc

an attempted E-DMAC transfer.

0: llegal memory address not detected (not
operation)

1: Indicates that E-DMAC operation is halte
an illegal memory address is detected. V
written to this bit, the E-DMAC resumes «

1100

AllO

R

Reserved

These bits are always read as 0. The write
should always be 0.
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19.2.15 Receive 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 prohit

19.2.16 Transmit 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-C
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 AllO R Transmission-Buffer Read Address

TBRAO These bits can only be read. Writing is prohil
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TDFAO These bits can only be read. Writing is proh

19.2.18 Overflow Alert FIFO Threshold Register (FCFTR)

FCFTR isa32-hit readable/writable register that sets the flow control of the EtherC. Th
can be specified by the size of the receive FIFO data (RFD2 to RFDO0) and the number ¢
frames (RFF2 to RFFO).

If the same receive FIFO size as set by the FIFO size register (FDR) is set when flow cc
turned on according to the RFD setting condition, flow control is turned on with (FIFO |
64) bytes. For instance, when RFD in FDR =7 and RFD in FCFTR = 7, flow control is
when (2048 — 64) bytes of datais stored in the receive FIFO. The value set in the RFD |
register should be equal to or less than those in FDR.

Flow control is turned on when any of the setting conditions of the RFF2 to RFFO bits
RFD2 to RFDO bhits is satisfied. Flow control is turned off when none of the conditionsii
(release).
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110: When seven receive frames have been
the receive FIFO

111: When eight receive frames have been
the receive FIFO

15t03 — All O R Reserved
These bits are always read as 0. The write v:
should always be 0.
2 RFD2 1 R/W Receive FIFO Overflow Alert Signal Output T
RFD1 1 R/W 000: When (256 — 32) bytes of data is storec
0 RFDO 1 R/W receive FIFO

001: When (512 — 32) bytes of data is storec
receive FIFO

110: When (1792 — 32) bytes of data is store
receive FIFO

111: When (2048 — 64) bytes of data is store
receive FIFO
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0: Write-backed completion for each frame
TWB bit in EESR is notified
1: Write-back completion for each frame is |
notified

19.3  Operation

Using its direct memory access (DMA) function, the E-DMAC performs DMA transfer
transmit/receive data between a Ethernet frame transmission/reception data storage dest
user- specified (accessible memory space: transmit buffer/receive buffer) and the transn
FIFO in the E-DMAC. (The user cannot read and write data in the transmit/receive FIF(
viathe CPU).

To enable the E-DMAC to perform DMA transfer, information (data) including a transn
data storage address and so forth, referred to as a descriptor, is required. Before Etherne
transmission/reception, the E-DMAC reads descriptor information, then reads transmit
the transmit buffer or writes receive data to the receive buffer according to the read desc
information. By arranging multiple descriptors as a descriptor row (list) (to be placed in
readabl e/writable memory space), multiple Ethernet frames can be transmitted or receiv
continuougly.
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ére prebared as a descriptor 'row (descri ptor' list), the descriptors are placed in conti ﬁuous
(memory) addresses according to the descriptor length set inthe DLO and DL 1 bitsin EC

The E-DMAC consists of two systems: system 0 and system 1. The DMAC for transmiss
the DMAC for reception operate independently of each other, and the DMAC for system
DMAC for system 1 operate independently of each other. For normal E-DMAC operatiol
descriptors for transmission and reception and descriptors for system 0 and system 1in tt
address spaces that do not overlap.

(1) Transmit Descriptor

Figure 19.2 shows the configuration of atransmit descriptor and the relationship with a
buffer.

The data of atransmit descriptor consists of TDO, TD1, TD2, and padding datain groups
bits from top to end. The length of padding data is determined according to the descriptol
specified by the DLO and DL 1 bitsin EDMR. In the figure, TBA (bits31to 0in TD2) in
the start address of a transmit buffer, and TDL (bits 31 to 16 in TD1) indicates the valid
length of the transmit buffer.

TDO indicates whether the transmit descriptor isvalid or invaid as well asinformation al
descriptor configuration and status. TD1 indicates the length of datain atransmit buffer t
transferred according to the specification of the descriptor. TD2 indicates the start addres
transmit buffer that holds data to be transferred.

Depending on the descriptor specification, one transmit descriptor can specify all transmi
one frame (single-frame/single-buffer) or multiple descriptors can specify the transmit de
frame (single-frame/multi-buffer). As an example of single-frame/multi-buffer operation,
portion that is used in afixed manner in each Ethernet frame transmission can be referen
multiple descriptors. For example, multiple descriptors can share the destination address
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1Dz

I BA

Padding (4/20/52 bytes)*

Note: * According to the descriptor length set by the DLO and DL1 bits in EDMR, the padding size is determined

For 16 bytes: Padding = 4 bytes
For 32 bytes: Padding = 20 bytes
For 64 bytes: Padding = 52 bytes

Figure19.2 Relationship between Transmit Descriptor and Transmit Buf

RENESAS
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31 TACT 0 R/W

Transmit Descriptor Valid/Invalid

Indicates whether the corresponding descrip
valid or invalid. To make this bit valid, store t
data in a transmit buffer (user-specified trans
storage destination) beforehand, then write 1
bit. The E-DMAC clears this bit to 0 upon cor
of data transfer.

0: Indicates that the transmit descriptor is inv

Indicates the initial setting state, the state
written, or (in case the user writes 1 to thi
this bit is cleared to 0 because of completi
processing of the E-DMAC data transfer.
If this state is recognized when the E-DM/
a descriptor, the E-DMAC clears the TR b
EDTRR to 0, and halts transfer operation
transmission by the E-DMAC.

: Indicates that the transmit descriptor is val

After the user writes 1 to this bit, this bit in
that data is not transferred yet or data is b
transferred.

When there is a descriptor row (descriptor
consisting of multiple continuous descriptc
E-DMAC can continue operation when thi
the next descriptor is valid.
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Upon completion of transter or the corres
descriptor, the E-DMAC reads the descri
placed at the address indicated by TDLA
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information about the start of the frame.
11: The information of the descriptor represe
information about the frame (single-frame
descriptor (single-buffer)).
Reference:

When one frame is divided for use, the meth
specifying this bit for a descriptor row accord
number of divisions is described below.

[For single-frame/single-descriptor operation
First descriptor: TFP[1:0] = 11

[For single-frame/two-descriptor operation]
First descriptor: TFP[1:0] = 10

Second descriptor: TFP[1:0] = 01

[For single-frame/three-descriptor operation]
First descriptor: TFP[1:0] = 10

Second descriptor: TFP[1:0] = 00

Third descriptor: TFP[1:0] = 01

When the number of divisions is large, a des
row is configured by adding intermediate des
with TFP[1:0] = 00.
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TFS26 to TFS9: Reserved (The write value
always be 0.)

TFS8: Transmit abort detected

Note: This bit is set when any bit of TFS3 t
set.

TFS7 to TFS4: Reserved (The write value ¢
always be 0)

TFS3: Failure to detect the carrier at the st:
transmission (corresponding to the |
EESR)

TFS2: Loss of the carrier during transmissit
(corresponding to the DLC bit in EE

TFS1: Late (delayed) collision (correspondi
CD bit in EESR)

TFSO0: Transmit retry over (corresponding t
bit in EESR)
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These bits are always read as 0. The write v:
should always be 0.

(c) Transmit Descriptor 2 (TD2)

TD2 indicates the start address of the corresponding 32-bit width transmit buffer. An add
value on alongword boundary should be specified.

The user should set TD2 before the start of aread by the E-DMAC.
(2) Receive Descriptor
Figure 19.3 shows the relationship between a receive descriptor and receive buffer.

The data of areceive descriptor consists of RDO, RD1, RD2, and padding data in groups
from top to end. The length of padding datais determined according to the descriptor len
specified by the DLO and DL 1 bitsin EDMR. In the figure, RBA (bits 31to 0in RD2) in
the start address of areceive buffer. RBL (bits 31 to 16 in RD1) indicates the usable data
the receive buffer. RDL (bits 15 to 0 in RD1) indicates the data length of areceived fram

RDO indicates whether the receive descriptor isvalid or invalid as well asinformation ab
descriptor configuration and status. RD1 indicates the length (storage destination size) of
the receive buffer to be received according to the specification of the descriptor. RD2 ind
start address of the receive buffer for storing receive data.

Depending on the descriptor specification, one receive descriptor can specify the storing
receive data of one frame in areceive buffer (single-frame/single-buffer) or multiple des
can specify the storing of the receive data of one frame in receive buffers (single-frame/n
buffer). As an example of single-frame/multi-buffer operation, suppose that a row of mul
descriptors (descriptor list) is prepared, RBL of each descriptor is 500 bytes, and a 1514-|
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Receive descriptor Receive buffer

31[30[29(28]27]|26 0 _—7

R|R|R|R|R
roo |A|P|F|F[F RFS26 to RFSO

cl|L|P|P|E

T|E[1]0

Valid receive d

. RBL 15 0 4

31 16 RDL >

31 0
RD2 RBA

Padding (4/20/52 bytes)*

T~

Note: * According to the descriptor length set by the DLO and DL1 bits in EDMR, the padding size is determinec
For 16 bytes: Padding = 4 bytes
For 32 bytes: Padding = 20 bytes
For 64 bytes: Padding = 52 bytes

Figure 19.3 Relationship between Receive Descriptor and Receive Buffe
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Bit Bit Name Value R/W

Description

31 RACT 0 R/W

Receive Descriptor Valid/Invalid

Indicates whether the corresponding descrip
valid or invalid. To make this bit valid, prepar
receive buffer (user-specified receive data st
destination) beforehand, then write 1 to this |
E-DMAC clears this bit to 0 upon completion
transfer.

0: Indicates that the receive descriptor is inve

Indicates the initial setting state, the state
written, or (in case the user writes 1 to thit
this bit is cleared to 0 because of completi
processing of the E-DMAC data transfer.
If this state is recognized when the E-DM/
a descriptor, the E-DMAC clears the RR b
EDRRR to 0, and halts transfer operation
to reception by the E-DMAC.

1: Indicates that the receive descriptor is vali

Indicates that data is not transferred yet a
user writes 1 to this bit, or that data is beir
transferred.
When there is a descriptor row (descriptor
consisting of multiple continuous descriptc
E-DMAC can continue operation when thi:
the next descriptor is valid.

Rev. 1.00 Dec. 27, 2005 Page 762 of 932
REJ09B0269-0100

RENESAS



Upon completion of transter of the corresg
descriptor, the E-DMAC reads the descrip
at the address indicated by RDLAR.
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10: The information of the descriptor represe
information about the start of the frame.

11: The information of the descriptor represe
information about the frame (single-frame
descriptor (single-buffer)).

Reference:

The relationship between a frame after recer
one frame and a descriptor is described belo

[For single-frame/single-descriptor operation
First descriptor: RFP[1:0] = 11

[For single-frame/two-descriptor operation]
First descriptor: RFP[1:0] = 10

Second descriptor: RFP[1:0] = 01

[For single-frame/three-descriptor operation]
First descriptor: RFP[1:0] = 10

Second descriptor: RFP[1:0] = 00

Third descriptor: RFP[1:0] = 01

When the number of divisions is large, a des
row is configured by adding intermediate des
with RFP[1:0] = 00.
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corresponding event. If the events of RFS8
to RFSO0 occur, frames are incompletely rec

RFS26 to RFS10: Reserved (The write valt
always be 0)

RFS9: Receive FIFO overflow (correspond
RFOF bit in EESR)

RFS8: Receive abort detected

Note: This bit is set when any bit of RFS3 t
is set.

RFS7: Multicast address frame received
(corresponding to the RMAF bit in E

RFS6 and RFS5: Reserved (The write valu
always be 0)

RFS4: residual-bit frame receive error (corr
to the RRF bit in EESR)

RFS3: Too-long frame receive error (corres
to the RTLF bit in EESR)

RFS2: Too-short frame receive error (corre
to the RTSF bit in EESR)

RFS1: PHY-LSI receive error (correspondir
PRE bit in EESR)

RFS0: CRC error on receive frame (corresj
the CERF bit in EESR)

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



Set the length of data that can be received b
corresponding receive buffer in bytes.

Set a receive buffer length on a 16-byte bour
(with bits 19 to 16 cleared to 0).

In single-frame/single-buffer (descriptor) ope
the maximum receive frame length excluding
data is 1514 bytes. When specifying a receiv
length, set 1520 bytes (H'05F0), which is det
considering the maximum receive frame leng
16-byte boundary.

15t00 RDL All O R Receive Data Length

Indicate the data length of a receive frame st
the receive buffer.

Receive data transferred to the receive buffe
not include CRC data (4 bytes) placed at the
frame. As a receive frame length, the numbe
(valid data bytes) not including CRC data are
reported.

In single-frame/multi-buffer (descriptor) oper:
only the receive data length of the last descr
valid. The receive data length of an intermed
descriptor has no meaning.

(©) ReceiveDescriptor 2 (RD2)

RD2 indicates the start address of the corresponding 32-bit width receive buffer. Set the
address of areceive buffer on alongword boundary. When an SDRAM is connected, set
address of areceive buffer on a 16-byte boundary.

The user should set RD2 before the start of aread by the E-DMAC.
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1. TFP=00 or 10 (frame continuation):
Descriptor write-back (writing O to the TACT bit) is performed after DMA transfer.
2. TFP=01 or 11 (frame end):

Descriptor write-back (writing O to the TACT bit and writing status) is performed af
completion of frame transmission.

Aslong asthe TACT bit of aread descriptor isset to 1 (valid), the reading of E-DMAC
descriptors and the transmission of frames continue. When a descriptor with the TACT |

to O (invalid) isread, the E-DMAC clearsthe TR bit in EDTRR to 0 and compl etes tran:
processing.
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Transmit descriptor rea(L

\

Transmit data transfer

< write-back
Transmit descriptor
read -

\

Transmit data transfer

\\ Frame transmission
<

Transmission
completed

/

Transmit descriptor
| Wwrite-back

[Legend]

EtherC/E-DMAC initialization: Executes a software reset with the SWR bit in EDMR set to 1.

Transmit descriptor and transmit buffer setting: Sets transmit descriptors and transmit buffers, and sets EtherC
and E-DMAC registers, then writes 1 to the TE bit in ECMR
and the TR bit in EDTRR.

Start of transmission: Occurs when 1 is written to the TE bit in ECMR and the TR bit in EDTRR.

Transmit descriptor read: The E-DMAC reads a transmit descriptor.

Transmit data transfer: Writes transmit data to the transmit FIFO by using DMA transfer by the E-DMAC.

Transmit descriptor write-back: The E-DMAC writes 0 to the TACT bit and writes the transmit status to the transn

Figure19.4 Sample Transmission Flowchart (Single-Frame/Two-Descriptor)
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10 or 00) when the buffer becomes full, then reads the next descriptor. The E- DMAC th
continues to transfer data to the receive buffer specified by the new RD2. When frame
completed, or if frame reception is suspended because of acertain kind of error, the E-C
performs write-back to the relevant descriptor (with RFP set to 11 or 01), and then ends
receive processing. The E-DMAC then reads the next descriptor and enters the receive
state again.

To receive frames continuously, the receive enable control bit (RNC) must besetto 1ir
receive method control register (RMCR). Theinitial valueisO.
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Receive descriptor read //

Frame reception

P

Receive data transfer

m
write-back

Receive descriptor

—

Receive data transfer

m

.

\ \

< write-back Reception

Recelve descriptor read completed
Rreparanon for receiving
e next frame) _
»

[Legend]

EtherC/E-DMAC initialization: Executes a software reset with the SWR bit in EDMR set to 1.

Receive descriptor and receive buffer setting: Sets receive descriptors and receive buffers, and sets EtherC and
registers, then writes 1 to the RE bit in ECMR and the RR bit in ED

Start of reception: Occurs when 1 is written to the RE bit in ECMR and the RR bit in EDRRR.

Receive descriptor read: The E-DMAC reads a receive descriptor.

Receive data transfer: Writes receive data from the receive FIFO to the receive buffer by using DMA transfer by 1

Receive descriptor write-back: The E-DMAC writes 0 to the RACT bit and writes the receive status to the receive

Figure19.5 Sample Reception Flowchart (Single-Frame/Two-Descriptor)

Rev. 1.00 Dec. 27, 2005 Page 770 of 932
REJ09B0269-0100 RENESAS



part where the transmit descriptor is active (TACT bit = 1), transmission is halted, and t
bit cleared to O, immediately. The next descriptor is then read, and the position within tt
frame is determined on the basis of bits TFP1 and TFPO (continuing [B’00] or end [B’0]
case of a continuing descriptor, the TACT bit is cleared to 0, only, and the next descript
immediately. If the descriptor isthe final descriptor, not only isthe 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 (EESI
interrupt is generated immediately after the final descriptor write-back.

Descriptors | |

TT|TT
é D|FF Frame ]
L{PP| Tye
TE|10] P —
0010 Start -
0 0| 0 0| Continue
0 0| 0 0| Continue [
i R Tran
£ OMAG Inactivates TACT (change 1 to 0) »|1 0|0 ol Continue | Jran
: « Descriptor read -
Inactivates TACT,,. | 1 0 | 0 0 | Continue L (LjJnltra_nsm{tted
Descriptor read — dataisnot -~ __J
Inactivates TACT 1 0|0 0|Continue f— | gﬁgf':r':frd
- Descriptor read - | occurrence. __| |One frame
Inactivates TACT__ | 1 0 | 0 0 | Continue Descriptor is
Descriptor read - M only processed.
o |1 0|01 End
i i FS S~ ] Buffer |
Inactivates TACT and writes TFE, TFS] 11 10 Start t by des
-
[
| | CJun

Figure19.6 E-DMAC Operation after Transmit Error
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R

(EESI PR), aninterrupt is generated immedi ately after the wrlteback If there isanew fr
receive request, reception is continued from the buffer after that in which the error occurt

/

Start of fra

Receive €
occurrenc

/1

New frame
continues

Buffer lengtt
by descripto

Descritptors |
R R R R
2|5 |
TE|1o0 —
00|10 Start J——
0 0 | 0 O |Continue
. 0 0 | 0 o |Continue |
Inactivates RACT and writes RFE, Rlis |
E-DMAC __ Descriptor read Lrejeco
T 10 0 0 -
10|00 —
10 00 I~
10 0 0 \»
11 0 0
|

D Receil
| : Unrec

Figure19.7 E-DMAC Operation after Receive Error
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and 256 — 32 bytes.
Figure 19.9 shows the configuration of the receive FIFO overflow alert signal (ARBUS

Asshown in figure 19.9, because the ARBUSY signal passes through the system clock
synchronization circuit, it is behind the receive FIFO overflow alert signal received in E

This LSI

E-DMACO

Receive FIFO overflow
alert signal

A
\4

EtherC

E-DMAC1

Receive FIFO overflow
alert signal

A
A

System clock
synchronization
circuit

\/
ARBUSY

Figure19.8 Configuration of ARBUSY
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neuLcive gata

FIFO |

full

Threshold —

(threshold — 32) bytes —» f - = - - - - oo o]

empty

1 Alert signal |

Transfer to memory by E-DMAC

Figure19.9 Summary of Receive FIFO Overflow Alert Signal

(a) Receive FIFO Overflow Alert Signal Changing

The receive FIFO in the E-DMAC can perform writing (reception) data from the Etherne
reading data from the system simultaneously. Therefore during system operation, receive
FIFO is alwaysincreased or decreased. If the change is performed near the threshold, the
FIFO overflow alert signal may be seen as shown in figure 19.10. Minimum of receive d
changes depending on the number of FIFO read cycles and rate of Ethernet line (10 to 10
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Figure19.10 ARBUSY Signal Change and Minimum Pulse Width
Depending on Increase and Decrease of FIFO
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[Occurring Condition]

When the user's firmware tries to set the request bit (TR or RR), while the request bit (TF
isl.

[Avoiding Methods]

To prevent the simultaneous occurrence of the request bit (TR or RR) being cleared by tt
DMAC and the request bit (TR or RR) being set by the user's firmware, the user's firmwe
set the request bit (TR or RR) after confirming that it is cleared by the E-DMAC.

The methods to clear the RR bit with E-DMAC are asfollows.

(1) Confirmation of the TR bit

Asadirect method, it is possible to confirm by reading the TR bit in EDTRR as 0.
Asan indirect method, it is possible to confirm by reading the TDE bit in EESR as 1.
(2) Confirmation of the RR bit

Asadirect method, it is possible to confirm by reading the RR bit in EDRRR as 0.

Asan indirect method, it is possible to confirm by reading the RDE bit in EESR as 0.
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Port

Port Function (Related Module)

Other Function (Related Mod

PTA?7 input/output (port)

SIOFSYNCO input/output (SIOF

PTAG input/output (port)

TXD_SIOO0 output (SIOF0)

PTAS5 input/output (port)

RXD_SIOO0 input (SIOF0)

PTA4 input/output (port

SIOMCLKO input (SIOFO0)

PTAS3 input/output (port

SCK_SIOO input/output (SIOFQ

PTA2 input/output (port

SCIFOCK input/output (SCIFO)

PTA1 input/output (port

TXDO output (SCIFO)

PTAOQ input/output (port

RXDO input (SCIF0)

PTB7 input/output (port

RTSO0 output (SCIF0)

PTB6 input/output (port

CTS0 input (SCIF0)

SCIF1CK input/output (SCIF1)

TXD1 output (SCIF1)

PTB3 input/output (port

RXD1 input (SCIF1)

PTB2 input/output (port

RTS1 output (SCIF1)

PTB1 input/output (port

CTST input (SCIF1)

PTBO input/output (port

Reserved (setting prohibited)*

PTC7 input/output (port

TOIS16 input (BSC)

PTC6 input/output (port

CE2B output (BSC)

PTC5 input/output (port

CE2A output (BSC)

OO0V W T W | D T D> P> > > > > >

(
(
(port)
(port)
(port)
(port)
(port)
(port)
(port)
PTB5 input/output (port)
PTB4 input/output (port)
(port)
(port)
(port)
(port)
(port)
(port)
(port)
(port)

PTC4 input/output (port

SIOFSYNCH1 input/output (SIOF
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EXOUT1 output TEND1 output (DMAC)

CAMSENT input IRQ5 input (INTC)
EXOUTO output TENDO output (DMAC)
CAMSENO input IRQ4 input (INTC)

20.2 Register Configuration
The registers of the pin function controller are shown below.

e Port A control register (PACR)
e Port B control register (PBCR)
e Port C control register (PCCR)
o Ethernet controller pin control register (PETCR)
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FAMNIUI

n/vv

Viodes FA/Z 10 FAU LONuoOl

The combination of PAnMD1 and PAnNMDO

7) selects the pin functions and control inpu
MOS.

00: Other function (see Table 20.1)

01: Port output

10: Port input (pull-up MOS: on)

11: Port input (pull-up MOS: off)

14 PA7MDO R/W
13 PAG6MD1 RW
12 PA6MDO R/W
11 PA5MD1 R/W
10 PA5MDO RW
9 PA4MD1 R/W
8 PA4MDO R/W
7 PA3MD1 RW
6 PA3MDO R/W
5 PA2MD1 R/W
4 PA2MDO RW
3 PA1MD1 R/W
2 PA1MDO R/W
1 PAOMD1 RW
0 PAOMDO R/W
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«

FBolVID |

n/vV

MOS.
12 PBEMDO RW 00: Other function (n = 1 to 7) or reserved (n
11 PB5MD1 R/W Table 20.1)
10 PB5MDO R/W 01: Port output
9 PB4MD1 R/W 10: Port input (pull-up MOS: on)
8 PB4MDO R/W 11: Port input (pull-up MOS: off)
7 PB3MD1 R/W
6 PB3MDO R/W
5 PB2MD1 R/W
4 PB2MDO R/W
3 PB1MD1 R/W
2 PB1MDO R/W
1 PBOMD1 R/W
0 PBOMDO R/W
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«

FUONIDI

n/VV

MOS.

01: Port output

00: Other function (see Table 20.1.)

10: Port input (pull-up MOS: on)

11: Port input (pull-up MOS: off)

12 PC6MDO 0 R/W
11 PC5MD1 1 RW
10 PC5MDO 0 R/W
9 PC4MD1 1 R/W
8 PC4MDO 0 R/W
7 PC3MD1 1 R/W
6 PC3MDO 0 R/W
5 PC2MD1 1 R/W
4 PC2MDO 0 R/W
3 PC1MD1 1 R/W
2 PC1MDO 0 R/W
1 PCOMD1 1 R/W
0 PCOMDO 0 R/W

RENESAS
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e PRl T AWM T T TR ) IV Vit M.

1: EXOUT1 (Ethernet controller function) is s

14 — 0 R Reserved
This bit is always read as 0. The write value ¢
always be 0.

13 PET2MD 1 R/W Controls input of CAMSEN1 (Ethernet contro

function) and IRQ5 (other function).
0: IRQ5 (other function) is selected.
1: CAMSENT1 (Ethernet controller function) is

selected.
12 — 0 R Reserved
This bit is always read as 0. The write value ¢
always be 0.
11 PET1MD 1 R/W Controls output of EXOUTO (Ethernet control

function) and TENDO (other function).
0: TENDO (other function) is selected.
1: EXOUTO (Ethernet controller function) is s

10 — 0 R Reserved
This bit is always read as 0. The write value ¢
always be 0.

9 PETOMD 1 R/W Controls input of CAMSENO (Ethernet contro

function) and IRQ4 (other function).
0: IRQ4 (other function) is selected.

1: CAMSENO (Ethernet controller function) is
selected.

Rev. 1.00 Dec. 27, 2005 Page 784 of 932
REJ09B0269-0100 RENESAS



KAy v |

Reserved

This bit is always read as 1. The write value
always be 1.

Reserved

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

Reserved

This bit is always read as 1. The write value
always be 1.

Reserved

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

Reserved

This bit is always read as 1. The write value
always be 1.

Reserved

This bit is always read as 0. The write value
always be 0.
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2121 Port A Data Register (PADR)

PADR is an 8-hit readable/writable register that stores data for pins PTA7 to PTAO. Bit:
to PAODT correspond to pins PTA7 to PTAO. PADR isinitialized to H’'00 by a power-o
isnot initialized by amanual reset, in standby mode, or sleep mode.

Initial

Bit Bit Name Value R/W Description

7 PA7DT 0 R/W When the pin function is general output port

6 PAGDT 0 R/W is read, the value of the corresponding PAD
returned directly. When the function is gene

5 PASDT 0 R/W port, if the port is read, the corresponding pi

4 PA4DT 0 R/W read. Table 21.1 shows the function of PAD

3 PA3DT 0 R/W

2 PA2DT 0 R/W

1 PA1DT 0 R/W

0 PAODT 0 R/W
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n=0to7

21.2.2 Port B Data Register (PBDR)

PBDR is an 8-hit readable/writable register that stores the data for pins PTB7 to PTBO. B
PB7DT to PBODT correspond to the pins PTB7 to PTBO. PBDR isinitialized to H'00 by
on reset but is not initialized by a manual reset, in standby mode, or sleep mode.

Initial

Bit Bit Name Value R/W Description

7 PB7DT 0 R/W When the pin function is general output port,

6 PB6DT 0 R/W is read, the value of the corresponding PBDF
returned directly. When the function is genere

5 PB5DT 0 R/W port, if the port is read, the corresponding pin

4 PB4DT 0 R/W read. Tables 21.2 and 21.3 show the functior
PBDR.

3 PB3DT 0 R/W

2 PB2DT 0 R/W

1 PB1DT 0 R/W

0 PBODT 0 R/W

Rev. 1.00 Dec. 27, 2005 Page 788 of 932

REJ09B0269-0100

RENESAS



n=1to7

Table21.3 Port B Data Register (PBDR) Read/Write Operations (2)

PBnMD1 PBnMDO Pin State Read Write
0 0 Reserved* PBDR value Value is written to PBDR, but doe:
affect pin state.
Output PBDR value Write value is output from pin.
1 0 Input (Pull-up  Pin status Value is written to PBDR, but doe!
MOS on) affect pin state.
1 Input (Pull-up  Pin status Value is written to PBDR, but doe:
MOS off) affect pin state.
[Legend]
n=0

Note: * When this pin is specified as a reserved pin, its operation is not guaranteed.
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port, It the port Is read, the corresponaing pin |

read. Table 21.4 shows the function of PCDR.

o v R/ vV
4 PC4DT 0 RW
3 PC3DT 0 R/W
2 PC2DT 0 R/W
1 PC1DT 0 R/W
0 PCODT 0 RW

Table21.4 Port C Data Register (PCDR) Read/Write Operations

PCnMD1 PCnMDO Pin State

Read Write

0 0 Other function PCDR value Value is written to PCDR, but does
affect pin state.
Output PCDR value Write value is output from pin.
1 0 Input (Pull-up  Pin state Value is written to PCDR, but does
MOS on) affect pin state.
1 Input (Pull-up  Pin state Value is written to PCDR, but does
MOS off) affect pin state.
[Legend]
n=0to7
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HICTI=UL (Uotl UTUUyyillly likdlialt) loaosclid 17U ISl Talt WU LUTTITUNTTIO LU JT /AL
Test Action Group, |EEE Standard 1149.1 and | EEE Standard Test Access Port and Bo
Scan Architecture) specifications.

The H-UDI in this LS| supports aboundary scan mode, and is also used for emulator co

When using an emulator, H-UDI functions should not be used. Refer to the emulator me
the method of connecting the emulator.

Figure 22.1 shows a block diagram of the H-UDI.

SDIR

SDID

0l

™ X .
| SDBPR |
ko
o« iz
] =)
@ o
[a) =
5| | £
2]
™0 [X] x|
Tck X
™s [X TAP controller
Rt X

Decoder —

Local
bus

Figure22.1 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 cl
this signal in synchronization with TCK. The protocol ¢
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 a
period when power is turned on regardless of using the
function. As the same as the RESETP pin, the TRST
be driven low at the power-on reset state and driven hi
the power-on reset state is released. This is different fi
JTAG standard.

See section 22.4.2, Reset Configuration, for more infol

TDI

Input

Serial Data Input Pin

Data transfer to the H-UDI is executed by changing thi
in synchronization with TCK.

TDO

Output

Serial Data Output Pin

Data read from the H-UDI is executed by reading this |
synchronization with TCK. The data output timing depe
the command type set in the SDIR. See section 22.4.3
Output Timing, for more information.

ASEMDO

Input

ASE Mode Select Pin

If a low level is input at the ASEMDO pin while the RES
is asserted, ASE mode is entered; if a high level is inpt
normal mode is entered. In ASE mode, dedicated emu
function can be used. The input level at the ASEMDO {
should be held for at least one cycle after RESETP ne
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e Bypassregister (SDBPR)

e Instruction register (SDIR)

e Boundary scan register (SDBSR)
e |D register (SDID)

2231 BypassRegister (SDBPR)

SDBPR is a 1-hit 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. Theinitial value is unc
SDBPRisinitialized to 0 if the TAP isin Capture-DR state.

22.3.2 Instruction Register (SDIR)

SDIR isa 16-bit read-only register. Theregister isin JTAG IDCODE initsinitia state.

initialized by TRST assertion or in the TAP test-logic-reset state, and can be written to
UDI irrespective of the CPU mode. Operation is not guaranteed if areserved command

this register.

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



0 — 1 R Reserved
This bit is always read as 1.

Table22.2 H-UDI Commands

Bits 15t0 8
TI7 TI6 TIS Ti4 TI3 TI2 TI1 TIO Descriptiol
0 0 0 0 — — — — JTAG EXTEST
0 0 1 0 — — — — JTAG CLAMP
0 0 1 1 — — — — JTAG HIGHZ
0 1 0 0 — — — — JTAG SAMPLE/PRE
0 1 1 0 — — — — H-UDI reset negate
0 1 1 1 — — — — H-UDI reset assert
1 0 1 _ - — — — H-UDI interrupt
1 1 1 0 — — — — JTAG IDCODE (Initi
1 1 1 1 — — — — JTAG BYPASS
Other than the above Reserved

22.33 Boundary Scan Register (SDBSR)

SDBSR is a shift register, located on the PAD, for controlling the input/output pins of thi
Theinitia valueis undefined. SDBSR 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 22.3 shows the correspon
between this LSI’ s pins and boundary scan register bits.
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356 D4 IN 327 D9 (
355 D5 IN 326 D10 (
354 D6 IN 325 D11 (
353 D7 IN 324 D12 (
352 D8 IN 323 D13 (
351 D9 IN 322 D14 (
350 D10 IN 321 D15 (
349 D11 IN 320 WEO(BEO)/DQMLL (
348 D12 IN 319 WET1(BE1)/DQMLU/WE  (
347 D13 IN 318 RD/WR (
346 D14 IN 317 CAS (
345 D15 IN 316 CKE (
344 REFOUT/IRQOUT/ARBUSY OUT 315  RAS (
343 BACK ouT 314 Ccs2 (
342 CSo ouT 313 CSs3 (
341 CS4 ouT 312 A0 (
340 CSBA ouT 311 A1 (
339 CS6A ouT 310 A2 (
338 RD ouT 309 A3 (
337 BS ouT 308 A4 (
336 DO ouT 307 A5 (
335 D1 ouT 306 A6 (
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297 CS0 Control 265 G
296 Cs4 Control 264 A3 C
295  CS5A Control 263 A4 C
294 CS6A Control 262 A5 C
293  RD Control 261 A6 C
292 BS Control 260 A7 C
291 DO Control 259 A8 C
290 D1 Control 258 A9 C
289 D2 Control 257 A10 C
288 D3 Control 256 A1 C
287 D4 Control 255 A12 C
286 D5 Control 254 D16 IN
285 D6 Control 253 D17 IN
284 D7 Control 252 D18 IN
283 D8 Control 251 D19 IN
282 D9 Control 250 D20 IN
281 D10 Control 249 D21 IN
280 D11 Control 248 D22 IN
279 D12 Control 247 D23 IN
278 D13 Control 246 D24 IN
277 D14 Control 245 D25 IN
276 D15 Control 244 D26 IN
275 WEO(BEO)/DQMLL Control 243 D27 IN
274 WE1(BE1)/DQMLU/WE Control 242 D28 IN
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233 P1B5/SCIF1CK IN 202 D29

232  PTB6/CTSO IN 201 D30

231 PTB7/RTSO IN 200 D31

230  PTAO/RXDO IN 199 A18

229  PTA1/TXDO IN 198 A19

228  PTA2/SCIFOCK IN 197 A20

227  PTA3/SCK_SIO0 IN 196 A21

226  PTA4/SIOMCLKO IN 195 A22

225  PTA5/RXD_SIO0 IN 194 A23

224  PTA6/TXD_SIO0 IN 193 A24

223  PTA7/SIOFSYNCO IN 192 A25

222  A13 ouT 191 PTBO

221 Al4 ouT 190 PTB1/CTS1
220  A15 ouT 189 PTB2/RTST
219 A16 ouT 188 PTB3/RXD1
218 A17 ouT 187 PTB4/TXD1

217 WE2(BE2)/DQMUL/ICIORD OUT 186 PTB5/SCIF1CK

216 WES(BE3)/DQMUU/ICIOWR OUT 185 PTB6/CTSO

215 D16 ouT 184 PTB7/RTSO

214 D17 ouT 183 PTAO/RXDO

213 D18 ouT 182 PTA1/TXDO

212 D19 ouT 181 PTA2/SCIFOCK
211 D20 ouT 180 PTA3/SCK_SIO0
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171 Al/ Control 140 PTB4/1TXD1 C
170 WE2(BE2)/DQMUL/ICIORD Control 139 PTB5/SCIF1CK C
169 WES3(BE3)/DQMUU/ICIOWR  Control 138 PTB6/CTSO C
168 D16 Control 137 PTB7/RTSO C
167 D17 Control 136 PTAO/RXDO C
166 D18 Control 135 PTA1/TXDO C
165 D19 Control 134 PTA2/SCIFOCK C
164 D20 Control 133 PTA3/SCK_SIO0 C
163 D21 Control 132 PTA4/SIOMCLKO C
162 D22 Control 131 PTA5/RXD_SIO0 C
161 D23 Control 130 PTA6/TXD_SIO0 C
160 D24 Control 129 PTA7/SIOFSYNCO C
159 D25 Control 128 CRS1 IN
158 D26 Control 127 COL1 IN
157 D27 Control 126 TX-CLK1 IN
156 D28 Control 125 RX-ERT1 IN
155 D29 Control 124 RX-CLK1 IN
154 D30 Control 123 RX-DV1 IN
153 D31 Control 122 ERXD10 IN
152 A18 Control 121 ERXD11 IN
151 A19 Control 120 ERXD12 IN
150 A20 Control 119 ERXD13 IN
149 A21 Control 118 MDIO1 IN
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109 ERXDOO IN /3 ETXD11

108 ERXDO1 IN 77 ETXD10
107 ERXD02 IN 76 TX-ENT
106 ERXD03 IN 75 TX-ERT1
105 MDIOO IN 74 MDC1

104 LNKSTAO IN 73 MDIO1
103 CAMSENO/IRQ4 IN 72 WOLI1

102 MD4 IN 71 EXOUT1
101 MD5 IN 70 ETXD03
100 ETXD13 ouT 69 ETXD02
99 ETXD12 ouT 68 ETXDO1
98 ETXD11 ouT 67 ETXD00
97 ETXD10 ouT 66 TX-ENO
96 TX-ENT1 ouT 65 TX-ERO
95 TX-ERT1 ouT 64 MDCO

94 MDC1 ouT 63 MDIOO

93 MDIO1 ouT 62 WOLO0

92 WOLA1 ouT 61 EXOUTO
9 EXOUT1/TENDT ouT 60 NMI

90 ETXDO03 ouT 59 IRQO/IRLO
89 ETXDO02 ouT 58 IRQ1/IRLT
88 ETXDO1 ouT 57 IRQ2/IRL2
87 ETXD00 ouT 56 IRQ3/IRL3
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P1C6/CE2D

-
[oe

46

PTC7/101S16

-
~

AUDATAS

45

MDO

-
o

AUDATA2

44

MD1

-
(6]

AUDATA1

43

MD2

—_
N

AUDATAO

42

MD3

—_
w

STATUSO

41

ASEBRKAK

-
N

STATUSH

40

AUDSYNC

—_
—_

DACKO

39

AUDCK

-
o

DACK1

38

AUDATAS

PTCO0/SCK_SIO1

37

AUDATA2

PTC1/SIOMCLK1

36

AUDATA1

PTC2/RXD_SIO1

35

AUDATAO

PTC3/TXD_SIO1

34

STATUSO

PTC4/SIOFSYNCH1

33

STATUSH

PTC5/CE2A

32

DACKO

PTC6/CE2B

31

DACK1

PTC7/101S16

30

PTCO0/SCK_SIO1

CS5B/CE1A

29

PTC1/SIOMCLK1

Ol =[N W|~|lOO|O|N|[0| ©

CS6B/CE1B

28

PTC2/RXD_SIO1

27

PTC3/TXD_SIO1

To TDO

Note: Control is an active-low signal.
When Control is driven low, the corresponding pin is driven by the value of OUT.
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pevice 1L In tnis Lol IS Vo 1EVUF. UpP|
bits may be changed by the chip version

SDIDH corresponds to bits 31 to 16.
SDIDL corresponds to bits 15 to 0.

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



\U‘ nuli=licovivic /] -\ LrclciitUn=oLdall J -\ LclclitinTsiall /]
0 0

] y 1 Y

Y

Figure22.2 TAP Controller State Transitions

Note: Thetransition condition isthe TMSvalue at the rising edge of TCK. The TDI va
sampled at the rising edge of TCK; shifting occurs at the falling edge of TCK. Fc
on change timing of the TDO value, see section 22.4.3, TDO Output Timing. The
at high impedance, except with shift-DR and shift-IR states. During the change t«
0, there isatransition to test-logic-reset asynchronously with TCK.
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A In ASE user mode™ . Normal reset

In ASE break mode*®: RESETP ass
masked

H L H-UDI reset only

H Normal operation

Notes: 1.

2243

Performs normal mode and ASE mode settings

ASEMDO = H, normal mode

ASEMDO = L, ASE mode

In ASE mode, reset hold is enabled by driving the RESETP and TRST pins Ic
constant cycle. In this state, the CPU does not activate, even if RESETP is di
When TRST is driven high, H-UDI operation is enabled, but the CPU does nc
The reset hold state is canceled by the following conditions:

e Another RESETP assertion (power-on reset)
e TRST reassertion

ASE mode is classified into two modes; ASE break mode to execute the firm
program of an emulator and ASE user mode to execute the user program.

Make sure the TRST pin is low when the power is turned on.

TDO Output Timing

Thetiming of data output from the TDO is switched by the command type set in the SD
timing changes at the TCK falling edge when JTAG commands (EXTEST, CLAMP, HI
SAMPLE/PRELOAD, IDCODE, and BY PASS) are set. Thisisatiming of the JTAG st
When the H-UDI commands (H-UDI reset negate, H-UDI reset assert, and H-UDI inter|
set, TDO is output at the TCK rising edge earlier than the JTAG standard by a half cycl
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An H-UDI reset is executed by inputting an H-UDI reset assert command in SDIR. AnH
reset is of the same kind as a power-on reset. An H-UDI reset is released by inputting an
reset negate command. The required time between the H-UDI reset assert command and
reset negate command is the same as time for keeping the RESETP pin low to apply a po
reset.

SDIR X H-UDI reset agsert >< >< H-UDI reset negatex:
Chip internal reset / \

CPU state E E ><Branch to

Figure22.4 H-UDI Reset

2245 H-UDI Interrupt

The H-UDI interrupt function generates an interrupt by setting a command from the H-U
SDIR. An H-UDI interrupt is a general exception/interrupt operation, resulting in a branc
address based on the VBR value plus offset, and with return by the RTE instruction. This
request has afixed priority level of 15.

H-UDI interrupts are accepted in sleep mode.
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BYPASS: The BY PASSinstruction isan essential standard instruction that operates the
register. Thisinstruction shortens the shift path to speed up serial data transfer involving
chips on the printed circuit board. While this instruction is executing, the test circuit has
on the system circuits. The upper four bits of the instruction code are B'1111.

SAMPLE/PREL OAD: The SAMPLE/PRELOAD instruction inputs values from this L
internal circuitry to the boundary scan register, outputs values from the scan path, and Ic
onto the scan path. When thisinstruction is executing, this LSl sinput pin signals are tr:
directly to theinternal circuitry, and internal circuit values are directly output externally
output pins. This LSI’s system circuits are not affected by execution of thisinstruction.
four bits of the instruction code are 0100.

In a SAMPLE operation, a snapshot of avalue to be transferred from an input pin to the
circuitry, or avalue to be transferred from the internal circuitry to an output pin, islatch
boundary scan register and read from the scan path. Snapshot latching is performed in
synchronization with the rise of TCK in the Capture-DR state. Snapshot latching does n
normal operation of thisLSl.

In a PRELOAD operation, aninitial valueis 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: Thisinstruction is provided to test external circuitry when thethisL Sl ismo
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 datais scanned-in when test data (N-1) is scanned out.
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22.5.2 Pointsfor Attention

1.

S LI S AN

Boundary scan mode does not cover clock-related signals (EXTAL, EXTAL2, XTAL
XTALZ2, CKIO, CKIO2).

Boundary scan mode does not cover reset-related signals (RESETP, RESETM).
Boundary scan mode does not cover H-UDI-related signals (TCK, TDI, TDO, TMS,
Boundary scan mode does not cover the ASEMDO pin.

When the EXTEST, CLAMP, and HIGHZ commands are set, fix the RESETP pin lo

When aboundary scan test for other than BY PASS and IDCODE is carried out, fix tr
ASEMDO pin high.

22.6  Usage Notes

1

An H-UDI command, once set, will not be modified as long as another command isn
issued from the H-UDI. If the same command is given continuously, the command m
after acommand (BY PASS, etc.) that does not affect chip operationsis once set.

In standby mode, the H-UDI function cannot be used. To retain the TAP status befor
after standby mode, keep TCK high before entering standby mode.

The H-UDI is used for emulator connection. Therefore, H-UDI functions cannot be u:
using an emulator.

22.7  Advanced User Debugger (AUD)

The AUD isafunction only for an emulator. For details on the AUD, refer to each emuls
user’s manual.
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Register Bits:

Bit configurations of the registers are described in the same order as the Register Ac
(by functional module, in order of the corresponding section numbers).

Reserved bits are indicated by — in the bit name.

No entry in the bit-name column indicates that the whole register is allocated as a co
for holding data.

When registers consist of 16 or 32 bits, bits are described from the MSB side.

The order in which bytes are described is on the presumption of abig-endian systerr

Register Statesin Each Operating Mode:

Register states are described in the same order as the Register Addresses (by functio
module, in order of the corresponding section numbers).

For theinitial state of each hit, refer to the description of the register in the correspol
section.

The register states described are for the basic operating modes. If there is a specific |
on-chip module, refer to the section on that on-chip module.
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INTEVT Excepton L HFFFF FFD8 32 32
INTEVT2 handiing 7 H'A400 0000 32 32
TRA L HFFFF FFDO 32 32
EXPEVT L HFFFF FFD4 32 32
TEA L HFFFF FFFC 32 32
MMUCR MMU L HFFFF FFEO 32 32
PTEH L HFFFF FFFO 32 32
PTEL L HFFFF FFF4 32 32
TTB L HFFFF FFF8 32 32
CCR1 Cache L HFFFF FFEC 32 32
CCR2 L H'A400 00B0 32 32
CCR3 L H'A400 00B4 32 32
IPRA INTC P HA414 FEE2 16 16
IPRB P HA414 FEE4 16 16
IPRC P HA414 0016 16 16
IPRD P HA414 0018 16 16
IPRE P HA414 001A 16 16
IPRF P H'A408 0000 16 16
IPRG P H'A408 0002 16 16
IPRH P H'A408 0004 16 16
IPRI P H'A408 0006 16 16
ICRO P H'A414 FEEO 16 16
ICR1 P H'A414 0010 16 16
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BARA UBC L H'A4FF FFBO 32 32
BAMRA L H'A4FF FFB4 32 32
BBRA L H'A4FF FFB8 16 16
BARB L H'A4FF FFAO 32 32
BAMRB L HA4FF FFA4 32 32
BBRB L H'A4FF FFA8 16 16
BDRB L HA4FF FFO0 32 32
BDMRB L H'A4FF FF94 32 32
BRCR L H'A4FF FF98 32 32
BETR L H'A4FF FF9C 16 16
BRSR L H'A4FF FFAC 32 32
BRDR L H'A4FF FFBC 32 32
BASRA L HFFFF FFE4 8 8
BASRB L H'FFFF FFE8 8 8
STBCR Power-down P HA415 FF82 8 8
STBCR2 mode P H'A415 FF88 8 8
STBCR3 P H'A40A 0000 8 8
FRQCR CPG P HA415 FF80 16 16
WTCNT P HA415 FF84 8 8/1
WTCSR P HA415 FF86 8 8/1
CMNCR BSC [ H'A4FD 0000 32 32
CSOBCR | H'A4FD 0004 32 32
CS2BCR | H'A4FD 0008 32 32
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CS3WCR

e e o

| H'A4FD 002C 32 32
CS4WCR | H'A4FD 0030 32 32
CS5AWCR [ H'A4FD 0034 32 32
CS5BWCR | H'A4FD 0038 32 32
CS6AWCR | H'A4FD 003C 32 32
CSB6BWCR [ H'A4FD 0040 32 32
SDCR | H'A4FD 0044 32 32
RTCSR | H'A4FD 0048 32 32
RTCNT | H'A4FD 004C 32 32
RTCOR | H'A4FD 0050 32 32
SDMR2 | H'A4FD 4xxx — 16
SDMR3 | H'A4FD 5xxx — 16
SAR_O DMAC P H'A401 0020 32 16/3
DAR_O P H'A401 0024 32 16/3
DMATCR_0 P H'A401 0028 32 16/3
CHCR_O0 P H'A401 002C 32 8/16
SAR_1 P H'A401 0030 32 16/3
DAR_1 P H'A401 0034 32 16/3
DMATCR_1 P H'A401 0038 32 16/3
CHCR_1 P H'A401 003C 32 8/16
SAR_2 P H'A401 0040 32 16/3
DAR_2 P H'A401 0044 32 16/3
DMATCR_2 P H'A401 0048 32 16/3
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CHCR_4

e

P H'A401 007C 32 8/1
SAR_5 P H'A401 0080 32 16/
DAR_5 P H'A401 0084 32 16/
DMATCR_5 P H'A401 0088 32 16/
CHCR_5 P H'A401 008C 32 8/1
DMAOR P H'A401 0060 16 8/1
DMARSO P H'A409 0000 16 16
DMARS1 P H'A409 0004 16 16
DMARS2 P H'A409 0008 16 16
TSTR TMU P H'A412 FE92 8 8
TCORO P H'A412 FE94 32 32
TCNTO P H'A412 FE98 32 32
TCRO P H'A412FE9C 16 16
TCOR1 P H'A412 FEAO 32 32
TCNT1 P H'A412 FEA4 32 32
TCR1 P H'A412 FEA8 16 16
TCOR2 P H'A412 FEAC 32 32
TCNT2 P H'A412 FEBO 32 32
TCR2 P H'A412 FEB4 16 16
R64CNT RTC P H'A413FECO 8 8
RSECCNT P H'A413FEC2 8 8
RMINCNT P H'A413FEC4 8 8
RHRCNT P H'A413FEC6 8 8

Rev. 1.00 Dec. 27, 2005 Pag

RENESAS

REJOS



yEAAD R

SRR E A 1 i

[«

[«

RDAYAR P H'A413 FED8 8 8
RMONAR P H'A413 FEDA 8 8
RCR1 P H'A413 FEDC 8 8
RCR2 P H'A413 FEDE 8 8
RYRAR P H'A413 FEEO 16 16
RCR3 P H'A413 FEE4 8 8
SCSMR_0 SCIF P H'A440 0000 16 16
SCBRR_0 P H'A440 0004 8 8
SCSCR_0 P H'A440 0008 16 16
SCFTDR_0 P H'A440 000C 8 8
SCFSR_0 P H'A440 0010 16 16
SCFRDR_0 P H'A440 0014 8 8
SCFCR_0 P H'A440 0018 16 16
SCFDR_0 P H'A440 001C 16 16
SCLSR_0 P H'A440 0024 16 16
SCSMR_1 P H'A441 0000 16 16
SCBRR_1 P H'A441 0004 8 8
SCSCR_1 P H'A441 0008 16 16
SCFTDR_1 P H'A441 000C 8 8
SCFSR_1 P H'A441 0010 16 16
SCFRDR_1 P H'A441 0014 8 8
SCFCR_1 P H'A441 0018 16 16
SCFDR_1 P H'A441001C 16 16
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SISTR_0
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P HA442 0014 16 16
SIER_0 P HA4420016 16 16
SITDR_0 P HA442 0020 32 32
SIRDR_0 P HA442 0024 32 32
SITCR_0 P HA442 0028 32 32
SIRCR_O P HA442 002C 32 32
SIMDR_1 P H'A4430000 16 16
SISCR_1 P HA4430002 16 16
SITDAR_1 P HA4430004 16 16
SIRDAR_1 P HA4430006 16 16
SICDAR_1 P HA4430008 16 16
SICTR_1 P H'A443000C 16 16
SIFCTR_1 P HA4430010 16 16
SISTR_1 P HA4430014 16 16
SIER_1 P HA4430016 16 16
SITDR_1 P HA4430020 32 32
SIRDR_1 P HA443 0024 32 32
SITCR_1 P HA443 0028 32 32
SIRCR_1 P HA443002C 32 32
ECMRO EtherC | HA700 0160 32 32
ECSRO (MAC-0) 7 H'A700 0164 32 32
ECSIPRO | HA700 0168 32 32
PIRO | HA700016C 32 32
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CEFCRO H'A700 0194 32 32
FRECRO H'A700 0198 32 32
TSFRCRO H'A700 019C 32 32
TLFRCRO H'A700 01A0 32 32
RFCRO H'A700 01A4 32 32
MAFCRO H'A700 01A8 32 32
IPGRO H'A700 01B4 32 32
ECMR1 EtherC H'A700 0560 32 32
ECSR1 (MAC-1) H'A700 0564 32 32
ECSIPR1 H'A700 0568 32 32
PIR1 H'A700 056C 32 32
MAHR1 H'A700 0570 32 32
MALR1 H'A700 0574 32 32
RFLR1 H'A700 0578 32 32
PSR1 H'A700 057C 32 32
TROCR1 H'A700 0580 32 32
CDCR1 H'A700 0584 32 32
LCCR1 H'A700 0588 32 32
CNDCRH1 H'A700 058C 32 32
CEFCR1 H'A700 0594 32 32
FRECR1 H'A700 0598 32 32
TSFRCRH1 H'A700 059C 32 32
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TSU_BSYSLO

TSU_BSYSLA1

TSU_PRISLO

TSU_PRISL1

TSU_FWSLO

TSU_FWSLA1

TSU_FWSLC

TSU_QTAGMO

TSU_QTAGM!1

TSU_ADQTO

TSU_ADQTH1

TSU_FWSR

TSU_FWINMK

TSU_ADSBSY

TSU_TEN

TSU_POST1

TSU_POST2

TSU_POST3

TSU_POST4

TXNLCRO

TXALCRO

H'A700 0818 32 32
H'A700 0820 32 32
H'A700 0824 32 32
H'A700 0828 32 32
H'A700 082C 32 32
H'A700 0830 32 32
H'A700 0834 32 32
H'A700 0838 32 32
H'A700 0840 32 32
H'A700 0844 32 32
H'A700 0848 32 32
H'A700 084C 32 32
H'A700 0850 32 32
H'A700 0854 32 32
H'A700 0860 32 32
H'A700 0864 32 32
H'A700 0870 32 32
H'A700 0874 32 32
H'A700 0878 32 32
H'A700 087C 32 32
H'A700 0880 32 32
H'A700 0884 32 32
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FWNLCR1 H'A700 08B0 32 32
FWALCR1 H'A700 08B4 32 32
TSU_ADRHO H'A700 0900 32 32
TSU_ADRLO H'A700 0904 32 32
TSU_ADRH1 H'A700 0908 32 32
TSU_ADRLA1 H'A700 090C 32 32
TSU_ADRH2 H'A700 0910 32 32
TSU_ADRL2 H'A700 0914 32 32
TSU_ADRH3 H'A700 0918 32 32
TSU_ADRL3 H'A700 091C 32 32
TSU_ADRH4 H'A700 0920 32 32
TSU_ADRL4 H'A700 0924 32 32
TSU_ADRH5 H'A700 0928 32 32
TSU_ADRL5 H'A700 092C 32 32
TSU_ADRH6 H'A700 0930 32 32
TSU_ADRL6 H'A700 0934 32 32
TSU_ADRH7 H'A700 0938 32 32
TSU_ADRL7 H'A700 093C 32 32
TSU_ADRHS8 H'A700 0940 32 32
TSU_ADRLS H'A700 0944 32 32
TSU_ADRH9 H'A700 0948 32 32
TSU_ADRL9 H'A700 094C 32 32
TSU_ADRH10 H'A700 0950 32 32
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TSU_ADRL14
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TSU_ADRH15

TSU_ADRL15

TSU_ADRH16

TSU_ADRL16

TSU_ADRH17

TSU_ADRL17

TSU_ADRH18

TSU_ADRL18

TSU_ADRH19

TSU_ADRL19

TSU_ADRH20

TSU_ADRL20

TSU_ADRH21

TSU_ADRL21

TSU_ADRH22

TSU_ADRL22

TSU_ADRH23

TSU_ADRL23

TSU_ADRH24

TSU_ADRL24

TSU_ADRH25

TSU_ADRL25

H'A700 0974 32 32
H'A700 0978 32 32
H'A700 097C 32 32
H'A700 0980 32 32
H'A700 0984 32 32
H'A700 0988 32 32
H'A700 098C 32 32
H'A700 0990 32 32
H'A700 0994 32 32
H'A700 0998 32 32
H'A700 099C 32 32
H'A700 09A0 32 32
H'A700 09A4 32 32
H'A700 09A8 32 32
H'A700 09AC 32 32
H'A700 09B0O 32 32
H'A700 09B4 32 32
H'A700 09B8 32 32
H'A700 09BC 32 32
H'A700 09CO0 32 32
H'A700 09C4 32 32
H'A700 09C8 32 32
H'A700 09CC 32 32
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TSU_ADRH30 H'A700 09F0 32 32
TSU_ADRL30 H'A700 09F4 32 32
TSU_ADRH31 H'A700 09F8 32 32
TSU_ADRL31 H'A700 09FC 32 32
EDMRO E-DMACO H'A700 0000 32 32
EDTRRO H'A700 0004 32 32
EDRRRO H'A700 0008 32 32
TDLARO H'A700 000C 32 32
RDLARO H'A700 0010 32 32
EESRO H'A700 0014 32 32
EESIPRO H'A700 0018 32 32
TRSCERO H'A700 001C 32 32
RMFCRO H'A700 0020 32 32
TFTRO H'A700 0024 32 32
FDRO H'A700 0028 32 32
RMCRO H'A700 002C 32 32
EDOCRO H'A700 0030 32 32
FCFTRO H'A700 0034 32 32
TRIMDO H'A700 003C 32 32
RBWARO H'A700 0040 32 32
RDFARO H'A700 0044 32 32
TBRARO H'A700 004C 32 32
TDFARO H'A700 0050 32 32
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RMFCR1 | H'A700 0420 32 32
TFTRA1 | H'A700 0424 32 32
FDR1 | H'A700 0428 32 32
RMCR1 I H'A700 042C 32 32
EDOCR1 I H'A700 0430 32 32
FCFTR1 | H'A700 0434 32 32
TRIMD1 | H'A700 043C 32 32
RBWARH1 I H'A700 0440 32 32
RDFAR1 | H'A700 0444 32 32
TBRAR1 | H'A700 044C 32 32
TDFAR1 I H'A700 0450 32 32
PACR PFC P H'A405 0100 16 16
PBCR P H'A4050102 16 16
PCCR P H'A405 0104 16 16
PETCR P H'A405 0106 16 16
PADR 1/0 port P H'A405 0120 8 8
PBDR P H'A405 0122 8 8
PCDR P H'A4050124 8 8
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DOouU.
DMAC:
TMU:
RTC:
SCIFO:
SCIF1:
SIOFO:
SIOF1:
EtherC (MAC-0):
EtherC (MAC-1):
EtherC (TSU):
E-DMACO:
E-DMACH1:
PFC:
H-UDI:
2. Bus:

DUS olalec LOriaoner

Direct Memory Access Controller

Timer Unit

Realtime Clock

Serial Communication Interface with FIFO 0

Serial Communication Interface with FIFO 1

Serial 1/0 with FIFO 0

Serial I/0 with FIFO 1

Ethernet Controller 0

Ethernet Controller 1

Transfer Unit for Ethernet Controller

Ethernet Controller Direct Memory Access Controller 0
Ethernet Controller Direct Memory Access Controller 1
Pin Function Controller

User Debugging Interface

L: Connected to the CPU, DSP, CCN, Cache, MMU, and UBC.
I: Connected to the BSC, CCN, Cache, DMAC, E-DMACO0, and E-DMAC1
P: Connected to the BSC and peripheral modules (RTC, TMU, SCIFO0, SCI
SIOF0, SIOF1, DMAC, PORT, INTC, H-UDI, CPG).
3. The access size indicates the size when accessing (read/write) the control reg
an access is performed in the different size as shown above, the result is not ¢

data.

4. 16 bits when writing and 8 bits when reading.
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— — — — — — TRA TRA
TRA TRA TRA TRA TRA TRA  — —

EXPEVT — — — — — — — —
— — — — EXPEVT EXPEVT EXPEVT EXPEVT
EXPEVT EXPEVT EXPEVT EXPEVT EXPEVT EXPEVT EXPEVT EXPEVT
INTEVT — — — — — — — —
— — — — INTEVT INTEVT INTEVT INTEVT
INTEVT INTEVT INTEVT INTEVT |INTEVT INTEVT INTEVT INTEVT
INTEVT2 — — — — — — — —

— — — — INTEVT2 INTEVT2 INTEVT2 INTEVTZ
INTEVT2 INTEVT2 INTEVT2 INTEVT2 INTEVT2 INTEVT2 — —

TEA TEA TEA TEA TEA TEA TEA TEA TEA
TEA TEA TEA TEA TEA TEA TEA TEA
TEA TEA TEA TEA TEA TEA TEA TEA
TEA TEA TEA TEA TEA TEA TEA TEA

PTEH VPN VPN VPN VPN VPN VPN VPN VPN
VPN VPN VPN VPN VPN VPN VPN VPN
VPN VPN VPN VPN VPN VPN — —
ASID ASID ASID ASID ASID ASID ASID ASID
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MMUCR — — - — — — — —

— — — — — — — sv
_ — RC RC — TF IX AT
CCR1 — — — — — _ — _
_ _ — — CF cB WT CE
CCR2 — — — — — _ — _
— — — — — — — LE
_ _ _ _ — — W3LOAD W3LOCK
_ _ _ _ — — W2LOAD W2LOCK
CCR3 — — — — — _ _ _
CSIZE7 CSIZE6 CSIZE5 CSIZE4 CSIZE3 CSIZE2 CSIZE1 CSIZEO
IPRA TMUO TMU1
TMU2 RTC
IPRB wDT REF
IPRC IRQ3 IRQ2
IRQ1 IRQO
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E-DMAC(3) — — _ _

IPRH — — — — — — — —

— — — — SIOFO0
IPRI — — — — — — — —

SIOF1 — — — —

ICRO NMIL — — — — — — NMIE
ICR1 MAI IRQLVL BLMASK IRLSEN IRQ51S [IRQ50S IRQ41S IRQ40S

IRQ31S IRQ30S IRQ21S [IRQ20S [RQ11S IRQ10S IRQ01S IRQO0S
IRRO — — IRQ5R IRQ4R IRQ3R  IRQ2R IRQ1R IRQOR
IRR1 TXIOR  BRIOR RXIOR ERIOR DEISBR  DEI2R DEIMR DEIOR
IRR2 — — — — TXHR BRI1R RXI1R ERIMR
IRR3 — — — — — CUIR PRIR ATIR
IRR4 — TUNI2R TUNHR TUNIOR ITIR — — RCMIR
IRR5 — — DEISR DEI4R — EINT2R EINT1R EINTOR
IRR7 CCIOR  RXIOR TXIOR ERIOR — — — —
IRR8 CCHR RXHR TXHR ERIR — — — —

BARA BAA31 BAA30 BAA29 BAA28 BAA27 BAA26  BAA25 BAA24
BAA23 BAA22  BAA21 BAA20 BAA19 BAA18  BAA17 BAA16
BAA15 BAA14 BAA13  BAA12 BAA11  BAA10  BAA9 BAA8
BAA7 BAA6 BAA5 BAA4 BAA3 BAA2 BAA1 BAAO
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BAB23 BAB22 BAB21 BAB20 BAB19 BAB18 BAB17 BAB16

BAB15 BAB14 BAB13 BAB12 BAB11 BAB10  BAB9 BAB8

BAB7 BAB6 BAB5 BAB4 BAB3 BAB2 BAB1 BABO

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

BDRB BDB31 BDB30 BDB29 BDB28 BDB27 BDB26 BDB25 BDB24

BDB23 BDB22 BDB21 BDB20 BDB19 BDB18 BDB17 BDB16

BDB15 BDB14 BDB13 BDB12 BDB11 BDB10 BDB9 BDB8

BDB7 BDB6 BDB5 BDB4 BDB3 BDB2 BDB1 BDBO

BDMRB BDMB31 BDMB30 BDMB29 BDMB28 BDMB27 BDMB26 BDMB25 BDMB24

BDMB23 BDMB22 BDMB21 BDMB20 BDMB19 BDMB18 BDMB17 BDMB16

BDMB15 BDMB14 BDMB13 BDMB12 BDMB11 BDMB10 BDMB9 BDMB8

BDMB7 BDMB6 BDMB5 BDMB4 BDMB3 BDMB2 BDMB1 BDMBO

BBRB — — — — — — XYE XYS

CDBH1 CDBO IDB1 IDBO RWBH1 RWBO0 SZB1 SZB0

BRCR  — — — — — — — —

— — BASMA BASMB — — — —

SCMFCA SCMFCB SCMFDA SCMFDB PCTE PCBA — —

DBEB PCBB — — SEQ — — ETBE

BETR — — — — BET11 BET10  BET9 BET8

BET7 BET6 BET5 BET4 BET3 BET2 BET1 BETO
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BDA7 BDA6 BDA5 BDA4 BDAS3 BDA2 BDA1 BDAO

BASRA BASA7 BASA6 BASA5 BASA4 BASA3 BASA2 BASA1  BASAO

BASRB BASB7 BASB6 BASB5 BASB4 BASB3 BASB2 BASB1 BASBO

STBCR STBY — — — — MSTP2 MSTP1 —
STBCR2 MSTP10 MSTP9 MSTP8 MSTP7 MSTP6 MSTP5 — MSTP3
STBCR3 — — — — MSTP33 MEST32 MSTP31 MSTP3|
FRQCR — — — CKOEN — — STCH STCO

— — IFC1 IFCO — PFC2 PFC1 PFCO
WTCNT

WTCSR TME WTAT RSTS WOVF IOVF CKS2 CKS1 CKSO0

CMNCR — — — — — _ _ _

WAITSEL BSD — MAP BLOCK DPRTY1 DPRTYO DMAIW
DMAIW1 DMAIWO DMAIWA — ENDIAN CK2DRV HIZMEM HIZCNT
CSnBCR — IwWw2 IWWA1 IWWO IWRWD2 IWRWD1 IWRWDO IWRWS
(3rj Z’ 05’A2,’ IWRWS1 IWRWSO0 IWRRD2 IWRRD1 IWRRDO IWRRS2 IWRRS1 IWRRS
5B, 6A, TYPE3 TYPE2 TYPE1 TYPEO — BSZz1 BSZ0 —
6B)
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WRO0 WM — — — — HWH1 HWO
wo WM — — — — — —
wo WM — — — — — —
CS2WCR** — — — — — — — —
— — — BAS — — — —
— — — — — WR3 WR2 WR1
— — — — — — — A2CLA1
WRO0 WM — — — — — —
A2CLO — — — — — — —
CS3WCR** — — — — — — — —
— — — BAS — — — —
CS3WCR** — — — — — WR3 WR2 WR1
— TRP1 TRPO  — TRCD1 TRCDO — A3CL1
WRO0 WM — — — — — —
A3CLO — — TRWL1T  TRWLO — TRCH TRCO
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CS5A

WCR**

— — — — ww2 Ww1 wwo
— — — SW1 SWo WR3 WR2 WR1
WRO WM — — — — HWA HWO
CS5BWCR*® — — — — — — — —
— — — BAS — ww2 Ww1 Wwo
— — SA1 SA0 — — — —
— — — SW1 SWo WR3 WR2 WR1
— TED3  TED2  TEDf1 TEDO PCW3 PCW2 PCWA
WRO0 WM — — — — HWH1 HWO
PCWO WM — — TEH3  TEH2  TEH1 TEHO
CSBAWCR** — — — — — — — —
— — — SW1 SWo WR3 WR2 WR1
WRO WM — — — — HWA HWO
CS6BWCR*® — — — — — — — —
— — — BAS — — — —
— — SA1 SA0 — — — —
— — — SW1 SWo WR3 WR2 WR1
— TED3  TED2  TEDf1 TEDO PCW3 PCW2 PCWA
WRO0 WM — — — — HWH1 HWO
PCWO WM — — TEH3  TEH2  TEH1 TEHO
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CMF CMIE CKS2 CKS1 CKS0 RRC2 RRC1 RRCO

RTCNT — — — — — — — —

RTCOR  — — _ _ _ _ — —

SAR_n

(n=0to05)

DAR_n

(n=0to5)

DMATCR_n

(n=0to5)
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— — B TS1 TS0 IE TE DE
DMAOR  — — — — — — PR PRO
— — — — — AE NMIF  DME
DMARSO  CIMID5 CiMID4 CIMID3 CiMID2 CIMIDI CiMIDO C1RID1 CARIDO
COMID5 COMID4 COMID3 COMID2 COMIDI COMIDO CORID1 CORIDO
DMARS1  C3MID5 C3MID4 C3MID3 C3MID2 C3MIDi C3MIDO C3RID1  C3RIDO
COMID5 C2MID4 C2MID3 C2MID2 C2MIDi C2MIDO  C2RID1  C2RIDO
DMARS2  C5MID5 C5MID4 C5MID3 C5MID2 C5MIDI  C5MIDO  C5RID1  C5RIDO
C4MID5 C4MID4 C4MID3 C4MID2 C4MIDI C4AMIDO C4RID1  CA4RIDO
TSTR — — — — — STR2 STR1  STRO
TCRn — — — — — — — UNF
(n=0t02) — UNEE  — — TPSC2 TPSC1 TPSCO
TCORnN
(n=0to02)
TCNTn
(n=0to02)
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month

RYRCNT 1000-unit of year

100-unit of year

10-unit of year

1-unit of year

RSECAR ENB 10-unit of second 1-unit of second
RMINAR ENB 10-unit of minute 1-unit of minute
RHRAR ENB — 10-unit of hour 1-unit of hour
RWKAR ENB — — — — Day of week code
RDAYAR ENB — 10-unit of date 1-unit of date
RMONAR ENB — — 10-unit of 1-unit of month
month

RYRAR 1000-unit of year 100-unit of year

10-unit of year 1-unit of year
RCR1 CF — — CIE AIE — — AF
RCR2 PEF PES2 PES1 PESO RTCEN ADJ RESET START
RCR3 YAEN — — — — — — —
SCFRDR_n
(n=0,1)
SCFTDR_n
(n=0,1)
SCSMR_n — — — — — — — —
(=01 ca CHR  PE OFE STOP — CKS1  CKSO
SCSCR_.n — — — — — — — —
(=01 ‘qE RIE TE RE REE  — CKE1  CKEO
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\n=y,1)

— — R4 R3 R2 R1 RO
SCLSR.n — — _ — _ — _ —_
(n=0,1) _ — _ _ _ _ ORER
SIMDR.n TRMDi TRMDO — REDG  FL3 FL2 FL1 FLO
(M=01)" ‘Ixpz LSBF RCIM — _ — _ —
SISCR.n  MSSEL MSIMM — BRPS4 BRPS3 BRPS2 BRPS1 BRPSO
(n=0,1) — — — — BRDV2 BRDVi BRDVO
SITDAR.n TDLE  — — — TDLA3 TDLA2 TDLA1 TDLAO
(n=01) " tprRe  TLREP — _ TDRA3 TDRA2 TDRA! TDRAO
SIRDAR.n RDLE  — — — RDLA3 RDLA2 RDLA1 RDLAO
(n=0.1" 'RpRe — — — RDRA3 RDRA2 RDRA!1 RDRAO
SICDAR.n CDOE  — — — CDOA3 CDOA2 CDOA1 CDOAO
=01 ‘cpig — — — CD1A3 CDiA2 CD1A1 CD1A0
SICTR.n SCKE FSE  — — — — TXE  RXE
(n=0,1)

— — — — — TXRST RXRST

SIFCTR_n TFWM2 TFWM1 TFWMO TFUA4 TFUA3 TFUA2 TFUA1 TFUAO

(M=0.1)  'RFwM2 RFWMi RFWMO RFUA4 RFUA3 RFUA2 RFUA1 RFUAO

SISTR.n  — TCRDY TFEMP TDREQ — RCRDY RFFUL RDREQ
(n=0,1) — _ FSERR TFOVR TFUDR RFUDR RFOVR
SIER.n  — TCRDYE TFEMPE TDREQE — RCRDYE RFFULE RDREQI
(n=0,1)

— — FSERRE TFOVRE TFUDRE RFUDRE RFOVRE
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SIRDR7 SIRDR6 SIRDR5 SIRDR4 SIRDR3 SIRDR2 SIRDR1  SIRDRO
SITCR_.n  SITCO15 SITCO14 SITCO13 SITCO12 SITCO11 SITCO10 SITC09  SITCO8
(M=0.1)  'giTco7 SITCO6 SITCO5 SITCO4 SITCO3 SITCO2  SITCO1  SITCOO

SITC115 SITC114 SITC113 SITC112 SITC111 SITC110 SITC19  SITC18

SITC17 SITC16 SITC15 SITC14  SITC13  SITC12  SITC11  SITC10
SIRCR_.n  SIRCO15 SIRCO14 SIRC013 SIRCO12 SIRCO11 SIRCO10 SIRCO9 SIRCO8
(n=0.1) " 'girco7 SIRCO6 SIRCO5 SIRCO4 SIRCO3 SIRC02 SIRCOT  SIRC00

SIRC115 SIRC114 SIRC113 SIRC112 SIRG111 SIRC110 SIRC19 SIRC18

SIRC17 SIRC16 SIRC15 SIRC14 SIRC13 SIRC12 SIRC11  SIRC10
ARSTR — — — — — — — —

_ _ — — _ — — ARST
ECMRn  — — — — — — — —
(n=0,1) — _ _ _ _ . . .

— — MCT  PRCEF — — MPDE —

— RE TE — ILB ELB DM PRM
ECSRn — — — — — — — —
(n=0,1) - _ - o - . . .

— — — — — LCHNG MPD  ICD
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— — — — MDI MDO  MMD  MDC
MAHRn  MA47  MA46  MA45  MA44  MA43  MA42  MA41  MA40
(=01 "MA39  MA38 MA37 MA36  MA35  MA34  MA33  MA32
MA31  MA30 MA29 MA28 MA27 MA26  MA25  MA24
MA23  MA22 MA21  MA20 MA19  MA18  MA17  MAI16
MALRn — — — — — — — —
(n=0,1) - - - - - - - -
MA15  MA14  MA13  MA12  MA11  MA10 MA9  MAS
MA7  MA6  MA5  MA4  MA3  MA2  MAT MAO
RFLRn — — — — — — — —
(n=0,1) — — — — — — — —
— — — — RFL11  RFL10 RFL9  RFL8
RFL7 RFL6 RFL5 RFL4 RFL3 RFL2  RFL1  RFLO
PSRN — — — — — — — —
(n=0,1) — _ — _ _ . - .
— — — — — — — LMON
TROCRn  TROC31 TROC30 TROC29 TROC28 TROC27 TROC26 TROC25 TROC24
(n=0.1)  TRoc23 TROC22 TROC21 TROC20 TROC19 TROC18 TROC17 TROC16
TROC15 TROC14 TROC13 TROC12 TROC11 TROC10 TROC9 TROCS
TROC7 TROC6 TROC5 TROC4 TROC3 TROC2 TROC1 TROCO
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LCC7 LCC6  LCC5  LCC4  LCC3  LCC2  LCC1  LCCO
CNDCRn  CNDC31 CNDC30 CNDC29 CNDC28 CNDC27 CNDC26 CNDC25 CNDC24
(n=0.1)  "cNDC23 CNDC22 CNDC21 CNDC20 CNDC19 CNDC18 CNDC17 CNDC16
CNDC15 CNDC14 CNDC13 CNDC12 CNDC11 CNDC10 CNDC9 CNDC8
CNDC7 CNDC6 CNDC5 CNDC4 CNDC3 CNDC2 CNDC1 CNDCO
CEFCRn  CEFC31 CEFC30 CEFC29 CEFC28 CEFC27 CEFC26 CEFC25 CEFC24
(n=0.1)  "CEFC23 CEFC22 CEFC21 CEFC20 CEFC19 CEFC18 CEFC17 CEFC16
CEFC15 CEFC14 CEFC13 CEFC12 CEFC11 CEFC10 CEFC9 CEFC8
CEFC7 CEFCé CEFC5 CEFC4 CEFC3 CEFC2 CEFC1 CEFCO
FRECRn  FREC31 FREC30 FREC29 FREC28 FREC27 FREC26 FREC25 FREC24
(n=0.1)  "FREC23 FREC22 FREC21 FREC20 FREC19 FREC18 FREC17 FREC16
FREC15 FREC14 FREC13 FREC12 FREC11 FREC10 FREC9 FRECS
FREC7 FREC6 FREC5 FREC4 FREC3 FREC2 FREC1 FRECO
TSFRCRn TSFC31 TSFC30 TSFC29 TSFC28 TSFC27 TSFC26 TSFC25 TSFC24
(n=0.1)  'TsFco3 TSFC22 TSFC21 TSFC20 TSFC19 TSFCi8 TSFC17 TSFC16
TSFC15 TSFC14 TSFC13 TSFC12 TSFC11 TSFC10 TSFC9  TSFC8
TSFC7 TSFC6 TSFC5 TSFC4 TSFC3 TSFC2 TSFC1  TSFCO
TLFRCRn  TLFC31 TLFC30 TLFC29 TLFC28 TLFC27 TLFC26 TLFC25 TLFC24
(M=0.1) "7 Fco3 TLFC22 TLFC21 TLFC20 TLFC19 TLFCi8 TLFC17 TLFC16
TLFC15 TLFC14 TLFC13 TLFC12 TLFC11 TLFC10 TLFC9 TLFC8
TLFC7 TLFC6 TLFC5 TLFC4 TLFC3 TLFC2 TLFC1  TLFCO
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MAFC7 MAFC6 MAFC5 MAFC4 MAFC3 MAFC2 MAFC1 MAFCO

IPGRn — — — - — — — —
(n=0,1)

TSU_ — — — — — — — —
CTRST

TSU_ FWENO — — — — — — —
FWENO

TSU FWEN1 — — — — — — —

FWENT1

TSU_FCM — — — — — — — —

— — — — — FCM2 FCM1 FCMO
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— — BSYSL15 BSYSL14 BSYSL13 BSYSL12 BSYSL11 BSYSL10

TSU_ — — — — — — — —

PRISLO

— PRIMDO2 PRIMDO1 PRIMDOO0 — — — —

PRISLO7 PRISL06 PRISLO5 PRISL04 PRISLO3 PRISLO2 PRISLO1 PRISLOO

TSU — — — — — — — —

PRISL1

— PRIMD12 PRIMD11 PRIMD10 — — — —

PRISL17 PRISL16 PRISL15 PRISL14 PRISL13 PRISL12 PRISL11 PRISL10

TSU — — — — — — — —

FWS_LO

TSU_ — — — — — — — —

FWSL1

TSU — — — — — — — —

FWSLC

— — POSTENU POSTENL — — — —

CAMSEL03 CAMSEL02 CAMSELO1 CAMSELO0 CAMSEL13 CAMSEL12 CAMSEL11 CAMSEL10
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— — — — — — QTAGM11 QTAGM1(
TSU_ — — — — TINT40 TINT30 TINT20 TINT10
FWSR OVFO RBSYO — RINT50 RINT40 RINT30 RINT20 RINT10
— — — — TINT41  TINT31  TINT21  TINT11
OVF1  RBSY1 — RINTSY RINT41 RINT31 RINT21  RINT{1
TSU_ — — — — TINTM40 TINTM30 TINTM20 TINTMA(
FWINMK “ovEmMo  RBSYMO — RINTM50 RINTM40 RINTM30 RINTM20 RINTMAi
_ —_ —_ _ TINTM41 TINTM31 TINTM21 TINTMA-
OVFM1 RBSYM1 — RINTM51 RINTM41 RINTM31 RINTM21 RINTM{
TSU_ QTAGO031 QTAGO30 QTAG029 QTAGO028 QTAG027 QTAG026 QTAG025 QTAG024
ADQTO QTAGO023 QTAGO022 QTAG021 QTAG020 QTAG019 QTAG018 QTAG017 QTAGO1€
QTAGO15 QTAGO14 QTAGO13 — QTAGO11 QTAGO10 QTAGO009 QTAGO008
QTAGO007 QTAGO06 QTAGO005 QTAGO04 QTAGO003 QTAG002 QTAGO001 QTAGOOC
TSU_ QTAG131 QTAG130 QTAG129 QTAG128 QTAG127 QTAG126 QTAG125 QTAG124
ADQTH1 QTAG123 QTAG122 QTAG121 QTAG120 QTAG119 QTAG118 QTAG117 QTAG116
QTAG115 QTAG114 QTAG113 — QTAG111 QTAG110 QTAG109 QTAG108
QTAG107 QTAG106 QTAG105 QTAG104 QTAG103 QTAG102 QTAG101 QTAG10C
TSU_ _ _ —_ _ —_ _ _ _
ADSBSY — — — — — — —
— — — — — — — ADSBSY
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POST63 POST62 POST61 POST60 POST73 POST72 POST71 POST70

TSU POST83 POST82 POST81 POST80 POST93 POST92 POST91 POST90

POST2 POST103 POST102 POST101 POST100 POST113 POST112 POST111 POST110

POST123 POST122 POST121 POST120 POST133 POST132 POST131 POST130

POST143 POST142 POST141 POST140 POST153 POST152 POST151 POST150

TSU POST163 POST162 POST161 POST160 POST173 POST172 POST171 POST170

POST3 POST183 POST182 POST181 POST180 POST193 POST192 POST191 POST190

POST203 POST202 POST201 POST200 POST213 POST212 POST211 POST210

POST223 POST222 POST221 POST220 POST233 POST232 POST231 POST230

TSU POST243 POST242 POST241 POST240 POST253 POST252 POST251 POST250

POST4 POST263 POST262 POST261 POST260 POST273 POST272 POST271 POST270

POST283 POST282 POST281 POST280 POST293 POST292 POST291 POST290

POST303 POST302 POST301 POST300 POST313 POST312 POST311 POST310

TSU ADRHN31 ADRHNn30 ADRHn29 ADRHn28 ADRHNn27 ADRHNn26 ADRHNn25 ADRHNn24

ADRHn
(n=0to 31)

ADRHN23 ADRHn22 ADRHn21 ADRHn20 ADRHNn19 ADRHNn18 ADRHNn17 ADRHN16

ADRHNn15 ADRHn14 ADRHn13 ADRHn12 ADRHn11 ADRHn10 ADRHN9 ADRHn8

ADRHNn7 ADRHNn6 ADRHNn5 ADRHn4 ADRHNn3 ADRHn2 ADRHn1 ADRHNO

TSU — — — — — — — —

ADRLn
(n=0to 31)

ADRLn15 ADRLn14 ADRLn13 ADRLn12 ADRLn11 ADRLn10 ADRLNn9 ADRLn8

ADRLn7 ADRLn6 ADRLn5 ADRLn4 ADRLn3 ADRLn2 ADRLn1 ADRLnO
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TCO007

TC006

TCO005

TCO004

TCO003

TC002

TCO001

TCO000

RXNLCRO

NRCO031

NRCO030

NRC029

NRC028

NRC027

NRC026

NRCO025

NRC024

NRC023

NRC022

NRCo021

NRC020

NRC019

NRC018

NRCO017

NRCO016

NRCO015

NRCO014

NRCO013

NRCO012

NRCO011

NRCO010

NRCO009

NRCO008

NRC007

NRCO006

NRCO005

NRC004

NRCO003

NRC002

NRCO001

NRCO000

RXALCRO

RCO031

RCO030

RC029

RC028

RCO027

RC026

RC025

RC024

RC023

RC022

RC021

RC020

RCO019

RC018

RC017

RCO016

RCO015

RCO014

RC013

RCo012

RCO11

RCo010

RC009

RC008

RCO007

RCO006

RCO005

RCO004

RCO003

RC002

RCO001

RCO000

FWNLCRO

NFC031

NFC030

NFC029

NFC028

NFCo027

NFC026

NFC025

NFC024

NFC023

NFC022

NFCO021

NFC020

NFCO019

NFCO018

NFCO017

NFCO016

NFCO015

NFCo014

NFC013

NFCo012

NFCO11

NFC010

NFC009

NFC008

NFCO007

NFCO006

NFCO005

NFCO004

NFCO003

NFC002

NFCO001

NFCO000

FWALCRO

FCO031

FCO030

FC029

FC028

FC027

FCO026

FC025

FC024

FC023

FCo022

FCo021

FC020

FCO019

FCO018

FCo017

FC016

FC015

FC014

FCO013

FCo12

FCO11

FCO010

FC009

FCO008

FCo007

FC006

FC005

FC004

FC003

FCo002

FCo001

FCO000

TXNLCR1

NTC131

NTC130

NTC129

NTC128

NTC127

NTC126

NTC125

NTC124

NTC123

NTC122

NTC121

NTC120

NTC119

NTC118

NTC117

NTC116

NTC115

NTC114

NTC113

NTC112

NTC111

NTC110

NTC109

NTC108

NTC107

NTC106

NTC105

NTC104

NTC103

NTC102

NTC101

NTC100

RENESAS

Rev. 1.00 Dec. 27, 2005 Pag

REJOS



NRC107 NRC106 NRC105 NRC104 NRC103 NRC102 NRC101 NRC100
RXALCR1 RC131 RC130 RC129 RC128 RC127 RC126 RC125 RC124
RC123 RCi122 RC121 RC120 RC119 RC118 RC117 RC116
RC115 RC114 RC113 RC112 RC111  RC110 RC109 RC108
RC107 RC106 RC105 RC104 RC103 RC102 RC101  RC100
FWNLCR1 NFC131 NFC130 NFC129 NFC128 NFC127 NFC126 NFC125 NFC124
NFC123 NFC122 NFC121 NFC120 NFC119 NFC118 NFC117 NFC116
NFC115 NFC114 NFC113 NFC112 NFC111 NFC110 NFC109 NFC108
NFC107 NFC106 NFC105 NFC104 NFC103 NFC102 NFC101 NFC100
FWALCR1 FC131 FC130 FC129 FC128 FC127 FCi26 FC125 FC124
FC123 FC122 FC121 FC120 FC119 FC118 FC117 FC116
FC115 FC114 FC113 FC112 FC111 FC110 FC109 FC108
FC107 FC106 FC105 FC104 FC103 FC102 FC101  FC100
EDMRn  — — — — — — — —
(n=0,1) — _ — _ N . . .
— — DL1 DLO — — — SWR
EDTRRn  — — _ — _ _ _ _
(n=0,1) - - - - - - - -
— — — — — — — TR
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TDLA7 TDLA6 TDLA5 TDLA4 TDLA3 TDLA2 TDLA1 TDLAO
RDLARn  RDLA31 RDLA30 RDLA29 RDLA28 RDLA27 RDLA26 RDLA25 RDLA24
("=0.1)  'RpLA23 RDLA22 RDLA21 RDLA20 RDLA19 RDLA18 RDLA17 RDLA16
RDLA15 RDLA14 RDLA13 RDLA12 RDLA11 RDLA10 RDLA9 RDLAS
RDLA7 RDLA6 RDLA5 RDLA4 RDLA3 RDLA2 RDLA1 RDLAO
EESRn  — TWB  — — — TABT  RABT  RFCOF
(M=01) "Ape  EcI TC TDE  TFUF  FR RDE  RFOF
— — —_ — CND DLC  CD TRO
RMAF  — — RRF  RTLF RTSF PRE  CERF
EESIPRn  — TWBIP — — — TABTIP RABTIP RFCOFIP
(n=0.1)  "ADEP ECIP TCIP TDEP TFUFIP FRIP  RDEIP RFOFIP
— — — — CNDIP DLCIP CDIP  TROIP
RMAFIP — — RRFIP RTLFIP RTSFIP PREIP CERFIP
TRSCERn — — — — — — — —
(n=0,1) — — — — — — —
RMAFCE — _ — — _ — —
RMFCRn  — — — — — — — —
(n=0,1) - - - - - _ -
MFC15 MFC14 MFC13 MFC12 MFCi1 MFC10 MFC9  MFC8
MFC7 MFC6 MFC5 MFC4 MFC3 MFC2 MFC1  MFCO
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— _ — — — RFD2  RFD1  RFDO
RMCRn  — — — — — — — —
(n=0,1) — — — — — — — —

— — — — — — — RNC
EDOCRn — _ — — — — — —
(n=0,1) - - - - - - - -

— — — — FEC AEC  — —
RBWARn RBWA31 RBWA30 RBWA29 RBWA28 RBWA27 RBWA26 RBWA25 RBWA24
(n=0.1)  'RBWA23 RBWA22 RBWA21 RBWA20 RBWA19 RBWA18 RBWA17 RBWA16

RBWA15 RBWA14 RBWA13 RBWA12 RBWA11 RBWA10 RBWA9 RBWAS

RBWA7 RBWA6 RBWA5 RBWA4 RBWA3 RBWA2 RBWA1 RBWAO
RDFARn  RDFA31 RDFA30 RDFA29 RDFA28 RDFA27 RDFA26 RDFA25 RDFA24
(n=0.1)  'RDFA23 RDFA22 RDFA21 RDFA20 RDFA19 RDFA18 RDFA17 RDFA16

RDFA15 RDFA14 RDFA13 RDFA12 RDFA11 RDFA10 RDFA9 RDFA8

RDFA7 RDFA6 RDFA5 RDFA4 RDFA3 RDFA2 RDFA1 RDFAO
TBRARn  TBRA31 TBRA30 TBRA29 TBRA28 TBRA27 TBRA26 TBRA25 TBRA24
(n=0.1)  'TBRA23 TBRA22 TBRA21 TBRA20 TBRA19 TBRA18 TBRA17 TBRA16

TBRA15 TBRA14 TBRA13 TBRA12 TBRA11 TBRA10 TBRA9 TBRAS

TBRA7 TBRA6 TBRA5 TBRA4 TBRA3 TBRA2 TBRA1 TBRAO
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— — — — — RFD2 RFD1 RFDO

TRIMDn  — _ — — _ _ _ —
(n=0,1) — — — — — — —
— _ _ — — —_ —_ TIS
PACR PA7MD1 PA7MDO PA6MDi1 PA6MDO PASMD1 PASMDO PA4MD1 PA4MDO
PA3MD1 PA3MDO PA2MDi1 PA2MDO PA1MD1 PA1MDO PAOMD1 PAOMDO
PBCR PB7MD1 PB7MDO PB6MD1 PB6MDO PBSMD1 PB5MDO PB4MD1 PB4MDO
PB3MD! PB3MDO PB2MDi PB2MDO PBIMD1 PBiMDO PBOMD1 PBOMDO
PCCR PC7MD1 PC7MDO PC6MD1 PC6MDO PC5MD1 PCSMDO PC4MD1 PC4MDO
PC3MD1 PC3MDO PC2MD1 PC2MDO0 PCIMDi PCIMDO PCOMD1 PCOMDO
PETCR  PET3MD — PET2MD — PETIMD — PETOMD —
PADR PA7DT PA6DT PASDT PA4DT PA3DT PA2DT PAIDT  PAODT
PBDR PB7DT PB6DT PBSDT PB4DT PB3DT PB2DT PBIDT  PBODT
PCDR PC7DT PC6DT PC5DT PC4DT PC3DT PC2DT PCIDT  PCODT
SDIR TI7 Ti6 TI5 TI4 TI3 T2 T TI0
SDID/ DID31 DID30 DID29 DID28 DID27 DID26  DID25  DID24
SDDH  'Dipp3  DID22  DID21  DID20  DID19  DID18  DIDi7  DID16
SDIDL  DIDi5 DID14 DIDi3 DIDi2 DID11 DID10 DID9  DID8

DID7 DID6 DID5 DID4 DID3 DID2 DID1 DIDO

Notes: 1. Bit names in the first row of CSOWCR show the names for the normal/byte-se
SRAM interface, in the second row for the burst ROM (asynchronous) interfa
the third row for the burst ROM (synchronous) interface.
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AVEIWEWNS Wi R

0 IRINANN e bW

0 IEAERAR e b

Rl LRARE T

Al LLALE FWrA

1 RS LLALE WA

PTEH Initialized Initialized Retained Retained Retained
PTEL Initialized Initialized Retained Retained Retained
TTB Initialized Initialized Retained Retained Retained
CCR1 Initialized Initialized Retained Retained Retained (
CCR2 Initialized Initialized Retained Retained Retained
CCRS3 Initialized Initialized Retained Retained Retained
IPRA Initialized Initialized Retained — Retained |
IPRB Initialized Initialized Retained — Retained
IPRC Initialized Initialized Retained — Retained
IPRD Initialized Initialized Retained — Retained
IPRE Initialized Initialized Retained — Retained
IPRF Initialized Initialized Retained — Retained
IPRG Initialized Initialized Retained — Retained
IPRH Initialized Initialized Retained — Retained
IPRI Initialized Initialized Retained — Retained
ICRO Initialized Initialized Retained — Retained
ICR1 Initialized Initialized Retained — Retained
IRRO Initialized Initialized Retained — Retained
IRR1 Initialized Initialized Retained — Retained
IRR2 Initialized Initialized Retained — Retained
IRR3 Initialized Initialized Retained — Retained
IRR4 Initialized Initialized Retained — Retained
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b

0 TEAENAR e b

1 ERRANAN e b

ot LAEE T ta

AW LA TWF e

AW LA TWr A

BBRB Initialized Initialized Retained Retained Retained
BDRB Initialized Initialized Retained Retained Retained
BDMRB Initialized Initialized Retained Retained Retained
BRCR Initialized Initialized Retained Retained Retained

BETR Initialized Initialized Retained Retained Retained
BRSR Initialized Initialized Retained Retained Retained
BRDR Initialized Initialized Retained Retained Retained
BASRA Initialized Initialized Retained Retained Retained
BASRB Initialized Initialized Retained Retained Retained
STBCR Initialized Retained Retained — Retained Pc
STBCR2 Initialized Retained Retained — Retained m
STBCRS3 Initialized Retained Retained — Retained
FRQCR Initialized Retained Retained — Retained Cl
WTCNT Initialized Initialized Retained — Retained
WTCSR Initialized Initialized Retained — Retained
CMNCR Initialized Retained Retained — Retained B!
CSO0BCR Initialized Retained Retained — Retained
CS2BCR Initialized Retained Retained — Retained
CS3BCR Initialized Retained Retained — Retained
CS4BCR Initialized Retained Retained — Retained
CS5ABCR Initialized Retained Retained — Retained
CS5BBCR Initialized Retained Retained — Retained
CS6ABCR Initialized Retained Retained — Retained
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Wy REE W R

0 IAERAR e b

LW LAARE Fr S

Rl LRARE Tt

Rl LRARE T e

CS6BWCR Initialized Retained Retained — Retained
SDCR Initialized Retained Retained — Retained
RTCSR Initialized Retained Retained — Retained
RTCNT Initialized Retained Retained — Retained
RTCOR Initialized Retained Retained — Retained
SAR_n Initialized Initialized Retained Retained Retained [
(n=0to5)
DAR_n Initialized Initialized Retained Retained Retained
(n=0to5)
DMATCR_n Initialized Initialized Retained Retained Retained
(n=0to5)
CHCR_n Initialized Initialized Retained Retained Retained
(n=0to5)
DMAOR Initialized Initialized Retained Retained Retained
DMARSO Initialized Initialized Retained Retained Retained
DMARS1 Initialized Initialized Retained Retained Retained
DMARS2 Initialized Initialized Retained Retained Retained
TSTR Initialized Initialized Initialized*® Initialized Retained T
TCOR_N Initialized Initialized Retained Retained Retained
(n=0to2)
TCNT_n Initialized Initialized Retained Retained Retained
(n=0to02)
TCR_n Initialized Initialized Retained Retained Retained
(n=0to2)
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i lWENs

AW LLANE FA%r

AW LLANR A%

Ll LRARE TR

Rl LRAEE Tt

Rl LRARE Tt

RSECAR

Retained** Retained Retained Retained Retained
RMINAR Retained** Retained Retained Retained Retained
RHRAR Retained** Retained Retained Retained Retained
RWKAR Retained** Retained Retained Retained Retained
RDAYAR Retained** Retained Retained Retained Retained
RMONAR Retained** Retained Retained Retained Retained
RYRAR Retained Retained Retained Retained Retained
RCR1 Initialized Initialized Retained Retained Retained
RCR2 Initialized Initialized*®  Retained Retained Retained
RCR3 Initialized Retained Retained Retained Retained
SCSMR_n Initialized Initialized Retained Retained Retained S
(n=0,1)
SCBRR_Nn Initialized Initialized Retained Retained Retained
(n=0,1)
SCSCR_n Initialized Initialized Retained Retained Retained
(n=0,1)
SCFTDR_n Initialized Initialized Retained Retained Retained
(n=0,1)
SCFSR_n Initialized Initialized Retained Retained Retained
(n=0,1)
SCFRDR_n Initialized Initialized Retained Retained Retained
(n=0,1)
SCFCR_n Initialized Initialized Retained Retained Retained
(n=0,1)
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(n=0,1)

SIRDAR_N Initialized Initialized Retained Retained Retained
(n=0,1)
SICDAR_N Initialized Initialized Retained Retained Retained
(n=0,1)
SICTR_n Initialized Initialized Retained Retained Retained
(n=0,1)
SIFCTR_ Initialized Initialized Retained Retained Retained
(n=0,1)
SISTR_n Initialized Initialized Retained Retained Retained
(n=0,1)
SIIER_n Initialized Initialized Retained Retained Retained
(n=0,1)
SITDR_n Initialized Initialized Retained Retained Retained
(n=0,1)
SIRDR_n Initialized Initialized Retained Retained Retained
(n=0,1)
SITCR_n Initialized Initialized Retained Retained Retained
(n=0,1)
SIRCR_n Initialized Initialized Retained Retained Retained
(n=0,1)
ECMRn Initialized Initialized Retained — Retained E
(n=0,1)
ECSRn Initialized Initialized Retained — Retained
(n=0,1)
ECSIPRn Initialized Initialized Retained — Retained
(n=0,1)
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(n=0,1)

TROCRnN Initialized Initialized Retained Retained
(n=0,1)

CDCRn Initialized Initialized Retained Retained
(n=0,1)

LCCRn Initialized Initialized Retained Retained
(n=0,1)

CNDCRn Initialized Initialized Retained Retained
(n=0,1)

CEFCRn Initialized Initialized Retained Retained
(n=0,1)

FRECRn Initialized Initialized Retained Retained
(n=0,1)

TSFRCRn Initialized Initialized Retained Retained
(n=0,1)

TLFRCRn Initialized Initialized Retained Retained
(n=0,1)

RFCRn Initialized Initialized Retained Retained
(n=0,1)

MAFCRn Initialized Initialized Retained Retained
(n=0,1)

IPGRn Initialized Initialized Retained Retained
(n=0,1)

ARSTR Initialized Initialized Retained Retained
TSU_CTRST Initialized Initialized Retained Retained
TSU_FWENO Initialized Initialized Retained Retained
TSU_FWEN1 Initialized Initialized Retained Retained
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I Sf W L TV Wi

1 EERANAN e Y

1 ERRANAN e b

R LRARE T %fr e

Rl LRARE T e

TSU_QTAGMO Initialized Initialized Retained — Retained
TSU_QTAGM1 Initialized Initialized Retained — Retained
TSU_ADQTO Initialized Initialized Retained — Retained
TSU_ADQT1 Initialized Initialized Retained — Retained
TSU_FWSR Initialized Initialized Retained — Retained
TSU_FWINMK Initialized Initialized Retained — Retained
TSU_ADSBSY Initialized Initialized Retained — Retained
TSU_TEN Initialized Initialized Retained — Retained
TSU_POSTH1 Initialized Initialized Retained — Retained
TSU_POST2 Initialized Initialized Retained — Retained
TSU_POST3 Initialized Initialized Retained — Retained
TSU_POST4  Initialized Initialized Retained — Retained
TXNLCRO Initialized Initialized Retained — Retained
TXALCRO Initialized Initialized Retained — Retained
RXNLCRO Initialized Initialized Retained — Retained
RXALCRO Initialized Initialized Retained — Retained
FWNLCRO Initialized Initialized Retained — Retained
FWALCRO Initialized Initialized Retained — Retained
TXNLCRH1 Initialized Initialized Retained — Retained
TXALCR1 Initialized  Initialized Retained — Retained
RXNLCR1 Initialized Initialized Retained — Retained
RXALCR1 Initialized  Initialized Retained — Retained
FWNLCR1 Initialized Initialized Retained — Retained
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EDRRRn

Initialized Initialized Retained Retained
(n=0,1)
TDLARN Initialized Initialized Retained Retained
(n=0,1)
RDLARnN Initialized Initialized Retained Retained
(n=0,1)
EESRn Initialized Initialized Retained Retained
(n=0,1)
EESIPRn Initialized Initialized Retained Retained
(n=0,1)
TRSCERnN Initialized Initialized Retained Retained
(n=0,1)
RMFCRn Initialized Initialized Retained Retained
(n=0,1)
TFTRn Initialized Initialized Retained Retained
(n=0,1)
FDRn Initialized Initialized Retained Retained
(n=0,1)
RMCRn Initialized Initialized Retained Retained
(n=0,1)
EDOCRnN Initialized Initialized Retained Retained
(n=0,1)
RBWARN Initialized Initialized Retained Retained
(n=0,1)
RDFARN Initialized Initialized Retained Retained
(n=0,1)
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PBCR Initialized Retained Retained — Retained
PCCR Initialized Retained Retained — Retained
PETCR Initialized Retained Retained — Retained
PADR Initialized Retained Retained — Retained I
PBDR Initialized Retained Retained — Retained
PCDR Initialized Retained Retained — Retained
SDIR Retained Retained Retained Retained Retained k
SDID/SDIDH  Retained Retained Retained Retained Retained
SDIDL Retained Retained Retained Retained Retained
Notes: 1. For the initial values of each register, see the sections for the corresponding |
the initial value is undefined, it is shown as initialized since the data is not ret:
2. Some bits are initialized in standby mode. See section 8, Interrupt Controller
details.
3. If the multiplication rate of PLL1 is modified, this register is initialized.
4. Some bits are initialized by a power-on reset. See section 15, Realtime Clock
details.
5. Some bits are initialized by a manual reset. See section 15, Realtime Clock (|

details.
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Power supply voltage (internal) o -0.31t0 2.1 Vv
V-PLL1
V-PLL2
Input voltage V., -0.3toV Q+0.3 \
Operating temperature T oo —201to 75 °C
Storage temperature T -5510 125 °C

Caution:

e Operating the chip in excess of the absolute maximum rating may result in permane
e Order of turning on 1.5V power (Vcc, Vec-PLL1, Vee-PLL2) and 3.3 V power (Vc

RTO):

1. The 3.3V power and the 1.5 V power should be turned on simultaneously or the
power should be tuned on first. When the 3.3 V isturned on first, turn on the 1.5
within 1 ms. It is recommended that this interval will be as short as possible.

2. Until voltage is applied to all power supplies and alow level isinput at the RESI
internal circuits remain unsettled, and so pin states are also undefined. The systel
must ensure that these undefined states do not cause erroneous system operation.

3. When the power is turned on, make sure that the voltage of the 1.5V power islo

that of the 3.3V power.

RENESAS
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VeeQ: 3.3 V power )

-«—— VccQ (min) voltage

Vcc: 1.5V power ))
--—— Vcc (min) voltage (( ;
I I p
ffffffffffffff -+—— Vcc/2 level voltage —\ -
GND / 7
! tunc !
' States undefined Normal operation term Operation stc

term ! o

1 Clock oscillation started
VeeQ (min)  -e—s= Oscillation settling time (10 ms)

! o

attain time ' Cancel the power-on reset and
Vee (min) 1 g0 to normal operation
attain time

Figure24.1 Power On/Off Sequence

Recommended Power On/Off Times

Max. Permitted

Item Symbol Value Uni
VeceQ to Vee power-on time interval tpwu 1 ms
VcceQ to Vee power-off time interval tpwd 1 ms
State undefined term tunc 10 ms

Note: The recommended times shown above do not require strict settings.
The state undefined term indicates that pins are at the power rising stage. The pin
stabilized at VccQ (min.) attain time. However, a power-on reset (RESETP) is acce
successfully only after VccQ (min.) attain time and clock oscillation settling time. S
state undefined term less than 10 ms.
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Ve 1.4 1.5 1.6 Vv
V-PLL1
V-PLL2
Current Normal lec — 250 330 mA V=1
consumption operation ¢ = 200
1..Q — 40 70 mA  B¢=66
In sleep loe — 110 160 mA  V Q=
mode* ICCQ _ 4 7 B = 66
In standby s — 1500 2600 LA T,=25°
mode IQ _ 75 230 (RTC or
V. Q=
V=1
loc — 1500 2600 HA T, =25°
I..Q — 75 230 (RTC of
V. Q=
V=1
Input leak  Allinput pins |1, | — — 1.0 HA V,=0.5
current V. .Q—(
Three-state  1/O, all output | I, | — — 1.0 LA Vin = 0.
leak current  pins (off Vi, Q=
condition)
Pull-up Port pin R 20 60 180 kQ
resistance
Pin All pins C — — 20 pF
capacitance

Note: * No external bus cycles except refresh cycles.
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EXTAL2

When this pi
connected tc
crystal resor

pin should b
connected tc
V. Q pin (pu
Other input 2.0 V,,Q+0.3
pins
Input low RESETP, vV, -0.3 V,,Qx0.1 V
voltage RESETM, NMI
IRQ5 to IRQO,
MDS5 to MDO,
ASEMDO,
TRST, EXTAL,
CKIO
EXTAL2 — — When this pi
connected tc
crystal resor
pin should b
connected tc
V4.Q pin (pu
Other input -0.3 V,Qx0.2
pins
Output  All output pins  V, 24 — \'% V,,Q=3.0V
high loy =—2 MA
voltage
Output  All output pins V. — 0.55 \Y V,.Q=3.0V
low l,,=2mA
voltage
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QOutput low-level permissible current (total) 2o — — 120

Output high-level permissible current (per pin) =l — — 2.0
Output high-level permissible current (total) 2 (o) — — 40
Caution: To ensure LSl reliability, do not exceed the value for output current given in Tak

24.3 AC Characteristics

In general, inputting for this LSI should be clock synchronous. Keep the setup and hold
each input signal unless otherwise specified.
Table24.4 Maximum Operating Frequencies

(Conditions: V,.Q=V_Q-RTC=8.0t03.6 V,V =V _-PLL1 =V _-PLL2 =1
vV, ,Q=V, =V, Q-RTC=V-PLL1 =V -PLL2=0V, T, =~

Item Symbol Min. Typ. Max.  Unit Re

Operating CPU, cache (1) f 33.34 — 200 MHz

frequency  "Eyternal bus (Bo) 3334 — 66.67 o
Peripheral module 8.34 — 33.34 o
(Po)
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EAXTAL CIOCK Input hign puise wiatn

EXTAL clock input rise time ton — 6

EXTAL clock input fall time teur — 6

CKIO clock input frequency foa 33.34 66.67 MHz 24.3
CKIO clock input cycle time torioye 15 30 ns

CKIO clock input low pulse width to 3 —

CKIO clock input high pulse width toan 3 —

CKIO clock input rise time toan — 4

CKIO clock input fall time toar — 4

CKIO clock output frequency fe 33.34 66.67 MHz 24.4
CKIO clock output cycle time t. 15 30 ns

CKIO clock output low pulse width tooL 3 —

CKIO clock output high pulse width ton 3 —

CKIO clock output rise time teron —

CKIO clock output fall time tocor — 4

CKIO2 clock output delay time toan — 25

CKIO2 clock output rise time tooon —

CKIO2 clock output fall time tooor —

Power-on oscillation settling time toser 10 — ms 24.5
RESETP setup time tocors 20 — ns 24.5
RESETP assert time teespw 20 — - 245, :
RESETM assert time trcnmw 20 — e 24.6
Standby return oscillation settling time 1 t__, 10 — ms 24.6
Standby return oscillation settling time 2 t__, 10 — ms 24.7
Standby return oscillation settling time 3 t_., 11 — ms 24.8
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Note: * The clock input from the EXTAL pin.

Figure24.2 EXTAL Clock Input Timing

| tekieye |

Figure24.3 CKIO Clock Input Timing
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CKIO2
(output)

tck2oF tck2or

Figure24.4 CKIO Clock Output Timing

Stable oscillation

. sy a\W/aV AW EYaN

(¢ (¢

N 2/ 2/
Vee Ve min
trespw tacsps
tosct

[ /
RESETP
(¢ (5 ;
) 7)

Note: Oscillation settling time when on-chip oscillator is used

Figure24.5 Power-On Oscillation Settling Time

Standby Stable oscillation
= >
CKIO,
internal
clock
tresPw
- t0802 D trEsMw :
RESETP S
RESETM \ « (« .
2 P2

Note: Oscillation settling time when on-chip oscillator is used

Figure24.6 Oscillation Settling Time at Standby Return (Return by Reset

Rev. 1.00 Dec. 27, 2005 Page 862 of 932
REJ09B0269-0100 RENESAS



Standby

CKIO,
internal
clock

tosca

VAVA\WAY

Stable oscillation
—

VAL

[ /
IRL3 to IRLO
IRQ5 to IRQO

<
<

I
))

¢

)

Note: Oscillation settling time when on-chip oscillator is used in oscillation stop mode

Figure24.8 Oscillation Settling Timeat Standby Return
(Return by IRQ5to IRQO and IRL3 to IRLO)

Stable input clock

-—
I
I
I

AYAYAVAVAWAVAVAVAVAVAN

EXTAL input,
CKIO input

PLL synchronization |
-~

PLL output,
CKIO output

Internal clock

AVA
AVA

Reset or NMI interrupt request

Stable input clock

/

STATUS 0

STATUS 1 Normal

X

Standby !
)]

I
:X Normal
)]

€

T (

Note: PLL oscillation settling time when clock is input from EXTAL pin

Figure24.9 PLL Synchronization Settling Time by Reset or NM|
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oOIATU

ouU
STATUS 1

N | t N |
ormal x N S ar!dby&‘ . :x ormal

\(

Note: PLL oscillation settling time when clock is input from
EXTAL pin or CKIO pin in oscillation continuous mode.

Figure24.10 PLL Synchronization Settling Time by IRQ/IRL Interrupts

Multiplication ratio modified

}

1 1
(CKIO input) T T

| tpLio l
I 1
1

CKIO output*2 ! !
(PLL output)
1 1
1 1
Internal clock X X
T 3 3 T
1 1

((

Notes: 1. CKIO input in clock mode 7
2. PLL output except in clock mode 7

Figure24.11 PLL Synchronization Settling Time when Frequency Multiplica
Ratio M odified
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I e "RESMW i

“cyc

RESETM setup time tocos 10 — ns
BREQ setup time toreas 1/21,+10 —

BREQ hold time torcan 12,43 —

NMI setup time** toms 10 —

NMI hold time b 3 —

IRQ5 to IRQO setup time** tos 10 —

IRQ5 to IRQO hold time tran 3 —

BACK delay time tco — 121,413
STATUS1, STATUSO delay time tsmo — 18
IRQOUT delay time troom — 121,412
Bus tri-state delay time 1 [ 0 30

Bus tri-state delay time 2 toorr 0 30

Bus buffer-on time 1 toont 0 30

Bus buffer-on time 2 toone 0 30

Notes: t  is the external bus clock cycle (B clock cycle).

1.

RESETP, NMI, and IRQ5 to IRQO are asynchronous. Changes are detected
clock rise when the setup shown is kept. When the setup cannot be kept, det
be delayed until the next clock rises.

The upper limit of the external bus clock is 66.67 MHz.

In standby mode, t..,, = t,sc, (10 ms). When the crystal oscillation continues
clock multiplication ratio is changed in standby mode, t_..,, = t,, (100 ps).

In standby mode, t...,.w = tosc, (10 ms). When the crystal oscillation continues
clock multiplication ratio is changed in standby mode, RESETM must be kept
STATUS (0-1) changes to reset (HH).

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



| SE— | S— | SE——
v tmis
Vin
NMI v
IL
traH tiRas
Vin
IRQ5 to IRQO v
IL

CKIO

tsreaH  tBREQS

AUaWaV

tsreqH tBREQS

tBackD

tsonz

BREQ )
((
tsACKD
) [
BACK « * )
tBOFF1
A25 to AO, 2/ :‘ )
D31 to DO A (
RD, RD/AWR, '—'\L
RAS, CAS, )
CSn, WEn, X/ / 1
BS, CKE

Figure24.14 BusRelease Timing
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Ao 1O AU, \l )) 4
D31 to DO / [( "\

Figure24.15 Pin Drive Timing at Standby

o N/

L. lfiraotp

4

IRQOUT

Figure24.16 IRQOUT Output Delay Time
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Al R “AS o~ = e B R = Tl

Address hold time tn 0 —

BS delay time to — 10 24.17 to 24.35, 2:
24.42

CS delay time 1 teeo, 1 10 24.17 t0 24.42

Read/write delay time 1 t_,.. 1 10

Read strobe delay time  t_ — 1/2t,+10 24.17 to 24.21, 2
24.40

Read data setup time 1 t_, 12t +6 — 24.17 to 24.20, 2
24.42

Read data setup time 2 t_ ., 6 — 24.22 t0 24.25, 2
24.32

Read data setup time 3t 12t +6 — 24.21

Read data hold time 1t 0 — 24.17 to 24.20, 2
24.42

Read data hold time 2 tone 2 — 24.22 t0 24.25, 2
24.32

Read data hold time 3 toons 0 — 24.21

Write enable delay time  t,., — 1/2t,+10 24.17 to 24.21, 2
24.40

Write data delay time 1t — 12 24.17 to 24.20, 2
24.42

Write data delay time 2 t,, — 12 24.26 to 24.29, 2:
24.35

Write data hold time 1 tons 1 — 24.17 to 24.20

Write data hold time 2 tone 1 — 24.26 to 24.29, 2
24.35
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CKE delay time 1 tokent 1 10
DACK delay time toaco — 10
ICIORD delay time tomso — 121,+12

ICIOWR delay time

ICWSD

12t +12

I01S16 setup time tores 12t +12 —
I0IS16 hold time touen 12t +4 —
REFOUT delay time tecron — 12t +12

24.37
24.17 10 24.35
24.41,24.42

24.42

24.43

RENESAS
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Con

RD/WR

Read

D31 to DO

Write

D31 to DO

DACKn*

tawni tRwo1
—
e
trsp trsp tan
N /
|/ trom
trps1
twep twep tan
N 7(
twop1 twor1
[
twoHa
tasp tasp
tbaco tbaco

Note: * DACKn is a waveform when active-low is specified.

Figure24.17 Basic BusCycle (No Wait)
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RD/WR * %e
trsp trsp tan
RD \ 4
\ /) trom
Read trost
D31 to DO
twep twep tan
WEn S\ 7‘
Write { twop1 mm
D31 to DO R 7—
twora
tasp tesp
BS —
toaco toaco
[—>| [—>
DACKn* _\\ 7‘
twrh
twrs
WATT £ X

Note: * DACKn is a waveform when active-low is specified.

Figure24.18 Basic Bus Cycle (One Softwar e Wait)
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RD/WR * %
trsp trsp tan
\ /
RD N 7| tRDH1
Read tRos1
D31 to DO
twep twep tan
WEn S\ ]{
Write twoos twpri
[—>
D31to D0 —— —
twoHa
tesp tasp
BS —
toaco toaco
[—>| [—>
DACKn* _\ 7£
twrh twrh
twrs twrs
WAIT x\ 7[ 7{ S\

Note: * DACKn is a waveform when active-low is specified.

Figure24.19 Basic BusCycle (One External Wait)
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v Y S v et U B
RD \ N
tROH1 tRDH!
Read tRos1 :l tRos1 -J
D15 to DO 7 / b
twep twen taH tweo twep | [tan
WEn \ £ X
Write twop1 twoh1 twop1 twotit
|
D15 to DO
i Wors
tasp | | teso teso| | | teso

s T/ |/
toaco toaco | | toaco toaco
DACKn" I 7|( _5]( I

twrh twrh
twrs twrs

WAIT £ X £ X

Note: * DACKn is a waveform when active-low is specified.

Figure24.20 Basic BusCycle (One Software Wait, External Wait Enable
(WM bit = 0), No Idle Cycle Setting)
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tespy tost
CSn
T T
E\qm trw
RD/WR 7|( *
trsp trsp
— T
RD __/ ;]; 7
trpsa| || trpss| ||
trona* tRoHs
D31 to DO q %._
twep !
WEnRN 7
toaco toag
DACKn*2
1 1
twrn twrr
twrs twrs
WAIT 44
WAIT \ 7|7 \

Notes: 1. tgpy is specified by earlier one of change of A25 to A0 or the RD rising edge.

2. DACKn is a waveform when active-low is specified.

Figure24.21 Burst ROM Read Cycle (One Access Wait, One External Wai
OneBurst Wait, Two Bursts)
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RAS

DQMxx

D31 to DO

CKE

DACKn*2

tCSD1 }E,S[”
! *
}E\:Ivm }E\ilvm
trasp1 trasp1
tcaspi tcaspi
toamp1 toamp1
, N
tros2 | tRoH2
tasp tasp :E:ISD
(High)
toaco toaco toaco

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

i

Figure24.22 Synchronous DRAM Single Read Bus Cycle
(Auto Precharge, CAS Latency =2, TRCD =1 Cycle, TRP =1 Cycle)
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CSn .k
tRWD1 tHWD1
RD/WR _7|( *
T tRASD1 tFiASD1
s —
tCASD1 tCASD1
CAS \
tDQMD1 tDQMD1
powoc | h
:
tHDSZ tRDHZ
D31 to DO B
tBSD tBSD
BS \
CKE (High)
tDACD tDACD
DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.

2. DACKn is a waveform when active-low is specified.

Figure24.23 Synchronous DRAM Single Read Bus Cycle
(Auto Precharge, CAS Latency =2, TRCD =2 Cycle, TRP =2 Cycle)
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CSn q&
T
‘tﬁlwm trwp1

tRASD1 tRASD1

toamp1 toamp1
DQMxx 1 J‘ ;
T
trosa [trpHz trosa|tRpHe
D31 to DO :)
tesp tesp
BS ;L \
High
CKE (High)
toaco toaco
DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.24 Synchronous DRAM Burst Read Bus Cycle (Single Read X ¢
(Auto Precharge, CASLatency =2, TRCD =1 Cycle, TRP =2 Cycle)
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RD/WR

RAS

DQMxx

D31 to DO

CKE

DACKn*2

tFZWD1

tF{WD1

Notes: 1. Address pin to be connected to A10 of SDRAM.

2. DACKn is a waveform when active-low is specified.

tF{ASD1 tFiASD1
tCASD1 tCASD1
tDQMD1 tDQMD1
T :
tF{DSZ tFlD.HZ tHPSZ tF{DHZ
tBSD tBSD
(High)
tDACD tDACD

Figure24.25 Synchronous DRAM Burst Read Bus Cycle (Single Read x 4)
(Auto Precharge, CASLatency =2, TRCD = 2 Cycle, TRP =1 Cycle)
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CSn Nﬁl *I
tRWD1 tRWD1 tRWD1
RD/WR _7|{ ‘_;I{__
_tRASD1 tFlASD1 tF{lI\SD1
RAS *
tCASD1 tCASD1 B
tDQMD1 tDQMD1
DQMxx - ;l‘ B
T T
tWDD2 tWDH2
D31 to DO —
o

7
2]
o
(<}
! o
2
[

CKE

I:DACD tDACD

il

DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.26 Synchronous DRAM Single Write Bus Cycle
(Auto Precharge, TRWL =2 Cycle)
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RD/WR

RAS

CAS

DQMxx

D31 to DO

CKE

DACKn*2

h

(High)

pu

E\qm trwp1 trwp1
7 J‘
trasD1 trasD1 trasD1
tcaspi tcaspi
T
toamp+ toamps
T T
twopz tworz
tesp tasp

1

tDACD

toac

i

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.27 SynchronousDRAM Single Write Bus Cycle
(Auto Precharge, TRCD = 3 Cycle, TRWL =2 Cycle)
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osn ! |
tRwp1 tRwp1 trwp1
RD/WR _]1{ -;Ili
T tRasD1 trasD1 tHAISD1
RAS yﬁ
toaspi tcaspi
t
thamp1 tbqup1
DQMxx ) l
t t
twope2 twpHz twopz twore
D31 to DO HII( —%( X —%7
tasp tasp
- _—,‘_ —_—
CKE (High)
toaco toaco
DACKn*2 }
t

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.28 Synchronous DRAM Burst Write Bus Cycle (Single Writex
(Auto Precharge, TRCD =1 Cycle, TRWL =2 Cycle)
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CSn Sk 7F
! |
:[E\ZIVD1 tF{WD1 tRWD‘]
RD/WR _)il ;IZ
— T
tRasD1 tRasp1 tRasD1
RAS
toaso tcaspi
CAS }
T
tDQMD1 tDQMD1
DQMxx l
T T
tWDD2 tWDH2 tWDD2 tWDH2
D31 to DO I\ _%—
tasp tasp
BS ;‘L
High
CKE (High)
tDACD tDACD
DACKn 2 ;lf
T

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.29 Synchronous DRAM Burst Write Bus Cycle (Single Writex 4

(Auto Precharge, TRCD =2 Cycle, TRWL =2 Cycle)
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RD/WR

RAS

DQMxx

D31 to DO

CKE

DACKn*2

}flwm ‘tflwm
traspt  |tRaspi
tcaspi tcaspi
tbamp1 tbamp1
T
tapsz| trore tapsz [RDH:
tasp tasp
(High)
tbaco toaco

.

Notes: 1. Address pin to be connected to A10 of SDRAM.

2. DACKn is a waveform when active-low is specified.

Figure24.30 Synchronous DRAM Burst Read Bus Cycle (Single Read X -
(Bank Active Mode, ACTV + READ Commands, CASLatency =2, TRCD =1
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,..
il
=
2

tRWD1

:
I
L.
1
?‘4

<tEIASD1 }Eélsm
RAS _)i(
—tCASD1 tCASD1 ‘t_Cf\ISD1
CAS _:;l\ \I\_
tbamp1 tbamp1  |toam
DQMxx _1 }_%
1
tRDSZ tF(DHZ tR.DSZ tRDH2
tBSD tBSD 4tE§ID
BS | \I\_
(High)
CKE
tDACD tDACD tDACD
DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.31 Synchronous DRAM Burst Read Bus Cycle (Single Read x 4
(Bank Active Mode, READ Command, Same Row Address,
CASLatency =2, TRCD =1 Cycle)
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CSn
A 1
trwpt  [tRwor
RD/WR
T
traspt  |tRaspt  [frasp1  [tRaspi
RA
tcaspi tcaspi
CAS
toamp1 toamp1
DQMxx J‘
T
trosz| troHz trosz | tRorz
D31 to DO j—
tasp tasp
BS
High
CKE (High)
toaco toaco
DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.32 Synchronous DRAM Burst Read Bus Cycle (Single Read X -
(Bank Active Mode, PRE + ACTV + READ Commands,
Different Row Address, CASLatency =2, TRCD =1 Cycle)
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CSn yﬂ 7F
! |
trwo1 trwo1 trwo1
RD/WR _* }
— T
trasD1 trasD1 trasD1
RAS *
teasp tcasp1
CAS }
T
toamp1 toamp+
DQMxx ;L
T T
twop2 tworz twop2 twohe
D31 to DO K X _%_
tesp tesp
High
CKE (High)
toaco toaco
DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.33 Synchronous DRAM Burst Write Bus Cycle (Single Writex 4
(Bank Active Mode, ACTV + WRITE Commands, TRCD =1 Cycle, TRWL =1
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CSn Nﬁl 7![_
tRWD1 tFlWD1 tF{WD1
RD/WR —7|{

] tF{AISD1
RAS *_
tCASD1 tCASD1
s I
tDQMD1 tDQMD1
DaMxx | —;l/_
: .
twope twonz twopz twone
D31 to DO HII( ‘_%( )( ‘_%_
tBSD tBSD
s — T r

oKE (High)
tDACD tDACD

DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.34 Synchronous DRAM Burst Write Bus Cycle (Single Write x
(Bank Active Mode, WRITE Command, Same Row Address,
TRCD =1 Cycle, TRWL =1 Cycle)
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ﬁ T
tF{WD1 tRWD1 tF{WD1 EE
RDAWR ~— |
tF!AISD1 tF!ASD1 tRASD1 tRASD1 }_Fi
RAS
tCASD1 }E
CAS
tDQMD1 .t_[
DQMxx T
;
tWDD2 tWDH2 tWDDZ tV
!
D31 to DO X )(
tasp ,t_E
BS
CKE (High)
tDACD EE
DACKn*2

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.35 Synchronous DRAM Burst Write Bus Cycle (Single Write x £
(Bank Active Mode, PRE + ACTV + WRITE Commands,
Different Row Address, TRCD =1 Cycle, TRWL =1 Cycle)
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o ||
tF{WD1 tFiWD1 lFKWD1
RD/WR _:;L _;I( *_
T
tRASD1 tRASD1 tF(ASD1 tRASD1
f—>|
RAS \_
tCASD1 tCASD1
CAS \_
DQMxx \_
D31 to DO (Hi-2)

High
CKE (High)

DACKn*2 \_

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.36 Synchronous DRAM Auto-Refresh Timing (TRP =2 Cycle
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os | A | A
tHWD1 tRWD1 ({
RDWR | J
tFKAISD1 tRASD1 tRASD1 tF{ASD1
L " 1
RAS )
tCA D1 tCA D1
_ [
CAS J
r
DQMxx //
Hi-Z
D31 to DO o )}j((
o r
BS J
tCKED1 tCKED1
CKE
//((
1
DACKn*2 )

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 24.37 Synchronous DRAM Self-Refresh Timing (TRP =2 Cycle)
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s N [ T [ T
trwor  |tRwor trwp1  |tRwoD1
- (s 1 ‘q ;l
RD/WR j) j}
trasp1 [traspt |traspt [tRasps trasp1 |tRaspr trasp1 |trasp1
o (s T
RAS jj j}
tcaspt |teaspr tcaspt |tcaspr tcaspt |tcaspi
o (4 (4
CAS )} }}
(s i1
DQMxx j} ))
D31 to DO j)ff o2 jj((
o r r
BS ) )
r 8
CKE )) jj
1 1
DACKn*2 ) )

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.38 Synchronous DRAM Mode Register Write Timing (TRP=2C
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RD

Read
D15 to DO
WE

Write
D15 to DO
BS

/| troms

tros1"

twep

twop1

twep

/ twohs

twpH1

tasp

tIBSD

N7

Figure24.39 PCMCIA Memory Card Interface Bus Timing
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RD * tRoH1
Read trDs1

D15 to DO >_

twep twep

N t :
WE JF % WDH:
twop1

D15 to DO

Write

tasp tIBSD
;

BS *—* twrk |, twn
twrs twrs
WAIT JK }! !(
T T

Figure24.40 PCMCIA Memory Card Interface Bus Timing
(TED[3:0] =B’0010, TEH[3:0] = B’0001, One Software Wait, One Hardware
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ICIORD \ 4 thom
Read tros1'
D15 to DO N
ticwsp tiowsp.
ICIOWE 7 mHs
Write fwoo1 twoH1
D15 to DO
tasp tesp

s %A

Figure24.41 PCMCIA 1/O Card Interface Bus Timing
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ICIORD * tRDH1
Read tRDS1
D15 to DO < —
ticwsp ticwsp
. ICIOWE oo /| twoHs
Write —
D15 to DO
tasp tBISD
BS -*_7'( twTh twTh
twrs twrs
WAIT \ ;l ;l 3(
tiotes tioteH
oiste | X 4

Figure24.42 PCMCIA I/O Card Interface Bus Timing
(TED[3:0] =B’0010, TEH[3:0] = B’0001, One Software Wait, One Hardware

treroD
—

REFOUT

Figure24.43 REFOUT Delay Time
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Write data delay time 3 tyoos — 1721 ,+12 24.44
Write data hold time 3 tons 121, — 24.44
RAS delay time 2 tonson 121, 1/2t,+10 24.44 to 24.47
CAS delay time 2 torson 121, 1/2t,+10 24.44 t0 24.47
DQM delay time 2 to s 121, 1/2t,+10 24.44
CKE delay time 2 tcos 121, 1/2t,+10 24.46

Rev. 1.00 Dec. 27, 2005 Page 896 of 932

REJ09B0269-0100

RENESAS



DQMxx

D31 to DO

CKE

DACKn*2

)

tRASDZ

il

tRASD2

tcaspe,

tRASDIZ

tRASDZI

toaspe,

tcasz,

J

fcaspz,

"/

)

tbampz toampz toampz tbamp2
1 p A
thpse |(RDH4 twops  |twohs
|/ L/l
tesp }EISD tesp tasp
(High)
toaco toaco toaco toaco

]

Notes: 1. Address pin to be connected to A10 of SDRAM.

2. DACKn is a waveform when active-low is specified.

Figure24.44 Access Timingin Low-Frequency Mode (Auto Precharge)
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O‘
2]
=

g VI

tawpz |, | tRwoz trwoe

X
o
3
us]
rM

traspz | traspe, [ lraspz, | lraspz,

RAS \_
toaspz | tcaspe
CAS jﬁ } \_
DQMxx \_
D31 to DO (Hi-2)

High
CKE (High)

DACKn*2 \_

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.45 Synchronous DRAM Auto-Refresh Timing
(TRP =2 Cycle, Low-Frequency Mode)
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S I S -

tFEWD2 tRWDZ |

_ 1
RD/WR _\ * J

tHASDZ | tF{ASDQ | tF!ASDZ tRASDZ

S U U

toaspz | tcaspe

S 18
CAS Y

(8
DQMxx )
D31 to DO (Hi-z)}jff
o r
BS J
tCKEDZ tCKED2
CKE \ 0 /
7
(4
DACKn*2 )

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.46 Synchronous DRAM Self-Refresh Timing
(TRP =2 Cycle, Low-Frequency Mode)

Rev. 1.00 Dec. 27, 2005 Pag
RENESAS REJOC



RD/WR

CAS

DQMxx

D31 to DO

CKE

DACKn*2

tRWDZ. tFiWDZ

—
S
—

twp2 |tRwpz i

tRASDIZ tFKASD.Z

foasoe |tcaspe

tcaspz |toaspe
: :

(L [
1 J Y
tRasp2 tRasp2 tHASD? tRASD? tRASDlz tRASDg
| 4 [
) )

tCAS D.2 tCASD.2

T

(L [
J J

¢ D) ((
J Y

i ([
) )

i (
Y Y

r 8
J Y

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure24.47 Synchronous DRAM Mode Register Write Timing

(TRP =2 Cycle, Low-Frequency Mode)
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CKIO

toras | thran
DREQn

Figure24.48 DREQn Input Timing

CKIO

toaco toacp

TENDn o
DACKn I

Figure24.49 TENDnN, DACKn Output Timing
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RTC crystal
oscillator
(
))

Veemin
Vee trosc

A
A

Figure24.50 Oscillation Settling Time when RTC Crystal Oscillator is Tur nec
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Input clock rise time tookn — 1.5
Input clock fall time tooke — 1.5
Input clock pulse width teokw 0.4 0.6 toe
Transmission data delay time — 3t +50 ns
Receive data setup time s 2t~ —
(clock synchronization)
Receive data hold time b 2t~ —
(clock synchronization)
RTS delay time too — 100
CTS setup time tore 100 —
(clock synchronization)
CTS hold time tore, 100 —
(clock synchronization)
Note: * t,  indicates a peripheral clock (P¢) cycle.
tsckw tsckr tSCKL
SCIFnCK
tseye

Figure24.51 SCIFnCK Input Clock Timing
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v N\ AN LN

Figure24.52 SCIF Input/Output Timing in Clock Synchronous M ode

24.3.10 SIOF Module Signal Timing

Table24.12 SIOF Module Signal Timing

(Conditions: V,.Q = V,.Q-RTC =3.0t0 3.6 V, V,, = V -PLL1 = V_-PLL2 = 1.
V,.Q=V, =V Q-RTC=V_-PLL1=V_PLL2=0V,T,=-2

Item Symbol Min. Max. Unit  Figure
SIOMCLK clock input cycle time [ 30 — ns 24.53
SIOMCLK input high-level width L 0.4 xt,,. —

SIOMCLK input low-level width tom 0.4 xt,,, —

SCK_SIO clock cycle time toye 2xt,. — 24.54 1
SCK_SIO output high-level width towmo 0.4 %1, — 24.54 1
SCK_SIO output low-level width tomo 0.4 xtg, —

SIOFSYNC output delay time teo — 20

SCK_SIO input high-level width b 0.4 Xty — 24.58
SCK_SIO input low-level width tow 0.4 X tg,, —

SIOFSYNC input setup time tes 20 —

SIOFSYNC input hold time [ 20 —

TXD_SIO output delay time teron — 20 24.54 1
RXD_SIO input setup time teros 20 —

RXD_SIO input hold time tsmon 20 —

Note: t. . is the cycle time (ns) of the peripheral clock (P¢).
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SCK_SIO
(output)

SIOFSYNC
(output)

TXD_SIO

RXD_SIO

tesp

tswro tswio

tesp
tstop tsTop
—
tsros | tsroH

L )X

) X

Figure24.54 SIOF Transmit/Receive Timing (Master Mode 1: Fall Sampling
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tsrps LtSRDH
™

A L) XK

Figure24.55 SIOF Transmit/Receive Timing (Master Mode 1: Rise Sampling T

tSlcyc

tswho | tswio

SCK_SIO — —
(output) _//—\_/ \_/—\_(?_//—JR_/
trsp trsp
))
SIOFSYNC G
(output)
tsTop tstop tsTop tsTop
TXD_SIO — | >< ()()
((
tsros | tsrow

0.0 TN TN D S &

Figure24.56 SIOF Transmit/Receive Timing (Master Mode 2: Fall Sampling T
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tsros ‘ tsroH
\

RXD_SIO

A

) KX h <

X TIC

Figure24.57 SIOF Transmit/Receive Timing (Master M ode 2: Rise Sampling

SCK_SIO
(input)

SIOFSYNC
(input)

TXD_SIO

RXD_SIO

tess

_J

tSIcyc
tswri tsw
tesn
tsToD tstop
N

tsrps

tsroH

L )X

) X

Figure24.58 SIOF Transmit/Receive Timing (Slave Mode 1 and Slave M od
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~CRSS

CRS hold time

tonsn 10 - -
COL setup time teois 10 — —
COL hold time toou 10 - -
RX-CLK cycle time b 40 - -
RX-DV setup time toovs 10 — —
RX-DV hold time toowm 3 - -
ERXD[3:0] setup time teros 10 — —
ERXDI[3:0] hold time teron 3 - -
RX-ER setup time toens 10 — —
RX-ER hold time ter 3 - -
MDIO setup time toios 10 — —
MDIO hold time toion 10 - -
MDIO output data hold time* tyo00m 5 — 18
WOL output delay time twows 1 — 18
EXOUT output delay time texouro 1 — 28
CAMSEN setup time tos 10 - -
CAMSEN hold time b 3 - -
ARBUSY output delay time tirevo — — 12t 412

Note: * The user must ensure that the code satisfies this condition.
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_

coL (( (
) )
Figure24.59 MII Transmit Timing (Normal Operation)
TX-CLK ’)’)
Il
\
TX-EN / »
ETXDI[3:0] _>< Preamble 55 X JAM :
TX-ER ((
; /]
[
/ )

»> tcoLs —>4‘£ tcon
COL

L

Figure24.60 MII Transmit Timing (Case of Conflict)
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Figure24.61 MII Receive Timing (Normal Operation)

o [ § ] \

IL

x i
ERXD[3:0] Prearlr}ble X SFD >< DATAX XXXX

trers > tRERH
o\
RX-ER 7& _S(

7/

N

~_—L
-

>—

Figure24.62 MIl Receive Timing (Case of Error)

woe || L] L] |

t tmpioH
MDIOS
MDIO

Figure24.63 MDIO Input Timing

mMbc |

R
tvplopH
MDIO ><

Figure24.64 MDIO Output Timing
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J 1\

Figure24.66 EXOUT Output Timing

o) ) )

I

ERXDI[3:0] >< Pref/%mble >< SFD >< Des{/{ﬁddress X Source Add{;%ss X DATA

CAMSEN (( (( - } MCMH
7/ 7/ /

Figure24.67 CAMSEN Input Timing

cwo [ || | |

> < taRsYD

ARBUSY

Figure24.68 ARBUBY Output Timing
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B:P clock ratio = 4:1 3xt +15 —
Input data hold time t

PORTH

Note: t is the output cycle time of the CKIO clock.

CKIO /_\_
tpoRTH
Port7to 0
(read)
trorTD
Port7to 0
(write)

Figure24.69 1/0 Port Timing
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TCKR™ "TCKF

TRST setup time

trets 12 — ns
TRST hold time toan 50 — -
TDI setup time tos 10 — ns
TDI hold time tom 10 — ns
TMS setup time tss 10 — ns
TMS hold time [ 10 — ns
TDO delay time oo — 15 ns
ASEMDO setup time t,sepos 12 — ns
ASEMDO hold time t oo 12 — ns
ASEBRKAK delay time tsamao — 15 ns

1/2 VeeQ

Figure24.70 TCK Input Timing
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t t
TDIS TDIH

TDI )] S(

t t
TMSS [, 'TMSH

™S )< 5(

tTDOD

TDO E(

Figure24.72 H-UDI Data Transfer Timing

RESETP _\—S 7

tasempos | tasempon
ASEMDO

Figure24.73 ASEMDO Input Timing

cwo || L L

tasBrAKD

ASEBRKAK

Figure24.74 ASEBRKAK Delay Time
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) Output load switching
LSI output pin reference voltage

CL VRer

lon

Notes: 1. Cg is the total value that includes the capacitance of measurement
instruments, etc., and is set as follows for each pin.
30 pF: CKIO, RAS, CAS, CS0, CS2 to CS6B, BACK
50 pF: All other pins
2. |o|_ =2 mA, IOH =-2mA

Figure24.75 Output Load Circuit
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Ta.VUllo ¥ H H
+3.0Nn8 |- I . g
& : : :
[ = 1 1
o t20ns b--------- e D R
£ , , :
Z . - .
g : : :
8 +10nsf--------- e P e
+0.0 ns . . .
+0 pF +25 pF +50 pF

Load Capacitance [pF]

Figure24.76 Load Capacitancevs. Delay Time
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BACK 0] (0] (0] z (0] L Ope
CSo o] H H Hz** 0 z Ope
CS4 0 H H Hz** 0 Z Ope
CS5A @] H H Hz** O Z Ope
CS6A 0] H H Hz** (0] Z Ope
WAIT | I I z I z Pull
RD o} H H Hz** o z Ope
BS 0 H H Hz** 0 Z Ope
DO (o] z z 10 z Pull
D1 (o] z z z 10 z Pull
D2 (o] z z z 10 z Pull
D3 (o] z z z 10 z Pull
D4 (o] z z z 10 z Pull
D5 (o] z z z 10 z Pull
D6 (o] z z z 10 z Pull
D7 (o] z z z 10 z Pull
D8 (o] z z z [o] z Pull
D9 10 z z z 10 z Pull
D10 10 z z z 10 z Pull
D11 [o] z z z 10 z Pull
D12 [o] z z z 10 z Pull
D13 (o] z z z 10 z Pull
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CAS o] H H Hz** o] Hz** Open
CKE o] H o] HZ** o] 0z*® Open
RAS o] H H Hz** o] Hz** Open
cs2 o H H Hz** o z Open
CS3 o} H H HZ** o} z Open
A0 (0] (0] (0] 0z*® 0] Z Open
A1 0 0 0 0z*° 0 Z Open
A2 0 o] 0 0z*® 0 Z Open
A3 0 0 0 0z*° 0 Z Open
A4 ] o] 0 0z*° 0 Z Open
A5 (0] (0] (0] 0z*® 0] Z Open
A6 ] ) ] 0z*° 0 Z Open
A7 0 o] 0 0z*® 0 Z Open
A8 0 0 0 0z*° 0 Z Open
A9 0 o] 0 0z*® 0 Z Open
A10 (0] (0] (0] 0z*® 0] Z Open
Al 0 o] ] 0z*° 0 Z Open
A12 ] o] 0 0z*® O Z Open
A13 0 0 0 0z*° 0 Z Open
Al4 0 o] 0 0z*® O Z Open
A15 0 0 0 0z*° 0 Z Open
A16 0 0 ] 0z*° 0 Z Open
A17 ] o] 0 0z*® O Z Open
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D19 [o] z z z 10 z Pull-
D20 10 Z Z Z 10 Z Pull-
D21 10 Z Z Z 10 Z Pull-
D22 10 Z Z z 10 z Pull-
D23 10 Z Z Z 10 Z Pull-
D24 10 Z Z z 10 z Pull-
D25 10 Z Z Z 10 Z Pull-
D26 10 Z Z Z 10 Z Pull-
D27 10 Z Z Z 10 Z Pull-
D28 10 Z Z Z 10 Z Pull-
D29 10 Z Z z 10 z Pull-
D30 10 Z Z Z 10 Z Pull-
D31 10 Z Z 10 Z Pull-
A18 0 o} o) 0z*° 0 Z Ope
A19 ] 0 0 0z*° 0 z Ope
A20 o) o} o) 0z*° 0 z Ope
A21 0 0 0 0z*° 0 z Ope
A22 o) o} o) 0z*° 0 z Ope
A23 0 o} o) 0z*° 0 Z Ope
A24 @] 0 O 0z+® O z Ope
A25 0 o} 0 0z*° 0 Ope
PTBO 10 v P**Z K*°Z p*? P**Z Opel
PTB1/CTST 10/1 Y P*?| K*°Z P*?| P*?| Opel
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LR N AR AL 4 4

INAT R

LA

|

PTA1/TXDO 10/0 \Y P**z K*°Z P**0 P**z Open
PTA2/SCIFOCK 10/10 V 4 K*°Z P P**Z Open
PTA3/SCK_SIO0 I0/I0  V P*?| K*°Z P P*?| Open
PTA4/SIOMCLKO 10/1 \Y P*?| K*°Z P*?| P*?| Open
PTA5/RXD_SIOO0 10/I \% P*?| K*°Z P*2 P*?| Open
PTA6/TXD_SIO0 10/0 \Y P**0 K*°Z P**0 P**0 Open
PTA7/SIOFSYNCO 10/1I0 V P*?| K*°Z P P*?| Open
CRSH1 | | I 4 | | Pull-dov
coL1 | | | 4 | | Pull-dov
ETXD13 (0] (0] 0] (0] (0] (0] Open
ETXD12 (0] (0] 0] (0] (0] (0] Open
ETXD11 (0] (0] 0] (0] (0] (0] Open
ETXD10 (0] (0] 0] 0] (0] (0] Open
TX-ENA1 (0] (0] 0] 0] (0] (0] Open
TX-CLK1 | | | 4 | | Pull-dov
TX-ER1 (0] (0] 0] (0] (0] (0] Open
RX-ER1 | | I Z | | Pull-dov
RX-CLK1 | | I VA | | Pull-dov
RX-DVA1 | | I Z | | Pull-dov
ERXD10 | | I VA | | Pull-dov
ERXD11 | | I Z | | Pull-dov
ERXD12 | | I Z | | Pull-dov
ERXD13 | | I VA | | Pull-dov
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CoLo I I I z I I Pull-
ETXDO03 O 0] O (0] O O Ope
ETXD02 o] O 0] o} O O Opel
ETXDO1 0] (0] 0] (0] O 0] Ope
ETXDO00 ] O O o} O O Opel
TX-ENO 0] (0] 0] (0] 0] O Ope
TX-CLKO I I I z I I Pull-
TX-ERO O O ] o} O O Opel
RX-ERO I I I z I I Pull-
RX-CLKO I I I z I I Pull-
RX-DVO I I I z I I Pull-
ERXDO00 I I I z I I Pull-
ERXDO1 I I I z I I Pull-
ERXD02 I I I z I I Pull-
ERXDO03 I I I z I I Pull-
MDCO O o 0] o O O Opel
MDIOO0 10 I I z I I Pull-
WOLO0 O o O o O O Opel
LNKSTAOQ I I I z I I Pull-
EXOUTO/TENDO O/O O O o} O O Opel
CAMSENO/IRQ4  I/1 I I zZI*° I I Pull-
MD4 I I [ z I i Mus
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g bl - - ~ bl | i
TRST | M M % M M Must |
TCK | M M % M M Open
ASEBRKAK 0 \Y 0 0 0 0 Open
AUDSYNC 0 z 0 0 0 0 Open
AUDCK o} o} o o} o} o} Open
AUDATAS (0] z 0] 0] (0] O Open
AUDATA2 o} z o} o) o) o Open
AUDATA1 o} Z o) o) o) o} Open
AUDATAO o} z o) o) o) o Open
RESETM [ | [ [ [ [ Pull-u
RESETP | | | | | | Must
NMI | | | | | | Pull-u
IRQO/IRLO I z | I I I Pull-u
IRQ1/IRLT | z | | | | Pull-u
IRQ2/IRL2 | z | | | | Pull-u
IRQ3/IRL3 I z | I I I Pull-u
STATUSO o H H H L L Open
STATUSH 0 H H L H L Open
CKIO2 o) o) o) 0z*° o) 0z** Open
DACKO 0] 4 0] Z 0] (0] Open
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L LR L L

INST NS

A L

hdl udnd

PTC4/SIOFSYNC1 10/10 V P*?| K*°Z P P*?| Ope
PTC5/CE2A I0/0O V P**0 K*°H P**0 P*®z Opel
PTC6/CE2B I0/0 V P**Q K*°H P**0O P*°z Opel
PTC7/01S16 10/1 \Y P*?| K*°Z P*?| P*?| Ope
CS5B/CETA 0/0 H H Hz** 0 z Opel
CS6B/CE1B 0/0 H H Hz** 0 z Ope
MDO | | i I I i Mus
MD1 | | i I I i Mus
MD2 | | i I I i Mus
MD3 | | i 4 I i Mus
XTAL O (0] 0] 0] (0] 0] Opel
EXTAL | | I I | I Pull-
VeeQ — — — — — Vec(
VssQ — — — — — Vss(
Vce — — — — — Vce

Vss — — — — — Vss

VccQ-RTC — — — — — Vel
VssQ-RTC — — — — — Vss(
Vce-PLLA — — — — — Vcee?

RENESAS
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L Low-level output

H High-level output

Z: High impedance (input or output buffer off)

V: Input/output buffer off, pull-up on

M: Input buffer on, output buffer off, pull-up on

K Output buffer on or input buffer off (pull-up on or off), depending on register settin
P Input or output depending on register settings

Depends on clock mode.

The state is P when the port function is used.

The state is K when the port function is used.

The state is Z or H depending on register settings.

The state is Z or O depending on register settings.

The state is Z when the Ethernet controller function is used.

To avoid the power friction, Vcc-PLL1, Vcec-PLL2, Vss-PLL1, Vss-PLL2, and of
and Vss should be wired in three independent patterns from the board power-
source.

No oMo
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FigureB.1 Package Dimensions (HQFP2828-256 (FP-256G/GV))
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B <
z
[e]
Y | 00000000000000000000 | [q]
W [ 0000000000l0000000000
V [ 0000000000000000000G
U | 0000000000000000000C
T | 0000 0000
R 0000 0000 Ref Dimension in N
P [ 0000 0000 Symbol 1
N | 0000 0000 (8] ~ 7] Min | Nom
M | 0000 0000 ] | — | 170
L Q000 0000 | (E] _ 17.0
K[ 0000 0000 LE] :
J | 0000 0000 v | — | —
H | 0000 0000
G | 0000 \ 0000 w | — | —
F |oooo i 0000 N —
E | 0000 ‘ 0000
D | 0000000000/0000000000 A1 | 035 | 040
C | 00000000000000000000 B | — | o0
B | 0000000000I0000000000
A | ©00000000030/0000000000 b 045 | 050
1234567 891011121314151617181920 X S —
R R —
b
J»_ | — [ —
G | — | —
Se | — [ —
[zp] | — | o9
[ZE] | — | 09

FigureB.2 Package Dimensions (P-LFBGA1717-256 (BP-256H/HV))
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Address transition .............cccoevvuvveeeeeeennnns 188

Auto-refreshing..........ccoeevvvevveniecieenens 429
Auto-request mode ........cceevveeieieeneennennn, 477
B

Baud rate generator (BRG).........ccccceee. 613
Big endian mode..........ccovieiiiiiniinienen. 42
C

Control by slot position ..........cc.cecceeeuee 620
Control registers .........coevveverenenerereenes 32
D

Delayed branching.............cceccveevvevennnenen. 44
Double data transfer instructions............... 94
DSP registers .....ccoeevevvereenieenieenenen. 77, 106
E

Exception handling state...........c...cccuennen. 27

Exception request of instruction
synchronous type and instruction

asynchronous type ........cccoevevverveecverneenne. 161
Extension of status register (SR) .............. 74
External request mode .................... 4717, 487

L

Literal constant..............ccc.couu.....
Little endian mode .......................
Load/sStore architecture ..............
Low-power consumption state.....

M

Magic packet........cccoevevverenennnen.
MII regiSters......ccoevvervverveeeeneeannens
Modulo register (MOD)...............
Multiplexed pins ........cccceeveeeneennen.
Multiply and accumulate registers

0]

On-chip peripheral module reques

|

PO/UQ area.........c.ccceevvveveevenenennen.
Plarea.....ccccccovvveeecieiiieeiieeieee,
P2 area.....ccccceveeeeecieeieeie e
P3area.....cccceeeeeecienieeie e
P4 area......ccccovveeviiiiiiiieee
Physical address space..................
Procedure register ...........cceeuen.e..
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e« A

Re-execution type and processing-

completion type exceptions ..................

Registers

ARSTR ...cooviiiiiiiiiiis 644, 815, 850
BAMRA ... 267, 809, 846
BAMRB........cccoccviiiis 270, 809, 846
BARA ..o, 266, 809, 846
BARB .....oooiiiiiiiiiiis 269, 809, 846
BASRA......cccooiiii 280, 809, 846
BASRB......ccoiiiiiis 281, 809, 846
BBRA ... 267, 809, 846
BBRB .....ccoooviiiiiiiis 272, 809, 846
BDMRB.......cccccoviiiins 271, 809, 846
BDRB ..o 270, 809, 846
BETR....ccoooiiiiiiiiiiiis 278, 809, 846
BRCR ..o 274, 809, 846
BRDR .....coiviiiiiiiiicicne 280, 809, 846
BRSR...ooiiiiiiiciicice 279, 809, 846
CCRI ..o 217, 808, 845
CCR2...ovviiieiccecne 218, 808, 845
CCR3 ..o 221, 808, 845
CDCR ..o 654, 814, 850
CEFCR ..o 655, 814, 850
CHCR ..o 464, 810, 847
CMNCR......cceviiiiiniiennne 342, 809, 846
CNDCR .....oocvvieviiciiiennns 654, 814, 850
CSnBCR ..o 345, 809, 846
CSnWCR ..., 351, 810, 847
DAR....ooiiiicee, 463, 810, 847
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RCRI .cviieiiiciciice, 520, 812, 848

RCR2 ..o, 522,812, 848
RCR3 ..o, 524, 812, 848
RDAYAR ....ccooovvviiiiinne. 517, 812, 848
RDAYCNT....cccoviiinns 512, 812, 848
RDFAR.....ccccviiiiiiiiins 750, 818, 852
RDLAR.....cooiviiiiiiiiins 734, 818, 852
RFECR ..o 656, 814, 850
RFELR ...ooviiiiiiiiiiiiiiee 652, 814, 850
RHRAR .....cccocviiiiiiins 515, 812, 848
RHRCNT .....ccooviiiiiiinn 509, 811, 848
RMCR......coociiiiiiiiiiie, 748, 818, 852
RMFCR .....cccceiiiiiiie. 744, 818, 852
RMINAR ..o 514, 812, 848
RMINCNT......ccocoviiiinn. 509, 811, 848
RMONAR.......cccccvviiinn. 518, 812, 848
RMONCNT ....ccocveviiinnne 512, 812, 848
RSECAR.....cccccovniiininnne. 514, 812, 848
RSECCNT ...ccocoveviiiininnenne. 508, 811, 848
RTCNT ..o, 382, 810, 847
RTCOR....ccevveiiiiiiinnne 383, 810, 847
RTCSR oo, 381, 810, 847
RWKAR ..o, 516, 812, 848
RWKCNT ... 510, 812, 848
RXALCR....cccevvvveiianne. 701, 816, 851
RXNLCR.....cceoveveierenne. 700, 816, 851
RYRAR ....ccoviiiiiiiciie, 519, 812, 848
RYRCNT ..o, 513, 812, 848
SAR Lo 463, 810, 847

SDBPR......cooerininininieiciene
SDBSR...ccocoiinininiiicieiene
SDCR..coooviiirieieieein, 37
SDID ...oveiinininieicieeen 80
SDIR ...ocoiiiiiiiiiiieieien 79
SICDAR.......cccoviiiiiiienn 59
SICTR ..o, 59
SIFCTR.....coiiiiiiiiieienn 60
SIER ..ot 60
SIMDR......cooviiiiiiiiine 59
SIRCR....ccovvviiiiiiiine 61

SIRDAR.......cccooiiiiiiinne 59

SIRDR.......coviviiiiiiiiiine 61
SISCR ..o 59
SISTR ..o 60
SITCR ..o 61

SITDAR ....covviririeieienenn 59
SITDR ..ot 60
STBCR...cccotvieeeieieiennn 291
STBCR2.....c.oocvevereirenene 30
STBCR3.....coeveverceienn 30
TBRAR ... 75
TCNT ..o 49/
TCOR...coiriiiiiiiccene 49/
TCR. o 491
TDFAR ...coiiiiiiiiieicies 75

TDLAR ... 73

TEA. ... 15
TFTR ..o 74
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TSU _ADSBSY ..cccooeveenene 681, 815, 851

TSU BSYSLO.....ccccevenennee 661, 815, 851
TSU BSYSLI ...cccceevenenene 662, 815, 851
TSU CTRST ....ccceovveineee 658, 815, 850
TSU FCM....cceeviiiinns 660, 815, 851
TSU_FWENO .........ccceee. 658, 815, 850
TSU_FWENI ... 659, 815, 850
TSU_FWINMK.................. 675, 815, 851
TSU_FWSLO....ccccoevvenene 666, 815, 851
TSU FWSLI ..o 667, 815, 851
TSU_FWSLC......ccccceee. 669, 815, 851
TSU_FWSR.....cccoiiiins 673, 815, 851
TSU_POSTI....cccoveiinns 686, 815, 851
TSU_POST2.....cccccveveinns 689, 815, 851
TSU_POST3....cccoviiine 692, 815, 851
TSU_POSTA4......ccceveinns 695, 815, 851
TSU PRISLO......ccccovenenen 663, 815, 851
TSU PRISLI....cccccccvvenenenn 664, 815, 851
TSU QTAGMO.................. 671, 815, 851
TSU QTAGMI .........c........ 672, 815, 851
TSU TEN..cccoooieiiiiininns 682, 815, 851
TTB oot 191, 808, 845
TXALCR....ccoeieiiiiieiinne 700, 815, 851
TXNLCR ...cooeieriieieienns 699, 815, 851

S

Save program counter (SPC) .........
Save status register (SSR)..............
Secondary FS.....c.ccooviiieiieiens
Self-refreshing .........cccceceeeveveeruennene
Single data transfer instructions.....
Single virtual memory mode and
multiple virtual memory mode.......
Software standby mode..................
Status register (SR) .....cccoeveveienene
System control instructions............
System registers .........cceeeereereennenne

the RTC crystal oscillator circuit ...
Transmit descriptor..........cccceeuee....

\%
Vector base register (VBR)............
Virtual address space......................
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