To our customers,

Old Company Name in Catalogs and Other Documents

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

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

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

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

LENESAS



10.

11

12.

Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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1.

These materids are intended as areference to assist our customersin the selection ¢
Renesas Technology Corp. product best suited to the customer's application; they d
convey any license under any intellectual property rights, or any other rights, belon
Renesas Technology Corp. or athird party.

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

All information contained in these materials, including product data, diagrams, cha
programs and algorithms represents information on products at the time of publicati
materials, and are subject to change by Renesas Technology Corp. without notice d
product improvements or other reasons. It istherefore recommended that customer
Renesas Technology Corp. or an authorized Renesas Technology Corp. product dis
the latest product information before purchasing a product listed herein.

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

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

When using any or al of theinformation contained in these materials, including pre
diagrams, charts, programs, and algorithms, please be sureto evaluate al informati
system before making afinal decision on the applicability of the information and pr
Renesas Technology Corp. assumes no responsibility for any damage, liability or of
resulting from the information contained herein.

Renesas Technology Corp. semiconductors are not designed or manufactured for us
device or system that is used under circumstances in which human lifeis potentially
Please contact Renesas Technology Corp. or an authorized Renesas Technology Co
distributor when considering the use of a product contained herein for any specific |
such as apparatus or systems for transportation, vehicular, medical, aerospace, nucl
undersearepeater use.

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

If these products or technologies are subject to the Japanese export control restrictic
must be exported under alicense from the Japanese government and cannot be imp
country other than the approved destination.

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

Please contact Renesas Technology Corp. for further details on these materias or tt
contained therein.

Rev. 2.00, 09/03, page iv of xlvi

RENESAS



2. Treatment of Unused Input Pins

Note:  Fix al unused input pinsto high or low leve.
Generally, the input pins of CMOS products are high-impedance input pins. [
arein their open states, intermediate levels are induced by noise in the vicinity
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:  When power isfirst supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throug
chipand alow levd isinput on thereset pin. During the period where the sta
undefined, the register settings and the output state of each pin are aso undefi
your system so that it does not malfunction because of processing whileit isil
undefined state. For those products which have areset function, reset the LS
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

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

Rev. 2.00, 09/03,
RENESAS



5. Overview

6. Description of Functiona Modules
e CPU and System-Control Modules
*  On-Chip Periphera Modules

The configuration of the functional description of each module differs accor
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 includesthis LSl, take notesinto account. |

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

7. List of Registers

8. Electrical Characteristics
9. Appendix

10. Index

Rev. 2.00, 09/03, page vi of xlvi
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microcomputers.
Objective:  Thismanual was written to explain the hardware functions and electrice
characterigtics of the SH7705 MCU to the above users.

Refer to the SH-3/SH-3E/SH3-DSP Programming Manual for a detail ec
of theinstruction set.

Notes on reading this manud:

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

Product Classifications and Abbreviations

Basic Classification Product Code

SH7705 HD6417705

* Inorder to understand the overall functions of the chip

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

* |norder to understand the detail s of the CPU's functions
Read the SH-3/SH-3E/SH3-DSP Programming Manual.

Rev. 2.00, 09/03, p
RENESAS
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Related Manuals:  Thelatest versons of all related manuals are available from our w
Please ensure you have the latest versions of al documents you re

http://www.renesas.com/eng/

SH7705 manuals.

Manual Title ADE Nc
SH7705 Hardware Manual This ma
SH-3/SH-3E/SH3-DSP Programming Manual ADE-60
Users manual s for devel opment tools:

Manual Title ADE Nc
SH Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User's ADE-70
Manual

SH Series Simulator/Debugger (for Windows) User's Manual ADE-70
SH Series Simulator/Debugger (for UNIX) User's Manual ADE-70
Embedded Workshop User's Manual ADE-70
SH Series Embedded Workshop, Debugging Interface Tutorial ADE-70

Rev. 2.00, 09/03, page viii of xlvi
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bps
BSC
CCN
CMT
CPG
CPU
DMAC
etu
FIFO
Hi-Z
uDI
INTC
IrDA
JTAG
LQFP
LRU
LSB
MMU
MPX
MSB

PFC
PLL
PWM

RISC
ROM
RTC

SCIF

bit per second

Bus State Controller

Cache Memory Controller
Compare Match Timer

Clock Pulse Generator

Central Processing Unit

Direct Memory Access Controller
Elementary Time Unit

Firg-In First-Out

High Impedance

User Debugging Interface
Interrupt Controller

Infrared Data Association

Joint Test Action Group

Low Profile QFP

Least Recently Used

Least Significant Bit

Memory Management Unit
Multiplex

Most Significant Bit

Program Counter

Pin Function Controller

Phase Locked Loop

Pulse Width Modulation

Random Access Memory
Reduced Instruction Set Computer
Read Only Memory

Realtime Clock

Serial Communication Interface with FIFO

RENESAS

Rev. 2.00, 09/03, |



USB Universal Serial Bus
wWDT Watchdog Timer

Rev. 2.00, 09/03, page x of xlvi
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FP-  TBP-

208C 208A  Pin Name 110 Description
139 G15  TDIF/PTGO I/1/0  Testdata inpt
input/output p
140 G14  TCcKPTGL I/1/0  Testclock (Ul
port G
141 F17  TMSYPTG2 I/1/0  Testmode se
input/output p
142  F16  TRST'/PTG3 1/1/0  Testreset (UL
port G
143 F15 TDO/PTF5 O/1/0 Testdata out
input/output p
144 F14 ASEBRKAK/ O /10  ASE break ac
PTF6 (UDI) / input/c

195 Cé6

ACERADNAT2*7

145  E17  ASEMDO
PTF7

RESETP®

1711/0 ASE mode (U
port F

| Power-on res:

Notes: 6. Pull-up MOS connected.

7. The pull-up MOS turns on if the pin function
(PFC) is used to select other functions (UDI).

4.4.1 Address Array
Address-Array Write

(Associative Operation)

105

Description amended

[IIThis operation is used to invalidate the addr

specification for a cache.

4.4.3 Usage Examples
Invalidating a Specific Entry
Invalidating an Address

Specification

107

108

Description largely revised

Description added

5.2.5 Exception Source
Acceptance Timing and

Priority

Table 5.1 Exception Event

Vectors

117

Note *3 amended

Note: 3. If an interrupt is accepted, the exceptic
register (EXPEVT) is not changed. [

RENESAS

Rev. 2.00, 09/03, |
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Legend:
DMAC : Direct memory access controller
SCIF  : Serial communication interface (with FIFO)
ADC  :A/D converter
USB  :USB interface

TMU  : Timer pulse unit

TPU : 16-bit timer pulse unit
6.4.6 Interrupt Exception 140 IPR (bit numbers) amended for interrupt source -
Handling and Priority IPRA (7 to 4)
Table 6.4 Interrupt
Exception Handling Sources
and Priority (IRQ Mode)
7.4.2 CSn Space Bus 160 Bits 14 to 12 description added
Co[nrol Register (CSnBCR) Note: SDRAM can be specified only in area 2 ar
(n=0,2, 3,4, 5A, 5B, 6A, SDRAM is connected to only one area, SDRAM
68B) specified for area 3. In this case area 2 should b
as normal space.
161 Note 5 added
Note: 5. The SDRAM bank active mode can onl
for the CS3 space. (Refer to the explanation of t
bit in the SDRAM control register.)
7.4.5 Refresh Timer 177 Bits 31 to 18 description amended
Control/Status Register Bit Initial
(RTCSR) Bit Name Value R/W Description
31to8 O 0 R Reserved
7.4.6 Refresh Timer 179 Bits 31 to 18 description amended

Counter (RTCNT)

Bit Initial
Bit Name Value R/W Description
31to8 O 0 R Reserved

Rev. 2.00, 09/03, page xii of xlvi
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Control Registers (CHCR)

&7

Dito 1J, L7 ULoulipuull aliciivucu

00: Fixed destination address
(setting prohibited in 16-byte transfer)

245

Bits 13, 12 description amended

00: Fixed source address
(setting prohibited in 16-byte transfer)

8.4.3 Channel Priority
Round-Robin Mode

258

[T he priority of round-robin mode is CHO > C
CH3 immediately after a reset.

When the round-robin mode is specified, cycle-
and burst mode should not be mixed among the
for multiple channels.

8.4.4 DMA Transfer Types
Address Modes

Figure 8.6 Example of
DMA Transfer Timing in
Dual Mode (Source:
Ordinary Memory,
Destination: Ordinary
Memory)

Bus Mode and channel
Priority Order

262

Figure amended

B Transfer source | Transfer destination

A T
-
(Active-Low) \ /(S ; ;

Data read cycle ! ' Data write cycle
|, ————
' (1st cycle) ! ! (2nd cycle) '

266

Description largely revised

8.5 Precautions

270

Newly added

Rev. 2.00, 09/03, p
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or 1/4,096 is selected using bits CKS2 to CKSO0,
watchdog timer counter overflow occurs, resultin
manual reset, the LSI will generate two manual r
succession. This will not affect its operation but v

change in the state of the STATUS pin.

11.6.1 Transition to 301
Module Standby Function

Description amended

This function can be used to reduce the power c

in the normal mode and sleep mode.

16.5 SCIF Interrupt 427
Sources and DMAC

Table 16.4 SCIF Interrupt
Sources

Table amended

Interrupt

Source Description DM/

ERI Interrupt initiated by receive error flag Not |
(ER) or break flag (BRK)

RXI Interrupt initiated by receive FIFO data Pos:s
full flag (RDF) or receive data ready
(DR)

TXI Interrupt initiated by transmit FIFO data  Pos:
empty flag (TDFE) or transmit data stop
flag (TSF)

18.1 Features 437 Description amended
» The UDC (USB device controller) conforming tc
and transceiver process USB protocol automat
19.2.7 Port F Control 489 Note *2 added to Bits 15 and 14

Register (PFCR)

Note 2. Pull-up MOS on.

19.2.9 Port G Control 491
Register (PGCR)

Note *2 added to Bits 7to 0
Note 2. Pull-up MOS on.

Rev. 2.00, 09/03, page xiv of xlvi
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LA A b s

OR.B #mm,@(R0,GBR)

D
LDC.L @Rm+,R2_BANK

LDC Rm,R6_BANK
LDC Rm,R7_BANK

3
TAS.B @Rn 3 LDC.L @Rm+,R3_BANK
TST.B #imm,@(R0,GBR) 3 LDC.L @Rm+,R4_BANK
XOR.B #imm,@(R0,GBR) 3 LDC.L @Rm+,R5_BANK
LDC Rm,SR 4 LDC.L @Rm+,R6_BANK
LDC Rm,GBR 4 LDC.L @Rm+,R7_BANK
LDC Rm,VBR 4 LDC.L @Rn+,MOD
LDC Rm,SSR 4 LDC.L @Rn+,RS
LDC Rm,SPC 4 LDC.L @Rn+,RE
LDC Rm,RO_BANK 4 LDC Rn,MOD
LDC Rm,R1_BANK 4 LDC Rn,RS
LDC Rm,R2_BANK 4 LDC Rn,RE
LDC Rm,R3_BANK 4 BSR label
LDC Rm,R4_BANK 4 BSRF Rm
LDC Rm,R5_BANK 4 JSR @Rm

4

4

23.2 Input/Output Pins 569

Note * added

Note: * The pull-up MOS turns on if the pin func
controller (PFC) is used to select other function

23.3.3 Boundary Scan 570
Register (SDBSR)

Description amended

SDBSR is a 385-bit shift register, located on the
controlling the input/output pins of this LSI.

23.5.2 Points for Attention 582

Item 7 added under “23.5.2 Points for Attention’

7. The CKIO cock should operate during bounc
The MD[2:0] pin should be set to the clock mod
during normal operation, and EXTAL and CKIO
set within the frequency range specified in the ¢
Generator (CPG) section.

As during normal operation, the boundary scan
be performed after allowing sufficient settling tir
crystal oscillator, PLL1, and PLL2.

24.1 Register Addresses 592
(by functional module, in

order of the corresponding
section numbers)

Access size of EP1 data register and EP2 data
amended to 8/32

Rev. 2.00, 09/03, p
RENESAS
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Table 25.6 Control Signal
Timing

(Conatitions: VccQ = Vee-RTC = Vee-USB = 3.0t
Vcc = Vcc-PLLl = Vcc-PLLZ =1.4t01.6 V, AVcc
3.6 V, VssQ = Vss = Vss-RTC = Vss-USB = Vss-|
PLL2 =AVss=0V, T, =-20to 75°C, Clock mod
0/1/2/4/516/7)

Note *1 amended

Note: 1. RESETP, RESETM, NMI, and IRQ5 to |
asynchronous. [T

Figure 25.15 Pin Drive 638
Timing at Standby

Figure amended

Normal mode Standby mode Normal mode
Ko wam
tsto
—
STATUS 0 \/
STATUS 1 /\
\T

25.3.4 Basic Timing 640

Figure 25.16 Basic Bus
Cycle (No Wait)

Note *2 added

twep ‘ twep tan ‘
WEn *2 ] 7[_
Write { twop1 twor
D31 to DO
e

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.17 Basic Bus 641
Cycle (One Software Wait)

Note *2 added

tWED ‘WED
WEn™2 7[
Write { twop1

D31 to DO

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAN

Rev. 2.00, 09/03, page xvi of xlvi
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Figure 25.19 Basic Bus 643 Note *2 added
Cycle (One Software Wait, [ toeo | weo | || | o |  tueo
External Wait Enabled - ——i T i
(WM Bit = 0), No Idle Cycle Wrw{ ‘
Settin oot | twopn | twop1 tw
g) D15 to DO ? %
-
Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.
25.3.11 SCIF Module 671 Item amended
Signal Timing Transmission data delay time (clock synchroniz
Table 25.13  SCIF Module RTS delay time (clock synchronization)
Signal Timing
A. 1/O Port States in Each 679 Note *11 added

Processing State

Table A.1 1/O Port States
in Each Processing State

Reset

Power-

on
Category Pin Reset
System RESETP KM
control

Power-Down
States
Bus
Manual Software Mastersh

Reset Standby Sleep Released
l_*ﬁ""}'u' T I*'u' o 'I;ﬁ' T

RESETM |

RENESAS

Rev. 2.00, 09/03, pa



Note: 13. The values of PTJ6, PTJ1, and PTJO d

power-on reset and after the power-on reset stat

released. They conform to the port J data registe

after being switched to port status by the pin fun
controller (PFC).

- After Power-On Re

During Power-On

Reset PTD5/NF=1 PT

PTJ6/INF 1 0 1
PTJINF 1 1 0
PTJOINF 1 0 1

Rev. 2.00, 09/03, page xviii of xlvi
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SECHON 2 CPU ...ttt e e e e e

2.1  Processing States and Processing MOUES........covveeieeiieereesienienee e
211 ProCeSSiNG SEALES......cceeiuerieeieeieeieeieeieeeesteseesae s snee s snae e e
212  ProcessiNg MOES........couiiiiiiiiiiiie e see e,
2.2 MEMOIY MAD ...ttt b ettt e st e e be e nne e e eaee
221 LoQIical AQOreSS SPACE......ccueeiuiriiriiiieiie sttt seee e see e ssee e,
222  EXternad MEmMOry SPACE........ccviuiiuiiiiiirieesieseeseeseesseesnee e sseesneens
2.3 RegIStEr DESCIIPLIONS. ...ciiuiiiiiiiiesiiesiie ettt ettt ettt
231  GENEral REJISIErS ...oi ittt
232  SyStEM REQISLEIS.....iiiieiieiieecete ettt
2.3.3  Program COUNTEN ........coouieiieeiieeeiee ettt sbee e e sbe e sree e sebe e b e ree e,
234  CONrOl REJISIEIS....ciiiiiiiiiiieiiee et see e sree s e s,
2.4 DAAFOMMELS .. .coiiiieiie ettt st bbb e r e e nnee e naee
241 Register DataFOrmMat........ccceiiiieiiiiiieiiesie st see e,
242 Memory Data FOrMELS.........cooiieiiiieiiii et
25 Features of CPU Core INSIrUCiONS ........evvieieeieeieeiee e
251 Ingruction Execution Method...........ccceviiiieiieiiniinecece e
252 CPU Instruction Addressing MOdES.........cocvvvviiiniinienie e,
253  CPU INSruction FOrMELS.......c.eeviriieiiisieiiesiesie e see e seee e seee e,
2.6 INSFTUCHION SEL...ccuviiiicieeieeieeee ettt ettt re e
2.6.1 CPU Instruction Set Based 0n FUNCLIONS..........cooveiiieiienieiieniesiennnn,
2.6.2 Operaion CoUEMaD .....ccccouiiiiriieiise st s,
Section 3 Memory Management Unit (MMU) .........ccccoeeviieeiieeeenee,
31 ROEOF MMU ..ottt e et
3 L1 MMU Of TRISLSL ittt
3.2 RegIStEr DESCIIPLIONS. ...eiiiiiieiieiiiiei it sree e
3.21 PageTableEntry Register High (PTEH) .....coociiiiieiiie e,
3.22 PageTable Entry Register LOW (PTEL) .cccvveiiiiiiiece e,
323 Trandation Table Base Register (TTB) ..covvveviievieecie e,
3.24 MMU Control Register (MMUCR) ........cocoiiiiiiiiieeciee e,
3.3 TLB FUNCHIONS.....eiitieieeieeieeie ettt et et et
331 Configuration of the TLB ......cccceeiiieiiie e,



3.6

37

4.1

4.2

4.3

4.4

4.5

351 TLB MIiSSEXCEDIION ..ceeevieiieiieiieieeie et
3.5.2 TLB Protection Violation EXCEPLION .......cccvvvirieiiinienieieeese e,
353 TLBINvalid EXCEPLION ......ooviiiiiiieieeiecie et
354 Initid Page Write EXCEPLION ......coveeiieiieiieiecieee e,
MemOry-MappPed TLB ......ccoiiiiie ettt
361 AJUrESS ATTAY eeeiveeiiieiieeiiei it st siee st ee e sne e snee e e
3.6.2  DAAAITAY ..eeieieieetie ettt ettt st st n e nanee e
3.6.3  USage EXAMPIES....ccveiiieiieeeeeeee et
USBOE NOLE.....ee ettt e s sn e e s anre e e e s nnre e e s snreeenn,

411 CaChe SITUCIUME.......eeiiiiciieeie e
REQIStEr DESCITPLIONS. .o vieieeieeie ettt sttt e be e
421 CacheControl Register 1 (CCRL)....cceevueeiiieiiieiieeieenieenie e
422 CacheControl Register 2 (CCR2)....cueeviieiiieniieieeieeneenie e
423 CacheControl Register 3 (CCR3)....ccueeiieiiieiieieeieeseeie e
(0707 = 1] TSROSO
431 Searchingthe Cache.........ccoviiiiiice e
4.32  REAO ACCESS......oiiitieie ittt r e sr e
4.3.3  PrefetCh OPEration .......ccooeiiiicieceee e
434 WWITE ACCESS.....eiueiieeeeste it eiee ettt et bbb b e b sresneennesresre s
435 WIrite-Back BUFfEr.......coeiiieiiceceees e
4.3.6 Coherency of Cacheand External Memory ........ccocceeveeneeneeneeneeneennes
Memory-Mapped CaChi...........cociiiiiii i
o R X0 (o [ 1= Y AN - OSSR
A B T = U - RSSO
443  USAgE EXAMPIES.....eiiieiieiieieeee ettt
USBOE N, r e e e s s e e e e e s s snnbbree s,

Section 5 Exception Handling .........ccceeiiieeiiiee e

51

REQIStEr DESCITPLIONS. . vieteeieeie et sttt et e re e
511 TRAPA Exception RegIStEr (TRA) ...coiieiieriereeieeeee e,
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AlIgn-3oeed Adla translers Can de 1ormed py an on-chip direct memory actess COntroi |
and an externa memory access support function enables direct connection to differen
memory. ThisLS| dso includes powerful periphera functionsthat are essential to sys
configuration, such as USB (Function) functionality and a serial interface with alarge

A powerful built-in power-management function keeps power consumption low, even
high-speed operation. This LS| isideal for use in electronic devices such as those for |
that require both high speeds and low power consumption.

The features of thisLSl arelisted in table 1.1.
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Four 32-bit system registers
* RISC-type instruction set
Instruction length: 16-bit fixed length and improved code efficienc
Load/store architecture
Delayed branch instructions
Instruction set based on C language
» Instruction execution time: one instruction/cycle for basic instructi
» Logical address space: 4 Ghytes
» Five-stage pipeline

Memory * 4 Gbytes of address space, 256 address space identifiers (ASID:
management

i Page unit sharin
unit (MMU) ge unit sharing

» Supports multiple page sizes: 1 kbyte or 4 kbytes
* 128-entry, 4-way set associative TLB

» Supports software selection of replacement method and random-
replacement algorithms

» Contents of TLB are directly accessible by address mapping

Cache memory .« 32-kbyte cache, mixture of instructions and data
» 512 entries, 4-way set associative, 16-byte block length
*  Write-back, write-through, LRU replacement algorithm
» 1-stage write-back buffer

Interrupt » Seven external interrupt pins (NMI, IRQ5 to IRQOQ)

controller (INTC) On-chip peripheral interrupt: Priority level is independently select

module
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Specifying the memory type to be connected to each area enab
connection to SRAM, byte selection SRAM, SDRAM, and burst
areas support address/data multiplex 1/0 (MPX).

Outputs chip select signal (CSO, CS2 to CS4, CS5A/B, CS6A/B
corresponding area (Programs are used to select the CS assert
timing.)

SDRAM refresh function

Supports auto-refresh and self-refresh modes

SDRAM burst access function
Different SDRAM can be connected to area 2 or area 3 (size/lat
Usable as either big or little endian machine

Direct memory
access controller
(DMAC)

Four channels. Two of these channels support external request
Burst mode and cycle steal mode

Outputs transfer end signal in channel with DREQ (one channel
Supports intermittent mode (supports 16 or 64 cycles)

Clock pulse
generator (CPG)

Clock mode: Input clock can be selected from external input (E>
CKIO) or crystal resonator

Three types of clocks generated

CPU clock: max. 133.34 MHz/100 MHz

Bus clock: max. 66.67 MHz

Peripheral clock: max. 33.34 MHz

Seven types of clock mode (selection of multiplication ratio of P!
PLL2, and selection external clock or crystal resonator)

Watchdog timer
(WDT)

One-channel watchdog timer

Power-down
mode

Supports power-down mode

Sleep mode

Software standby mode and hardware standby mode
Module standby mode
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unit (TPU)

Supports PWM function

Realtime clock .
(RTC)

Clock and calendar functions (BCD format)
30-second adjust function
Alarm/periodic/carry interrupt

Automatic leap year adjustment

Serial .
communication
interface

(SCIF_0, SCIF_2) *

Clock synchronous/asynchronous mode
64-byte transmit/receive FIFOs

High-speed UART

UART supports FIFO stop and FIFO trigger
Supports RTS/CTS

Supports IrDA 1.0 (only channel 0)

USB function .
module (USB)

Conforms to USB 2.0 full-speed specification
Supports modes with an on-chip and external USB transceiver

Supports control transfer (endpoint 0), bulk transfer (endpoint 1, :
interrupt transfer (endpoint 3)

The USB standard commands are supported, and class and ben
commands are handled by firmware

On-chip FIFO buffer for endpoints (128 bytes/endpoint 1, 2)
Module input clock: 48 MHz

I/O port » Bitwise selection of input/output for input/output port
A/D converter « 10 bits + 4 LSB, four channels
* Input range: 0 to AVcc (max. 3.6 V)
User break » Address, data value, access type, and data size are available for

controller (UBC)

break conditions
Supports the sequential break function
Two break channels
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Name 110 voaules rFrequency rFroduct code

SH7705 3.3+0.3V 15+0.1V 133 MHz HD6417705F133
100 MHz  HD6417705F100

133 MHz HD6417705BP133
100 MHz  HD6417705BP100
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M § | | RTC
—K— Aw
MMU = 2] cMmT
— » Qo
a ©
:
BSC
INTC USB
e —
Externalbus | | /0 port | — uDlI
interface (PFC) |—
Legend:
CACHE: Cache memory TMU: Timer unit
CCN: Cache memory controller TPU: 16-bit timer pulse unit
MMU: Memory management unit RTC: Realtime clock
TLB: Translation look-aside buffer CMT: Compare match timer
INTC: Interrupt controller SCIF: Serial communication interface with |
CPG/WDT: Clock pulse generator/watchdog timer  IrDA: Infrared data association module
CPU: Central processing unit USB: Universal serial bus
UBC: User break controller ADC: A/D converter
AUD: Advanced user debugger UDI: User debugging interface
BSC: Bus state controller PFC: Pin function controller
DMAC: Direct memory access controller

Figure1.1 Block Diagram
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VCC\™
PTNO/SUSPND

PTN6/DPLS
PTN7
TCLK/PTE6
PTE7
TxDO/SCPTO/TX
SCKO/SCPT1
TxD2/SCPT2

RxDO/SCPTO/IrRX

R; Dzls\é%;l% 179
X 7
CTSZ/SX}S’%’S ]Ig? SH7705
rescil £ 1 o alow
Voo 184 (Top view)
IRQO/IRLO/PTHO
IRQ1/IRL1/PTH1

AUDCK/PTG4
NMI

DREQO/PTH5
DREQ1/PTH6
RESETP

CA

MD3

MD4

AVss
ANO/PTLO
AN1/PTL1
AN2/PTL2
AN3/PTL3

EXTAL_USB
XTAL_USB

[
N
o
[=
[
)
a

D30/PTB6/P|
D29/PTB5/P|
D28/PTB4/P|
D27/PTB3/P

Note: * The initial functions of NF (No Function) pins are not assigned after power-on reset. Specifies the functions with Pin Function Controller (PFC

Figure 1.2 Pin Assignment (FP-208C)
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210 O O O O 0O0C
wlio o oo 00 O0C
00 00O Shr708 O 0O0C
ggoooo e O O0OO0C
5l 1O O 0O ( O 0O0C
7110 00O A O 0O0C
6 EOOOO \INDEXMARK OOOC
5] 1O 0 0 O b O 0 O0C
|/ 0000000000000 O0O0O0C
3100 0000000000000 O0C
2/ i00 0000000000000 O0C
|10 0000000000000 O0O0C

Note: The terminal area surrounded by the dotted line is the perspective view.

Figure 1.3 Pin Assignment (TBP-208A)
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USB power supply (0 V)

5 C1 Vss-USB g

6 D3 Vce-RTC*® 0 RTC power supply (3.3 V)*°

7 D2 XTAL2 (0] Crystal oscillator pin for on-chip RT(
8 D1 EXTAL2 I Crystal oscillator pin for on-chip RT(
9 E4 Vss-RTC*® 0 RTC power supply (0 V)*°

10 E3 VBUS/PTM6 I/1/0 USB power supply detection / input/
11 E2 MD6 I connect to /O power supply (0V)
12 El D31/PTB7/PINT15 1/O/1/O /1 Data bus/input/output port B / PINT
13 F4 D30/PTB6/PINT14 1/O/1/O /1 Data bus /input/output port B / PINT
14 F3 D29/PTB5/PINT13 1/O/1/O /1 Data bus /input/output port B / PINT
15 F2 D28/PTB4/PINT12 1/O/1/O /1 Data bus/input/output port B / PINT
16 F1 D27/PTB3/PINT11 1/O/1/O /1 Data bus/input/output port B / PINT
17 G4 VssQ d I/O power supply (0 V)

18 G3 D26/PTB2/PINT10 1/O/1/O /1 Data bus/input/output port B / PINT
19 G2 VeeQ d I/O power supply (3.3 V)

20 Gl D25/PTBL/PINT9  1/O/1/O /1 Data bus/input/output port B / PINT
21 H4 D24/PTBO/PINT8  1/O/1/O /1 Data bus /input/output port B / PINT
22 H3 D23/PTA7/PINT7  1/O/1/O /1 Data bus/input/output port A/ PINT
23 H2 D22/PTA6/PINT6  1/O/1/0O /1 Data bus/input/output port A/ PINT
24 H1 D21/PTAS5/PINTS  1/O/1/O /1 Data bus/input/output port A/ PINT
25 J4 D20/PTA4/PINT4  1/O/1/O /1 Data bus/input/output port A/ PINT
26 J2 Vss d Internal power supply (0 V)

27 J1 D19/PTA3/PINT3  1/O/1/O /1 Data bus/input/output port A/ PINT
28 J3 Vce d Internal power supply (1.5 V)

29 K1 D18/PTA2/PINT2  1/O/1/O /1 Data bus/input/output port A/ PINT
30 K2 D17/PTAL/PINTL  1/O/1/O /1 Data bus/input/output port A/ PINT
31 K3 D16/PTAO/PINTO  1/O/1/O /1 Data bus/input/output port A/ PINT
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37 M1 D12 I/O Data bus

38 M2 D11 I/O Data bus

39 M3 D10 I/O Data bus

40 M4 D9 I/O Data bus

41 N1 D8 I/O Data bus

42 N2 D7 I/O Data bus

43 N3 D6 I/O Data bus

44 N4 VssQ d I/O power supply (0 V)
45 P1 D5 I/0 Data bus

46 P2 VeeQ d I/O power supply (3.3 V)
47 P3 D4 I/O Data bus

48 R1 D3 I/O Data bus

49 R2 D2 I/O Data bus

50 P4 D1 I/O Data bus

51 T1 DO I/O Data bus

52 T2 VssQ d I/O power supply (0 V)
53 Ul AO0/PTKO O/l1/o Address bus / input/output port K
54 u2 Al o Address bus

55 R3 A2 O Address bus

56 T3 A3 o Address bus

57 u3 VssQ d I/O power supply (0 V)
58 R4 Ad o Address bus

59 T4 VeeQ d I/O power supply (3.3 V)
60 u4 A5 o Address bus

61 P5 AB o Address bus

62 R5 A7 o Address bus

63 T5 A8 o Address bus
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69 P7 VssQ d I/O power supply (0 V)

70 R7 Al4 O Address bus

71 T7 VeeQ d I/O power supply (3.3 V)

72 u7 Al5 o Address bus

73 P8 Al6 O Address bus

74 R8 Al7 o Address bus

75 T8 Al8 o Address bus

76 us A19/PTK1 O/l1/0 Address bus / input/output port K

77 P9 A20/PTK2 O/l1/o Address bus / input/output port K

78 T9 Vss d Internal power supply (0 V)

79 u9 A21/PTK3 O/l1/0 Address bus / input/output port K

80 R9 Vce d Internal power supply (1.5 V)

81 Ul0  A22/PTK4 O/1/0 Address bus / input/output port K

82 T10 A23/PTK5 O/l1/o Address bus / input/output port K

83 R10  A24/PTK6 O/l1/0 Address bus / input/output port K

84 P10  A25/PTK7 O/l1/0 Address bus / input/output port K

85 Uil  BS/PTCO O/l1/o Bus cycle start signal / input/outpu

86 T11 RD o Read strobe

87 R11  VssQ d I/O power supply (0 V)

88 P11  WEO/DQMLL O/0 D7 to DO select signal / DQM (SDI

89 Ul2  VceQ d I/O power supply (3.3 V)

90 T12  WE1/DQMLU O/0 D15 to D8 select signal / DQM (SL

91 R12 WE2/DQMUL/PTC1 O/O/I/0 D23 to D16 select signal / DQM (S

input/output port C

92 P12 WE3/DQMUU/AH/ O/0O/0O/ D31 to D24 select signal / DQM (S
PTC2 I/0 address hold / input/output port C

93 Ul3 RD/WR o Read/write

94 T13 CSO o] Chip select 0
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100 U15 CS6A*%PTCY o/1/0 Chip select 6A / input/output port

101 T15 CS6B*%PTD7 o/1/0 Chip select 6B / input/output port

102 P14 RASL/PTDO O/l1/o Lower 32 Mbytes address RAS (S
input/output port D

103 U16 RASU*¥PTD1 O /10 Upper 32 Mbytes address RAS (&
input/output port D

104 T16 CASL/PTD2 o/llo Lower 32 Mbytes address CAS (S
input/output port D

105 Ul7  VssQ d I/O power supply (0 V)

106 T17 CASU**/PTD3 O /10 Upper 32 Mbytes address CAS (&
input/output port D

107 R15 CKE/PTD4 O/l1/o CK enable (SDRAM) / input/outpt

108 R16  PTD5/NF** | Input port D/ NF**

109 R17  BACK/PTG5 O/1/0 Bus acknowledge / input/output pi

110 P15 BREQ/PTG6 I/1/0 Bus request / input/output port G

111 P16  VssQ d I/O power supply (0 V)

112 P17  WAIT/IPTG7 I/1/0 Hardware wait request / input/out

113 N14  VcecQ d I/O power supply (3.3 V)

114 N15  DACKO/PTEO O/l1/o DMA acknowledge 0 / input/outpu

115 N16  DACK1/PTE1l O/l1/o DMA acknowledge 1 / input/outpu

116 N17  TENDO/PTE3 O/llo DMA transfer end notification / ing
port E

117 M14  AUDSYNC/PTF4 O/l1/o AUD synchronous / input/output p

118 M15  AUDATAO/PTFO/TOO0 O/1/O/O  AUD data output / input/output po
output

119 M16  AUDATALl/PTFL/TO1 O/I/O/O  AUD data output/ input/output po
output

120 M17  AUDATA2/PTF2/TO2 O/I/O/O  AUD data output / input/output po

output
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125 K14 NF"/PTJ3 O NF" " /output port J

126 K15 NF*/PTJ4 o} NF** Joutput port J

127 K16  NF*/PTJ5 o} NF** Joutput port J

128 K17  NF*/PTJ6 o} NF** Joutput port J

129 J14  NF/PTJ7 o} NF** Joutput port J

130 J16 Vss d Internal power supply (0 V)

131 J17  NF*/PTM4 | NF**/ input port M

132 J15 Vce d Internal power supply (1.5 V)

133 H17  VssQ d I/O power supply (0 V)

134 H16  PTMO I/0 Input/output port M

135 H15 PTM1 I/0 Input/output port M

136 H14  PTM2 I/0 Input/output port M

137 G17 PTM3 I/0 Input/output port M

138 G16  VceQ d I/O power supply (3.3 V)

139 G15 TDI"'/PTGO I1/1/0 Test data input (UDI) / input/outy

140 G14 TCK''/IPTG1 I/1/0 Test clock (UDI) / input/output pc

141 F17 TMS*'IPTG2 I/1/0 Test mode select (UDI) / input/ot

142 F16 TRST'*'/PTG3 1/1/0 Test reset (UDI) / input/output pc

143 F15 TDO/PTF5 O /l1/o Test data output (UDI) / input/ou

144  F14 ASEBRKAK/PTF6  O/I/O ASE break acknowledge (UDI) /
port F

145 E17  ASEMDO***'/PTF7 1/1/0 ASE mode (UDI) / input/output p

146 E16 MDO I Clock mode setting

147 E15 MD1 I Clock mode setting

148 E14 MD2 I Clock mode setting

149 D17  Vcc-PLL1 d PLL1 power supply (1.5 V)

150 D16  Vss-PLL1 d PLL1 power supply (0 V)
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156 B16  VssQ d I/O power supply (0 V)
157 Al7  STATUSO/PTE4/  O/1/O/O  Processor status / input/output port
RTSO transmit request
158 Al6  STATUSL/PTES/  O/1/O/I Processor status / input/output port
CTSO transmit clear

159 C15 VssQ d I/O power supply (0 V)

160 B15 CKIO I/0 System clock input/output

161 Al15  VceQ d I/O power supply (3.3 V)

162 Cl14  PTNO/SUSPND /010 input/output port N / USB suspend

163 B14 PTN1/TXENL /010 input/output port N / USB output en

164 Al4 PTN2/XVDATA /O /1 input/output port N / USB differentic
input

165 D13  PTN3/TXDMNS /010 input/output port N / USB D- transn

166 C13  PTN4/TXDPLS /010 input/output port N/ USB D+ transn

167 B13 PTN5/DMNS /O /1 input/output port N / D—input from
receiver

168 A13 PTN6/DPLS /O /1 input/output port N / D+ input from |
receiver

169 D12  PTN7 I/0 input/output port N

170 Cl12  TCLK/PTE6 I/1/0 TMU clock input / input/output port |

171 B12 PTE7 I/0 Input/output port E

172 Al12  TxDO/SCPTO/I'TX O/O/0O SCIFO transmit data / SC port / IrD/

173 D11  SCKO/SCPT1 /O /110 SCIFO clock / SC port

174 Cl1  TxD2/SCPT2 O/0 SCIF2 transmit data / SC port

175 B11  SCK2/SCPT3 /0 /110 SCIF2 clock / SC port

176 A1l  RTS2/SCPT4 0O /1lo SCIF2 transmit request / SC port

177 D10  RxDO/SCPTO/IrRX 1/1/1 SCIFO receive data / SC port / IrDA

178 C10  VceQ d I/O power supply (3.3 V)

179 B10 RxD2/SCPT2 /1 SCIF2 receive data / SC port
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185 A8 IRQOARLO/PTHO I/171/0 External interrupt request / input/o
186 B8 IRQUIRL1/PTH1 /1710 External interrupt request / input/o
187 c8 IRQ2/RL2/PTH2 /1710 External interrupt request / input/o
188 D8 IRQ3/RL3/PTH3 /1710 External interrupt request / input/o
189 A7 IRQ4/PTH4 I1/1/0 External interrupt request / input/o
190 B7 IRQ5/PTE2 I1/1/0 External interrupt request / input/o
191 Cc7 AUDCK/PTG4 O/l/o AUD clock / input/output port G
192 D7 NMI I Nonmaskable interrupt request
193 A6 DREQO/PTHS I/1/0 DMA request / input/output port H
194 B6 DREQ1/PTH6 I1/1/0 DMA request / input/output port H
195 C6 RESETP*® I Power-on reset request

196 D6 CA I Hardware standby request

197 A5 MD3 I Area 0 bus width setting

198 B5 MDA4 I Area 0 bus width setting

199 C5 AVss d Analog power supply (0 V)

200 D5 ANO/PTLO /1 A/D converter input / input port L
201 A4 AN1/PTL1 I1/1 A/D converter input / input port L
202 B4 AN2/PTL2 /1 A/D converter input / input port L
203 Cc4 AN3/PTL3 /1 A/D converter input / input port L
204 A3 AVcc d Analog power supply (3.3 V)

205 B3 VssQ d I/O power supply (0 V)

206 D4 EXTAL_USB I USB clock

207 A2 XTAL_USB (0] USB clock

208 B2 VeeQ d I/O power supply (3.3 V)

Notes: The unused pins should be handled according to table A.1, I/O Port States in

Processing State, in Appendix.

1. The TRST pin must be driven low for a specified period when power supply
regardless of whether the UDI function is used or not. As the same as the |
the TRST pin should be driven low at the power-on set state and driven hig
power-on reset state is released.
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7. The pull-up MOS turns on if the pin function controller (PFC) is used to selec
functions (UDI).
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power supply. There v
operation if any pins a

Vss

Ground

Ground pin. Connect ¢
the system power sup
There will be no opera
pins are open.

VceQ

Power supply

Power supply for I/O
all VccQ pins to the sy
supply. There will be r
if any pins are open.

VssQ

Ground

Ground pin. Connect ¢
to the system power s
There will be no opera
pins are open.

Clock

Vce-PLL1

PLL1 power
supply

Power supply for the c
oscillator.

Vss-PLL1

PLL1 ground

Ground pin for the on-
oscillator.

Vce-PLL2

PLL2 power
supply

Power supply for the c
oscillator.

Vss-PLL2

PLL2 ground

Ground pin for the on-
oscillator.

EXTAL

External clock

For connection to a cr
resonator. An external
may also be input to tl
pin.

XTAL

Crystal

For connection to a cr
resonator.

CKIO

I/0

System clock

Supplies the system c
external devices.
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power-on reset state.

RESETM Manual reset When low, the system ¢
manual reset state.
STATUSLI, (0] Status output Indicates the operating
STATUSO
BREQ Bus request Low when an external ¢
requests the release of
mastership.
BACK (0] Bus request Indicates that the bus n
acknowledge has been released to al
device. Reception of th
signal informs the devic
has output the BREQ si
has acquired the bus.
CA Chip active High in normal operatio
in hardware standby mc
Interrupts NMI Non-maskable  Non-maskable interrupt
interrupt pin. Fix to high level wh
use.
IRQ5t0 IRQO | Interrupt Maskable interrupt requ
requests St 0 ggjectaple as level inpt
input. The rising edge ©
edge is selectable as tt
edge. The low level or |
selectable as the detec
IRL3 to IRLO Interrupt Maskable interrupt requ
requests 3t0 0 |0t 4 coded interrupt
PINT15 to Interrupt PINT interrupt request |
PINTO requests 15to 0
Address bus A25 to AO (0] Address bus Outputs addresses.
Data bus D31 to DO I/O Data bus 32-bit bidirectional data
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WE3 (0] Highest-byte Indicates that bits 31 t
write data in the external m
device are being writte
WE2 (0] Second-highest- Indicates that bits 23 t
byte write data in the external m
device are being writte
WE1 o Second-lowest- Indicates that bits 15t
byte write data in the external mq
device are being writte
WEO o Lowest-byte Indicates that bits 7 to
write in the external memor
are being written.
CKE (0] CK enable Clock enable. (SDRAN
DQMUU (0] DQ mask UU Selects D31 to D24. (¢
DQMUL (0] DQ mask UL Selects D23 to D16. (¢
DQMLU (0] DQ mask LU Selects D15 to D8. (S|
DQMLL (0] DQ mask LL Selects D7 to DO. (SD
RASU (0] Row address U Specifies a row addre:
RASL (0] Row address L  Specifies a row addre:
CASU (0] Column address Specifies a column ad
U (SDRAM)
CASL o Column address Specifies a column ad
L (SDRAM)
AH o] Address hold  Address hold signal.
WAIT I Wait Inserts a wait cycle int

cycles during access t
external space.

RENESAS
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capture control input pir

16-bit timer pulse TO3 to TOO (0] Timer output Output compare/PWM
unit (TPU)
Serial TxDO, TxD2 (@] Transmit data  Transmit data pin.
f:ommunlcalltlon RxDO, RxD2 | Receive data Receive data pin.
interface with
EIEO SCKO, SCK2 I/O Serial clock Clock input/output pin.
(SCIFO, SCIF2) RTSO, RTS2 O Transmit Modem control pin.
request
CTS0, CTS2 | Transmit enable Modem control pin.
IrDA IrTX (0] IrDA TX port IrDA transmit data outp
IrRX I IrDA RX port IrDA receive data input.
Realtime clock  EXTAL2 I RTC clock RTC crystal oscillator p
(RTC) kHz)
XTAL2 o RTC clock RTC crystal oscillator p
kHz)
Vce-RTC d RTC power Power supply pin for the
supply
Vss-RTC d RTC ground Ground pin for the RTC
A/D converter AN3 to ANO I Analog input pin Analog input pin.
(ADC) AVcc d A/D analog Power supply for the A/
power supply  converter. When the A/l
is not in use, connect tr
port power supply (Vcc
AVss g A/D analog Ground pin for the A/D
ground Connect this pin to the

power supply (Vss).
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driver.

TXDMNS (0] D- output D- transmit output pin
driver.
DPLS D+ input D+ signal input pin fro
receiver to the driver.
DMNS D- input D- signal input pin fro
receiver to the driver.
TXENL (0] Output enable  Output enable pin for |
SUSPND o Suspend Suspend-state output
transceiver.
Vce-USB d USB analog USB power supply pin
power supply USB is not in use, con
to the port power supf
Vss-USB d USB analog USB ground pin. Conr
ground to the system power s
D- I/0 D-1/0 On-chip USB transcei
D+ I/0 D+1/0 On-chip USB transcei

RENESAS
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PTE7 to PTEO

I/0

General
purpose port

8-bit general-purpose |/

PTF7 to PTFO  I/O General 8-bit general-purpose I/
purpose port

PTG7 to PTGO 1/O General 8-bit general-purpose I/
purpose port

PTH6 to PTHO 1/O General 7-bit general-purpose |/
purpose port

PTJ7to PTIO O General 8-bit general-purpose o
purpose port pins.

PTK7 to PTKO 1/O General 8-bit general-purpose |/
purpose port

PTL3 to PTLO | General 4-bit general-purpose ir
purpose port pins.

PTM6, PTM4 to 1/0 General 6-bit general-purpose |/

PTMO purpose port

PTN7 to PTNO I/O General 8-bit general-purpose I/
purpose port

SCPT5 to I/O Serial port 6-bit serial port pins.

SCPTO
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At e e

e A R

Advanced user AUDATA3 to AUD data Destination-address o
debugger AUDATAO branch-trace mode.
(AUD) AUDCK AUD clock Synchronous clock ou
branch-trace mode.
AUDSYNC AUD Data start-position ack
synchronous signal output pin in bre
signal mode.
E10A interface  ASEBRKAK Break mode Indicates that the E10.
acknowledge has entered its break |
For the connection wit
see the SH7705 E10A
User’s Manual (tentati
ASEMDO ASE mode Sets ASE mode.

RENESAS
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Reset State: In thereset state, the CPU isreset. The LS| supports two types of resets:
reset and manual reset. For details on resets, refer to section 5, Exception Handling.

In power-on reset, theregistersand internal statuses of all LS| on-chip modules arein
manual reset, the register contents of a part of the LS| on-chip modules, such asthe b
controller (BSC), areretained. For details, refer to section 24, Ligt of Registers. The C
statuses and registers areinitialized both in power-on reset and manual reset. After ini
the program branches to address H'A0000000 to pass control to the reset processing p
executed.

Exception Handling State: In the exception handling state, the CPU processing flow
temporarily by a general exception or interrupt exception processing. The program co
and gtatus regiger (SR) are saved in the save program counter (SPC) and save status r
(SSR), respectively. The program branches to an address obtained by adding a vector
vector base regiger (VBR) and passes control to the exception processing program de
user to be executed. For details on reset, refer to section 5, Exception Handling.

Program Execution State: The CPU executes programs sequentialy.

L ow-Power Consumption State: The CPU stops operation to reduce power consumj
low-power consumption state can be entered by executing the SLEEP ingtruction. For
the low-power consumption state, refer to section 11, Power-Down Modes.

Figure 2.1 shows a status transition diagram.

CPUS3D0S_000020020300 Rev. 2.00, 09/03, pa
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registers, including SR, and some of the address spaces cannot be accessed by the user
and system control ingtructions cannot be executed. This function effectively protectst

resources from the user program. To change the processing mode from user to privilegs
transition to exception handling state is required.*

Notee * Tocal aserviceroutine used in privileged mode from user mode, the LS| s
unconditiona trap instruction (TRAPA). When atransition from user mode
privileged mode occurs, the contents of the SR and PC are saved. A prograr
in user mode can be resumed by restoring the contents of the SR and PC. T«
from an exception processing program, the LS| supports an RTE instructior

(From any states)
Power-on reset l
Manual reset

Reset processing
routine starts

Reset state Program execution state

Exception
handling
Multiple routine starts

SLEEP instruction
exceptions

An exception
is accepted

Exception handling state Low-power

consumption state

An exception
is accepted

Figure2.1 Processing State Transitions
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when in user mode. For the PO and UO areas, access using the cacheis enabled. The P
areas are handled as address trandatable areas.

If the cacheis enabled, access to the PO or UO areaiis cached. If a PO or UO addressis
while the address trandation unit is enabled, the PO or U0 addressistrandated into a|
address based on trandation information defined by the user.

If the CPU isin user mode, only the UO area can be accessed. If P1, P2, P3, or P4is &
user mode, atransition to an address error exception occurs.

P1 Area: The P1 areais defined as a cacheable but non-address trand atable area. Nor
programs executed at high speed in privileged mode, such as exception processing ha
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 trandatable area
processing program to be called from thereset state is described at the start address (F
of the P2 area. Normdlly, programs such as system initialization routines and OS initi:
programs are assigned to the P2 area. To access a part of an on-chip module control re
corresponding program should be assigned to the P2 area.

P3 Area: The P3 areais defined as a cacheable and address trandatable area. Thisare
an address trandation isrequired for aprivileged program.

P4 Area: The P4 areais defined as a control area which isnon-cacheable and non-adk
trandatable. This area can be accessed only in privileged mode. A part of thisLSl's o
module control register is assigned to thisarea.
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H'A0000000to P2 Privileged mode 0.5-Gbyte physical space, non-ca
H'BFFFFFFF

H'C0000000to P33 Privileged mode 0.5-Gbyte physical space, cachee
H'DFFFFFFF address translatable
H'E0000000to P4 Privileged mode 0.5-Gbyte control space, non-cac
HFFFFFFFF

222 External Memory Space

The LSl uses 29 hits of the 32-bit logical address to access external memory. In this ca
Gbyte of external memory space can be accessed. The external memory space is mana
units. Different types of memory can be connected to each area, as shown in figure 2.2.
details, please refer to section 7, Bus State Controller (BSC). In addition, area 1l in the
memory space is used as an on-chip 1/O space where most of this LSI's on-chip module
registers are mapped. **

Normally, the upper three bits of the 32-bit logical address are masked and the lower 2!
used for external memory addresses.*? For example, address H'00000100 in the PO are
H'80000100 in the P1 area, address H'A0000100 in the P2 area, and address H'C00001
area of the logical address space are mapped into address H'00000100 of area 0 in the e
memory space. The P4 areain the logical address space isnot mapped into the external
address. If an addressin the P4 areais accessed, an external memory cannot be accesse

Notes: 1. To access an on-chip module control register mapped into area 1 in the exte
memory space, access the address from the P2 areawhich isnot cached in tl
address space.

2. If theaddresstrandation unit is enabled, arbitrary mapping in page units ca
specified. For details, refer to section 3, Memory Management Unit (MMU]
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H'A000 0000 '

P2 area

H'C000 0000 ! Address error

P3 area
H'E000 0000

P4 area

HFFFF FFFF HFFFF FF

Privileged mode User mode

Figure2.2 Logical Addressto External Memory Space Mapping

2.3 Register Descriptions

ThisLSI provides thirty-three 32-bit registers: 24 general registers, five control regist
system registers, and one program counter.

General Registers: This LS| incorporates 24 general registers: RO_BANKO to R7_B;
RO_BANK1 to R7_BANK1 and R8 to R15. RO to R7 are banked. The process mode ¢
register bank (RB) bit in the statusregister (SR) define which set of banked registers (
to R7_BANKO or RO_BANK1 to R7_BANK1) are accessed as general registers.

System Registers: This LS| incorporates the multiply and accumulate registers (MAC
and procedure register (PR) as system registers. Theseregisters can be accessed regar
processing mode.

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

Control Registers: ThisLSl incorporates the statusregister (SR), global base registe
save status register (SSR), save program counter (SPC), and vector base register (VB
register. Only the GBR can be accessed in user mode. Control registers other than the
accessed only in privileged mode.
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System registers MACH, MACL, PR Undefined

Program counter PC H’A0000000

Control registers SR MD bit =1, RB bit=1, BL bit=1
bits = H'F (1111), reserved bits =
bits = undefined

GBR, SSR, SPC Undefined
VBR H’00000000
Note:* Initialized by a power-on or manual reset.
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Notes: 1.

R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
| SR SR SR
SSR SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
| PC PC PC
SPC SPC
RO_BANK0™*4 RO_BANK1™1*3
R1_BANKO0™ R1_BANK1™
R2_BANK0™ R2_BANK1™
R3_BANK0™ R3_BANK1™
R4_BANK0™ R4_BANK1™
R5_BANKO0™ R5_BANK1™
R6_BANK0™ R6_BANK1™
R7_BANK0™ R7_BANK1™

(a) User mode register
configuration

(b) Privileged mode register
configuration (RB = 1)

(c) Privileged mode registe
configuration (RB = 0)

The RO register is used as an index register in indexed register indirect addressing m
and indexed GBR indirect addressing mode.

Bank register
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.

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.

Figure 2.3 Register Configuration in Each Processing M ode
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In user mode, bank 0 is selected regardless of he RB bit value. Sixteen registers: RO_B,
R7_BANKO and R8 to R15 are accessed as generd registers RO to R15. The RO_BANI
R7_BANK1 registersin bank 1 cannot be accessed.

In privileged mode that is entered by a transition to exception handling sate, the RB bi
to select bank 1. In privileged mode, sixteen registers: RO_BANK1 to R7_BANK1 and
are accessed as genera 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 handlir
The RO_BANKO to R7_BANKO registers in bank 0 can be accessed as RO BANK to F
by the LDC and STC instructions.

In privileged mode, bank 0 can also be used as genera registers by clearing the RB bit
case, sixteenregisers: RO_BANKO to R7_BANKO and R8 to R15 are accessed as gene
registers RO to R15. The RO_BANK1 to R7_BANKZ1 registersin bank 1 can be accesse
RO_BANK to R7_BANK by the LDC and STC ingtructions.

The general registers RO to R15 are used as equivalent registers for amost all instructic
some instructions, the RO register is automatically used or only the RO register can be L
source or destination registers.
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R9 -
register.

R10
R11
R12
R13
R14
R15

Figure2.4 General Registers

232 System Registers

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

Multiply and Accumulate Registers (MACH/MACL): The multiply and accumul &
(MACH/MACL) store the results of multiplication and accumulation instructions or n
instructions. The MACH/MACL registers dso store addition values for the multiplica
accumulations. After reset, theseregisters are undefined. The MACH and MACL regi
upper 32 bitsand lower 32 bits, respectively.

Procedure Register (PR): The procedure register (PR) stores the return address for a
call using the BSR, BSRF, or JSR instruction. The return address stored in the PR reg
restored to the program counter (PC) by the RTS (return from the subroutine) instruct
reset, thisregister is undefined.
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Multiply and accumulate high and low registers (MACH/MACL)

31 0
MACH
MACL
Procedure register (PR)
31 0
| = |

Program counter (PC)
31 0

I PC |

Figure2.5 System Registersand Program Counter
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Bit

Initial
Bit Name Value R/W

Description

31

a 0 R

Reserved

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

29

RB 1 R/W

Register Bank

The general registers RO to R7 are banked regist
bit selects a bank used in the privileged mode.

0: Selects bank 0 registers. In this case, RO_BAN
R7_BANKO and R8 to R15 are used as genere
RO_BANK1 to R7_BANK1 can be accessed by
STR instruction.

1: Selects bank 1 registers. In this case, RO_BAN
R7_BANK1 and R8 to R15 are used as gener:
RO_BANKO to R7_BANKO can be accessed b
STR instruction.

The RB bit is set to 1 in reset or exception handli

28

BL 1 R/W

Block

Specifies whether an exception, interrupt, or usel
enabled or not.

0: Enables an exception, interrupt, or user break.
1: Disables an exception, interrupt, or user break
The BL bit is set to 1 in reset or exception handlir

27to 100 0 R

Reserved

These bits are always read as 0. The write value
always be 0.
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7t04 13tol0

Interrupt Mask

Indicates the interrupt mask level. These bits do n
even if an interrupt occurs. At reset, these bits are
to B'1111. These bits are not affected in an except
handling state.

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

1 S RW Saturation Mode
Specifies the saturation mode for multiply instructi
multiply and accumulate instructions. This bit can |
by the SETS and CLRS instructions in user mode.
At reset, this bit is undefined. This bit is not affecte
exception handling state.

0 T R/W T Bit

Indicates true or false for compare instructions or
borrow occurrence for an operation instruction wit
borrow. This bit can be specified by the SETT and
instructions in user mode.

At reset, this bit is undefined. This bit is not affecte
exception handling state.

Note: The M, Q, S, and T bits can be set/cleared by the user mode specific instruction:
can be read or written in privileged mode.

Save Status Register (SSR): The save statusregister (SSR) can be accessed only in pr
mode. Before entering the exception, the contents of the SR register is stored in the SSI
At reset, the SSRinitial valueis undefined.

Save Program Counter (SPC): The save program counter (SPC) can be accessed onl
privileged mode. Before entering the exception, the contents of the PC are stored in the
reset, the SPCinitial valueis undefined.

Global Base Register (GBR): The global base register (GBR) isreferenced as a base
GBR indirect addressing mode. At reset, the GBR initial value is undefined.
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Save program counter (SPC)

31 0
| SPC |
Global base register (GBR)
31 0
| GBR |
Vector base register (VBR)
31 0
| VBR ]
Status register (SR)
31 0
| 0[MD|RB|BL]| 0 0[MQ[I312 11 10[0[0[S[T]

24

241

Figure2.6 Control Register Configuration

Data Formats

Register Data Format

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

[y
—~

Longword |
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When aword or longword operand is accessed, the byte positions on the memory corre
the word or longword data on the register is determined to the specified endian mode (1
or little endian).

Figure 2.7 shows a byte correspondence in big endian mode. In big endian mode, the M
theregister corresponds to the lowest address in the memory, and the LSB thein there
corresponds to the highest address. For example, if the contents of the general register |
at an address indicated by the general register R1 in longword, the MSB byte of the RO
the address indicated by the R1 and the LSB byte of the R1 register is stored at the add
indicated by the (R1 +3).

The on-chip device registers assigned to memory are accessed in big endian mode. Not
available access size (byte, word, or long word) differsin each regiser.

Note: The CPU instruction codes of this LS| must be stored in word units. In big endi
the instruction code must be stored from upper byte to lower byte in this order
word boundary of the memory.

31 23 15 7 0
Byt iti

v | | | | [7:01 | | | [15:8] | [7:0] | | [31:24] | [23:16] | [
Byte position | [7:0] | | | | |[15'8] | [7:0] | | | | [31:24] | [23:16] | [
in memory . . . . .

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

(a) Byte access (b) Word access (c) Longword
Example: MOV.B RO, @R1 Example: MOV.W RO, @R1 Example: MO\
(R1 =Address 4n) (R1 =Address 4n) (R1=Add

Figure2.7 Data Format on Memory (Big Endian M ode)
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If the little endian mode is selected, the on-chip device registers assigned to memory é
in big endian mode. Note that the available access size (byte, word, or long word) diff
register.

Note: The CPU instruction codes of this LS| must be stored in word units. In little &
the instruction code must be stored from lower byte to upper byte in this ordel
word boundary of the memory.

31 23 15 7
Byte position
in RO [7:0] [15:8] [7:0] [31:24] | [23:16]
Byte position | | | | [7:0] | | | |[15'8] | [7:0] | | [31:24] | [23'16]|
in memory : . . ) .

@(R1+3) @(R1+2) @(R1+1) @(R1+0)  @(R1+3) @(R1+2) @R1+1) @(R1+0) @(R1+3) @(R1+2) (
(a) Byte access (b) Word access (c) Longword
Example: MOV.B RO, @R1 Example: MOV.W RO, @R1 Example: MOV
(R1 = Address 4n) (R1 =Address 4n) (R1=Addr

Figure2.8 Data Format on Memory (Little Endian M ode)
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Gala. lmmedlale tata 1S Jgn-extended to 1ongwora 3Ze 10r aritnmetiC operatlons (iviO
and CMP/EQ ingructions) or zero-extended to longword size for logical operations (T
OR, and XOR ingtructions).

L oad/Stor e Ar chitectur e: Basic operations are executed between registers. In operatic
involving memory, dataisfirst loaded into aregister (load/store architecture). Howevel
manipulation ingructions such as AND are executed directly on memory.

Delayed Branching: Unconditional branch ingructions are executed as delayed branct
delayed branch instruction, the branch is made after execution of the ingtruction (callec
instruction) immediately following the delayed branch instruction. This minimizes disr
the pipeline when a branch is made.

This LSl supports two types of conditional branch ingructions: delayed branch ingtruct
normal branch insgtruction.

Exanpl e:  BRA TARGET
ADD R1, RO ; ADD is executed before branching to the TARGI

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

Exanpl e:  ADD #1, RO ; The T bit cannot be modified by the ADD ingtrul
CWP/ EQ #0, RO :TheT bitissettolif ROisO.
BT Tar get ; Branchto TARGET if the T hitisset to 1 (RO=0
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transferred to aregister and the data is referenced using register indirect addressing m

16-Bit/32-Bit Displacement: When dataisreferenced with a 16- or 32-bit displacem
displacement valueis placed in atable in memory beforehand. Using the method whe
longword immediate data is |oaded when an ingruction is executed, thisvalueistrans
register and the dataisreferenced using indexed register indirect addressing mode.

Rev. 2.00, 09/03, pa
RENESAS



Rn erfeclive adaress IS register ~n. —

direct (Operand is register Rn contents.)
Register @RnN Effective address is register Rn contents. Rn
indirect ]
Register @Rn+ Effective address is register Rn contents. A Rn
indirect with constant is added to Rn after instruction After in
post-increment execution: 1 for a byte operand, 2 for a word executi
operand, 4 for a longword operand.
. oyie: e
Sy wor:
° Longwol
R
Register @-Rn Effective address is register Rn contents, Byte: Rr
indirect with decremented by a constant beforehand: 1 fora . ¢
pre-decrement byte operand, 2 for a word operand, 4 for a '
longword operand. Longwol
Rn
(Instruct
with Rn
calculati
Register @(disp:4, Effective address is register Rn contents with Byte: R
indirect with Rn) 4-bit displacement disp added. After disp is Word: |
displacement zero-extended, it is multiplied by 1 (byte), 2 2
(word), or 4 (longword), according to the
operand size. Longwe
disp x

Rn
+disp x 1/2/4

disp

(zero-extended)
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displacement

disp

(Zero-extended)

GBR
+disp x 1/2/4

WA A

zero-extended, it is multiplied by 1 (byte), 2 x 2
(word), or 4 (longword), according to the
operand size.

Longw
disp x

Indexed GBR
indirect

@(RO,
GBR)

Effective address is sum of register GBR and GBR -

RO contents.

GBR + R0

PC-relative with @(disp:8,

displacement

PC)

Effective address is PC with 8-bit displacement  Word: |

disp added. After disp is zero-extended, it is

Longw

multiplied by 2 (word) or 4 (longword), according gy

to the operand size. With a longword operand,
the lower 2 bits of PC are masked.

disp

(zero-extended)

PC +disp x 2
or
PC &
H'FFFFFFFC

+disp x4

*: With longword operand

+ disp

RENESAS
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L2 r

disp:12 Effective address is PC with 12-bit displacement PC + di
disp added after being sign-extended and
multiplied by 2
dsp
(sign-extended)
Rn Effective address is sum of PC and Rn. PC+R
Immediate #imm:8 8-bit immediate data imm of TST, AND, OR, —
or XOR instruction is zero-extended.
#imm:8 8-bit immediate data imm of MOV, ADD, or —
CMP/EQ instruction is sign-extended.
#imm:8 8-bit immediate data imm of TRAPA instruction —

is zero-extended and multiplied by 4.

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

@ (disp:4, Rn)
@ (disp:8, Rn)
@ (disp:8, PC)

disp:8, disp

; Register indirect with displacement
; GBR indirect with displacement

; PC relative with displacement

: PC relative
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nnnn; Destination register
iiii: Immediate data
dddd: Displacement

Table2.4 CPU Instruction For mats

Source Destination
Instruction Format Operand Operand Sample Inst
0 type — — NOP
15 0
n type — nnnn: register MOVT Rn
15 0 direct
Control register or nnnn: register STS MA(
system register direct
Control register or nnnn: pre- STC.L SR,
system register decrement register
indirect
m type mmmm: register  Control register or LDC Rm,
15 0 direct system register
mmmm: post- Control register or LDC.L @R
increment register  system register
indirect
mmmm: register — JMP @R
indirect
PC-relative using — BRAF Rm
Rm

Rev. 2.00, 09/03, pa
RENESAS



inairect (muitply-
and-accumulate
operation)

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

operation)
mmmm: post- nnnn: register MOV.L @Rnm
increment register direct
indirect
mmmm: register nnnn: pre- MOV.L Rm,(
direct decrement register
indirect
mmmm: register  nnnn: indexed MOV.L Rm,@
direct register indirect
md type mmmmdddd: RO (register direct) MOV.B @(dis
15 0 register indirect
dddd with displacement
nd4 type RO (register direct) nnnndddd: MOV.B RO,@
15 0 register indirect
dddd with displacement
nmd type mmmm: register  nnnndddd: MOV.L Rm,@
15 0 direct register indirect
[ 0001 | nnnn o dddd with displacement
mmmmdddd: nnnn: register MOV.L @(dis|

register indirect direct
with displacement
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FC-relatuve with
displacement

dddddddd: — BF label
PC-relative
d12 type dddddddddddd: — BRA label
15 0 PC-relative (labe
nd8 type dddddddd: PC- nnnn: register MOV.L @(di
15 0 relative with direct
displacement
i type iiiiiiii: immediate Indexed GBR AND.B #mm
15 0 indirect
oo 11
iiiiiiii: immediate RO (register direct) AND  #im
iiiiiiii: immediate — TRAPA #imi
ni type iiiiiiii: immediate nnnn: register ADD  #imi
15 0 direct
o] 1 7]

Note: * In multiply-and-accumulate instructions, nnnn is the source register.
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Kinds of N
Type Instruction Op Code Function Ir
Data transfer 5 MOV Data transfer 3
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 3
_operatic_m ADDC Binary addition with carry
instructions
ADDV Binary addition with overflow check
CMP/cond Comparison
DIVl 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
MAC Multiply-and-accumulate, double-
precision multiply-and-accumulate
MUL Double-precision multiplication

(32 x 32 hits)
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SUBV Binary subtraction with underflow

Logic 6 AND Logical AND

pperatiqn 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

instructions ROTR L-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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Rl

i et

BSRF Branch to subroutine procedure
JMP Unconditional branch
JSR Branch to subroutine procedure
RTS Return from subroutine procedure
System 15 CLRT T bit clear
_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
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OP.Sz SRC, DEST

OP:  Operation code
Sz: Size
SRC: Source

DEST: Destination
Rm: Source register
Rn:  Destination register
imm: Immediate data

disp: Displacement

mmmm: Source register

nnnn: Destination register
0000: RO
0001: R1

1111: R15
fiii: Immediate data

dddd: Displacement™?

-, <. Transfer direction
(xx): Memory operand
M/Q/T: Flag bits in SR

&: Logical AND of each bit
|: Logical OR of each bit

A Exclusive logical OR of
each bit

~: 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

instruction execution states will be increased in cases such as the following

a.
b.

When there is a conflict between an instruction fetch and a data ¢

When the destination register of a load instruction (memory - re
used by the following instruction

2. Scaled (x1, x2, or x4) according to the instruction operand size, etc.
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MOV.B Rm,@Rn 0010nnnnmmmmO000 Rm - (Rn) -
MOV.W Rm,@Rn 0010nnnnmmmmO001  Rm - (Rn) -
MOV.L Rm,@Rn 0010nnnnmmmmO0010 Rm - (Rn) -
MOV.B  @Rm,Rn 0110nnnnmmmmO0000  (Rm) - Sign extension — Rn -
MOV.W @Rm,Rn 0110nnnnmmmmO0001  (Rm) - Sign extension - Rn -
MOV.L @Rm,Rn 0110nnnnmmmmo0010 (Rm) - Rn -
MOV.B Rm,@-Rn 0010nnnnmmmmo0100 Rn-1-Rn, Rm - (Rn) -
MOV.W Rm,@-Rn 0010nnnnmmmmo0101  Rn-2 - Rn, Rm - (Rn) -
MOV.L Rm,@-Rn 0010nnnnmmmmo0110 Rn-4 - Rn, Rm - (Rn) -
MOV.B  @Rm+,Rn 0110nnnnmmmmo0100 (Rm) - Sign extension — Rn, -
Rm+1-Rm
MOV.W  @Rm+,Rn 0110nnnnmmmmo0101  (Rm) - Sign extension - Rn, -
RmM+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),RO 10000100mmmmdddd  (disp+Rm) - Sign extension - R0 —
MOV.W  @(disp,Rm),RO 10000101mmmmdddd  (disp x 2+Rm) - Sign -
extension - RO
MOV.L  @(disp,Rm),Rn 0101nnnnmmmmdddd  (disp x 4+Rm) - Rn -
MOV.B  Rm,@(RO,Rn) 0000nNnNNnmMmmmO0100 Rm - (RO+Rn) -
MOV.W Rm,@(RO,Rn) 0000nnNnnmmmmO0101  Rm - (RO+Rn) -
MOV.L Rm,@(RO,Rn) 0000nNnNnmmmmO0110 Rm - (RO+Rn) -
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MOV.B @(disp,GBR),RO  11000100dddddddd (disp+GBR) - Sign -
extension - RO

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

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

MOVA @(disp,PC),RO 11000111dddddddd disp x 4+PC - RO -

MOVT Rn 0000nNNNn00101001 T-Rn -

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

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

XTRCT Rm,Rn 0010nnnnmmmm1101  Rm: Middle 32 bits of Rn - Rn —

RENESAS
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CMP/EQ Rm,Rn 0011nnnnmmmmo0000 IfRn=Rm,1 - T - 1

CMP/HS Rm,Rn 0011nnnnmmmmo0010 If Rn = Rm with unsigned data, 1 — 1
- T

CMP/GE  Rm,Rn 0011nnnnmmmmo011 If Rn = Rm with signed data, 1 — — 1
T

CMP/HI Rm,Rn 0011nnnnmmmmo0110 If Rn > Rm with unsigned data, 1 — 1
- T

CMP/GT  Rm,Rn 0011nnnnmmmmo111 If Rn > Rm with signed data, 1 - — 1
T

CMP/PL  Rn 0100nnnN00010101 IfRn=20,1-T - 1

CMP/PZ Rn 0100nnnN00010001 IfRN>0,1-T - 1

CMP/STR Rm,Rn 0010nnnnmmmm31100 If Rn and Rm have an equivalent — 1
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/IQIT - 1

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

DMULU.L Rm,Rn 0011nnnnmmmmo0101 Unsigned operation of Rn x Rm — 2 (to
- MACH, MACL 32 x 32 - 64 5)*
bits

DT Rn 0100nNNN00010000 Rn-1 - Rn,fRN=0,1-T, - 1

else0 - T
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- Rn

MAC.L @Rm+, 0000nnnnmmmm31111  Signed operation of (Rn) x (Rm) — 2 (tc
@Rn+ +MAC - MAC,Rn+4 - Rn,
Rm+4 - Rm,
32 x 32 + 64 - 64 bits
MAC.W @Rm+, 0100nnnnmmmm1111  Signed operation of (Rn) x (Rm) — 2 (tc
@Rn+ +MAC - MAC,Rn+2 - Rn,
Rm+2 - Rm,
16 x 16 + 64 - 64 bits
MUL.L Rm,Rn 0000nnNnnmmmmO0111 Rn xRm - MACL, - 2 (tc
32 x 32 - 32 bits
MULS.W  Rm,Rn 0010nnnnmmmm1111  Signed operation of Rn xRm - — 1(to
MACL,
16 x 16 — 32 bits
MULUW  Rm,Rn 0010nnnnmmmm1110 Unsigned operation of Rn xRm — 1(to
- MACL,
16 x 16 — 32 bits
NEG Rm,Rn 0110nnnnmmmm1011 O0-Rm-Rn — 1
NEGC Rm,Rn 0110nnnnmmmm1010 O-Rm-T - Rn, Borrow - T — 1
SuUB Rm,Rn 0011nnnnmmmm1000 Rn-Rm-Rn — 1
SUBC Rm,Rn 0011nnnnmmmm1010 Rn-Rm-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 re

the operation result is read from the MACH/MACL register immediately afte

instruction.

RENESAS
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OR Rm,Rn 0010nnnnmmmm1011RNORM - Rn —

OR #imm,RO 1100101 Liiiiiiii ROOmm - RO -

OR.B #mm,@ (RO,  11001111iiiiiii (RO+GBR)Omm - (RO+GBR) -
GBR)

TAS.B @Rn 0100nnnn00011011 If (Rn)is 0,1 - T;1 - MSB of —

(Rn)

TST Rm,Rn 0010nnnnmmmm1000RN & Rm; if the resultis 0, 1 - T —

TST #mm,RO 11001000iiiiiiii RO & imm; if theresultis 0, 1 - T—

TST.B #imm,@ (RO,  11001100iiiiiii (RO + GBR) & imm; if the result is —
GBR) 0,1-T

XOR Rm,Rn 0010nnnnmmmm1010RN " Rm - Rn —

XOR #imm,RO 11001010Qiiiiiiii RO ~imm - RO -

XOR.B #mm,@ (RO,  11001110iiiiiii (RO+GBR) ~imm - (RO+GBR) -
GBR)
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Rn<0:Rn>>Rm - [MSB -

Rn]
SHAL Rn 0100nnnnN00100000 T~Rn-0 - 1
SHAR Rn 0100nnnNN00100001 MSB-Rn-T - 1
SHLD Rm, Rn 0100nnnnmmmm1101 Rn = 0: Rn << Rm - Rn - 1

Rn<0:Rn>>Rm - [0 - Rn]

SHLL Rn 0100nnnNN00000000 T<Rn-0 - 1
SHLR Rn 0100nnnNN00000001 0-Rn-T - 1
SHLL2 Rn 0100nNnN00001000 Rn<<2 - Rn - 1
SHLR2 Rn 0100nnnn00001001 Rn>>2 - Rn - 1
SHLLS Rn 0100nnnn00011000 Rn<<8 - Rn - 1
SHLR8 Rn 0100nnnn00011001 Rn>>8 - Rn - 1
SHLL16 Rn 0100nnnNn00101000 Rn<<16 - Rn - 1
SHLR16 Rn 0100nnnNn00101001 Rn>>16 - Rn - 1
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lop

LUVUdlvuluuuuuuuu

nir=4,, oy 4t "' = '\,

AL

if T=0, nop

BT/S disp 10001101dddddddd  Delayed branch, - 2/1*
if T=1,dispx2+PC - PC;
if T=0, nop

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

BRAF Rm 0000mmmmo00100011 Delayed branch,Rm + PC -~ PC - 2

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

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

JMP @Rm 0100mmmmo00101011 Delayed branch, Rm - PC - 2

JSR @Rm 0100mmmmo00001011 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,GBR 0100mmmmO00011110 Rm- GBR - 4
LDC Rm,VBR 0100mmmm00101110 Rm-VBR v 4
LDC Rm,SSR 0100mmmm00111110 Rm -SSR v 4
LDC Rm,SPC 0100mmmm01001110 Rm - SPC v 4
LDC Rm,RO_BANK  0100mmmm10001110 Rm-RO_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 v 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 0100mmmmo00000111 (Rm)- SR, Rm+4 - Rm v 8
LDC.L @Rm+,GBR 0100mmmmo00010111  (Rm) - GBR, Rm+4 ~ Rm - 4
LDC.L @Rm+,VBR 0100mmmmo00100111 (Rm)-VBR, Rm+4 - Rm v 4
LDC.L @Rm+,SSR 0100mmmmo00110111 (Rm) -SSR, Rm+4 - Rm v 4
LDC.L @Rm+,SPC 0100mmmmo01000111 (Rm)- SPC, Rm+4 - Rm v 4
LDC.L @Rm+, 0100mmmm10000111 (Rm)-RO_BANK, Rm+4_-Rm v 4
RO_BANK
LDC.L @Rm+, 0100mmmm10010111 (Rm)-R1 BANK, Rm+4_-Rm V 4
R1_BANK
LDC.L @Rm+, 0100mmmm10100111 (Rm)-R2_BANK, Rm+4_-Rm v 4
R2_BANK
LDC.L @Rm+, 0100mmmm10110111 (Rm)-R3_BANK, Rm+4_-Rm v 4
R3_BANK
LDC.L @Rm+, 0100mmmm11000111 (Rm)-R4_BANK, Rm+4_-Rm v 4
R4_BANK
LDC.L @Rm+, 0100mmmm11010111 (Rm)-R5_BANK, Rm+4_-Rm v 4
R5_BANK
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LDS.L @Rm+,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, V 5
SPC - PC
SETS 0000000001011000 1-S - 1
SETT 0000000000011000 1-T - 1
SLEEP 0000000000011011  Sleep 4%t
STC SR,Rn 0000nNNN00000010 SR-Rn v 1
STC GBR,Rn 0000nNNN00010010 GBR-Rn - 1
STC VBR,Rn 0000nNNN00100010 VBR-Rn v 1
STC SSR, Rn 0000nNNN00110010 SSR-RnN v 1
STC SPC,Rn 0000nNNN01000010 SPC-Rn v 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
STC R5_BANK,Rn 0000nNNN11010010 R5_BANK - Rn v 1
STC R6_BANK,Rn 0000nNNN11100010 R6_BANK - Rn v 1
STC R7_BANK,Rn 0000nNNN11110010 R7_BANK - Rn v 1
STC.L SR,@-Rn 0100nnnNnN00000011 Rn-4-Rn, SR - (Rn) v 1
STC.L GBR,@-Rn 0100nnnNn00010011 Rn-4 - Rn, GBR - (Rn) - 1
STC.L VBR,@-Rn 0100nnnNnN00100011 Rn-4 - Rn, VBR - (Rn) v 1
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STC.L R4_BANK,@-Rn 0100nnnn11000011 Rn-4-Rn, R4_BANK - (Rn) v 1
STC.L R5_BANK,@-Rn 0100nnnn11010011 Rn-4-Rn, R5_BANK - (Rn) v 1
STC.L R6_BANK,@-Rn 0100nnnn11100011 Rn-4-Rn, R6_BANK - (Rn) v 1
STC.L R7_BANK,@-Rn 0100nnnn11110011 Rn-4-Rn, R7_BANK - (Rn) v 1
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 0100nnnNn00010010 Rn—4 - Rn, MACL - (Rn) - 1
STS.L PR,@-Rn 0100nnnn00100010 Rn—4 - Rn, PR - (RN) - 1
TRAPA #imm 1100001 liiiiiiii Unconditional trap exception - 8
occurs™?

Notes: The table shows the minimum number of clocks required for execution. In prac

number of execution cycles will be increased in the following conditions.
a. If there is a conflict between an instruction fetch and a data acce:

b. If the destination register of a load instruction (memory - registe
used by the following instruction.

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

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

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

2. For details, refer to section 5, Exception Handling.
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0000 Rn  Fx 0001

0000 Rn 00OMD 0010 STC SR, Rn STC GBR,Rn STC VBR, Rn STC

0000 Rn  01MD 0010 STC SPC, Rn

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

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

0000 Rm 00MD 0011 BSRF Rm BRAF Rm

0000 Rm 10MD 0011 PREF @Rm

0000 Rn Rm 01MD MOV.B Rm, @(RO, Rn) MOV.W Rm, @R0, MOV.L Rm,@(R0, MUL.L

Rn) Rn)

0000 0000 OOMD 1000 CLRT SETT CLRMAC LDTLB

0000 0000 01MD 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 @(RO,Rm), MOV.W @(RO,Rm), MOV.L @(RO, Rm), Rn MAC.L
Rn Rn

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

0010 Rn Rm O0OMD moOvV.B Rm, @Rn MOV.W Rm, @Rn MOV.L Rm, @Rn

0010 Rn Rm 01MD mMOV.B Rm, @-Rn MOV.W Rm, @-Rn MOV.L Rm, @-Rn DIVOS

0010 Rn Rm 10MD TST Rm, Rn AND Rm, Rn XOR Rm, Rn OR

0010 Rn Rm 11MD CMP/STR Rm,Rn XTRCT Rm, Rn MULU.W Rm, Rn MULSW

0011 Rn Rm  00OMD CMP/EQ Rm, Rn CMP/HS Rm, Rn CMP/GI
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Rn Rn
0100 Rn 00OMD 0011 SsTC.L SR, @-Rn STC.L GBR, @-Rn STC.L VBR, @-RnSTC.L
0100 Rn  01MD 0011 STC.L SPC, @-Rn
0100 Rn  10MD 0011 STC.L STC.L STC.L STC.L
RO_BANK, @-Rn R1_BANK, @-Rn R2_BANK, @-Rn R3_BA
0100 Rn  11MD 0011 STC.L STC.L STC.L STC.L
R4_BANK, @-Rn R5_BANK, @-Rn R6_BANK, @-Rn R7_BA
0100 Rn  Fx 0100 ROTL Rn ROTCL Rn
0100 Rn Fx 0101 ROTR Rn CMP/PL Rn ROTCR Rn
0100 Rm Fx 0110 LDS.L LDS.L @Rm+, MACL LDS.L @Rm+, PR
@Rm+, MACH
0100 Rm 00MD 0111 LDC.L @Rm+, SR LDC.L @Rm+, GBR LDC.L @Rm+, VBRLDC.L
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 SHLL16 Rn
0100 Rn Fx 1001 SHLR2 Rn SHLR8 Rn SHLR16 Rn
0100 Rm Fx 1010 LDS Rm, LDS Rm, LDS Rm, PR
MACH MACL
0100 Rm/ Fx 1011 JSR @Rm TAS.B @Rn JMP @Rm
Rn

RENESAS
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0100 Rn Rm 1111 MACW Rm+, Rn+
0101 Rn  Rm disp MOV.L (disp:4, Rm), Rn
0110 Rn Rm  00OMD mMOV.B @Rm, Rn  MOV.W @Rm, Rn MOV.L @Rm, Rn MOV
0110 Rn Rm 01MD mMOV.B @Rm+, Rn MOV.W @Rm+, RnMOV.L @Rm+, Rn NOT
0110 Rn Rm 10MD SWAP.B Rm,Rn  SWAP.W Rm,Rn  NEGC Rm,Rn  NEG
0110 Rn Rm 11MD EXTU.B Rm,Rn  EXTUW Rm,Rn  EXTS.B Rm,Rn  EXTS.V
0111 Rn imm ADD #imm : 8, Rn
1000 00MD Rn disp MOV.B MOV. W
RO, @(disp: 4, Rn) RO, @(disp: 4, Rn)
1000 01MD Rm disp MOV.B MOV.W
@(disp:4, Rm), RO @(disp: 4, Rm), RO
1000 10MD imm/disp  CMP/EQ  #mm:8, BT disp: 8 BF
1000 11MD imm/disp RO BT/S disp: 8 BF/S
1001 Rn disp MOV.W (disp : 8, PC), Rn
1010 disp BRA disp: 12
1011 disp BSR disp: 12
1100 00MD imm/disp MOV.B MOV.W MOV.L TRAPA
RO, @(disp: 8, GBR) RO, @(disp: 8, GBR) RO, @(disp: 8, GBR)
1100 01mMD disp MOV.B MOV.W MOV.L MOVA
@(disp: 8, GBR), RO @(disp: 8, GBR), RO @(disp: 8, GBR), RO @(disp:!
1100 10MD imm TST #imm: 8, RO AND #imm: 8, RO XOR #imm: 8, RO OR
1100 11MD imm TST.B AND.B XOR.B OR.B
#imm: 8, @(RO, GBR)  #imm: 8, @(RO, GBR) #imm: 8, @(R0O, GBR)  #mm: 8
1101 Rn  disp MOV.L @(disp: 8, PC), Rn
1110 Rn  imm MOV #imm:8, Rn
UL F*HEHEEERERR
Note: For details, refer to the SH-3/SH-3H/SH3-DSP Programming Manual.
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3.1 Roleof MM U

The MMU is afeature designed to make efficient use of physical memory. As shown

if aprocessis smaller in size than the physical memory, the entire process can be map
physical memory. However, if the process increases in size to the extent that it no lony
physical memory, it becomes necessary to partition the process and to map those part:
execution onto memory as occasion demands (figure 3.1 (1)). Having the processiitsel
this mapping onto physical memory would impose a large burden on the process. Toll
burden, theidea of virtua memory was born as ameans of performing en bloc mappit
physical memory (figure 3.1 (2)). In avirtual memory system, substantially more virtt
than physical memory is provided, and the process is mapped onto this virtua memor
process only hasto consider operation in virtuad memory. Mapping from virtual mem
physical memory is handled by the MMU. The MMU isnormdly controlled by the oy
system, switching physical memory to allow the virtual memory required by a proces:
mapped onto physical memory in a smooth fashion. Switching of physical memory is
via secondary storage, €tc.

The virtual memory system that cameinto being in thisway is particularly effective ir
sharing system (TSS) in which anumber of processes are running simultaneoudly (fig
If processes running in a TSS had to take mapping onto virtual memory into considerz
running, it would not be possible to increase efficiency. Virtual memory is thus used t
load on the individual processes and so improve efficiency (figure 3.1 (4)). In the virti
system, virtual memory is allocated to each process. Thetask of the MMU isto perfor
mapping of these virtual memory areas onto physical memory. It also hasamemory p
feature that prevents one process from inadvertently accessing another process's phys

When address trandation from virtual memory to physical memory is performed usin
it may occur that the relevant trandation information is not recorded in the MMU, wit
that one process may inadvertently access the virtual memory allocated to another pro
case, the MMU will generate an exception, change the physical memory mapping, anc
new address trandlation information.

Although the functions of the MMU could also be implemented by software alone, the
trandlation to be performed by software each time a process accesses physical memor
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address transation. vvitn the paging metnoa, the unit or transation 1s a rxea-32€ adare
(usually of 1 to 64 kbytes) called a page.

In the following text, the address space in virtual memory isreferred to as virtual addre
and address space in physical memory as physical memory space.

6 Virtual
- N memory
Process 1 Process 1 __
) EE—— Physical Ph
Physical ‘.. memory me
memory AN .
Process 1 .
" --
- ) \
( h ( Virtual
Process 1 Process 1 memory
, MMU
‘. Physical s Ph
N \\ memory NN me
Process 2 b ‘ Process 2 ¥
! Process 3 /
Process 3,/ 1 M
N ®) L

Figure3.1 MMU Functions
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tdilbcusxcu dodly Pilyald auliCoo d Calll L= Ul 4-KUYLC Payc Ullits, Dy Ually d il O-Ui
space identifier, PO, P2, and UO areas can be increased to up to 256 areas. Mapping fr
address to 29-hit physical address can be achieved by the TLB.

1. PO, P3, and UO Areas

The PO, P3, and U0 areas can be address trandated by the TLB and can be accesse
the cache. If the MMU is enabled, these areas can be mapped to any physical addr
1- or 4-kbyte page unitsviathe TLB. If the CE bit in the cache control register (C
to 1 and if the corresponding cache enable bit (C bit) of the TLB entry isset to 1, ¢
cacheisenabled. If the MMU is disabled, replacing the upper three bits of an addr
areas with Os creates the address in the corresponding physical address space. If th
the CCR1 regigter isset to 1, access via the cache is enabled. When the cacheis us
the copy-back or write-through mode is selected for write access viathe WT bit in
If these areas are mapped to the on-chip module control register areain arealin tl
address space viathe TLB, the C hit of the corresponding page must be cleared to

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

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

4. PA Area
The P4 areais mapped to the on-chip module control register of thisLSl. Thisare
accessed via the cache and cannot be address-trand ated by the TLB. Figure 3.4 sh
configuration of the P4 area.
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H'80C

Area P1

H'8000 0000
cacheable
address translation not possible
'
Address error

Area P2

H'A000 0000
non-cacheable
address translation not possible

HFFF

Area P3
cacheable

H'C000 0000
address translation possible

User mode

H'E000 0000
Area P4

non-cacheable

address translation not possible

Privileged mode
Figure3.2 Virtual Address Space (MMUCR.AT =1)

H'FFFF FFFF

Rev. 2.00, 09/03, page 68 of 690
RENESAS



H'8000 0000 ! h
Area P1 !
cacheable ,,’
H'A000 0000
Area P2 ;!
non-cacheable !
H'C000 0000 I.' Address error
Area P3 K
cacheable /
H'E000 0000
Area P4
non-cacheable
H'FFFF FFFF t
Privileged mode User mode
Figure3.3 Virtual Address Space (MMUCR.AT =0)
H'E000 0000
Reserved area
H'F000 0000 Cache address array
H'F100 0000
Cache data array
H'F200 0000
TLB address array
H'F300 0000
TLB dat:
H'F400 0000 8 aray
Reserved area
H'FC00 0000
Control register area
H'FFFF FFFF
Figure3.4 P4 Area
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information, see section 3.6, Memory-Mapped TLB.

The areafrom H'FC00 0000 to H'FFFF FFFF isreserved for the on-chip module contre
For more information, see section 24, List of Registers.

Physical Address Space: This LS| supportsa 29-bit physical address space. As shown
3.5, the physical address spaceis divided into eight areas. Area 1 is mapped to the on-c
control register area. Area 7 isreserved.

For details on physical address space, refer to section 7, Bus State Controller (BSC).

H'0000 0000
Area 0
H'0400 0000 Troa
(On-Chip module
H'0800 0000 control register)
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
Area 7
(Reserved Area)
H'1FFF FFFF

Figure3.5 External Memory Space
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e virtud address 1snot regiaerea in tne Lo, a 1 Lo MiSS eXCEPL 0n OCCUrs ana pr
will shift to the TLB misshandler. In the TLB miss handler, the TLB address trand ati
externa memory is searched and the corresponding physical address and the page cor
information areregistered in the TLB. After returning from the handler, the instructio
the TLB missisre-executed. When the MMU is enabled, address trandlation informat
resultsin a physical address space of H'20000000 to H'FFFFFFFF should not be regis
TLB.

When the MMU is disabled, masking the upper three bits of the virtual address to Os
address in the corresponding physical address space. Since this LS| supports 29-hit ac
as physical address space, the upper three bits of the virtual address areignored as she
For details, refer to section 7, Bus State Controller (BSC). For example, address H'00(
the PO area, address H'80001000 in the P1 area, address H'A0001000 in the P2 area, &
H'C0001000 in the P3 area are all mapped to the same physical memory. If these addr
accessed while the cacheis enabled, the upper three bits are aways cleared to 0 to gu
continuity of addresses stored in the address array of the cache.

Single Virtual Memory Mode and M ultiple Virtual Memory Mode: There are twc
memory modes: single virtual memory mode and multiple virtual memory mode. In s
memory mode, multiple processes run in parallel using the virtual address space exclL
the physical address corresponding to agiven virtual addressis specified uniquely. In
virtual memory mode, multiple processesrun in parallel sharing the virtual address sp
given virtual address may be trandated into different physical addresses depending or
By the value set to the MMU contral regiser (MMUCR), either single or multiple virf
selected.

In terms of operation, the only difference between single virtua memory mode and m
virtual memory mode is in the TLB address comparison method (see section 3.3.3, TL
Comparison).

Address Space Identifier (ASID): In multiple virtual memory mode, the address spa
(ASID) isused to differentiate between processes running in parallel and sharing virtt
space. The ASID iseight bitsin length and can be set by software setting of the ASID
currently running process in page table entry register high (PTEH) within the MMU. \
processis switched using the ASID, the TLB does not have to be purged.
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The MMU hasthe following registers. Refer to section 24, List of Registers, for the ad
access size for theseregisters.

» Pagetable entry register high (PTEH)
» Pagetable entry register low (PTEL)
e Trandation table base register (TTB)
MMU contral register (MMUCR)

321 Page Table Entry Register High (PTEH)

The page table entry register high (PTEH) register residing at address H'FFFFFFFO, wi
consists of avirtual page number (VPN) and ASID. The VPN set isthe VPN of the vir
at which the exception is generated in case of an MMU exception or address error exce
When the page sizeis 4 kbytes, the VPN isthe upper 20 bits of the virtual address, but
the upper 22 hits of the virtual address are set. The VPN can aso be modified by softw
ASID, software sets the number of the currently executing process. The VPN and ASIL
recorded in the TLB by the LDTLB instruction.

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

Bit Initial
Bit Name Value R/W Description
31to 10 VPN d R/W Number of Virtual Page
9,8 O 0 R Reserved
These bits are always read as 0. The writ
should always be 0.
7t00 ASID d R/W Address Space Identifier
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31to 29 a 0 R Reserved

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

28to 10 PPN d R/W Number of Physical Page

9 d 0 R Page Management Information

8 \Y a R/W For more details, see section 3.3, TLB F
7 g 0 R

6,5 PR g R/W

4 Sz g R/W

3 C O R/W

2 D g R/W

1 SH g R/W

0 O 0 R

3.23 Trandation Table Base Register (TTB)

The trandation table base register (TTB) residing at address H'FFFFFFF8, which poir
base address of the current page table. The hardware does not set any value in TTB aL
TTB isavailable to software for general purposes. Theinitial value is undefined.

324 MMU Control Register (MMUCR)

The MMU contral register (MMUCR) residing at address H'FFFFFFEOQ, which makes
settings described in figure 3.3. Any program that modifies MMUCR should reside in
area.
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These bits are always read as 0. The writ
should always be 0.

54 RC 0

RW

Random Counter

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

When a TLB miss exception occurs, all of
ways corresponding to the virtual address
the exception occurred are checked. If all
valid, 1 is added to RC; if there is one or r
way, they are set by priority from way O, ir
way 0, way 1, way 2, and way 3. In the ev
MMU exception other than a TLB miss ex
way which caused the exception is set in

Reserved

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

R/W

TLB Flush

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

R/W

Index Mode

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

1: The value obtained by EX-ORing ASID
in PTEH and VPN bits 16 to 12 is used
index number.

R/W

Address Translation
Enables/disables the MMU.
0: MMU disabled

1: MMU enabled
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addresses and TLB entries.

Entry O
Entry 1

Entry 31

Ways 0 to 3
1 1 1 1
1 1 1 1
1 1 1 1 | |
VPN(31-17) [VPN(11-10)| ASID(7-0) | V | Entry O
|H Entry 1
H™ Entry 31

Address array

Ways 0 to 3

PPN(28-10)|PR(1-0)

Data array

Figure3.6 Overall Configuration of the TLB
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I VPN (31-17)| VPN (11-0) | ASIDlV | PPN |PR|SZ|C |D|SH|

TLB entry

Legend:

VPN:

ASID:

SH:

SZ:

PPN:

PR:

Virtual page number

Upper 22 bits of virtual address for a 1-kbyte page, or upper 20 bits of virtual address for a -
page. Since VPN bits 16 to 12 are used as the index number, they are not stored in the TLE
Attention must be paid to the synonym problem (see section 3.4.4, Avoiding Synonym Prob

Address space identifier

Indicates the process that can access a virtual page. In single virtual memory mode and us¢
in multiple virtual memory mode, if the SH bit is 0, the address is compared with the ASID ir
when address comparison is performed.

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

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

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.

Physical page number
Upper 22 bits of physical address. PPN bits 11 to10 are not used in case of a 4-kbyte page.

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.

Cacheable bit

Indicates whether the page is cacheable.

0: Non-cacheable

1: Cacheable

Dirty bit

Indicates whether the page has been written to.
0: Not written to

1: Written to

Figure 3.7 Virtual Addressand TLB Structure
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Thefirs method is used to prevent lowered TLB efficiency that results when multiple
run simultaneously in the same virtual address space (multiple virtual memory) and a
entry is selected by indexing of each process. In single virtual memory mode (MMUC
IX bit should be set to 0. Figures 3.8 and 3.9 show the indexing schemes.

Virtual address PTEH register
31 1716 1211 0 31 10 7
| | VPN o] A
] ASID(4-0)
Exclusive-OR )
|
Index
Ways 0 to 3
II II II IllllI |I |I|I|I|
1 ! ! ! 1 ! ! ! ! !
0 VPN(31-17) VPN(11-10) | ASID(7-0) | V H| PPN(28-10) | PR(1-0)[SZ| C | D | St

31

Address array Data array

Figure3.8 TLB Indexing (IX =1)
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v VN I=18) VEINHI=IV) D AQIUE=Y) 1V H P ITN«OmTV) IRV ee ) V| U ol

31 1

Address array Data array

Figure3.9 TLB Indexing (IX =0)

3.33 TLB Address Comparison

The results of address comparison determine whether a specific virtual page number is
in the TLB. The virtual page number of the virtual address that accesses external memc
compared to the virtual page number of the indexed TLB entry. The ASID within the F
compared to the ASID of theindexed TLB entry. All four ways are searched Smultane
compared values match, and the indexed TLB entry isvalid (V bit = 1), the hit isregist

It is necessary to have software ensure that TLB hits do not occur Smultaneously in mc
way, as hardware operation is not guaranteed if this occurs. An example of setting whic
TLB hitsto occur simultaneously in more than one way is described below. It isnecess
ensure that thiskind of setting is not made by software.

1

If there are two identical TLB entries with the same VPN and a setting is made suct
TLB hit ismade only by a process with ASID = H'FF when oneisin the shared stal
and the other in the non-shared state (SH = 0), then if the ASID in PTEH isset toH
apossibility of smultaneous TLB hitsin both these ways.

If several entries which have different ASID with the same VPN areregistered in si
memory mode, there isthe possibility of simultaneous TLB hits in more than onew
accessing the corresponding page in privileged mode. Several entries with the same
not beregistered in single virtual memory mode.

Thereisthe possibility of simultaneous TLB hitsin more than one way. These hits
depending on the contents of ASID in PTEH when apagetowhich SH isset lisre
the TLB in index mode (MMUCR.IX =1). Thereforeapagetowhich SHisset 1 nr
registered in index mode. When memory is shared by several processings, different
be registered in each ASID.
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When single virtual memory is supported (MMUCR.SV = 1) and privileged modeise
(SR.MD =1), al process resources can be accessed. This meansthat ASIDs are not ¢
when single virtual memory is supported and privileged mode is engaged. The objects
comparison are shown in figure 3.10.

SH=1or No
(SR.MD =1 and
MMUCR.SV = 1)?

No (4 kbytes) No (4 kbyte

Yes (1 kbyte) Yes (1 kbyte)

Y Y
Bits compared: Bits compared: Bits compared: Bits compare
VPN 31 to 17 VPN 31to 17 VPN 31 to 17 VPN 31 to 17
VPN 11 to 10 VPN 11 to 10 ASID 7 to 0
ASID7to0

Figure3.10 Objectsof Address Comparison
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memory. Torecord that there has been awrite to a given page in the address trand atior
memory, an initial page write exception is used.

The C bit in the entry indicates whether the referenced pageresidesin acacheable or n
cacheable area of memory. When the on-chip module control registersin areal are ma
the C bit to 0. The PR field specifies the access rights for the pagein privileged and us
and is used to protect memory. Attempts at non-permitted accesses result in TLB prote
violation exceptions.

Access states designated by the D, C, and PR bits are shown in table 3.1.

Table3.1 Access StatesDesignated by D, C, and PR Bits
Privileged Mode User Mode

Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial pa
exception exceptio
Permitted Permitted Permitted Permitte
C bit 0 Permitted Permitted Permitted Permitte
(no caching) (no caching) (no caching) (no cact
1 Permitted Permitted Permitted Permitte
(with caching) (with caching) (with caching) (with ca
PRbit 00 Permitted TLB protection TLB protection TLB pro
violation exception violation violation

exception
01 Permitted Permitted TLB protection TLB pro
violation violation

exception
10  Permitted TLB protection Permitted TLB pro
violation exception violation
11 Permitted Permitted Permitted Permitte

Rev. 2.00, 09/03, page 80 of 690

RENESAS



determines the MMU exception and whether the cache isto be accessed (using the
details of the determination method and the hardware processing, see section 3.5, |
Exceptions.

34.2 MM U Softwar e Management

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

trandation isnot performed. Also, since SV and I X hit changes constitute address
system changes, in this case, TLB flushing should be performed by simultaneous)
the TF bit also. Since MMU exceptions are not generated in the MM U disabled st:
AT bit cleared to O, use in the disabled state must be avoided with software that dc
the MMU.

TLB entry recording, deletion, and reading

TLB entry recording can be done in two ways by using the LDTLB instruction, or
directly to the memory-mapped TLB. For TLB entry deletion and reading, the mel
allocation TLB can be accessed. See section 3.4.3, MMU Ingtruction (LDTLB), fc
the LDTLB instruction, and section 3.6, Memory-Mapped TLB, for details of the
mapped TLB.

MMU exception processing

When an MMU exception is generated, it ishandled on the basis of information s
hardware side. See section 3.5, MMU Exceptions, for details.

When single virtual memory mode is used, it is possible to create a state in which phy
memory access is enabled in the privileged mode only by clearing the share status bit
specify recording of al TLB entries. This strengthens inter-process memory protectio
enables special access levels to be created in the privileged mode only.

Recording a 1- or 4- kbyte page TLB entry may result in a synonym problem. See sec
Avaiding Synonym Problems.

Rev. 2.00, 09/03, pa
RENESAS



When an MMU exception occurs, the virtual page number of the virtual address that ce
exception is set in PTEH by hardware. The way is set in the RC bit of MMUCR for e
according to the rules (see section 3.2.4, MMU Control Registers). Consequently, if the
instruction isissued after setting only PTEL in the MMU exception processing routine,
recording is possible. Any TLB entry can be updated by software rewriting of PTEH ar
bitsin MMUCR.

Asthe LDTLB instruction changes address trandation information, thereis arisk of de
address trandation information if thisingruction isissued in the PO, UO, or P3 area. M
therefore, that thisinstruction isissued in the P1 or P2 area. Also, an instruction associ:
access to the PO, UO, or P3 area (such asthe RTE ingtruction) should be issued at least
instructions after the LDTLB instruction.

MMUCR

9 0
o |sv]o|o[rc|o|TF|ix]aT]

Index —l_ Way selection
PTEH register — PTEL register
31 17 12 10 8 0 31 2928 10
VPN | |VPN | 0| ASID | |000| PPN |O|V|0|PR|SZ|C|D|SI
v
Ways 0 to 3
I T T T 11 I I I I ]
1 1 1 1 1 L 1 1 1 1 1
[ I I I Il I T T T 1
0 VPN(31-17) VPN(11-10) | ASID(7-0) | V LJ| PPN(28-10) |[PR(1-0)|Sz| C | D |SH

31

Address array Data array

Figure3.11 Operation of LDTLB Instruction
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Cache Size Bit nin Virtual Address
16 kbytes 11
32 kbytes 12

To achieve high-speed operation of this LS|’ s cache, an index number is created using
address bits 12 to 4. When a 1-kbyte page is used, virtua address bits 12 to 10 is subje
trandation and when a 4-kbyte page is used, avirtual address bit 12 is subject to addr
trandation. Therefore, the physical address bits 12 to 10 may not be the same asthe vi
bits 12 to 10.

For example, assume that, with 1-kbyte page TLB entries, TLB entries for which thef
trandation has been performed arerecorded in two TLBs:

Virtual address1 H'00000000 - physical address H'00000C00
Virtual address2 H'00000C00 - physical address H'00000C00

Virtual address 1 isrecorded in cache entry H'000, and virtual address 2 in cache entr
Since two virtual addresses are recorded in different cache entries despite the fact that
addresses are the same, memory inconsistency will occur as soon as awriteis perforn
virtual address.

Conseguently, the following restrictions apply to the recording of address trandation |
in TLB entries.

1. When address trandation information whereby a number of 1-kbyte page TLB ent
trandated into the same physical addressisrecorded in the TLB, ensure that the V
10 arethe same.

2. When address trandation information whereby a number of 4-kbyte page TLB ent
trandated into the same physical addressisrecorded in the TLB, ensure that the V
the same.

3. Do not use the same physical addresses for address trand ation information of diffe
sizes.
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I VFEN

N

- vnset

Physical address

—

Virtual address 12 to 4

L

28 13 12 1110 0
PPN N offset | Cache
. Ll
Physical address 28 to 10
* When using a 1-kbyte page
Virtual address
31 1312 1110 0
VPN N Offset
'Y
Physical address Virtual address 12 to 4
28 13121110 0
PPN | Offset Cache

»

Physical address 28 to 10

Figure3.12 Synonym Problem (32-kbyte Cache)
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A TLB missresults when the virtual address and the address array of the selected TLE
compared and no match is found. TLB miss exception processing includes both hardv
software operations.

Hardwar e Operations. In aTLB miss, this hardware executes a set of prescribed op
follows:

1
2.
3.

© © N o

The VPN field of the virtual address causing the exception is written to the PTEH
The virtual address causing the exception iswritten to the TEA register.

Either exception code H'040 for aload access, or H'060 for a store access, is writte
EXPEVT register.

The PC vaue indicating the address of the ingtruction in which the exception occu
written to the save program counter (SPC). If the exception occurred in adelay slc
value indicating the address of the related delayed branch instruction is written to:

The contents of the statusregister (SR) at the time of the exception are written to't
statusregister (SSR).

The mode (MD) bitin SR isset to 1 to place the privileged mode.

Theblock (BL) bit in SRisset to 1 to mask any further exception requests.
Theregister bank (RB) bit in SRisset to 1.

The RC fidd in the MMU control register (MMUCR) isincremented by 1 when a
indexed are vaid. When some entries indexed are invalid, the smallest way numb
st in RC.

10. Execution branches to the address obtained by adding the value of the VBR conter

H'00000400 to invoke the user-written TLB miss exception handler.

Softwar e (TLB MissHandler) Operations. The software searches the page tablesiir
memory and all ocates the required page table entry. Upon retrieving the required page
software must execute the following operations:

1

Write the va ue of the physical page number (PPN) field and the protection key (P
(S2), cacheable (C), dirty (D), share status (SH), and valid (V) hits of the page tab
recorded in the address trand ation table in the external memory into the PTEL reg
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selected TLB entry are compared and avalid entry is found to match, but the type of ac
permitted by the access rights specified in the PR field. TLB protection violation excep
processing includes both hardware and software operations.

Hardware Operations. In aTLB protection violation exception, this hardware execut
prescribed operations, as follows:

1
2.
3.

© © N oo

The VPN field of the virtual address causing the exception iswritten tothe PTEH r
The virtual address causing the exception iswritten to the TEA register.

Either exception code H'0OAO for aload access, or H'0OCO for a store access, is writte
EXPEVT register.

The PC vaue indicating the address of the ingtruction in which the exception occur
written into SPC (if the exception occurred in adelay dot, the PC value indicating t
of therdated delayed branch instruction is written into SPC).

The contents of SR at the time of the exception are written to SSR.

The MD bitin SR isset to 1 to place the privileged mode.

TheBL bit in SRis set to 1 to mask any further exception requests.
The RB bit in SRisset to 1.

. Theway that generated the exception is set in the RC field in MMUCR.

10. Execution branches to the address obtained by adding the value of the VBR content

H'00000100 to invoke the TLB protection violation exception handler.

Softwar e (TLB Protection Violation Handler) Operations: Software resolvesthe Tl
protection violation and issues the RTE (return from exception handler) instruction to t
the handler and return to the ingruction stream. Issue the RTE ingtruction after issuing
instructions from the LDTLB instruction.
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The VPN number of the virtual adaress causing the exception is written to the PTE
The virtual address causing the exception iswritten to the TEA register.

Either exception code H'040 for aload access, or H'060 for a store access, is writte
EXPEVT register.

The PC vaue indicating the address of the ingtruction in which the exception occu
written to the SPC. If the exception occurred in adelay dot, the PC value indicatir
address of the delayed branch instruction iswritten to the SPC.

The contents of SR at the time of the exception are written into SSR.

The mode (MD) bit in SR isset to 1 to place the privileged mode.
Theblock (BL) bit in SRisset to 1 to mask any further exception requests.
The RB bit in SRisset to 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 conter

H'00000100, and the TLB protection violation exception handler sarts.

Softwar e (TLB Invalid Exception Handler) Operations. The software searches the
in external memory and assigns the required page table entry. Upon retrieving thereq
table entry, software must execute the following operations:

1

Write the values of the physical page number (PPN) field and the values of the prc
(PR), page size (SZ), cacheable (C), dirty (D), share status (SH), and valid (V) bit:
table entry recorded in the external memory to the PTEL register.

If using software for way selection for entry replacement, write the desired value t
fiddin MMUCR.

Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLE

Issue the RTE instruction to terminate the handler and return to the instruction stre
RTE ingtruction should be issued after two LDTLB instructions.
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The VPN field of the virtual address causing the exception iswritten tothe PTEH r
The virtual address causing the exception iswritten to the TEA register.
Exception code H'080 is written to the EXPEVT register.

The PC vaue indicating the address of the ingruction in which the exception occur
written to the SPC. If the exception occurred in adelay dot, the PC value indicating
address of the related delayed branch ingtruction is written to the SPC.

The contents of SR at the time of the exception are written to SSR.
The MD bitin SR isset to 1 to place the privileged mode.

TheBL bit in SRis set to 1 to mask any further exception requests.
The RB bit in SRisset to 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 content

H'00000100 to invoke the user-written initia page write exception handler.

Softwar e (Initial Page Write Handler) Operations: The software must execute the f
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 t:
in the external memory to the PTEL register.

If using software for way selection for entry replacement, write the desired value to
fiddin 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 strez
RTE ingtruction must be issued after two LDTLB instructions.
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VPNs match?

VPNs
and ASIDs
match?

No
Y
TLB miss TLB inve
exception exceptic
User mode User or Privileged mode
privileged?
A A
PR? | PR?
00/01 01/11 00/10
M W

Y

TLB protection
violation exception

TLB protecti
violation exce

A

Initial page write No (Non-cacheable)
exception

Yes (Cacheable)

Memory Cache
access access

Figure3.13 MMU Exception Generation Flowchart
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36.1 Address Array

The address array is assigned to H'F2000000 to H'F2FFFFFF. To access an address arr
bit address field (for read/write operations) and 32-bit data field (for write operations) 1
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 3.14 |

In the address field, specify the entry address for selecting the entry (bits 16 to 12), W
the way (bits 9 to 8) and H'F2 to indicate address array access (bits 31 to 24). ThelX b
MMUCR indicates whether an EX-OR istaken of the entry address and ASID.

The following two operations can be used on the address array:

1. Addressarray read
VPN, V, and ASID areread 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 th
address and way set in the address fid d.

3.6.2 Data Array

The dataarray is assigned to H'F3000000 to H'F3FFFFFF. To access a data array, the :
address fidd (for read/write operations), and 32-bit data field (for write operations) mu
specified. The address section specifies information for selecting the entry to be access
section specifies the longword data to be written to the data array (figure 3.14 (2)).

In the address section, specify the entry address for selecting the entry (bits 16 to 12), \
sdlecting the way (bits 9 to 8), and H'F3 to indicate data array access (bits 31 to 24). Tt
MMUCR indicates whether an EX-OR istaken of the entry address and ASID.

Both reading and writing use the longword of the data array specified by the entry addr
way number. The access size of the dataarray is fixed at longword.
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Addressfieldl 171110010 [*---cv-vvrnnn *| VPN |*|*|W |0|* .....
31 17 16 121110 9 8 7
Data field | VPN | Hoeeeees * VPN| *|V ASI
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 1211109 8 7
Addressfield|11110011 Hoee e * VPN L)W [ ke
31 2928 109 87 6 5 4
Data field | 000 PPN |X|V|X| PR |SZ|
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

Figure3.14 Specifying Addressand Data for Memory-Mapped TLB Ac
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b gL 19 i Ll LU Uy, ‘aulit v iy vl b uar b uit.

MOV.L RO, @1l

Reading the Data of a Specific Entry: This example reads the data section of a specif
entry. The bit order indicated in the datafield in figure 3.14 (2) isread. RO specifies the
and the data section of a selected entry isread to R1.

. RO=H F300 4300 VPN(16-12)=B 00100 Wy 3
. M. L @0, Rl

3.7 Usage Note

The following operations should be performed in the P1 or P2 areas. In addition, when
or UO areas are accessed consecutivey (this access includes instruction fetching), the i
code should be placed at least two instructions after the instruction that executes the fol
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

o wDdh e
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*  Number of entries: 256 entries/way in 16-kbyte mode or 512 entries'way in 32-kb
»  Write system: Write-back/write-through is selectable for spaces PO, P1, P3, and U
Group 1 (PO, P3, and UO areas)
Group 2 (P1 area)
» Replacement method: Least-recently used (LRU) algorithm

Note:  After power-on reset or manual reset, initialized as 16-kbyte mode (256 entrie

41.1 Cache Structure

The cache mixes instructions and data and uses a 4-way set associative system. Itis c
four ways (banks), and each of which isdivided into an address section and a data sec
that the following sectionswill be described for the 32-kbyte mode as an example. Fo
size modes, change the number of entries and size/lway according to table 4.1. Each of
and data sections is divided into 512 entries. The entry datais caled aline. Each line
16 bytes (4 bytes x 4). The data capacity per way is 8 kbytes (16 bytes x 512 entries) |
asawhole (4 ways). The cache capacity is 32 kbytes as a whole. Figure 4.1 shows the
structure.

Table4.1 Number of Entriesand Size/lWay in Each Cache Size

Cache Size Number of Entries Size/Way

16 kbytes 256 4 kbytes

32 kbytes 512 8 kbytes
CACHO000S_000020020300 Rev. 2.00. 09/03 pa
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Entry 511 511 511

24 (1 +1+22) bits 128 (32 x 4) bits 6 bl
- -

A

-

LWO to LW3: Longword data 0-3

Figure4.1 Cache Structure (32-kbyte M ode)

Address Array: TheV bit indicates whether the entry datais valid. When the V bitis
valid; when 0, dataisnot valid. The U bit indicates whether the entry has been written
back mode. When the U bit is 1, the entry has been written to; when 0, it hasnot. Thet
holds the physical address used in the external memory access. It is composed of 22 hit
bits 31 to 10) used for comparison during cache searches.

InthisLSl, thetop three of 32 physical address bits are used as shadow bits (see sectiol
State Controller (BSC)), and therefore the top three bits of the tag address are cleared t

TheV and U bits areinitialized to 0 by a power-on reset, but are not initialized by a me
Thetag addressisnot initialized by either a power-on or manual reset.

Data Array: Holds a 16-byte instruction or data. Entries are registered in the cachein |
(16 bytes). The dataarray is not initialized by a power-on or manual reset.

L RU: With the 4-way set associative system, up to four ingructions or data with the s
address can beregistered in the cache. When an entry isregistered, LRU shows which
waysitisrecorded in. Thereare six LRU hits, controlled by hardware. A least-recently
(LRU) algorithm is used to select the way.

Six LRU bits indicate the way to be replaced, when a cache miss occurs. Table 4.2 sho
relationship between the LRU bits and the way to be replaced when the cachelocking 1
isdisabled. (For the relationship when the cache locking mechanism is enabled, refer tc
4.2.2, Cache Control Register 2.) If abit pattern other than thoselisted in table 4.2 is s
LRU bits by software, the cache will not function correctly. When modifying the LRU
software, set one of the patternslisted in table 4.2.

The LRU bits areinitialized to 000000 by a power-on reset, but are not initialized by a
reset.
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4.2 Register Descriptions

The cache has the following registers. For details on register addresses and register st
each process, refer to section 24, List of Registers.

e Cache control regiser 1 (CCR1)
e Cache control regiser 2 (CCR2)
e Cache control register 3 (CCR3)
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31to 4 —

Reserved

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

R/W

Cache Flush

Writing 1 flushes all cache entries (clears
and LRU bits of all cache entries to 0). Th
always read as 0. Write-back to external r
not performed when the cache is flushed.

R/W

Write-Back

Indicates the cache’s operating mode for |
0: Write-through mode

1: Write-back mode

R/W

Write-Through

Indicates the cache’s operating mode for |
U0, and P3.

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

R/W

Cache Enable

Indicates whether the cache function is us
0: The cache function is not used.

1: The cache function is used.

Rev. 2.00, 09/03, page 96 of 690

RENESAS



Table 4.3 shows the relationship between the settings of bits and the way that isto be
when the cache is missed by a prefetch instruction.

On the other hand, when the cacheis hit by a prefetch ingruction, new datais not |oa
cache and the valid entry isheld. For example, a prefetch instruction isissued while b
W3LOAD and W3LOCK are set to 1 and the line of datato which Rn pointsis alread
the cacheishit and new datais not loaded into way 3.

In cache lock mode, bits W3LOCK and W2LOCK restrict the way that isto be replac
instructions other than the prefetch ingtruction are issued. Table 4.4 shows the relatior
between the settings of bitsin CCR2 and the way that isto be replaced when the cach
by instructions other than the prefetch ingtruction.

Programs that change the contents of the CCR2 register should be placed in address §
not cached.
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4. el s Lallic IUCK TTuuc.

15t0 10 — 0

Reserved

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

9 W3LOAD O
8 W3LOCK 0

R/W
R/W

Way 3 Load (W3LOAD)
Way 3 Lock (W3LOCK)

When the cache is missed by a prefetch i
while in cache lock mode and when bits V
and W3LOCK in CCR2 are set to 1, the d
always loaded into way 3. Under any othe
the prefetched data is loaded into the way
LRU points.

7102 — 0

Reserved

These bits are always read as 0. The writ
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 i
while in cache lock mode and when bits V
and W2LOCK in CCR2 are set to 1, the d
always loaded into way 2. Under any othe
the prefetched data is loaded into the way
LRU points.

Note: W2LOAD and W3LOAD should not be set to 1 at the same time.
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4 v - 4 4
1 1 1 0 * Way 3
Notes: * Don't care

W3LOAD and W2LOAD should not be set to 1 at the same time.

Table44 Way Replacement when Instructions other than the PREF Instructi
Cache

DSP Bit W3LOAD W3LOCK W2LOAD W2LOCK Way to be Replac
* * Determined by LR
* Determined by LR
Determined by LR
Determined by LR
Determined by LR

*

*

*

*

* *

0
1
1 *
1
1

Rl RO O

0
1
0
1

* *

Notes: * Don't care
W3LOAD and W2LOAD should not be set to 1 at the same time.

Table45 LRU and Way Replacement (when W2LOCK =1and W3LOCK =

LRU (Bits 5to 0) Way to be
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

Table4.6 LRU and Way Replacement (when W2LOCK =0and W3LOCK =

LRU (Bits 5to 0) Way to be
000000, 000001, 000011, 001011, 100000, 100001, 101001, 101011 2
000100, 000110, 000111, 001111, 010100, 010110, 011110, 011111 1
110000, 110100, 111000, 111001, 111011, 111100, 111110, 111111 0
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“a4.4.9

Lalllc LU UL REYlolCl o (LLho)

The CCR3 regigter controls the cache size to be used. The cache size must be specified
tothe LSl to be selected. If the specified cache size exceeds the size of cache incorpore
LSI, correct operation cannot be guaranteed. Note that programs that change the conter
CCRS3 register should be placed in un-cached address space. In addition, note that all c:
must be invalidated by setting the CF bit of the CCR1 to 1 before accessing the cache e

CCR3 ismodified.
Bit Initial
Bit Name Value R/W Description
3lto24 — 0 R Reserved
These bits are always read as 0. The writ
should always be 0.
2310 16 CSIZE7to HO01 R/W Cache Size
CSIZEO Specify the cache size as shown below.
0000 0001: 16-kbyte cache
0000 0010: 32-kbyte cache
Settings other than above are prohibited.
15t0 0 — 0 R Reserved

These bits are always read as 0. The writ
should always be 0.
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O4-KDYLE ITIOUE a5 all exAlTIpl e,

Entries are sdected using bits 12 to 4 of the address (virtua) of the access to memory
address of that entry isread. Thevirtual address (bits 31 to 10) of the access to memc
physical address (tag address) read from the address array are compared. The address
uses al four ways. When the comparison shows a match and the selected entry is vali
cache hit occurs. When the comparison does not show amatch or the selected entry is
= 0), acache missoccurs. Figure 4.2 shows a hit on way 1.

Virtual address
31 13 12 4 3210

P e—

-
Entry selection | | Longword (LW) selection

Ways 0 to 3 Ways 0 to 3

MMU 0 | V| U|Tag address LWO | LwW1 | Lw2 | LW3

511 — —

Physical address ; { ; *

[CMPO|CMP1(CMP2|CMP3 1

l

Hit signal 1

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

Figure 4.2 Cache Search Scheme
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bit for the entry which isto be replaced by entry updating in write-back modeis 1, the
update cycle starts after the entry is transferred to the write-back buffer. After the cache
its update cycle, the write-back buffer writes the entry back to the memory. Transfer is
units.

433 Prefetch Operation

Prefetch Hit: The LRU is updated to indicate that the hit way is the most recently hit v
other contents of the cache are not changed. Instructions and data are not transferred fr
cache to the CPU.

Prefetch Miss: Instructions and data are not transferred from the cache to the CPU. Th
isto bereplaced isshown in table 4.2. The other operations are the same asthose for a

434 Write Access

Write Hit: In awrite access in write-back mode, the data is written to the cache and nc
memory write cycleisissued. The U hit of the entry that has been written toissetto 1,
LRU is updated to indicate that the hit way is the most recently hit way. In write-throug
the data iswritten to the cache and an external memory write cycleisissued. The U hit
entry that has been written to isnot updated, and the LRU is updated to indicate that th
the most recently hit way.

Write Miss: In write-back mode, an external write cycle starts when a write miss occul
entry is updated. The way to be replaced is shown in table 4.3. When the U bit of the &
isto bereplaced by entry updating is 1, the cache-update cycle starts after the entry has
transferred to the write-back buffer. Data iswritten to the cache and the U bit and the \
to 1. The LRU is updated to indicate that the replaced way is the most recently updated
the cache has compl eted its update cycle, the write-back buffer writes the entry back to
memory. Transfer isin 16-byte units. In write-through mode, no write to cache occurs |
miss; the writeis only to the external memory.
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|PA (31to 4) |Longword 0 |Longword 1 |Longword 2 | Longword 3|

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

Figure4.3 Write-Back Buffer Configuration

4.3.6 Coherency of Cache and External Memory

Use software to ensure coherency between the cache and the externa memory. When
shared by this LS| and another deviceis placed in an address space to which caching :
the memory-mapped cache to make the data invalid and written back, asrequired. Me
shared by this LSI’s CPU and DMAC should also be handled in this way.
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a.4.4 AUUIreEss Al ay

The address array is mapped onto H'FO000000 to H'FOFFFFFF. To access an address &
32-hit address field (for read/write accesses) and 32-hit data field (for write accesses) n
specified. The address field specifies information for selecting the entry to be accessed;
field specifies the tag address, V hit, U bit, and LRU bits to be written to the address ar

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

In the data field, specify the tag address, LRU bits, U bit, and V bit. Figure 4.4 shows |
and data formats in 32-kbyte mode. The following three operations are available in the
array.

Address-Array Read: Read the tag address, LRU bits, U bit, and V bit for the entry tt
corresponds to the entry address and way specified by the address field of the read insti
reading, the associative operation isnot performed, regardliess of whether the associ atiy
bit) specified in the addressis 1 or 0.

Address-Array Write (non-Associative Oper ation): Write the tag address, LRU bits
V bit, specified by the datafield of the writeinstruction, to the entry that corresponds t
address and way as specified by the address field of the write instruction. Ensure that tt
associative bit (A bit) in the address field is set to 0. When writing to a cache line for w
bit = 1 and the V hit =1, write the contents of the cache line back to memory, then writ
address, LRU bits, U hit, and V bit specified by the datafield of the write instruction. £
clear the uppermost 3 bits (bits 31 to 29) of the tag addressto 0. When O iswritten to tt
must also be written to the U bit for that entry.

Address-Array Write (Associative Operation): When writing with the associative bi
the address = 1, the addresses in the four ways for the entry specified by the address fie
write ingruction are compared with the tag address that is specified by the datafidd of
instruction. If the MMU is enabled in this case, alogical address specified by dataistrz
into a physical address viathe TLB before comparison. Writethe U bit and the V bit st
the datafield of the write instruction to the entry of the way that has a hit. However, th
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address fidd (for read/write accesses) and 32-bit data field (for write accesses) must k
The address fidld specifiesinformation for selecting the entry to be accessed; the data
specifies the longword data to be written to the data array.

In the address field, specify the entry address for selecting the entry, L for indicating t
position within the (16-byte) line, W for selecting the way, and H'F1 for indicating da
access. Asfor L, 00 indicates longword 0, 01 indicates longword 1, 10 indicates long\
11 indicates longword 3. As for W, 00 indicates way 0, 01 indicates way 1, 10 indicat
and 11 indicates way 3).

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

Figure 4.4 shows the address and data formats in 32-kbyte mode. For other cache size
change the entry address and w as shown in table 4.8.

The following two operations on the data array are available. Theinformation in the g
isnot affected by these operations.

Data-Array Read: Read the data specified by L of the address filed, from the entry tt
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 positio
by L of the addressfield, in the entry that corresponds to the entry address and the wa
by the address field.
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(b) Data specification (both read and write accesses)
31 10 9 4 3 2 1

| Tag address (31 to 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 1

[ 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

Figure4.4 Specifying Addressand Data for Memory-Mapped Cache Acc
(32-kbyte Mode)

Table4.8 AddressFormat Based on Size of Cache to be Assigned to Memory

Cache Size Entry Address Bits W Bit
16 kbytes 11to 4 13to 12
32 kbytes 12to 4 14to0 13
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kbyte mode).

; RO = H 0000 0000 LRU=HO000, U=0, V=20
; RL = H FOOO 2080; Way = 1, Entry = B' 000001000, A =0

MOV.L RO, @1
Toinvalidate dl entries and ways, write 0 to the following addresses.

32-kbyte mode (2,048 writes)
Addresses

FO0O0 0000
FO00 0010
FO00 0020

FOOO 7FFO

16-kbyte mode (1,024 writes)
Addresses

FOO0 0000
FO00 0010
FO00 0020

FO00 3FFO

The above operation should be performed using a non-cacheable area.
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; RO=H 01100010; Tag address=B' 0000 0001 0001 0000 0000 00, U=0
; Rl1=H FO000088; address array access, entry=B 00001000, A=1

MOV. L RO, @Rl
In the following example, an address (32-bit) to be purged is specified in RO.

MOV. L #H O0001FFO, R1; 32-kbyte node, H 00000FFO in the 16- kb

AND RO, R1 ; The entry address is fetched.

MOV. L #H 00000008, R2 ;

OR Rl, R2 : The start is set to HFO and the A bit
MOV. L #H 1FFFFCO0, RS ;

AND RO, R3 ; The tag address is fetched. U=V = 0.
MOV.L R3, @R ; Associ ative purge.

The above operation should be performed using a non-cacheable area.

Reading the Data of a Specific Entry: To read the data field of a specific entry is ena
memory-mapped cache access. The longword indicated in the data field of the data arre
4.4 isread into theregister. In the example shown below, RO specifies the address and
what isread (32-kbyte mode).

; RO=H F100 004C; data array access, entry=B 00000100
; Wy = 0, longword address = 3

MOV.L @R0,RL ; Longword 3 is read.

4.5 Usage Note

Do note execute the PREF instruction for the area that cannot be accessed using the ca
P4 areas).
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Transferring control to a user-defined exception processing routine and executing the
support the above functions are called exception handling. This LS| has two types of ¢
genera exceptions and interrupts. The user can execute the required processing by as
exception handling routines corresponding to the required exception processing and tf
the source program.

A reset input can terminate the normal program execution and pass control to therese
register initialization. Thisreset operation can also be regarded as an exception handli
section describes an overview of the exception handling operation. Here, genera exce
interrupts arereferred to as exception handling. For interrupts, this section describes
process executed for interrupt requests. For details on how to generate an interrupt rec
section 6, Interrupt Controller (INTC).

5.1 Register Descriptions

Thereare five registers for exception handling. A register with an undefined initial va
initialized by the software. Refer to section 24, List of Registers, for the addresses anc
of theseregisters.

*  TRAPA exception register (TRA)

» Exception event register (EXPEVT)
* Interrupt event register (INTEVT)

e Interrupt event register 2 (INTEVT2)
» Exception addressregister (TEA)
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31 12 11 0
0 INTEVT2 INTEVT2

31 0
| TEA | TEA

Figure5.1 Register Bit Configuration

511 TRAPA Exception Register (TRA)

TRA isassigned to address H'FFFFFFDO and congsts of the 8-bit immediate data (imr
TRAPA instruction. TRA isautomatically specified by the hardware when the TRAPA
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 O O R Reserved

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

9to 2 TRA a R/W 8-bit Immediate Data
1,0 O ad R Reserved

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

11to 0 EXPEVT * R/W 12-bit Exception Code
Note: * Initialized to H'000 at power-on reset and H'020 at manual reset.

513 Interrupt Event Register (INTEVT)

INTEVT isassigned to address H'FFFFFFD8 and consists of a 12-bit exception code.
codes to be specified in INTEVT are those for interrupt requests. These exception coc
automatically specified by the hardware when an exception occurs. Only bits 110 O ¢
can be re-written using the software.

Bit Bit Name Initial Value R/W Description
3lto12 O 0 R Reserved

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

11to 0 INTEVT d R/W 12-bit Exception Code
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These bits are always read as 0. The
should always be 0.

11to 0 INTEVT2 d R 12-bit Exception Code

5.15 Exception Address Register (TEA)

TEA isassigned to address H'FFFFFFFC and storesthe logical address for an exceptio
occurrence when an exception related to memory accesses occurs. TEA can be modifie
software.

Bit Bit Name Initial Value R/W Description

31to0 TEA d R/W Logical address for exception occurre
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CONLENLs O FL ana o Lo return to the Processor Stale dl the Point or interruption and t
where the exception occurred.

A basic exception handling sequence consists of the following operations. If an excep
and the CPU acceptsit, operations 1 to 8 are executed.

The address of the ingtruction to be returned to after exception handling is saved 1
The contents of SR is saved in SSR.

Theblock (BL) bit in SRisset to 1, masking any subsequent exceptions.

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

Theregister bank (RB) bit in SRisset to 1.

An exception code identifying the exception event iswritten to bits 11 to O of the

event (EXPEVT) or interrupt event (INTEVT or INTEVT?2) register.

7. 1f aTRAPA indruction is executed, an 8-bit immediate data specified by the TR/
instruction is set to TRA. For an exception related to memory accesses, thelogic
where the exception occurred iswritten to TEA.**

8. Ingruction execution jumpsto the designated exception vector address to invoke

routine.

o g wdhpE

The above operations from 1 to 8 are executed in sequence. During these operations, 1
exceptions may be accepted unless multiple exception acceptance is enabled.

In an exception handling routine for a genera exception, the appropriate exception ha
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 ex
source determined by the INTEVT or INTEVT2. After the exception handling routine
completed, program execution can be resumed by executing an RTE ingruction. The!
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
before the exception handling took place.

2. A dday dot instruction of the RTE instruction is executed.*?
3. Contral is passed to the address stored in the SPC.
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A vector address for general exceptionsis determined by adding a vector offset to a ve
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 addressis
the vector baseregister (VBR) using the software. The vector base address should resic
or P2 fixed physical address space.

523 Exception Codes

The exception codes are written to bits 11 to 0 of the EXPEVT register (for reset or ger
exceptions) or the INTEVT2 register (for interrupt requests) to identify each specific e
event. See section 6, Interrupt Controller (INTC), for details of the exception codes for
requests. Table 5.1 lists exception codes for resets and general exceptions.

5.24 Exception Request and BL Bit (M ultiple Exception Prevention)

TheBL bit in SRis set to 1 when areset or exception isaccepted. While the BL hitis
acceptance of general exceptionsisrestricted as described bel ow, making it possible to
prevent multiple exceptions from being accepted.

If the BL bit isset to 1, an interrupt request isnot accepted and is retained. The interruy
accepted when the BL bit iscleared to O. If the CPU isin low power consumption mod
interrupt is accepted even if the BL hit is set to 1 and the CPU returns from the low pov
consumption mode.

A DMA error isnot accepted and isretained if the BL bit isset to 1 and accepted when
iscleared to 0. User break requests generated while the BL bit is set are ignored and ar
retained. Accordingly, user breaks arenot accepted even if the BL hit iscleared to O.

If ageneral exception other than a DMA address error or user break occurs whilethe B
to 1, the CPU enters a state similar to that in effect immediately after areset, and passe
the reset vector (H'A0000000) (multiple exception). In this case, unlike anormal reset,
other than the CPU are not initialized, the contents of EXPEVT, SPC, and SSR are unc
this satusis not detected by an external device.
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asynchronously. The user cannot expect on which instruction an exception isregueste
genera exceptions other than a DMA address error and a user break under a specific c
each general exception corresponds to a specific instruction.

Re-Execution Type and Processing-Completion Type Exceptions: All exceptions:
into two types. are-execution type and a processing-completion type. If are-executiol
exception is accepted, the current instruction executed when the exception is accepted
terminated and the instruction addressis saved to the SPC. After returning from the e
processing, program execution resumes from the instruction where the exception was
a processing-compl etion type exception, the current instruction executed when the ex
accepted is completed, the next ingruction addressis saved to the SPC, and then the €
processing is executed.

During addayed branch ingtruction and delay dot, the following operations are exect
execution type exception detected in a delay ot is accepted before executing the dele
instruction. A processing-completion type exception detected in a delayed branch inst
delay dot is accepted when the delayed branch ingtruction has been executed. In this
acceptance of delayed branch instruction or a delay slot precedes the execution of the
destination ingtruction. In the above description, adelay dot indicates an instruction f
unconditiona delayed branch ingtruction or an instruction following a conditional del:
instruction whose branch condition is satisfied. If a branch does not occur in a conditi
branch, thenorma processing is executed.

Acceptance Priority and Test Priority: Acceptance priorities are determined for all
requests. The priority of resets, generd exceptions, and interrupts are determined in th
reset isaways accepted regardless of the CPU status. Interrupts are accepted only wh
general exceptions are not requested.

If multiple general exceptions occur simultaneously in the same instruction, the priori
determined as follows.

1. A processing-completion type exception generated at the previous instruction*

2. A user break before instruction execution (re-execution type)

3. An exception related to an ingruction fetch (CPU address error and MMU rel atec
re-execution type)

Rev. 2.00, 09/03, pag
RENESAS



Note* If a processing-completion type exception is accepted at an ingtruction, excepti
processing starts before the next ingtruction is executed. This exception process
executed before an exception generated at the next instruction is detected.

Only one exception is accepted at atime. Accepting multiple exceptions sequentially re
exception requests being processed.

Table5.1 Exception Event Vectors

Exception Current Exception Process Vector
Type Instruction Exception Event Priority*l Order at BL=1 Code
Reset Aborted Power-on reset 1 1 Reset H'A00
Manual reset 1 2 Reset H'020
General  Re-executed User break(before instruction 2 0 Ignored H'1EOQ
exception execution)
events CPU address error (instruction 2 1 Reset H'OEO
access)
TLB miss ** 2 11 Reset  H'040
(instruction access)
TLB invalid ** (instruction 2 1-2 Reset H'040
access)
TLB protection violation *4 2 1-3 Reset H'0AO
(instruction access)
lllegal general instruction 2 2 Reset H'180
exception
lllegal slot 2 2 Reset H'1A0
instruction exception
CPU address error 2 3 Reset H'OEO/
(data access) H'100
TLB miss ** 2 31 Reset  H'040/
(data access) H'060
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instruction)

User breakpoint (After 2 5 Ignored H'1EO
instruction execution, address)
General Completed User breakpoint 2 5 Ignored H'1EO
interrupt (Data break, I-BUS break)
requests DMA address error 2 6 Retained H'5C0O
Interrupt  Completed Interrupt requests 3 —*2 Retained —**
requests

Notes: 1. Priorities are indicated from high to low, 1 being the highest and 3 the lowe
A reset has the highest priority. An interrupt is accepted only when general
are not requested.

2. For details on priorities in multiple interrupt sources, refer to section 6, Intel
Controller (INTC).

3. If aninterrupt is accepted, the exception event register (EXPEVT) is not ch
interrupt source code is specified in interrupt source register 2 (EXPEVT2).
refer to section 6, Interrupt Controller (INTC).

4. These exception codes are valid when the MMU is used.

Rev. 2.00, 09/03, pag
RENESAS



Conditions
Power-on reset isrequest
Operations

Set EXPEVT to H'000, initialize the CPU and on-chip peripheral modules, and brar
reset vector H'/A0000000. For details, refer to the register descriptionsin therelevar

Manual Reset:

Conditions

Manual reset isrequest

Operations

Set EXPEVT to H'020, initialize the CPU and on-chip peripheral modules, and brar
reset vector H'/A0000000. For details, refer to the register descriptionsin therelevar

532 General Exceptions

CPU AddressError:

Conditions
O Ingruction isfetched from odd address (4n + 1, 4n + 3)
0 Word datais accessed from addresses other than word boundaries (4n + 1, 4n +

0 Longword is accessed from addresses other than longword boundaries (4n + 1, -
an +3)

0 Thearearanging from H'80000000 to H'FFFFFFFF in logical space isaccessed
mode

Types

Ingruction synchronous, re-execution type

Save address

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

Data access: An instruction address where an exception occurs (a delayed branch in
addressif an ingtruction isassigned to a delay dot)
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0 When undefined code not in adelay dot is decoded
Delayed branch ingtructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE

Note:  For details on undefined code, refer to section 2.6.2, Operation Code Map. W
undefined code other than H'FO00 to H'FFFF is decoded, operation cannot be

0 When aprivileged ingruction not in adelay slot is decoded in user mode

Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP, instructions that ac
with LDC/STC arenot privileged instructions.

* Types
Ingruction synchronous, re-execution type
* Saveaddress
An instruction address where an exception occurs
» Exception code
H'180
* Remarks
None

Illegal Sot Instruction:

e Conditions
O When undefined code in adelay dot is decoded
Ddayed branch ingructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE
0 When aprivileged ingruction in adelay slot is decoded in user mode

Privileged instructions; LDC, STC, RTE, LDTLB, SLEEP, instructions that ac
with LDC/STC arenot privileged instructions.

O When an instruction that rewrites PC in a delay dot is decoded

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

* Types
Ingtruction synchronous, re-execution type
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Conditions

TRAPA instruction executed

Types

Ingtruction synchronous, processing-completion type
Save address

An address of an instruction following TRAPA
Exception code

H'160

Remarks

The exception is a processing-compl etion type, so PC of theinstruction after the TF
instruction is saved to SPC. The 8-bit immediate valuein the TRAPA ingruction is
and set in 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 t
Operand break (L bus): Instruction synchronous, processing-completion type

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

| bus break: Instruction asynchronous, processing-completion type

Save address

Re-execution type: An address of the instruction where a break occurs (a delayed b
instruction address if an instruction is assigned to a delay dot)

Processing-compl etion type: An address of the ingtruction following the instruction
break occurs (a delayed branch instruction addressif an ingruction isassigned to a
Exception code

H'1EO
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Types

Ingtruction asynchronous, processing-completion type

Save address

An address of the ingruction following the instruction where a break occurs (adel
instruction destination address if an instruction is assigned to adelay dot)
Exception code

H'5CO

Remarks

An exception occurs when aDMA transfer is executed while an illegal instruction
described above is specified in the DMAC. Sincethe DMA transfer is performed
asynchronously with the CPU ingtruction operation, an exception is also requesteo

asynchronously with the instruction execution. For details on DMAC, refer to sect
Memory Access Controller (DMAC).

533 General Exceptions (MM U Exceptions)

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

A vector offset for aTLB error exception is defined as H'00000400 to simplify except
determination. For details on MMU exception operations, refer to section 3, Memory
Unit (MMU).

TLB Miss Exception:

Conditions

Comparison of TLB addresses shows no address match.
Types

Ingtruction synchronous, re-execution type
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Thelogical address (32 bits) that caused the exception isset in TEA and the MMU
are updated. The vector address of the TLB miss exception is VBR + H'0400. To &
TLB miss processing, the offset differs from other exceptions.

TLB Invalid Exception:

Conditions

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

Types

Ingruction synchronous, re-execution type

Save address

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

Data access: An instruction address where an exception occurs (a delayed branch in
address if an indruction isassigned to adelay dot)

Exception code

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

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

TLB Protection Exception:

Conditions

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

Types

Ingruction synchronous, re-execution type

Save address

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

Data access: An instruction address where an exception occurs (a delayed branch in
addressif an ingtruction isassigned to a delay dot)
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Conditions

A hit occurred to the TLB for astore access, but D = 0.

Types

Ingruction synchronous, re-execution type

Save address

Ingruction fetch: An instruction address to be fetched when an exception occurrec

Data access: An instruction address where an exception occurs (a delayed branch i
address if an ingruction isassigned to adelay dot)

Exception code
H'080
Remarks

Thelogical address (32 bits) that caused the exception isset in TEA and the MML
are updated.
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A D

2. Inaninstruction assigned at a delay dot of the RTE instruction, a user break cannc
accepted.

3. If theMD and BL bits of the SR register are changed by the LDC instruction, an e
accepted according to the changed SR value from the next instruction.* A process
completion type exception is accepted before the next instruction is executed. Ani
and DMA address error in re-execution type exceptions are accepted before the ne
instruction is executed.

Note* If an LDC ingtruction is executed for the SR, thefollowing instructions are re-f
an instruction fetch exception is accepted according to the modified SR value.
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¢ 1o lievas Orlngarupt priorty Carl be set
By setting the interrupt priority registers, the priorities of on-chip peripheral modu
interrupts can be selected from 16 levels for individual request sources.

* NMI noise canceller function
An NMI input-level bit indicates the NMI pin state. By reading this bit in theinter
exception service routine, the pin ate can be checked, enabling it to be used asa
canceller.

* |IRQ interrupts can be set
Detection of low level, high level, rising edge, or falling edge
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USB — »| identifier
TMU —; - |
TPU — > :
WDT — L :
UDI — > 1
REF — > :
RTC — - !
: ICR '
| L_IrRrR | LR |
PINTER i
\ | 3
| | a
H < Bus i ©
1 : [ £
' interface T >
b e —— D |E
Legend: INTC
DMAC : Direct memory access controller WDT  : Watchdog timer
SCIF  : Serial communication interface (with FIFO) UDI : User debugging interface
ADC  : A/D converter RTC  :Realtime clock
USB  : USB interface REF  : Refresh request in bus state contre
TMU  : Timer pulse unit ICR : Interrupt control register
TPU : 16-bit timer pulse unit IPR : Interrupt priority level setting regist
IRR : Interrupt request register
PINTER: PINT interrupt enable register
SR : Status register

Figure6.1 Block Diagram of INTC
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Interrupt input pins IRQ5t0 IRQO, Input  Input of interrupt reques
IRL3 to IRLO

Port interrupt input pins PINT15 to Input  Input of port interrupt si
PINTO

Note: IRL3 to IRLO are multiplexed with IRQ3 to IRQO; they cannot be used together

6.3

IRQO at the same time.

Register Descriptions

The INTC hasthe following registers. For detail s on register addresses and register st
each processing, refer to section 24, List of Registers.

Interrupt control register O (ICRO)

Interrupt control register 1 (ICR1)

Interrupt control register 2 (ICR2)

PINT interrupt enableregister (PINTER)
Interrupt priority level setting register A (IPRA)
Interrupt priority level setting register B (IPRB)
Interrupt priority level setting register C (IPRC)
Interrupt priority level setting register D (IPRD)
Interrupt priority level setting register E (IPRE)
Interrupt priority level setting register F (IPRF)
Interrupt priority level setting register G (IPRG)
Interrupt priority level setting register H (IPRH)
Interrupt request register 0 (IRRO)

Interrupt request register 1 (IRR1)

Interrupt request register 2 (IRR2)

RENESAS
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Table6.2 Interrupt Sourcesand IPRA toIPRH

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3 ti
IPRA TMUO T™MU1 T™MU2 RTC
IPRB wDT REF Reserved” Reserve
IPRC IRQ3 IRQ2 IRQ1 IRQO
IPRD PINTOto PINT7  PINT8to PINT15 IRQ5 IRQ4
IPRE DMAC SCIF0 SCIF2 ADC
IPRF Reserved® Reserved® UsB Reservi
IPRG TPUO TPU1 Reserved” Reserve
IPRH TPU2 TPU3 Reserved” Reserve

Note: * Always read as 0. The write value should always be 0.

As shown in table 6.2, on-chip peripheral module, or IRQ or PINT interrupts are assigr
4-bit groupsin each register. These 4-bit groups (bits 15 to 12, bits11 to 8, bits7to 4,
to 0) are set with values from H'0 (0000) to H'F (1111). Setting H'O means priority leve
(masking isrequested); H'F means priority level 15 (the highest level).
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plrrievel. s DIt Carnnot De 1modudlricd
0: NMI input level is low
1: NMl input level is high

14t0 9

g

Reserved

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

8

NMIE

R/W

NMI Edge Select

Selects whether the falling or rising e
interrupt request signal at the NMI pi
detected.

0: Interrupt request is detected on fa
NMI input

1: Interrupt request is detected on ris
NMI input

7t00

g

Reserved

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

Note: * When NMI input is high, 0 when NMI input is low.
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INIVILITIETTUPLS 111 stalluly 1Modce.

0: All interrupt requests are not maske
low level is being input to the NMI

1: All interrupt requests are masked w
level is being input to the NMI pin

14 IRQLVL 1

R/W

Interrupt Request Level Detect

Selects whether the IRQ3 to IRQO pin
enabled or disabled to be used as fou
independent interrupt pins. This bit do
affect the IRQ4 and IRQ5 pins.

0: Used as four independent interrupt
pins IRQ3 to IRQO

1: Used as encoded 15-level interrupt
IRL3 to IRLO

13 BLMSK 0

R/W

BL Bit Mask

Specifies whether NMI interrupts are |
when the BL bit of the SR register is 1

0: NMI interrupts are masked when th

1: NMl interrupts are accepted regard
BL bit setting

12 g 0

Reserved

This bit is always read as 0. The write
should always be 0.
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falling edge

0 1 An interrupt re
detected at IR
rising edge

1 0 An interrupt re
detected at IR
low level

1 1 An interrupt re
detected at IR
high level

[Legend]n=0to 5
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high levels.
PINTNS

0: Interrupt requests are detected at Ic
input to the PINT pins

1: Interrupt requests are detected at h
input to the PINT pins

[Legend]n=0to 15

6.3.5 PINT Interrupt Enable Register (PINTER)

PINTER is a 16-bit register that enables interrupt requests input to external interrupt in

PINTO to PINT15.

When all or some of these pins, PINTO to PINT15 are not used as an interrupt input, a|
corresponding to a pin unused as an interrupt request should be cleared to 0.

Bit Bit Name Initial Value R/W Description
15to 0 PINT15Eto O R/W PINT15 to PINTO Interrupt Enable
PINTOE

Select whether the interrupt requests
PINT15 to PINTO pins is enabled.

PINTnE

0: Disables PINT input interrupt reque
1: Enables PINT input interrupt reque:
[Legend]n=0to 15
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0: Interrupt requests are not input to |
PINT7 pins

1: Interrupt requests are input to PIN
pins

PINT1R

0

PINT8 to PINT15 Interrupt Request

Indicates whether interrupt requests
PINT8 to PINT15 pins.

0: Interrupt requests are not input to |
PINT15 pins

1: Interrupt requests are input to PIN
PINT15 pins

5t00

IRQ5R to
IRQOR

0

R/W

IRQn Interrupt Request

Indicates whether there is interrupt re
to the IRQn pin. When edge-detectio
set for IRQn, an interrupt request is ¢
writing 0 to the IRQNR bit after readir
1.

When level-detection mode is set for
bits indicate whether an interrupt req
The interrupt request is set/cleared b
input to the IRQN pin.

IRQNR

0: No interrupt request input to IRQn
1: Interrupt request input to IRQnN pin
[Legend]n=0to 5
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Dl R Rt~ Dt

1: A TXIO interrupt request is generated

Reserved
This bit is always read as 0.

5 RXIOR

RXIO Interrupt Request

Indicates whether an RXI0 (SCIFO0) interrupt request |
generated.

0: An RXIO interrupt request is not generated
1: An RXIO interrupt request is generated

4 ERIOR

ERIO Interrupt Request

Indicates whether an ERIO (SCIFO0) interrupt request |
generated.

0: An ERIO interrupt request is not generated
1: An ERIO interrupt request is generated

3 DEI3R

DEI3 Interrupt Request

Indicates whether a DEI3 (DMAC) interrupt request is
0: A DEI3 interrupt request is not generated

1: A DEI3 interrupt request is generated

2 DEI2R

DEI2 Interrupt Request

Indicates whether a DEI2 (DMAC) interrupt request is
0: A DEI2 interrupt request is not generated

1: A DEI2 interrupt request is generated

1 DEI1R

DEI1 Interrupt Request

Indicates whether a DEI1 (DMAC) interrupt request is
0: A DEI1 interrupt request is not generated

1: A DEI1 interrupt request is generated
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Dt~ St W 4

IRR2 is an 8-bit register that indicates whether SCIF2 or ADC interrupt requests are ¢

Bit

Bit  Name Description

7to5 O Reserved
These bits are always read as 0.

4 ADIR ADI Interrupt Request
Indicates whether an ADI (ADC) interrupt request is
0: An ADI interrupt request is not generated
1: An ADI interrupt request is generated

3 TXI2R TXI2 Interrupt Request
Indicates whether a TXI2 (SCIF2) interrupt request i
0: A TXI2 interrupt request is not generated
1: A TXI2 interrupt request is generated

2 O Reserved
This bit is always read as 0.

1 RXI2R RXI2 Interrupt Request
Indicates whether an RXI2 (SCIF2) interrupt reques
generated.
0: An RXI2 interrupt request is not generated
1: An RXI2 interrupt request is generated

0 ERI2R ERI2 Interrupt Request

Indicates whether an ERI2 (SCIF2) interrupt reques
generated.

0: An ERI2 interrupt request is not generated
1: An ERI2 interrupt request is generated
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control register 1 (ICR1) is1 or the BL bit in the status register (SR) is0, NMI interrug
accepted. NMI interrupt is edge-detected. In sleep or standby mode, the interrupt is acc
regardless of the BL setting. The NMI edge sdlect bit (NMIE) in theinterrupt control re
(ICRO) isused to select either rising or falling edge detection.

When using edge-input detection for NMI interrupt, a pulse width of at least two P cy
(peripheral clock) isnecessary. NMI interrupt exception handling does not affect the in
mask level bits (13to 10) in the status register (SR). When the MAI bitin ICR1is 1, NI
isnot accepted.

It is possible to wake the chip up from sleep mode or standby mode with an NMI interr

6.4.2 IRQ Interrupts

IRQ interrupts are input by level or edge from pins IRQO to IRQ5. The priority level ce
interrupt priority registers C and D (IPRC and IPRD) in arange from O to 15.

When using edge-sensing for IRQ interrupts, clear theinterrupt source by having softw
from the corresponding bit in IRRO, then write O to the bit.

When ICR1 isrewritten, IRQ interrupts may be mistakenly detected, depending on the
states. To prevent this, rewrite the register while interrupts are masked, then rel ease the
clearing theillegal interrupt by writing O to interrupt request register 0 (IRRO0).

Edge input interrupt detection requiresinput of a pulse width of more than two cycles ¢
basis.

When using level-sensing for IRQ interrupts, the pin levels must be retained until the C
samplesthe pins. Therefore, the interrupt source must be cleared by theinterrupt handl

The interrupt mask hits (13 to 10) in the statusregister (SR) are not affected by IRQ inte
handling. IRQ interrupts can wake the chip up from the sandby state when the relevan
level ishigher than 13to 10 in SR (but only when the RTC isused, the clock for the RT
wake the chip up from the standby state).
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transient level on the IRL pin change is detected. In standby mode, as the peripheral ¢
stopped, noise cancellation is performed using the clock for the RTC instead. Therefo
RTC isnot used, recovery from standby mode by means of IRL interrupts cannot be
standby mode.

The priority level of the IRL interrupt must not be lowered unlessthe interrupt is acce
interrupt processing starts. However, the priority level can be changed to a higher one

The interrupt mask bits (13 to 10) in the status register (SR) are not affected by IRL in
processing.

This LSI
—_—
o 4 _
-
Interrupt  ————————m{  Priority y »| R3to RO
request ————— | encoder N
TRL3 to IRLO

Figure6.2 Exampleof IRL Interrupt Connection
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Level 9 interrupt r

Level 8 interrupt r

Level 7 interrupt r

Level 6 interrupt r

Level 5 interrupt r

Level 4 interrupt r

Level 3 interrupt r

Level 2 interrupt r

Level 1 interrupt r

RPlR|Rr|[R|[R|RP|R|R|O]O]C
PRk R o|lolo|lo|r|k|F
RlRr|lo|lo|r|r|lolo|r|kr|c
R|lo|lrkr| o|lr|o|lrRr|lo|r|oOfF
Ol INIw Muo N|o O

No interrupt reque

6.4.4 PINT Interrupt

PINT interrupts areinput from pins PINTO to PINT15 with alevel. The priority level ¢
the interrupt priority level setting register D (IPRD) in arange from levels 0 to 15, in tt
PINTOto PINT7 or PINT8 to PINT15. The PINT interrupt level should be held until th

is accepted and interrupt handling is started.

Theinterrupt mask bits (13 to 10) in the statusregister (SR) are not affected by PINT in
processing. PINT interrupts can wake the chip up from the standby state when therele
interrupt level ishigher than 13 to 10 in SR (but only when the RTC is used, the clock f

is used to wake the chip up from the standby state).

6.4.5 On-Chip Peripheral Module Interrupts

On-chip peripheral moduleinterrupts are generated by the following 10 modules:

« Direct memory access controller (DMAC)
e Seria communication interfaces (SCIFO and SCIF2)
e A/D converter (ADC)
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interrupt event registers (INTEVT and INTEVT2). It iseasy to identify sources by us
of INTEVT or INTEVT2 asa branch offset.

A priority level (from 0 to 15) can be set for each module except UDI by writing to th
priority level setting registers A to H (IPRA to IPRH). The priority level of the UDI ir
(fixed).

Theinterrupt mask bits (I3 to 10) in the statusregister are not affected by on-chip peri
module interrupt handling.

6.4.6 Interrupt Exception Handling and Priority

There are five types of interrupt sources: NMI, IRQ, IRL, PINT, and on-chip peripher
The priority of each interrupt sourceis set within priority levels 0 to 16; level 16 isth
leve 1isthelowest. When the priority is set to level 0, that interrupt is masked and th
request isignored.

Tables 6.4 and 6.5 list the codes for the interrupt source and the interrupt event registe
and INTEVT2) and the order of interrupt priority.

Each interrupt sourceisassigned a unique code by INTEVT and INTEVT2. The start
the interrupt service routine is common for each interrupt source. Thisiswhy, for inst
value of INTEVT2isused asan offset at the start of the interrupt service routine and|
in order to identify the interrupt source.

IRQ and PINT interrupts, and on-chip peripheral module interrupt priorities can be se
between 0 and 15 for each module by setting the interrupt priority level setting registe
assigns priority level 0to IRQ, PINT, and on-chip peripheral module interrupts.

If the same priority level isassigned to two or more interrupt sources and interrupts fr
sources occur simultaneoudly, their priority order is the default priority order indicate
in tables 6.4 and 6.5.
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IRQ2 H'640*° 0 to 15 (0) IPRC (11t0o8) O

IRQ3 H'660*° 0 to 15 (0) IPRC (15 to 12) O

IRQ4 H'680™*2 0 to 15 (0) IPRD (3t00) [

IRQ5 H'6A0*® 0to 15 (0) IPRD (7to4) O
PINT  PINTOto  H700*3 0 to 15 (0) IPRD (15 to 12) O

PINT7

PINTSto  H720*3 0 to 15 (0) IPRD (11t0o8) O

PINT15
DMAC DEIO H'800*° 0 to 15 (0) IPRE (15 to 12) High

DEI1 H'820*3

DEI2 H'840*3

DEI3 H'860*° Low
SCIFO  ERIO H'880*° 0to 15 (0) IPRE (11t0 8) High

RXI0 H'8A0*®

TXIO H'8E0*® Low
SCIF2  ERI2 H'900*® 0to 15 (0) IPRE (7to4) High

RXI2 H'920*3

TXI2 H'960*° Low
ADC ADI H'980*° 0 to 15 (0) IPRE 3t 0) —
USB usIo H'A20*3 0to 15 (0) IPRF (7to4)  High

usli1 H'A40*2 Low
TPUO  TPIO H'Co0*® 0to 15 (0) IPRG (15 to 12) —
TPUL  TPI1 H'C20*® 0 to 15 (0) IPRG (11t08) —
TPU2  TPI2 H'C80*® 0to 15 (0) IPRH (15to 12) —
TPU3  TPI3 H'CAO*® 0to 15 (0) IPRH (11t0 8) —
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PRI H4A0 ™ l

Cul H'4C0*? Low
WDT  ITI H'560*2 0 to 15 (0) IPRB (15 to 12) —
REF RCMI H'580*2 0 to 15 (0) IPRB (11t08) —

Notes: 1. The INTEVT2 code.
2. The same code as INTEVT2 is set in INTEVT.

3. The code indicating an interrupt level (H'200 to H'3CO shown in table 6.6) i
INTEVT.
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IRL(3:0) = 0010 H'240** 13 — —
IRL(3:0) = 0011 H260** 12 — —
IRL(3:0) = 0100 H=280** 11 — —
IRL(3:0) = 0101 H?2A0** 10 — —
IRL(3:0) = 0110 H2C0*? 9 — —
IRL(3:0) = 0111 H?2E0*® 8 — —
IRL(3:0) = 1000 H'300** 7 — —
IRL(3:0) = 1001 H'320** 6 — —
IRL(3:0) = 1010 H'340** 5 — —
IRL(3:0) = 1011 H'360** 4 — —
IRL(3:0) = 1100 H'380*° 3 — —
IRL(3:0) = 1101 H'3A0*® 2 — —
IRL(3:0) = 1110 H'3C0*® 1 — —
IRQ  IRQ4 H'680** 0to15(0) IPRD (3to0) —
IRQ5 H'6A0** 0to15(0) IPRD (7to4) —
PINT  PINTOto PINT 7 H'700*° 0to15(0) IPRD(15t0 —
12)
PINT8 to PINT 15H'720*3 0to15(0) IPRD(11to —
8)
DMAC DEIO H'800*° 0to15(0) IPRE (15to High
12)
DEI1 H'820*°
DEI2 H'840*°
DEI3 H'860*° Low
SCIFO ERIO H'880** 0to15(0) IPRE (11 to 8)High
RXIO H'8A0*?
TXIO H'8EO0*? Low
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usSil HA40 ~ Low
TPUO TPIO H'C00*? 0to15(0) IPRG (15t0 —
12)
TPU1 TPI1 H'C20*? 0to15(0) IPRG (11to —
8)
TPU2 TPI2 H'C80*3 0to15(0) IPRH(15t0 —
12)
TPU3 TPI3 H'CA0*? 0to15(0) IPRH(11to —
8)
TMUO TUNIO H'400*? Oto15(0) IPRA(15t0 —
12)
TMUL1 TUNI1 H'420*? 0to15(0) IPRA (11to8)—
TMU2 TUNI2 H'440*? 0to15(0) IPRA (7to4) High
TICPI2 H'460*2 Low
RTC  ATI H'480*? 0to15(0) IPRA (3to0) High
PRI H'4A0*2
cul H'4C0*? Low
WDT Tl H'560™? Oto15(0) IPRB(15t0 —
12)
REF  RCMI H'580*2 0to15(0) IPRB (11to8)—
Notes: 1. The INTEVT2 code.
2. The same code as INTEVT2 is set in INTEVT.
3. The code indicating an interrupt level (H'200 to H'3CO shown in table 6.6) i

INTEVT.

RENESAS
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H'2CO

H'2EOQ

H'300

H'320

H'340

H'360

H'380

H'3A0

H'3CO

6.5 Operation

6.5.1 Interrupt Sequence

The sequence of interrupt operationsis described below. Figure 6.3 isa flowchart of th
operations.

1
2.

The interrupt request sources send interrupt request signalsto theinterrupt controlle

Theinterrupt controller selects the highest-priority interrupt from theinterrupt requ
following the priority levels set in the interrupt priority level setting registersA to't+
IPRH). Lower priority interrupts are held pending. If two of these interrupts have tt
priority leve or if multiple interrupts occur within a single module, the interrupt wi
highest priority is selected, according to tables 6.4 and 6.5.

The priority level of the interrupt selected by the interrupt controller is compared w
interrupt mask bits (I3 to 10) in the status register (SR) of the CPU. If therequest pr
ishigher than thelevel in bits13to 10, the interrupt controller accepts the interrupt
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 (Pg). The CPU receives an interrupt at al
instructions.
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Notes. 1. Theinterrupt mask bits (13 to 10) in the statusregister (SR) are not change
acceptance of an interrupt in thisLSl.

2. Theinterrupt source flag should be cleared in the interrupt handler. To ens

interrupt request that should have been cleared is not inadvertently accepte

the interrupt source flag after it has been cleared, and then execute an RTE
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Interrupt
generated?

ICR1.BLMSK = 1?

SR.BL=0

standby mode?

Yes

Level 15
interrupt?

13-10 level
14 or lower?

Yes

y

Set interrupt source in
INTEVT and INTEVT2

v

Save SR to SSR;
save PC to SPC

¥
Set BL/IMD/RB
bits in SR to 1

Y

Branch to exception
handler

or sleep mode or software

13 or lower?,

No

Level 14
interrupt?

Level 1
interrupt”

13-10 level

13-10
level 0?

Yes

13-10: Interrupt mask bits in status register (SR)

Figure 6.3 Interrupt Operation Flowchart
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Dt

Clear the BL bit in SR, and set the accepted interrupt level in theinterrupt mask bi
Handlethe interrupt.
Execute the RTE ingruction.

When these procedures are followed in order, an interrupt of higher priority than the ¢
handled can be accepted after clearing BL in step 4. Figure 6.3 shows a sampleinterrt
flowchart.

6.6 Usage Note

Theinterrupt accept timing in this LS| isnot acknowledged externaly. Thus, keep the
note in mind when designing the system.

Level interrupt

Thelevel interrupt request should be held until the CPU acceptsit. The leve inter
needs to be cleared (rel eased) within the specific interrupt handler. If the level inte
isnot held, the operation may branch to the interrupt handling routine when the ve
INTEVT/2 becomes H'000.

When the standby state is cancelled, if thelevel interrupt request isnot held, the g
go back to the standby state again in the middle of WDT counting. When cancelin
standby state again in such a condition by asserting the level interrupt request, the
for the PLL or crystal oscillator is not secured enough and the operation may not r
the standby state correctly.

Interrupt flag update

When an interrupt is acceptable and the generation of an interrupt request is enabl
or clearing the interrupt flag may branch the operation to the interrupt handling ro
the value in INTEV T2 becomes H'000.
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711

Features

The BSC has the following features:

o Physical address spaceis divided into eight areas
0 A maximum 32 or 64 Mbytes for each of the eight areas, CS0, CS2 to C4, C¢

g

Oo0Ood

CS6A and CS6B, totally 384 Mbytes.

Can specify the normal spaceinterface, byte-selection SRAM interface, burst |
address/data multiplex 1/0 (MPX), or SDRAM for each address space.

Can sdlect the data bus width (8, 16, or 32 bits) for each address space.
Controls theinsertion of the wait state for each address space.
Controls theinsertion of the wait state for each read access and write access.

Can set the independent idling cycle in the continuous access for five cases. re
same space/different space), read-read (in same space/different space), thefirs

write access.

* Normal spaceinterface
0 Supportstheinterface that can directly connect to the SRAM.
* Burst ROM interface
0 High-speed access to the ROM, such as flash memory, that has the page mode
e Address/data multiplex 1/0 (MPX) interface
0 Candirectly connect to a peripheral LSl that needs an address/data multiplexir
* SDRAM interface

g

u
u
u
u

Can set the SDRAM upto 2 areas.

Multiplex output for row address/column address.
Efficient access by singleread/single write.
High-speed access by the bank-active mode.
Supports an auto-refresh and self-refresh.

BSCS311A_000020020100

RENESAS

Rev. 2.00, 09/03, pag



=1e107 address bus date

Output
signal drive -C'VINCR
controller [~ ]
Wait between
access cycles CSnBCR*
controller
€S0, CS2, CS3, Cs4, Area -4
CS5A, CS5B, CS6A, CS6B controller
WAIT Wait g CSnWCR*
controller
BS, RD, RD/WR, WE3 to WED, T
RASU, RASL, CASU, CASL, Momony [
AH, CKE, DQMUU, DQMUL,
DQMLU, DQMLL
Refresh
controller
A25t0 0 « Address/data [
D31t00 < controller ¢ »

Note: * CSnBCR, CSnWCR : n =0, 2, 3, 4, 5A, 5B, 6A, 6B

Legend:
CSnBCR : Arean bus control register
CSnWCR : Area n wait control register
SDCR : SDRAM control register
RTCSR . Refresh timer control/status register
RTCNT . Refresh timer counter
RTCOR . Refresh timer constant register

Figure 7.1 BSC Functional Block Diagram
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address/data multiplex /0 is accessed. Asserted by the
as CAS in SDRAM access.

CS0,CS2to CS4, O Chip select
CS5A, CS5B, CS6A,
CS6B
RD/WR o Read/write
Connects to WE pins when SDRAM or byte-selection SI
connected.
RD o Read
WES3, o Indicates that D31 to D24 are being written to when a nc
DQMUU is set.
Selects D31 to D24 when a byte-selection SRAM space
Selects D31 to D24 when an SDRAM space is set.
WE2, (@] Indicates that D23 to D16 are being written to when a nc
DQMUL is set.
Selects D23 to D16 when a byte-selection SRAM space
Selects D23 to D16 when an SDRAM space is set.
WE1, o Indicates that D15 to D8 are being written to when a nor
DQMLU and address/data multiplex I/O space are set.
Selects D15 to D8 when a byte-selection SRAM space i
Selects D15 to D8 when an SDRAM space is set.
WEO, (@] Indicates that D7 to DO are being written to when a norn
DOMLL and address/data multiplex I/O space are set.
Selects D7 to DO when a byte-selection SRAM space is
Selects D7 to DO when an SDRAM space is set.
RASU (0] Connects to RAS pin when SDRAM is connected.
RASL
CASU (0] Connects to CAS pin when SDRAM is connected.
CASL
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0: Big endian
1: Little endian

7.3 Area Overview

In the architecture of this LS|, both logica spaces and physical spaces have 32-bit addr
The cache access method is shown by the upper 3 bits. For details see section 4, Cache
remaining 29 bits are used for division of the space into eight areas. The BSC performs
this 29-bit space.

Aslisted in table 7.2, this LS| can be connected directly to eight areas of memory, and
chip select signals (CS0, CS2 to CS4, CS5A, CS5B, CS6A, and CS6B) for each of ther
asserted during area 0 access; CS5B is asserted during area 5B access. When an SDRA
connected to area 2 or area 3, RASU, RASL, CASU, CASL, DQMUU, DQMUL, DQN
DOMLL are asserted.

731 AddressMap

The externa address space has a capacity of 384 Mbytes and is used by dividing 8 part
The kind of memory to be connected and the data bus width are specified in each partic
The address map for the externa address spaceis listed below.

Table7.2 Physical Address Space Map

Memory to be A
Area Connected Physical Address Capacity Si
Area 0 Normal memory*l, H'00000000 to H'O3FFFFFF 64 Mbytes 8,
Burst ROM H00000000 to HO3FFFFFF  Shadow  (n

+H'20000000xn  +H'20000000%n
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Synchronous DRAM

H'0C000000

to H'OFFFFFFF  Shadow (
+H'20000000%n  +H'20000000xn
Area 4 Normal memory*l, H'20000000 to H'13FFFFFF 64 Mbytes €
Burst ROM
! H'10000000 to H13FFFFFF  Shadow (
Byte-selection SRAM ,1150000000xn ~ +H'20000000%n
Area 5A Normal memory*l H'14000000 to H'15FFFFFF 32 Mby[es €
H'14000000 to H15FFFFFF  Shadow (
+H'20000000%n  +H'20000000%n
Area 5B Normal memory*l, H'16000000 to H'17FFFFFF 32 Mby[es €
ﬁgdr&ff;da‘Ba ;“”'“p'ex H'16000000 to H17FFFFFF  Shadow |
(MPX), Byte- +H'20000000%n  +H'20000000xn
selection SRAM
Area 6A Normal memory*l H'18000000 to H'19FFFFFF 32 Mbytes €
H'18000000 to H19FFFFFF  Shadow (
+H'20000000%n  +H'20000000%n
Area 6B Normal memory*l H'2A000000 to H'1BFFFFFF 32 Mbytes €
H'1A000000 to H'1BFFFFFF Shadow (
+H'20000000%n  +H'20000000xn
Area 7*% Reserved area H'1C000000 to H'1IFFFFFFF (
+H'20000000%n  +H'20000000xn
Notes: 1. Memory that has an interface such as SRAM or ROM.
2. Memory bus width is specified by an external pin.
3. Memory bus width is specified by a register.
4. With the address/data multiplex /0 (MPX) interface, the bus width must be
5. With the SDRAM, the bus width must be 16 bits or 32 bits.
6. Do not access the reserved area. If the reserved area is accessed, the ope
be guaranteed.
7. When the addresses of the on-chip module control registers (internal 1/O re

area 1 are not translated by the MMU, set the top three bits of the logical a
101 to allocate in the P2 space.
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R LT | /Reserved area” ]
H'A0000000 I
/ Physical address space

H'C0000000 [

"
H'E0000000
P4

Logical address space

Note: For logical address spaces PO and P3, when the memory management unit (MMU) is on,
optionally generate a physical address for the logical address. This figure can be applied
MMU is off and when the MMU is on and each physical address for the logical address is
except for higher three bits. When translating a logical address to a physical address, refe
table 7.2.

Figure 7.2 Address Space

7.3.2 Memory Bus Width

The memory bus width in this LS| can be set for each area. In area 0, external pins can
select byte (8 hits), word (16 bits), or longword (32 bits) on power-on reset. The corres
between the external pins (MD3, MD4) and memory sizeislisted in the table bel ow.

Table7.3 Correspondence between External Pins (M D3 and M D4) and Memor

MD4 MD3 Memory Size

0 0 Setting prohibited
1 8 bits

1 0 16 bits
1 32 hits

For areas other than area 0, byte, word, and longword may be chosen for the bus width
CSnBCR that can be set in each area. The bus width that can be set differs according tc
connected interface. For more details, see the CSn Bus Control Register.
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IS the aaadress space obtained by adding to 1t H'20000000 x n (n=1to6) inareasP1t

The addressrange for area 7 is H'1C000000 to H'1FFFFFFF. The address space H'1C
H'20000000 x n to H'1FFFFFFF + H'20000000 x n (n = 0 to 7) corresponding to the
shadow space isreserved, so do not useit.

Area P4 (H'EOO00000 to H'EFFFFFFF) isthe I/O area where on-chip registersare all
area has no shadow space.

7.4 Register Descriptions

The BSC hasthe following registers. Refer to section 24, List of Registers for the det:
addresses of these registers and the state of registersin each operating mode.

Do not access spaces other than CS0 until the termination of the setting the memory i1

e Common control register (CMNCR)

» Buscontrol register for CS0 space (CSOBCR)

» Buscontrol register for CS2 space (CS2BCR)

» Buscontrol register for CS3 space (CS3BCR)

» Buscontrol register for C4 space (CSABCR)

» Buscontrol register for CS5A space (CS5ABCR)

» Buscontrol register for CS5B space (CS5BBCR)

» Buscontrol register for CS6A space (CS6ABCR)

» Buscontrol register for CS6B space (CS6BBCR)

» Wait control register for CS0 space (CSOWCR)

» Wait control register for CS2 space (CS2WCR)

» Wait control register for CS3 space (CS3WCR)

» Wait control register for C4 space (CSAWCR)

» Wait control register for CS5A space (CS5AWCR)
» Wait control register for CS5B space (CS5BWCR)
» Wait control register for CS6A space (CS6AWCR)
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upper 16 hits of the data must be H'A55A, otherwise writing cannot be perf
When reading, the upper 16 bits are read as H'0000.
2. The contents of thisregister are stored in SDRAM. When thisregister space
accessed, the corresponding register in SDRAM iswritten to. For details, re
section 7.8.10, Power-On Sequence.

7.4.1 Common Control Register (CMNCR)

CMNCR isa 32-hit register that controls the common items for each area. Do not acce:
memory other than area 0 until the CMNCR register initialization is compl ete.

Bit Initial
Bit Name Value R/W Description
31to8 O 0 R Reserved
These bits are always read as 0. The write value s
always be 0.
DMAIW1 O R/W Wait states between access cycles when DMA sin
DMAIWO 0 R/W transfer is performed.

Specify the number of idle cycles to be inserted af
access to an external device with DACK when DM
address transfer is performed. The method of inse
cycles depends on the contents of DMAIWA.

00: No idle cycle inserted
01: 1 idle cycle inserted

10: 2 idle cycles inserted
11: 4 idle cycled inserted
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device with DACK are performed.

Reserved

This bit is always read as 1. The write value shot
1.

ENDIAN 0/1*

R

Endian Flag

Samples the external pin for specifying endian or
reset (MD5). All address spaces are defined by tl
a read-only bit.

0: The external pin for specifying endian (MD5) w
on power-on reset. This LSl is being operated
endian.

1: The external pin for specifying endian (MD5) w
on power-on reset. This LSl is being operated
endian.

Reserved

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

1

HIZMEM O

R/W

High-Z Memory Control

Specifies the pin state in software standby mode
A0, BS, CS, RD/WR, WE, and RD.

0: High impedance in software standby mode.
1: Driven in software standby mode

0

HIZCNT O

R/W

High-Z Control

Specifies the state in software standby mode anc
released for RASU, RASL, CASU, and CASL.

0: High impedance in software standby mode an
released for RASU, RASL, CASU, and CASL.

1: Driven in standby mode and bus released for |
RASL, CASU, and CASL.

Note:

The external pin for specifying endian (MD5) is sampled on power-on reset
When big endian is specified, this bit is read as 0 and when little endian is :
this bit is read as 1.
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Nartr e vaue  R/Vv

pesCrpuor

31,30 O 0 R Reserved
These bits are always read as 0. The write value s
always be 0.
29 ww1i 1 R/W Idle Cycles between Write-read Cycles and Write-
28 IWWO0 1 R/W These bits specify the number of idle cycles to be
after the access to a memory that is connected to
The target access cycles are the write-read cycle
write cycle.
00: No idle cycle inserted
01: 1 idle cycle inserted
10: 2 idle cycles inserted
11: 4 idle cycles inserted
27 O 0 R Reserved
This bit is always read as 0. The write value shoul
0.
26 IWRWD1 1 R/W Idle Cycles for Another Space Read-write
25 IWRWD2 1 R/W Specify the number of idle cycles to be inserted af

access to a memory that is connected to the spac
target access cycle is a read-write one in which cc
accesses switch between different spaces.

00: Setting prohibited

01: 2 idle cycles inserted
10: 3 idle cycles inserted
11: 5idle cycles inserted
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accesses are for the same space.
00: Setting prohibited.

01: 2 idle cycles inserted

10: 3 idle cycles inserted

11: 5idle cycles inserted

21

Reserved

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

20
19

IWRRD1 1
IWRRDO 1

R/W
R/W

Idle Cycles for Read-read in Another Space

Specify the number of idle cycles to be inserted &
access to a memory that is connected to the spa
target cycle is a read-read cycle of which continu
accesses switch between different space.

00: 1 idle cycle inserted

01: 2 idle cycles inserted
10: 3 idle cycles inserted
11: 5idle cycles inserted

18

Reserved

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

17
16

IWRRS1 1
IWRRSO 1

R/W
R/W

Idle Cycles for Read-read in the Same Space

Specify the number of idle cycles to be inserted &
access to a memory that is connected to the spa
target cycle is a read-read cycle of which continu
accesses are for the same space.

00: No idle cycle inserted
01: 1 idle cycle inserted

10: 2 idle cycles inserted
11: 4 idle cycles inserted
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010: Address/data multiplex 1/0 (MPX)
011: Byte-selection SRAM

100: SDRAM

101: Setting prohibited

110: Setting prohibited

111: Setting prohibited

Note: SDRAM can be specified only in area 2 an
SDRAM is connected to only one area, SD
should be specified for area 3. In this case
should be specified as normal space. Burs
be specified only in area 0 and area 4. Adc
multiplex 1/0 (MPX) can be specified only i
Byte-selection SRAM can be specified onl)

and area 5B.
11 O 0 R Reserved
This bit is always read as 0. The write value shoul
0.
10 BSZ1 1 R/W Data Bus Size
9 BSZz0 1 R/W Specify the data bus sizes of spaces.

The data bus sizes of areas 2, 3, 4 and 5A are shc
00: Setting prohibited.

01: 8-bit size

10: 16-hit size

11: 32-hit size

The data bus sizes of areas 5B, 6A, and 6B are st
00: Setting prohibited.

01: 8-bit size

10: 16-hit size

11: Setting Prohibited
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3. When both the C52 and CS3 spaces are specitied as the SDRAM space, <
same bus size for the CS2 and CS3 spaces.

4. When the CS2 or CS3 space is specified as the SDRAM space, specify the
16 bits or 32 bits.

5. The SDRAM bank active mode can only be used for the CS3 space. (Refel
explanation of the BACTV bit in the SDRAM control register.)

6. The initial values of the bus size assignment for areas 5B, 6A, and 6B after
reset is specified to prohibited setting. Therefore, specify the 8- or 16-bit si:
accessing these areas.

7. When port A or B is used, specify the bus size of all areas to 8 bits or 16 bi

When the memory type is specified to an area other than the areas that can be specifie
operation of thisLS| isnot guaranteed.

7.4.3 CSn Space Wait Control Register (CSN"WCR) (n =0, 2, 3, 4, 5A, 5B, 6A

CSnWCR isa 32-hit readabl e/writabl e register that specifies various wait cycles for
accesses. The bit configuration of thisregister varies as shown below according to the
type (TYPE 2, TYPE 1, or TYPE 0) specified by the CSn space bus control register ({
Specify the CShWCR register before accessing the target area. Specify CSnBCR regi
then specify the CShWCR register.
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SV .1 v R/VV Numper of veiay LyCles Irom AAdress, Lon ASSE

11 SWO0 0 R/W WEn.Assertion
Specify the number of delay cycles from address

assertion to RD and WEn assertion.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
10 WR3 1 R/W Number of Access Wait Cycles
WR2 0 R/W Specify the number of cycles that are necessary ft
WR1 1 RIW access.
WRO 0 R/W 0000: 0 cycle

0001: 1 cycle

0010: 2 cycles

0011: 3 cycles

0100: 4 cycles

0101: 5 cycles

0110: 6 cycles

0111: 8 cycles

1000: 10 cycles

1001: 12 cycles

1010: 14 cycles

1011: 18 cycles

1100: 24 cycles

1101: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited
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These bits are always read as 0. The write value
always be 0.

R/W
R/W

Delay Cycles from RD, WEnN negation to Address
negation

Specify the number of delay cycles from RD and
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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WR1 1 R/W
WRO 0 R/W

access.

0000

0110
0111

1100
1101

: 0 cycle
0001:
0010:
0011:
0100:
0101:

1 cycle

2 cycles
3 cycles
4 cycles
5 cycles

: 6 cycles
: 8 cycles
1000:
1001:
1010:
1011:

10 cycles
12 cycles
14 cycles
18 cycles

: 24 cycles

: Setting prohibited
1110:
1111:

Setting prohibited
Setting prohibited

External Wait Mask Specification

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

0: External wait is valid

1: External wait is ignored

5t00 O 0 R

Reserved

These bits are always read as 0. The write value s
always be 0.
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16

WWO0

R/W

access.

000: The same cycles as WR3 to WRO setting (re
wait)

001: 0 cycle

010: 1 cycles
011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15t0 13 O

0

Reserved

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

12
11

Sw1
SWO0

R/W
R/W

Number of Delay Cycles from Address, CSn Ass
WEn Assertion

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

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited

External Wait Mask Specification

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

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

5t02 O 0 R

Reserved

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

1 HW1 0 R/W
0 HWO 0 R/W

Delay Cycles from RD, WEnN negation to Address,
negation

Specify the number of delay cycles from RD and V
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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address/aata muluplex /0. 1 nis Specincaton IS v
when area 5B is specified to address/data multip

0: No wait
1: 1 cycle wait inserted

19

Reserved

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

18
17
16

Ww2
Ww1
WWO0

R/W
R/W
R/W

Number of Write Access Wait Cycles

Specify the number of cycles that are necessary
access.

000: The same cycles as WR3 to WRO setting (re
wait)

001: 0 cycle

010: 1 cycles
011: 2 cycles
100: 3 cycles
101: 4 cycles
110: 5 cycles
111: 6 cycles

15t0 13 O

Reserved

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

12
11

SwW1
SWO0

R/W
R/W

Number of Delay Cycles from Address, CSn Ass
WEnN Assertion

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

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited

External Wait Mask Specification

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

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

5t02 O 0 R

Reserved

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

1 HW1 0 R/W
0 HWO 0 R/W

Delay Cycles from RD, WEnN negation to Address,
negation

Specify the number of delay cycles from RD and V
negation to address and CSn negation.

00: 0.5 cycles
01: 1.5 cycles
10: 2.5 cycles
11: 3.5 cycles
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L/
16

DVv.Ll
BWO

RIVV
R/W

INUpel O bulst vvait Lylics

Specify the number of wait cycles to be inserted |
second or later access cycles in burst access.

00: 0 cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

15to11 0

Reserved

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

10

w3
w2
w1
wo

o+ O B

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

Number of Access Wait Cycles

Specify the number of wait cycles to be inserted |
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: Setting prohibited
1110: Setting prohibited
1111: Setting prohibited
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These bits are always read as 0. The write value s
always be 0.

CHAWCR
Bit Initial

Bit Name Value R/W Description

31t018 0O 0 R Reserved
These bits are always read as 0. The write value s
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 b
second or later access cycles in burst access.
00: 0 cycle
01: 1 cycle
10: 2 cycles
11: 3 cycles

15t0 130 0 R Reserved
These bits are always read as 0. The write value s
always be 0.

12 Sw1 R/W Number of Delay Cycles from Address, CSn Assel

1 SWO R/W WEn Assertion

Specify the number of delay cycles from address ¢
assertion to RD and WEn assertion.

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

Rev. 2.00, 09/03, page 170 of 690

RENESAS



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: Setting prohibited
1110: Setting prohibited
1111: 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 nu
access wait cycle is 0.

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

5t02

Reserved

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

HW1
HWO

R/W
R/W

Delay Cycles from RD, WEn negation to Address
negation

Specify the number of delay cycles from RD and
negation to address and CSn negation.

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

This bit is always read as 1. The write value shoul
1.

Reserved

This bit is always read as 0. The write value shoul
0.

8 A2CL1 R/W
7 A2CLO O R/W

[

CAS Latency for Area 2

Specify the CAS latency for area 2.
00: Setting prohibited.

01: 2 cycles

10: 3 cycles

11: Setting prohibited

6to0 O 0 R

Reserved

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

Rev. 2.00, 09/03, page 172 of 690

RENESAS



Specify the number of minimum cycles from the ¢
precharge or issuing of PRE command to the iss
command for the same bank. The setting for ares
common.

00: 1 cycle

01: 2 cycles
10: 3 cycles
11: 4 cycles

12

Reserved

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

11
10

TRCD1
TRCDO

0
1

R/W
R/W

Number of Cycles from ACTV Command to
READ(A)WRIT(A) Command

Specify the number of minimum cycles from issuli
command to issuing READ(A)/WRIT(A) comman
setting for areas 2 and 3 is common.

00: 1 cycle

01: 2 cycles
10: 3 cycles
11: 4 cycles

Reserved

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

8
7

A3CL1
A3CLO

1
0

R/W
R/W

CAS Latency for Area 3

Specify the CAS latency for area 3.
00: Setting prohibited.

01: 2 cycles

10: 3 cycles

11: Setting prohibited
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command. The setting for areas 2 and 3 is commc
00: 0 cycle
01: 1 cycle
10: 2 cycles
11: Setting prohibited
2 O 0 R Reserved

This bit is always read as 0. The write value shoul
0.

1 TRC1 0 R/W Number of Cycles from REF Command/Self-refres
0 TRCO 0 R/W to ACTV Command

Specify the number of cycles from issuing the REF
or releasing self-refresh to issuing the ACTV comr
setting for areas 2 and 3 is common.

00: 3 cycles
01: 4 cycles
10: 6 cycles
11: 9 cycles

Note: * Specify area 3 as SDRAM when only one area is connected with SDRAM. Ir
specify area 2 as normal space.

7.4.4 SDRAM Control Register (SDCR)

SDCR specifies the method to refresh and access SDRAM, and the types of SDRAMs
connected.

The hits other than RFSH and RMODE should be written in the initialization after a pc
reset and should not be modified after the initialization. When modifying these bits RF:
RMODE, do not change the values of other bits and write the previous values. Do not ¢
2 or 3 until the SDCR register setting is complete when using synchronous DRAM.
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Ul. 1Z Uio
10: 13 bits
11: Setting prohibited

18

Reserved

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

17
16

A2COL1
A2COLO

R/W
R/W

Number of Bits of Column Address for Area 2
Specifies the number of bits of column address f
00: 8 bits

01: 9 hits

10: 10 bits

11: Setting prohibited

15t0 13 O

Reserved

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

12

SLOW

R/W

Low-Frequency Mode

Specifies the output timing of command, address
data for SDRAM and the latch timing of read date
SDRAM. Setting this bit makes the hold time for
address, write and read data extended. This moc
for SDRAM with low-frequency clock.

0: Command, address, and write data for SDRAN
the rising edge of CKIO. Read data from SDR.
latched at the rising edge of CKIO.

1: Command, address, and write data for SDRAN
the falling edge of CKIO. Read data from SDR
latched at the falling edge of CKIO.
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SpCeLHics Whictich O periornt auto-reifcsil OF scll-i
when the RFSH bitis 1. When the RFSH bitis 1 a
1, self-refresh starts immediately. When the RFSH
this bit is 0, auto-refresh starts according to the co
are set in registers RTCSR, RTCNT, and RTCOR.

0: Auto-refresh is performed
1: Self-refresh is performed

Reserved

This bit is always read as 0. The write value shoul
0.

8 BACTV O R/W

Bank Active Mode

Specifies to access whether in auto-precharge mo
READA and WRITA commands) or in bank active
(using READ and WRIT commands).

0: Auto-precharge mode (using READA and WRIT
commands)

1: Bank active mode (using READ and WRIT com

Note: Bank active mode can be used only when
upper or lower bits of the CS3 space are u
both the CS2 and CS3 spaces are setto S
specify the auto-precharge mode.

7t05 O 0 R

Reserved

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

4 A3ROW1 0 R/W
3 A3ROWO 0 R/W

Number of Bits of Row Address for Area 3
Specifies the number of bits of the row address fol
00: 11 bits

01: 12 bits

10: 13 bits

11: Setting prohibited
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Ul. J Vilo
10: 10 bits
11: Setting prohibited

7.4.5 Refresh Timer Control/Status Register (RTCSR)

RTCSR specifies various items about refresh for SDRAM.

Thisregister only accepts 32-bit writing to prevent incorrect writing. In this case, the
of the data must be H'/A55A, otherwise writing cannot be performed. When reading, tl

bits are read as H'0000.
RTCSR
Bit Initial
Bit Name Value R/W Description
31to8 O 0 R Reserved
7 CMF 0 R/W Compare Match Flag
0: Clearing condition When 0 is written in CMF &
out RTCSR during CMF = 1.
1: Setting condition When the condition RTCNT
satisfied.
6 CMIE 0 R/W CMF Interrupt Enable

0: CMF interrupt request is disabled.
1: CMF interrupt request is enabled.
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100: B@256
101: B@/1024
110: B@'2048
111: B@/4096

2 RRC2 0 R/W Refresh Count

1 RRC1 0 R/W Specify the number of continuous refresh cycles, \

0 RRCO 0 RIW refresh request occurs after the coincidence of the
the refresh timer counter (RTCNT) and the refresh
constant register (RTCOR). These bits can make
of occurrence of refresh long.

000: Once

001: Twice

010: 4 times

011: 6 times

100: 8 times

101: Setting prohibited.
110: Setting prohibited.
111: Setting prohibited.
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When RTCNT matches RTCOR, RTCNT Iscleared to 0. Thevaluein RTCNT return
counting up to 255.

Bit Initial
Bit Name Value R/W Description
31to8 0O 0 R Reserved
7to0 0O 0 R/W 8-Bit Counter

7.4.7 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-bit register. When RTCOR matches RTCNT, the CMF bit in RTCSR
and RTCNT iscleared to O.

Thisregister only accepts 32-bit writing to prevent incorrect writing. In this case, the
of the data must be H'/A55A, otherwise writing cannot be performed. When reading, tl
bits are read as H'0000.

When the RFSH bit in SDCRis 1, amemory refresh request isissued by this matchin
Thisrequest ismaintained until the refresh operation is performed. If the request isnc
when the next matching occurs, the previous request isignored.

When the CMIE bitin RTCSRis 1, an interrupt request isissued by this matching sig
request signal is output until the CMF bit in RTCSR is cleared. Clearing the CMF bit
the interrupt and does not affect the refresh request. Accordingly, the refresh requests
timer interrupts can be used together. For example, the number of refresh requests car
by using interrupts while the refresh is performed.
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RWTCNT isa16-hit register. The lower seven bits of thisregister (bits 6 to 0) are vali
counter and the upper nine bits (bits 15 to 7) arereserved. This counter starts to count-L
synchronizing the CKIO after a power-on reset isreleased. This counter stops when the
reaches to H'007F. The access to an external bus hasto wait when the counter is operat
counter is provided to minimize the time from releasing areset for flash memory to the
access. This counter cannot be read or written into.

75 Endian/Access Size and Data Alignment

This LSl supports big endian, in which the 0 address isthe most significant byte (MSB
byte dataand little endian, in which the 0 address isthe least significant byte (LSByte)
data. Endian is specified on power-on reset by the externa pin (MD5). When MD5 pin
level on power-on reset, the endian will become big endian and when MD5 pin ishigh
power-on reset, the endian will become little endian. Three data bus widths are availabl
normal memory (byte, word, and longword). Word and longword are available for SDF
bus width for address/data multiplex 1/0 (MPX) should be 16 hits. Data alignment is pt
accordance with the data bus width of the device and endian. This aso meansthat whe
dataisread from a byte-width device, the read operation must be done four times. In th
alignment and conversion of data length is performed automatically between the respec
interfaces.

Tables 7.4 to 7.9 show the relationship between endian, device data width, and access L
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Byte access O O Data 7 to O 0 O Assert

at 2 Data 0

Byte access U g a Data 7 to U 0 a

at3 Data 0

Word access Data 15to Data7to O ad Assert Assert a

at0 Data 8 Data 0

Word access ] a Data 15 Data 7 to U O Assert
at 2 to Data 8 Data 0

Longword Data 31 to Data 23 to Data 15 Data 7 to Assert Assert Assert
accessat0 Data24 Datal6 to Data 8 Data 0
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Byte access at 2 a O Data 7 to O O a Assert
Data 0
Byte access at 3 a g a Data 7 to U g
Data 0
Word access at0 OO O Data 15 Data7to O Assert
to Data 8 Data 0
Word accessat2 [ a Data 15 Data 7to [ a Assert
to Data 8 Data 0
Longword 1st d g Data 31 Data?23 O g Assert
access timeat 0 to Data to Data
ato 24 16
2nd a O Data 15 Data7to O Assert
time at 2 to Data 8 Data 0
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Byte access at 2 a Data7to O g a
Data 0
Byte access at 3 a Data7to O g a
Data 0
Word 1sttime O Datal5 [O O a
accessat0 atO to Data 8
2nd time [ Data 7 to [ a O
atl Data 0
Word 1sttime O Datal5 [O O a
accessat2 at2 to Data 8
2nd time O Data7to O O a
at3 Data 0
Longword 1sttime [ Data31 O g d
accessat0 atO to Data
24
2nd time O Data23 [ O a
atl to Data
16
3rd time O Datal5 [O O a
at 2 to Data 8
4th time O Data7to [ a O
at3 Data 0

RENESAS
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Byte access [ Data7to O a O Assert
at 2 Data 0

Byte access Data7to [ ad a Assert a

at3 Data 0

Word access [ g Data 15 Data 7 to U g Assert
at0 to Data 8 Data 0

Word accessData 15to Data 7to O ad Assert Assert a

at 2 Data 8 Data 0

Longword Data 31 to Data 23 to Data 15 Data 7 to Assert Assert Assert

access at 0 Data24 Datal6é to Data8DataO
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Byte access at 2 a g a Data 7 to U g a

Data 0
Byte access at 3 a g Data7 to [ g a Assert
Data 0
Word access at0 O O Data 15 Data7to O Assert
to Data 8 Data 0
Word access at2 0O a Data 15 Data 7to a Assert
to Data 8 Data 0
Longword 1st a O Data 15 Data7to O Assert
access timeat 0 to Data 8 Data 0
at0 2nd a O Data31 Data23 0O O Assert
timeat 1 to Data to Data
24 16
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Byte access at 2 a g a Data7to O

Data 0
Byte access at 3 a g a Data7to O
Data 0
Word 1st time O O a Data7to 0O
accessat0 atO Data 0
2nd time [ a a Datal1l5to [
atl Data 8
Word 1sttime O O a Data7to 0O
accessat2 at2 Data 0
2nd time O O a Datal5to 0O
at3 Data 8
Longword 1sttime O 0O d Data7to O
accessat0 atO Data 0
2nd time O O a Datal1l5to 0O
atl Data 8
3rd time O a a Data23to [
at 2 Data 16
4th time O O a Data31to 0O
at3 Data 24
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assertied 10r one Cycle Lo indicate tre stat O a bus CyCl €,

Thereisno access size specification when reading. The correct access start addressis
least significant bit of the address, but since there isno access size specification, 32 bi
read in case of a 32-hit device, and 16 bitsin case of a 16-bit device. When writing, ol
signal for the byte to be written is asserted.

Read/write for cachefill or writeback follows the selected bus width and transfers a tc
bytes continuously. The busis not released during thistransfer. For cache misses that
byte or word operand accesses or branching to odd word boundaries, thefill isaways
by longword accesses on the chip-external interface. Write-through-area write access
cacheabl e read/write access are based on the actual address size.

It is necessary to output the read out data by using RD when a buffer is established in
The RD/WR signal isin aread state (high output) when an access is not performed. T
care must be taken about the collision of output in controlling the external data buffer

When the WM bit in CSnNWCR iscleared to 0, a Thop cycleisinserted to evaluate an
wait. When the WM bitin CSnWCR is set to 1, an externa wait isignored and no Tn
inserted.
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Figure 7.3 Continuous Accessfor Normal Space (No Wait, WM Bit in CSnW

16-Bit Bus Width, Longword Access, No Wait State between Cycles)
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RD

Read {
Data
WEn

Write {
Data

DACKn

Figure 7.4 Continuous Accessfor Normal Space
(No Wait, One Wait State between Cycles)

RENESAS
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D24 - 1/00
WE3 WE
D23
D16 . A16
WE2
D15 - A0
: : CS
D8 OE
WE1 1107
b7 N
: ; /00
DO WE
WEO
A16
A0
s
OE
/07
100
WE
A16
AQ
cs
OE
/07
1100
WE

Figure 7.5 Example of 32-Bit Data-Width SRAM Connection
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WEO

Figure 7.6 Example of 16-Bit Data-Width SRAM Connection

128k x 8-bit
This LSI SRAM
A16 A16
A0 A0
CSn Ccs
RD OE
D7 1107
DO 1/100
WEO WE

Figure 7.7 Example of 8-Bit Data-Width SRAM Connection
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lalikal

j

i

S

DACKn* |

Note: * The waveform for DACKn is when active low is specified.

Figure 7.8 Wait Timing for Normal Space Access (Software Wait Only
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A25 to AO

Read

Write |

warr - TATTITTVTUITON

|

! |

| ! |

DACKn* 1\ | |
|

| |

Note: * The waveform for DACKn is when active low is specified.

é

REREEE S

-+---1-O -

Figure 7.9 Wait State Timing for Normal Space Access
(Wait State Insertion by WAIT Signal)
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Th T4 Ty Tf

) > >

| | | | | | | | |

CKIO | 1 | 4 | 4 \ 4

| | | | |

A25 to AO |

D C—

__ | | | |

CSn 1\ : | : | : | : 1/

| | T | T | T | T

RD/WR | x ><

] | ] | ] | ] J |

— T T |

RD | : | : : | : |

Read 1 | 1 | 1 | | 1

Data | . | N | |

] | ] | ] { | ]

| ) | ) | | | |

WEn | | | A\ | [ | |

) | | | |

Write | : | : | ! | | |
Data —|—( )_

DACKn*

T
:!:!:!:!/_

Note: * The waveform for DACKn is when active low is specified.

Figure 7.10 CSn Assert Period Expansion
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The address output is performed from cycle Ta2 to cycle Ta3. Because cycle Tal has
impedance state, collisions of addresses and data can be avoided without inserting idle
even in continuous accesses. Address output isincreased to 3 cycles by setting the MF
in CS5BWCR. The RD/WR signal is output at the same time asthe CSn signal; itish
read cycle and low in the write cycle.

The data cycle isthe same as that in anormal space access.

Timing chartsare shown in figures 7.11, 7.12, and 7.13.

CKIO

] ] ] ] |
A25 to A16 X X

|

J— I

RD |

Read |
D15t0D0  ———ro Address

| 1

WEn ! !

| |

Write | |
D15 to DO —0—( Address X Data )o—

1

1

|

|

|

!

B T\ '/

|

! :

! | |

DACKn* AN
]

Note: * The waveform for DACKn is when active low is specified.

Figure7.11 Access Timing for MPX Space
(Address Cycle No Wait, Data Cycle No Wait)
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ARl —_— | ! [ — : 1 |
—
RD I ! I ! I ! I ! I ! : |
Read | : | ! L ! L ! | : | |
D15 to DO —:ﬁ | Address |
] ] ] ] ] 1
WEn ! ] T | T | T | T ] | |
1 1 1 1 1 |
Write | ! | ! I ! I ! | : ] )
D15 to DO —I+( Address X Data
| | T T 1 T l
| | | | | |
N | Il Il 1 1 [
BS A i) I ! I ! I ! I ! |
| | 1 | |
| | | 1 | 1 | 1 | 1 | |
1 | | | | | |
oo N L
|

Note: * The waveform for DACKn is when active low is specified.

Figure7.12 Access Timing for MPX Space

(Address Cycle Wait 1, Data Cycle No Wait)
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RD \ 3 \ : | : | : | 3\: f : 1 :
D15 to DO —%—;—:( ‘ Address ‘ i : 3 : 3 : 3
L i s e U R AR
D15 to DO —%—l—:( ‘ ‘ Add‘ress ‘ k ‘ ‘ IZ;ata ‘
WATT \\1\\\\\\\}\\\\\\\}\\\\\\\\1\\\\\\\}\\\&\\\\1\\ o TN
ﬁ : | | | | |

Note: * The waveform for DACKn is when active low is specified.

Figure 7.13 Access Timing for MPX Space
(Address Cycle Access Wait 1, Data Cycle Wait 1, External Wait 1)

Rev. 2.00, 09/03, pag
RENESAS



The SDRAM that can be connected to this LSl isa product that has 11/12/13 hits of ro
8/9/10 bits of column address, 4 or less banks, and uses the A10 pin for setting prechar
read and write command cycles. The control signds for direct connection of SDRAM ¢
RASL, CASU, CASL, RD/WR, DQMUU, DQMUL, DQMLU, DQMLL, CKE, CS2, ¢
All the signals other than CS2 and CS3 are common to all areas, and signal's other than
valid when CS2 or CS3 is asserted. SDRAM can be connected to up to 2 spaces. Thed
width of the areathat is connected to SDRAM can be set to 32 or 16 hits.

Burst read/single write (burst length 1) and burst read/burst write (burst length 1) are st
the SDRAM operating mode.

Commands for SDRAM can be specified by RASU, RASL, CASU, CASL, RD/WR, a
address signals. These commands are shown below.

+ NOP

* Auto-refresh (REF)

o Sdf-refresh (SELF)

* All banks pre-charge (PALL)

o Specified bank pre-charge (PRE)
e Bank active (ACTV)

* Read (READ)

* Read with pre-charge (READA)
o Write (WRIT)

»  Writewith pre-charge (WRITA)
*  Writemoderegister (MRS)

The byte to be accessed is specified by DOQMUU, DOQMUL, DQMLU, and DQMLL. F
relationship between DQMxx and the byte to be accessed, refer to section 7.5, Endian//
and Data Alignment.

Figures 7.14 and 7.15 show examples of the connection of SDRAM with the LS.
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RD/WR WE
D31 . —! pats
D16 DQo

DAMUU DaMU

DQMUL DQML
D15
Do L A13

DQMLU A2

DQMLL AT

AO
CLK
CKE
CS
RAS
CAS
WE
DQ15
DQO
DaMU
DQML

Note: xis UorL

Figure 7.14 Example of 64-MBit Synchronous DRAM Connection (32-Bit D
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Note: xisUorL

Figure 7.15 Example of 64-MBit Synchronous DRAM (16-Bit Data Bu:s

7.8.2 Address Multiplexing

An address multiplexing is specified so that SDRAM can be connected without externe
multiplexing circuitry according to the setting of bits BSZ[1:0] in CSnBCR, AXROW/ !
AXCOL[2:0] in SDCR. Tables 7.10 to 7.15 show the relationship between the settings
BSZ[1:0], AXROWI[1:0], and AXxCOL[1:0] and the bits output at the address pins. Do n
those bits in the manner other than thistable, otherwise the operation of this LSl isnot
A25 to A18 are not multiplexed and the original values of address are always output at

When the data bus width is 16 bits (BSZ[1:0] = 10), A0 of SDRAM specifiesaword &
Therefore, connect this A0 pin of SDRAM to the A1 pin of the LSI; the A1 pin of SDF
A2 pin of the LS, and so on. When the data bus width is 32 bits (BSZ[1:0] = 11), the £
SDRAM specifies alongword address. Therefore, connect this AO pin of SDRAM to tt
the LSI; the A1 pin of SDRAM to the A3 pin of the LSI, and so on.
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Al16 A24 Al16

A15 A23 A15

Al4 A22*2 A22*2 A12 (BA1) Spec

A13 A21*2 A21*2 Al1 (BAO)

A12 A20 L/H*! A10/AP Spec
addr

A1l A19 A1l A9 Addr

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 A12 A4 A2

A3 A1l A3 Al

A2 A10 A2 A0

Al A9 Al unus

A0 A8 A0

Example of connected memory
64-Mbit product (512 kwords x 32 bits x 4 banks, column 8 bits product): 1 device
16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 2 devices

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

2. Bank address specification
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A16 A24 A16

A15 A23*2 A23*2 A13 (BA1) Specif

Al4 A22*2 A22*2 A12 (BAO)

A13 A21 A13 A1l Addre

Al12 A20 L/H* A10/AP Specif
addre:

A1l A19 A1l A9 Addre

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 A12 A4 A2

A3 A1l A3 Al

A2 A10 A2 A0

Al A9 Al Unuse

A0 A8 A0

Example of connected memory
128-Mbit product (1 Mword x 32 bits x 4 banks, column 8 bits product): 1 device
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 2 devices

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according
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Al16 A25 Al16

A15 A24*2 A24*2 A13 (BA1) Spec

Al4 A23*2 A23*2 A12 (BAO)

A13 A22 A13 A1l Addr

A12 A21 L/H*! A10/AP Spec
addr

A1l A20 A1l A9 Addr

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 A1l A2 A0

Al A10 Al unus

A0 A9 A0

Example of connected memory
256-Mbit product (2 Mwords x 32 bits x 4 banks, column 9 bits product): 1 device
128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 2 devices

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

2. Bank address specification
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A16 A26 A16

A15 A25*2 A25*%*3 A13 (BA1) Specif

Al4 A24*2 A24*2 A12 (BAO)

A13 A23 A13 A1l Addre

Al12 A22 L/H* A10/AP Specif
addre:

A1l A21 A1l A9 Addre

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 Al4 A4 A2

A3 A13 A3 Al

A2 A12 A2 A0

Al A1l Al unuse

A0 A10 A0

Example of connected memory

512-Mbit product (4 Mwords x 32 bits x 4 banks, column 10 bits product): 1 device
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 2 devices

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

Bank address specification

Only the RASL pin is asserted because the A25 pin specified the bank addre
is not asserted.



A16 A25*#*3 A25*%*3 Al4 (BA1) Spec

A15 A24*2 A24*2 A13 (BAO)

Al4 A23 Al4 A12 Addr

A13 A22 A13 A1l

Al12 A21 L/H* A10/AP Spec
addr

A1l A20 A1l A9 Addr

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 A1l A2 A0

Al A10 Al unus

A0 A9 A0

Example of connected memory
512-Mbit product (4 Mwords x 32 bits x 4 banks, column 9 bits product): 1 device
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 2 devices

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

2. Bank address specification

3. Only the RASL pin is asserted because the A25 pin specified the bank add
RASU is not asserted.
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A16 A24 A16

A15 A23 A15

Al4 A22 Al4

A13 A21*2 A21*2 A12 (BA1) Specif

A12 A20*2 A20*2 Al1 (BAO)

All A19 L/H* A10/AP Specif
addre:

A10 A18 A10 A9 Addre

A9 A17 A9 A8

A8 A16 A8 A7

A7 A15 A7 A6

A6 Al4 A6 A5

A5 A13 A5 A4

A4 A12 A4 A3

A3 A1l A3 A2

A2 A10 A2 Al

Al A9 Al A0

A0 A8 A0 Unuse

Example of connected memory
16-Mbit product (512 kwords x 16 bits x 2 banks, column 8 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according
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Al16 A24 Al16

A15 A23 A15

Al4 A22*2 A22*2 A13 (BA1) Spec

A13 A21*2 A21*2 A12 (BAO) Addr

A12 A20 A12 A1l

Al1 A19 L/H*! A10/AP Spec
addr

A10 A18 A10 A9 Addr

A9 A17 A9 A8

A8 A16 A8 A7

A7 A15 A7 A6

A6 Al4 A6 A5

A5 A13 A5 A4

A4 A12 A4 A3

A3 A1l A3 A2

A2 A10 A2 Al

Al A9 Al A0

A0 A8 A0 unus

Example of connected memory
64-Mbit product (1 Mword x 16 bits x 4 banks, column 8 bits product): 1 device

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

2. Bank address specification
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A16 A25 A16

A15 A24 A15

Al4 A23*2 A23*2 A13 (BA1) Specif

A13 A22*2 A22*2 A12 (BAO)

A12 A21 A12 A1l Addre

All A20 L/H* A10/AP Specif
addre:

A10 A19 A10 A9 Addre

A9 A18 A9 A8

A8 A17 A8 A7

A7 A16 A7 A6

A6 A15 A6 A5

A5 Al4 A5 A4

A4 A13 A4 A3

A3 A12 A3 A2

A2 A1l A2 Al

Al A10 Al A0

A0 A9 A0 Unuse

Example of connected memory
128-Mbit product (2 Mwords x 16 bits x 4 banks, column 9 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according
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Al16 A26 Al16

A15 A25 A15

Al4 A24*2 A24*2 A13 (BA1) Spec

A13 A23*2 A23*2 A12 (BAO)

A12 A22 A12 A1l Addr

Al1 A21 L/H*! A10/AP Spec
addr

A10 A20 A10 A9 Addr

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 A12 A2 Al

Al A1l Al A0

A0 Al10 A0 unus

Example of connected memory
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 10 bits product): 1 device

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

2. Bank address specification
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A16 A25 A16

A15 A24*2 A24*2 Al4 (BA1) Specif

Al4 A23*2 A23*2 A13 (BAO)

A13 A22 A13 A12 Addre

A12 A21 A12 A1l

All A20 L/H* A10/AP Specif
addre:

A10 A19 A10 A9 Addre

A9 A18 A9 A8

A8 A17 A8 A7

A7 A16 A7 A6

A6 A15 A6 A5

A5 Al4 A5 A4

A4 A13 A4 A3

A3 A12 A3 A2

A2 A1l A2 Al

Al A10 Al A0

A0 A9 A0 Unuse

Example of connected memory
256-Mbit product (4 Mwords x 16 bits x 4 banks, column 9 bits product): 1 device

Notes: 1. L/His a bit used in the command specification; it is fixed at L or H according
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Al16 A26 Al16

A15 A25*2*3 A25*2*3 Al4 (BA1) Spec

Al4 A24*2 A24*2 A13 (BAO)

A13 A23 A13 A12 Addr

A12 A22 A12 A1l

Al1 A21 L/H*! A10/AP Spec
addr

A10 A20 A10 A9 Addr

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 A12 A2 Al

Al A1l Al A0

A0 Al10 A0 unus

Example of connected memory
512-Mbit product (8 Mwords x 16 bits x 4 banks, column 10 bits product): 1 device

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

2. Bank address specification

3. Only the RASL pin is asserted because the A25 pin specified the bank add
is not asserted.

Rev. 2.00, 09/03, pag
RENESAS



lengthlis peri‘ormed consecutively 4 timesto read 1é—byte continuous data from the S
is connected to a 32-hit data bus.

Table 7.16 shows the relationship between the access size and the number of bursts.

Table7.16 Relationship between Access Size and Number of Bursts

Bus Width Access Size Number of Bursts

16 bits 8 bits
16 bits
32 hits
16 bits

32 hits 8 bits
16 bits
32 hits
16 bits

ArlRr|Rr|o|N|R]|R
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(Auto Precharge)

3. The waveform for DACKn is when active low is specified.
RENESAS

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.

Figure7.16 Synchronous DRAM Burst Read Wait Specification Timi
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Address pin to be connected to the A10 pin of SDRAM.

xx is UU, UL, LU, or LL
3. The waveform for DACKn is when active low is specified.

2.

1.

Notes:
Figure 7.17 Basic Timing for Single Read (Auto Prechar ge)
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is performed conti nuoudy 4 timesto write 16-byté continuous data to the SDRAM th
connected to a 32-hit data bus.

The relationship between the access size and the number of burstsis shown in table 7.
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specified by the TRP[1:0] bits of the CS3WCR register.

Tr Tct Tc2 Tc3 Tca Trwl Tap
Ko __ / N/ ! /1 \_
T S T S R A A R A R
I G G G G G GE
T | | |
| | | ; . t
mzart X T N b PN
| P! P! | | ; | L, | |
csn : \ oy : P!
T | T | !
o —
RASUL ! V2 o .\_I_:_I_:_
| | b |
| e |
CASUIL [ N T N SR N T Y AL T N
| T T T T T T
| Loy e | |
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| T | j ] j o [ |
| | | | I '
pamxx*2 O\ b
| | ] | i | : | J | j |
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| | ] | I | |
_ | I | | + ;
BS I : A |/ oy by
Loy : | | ]
DACKn*3 :\ T T Ty A
1 T 1 T I T ' T i T | T i T

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure 7.18 Basic Timing for Synchronous DRAM Burst Write (Auto Prect
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D31 to DO

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.

2. xxis UU, UL, LU, or LL.

3. The waveform for DACKn is when active low is specified.

Figure7.19 Basic Timing for Single Write (Auto Precharge)
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accessing the same row addressin the same bank; it is possible to issue the READ or V/
command immediately, without issuing an ACTV command. As synchronous DRAM i
divided into several banks, it is possible to activate one row address in each bank. If th
access isto a different row address, a PRE command isfirst issued to precharge therel
then when precharging is completed, the access is performed by issuing an ACTV com
followed by a READ or WRIT command. If thisisfollowed by an accessto a different
address, the access time will be longer because of the precharging performed after the :
request isissued.

In awrite, when auto-precharge is performed, a command cannaot be issued for a perioc
Tpc cycles after issuance of the WRITA command. When bank active modeis used, R
WRIT commands can be issued successively if the row address isthe same. The numbx
can thus be reduced by Trwl + Tpc cycles for each write.

Thereisalimit on tras, thetime for placing each bank in the active state. If thereisno
that there will not be a cache hit and another row address will be accessed within the pe
which this valueis maintained by program execution, it isnecessary to set auto-refresh
refresh cycle to no more than the maximum value of tgas.

A burst read cycle without auto-prechargeis shown in figure 7.20, a burst read cycle fc
row addressin figure 7.21, and a burst read cycle for different row addressesin figure
Similarly, a burst write cycle without auto-prechargeis shown in figure 7.23, asinglev
for the samerow addressin figure 7.24, and a single write cycle for different row addre
figure 7.25.

When bank active mode is set, if only accesses to the respective banksin the area 3 spe
considered, aslong as accesses to the same row address continue, the operation garts v
cyclein figure 7.20 or 7.23, followed by repetition of the cyclein figure 7.21 or 7.24. /
adifferent area during thistime has no effect. If there isan accessto a different row ad
bank active state, after thisis detected the bus cyclein figure 7.22 or 7.25 is executed i
that in figure 7.21 or 7.24. In bank active mode, too, all banks become inactive after ar
cycle or after the bus isreleased asthe result of bus arbitration.
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D31 to DO

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.

2. xxis UU, UL, LU, or LL.

3. The waveform for DACKn is when active low is specified.

Figure 7.20 Burst Read Timing (No Auto Precharge)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.21 Burst Read Timing (Bank Active, Same Row Address)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.

2. xxis UU, UL, LU, or LL.

3. The waveform for DACKn is when active low is specified.

Figure 7.22 Burst Read Timing (Bank Active, Different Row Address
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure 7.23 Single Write Timing (No Auto Prechar ge)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.24 Single Write Timing (Bank Active, Same Row Addr ess)
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure7.25 SingleWrite Timing (Bank Active, Different Row Addr esse
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Refreshing is performed for the number of times specified by bits RRC[2:0] in RT
intervals determined by the input clock selected by bits CKF2:0] in RTCSR, and
in RTCOR. The value of these bits should be set so asto satisfy the refresh interve
for the synchronous DRAM used. First make the settings for RTCOR, RTCNT, ar
RMODE and RFSH bhitsin SDCR, then make bits CKS[2:0] and RRC[2:0] setting
When the clock is selected by bits CKS[2:0], RTCNT starts counting up from the
time. The RTCNT valueis constantly compared with the RTCOR value, and if the
are the same, arefresh request is generated and auto-refresh is performed for then
times specified by bits RRC[2:0]. At the sametime, RTCNT is cleared to zero anc
up isrestarted. Figure 7.26 shows the auto-refresh cycle timing.

After starting, the auto refreshing, PALL command isissued in the Tp cycle to me
banksto pre-charged state from active state when some bank is being pre-charged
command isissued in the Trr cycle after inserting idle cycles of which number is
the TRP[1:0] bitsin CShWCR. A new command isnot issued for the duration of t
of cycles specified by the TRC[1:0] bitsin CShWCR after the Trr cycle. The TRC
must be set so as to satisfy the SDRAM refreshing cycle time stipulation (trc). A
inserted between the Tp cycle and Trr cycle when the setting value of the TRP[1:C
CSnWCR islonger than or equal to 2 cycles.
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.

2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure 7.26 Auto-Refresh Timing

2. Sdf-refreshing

Self-refresh mode in which therefresh timing and refresh addresses are generated v
synchronous DRAM. Self-refreshing is activated by setting both the RMODE bit ar
RFSH bit in SDCR to 1. After starting the self-refreshing, PALL command isissue
cycle after the completion of the pre-charging bank. A SELF command isthen issu
inserting idle cycles of which number is specified by the TRP[1:0] bitsin CShWSR
Synchronous DRAM cannot be accessed whilein the self-refresh state. Self-refresh
cleared by clearing the RMODE bit to 0. After self-refresh mode has been cleared,
issuanceis disabled for the number of cycles specified by the TRC[1:0] bitsin CSn
refresh timing is shown in figure 7.27. Settings must be made so that self-refresh cl
data retention are performed correctly, and auto-refreshing is performed at the corre
intervals. When sdlf-refreshing is activated from the state in which auto-refreshing
refreshing isrestarted if the RFSH hit is set to 1 and the RMODE hit isclearedto O
refresh modeis cleared. If the trandtion from clearing of self-refresh mode to the &
refreshing takes time, thistime should be taken into consideration when setting the
of RTCNT. Making the RTCNT value 1 less than the RTCOR value will enable ref
be started immediately.
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure 7.27 Self-Refresh Timing

3. Relationship between refresh requests and bus cycle
If arefresh request is generated during a bus cycle, refresh waits for the bus cycle
completed. If arefresh request is generated while the bus isreleased by the bus arl
function, refresh waits for the bus mastership to be obtained.
If anew refresh request is generated while refresh iswaiting, the first refresh requ
canceled. To perform refresh correctly, the bus cycle and the bus-owned period m
than therefresh interval.
If abusrequest isissued during self-refreshing, the busis not released until the ref
completed.
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write data, and read data to be extended.

If SDRAM is operated at a high frequency with the SLOW bit set to 1, the setup time ¢
commands, addresses, write data, and read data are not guaranteed. Take the operating
and timing design into consideration when making the SLOW hit setting.

CKIO

e T e e e Pl
g D, SR | G S
maar L X 0 ] \ X / .

CSn

RASU/L

CASUIL o
ROWR & [
DaMxx*2 T\

D31 to DO

BS |
DACKn*3 —'—\ 5

Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure 7.28 Low-Frequency Mode Access Timing
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synchronous DRAM. In this operation the data Isignored, but the mode write Is perfo
word-size access. To set burst read/single write, CAS latency 2 to 3, wrap type = sequ
burst length 1 supported by the LS|, arbitrary datais written in aword-size accessto t
shown intable 7.17. In thistime O is output at the external address pinsof A12 or late

Table7.17 AccessAddressin SDRAM Mode Register Write

(1) Setting for Area 2 (SDMR2)
Burst read/single write (burst length 1):

Data Bus Width CAS Latency Access Address External A
16 bhits 2 H'A4FD4440 H'0000440
3 H'A4FD4460 H'0000460
32 hits 2 H'A4FD4880 H'0000880
3 H'A4FD48CO0 H'00008CO0

Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External A
16 bits 2 H'A4FD4040 H'0000040
3 H'A4FD4060 H'0000060
32 hits 2 H'A4FD4080 H'0000080
3 H'A4FD40CO0 H'00000CO0
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Burst read/burst write (burst length 1):

Data Bus Width CAS Latency Access Address External Ad

16 bits 2 H'A4FD5040 H'0000040
3 H'A4FD5060 H'0000060

32 hits 2 H'A4FD5080 H'0000080
3 H'A4FD50C0 H'00000CO0

Mode register setting timing is shown in figure 7.29. A PALL command (all bank pre-c
command) isfirstly issued. A REF command (auto refresh command) isthen issued 8t
MRS command (mode register write command) is finaly issued. Idle cycles, of which
specified by the TRP[1:0] bitsin CShWCR, are inserted between the PALL and thefir:
cycles, of which number is specified by the TRC[1:0] bitsin CShWCR, are inserted be
and REF, and between the 8th REF and MRS. Idle cycles, of which number isone or n
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 con
power-on. Refer the manud of the SDRAM for the idle time to be needed. When the pi
of thereset signal islonger then theidletime, mode register setting can be started imm
after the reset, but care should be taken when the pulse width of thereset signa is shorf
idletime.
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Notes: 1. Address pin to be connected to the A10 pin of SDRAM.
2. xxis UU, UL, LU, or LL.
3. The waveform for DACKn is when active low is specified.

Figure 7.29 Synchronous DRAM Mode Write Timing (Based on JEDE

7.9 Burst ROM Interface

The burst ROM interface is provided to access ROM that has the page mode function,
flash memory, in high speed. Basically the access to the ROM is performed in the san
normal space. When the first cycleis terminated, however, negation of theRD signal
executed. The accesses after the 2nd access are performed by exchanging only the adc
accesses after the 2nd access, the address is changed at the falling edge of CKIO.

The number of wait cycles specified by the W[3:0] bitsin CShWCR areinserted for t
access cycle. The number of wait cycles specified by the BW[1:0] bitsin CShWCR a
for the second and subsequent access cycles.

In the access to the burst ROM, the BS signal is asserted only to the first access cycle.
wait input isvalid only to the first access cycle. In the single access or write access th
perform the burst operation in the burst ROM interface, accesstiming is same asanol
Table 7.18 lists arelationship between bus width, access size, and the number of burs
7.30 shows a timing chart.
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Figure 7.30 Burst ROM Access (Bus Width 8 Bits, Access Size 32 Bits (Number ¢
Access Wait for the 1st Time 2, Access Wait for 2nd Time and after 1)
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Note that in awrite cycle, datais written in accordance with the byte-selection pin (W
Check the data sheet of the memory to be used for the actual timing.

. T4 ) T2 .

CKIO _/_\_/ N/
A25 to A0 X E

N/
ROWR | / I
Read < RD . I ; |
[ ot t000 f SV
RD/WR \ /_
g ———
Write < RD ' ! E ! E
L D31t D0—.—< >—

Note: * The waveform for DACKn is when active low is specified.

Figure 7.31 Byte-Selection SRAM Basic Access Timing
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D16 1100
WE3 UB
WE2 B
D15
: . NT
DO :
WET A0
WE2 cs
OE
WE
11015
1100
UB
B

Figure 7.32 Example of Connection with 32-Bit Data-Width Byte-Selection !

64k x 16-bit
This LSI SRAM
A16 A15
A1 A0
CSn CS
RD OE
RD/WR WE
D15 /10 15
DO 1100
WEH1 UB
WEO LB

Figure 7.33 Example of Connection with 16-Bit Data-Width Byte-Selection !
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in CMNCR. The conditions for setting the wait cycles between access cycles (idle cyc
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
from another device that includes this LS| (DMAIWA = 0)

7. Dataoutput from an externd device caused by DMA single transfer is followed by
access (DMAIWA =1)

o g wdhpE

7.12 BusArbitration

This LSl supports bus arbitration. This LS| has bus mastership in the normal state anc
mastership after receiving a bus reguest from another device.

To prevent device malfunction while the bus mastership istransferred between maste
the LS| negates all of the bus control signals before bus release. When the bus master:
received, all of the bus control signals arefirst negated and then driven appropriately.
output buffer conflicts can be prevented because the master and slave drive the same:
the same values. In addition, to prevent noise while the bus control signal isin the hig
state, pull-up resistors must be connected to these control signals.

Bus mastership istransferred at the boundary of bus cycles. Namely, bus mastership i
immediately after recelving a bus request when a bus cycleis not being performed. Tt
bus mastership is delayed until the bus cycle is complete when a bus cycle isin progre
when from outside the LS it looks like a bus cycleis not being performed, a bus cycl
performing internally, started by inserting wait cycles between access cycles. Therefo
be immediately determined whether or not bus mastership has been released by lookir
signal or other bus control signals. The states that do not allow bus mastership release
bel ow.
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master clock stops because a transition is underway to standby mode or the frequency i
or if thisLSl is being reset, the master device cannot rel ease the bus. To prevent the de
issuing bus requestsin such a case, the lave must be put into the deep state so that no

access cycles are generated.

The refresh request and bus request are accepted during the DMA burst transfer.

Bus mastership is maintained until a new bus request isreceived. Bus magtership isrele
immediately after the completion of the bus cycle in progress when an external busreq
(BREQ) isasserted (low level) and a bus acknowledge signal (BACK) is asserted (low
useisresumed when anegation (high level) of BREQ, which shows that the dave hast
bus, has been received.

SDRAM issues all bank pre-charge commands (PALLS) when active banks exist and ri
bus after completion of a PALL command.

The bus rel ease sequenceis as follows. The address bus and data bus are placed in a hi
impedance state synchronized with the rising edge of CKI10. The bus mastership enable
asserted 0.5 cycles after the above timing, synchronized with the falling edge of CKIO.
control signals (BS, CSn, RASU, RASL, CASU, CASL, DQMxx, WEn, RD, and RD/\
made to the high-impedance states at the subsequent rising edge of CK10. Bus request

sampled at the falling edge of CKIO. The sequence for re-claiming bus mastership fror
described bel ow. After detecting the negation of BREQ at the falling edge of CKIO, th
enable signal isnegated at the subsequent falling edge of the clock. The address and da
are driven at the subsequent rising edge of CKIO. Figure 7.34 shows the bus arbitratior
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Figure 7.34 BusArhbitration

In an origina dave device designed by the user, multiple bus accesses are generated «
to reduce the overhead caused by bus arbitration. In this case, to execute SDRAM reft
correctly, the dave device must be designed to rel ease the bus mastership within ther
interval time.

The bus rel ease by the BREQ and BACK signal handshaking requires some overhead
has many tasks, multiple bus cycles should be executed in a bus mastership acquisitio
the cycles required for master to dave bus mastership transitions streamlines the syste

713 Others

Reset: The bus state controller (BSC) can be initiaized completely only at power-on
power-on reset, all Sgnasare negated and output buffers are turned off regardless of |
state. All control registersare initialized.

In standby, sleep, and manual reset, control registers of the bus state controller are nof
At manual reset, the current bus cycle being executed is completed and then the acces
isentered. Since the RTCNT continues counting up during manual reset signal asserti
request occursto initiate the refresh cycle.

Note that arbitration requests using BREQ are not accepted during manual reset sgna

On-Chip Peripheral Module Access. To access an on-chip module register, two or r
peripheral module clock (Pg) cycles arerequired. Care must be taken in system desigr
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» Four channels (two channel s can recelve an external request)

» 4-Gbyte physical address space

» Datatransfer unit: Byte, word (2 bytes), longword (4 bytes), and 16 bytes (longwc
*  Maximum transfer count: 16777216 transfers

* Addressmode: Dud address mode or single address mode can be sel ected.

o Transfer requests: External request, on-chip peripheral modul e regquest, or auto rec
selected.

The following modules can issue an on-chip peripheral modul e request.
SCIFO, SCIF2, CMT, USB, and A/D converter

» Busmodes: Cycle steal mode (norma mode and intermittent mode 16/64) or burs
be selected.

» Sdectable channel priority levels:
The channd priority levels are selectable between fixed mode and round-robin mc
» Interrupt request: An interrupt request can be generated to the CPU after transfers

» External request detection: Low-/high-leve or risng/falling edge detection of DRI
be selected.

» Transfer request acknowledge signal: Active levelsfor DACK can be set indepenc

o Transfer end signal: Activelevel for TEND can be set. TEND is output at the sam
DACK inthelast DMA transfer. (Only channel 0)

DMAS311B_000020020100 Rev. 2.00, 09/03, pac
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RAM D E
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(memory K ) DMAOR: DMA operation register
mapped) SARn: DMA source address register
DARnN: DMA destination address register
External /0 Bus state DMATCRn: DMA transfer count register
(with ( \ K controller CHCRn:  DMA channel control register
acknowledge- DMARSO0/1: DMA extension resource selector
ment) DEIn: DMA transfer-end interrupt request to th
n:0,1,2,3

Figure8.1 Block Diagram of DMAC
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Channel Name Symbol I/O

Function

0 DMA transfer request DREQO | DMA transfer request input
external device to channel (

DMA transfer request DACKO O DMA transfer request ackn
acknowledge output from channel 0 to ex

DMA transfer end TENDO O Transfer end output in chan

1 DMA transfer request DREQ1 | DMA transfer request input

external device to channel :

DMA transfer request DACK1 O
acknowledge

DMA transfer request ackn
output from channel 1 to ex

8.3 Register Descriptions

The DMAC hasthe following registers. See section 24, List of Registers, for the addr
these registers and the states of them in each processing state. The SAR for channel 0
such as SAR 0.

1

Channel 0

DMA source addressregister_0 (SAR_0)
DMA destination addressregister_0 (DAR_0)
DMA transfer count register_ 0 (DMATCR_0)
DMA channel control register_0 (CHCR_0)

Channdl 1

DMA source addressregister_1 (SAR_1)
DMA destination addressregister 1 (DAR 1)
DMA transfer count register_1 (DMATCR _1)
DMA channel control register 1 (CHCR 1)

RENESAS
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e UVIA USallldlUlT ddul oo 1 Sylold o \UAR_9)
» DMA transfer count register_3 (DMATCR_3)
»  DMA channel control register_3 (CHCR_3)

5. Common

» DMA operation register (DMAOR)

» DMA extended resource selector 0 (DMARSO)
» DMA extended resource selector 1 (DMARS1)

831 DMA Sour ce Address Registers (SAR)

SAR are 32-hit readable/writable registers that specify the source address of a DMA tr:
During aDMA transfer, these registersindicate the next source address. When the date
externd device with DACK istransferred in single address mode, SAR isignored.

To transfer datain 16 bits or in 32 bits, specify the address with 16-bit or 32-bit addres
When transferring data in 16-byte units, a 16-byte boundary must be set for the source
value. Theinitid valueis undefined. The SAR retains the current value in software star
module standby mode.

8.3.2 DMA Destination Address Registers (DAR)

DAR are 32-bit readable/writable registers that specify the destination address of a DM
During aDMA transfer, these registersindicate the next destination address. When the
externd device with DACK istransferred in single address mode, DAR isignored.

To transfer datain 16 bits or in 32 bits, specify the address with 16-bit or 32-bit addres
When transferring data in 16-byte units, a 16-byte boundary must be set for the source
value. Theinitiad valueis undefined. The DAR retains the current value in software sta
modul e standby mode.
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8.34 DMA Channd Control Registers (CHCR)

CHCR are 32-bit readable/writable registers that control the DMA transfer mode.

Bit
Bit Name

Initial
Value

Descriptions

3lto24 O

0

Reserved

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

23 DO

DMA Overrun

Selects whether DREQ is detected by overrun 0O ¢
1. This bit is valid only in CHCR_0 and CHCR_1.
always read as 0 in CHCR_2 and CHCR_3. The v
should always be 0.

0: Detects DREQ by overrun 0
1: Detects DREQ by overrun 1

22 TL

Transfer End Level

Selects whether the TEND signal output is high ac
active. This bit is valid only in CHCR_O. There are
pins in CHCR_1 to CHCR_3. Therefore this settin
This bit is always read as 0. The write value shoul
0.

0: Low-active output of TEND
1: High-active output of TEND

21to 18 [0

0

Reserved

These bits are always read as 0. The write value
be 0.
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should always be 0.
0: DACK output in read cycle (Dual address mode)
1: DACK output in write cycle (Dual address mode)

16 AL 0 R/W

Acknowledge Level
Specifies the DACK signal output is high active or |

This bit is valid only in CHCR_0 and CHCR_1. This
always read as 0 in CHCR_2 and CHCR_3. The wi
should always be 0.

0: Low-active output of DACK
1: High-active output of DACK

15 DM1 0 R/W
14 DMO 0 R/W

Destination Address Mode

Specify whether the DMA destination address is inc
decremented, or left fixed. (In single address mode
and DMO bits are ignored when data is transferred
external device with DACK.)

00: Fixed destination address
(setting prohibited in 16-byte transfer)

01: Destination address is incremented (+1 in byte-
transfer, +2 in word-size transfer, +4 in longwor
transfer, +16 in 16-byte transfer)

10: Destination address is decremented (-1 in byte
transfer, —2 in word-size transfer, —4 in longwor
transfer, setting prohibited in 16-byte transfer)

11: Setting prohibited
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01: Source adaress Is Incremented (+1 in byte-siz
in word-size transfer, +4 in longword-size tran:
16-byte transfer)

10: Source address is decremented (-1 in byte-si:
in word-size transfer, —4 in longword-size tran:
prohibited in 16-byte transfer)

11: Setting prohibited

11
10

RS3
RS2
RS1
RSO

o O O O

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

Resource Select

Specifies which transfer requests will be sent to tF
changing of transfer request source should be doi
that the DMA enable bit (DE) is set to 0.

0000: External request, dual address mode

0001: Setting prohibited

0010: External request/single address mode
External address space - external device \

0011: External request/single address mode
External device with DACK - external addi

0100: Auto request

0101: Setting prohibited

0110: Setting prohibited

0111: Setting prohibited

1000: DMA extended resource selector specificati

1001: Setting prohibited

1010: Setting prohibited

1011: Setting prohibited

1100: Setting prohibited

1101: Setting prohibited

1110: Peripheral module request, A/D converter

1111: Peripheral module request, CMT

Note: External request specification is valid only ir
and CHCR_1. None of the external request
can be set in channels CHCR_2 and CHCR
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is specified, these bits are invalid.
00: DREQ detected in low level
01: DREQ detected at falling edge
10: DREQ detected in high level
11: DREQ detected at rising edge

5 B 0 R/W  Transfer Bus Mode
Specifies the bus mode when DMA transfers data.
0: Cycle steal mode
1: Burst mode

TS1 0 R/W  Transfer Size
3 TSO 0 R/W  Specify the size of data to be transferred.

Select the size of data to be transferred when the s
destination is an on-chip peripheral module registe!
transfer size is specified.

00: Byte size

01: Word size (two bytes)

10: Longword size (four bytes)

11: 16-byte unit (four longword transfers)

2 IE 0 R/W  Interrupt Enable

Specifies whether or not an interrupt request is gen
CPU at the end of the DMA transfer. Setting this bi
generates an interrupt request (DEI) to the CPU wt
bit is set to 1.

0: Interrupt request disabled
1: Interrupt request enabled
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bit in the DMA operation register (DMAOR).

This bit can only be cleared by writing O after reac
the DE bit is set to 1 while this bit is set to 1, trans
enabled.

0: During the DMA transfer or DMA transfer has b
[Clearing conditions]

* Writing O after reading TE =1

» Power-on reset

e Manual reset

1: Data transfer ends by the specified count (DMA

0 DE 0 R/W  DMA Enable

Enables or disables the DMA transfer. In auto req
DMA transfer starts by setting the DE bit and DME
DMAOR to 1. In this time, all of the bits TE, NMIF
and AE must be 0. In an external request or perip
request, DMA transfer starts if DMA transfer reque
generated by the devices or peripheral modules a
the bits DE and DME to 1. In this case, however, :
TE, NMIF, and AE must be 0 an in the case of aut
mode. Clearing the DE bit to 0 can terminate the I

0: DMA transfer disabled
1: DMA transfer enabled
Note: * Only O can be written for clearing the flags.
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13 CMS1 O R/W
12 CMSO O R/W

Cycle Steal Mode Select

Select either normal mode or intermittent mode in
mode.

It is necessary that all channels' bus modes are se
steal mode to make valid intermittent mode.

00: Normal mode
01: Setting prohibited
10: Intermittent mode 16

Executes one DMA transfer in each of 16 clocl
external bus clock.

11: Intermittent mode 64

Executes one DMA transfer in each of 64 clocl
external bus clock.

11,10 O 0 R

Reserved

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

9 PR1 0 R/W
8 PRO 0 R/W

Priority Mode

Select the priority level between channels when th
transfer requests for multiple channels simultaneo

00: CHO > CH1 > CH2 > CH3
01: CHO > CH2 > CH3 > CH1
10: Setting prohibited

11: Round-robin mode

7t03 O 0 R

Reserved

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

Rev. 2.00, 09/03, page 248 of 690

RENESAS



Writing O after reading AE = 1
Power-on reset

Manual reset
1: DMAC address error. DMA transfer disabled.
[Setting condition]
DMAC address error occurrence

1 NMIF 0 R/(W)* NMI Flag

Indicates that an NMI interrupt occurred. If this bi
transfer is not enabled even if the DE bit in CHCF
DME bit in DMAOR are set to 1. This bit can only
by writing 0 after reading 1.

When the NMl is input, the DMA transfer in progr
done in one transfer unit. When the DMAC is not
the NMIF bit is set to 1 even if the NMI interrupt v

0: No NMI interrupt

[Clearing conditions]

Writing O after reading NMIF = 1
Power-on reset

e Manual reset
1: NMI input. DMA transfer disabled.
[Setting condition]
NMI interrupt occurrence
0 DME 0 R/W DMA Master Enable

Enables or disables DMA transfers on all channe
DME bit and the DE bit in CHCR are set to 1, DNV
are enabled. In this time, all of the bits TE in CHC
DMAOR, and AE must be 0. If this bit is cleared
transfer, transfers in all the channels can be term

0: Disable DMA transfers on all channels
1: Enable DMA transfers on all channels

Note: * Only 0 can be written for clearing the flags.
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« DMARSO
Bit Initial
Bit Name Value R/W Description
15 CIMID5 O R/W Transfer request source module ID5 to IDO for D
14 CIMID4 0 rRw  1(MID)
13 CIMID3 0 R/W See table 8.2.
12 CiMID2 O R/W
11 CiMID1 O R/W
10 CIMIDO O R/W
CiRID1I O R/W Transfer request resource register ID1 to 1DO for
C1IRIDO 0O R/W channel 1 (RID)
See table 8.2.
7 COMID5 O R/W Transfer request source module ID5 to IDO for D
6 COMID4 0 rw 0 (MID)
5 COMID3 0O R/W See table 8.2
4 CoMID2 O R/W
3 CoOMID1 O R/W
2 COMIDO O R/W
1 CORID1I O R/W Transfer request resource register ID1 to 1DO for
0 CORIDO 0O R/W channel 0 (RID)

See table 8.2.
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7t02 C2MID5to O R/W  Transfer request resource module ID5 to DO fol
C2MIDO channel 2 (MID)
See table 8.2.
C2RID1I O R/W  Transfer request resource register ID1 and IDO
C2RIDO 0O r/w  Channel 2 (RID)

See table 8.2.

Table82 Transfer Request Sources

Peripheral Setting Value for One

Module Channel (MID + RID) MID RID Function

SCIFO H'21 B'001000 B'01 Transmit
H'22 B'10 Receive

SCIF2 H'29 B'001010 B'01 Transmit
H'2A B'10 Receive

USB H'73 B'011100 B'11 Transmit
H'70 B'00 Receive

RENESAS
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After the DMA source addressregisters (SAR), DMA destination address registers (D/
transfer count registers (DMATCR), DMA channel control registers (CHCR), DMA ¢
register (DMAOR), and DMA extended resource sdector (DMARS) are set, the DMA(
data according to the following procedure:

1. Checkstoseeif transfer isenabled (DE=1, DME =1, TE=0, AE=0, NMIF=0)

2. When atransfer request is generated and transfer is enabled, the DMAC transfers 1
unit of data (depending on the TS0 and TS1 settings). For an auto request, the trans
automatically when the DE bit and DME bit are set to 1. The DMATCR value will
decremented for each transfer. The actual transfer flows vary by address mode and

3. When the specified number of transfer have been completed (when DMATCR reac
transfer endsnormally. If the |[E bit in CHCR is set to 1 at thistime, a DEI interrupt
the CPU.

4. When an address error or an NM| interrupt is generated, the transfer is aborted. Tra
also aborted when the DE bit in CHCR or the DME bit in DMAOR are cleared to 0
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Transfer request
occurs?*!

Bus mode,
~ transfer request mode,
v DREQ detection method

Transfer (1 transfer unit);
DMATCR - 1 - DMATCR, SAR and DAR
updated

DMATCR = 07? orAE=10orDE=0

or DME = 07?

( Transfer aborted )

NMIF =1
orAE=10orDE=0
or DME = 0?

¢ Transfer end ) ( Normal end )

Notes: 1. In auto-request mode, transfer begins when NMIF, AE, and TE bits are 0 and the DE anc

bits are set to 1.
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 |

N

Figure8.2 DMAC Transfer Flowchart
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memory-to-memory transfer or atransfer between memory and an on-chip peripheral n
unable to request atransfer, auto-request mode alows the DMAC to automatically gen
transfer request signal internally. When the DE bit in CHCR and the DME hit in DMA
to 1, thetransfer begins so long asthe AE and NMIF bitsin DMAOR are 0.

External Request Mode: In this mode atransfer is performed at the request signals (D
DREQL1) of an external device. Thismodeisvalid only in channels 0 and 1. Choose on
modes shown in table 8.3 according to the application system. When thismode is selec
DMA transfer isenabled (DE =1, DME =1, TE =0, AE =0, NMIF = 0), atransfer is|
upon arequest a the DREQ input.

Table83 Selecting External Request M odes with RS Bits

RS3 RS2 RS1 RSO Address Mode Source Destinatic
0 0 0 0 Dual address Any Any
mode
1 0 Single address  External memory, External d
mode memory-mapped DACK
external device
1 External device with External mr
DACK memory-m
external de

Choose to detect DREQ by either the edge or level of the signa input with the DL hit
of CHCR_0 and CHCR _1 as shown in table 8.4. The source of the transfer request doe
to be the data transfer source or destination.
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When DREQ is accepted, the DREQ pin becomes request accept disabled state. After
acknowledge signal DACK for the accepted DREQ, the DREQ pin again becomes rec
enabled state.

When DREQ is used for level detection, there are the following two cases depending
to detect the next DREQ after outputting DACK. A case wherein transfer is aborted a
number of transfers has been performed as requests (overrun 0) and wherein another t
aborted after transfers have been performed for (the number of requests plus 1) times
The DO hit in CHCR sdlects overrun 0 or overrun 1.

Table85 Selecting External Request Detection with DO Bit

CHCR _Oor CHCR_1
DO External Request

Overrun 0

Overrun 1
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destination must be the SCIF stransmit dataregister. Likewise, when receive data full
request of the SCIF is set asthe transfer request, the transfer source must be the SCIF
data regigter. These conditions also apply to the USB. Any address can be specified for
and destination, when transfer request is generated by the CMT.

Table8.6 Selecting On-Chip Peripheral Module Request M odes with RS3to R:
DMA Transfer
Request DMA Transfer
RS3 RS2 RS1 RSO Source Request Signal Source Destinatior
1 1 1 0 ADC AD-conversion end request ADDR Any
1 1 1 1 CMT Compare-match transfer Any Any

request

Table8.7 Selecting On-Chip Peripheral Module Request M odes with RS3to R:
CHCR DMARS DMA Transfer
Request DMA Transfer
RS[3:0] MID RID Source Request Signal Source Destinat
1000 001000 01 SCIFO TXIO Any SCFTDF
transmitter (transmit FIFO data empty)
10 SCIFO RXIO SCFRDR_O0  Any
receiver (receive FIFO data full)
001010 01 SCIF2 TXI2 Any SCFTDF
transmitter (transmit FIFO data empty)
10 SCIF2 RXI2 SCFRDR_2  Any
receiver (receive FIFO data full)
011100 11 USB EP2 FIFO empty transfer Any EPDR2
transmitter request
00 USB EP1 FIFO full transfer EPDR1 Any
receiver request
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CHO > CH2 > CH3 > CH1

These are sdlected by the PR1 and the PRO bitsin the DMA operation register (DMA(

Rev. 2.00, 09/03, pac
RENESAS



Initial priority order | CHO > CH1 > CH2 > CH3 |
L

Priority order

At [ cH1>cH2 > cHa > oHo |

(2) When channel 1 transfers

Initial priority order | CHO > CH1 > CH2 > CH3 |

e

| CH2 > CH3 > CHO > CH1 |

Priority order
after transfer

(3) When channel 2 transfers

Initial priority order | CHO > CH1 > CH2 > CH3 |

Priority order
after transfer

------- v v v
CH2 > CH3 > CHO > CH1 |

Post-transfer priority order
when there is an
immediate transfer
request to channel 1 only

(4) When channel 3 transfers

Initial priority order | CHO > CH1 > CH2 > CH3 |

Priority order

aftor Lansfor | CHO > CH1 > CH2 > CH3 |

Channel 0 becomes bottom
priority

Channel 1 becomes bottom
priority.

The priority of channel 0, which
was higher than channel 1, is also
shifted.

Channel 2 becomes bottom
priority.

The priority of channels 0 and 1,
which were higher than channel :
are also shifted. If immediately
after there is a request to transfel
channel 1 only, channel 1 becom
bottom priority and the priority of
channels 3 and 0, which were
higher than channel 1, are also
shifted.

Priority order does not change

Figure 8.3 Round-Robin Mode
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. When the channd 0 transfer ends, channel 0 becomes lowest priority.

. At this point, channel 1 hasahigher priority than channel 3, so the channd 1 trans
(channd 3 waitsfor transfer).

. When the channd 1 transfer ends, channel 1 becomes lowest priority.
. The channd 3 transfer begins.

. When the channd 3 transfer ends, channels 3 and 2 shift downward in priority so't
3 becomes the lowest priority.

Transfer request Waiting channel(s) DMAC operation Channel priority

(1) Channels 0 and 3

— —— (2) Channel 0 transfer «——— 0>1>2>3
(3)Channel 1 —» _|3  start
Priority order
1,3 (4) Channel 0 transfer w, 1>2>3>0
ends /
—— (5) Channel 1 transfer
starts
Priority order
3 (6) Channel 1 transfer changes 2>3>0>1

ends /
—— (7) Channel 3 transfer

starts
None Priority order
changes
—L—  (8)Channel 3 transfer ———— > 0>1>2>3
ends

Figure8.4 Channe Priority in Round-Robin M ode
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pestifiatorn

External Memory-

Device with External Mapped On-Chip F
Source DACK Memory External Device Module
External device with DACK  Not available Dual, single Dual, single Not availal
External memory Dual, single Dual Dual Dual
Memory-mapped external Dual, single Dual Dual Dual
device
On-chip peripheral module  Not Dual Dual Dual

available

Notes: 1. Dual: Dual address mode
2. Single: Single address mode

3. A 16-byte transfer is available only for the registers to which longword-size &
enabled in the on-chip peripheral modules.
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then that datais written to the other external memory in awrite cycle.

Transfer source
N module

Address bus
Data|bus

Transfer destination
module

H ~——" ~—"

The SAR value is an address, data is read from the transfer source module,
and the data is temporarily stored in the DMAC.

First bus cycle
i-- DMAC -+
' P N
E SAR ! Memory
: fla
! ' 2 g Transfer source
! ' g = module
' ' °© a
H <
! | Data buffer |- . Transfer destination
| ! module
' N ~—

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

Figure8.5 Data Flow of Dual AddressMode

Auto request, external request, and on-chip peripheral module request are availabl
transfer request. DACK can be output in read cycle or write cyclein dua address!
Channel control register (CHCR) can specify whether the DACK is output in read
write cycle.

Figure 8.6 shows an example of DMA transfer timing in dual address mode.
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D31 to DO

DACKn ——| ,E
(Active-Low) ! !

Data read cycle ' ' Data write cycle \
P
' (1st cycle) ' ! (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.

Figure8.6 Exampleof DMA Transfer Timingin Dual Mode
(Source: Ordinary Memory, Destination: Ordinary Memory)

e Single Address Mode

In single address mode, either the transfer source or transfer destination peripheral ¢
accessed (selected) by means of the DACK signal, and the other device is accessed
In this mode, the DMAC performs one DMA transfer in one bus cycle, accessing ol
externd devices by outputting the DACK transfer request acknowledge signdl toit,
same time outputting an address to the other device involved in the transfer. For ex:
the case of transfer between external memory and an external device with DACK 4
figure 8.7, when the external device outputs data to the data bus, that datais written
external memory in the same bus cycle.
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DACK
DREQ

------ » Data flow

Figure8.7 Data Flow in Single Address M ode

Two kinds of transfer are possible in single address mode: (1) transfer between an
device with DACK and a memory-mapped external device, and (2) transfer betwe
externd device with DACK and external memory. In both cases, only the external
signal (DREQ) is used for transfer requests.

Figures 8.8 shows example of DMA transfer timing in single address mode.

CKIO

A25 to A0

CSn
WE

D31 to DO
DACKn

CKIO

A25 to A0

D31 to DO
DACKn

— Y

-+—— Address output to external memory space

-«—— Select signal to external memory space

— L

|/ -«+—— Write strobe signal to external memory space

— - Data output from external device with DACK

-«—— DACK signal (active-low) to external device with DA

(a) External device with DACK — external memory space (ordinary memory)

-+—— Address output to external memory space

-«—— Select signal to external memory space

|/ -+—— Read strobe signal to external memory space

Data output from external memory space

-«—— DACK signal (active-low) to external device with DA

(b) External memory space (ordinary memory) — external device with DACK

Figure 8.8 Exampleof DMA Transfer Timingin Single Address M oc
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bus master. Thisisrepeated until the transfer end conditions are satisfied.

In cycle-steal mode, transfer areas are not affected regardless of settings of the tran:
source, transfer source, and transfer destination. Figure 8.9 shows an example of DI
timing in cycle steal mode. Transfer conditions shown in thefigure are;

0 Dual address mode

0 DREQ low level detection

DREQ _\ /

Bus right returned to CPU once

Bus cycle X cPU X cPUX cPu XpMaCKDMACK cPuXpMmacKDMACK cPu X

Read/Write Read/Write

Figure89 DMA Transfer Examplein Cycle-Steal Normal Mode
(Dual Address, DREQ Low L evel Detection)

* Intermittent Mode 16 and Intermittent Mode 64
In intermittent mode of cycle steal, DMAC returns the busright to other bus master
aunit of transfer (byte, word, longword, or 16 bytes) is complete. If the next transfe
occurs after that, DMAC gets the bus right from other bus master after waiting for :
clocksin B count. DMAC then transfers data of one unit and returns the busright
master. These operations are repeated until the transfer end condition is satisfied. It
possible to make lower the ratio of bus occupation by DMA transfer than the norme
cycle steal.
When DMAC gets again the busright, DMA transfer can be postponed in case of e
updating due to cache miss.
Thisintermittent mode can be used for all transfer section; transfer requester, sourc
destination. The bus modes, however, must be cycle steal modein all channels.
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Bus cycle:X CPU X CPU X CPU XDMACXDMACX CPU CPU XDMACXDMACX CPU x
Read/Write Read/Write

Figure8.10 Example of DMA Transfer in Cycle Steal I nter mittent M
(Dual Address, DREQ Low L evel Detection)

b. Burst Mode

Once the busright is obtained, the transfer is performed continuoudly until the transfe
condition is satisfied. In external request mode with low level detection of the DREQ
however, when the DREQ pin is driven high, the bus passes to the other bus master af
DMAC transfer request that has already been accepted ends, even if the transfer end ¢
have not been satisfied.

Burst mode cannot be used for other than the CMT when the on-chip peripheral modu
transfer request source. Figure 8.11 shows DMA transfer timing in burst mode.

DREQ \ /
Bus cycle X CPU X CPUX CPU YOMACKDMACKOMACKDMACKOMACKDMACK CPU X

Read Write Read Write Read Write

Figure8.11 DMA Transfer Examplein Burst Mode
(Dual Address, DREQ Low L evel Detection)
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mapped external device

External memory and external memory All*t B/C  8/16/32/128
External memory and memory-mapped All*t B/C  8/16/32/128
external device
Memory-mapped external device and All*t B/C  8/16/32/128
memory-mapped external device
External memory and on-chip peripheral All*2 B/C*® 8/16/32/128"
module
Memory-mapped external device and All*2 B/C*® 8/16/32/128"
on-chip peripheral module
On-chip peripheral module and on-chip All*2 B/C*® 8/16/32/128"
peripheral module

Single  External device with DACK and external External B/C  8/16/32
memory
External device with DACK and memory- External B/C  8/16/32

mapped external device

B: Burst, C: Cycle steal

External requests, auto requests, and on-chip peripheral module requests al
available. In the case of on-chip peripheral module requests, however, the C

Notes: 1.

available.

External requests, auto requests, and on-chip peripheral module requests a
available. However, with the exception of the CMT, the module must be desi

the transfer request source or the transfer destination.

Only cycle steal except for the CMT as the transfer source.
Access size permitted for the on-chip peripheral module register functioning

transfer source or transfer destination.

If the transfer request is an external request, channels 0 and 1 are only avai

Bus Mode and Channel Priority Order: If, when the priority is set to fixed mode (Ct
and channel listransferring in burst mode, atransfer request to channd 0, which hast
priority, is generated, the transfer on channd O will begin immediately.

At thistime, if channdl 0 is set to burst mode, the transfer on channel 1 will resume wh
channéd 0 transfer has completely finished.
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master Uritll all Or e COmpeting purst modae transier s riave COITipleted.

X CPU DMA CH‘IXDMA CH1 X DMA CHO X DMA CH1 X DMA CHO

DMA CH1XDMA CH1

| CHO | CH1 | cCHO _
CPU " DMACCH1 | Cycle-steal mode between DMAC CH1 ™
burst mode DMAC CHO and CH1 burst mode

Priority: CHO > CHA1
CHO: Cycle-steal mode
CH1: Burst mode

Figure8.12 Bus State when Multiple Channelsare Operating

Cycle-steal mode channd s and burst mode channel's should not be mixed in round-rot
Doing so runstherisk that priority changes may not be made properly, although their

channd transfer operations will be performed correctly.

8.4.5 Number of Bus Cycle Statesand DREQ Pin Sampling Timing

Number of Bus Cycle States: When the DMAC isthe bus master, the number of bus
is controlled by the bus state controller (BSC) in the same way as when the CPU is th

For details, see section 7, Bus State Controller (BSC).

DREQ Pin Sampling Timing:

cKio S I I O I I I

Bus cycle X _cpu X cpu X bwac X__cpu_ X

| st acceptance ' 2nd acceptance
DREQ T Non sensitve poriod §— |
(Rising) |\ P |
DACK | |

(Active-high) —= Acceptance start

Figure 8.13 Example of DREQ Input Detection in Cycle Steal Mode Edge C

RENESAS
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oKIo JLrruryyurerore

Bus cycle X cPU X CcPU X pmac_ X__cpu_ X
DREQ ,L 1st acceptance ,L 2nd acceptance

AN IR WY N
(Overrun 1 at high level) :k\\ﬂgﬂfﬁ’]ﬁﬂl‘(ﬁﬁ?ﬁ?g&\\\* M\\\w}_
(DAAc\:g\I/(e-high) | l—

— Acceptance
start

Figure8.14 Example of DREQ Input Detection in Cycle Steal M ode L evel De

CKIO

X cpu X__cpu_ X DMAC
: Busrst acceptance

orea  FTTTTV Wersersitie parid

(Rising)

Bus cycle

DACK |
(Active-high)

Figure8.15 Example of DREQ Input Detection in Burst M ode Edge Detex
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CKIO

Bus cycle CPU DMAC
! ! 1 3rd

DREQ ch & 2nd acceptance acceptance
; o \§

(Overrun 1 at T ANNon sensiive Y

high level)

DACK |

(Active-high) E :
— Acceptance — Acceptance
start start

Figure8.16 Example of DREQ Input Detection in Burst Mode Level Dete

Last DMA transfer
Buscycle X__DMAC X_cPu__X_DMAC_X__cPu_X__cpu_ X

DREQ

DACK | |
TEND | |

Figure8.17 Example of DMA Transfer End Signal (in Cycle Steal L evel De
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bt ———\ A
DACKn_/\_
oo TN/ TN
ZOE\ARWWAS \

Note: TENDO is asserted during the last transfer unit of
DMA transfer. When the transfer unit is divided into
several bus cycles and CS is negated between bus
cycles, TENDO is also divided.

Figure8.18 BSC Ordinary Memory Access
(No Wait, Idle Cycle 1, Longword Accessto 16-Bit Device)

85 Precautions

85.1 Precautions when Mixing Cycle-Steal M ode Channels and Burst Mode C
Transfer mode settings should not fulfill conditions (1) and (2) below at the sametime.

(1) DMA transfer takes place using multiple channeds, some of which operatein the bu
and somein the cycle-steal mode.

(2) A channél that uses the burst mode is set to dual address mode and DACK is output
write cycle.
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Selection of seven clock modes depending on the frequency ranges and crystal 0
externd clock input.

e Three clocks generated independently

An internal clock for the CPU and cache (1¢); aperiphera clock (Pg) for the perip
modules; abus clock (Bo= CKIO) for the externa bus interface.

» Frequency change function
Internal and peripheral clock frequencies can be changed independently using the
loop (PLL) circuit and divider circuit within the CPG. Frequencies are changed by
using the frequency control register (FRQCR) settings.

» Power-down mode control

The clock can be stopped for deep mode and software standby mode and specific
be stopped using the modul e standby function.

A block diagram of the CPG is shown in figure 9.1.

CPGS312B_000020020100 Rev. 2.00, 09/03, pac
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MD2
MD1
MDO

< » Busc
- (B =
> _ , Perip
PLL circuit 2 > (Po)
(x1,2,4) "
T CPG control unit T
Clock frequency o
®—> control Gircuit Standby control circuit
| FRacR | |ucLkcr| | sTBCR || sTBCR2 || STBCR3 |
( Bus interface )

A

\

|Periphera| busl

FRQCR: Frequency control register
STBCR: Standby control register

STBCR2: Standby control register 2
STBCRS3: Standby control register 3
UCLKCR: USB clock control register

Figure9.1 Block Diagram of Clock Pulse Generator
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the crystal oscillator or EXTAL pin. The multiplication ratio is fixed by the clock-
mode. The clock-operating modeis set by pins MDO, MD1, and MD2. For more d
clock operating modes, refer to table 9.2.

. Crystal Oscillator

Thisoscillator circuit is used when acrystal resonator is connected to the XTAL &
pins. This crystal oscillator operates according to the clock operating mode setting

. Divider 1

Divider 1 generates a clock at the operating frequency used by the internal or perif
The operating frequency can be 1, 1/2, 1/3, or 1/4 times the output frequency of Pl
aslong asit stays at or above the clock frequency of the CKIO pin. Thedivision
the frequency control register.

. Clock Frequency Control Circuit

The clock frequency control circuit controls the clock frequency using the MDO, N
MD?2 pins and the frequency control register.

. Standby Control Circuit

The standby contral circuit controls the state of the on-chip oscillator and other m
clock switching and software/standby modes.

. Frequency Control Register

The frequency control register has control bits assigned for the following function
output/non-output from the CKI10 pin, the frequency multiplication ratio of PLL ¢
the frequency division ratio of theinterna clock and the periphera clock.

. Standby Control Register

The standby control register has bits for controlling the power-down modes. See s
Power-Down Modes, for moreinformation.

. USB Clock Control Register
The source clock generating the USB clock is set in the USB clock control registe
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MD2 | Set the clock-operating moae.

Crystal oscillator XTAL (0] Connects a crystal resonator.
pins for system clock EXTAL |
(clock input pins)

Connects a crystal resonator. Also used to it
external clock.

Clock /O pin CKIO I/O Inputs or outputs an external clock.

Crystal oscillator XTAL_USB O Connects a crystal resonator for the USB.
pins for USB

(clock input pins) ~ EXTAL_USB | Connects a crystal resonator for the USB. Al

input an external clock.

Note: The values of the mode control pins are sampled only in a power-on reset. This
the erroneous operation of the LSI.
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PLL2 PLL1
Mode MD2 MD1 MDO  Source Output On/Off On/Off

0 0 0 0 EXTAL CKIO ON(x1) ON(x1,2 3, 4)

1 0 0 1 EXTAL CKIO ON(x4) ON(x1,2 3, 4)

2 0 1 0 Crystal CKIO ON(x4) ON(x1,23,4)
resonator

4 1 0 0 Crystal CKIO ON(x1) ON(x1,2 3,4
resonator

1 0 1 EXTAL CKIO ON(x2) ON(x1,2 3, 4)

Crystal CKIO ON(x2) ON(x1,23,4)
resonator

7 1 1 1 CKIO O OFF ON(x 1,2 3, 4)

Mode 0: An external clock isinput from the EXTAL pin and executes waveform shay
circuit 2 before being supplied inside this LSI.

Mode 1: An external clock isinput from the EXTAL pin and its frequency is multipli
PLL circuit 2 before being supplied inside thisLSl, alowing alow-frequency externa
used.

M ode 2: The on-chip crystal oscillator operates, with the oscillation frequency being |
4 by PLL circuit 2 before being supplied ingde this LSI, alowing alow-frequency ex
to be used.

M ode 4: The on-chip crystal oscillator operates and executes waveform shaping by Pl
before being supplied inside thisLSl.

Mode 5: An external clock isinput from the EXTAL pin and its frequency is multipli
PLL circuit 2 before being supplied inside thisLSl, alowing alow-frequency externa
used.

Mode 6: The on-chip crystal oscillator operates, with the oscillation frequency being
2 by PLL circuit 2 before being supplied insde this LSI, allowing alow crystal freque
used.
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Y ON(x1) ON(Xx1) 1111 <0.00 MRZ 10 v5.54 MRz 20.00 MRz
H'1001 ON(x1) ON(x1) 1:1:1/2 20.00 MHz to 66.67 MHz  20.00 MHz
H'1003 ON(x1) ON(x1) 1:1:1/4 20.00 MHz to 66.67 MHz  20.00 MHz
H'1101 ON(x2) ON(x1) 211 20.00 MHz to 33.34 MHz  20.00 MHz
H'1103 ON(x2) ON(x1) 2:1:1/2 20.00 MHz to 66.67 MHz  20.00 MHz
H'1111 ON(x2) ON(x1) 111 20.00 MHz to 33.34 MHz  20.00 MHz
H'1113 ON(x2) ON(x1) 11:1/2 20.00 MHz to 66.67 MHz  20.00 MHz
H'1202 ON(x3) ON(x1) 311 26.70 MHz t0 33.34 MHz  26.70 MHz
H'1222 ON(x3) ON(x1) 111 26.70 MHz t0 33.34 MHz  26.70 MHz
H'1303 ON(x4) ON(x1) 411 20.00 MHz to 33.34 MHz  20.00 MHz
H'1313 ON(x4) ON(x1) 211 20.00 MHz to 33.34 MHz  20.00 MHz
H'1333 ON(x4) ON(x1) 111 20.00 MHz to 33.34 MHz  20.00 MHz
1,2 H'1001 ON(x1) ON(x4) 44:2 10.00 MHz to 16.67 MHz  40.00 MHz
H'1003 ON(x1) ON(x4) 441 10.00 MHz to 16.67 MHz  40.00 MHz
H'1103 ON(x2) ON(x4) 842 10.00 MHz to 16.67 MHz  40.00 MHz
H'1113 ON(x2) ON(x4) 44:2 10.00 MHz to 16.67 MHz  40.00 MHz
4 H'1000 ON(x1) ON(x1l) 111 20.00 MHz to 33.34 MHz  20.00 MHz
H'1001 ON(x1) ON(x1) 1:1:1/2 20.00 MHz to 33.34 MHz  20.00 MHz
H'1003 ON(x1) ON(x1) 11:1/4 20.00 MHz to 33.34 MHz  20.00 MHz
H'1101 ON(x2) ON(x1) 211 20.00 MHz to 33.34 MHz  20.00 MHz
H'1103 ON(x2) ON(x1) 2:1:1/2 20.00 MHz to 33.34 MHz  20.00 MHz
H'1111 ON(x2) ON(x1) 111 20.00 MHz to 33.34 MHz  20.00 MHz
H'1113 ON(x2) ON(x1) 11:1/2 20.00 MHz to 33.34 MHz  20.00 MHz
H'1202 ON(x3) ON(x1) 311 26.70 MHz t0 33.34 MHz  26.70 MHz
H'1222 ON(x3) ON(x1) 111 26.70 MHz t0 33.34 MHz  26.70 MHz
H'1303 ON(x4) ON(x1) 411 20.00 MHz to 33.34 MHz  20.00 MHz
H'1313 ON(x4) ON(x1) 211 20.00 MHz to 33.34 MHz  20.00 MHz
H'1333 ON(x4) ON(x1) 111 20.00 MHz to 33.34 MHz  20.00 MHz

Rev. 2.00, 09/03, page 276 of 690

RENESAS



H'1113 ON(x2) ON(x2) 221 10.00 MHz to 33.34 MHz  20.00 MH:
H'1202 ON(x3) ON(x2) 6:2:2 10.00 MHz to 16.67 MHz  20.00 MH:
H'1222 ON(x3) ON(x2) 2:2:2 10.00 MHz to 16.67 MHz  20.00 MH:
H'1303 ON(x4) ON(x2) 822 10.00 MHz to 16.67 MHz  20.00 MH:
H'1313 ON (x4) ON(x2) 422 10.00 MHz to 16.67 MHz  20.00 MH:
H'1333 ON(x4) ON(x2) 222 10.00 MHz to 16.67 MHz  20.00 MH:
H'1000 ON(x1) ON((x2) 2:2:2 10.00 MHz to 16.67 MHz  20.00 MH:
H'1001 ON(x1) ON((x2) 221 10.00 MHz to 33.34 MHz  20.00 MH:
H'1003 ON(x1) ON(x2) 2:2:1/2 10.00 MHz to 33.34 MHz  20.00 MH:
H'1101 ON(x2) ON((x2) 422 10.00 MHz to 16.67 MHz  20.00 MH:
H'1103 ON(x2) ON((x2) 421 10.00 MHz to 33.34 MHz  20.00 MH:
H'1111 ON(x2) ON(x2) 222 10.00 MHz to 16.67 MHz  20.00 MH:
H'1113 ON(x2) ON((x2) 221 10.00 MHz to 33.34 MHz  20.00 MH:
H'1202 ON(x3) ON((x2) 6:2:2 10.00 MHz to 16.67 MHz  20.00 MH:
H'1222 ON(x3) ON(x2) 222 10.00 MHz to 16.67 MHz  20.00 MH:
H'1303 ON(x4) ON((x2) 8:2:2 10.00 MHz to 16.67 MHz  20.00 MH:
H'1313 ON(x4) ON (x2) 422 10.00 MHz to 16.67 MHz  20.00 MH:
H'1333 ON(x4) ON(x2) 222 10.00 MHz to 16.67 MHz  20.00 MH:
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H'1113 ON (x2) OFF 1:1:1/2 20.00 MHz to 66.67 MHz  20.00 MHz

H'1202 ON (x3) OFF 311 26.70 MHz t0 33.34 MHz  26.70 MHz
H'1222 ON (x3) OFF 1:1:1 26.70 MHz t0 33.34 MHz  26.70 MHz
H'1303 ON (x4) OFF 4:1:1 20.00 MHz to 33.34 MHz  20.00 MHz
H'1313 ON (x4) OFF 2:1:1 20.00 MHz to 33.34 MHz  20.00 MHz
H'1333 ON (x4) OFF 1:1:1 20.00 MHz to 33.34 MHz  20.00 MHz

Notes: 1. This LSI cannot operate in an FRQCR value other than that listed in table 9.
2. Taking input clock frequency ratio as 1.

Cautions:

1. Theinput to divider 1isthe output of the PLL circuit 1.
2. Thefrequency of theinternal clock (1¢) is:

» The product of the frequency of the CKIO pin, the frequency multiplication rati
circuit 1, and thedivision ratio of divider 1.

» Do not set theinternd clock frequency lower than the CKI10O pin frequency.
3. Thefrequency of the periphera clock (Pg) is:

» The product of the frequency of the CKIO pin, the frequency multiplication rati
circuit 1, and the division ratio of divider 1.

» The peripheral clock frequency should not be set higher than the frequency of tt
pin, higher than 33.34 MHz, or lower than 13 MHz when the USB is used.

4. x1, %2, x3, or x4 can be used asthe multiplication ratio of PLL circuit 1. x1, x1/2, -
x1/4 can be selected as the division ratios of divider 1. Set therate in the frequency
register.

5. The output frequency of PLL circuit 1 isthe product of the CKIO frequency and th
multiplication ratio of PLL circuit 1. Use the output frequency under 133.34 MHz.
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The frequency control register (FRQCR) isa 16-bit readable/writable register used to
whether a clock is output from the CKI10O pin, the on/off state of PLL circuit 1, PLL st
frequency multiplication ratio of PLL circuit 1, and the frequency division ratio of the
clock and the peripheral clock. Only word access can be used on FRQCR. As for the
of the clock rate, refer to table 9.3. The combinationslisted in table 9.3 should only b

FRQCR.

Bit
Bit Name

Initial
Value

R/W

Description

15t013 [

0

R

Reserved

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

12 CKOEN

R/W

Clock Output Enable

Specifies to output a clock from the CKIO
the CKIO pin low when software standby |
(after an interrupt before STATUS1 becon
STATUSO becomes low). The CKIO pin is
during STATUSL1 =low and STATUSO =t
the CKOEN bit is cleared to 0. Therefore,
malfunction of an external circuit because
unstable CKIO clock in releasing software
mode can be prevented.

In clock operating mode 7, the CKIO pin i
state regardless of this bit.

0: Fixes the CKIO pin low in software star
1: Outputs a clock from the CKIO pin.

11, 10 a

Reserved

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

5 IFC1 R/W Internal Clock Frequency Division Ratio
IFCO R/W Specify the frequency division ratio of the ir
clock with respect to the output frequency ¢
circuit 1.
00: x 1 time
01: x 1/2 time
10: x 1/3 time
11: x 1/4 time
3,2 O R Reserved
These bits are always read as 0. The write
should always be 0.
PFC1 R/W Peripheral Clock Frequency Division Ratio
PFCO R/W Specify the frequency division ratio of the p

clock with respect to the output frequency ¢
circuit 1.

00: x 1 time

01: x 1/2 time
10: x 1/3 time
11: x 1/4 time
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6

USSCS0 1 R/W These bits select the source clock.
00: Clock stopped
01: Setting prohibited
10: Setting prohibited
11: External input clock

5

USBEN 1 R/W USB On-chip Oscillator Enable

This bit controls the operation of the USB
oscillator.

0: USB on-chip oscillator stopped
1: USB on-chip oscillator operates

4t00 a 0 R Reserved

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

9.4.3 Usage Notes

Note the following when using the USB. If these are used incorrectly, the correct cloc
be generated, causing faulty operation of the USB.

1

2.

UCLKCR isused only for generation of the USB clocks. When the USB is not us
recommended that UCLKCR be cleared to H'00 to halt the clock.

Halt the USB before changing the values of UCLKCR. Halt the USB by stopping
supply using the USB module stop bitsin STBCR3.

UCLKCRisinitialized only by a power-on reset. In amanual reset, they retain the
values.

Use the USB module with P> 13 MHz. Otherwise, the operation of thisLSI isne
guaranteed.
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chip WDT counts the settling time.

1
2.

Intheinitial state, the multiplication rate of PLL circuit 1is 1.

Set avalue that will become the specified oscillation settling timein the WDT and
WDT. The following must be set:

WTCSR.TME =0: WDT gops

WTCSR.CKS[2:0]: Division ratio of WDT count clock

WTCNT: Initial counter value

Set the desired value in the STC[1:0] hits. The division ratio can aso be set in the |
and PFC[1:0] hits.

The processor pauses internally and the WDT starts incrementing. The internal and
clocks both stop and the WDT is supplied with the clock. The clock will continue t«
at the CKIO pin.

Supply of the clock that has been set beginsat WDT count overflow, and the proce:
operating again. The WDT stops after it overflows.

9.5.2 Changing Division Ratio

The WDT will not count unless the multiplication rate is changed simultaneoudly.

1
2.

Intheinitial state, IFC[1:0] = 00 and PFC[1:0] =11.

Set the IFC[1:0], PFC[1:0] bitsto the new division ratio. The values that can be set
by the clock mode and the muiltiplication rate of PLL circuit 1. Note that if the wror
s, the processor will malfunction.

The clock isimmediately supplied at the new division ratio.

9.5.3 M odification of Clock Operating M ode

The values of the mode control pins (MD2 to MDO) that define a clock-operating mode
reflected at power-on reset.
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This LSI

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

Figure9.2 Pointsfor Attention when Using Crystal Resonator

Decoupling Capacitors: Asfar as possible, insert alaminated ceramic capacitor of O.
a passive capacitor for each Vsg/VssQ and Vc/VccQ pair. Mount the passive capacitc
as possible to the chip’s power supply pins, and use components with a frequency cha
suitable for the chip’s operating frequency, as well as a suitable capacitance value.

Digital system Vso/VssQ and Veo/VecQ pairs: 2-5, 17-19, 26-28, 32-34, 44-46, 57-59
80, 87-89, 111-113, 130-132, 133-138, 159-161, 178-180, 182-184, 199-204

On-chip oscillator Vso/VssQ and Vec/VecQ pairs 6-9, 149-150, 151-152, 205-208

When Usinga PLL Oscillator Circuit: Keep thewiring fromthe PLL Vc and PLL
connection pattern to the power supply pins short, and make the pattern width wide, t
the inductance value.

In clock mode 7, connect the EXTAL pin to VcQ (3.3-V power) with pull-up resistol
the XTAL pin open.

Rev. 2.00, 09/03, pac
RENESAS



Figure 9.3 Pointsfor Attention when Usng PLL Oscillator Circuit

Notes on Wiring Power Supply Pins: To avoid crossing signal lines, wire Vec—PLL1
Vee—PLL2, Vss—PLL1, and Vss—PLL2 asthree patterns from the power supply source
board so that they are independent of digital Vcc and Vss.
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10.1 Features

» Can be used to ensure the clock settling time

Usethe WDT to clear software standby mode and the temporary standbys which ¢
the clock frequency is changed.

e Can switch between watchdog timer mode and interval timer mode.
» Generatesinterna resetsin watchdog timer mode
Internal resets occur after counter overflow.
Power-on reset and manual reset are available.
* Interrupt generation in interva timer mode
An interval timer interrupt is generated when the counter overflows.
» Choice of eight counter input clocks
Eight clocks (x1 to x1/4096) that are obtained by dividing the peripheral clock car
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—
Clock selection Y YV VYVYVY
Clock selector
Overflow
Interrupt Interrupt !
request control Clock
y
WTCSR WTCNT
( Bus interface )
A
A »
Legend

WTCSR:  Watchdog timer control/status register
WTCNT:  Watchdog timer counter

Figure 10.1 Block Diagram of WDT

10.2 Register Descriptions

The WDT hasthe following two registers. Refer to section 24, Ligt of Registers for the
the addresses of these registers and the state of registersin each operating mode.

» Watchdog timer counter (WTCNT)
» Watchdog timer control/status register (WTCSR)

10.21 Watchdog Timer Counter (WTCNT)

The watchdog timer counter (WTCNT) isan 8-bit readable/writable register that increr
sdlected clock. When an overflow occurs, it generates areset in watchdog timer mode ¢
interrupt in interval timer mode. The WTCNT counter isnot initialized by an internal r
the WDT overflow. The WTCNT counter isinitialized to H'00 only by a power-on rese
RESETP pin.

Use aword access to write to the WTCNT counter, with H'5A in the upper byte. Use a
toread WTCNT.
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H'00 only by a power-on reset using the RESE'TP pin.

When used to count the clock settling time for canceling a software standby, it retains
after counter overflow. Use a word access to write to the WTCSR counter, with H'AS
byte. Use a byte access to read WTCSR.

Notee WTCSR differsfrom other registersin that it ismore difficult to write to. See
10.2.3, Notes on Register Access, for details.
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6 WTAT 0

RW

Timer Mode Select

Selects whether to use the WDT as a watt
or an interval timer.

0: Use as interval timer
1: Use as watchdog timer

Note: If WTAT is modified when the WD
the up-count may not be performe

5 RSTS 0

R/W

Reset Select

Selects the type of reset when WTCNT ov
watchdog timer mode. In interval timer mc
setting is ignored.

0: Power-on reset
1: Manual reset

4 WOVF 0

R/W

Watchdog Timer Overflow

Indicates that WTCNT has overflowed in v
timer mode. This bit is not set in interval ti

0: No overflow
1: WTCNT has overflowed in watchdog tir

3 IOVF 0

R/W

Interval Timer Overflow

Indicates that WTCNT has overflowed in i
mode. This bit is not set in watchdog timel

0: No overflow
1: WTCNT has overflowed in interval time
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~ L L A~ B/
010 Py/16 (273 ps)
011 P¢/32 (546 pis)
100 Py/64 (1.09 ms)
101 P$/256 (4.36 ms)
110 P¢/1024 (17.48 ms)
111 P¢/4096 (69.91 ms)

Note: If bits CKS2 to CKSO are modifie
WDT is running, the up-count ma
performed correctly. Ensure that
modified only when the WDT is n

Note: If manual reset is selected using the RSTS bit, a frequency division ratio of 1/11
1/256, 1/1,024, or 1/4,096 is selected using bits CKS2 to CKS0, and a watchdc
counter overflow occurs, resulting in a manual reset, the LS| will generate two r
resets in succession. This will not affect its operation but will cause change in t
the STATUS pin.

10.23 Noteson Register Access

The watchdog timer counter (WTCNT) and watchdog timer control/status register (W
more difficult to write to than other registers. The procedure for writing to theseregis
bel ow.

» Theseregisters must be written by aword transfer instruction. They cannot be wri
byte or longword transfer ingtruction.

When writing to WTCNT, set the upper byte to H'5A and transfer the lower byte astt
as shown in figure 10.2. When writing to WTCSR, set the upper byte to H'A5 and trar
lower byte as the write data. Thistransfer procedure writes the lower byte datato WT
WTCSR.
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10.3  Operation

10.3.1 Canceling Software Standbys

The WDT is used to cancel software standby mode with an interrupt such asan NMI. T
procedure when using an NMI interrupt is described below. (The WDT does not run wi
are used for canceling, so keep the RESETP or RESETM pin low until the clock stabili

1

Before trangtioning to software standby mode, always clear the TME bit in WTCS
When the TME bit is 1, an erroneous reset or interval timer interrupt may be genere
the count overflows.

Set the type of count clock used in the CKS2 to CK S0 bitsin WTCSR and theiniti
the counter in the WTCNT counter. These values should ensure that thetimetill co
overflow islonger than the clock oscillation settling time.

Move to software standby mode by executing a SLEEP instruction, after that clock
The WDT starts counting by detecting the edge change of the NMI signal.

When the WDT count overflows, the CPG darts supplying the clock and the proces
resumes operation. The WOVF flag in WTCSR ishot set.

Since the WDT continues counting from H'00, clear the STBY bit in the STBCR re
in the interrupt processing program and thiswill sop the WDT. When the STBY bi
the LS| again enters the software standby mode when the WDT has counted up to F
software standby mode can be canceled by power-on resets.

Rev. 2.00, 09/03, page 290 of 690

RENESAS



overflow islonger than the clock oscillation settling time. The divided clock set by
CKS0 hitsin WTCSR will be used for the base clock of P after the frequency is

When the frequency control register (FRQCR) is written, the processor stops temg
WDT starts counting.

When the WDT count overflows, the CPG resumes supplying the clock and the pr
resumes operation. The WOVF flag in WTCSR isnot set.

The counter stops at the values H'00.

Before changing WTCNT after the execution of the frequency change instruction,
confirm that the value of WTCNT is H'00 by reading WTCNT.

10.3.3 Using Watchdog Timer M ode

1

Set the WT/IT bit in WTCSR to 1, set the reset type in the RSTS bit, set the type c
clock in the CKS2 to CK S0 bits, and set the initial value of the counter in the WT(

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
the counter from overflowing.

When the counter overflows, the WDT setsthe WOVF flagin WTCSR to 1 and g
reset signal specified by the RSTS bit. The counter then resumes counting.

10.34 Using Interval Timer Mode

When operating in interval timer mode, interval timer interrupts are generated at ever
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 C
st theinitia value of the counter in the WTCNT counter.

Set the TME bit in WTCSR to 1 to start the count in interval timer mode.

When the counter overflows, the WDT setsthe IOVF flagin WTCSR to 1 and an
timer interrupt request is sent to the INTC. The counter then resumes counting.
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Sleep mode

Software standby mode

Module standby function (Cache, TLB, UBC, DMAC, UDI, and on-chip peripher:
Hardware standby mode

A w NP

Table 11.1 shows the transition conditions for entering the modes from the program e
state, aswell asthe CPU and peripheral module states in each mode and the procedur:
canceling each mode.
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Software ~ Execute SLEEP Halt Halt Held Halt** *3 Self- 1.
standby instruction with refresh 2
mode STBY bit setto 1
in STBCR
Module Set MSTP bit of Run Run Held Specified  *2 Refresh 1.
standby STBCR, STBCR2, module
function and STBCR3to 1 halts 2
Hardware Drive CA pinlow Halt Halt Held Halt** x4 0 Po
standby
mode
Notes: 1. The RTC still runs if the START bit in RCR2 is set to 1 (see section 15, Real
(RTC)).

2. Depends on the on-chip peripheral module.

3. Refer to table A.1, in Appendix.

4. Hi-Z except EXTAL, XTAL, EXTAL2, XTAL2, EXTAL_USB, XTAL_USB, ST,

STATUSO.
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HL: Sleep mode

LH: Standby mode

LL: Normal operation

Note: H means high level, and L means Ic

Power-on reset RESETP I Reset input signal. Power-on reset occurs
Manual reset RESETM I Reset input signal. Manual reset occurs a
Hardware standby = CA I Normal operation at high-level and hardw

mode is entered at low-level.

11.3 Register Descriptions

There are following five registers used for the power-down modes. Refer to section 2
Registers, for the details of the addresses of these registers and the state of registersin
operating mode.

» Standby control register (STBCR)
e Standby control register 2 (STBCR2)
e Standby control register 3 (STBCR3)
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1: Executing SLEEP instruction puts chip
software standby mode

6,5 g 0

Reserved

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

4 STBXTL O

R/W

Standby Crystal

Specifies stop/start of the crystal oscillatc
standby mode.

0: Crystal oscillator stops in standby mod

1: Crystal oscillator continues operation i
mode.

Reserved

This bit is always read as 0. The write val
always be 0.

2 MSTP2 0

R/W

Module Stop 2

Specifies halting the clock supply to the T
the MSTP2 bit has been set to 1.

0: TMU runs
1: Clock supply to TMU halted

1 MSTP1 0

R/W

Module Stop 1

Specifies halting the clock supply to the F
the MSTP1 bit has been set to 1.

0: RTC runs
1: Clock supply to RTC halted

Reserved

This bit is always read as 0. The write val
always be 0.
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0: UDI runs
1: Clock supply to UDI is halted

MSTP9

R/W

Module Stop Bit 9

When the MSTP9 bit is set to 1, the cloc
the UBC is halted.

0: UBC runs
1: Clock supply to UBC is halted

MSTP8

R/W

Module Stop Bit 8

When the MSTPS8 bit is set to 1, the cloc
the DMAC is halted.

0: DMAC runs
1: Clock supply to DMAC is halted

Reserved

This bit is always read as 0. The write v:
always be 0.

MSTP6

R/W

Module Stop Bit 6

When the MSTP6 bit is set to 1, the cloc
the TLB is halted.

0: TLB runs
1: Clock supply to TLB is halted

MSTP5

R/W

Module Stop Bit 5

When the MSTP5 bit is set to 1, the cloc
cache memory is halted.

0: Cache memory runs
1: Clock supply to cache memory is halt
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down mode.

Bit Bit Name |Initial Value R/W

Description

7 MSTP37 O

R/W

Module Stop Bit 37

When the MSTP37 bit is set to 1, the cloc
the USB is halted.

0: USB runs
1: Clock supply to USB is halted

Reserved

This bit is always read as 0. The write val
always be 0.

5 MSTP35 O

R/W

Module Stop Bit 35

When the MSTP35 bit is set to 1, the cloc
the CMT is halted.

0: CMT runs
1: Clock supply to CMT is halted

4 MSTP34 O

R/W

Module Stop Bit 34

When the MSTP34 bit is set to 1, the cloc
the TPU is halted.

0: TPU runs
1: Clock supply to TPU is halted

3 MSTP33 O

RW

Module Stop Bit 33

When the MSTP33 bit is set to 1, the cloc
the ADC is halted.

0: ADC runs
1: Clock supply to ADC is halted
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Uuic ovlirg< is fiaitcu.

0: SCIF2 runs

1: Clock supply to SCIF2 is halted
0 MSTP30 O R/W  Module Stop Bit 30

When the MSTP30 bit is set to 1, the clc
the SCIFO is halted.

0: SCIFO runs
1: Clock supply to SCIFO0 is halted

11.4  Sleep Mode

1141 Transition to Sleep Mode

Executing the SLEEP instruction when the STBY bit in STBCR is 0 causes atransitic
program execution state to sleep mode. Although the CPU haltsimmediately after exe
SLEEP ingruction, the contents of itsinternal registers remain unchanged. The on-chi
modules continueto run in sleep mode and the clock continues to be output to the CK

In sleep mode, the STATUSL pin is set high and the STATUSO pin low.

11.4.2 Canceling Seep Mode

Sleep modeis canceled by an interrupt (NMI, IRQ, IRL, PINT, and on-chip periphere
reset. Interrupts are accepted in sleep mode even when the BL bit in SR is 1. If necess
SPC and SSR to the stack before executing the SLEEP instruction.

Canceling with an Interrupt: When an NMI, IRQ, IRL, PINT, or on-chip peripherd
interrupt occurs, deep mode is canceled and interrupt exception processing is execute
indicating theinterrupt sourceisset in INTEVT and INTEVT2.

Canceling with a Reset: Sleep mode is canceled by a power-on reset or amanual res
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The contents of the CPU and cache registers remain unchanged. Some registers of on-c
peripheral modules are, however, initialized. For more details on the states of on-chip |
modules registersin software standby mode, refer to section 24.3, Register Statesin Ez
Operating Mode.

The procedure for moving to software standby mode is as follows:

1. Clear the TME bit in the WDT’stimer control register (WTCSR) to 0 to stop the W

2. Clear the WDT' stimer counter (WTCNT) to 0 and set the CKS2 to CKS0 bitsin W
appropriate values to secure the specified oscillation settling time.

After the STBY bitin STBCRis set to 1, a SLEEP instruction is executed.

Software standby mode is entered and the clocks within the LS| are halted. The ST,
output goes low and the STATUSO pin output goes high.

> w

11.5.2 Canceling Software Standby M ode
Software standby mode is canceled by an interrupt (NMI, IRQ, IRL, PINT, or RTC) or

Canceling with an Interrupt: The on-chip WDT can be used for hot starts. When the
an NMI, IRQ**, IRL**, PINT**, or RTC*! interrupt, the clock will be supplied to the e
and software standby mode canceled after the time set in the WDT’ stimer control/statt
has elgpsed. The STATUSL and STATUSO pins both go low. Interrupt exception handl
begins and a code indicating the interrupt sourceisset in INTEVT and INTEVT2. Afte
to the interrupt handling routine occurs, clear the STBY bit in STBCR. WTCNT stops
automaticdly. If the STBY hitisnot cleared, WTCNT continues operation and transits
standby mode* 2 when it reaches H'80. This function prevents data from being broken il
voltage rise when the power supply is unstable. At thistime, amanual reset isnot accey
the STBY hitiscleared to 0.

Interrupts are accepted in software standby mode even when the BL bit in SR is 1. If ne
save SPC and SSR to the stack before executing the SLEEP instruction.

Immediately after an interrupt is detected, the phase of the clock output of the CKIO pi
ungtable, until software standby mode is cancelled.
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Figure11.1 Canceing Standby Mode with STBY Bit in STBCR

Canceling with a Reset: Software standby mode is canceled by areset (power-on or
Keep theRESETP or RESETM pinslow until the clock oscillation settles. The intern:
continue to be output to the CKIO pin.

11.6  Module Standby Function

11.6.1 Transition to Module Standby Function

Setting the standby control register MSTP bitsto 1 halts the supply of clocks to the cc
on-chip peripheral modules. Thisfunction can be used to reduce the power consumpti
normal mode and sleep mode. Before making atransition to module standby state, be
disable therelevant module.

In module standby state, the functions of the external pins of the on-chip periphera m
change depending on the on-chip peripheral module and port settings. With a few exc
registers hold their values prior to halt.
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11.7.1  Transtion to Hardware Standby M ode

The LS| enters hardware standby mode by driving the CA pin low. In hardware standb
the same as software standby mode entered by executing the SLEEP ingtruction, al mc
except ones operated by the RTC clock. Even in hardware standby mode, supply powe
power supply pinsincluding the RTC power supply pins.

As differing from software standby mode, an interrupt or manual reset cannot be accep
hardware standby mode.

When the CA pinisdriven low, the LSl enters hardware standby mode in the followin
depending on the state of CPG.

During Softwar e Standby M ode: The LS| entersthe hardware standby state with the
halted. An interrupt or manual reset cannot be accepted.

During WDT Operation for Canceling Softwar e Standby M ode by an Interrupt: 1
restarts the operation after software standby mode is canceled. Then, the LS| enters har
standby mode.

During Sleep M ode: The CPU restarts the operation after slegp mode is canceled. The
enters hardware standby mode.

In hardware standby mode, the CA pin must be held low.

11.7.2  Canceling Hardware Standby M ode
The hardware standby function can be canceled only by the power-on reset.

When the CA pin isdriven high whilethe RESETP pin islow, the clock starts oscillatil
sureto hold the RESETP pin low until the oscillation stabilizes. Then, drive the RESE”
to start the power-on resetting by the CPU.

The operation is not guaranteed when an interrupt or manual reset isinput.
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S =_— - - -————_——~- -~ -~ -
'

—
\PLL settling

,  time E
RESETP ;
STATUS Normal*? E X E Reset™" X Normal™?
! | 0 j
Otob chc*3 0to 30 chc*3
Notes: 1. Reset: HH (STATUS1 high, STATUSO high)
2. Normal: LL (STATUS1 low, STATUSO low)
3. Beyc: Bus clock cycle
Figure 11.2 Power-On Reset STATUS Output
b. Manual reset

CKIO Mﬁ_ﬂjmm

RESETM | | ¥
STATUS Normal*? ' X ! Reset*? X Normal*?
0 Beyc or more™"# 0 to 30 Beyc™

Notes: 1. During manual reset, STATUS becomes HH (reset) and the internal
reset begins after waiting for the executing bus cycle to end.
2. Reset: HH (STATUS1 high, STATUSO high)
3. Normal: LL (STATUS1 low, STATUSO low)
4. Beyc:  Bus clock cycle

Figure 11.3 Manual Reset STATUS Output
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Notes: 1. Standby: LH (STATUS1 low, STATUSO high)
2. Normal: LL (STATUS1 low, STATUSO low)

Figure 11.4 Canceing Softwar e Standby by Interrupt STATUS Outpu

b. Canceling software standby by power-on reset

Oscillation stops  Reset

ckio ML MO O ML
RESETP *! : i I —
STATUS Normal*3 X Standby** Y *2 X Reset™® | )(Normal*5
; — e —
0 to 10 Beyc™® 0 to 30 Beyc™®

Notes: 1. When software standby mode is cleared with a power-on reset, the WDT does
not count. Keep RESETP low during the PLL's oscillation settling time.

. Undefined

. Reset:  HH (STATUS1 high, STATUSO high)

. Standby: LH (STATUS1 low, STATUSO high)

. Normal: LL (STATUS1 low, STATUSO low)

Beyc: Bus clock cycle

oA wWN

Figure 11.5 Canceling Softwar e Standby by Power-On Reset STATUS Ou
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1, 4
>,

0to 20 chc*5

Notes: 1. When software standby mode is cleared with a manual reset, the WDT does not coun
Keep RESETM low during the PLL’s oscillation settling time.

. Reset:  HH (STATUS1 high, STATUSO high)

. Standby: LH (STATUS1 low, STATUSO high)

. Normal: LL (STATUS1 low, STATUSO low)

. Beyc: Bus clock cycle

g s wN

Figure 11.6 Canceling Softwar e Standby by Manual Reset STATUS Ou
In Case of Canceling Seep:

a. Canceling deep to interrupt

Interrupt request

CKIO Mﬂ:mﬂﬂruﬂjﬂﬂrmm

STATUS Normal*? Sleep™” Normal*2

...><.....
...><.....

Notes: 1. Sleep: HL (STATUS1 high, STATUSO low)
2. Normal: LL (STATUS1 low, STATUSO low)

Figure 11.7 Canceling Sleep by Interrupt STATUS Output
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0'to 10 Beyc™® 0 to 30 Beyc™®

Notes: 1. When the PLL1's multiplication ratio is changed by a power-on reset,
keep RESETP low during the PLL's oscillation settling time.

. Undefined

. Reset: HH (STATUS1 high, STATUSO high)

. Sleep: HL (STATUS1 high, STATUSO low)

. Normal: LL (STATUS1 low, STATUSO low)

Bcyc:  Bus clock cycle

oOGOAWN

Figure 11.8 Canceling Sleep by Power-On Reset STATUS Output

¢. Canceling deep by manual reset

Reset
I
cKo ! LI r rgri rir
RESETM"™" | |
STATUS Normal*“)i( iSIeep*3 X Reset"? X Normal**
I . 0to 80 chc*; . 0to 30 chc*s‘.
Notes: Keep RESETM low until STATUS becomes reset.

1.

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

Figure 11.9 Canceling Sleep by Manual Reset STATUS Output
In Case of Hardwar e Standby:
Figures 11.10 and 11.11 show examples of pin timing in hardware standby mode.

The CA pinissampled using EXTALZ2 (32.768 kHz), and a hardware standby request i
detected when the pinislow for two consecutive clock cycles.

The CA pin must be held low while the chip isin hardware standby mode.
Clock oscillation starts when the CA pin isdriven high after the RESETP pin isdriven
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2 Reyc or more™*® 0-10Bcyc™ 0-30Bcyc
Notes: 1. Reset:  HH (STATUS1 high, STATUSO high)
2. Standby: LH (STATUS1 low, STATUSO high)
3. Normal: LL (STATUS1 low, STATUSO low)
4. Bceyc: Bus clock cycle
5. Reyc: EXTAL2 (32.768 kHz) cycle

Figure 11.10 Hardware Standby M ode
(When CA GoesLow in Normal Operation)

b. Canceling software standby (during WDT operation) to hardware standby

eI _mmumm_gg_tﬂmmmmm

CA —'—| I :

-

STATUS ;Stanfdby X Norma|*3)k Standby*? );(Undeﬁnedi Reset™’
\:NDT c;peratic:)n i Omé*4

+
2 Reyc or more™®

Notes: 1. Reset: HH (STATUS1 high, STATUSO high)
2. Standby: LH (STATUS1 low, STATUSO high)
3. Normal: LL (STATUS1 low, STATUSO low)
4. Beyc:  Bus clock cycle

5

. Reyc: EXTALZ2 (32.768 kHz) cycle

Figure11.11 Hardware Standby Mode Timing
(When CA GoesLow during WDT Oper ation while Standby M ode Is Can

Rev. 2.00, 09/03, pac
RENESAS



Rev. 2.00, 09/03, page 308 of 690
RENESAS



reload function that can beread or written to at any time
e All channés generate interrupt requests when the 32-bit down counter underflows
(H'00000000 -» H'FFFFFFFF)

e Only channel 2 is provided with an input capture function
» Allows selection among five counter input clocks: External clock (TCLK), P@/4, F
and P@/256
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\ ! TR O KL 1
; ' | Counter |« : |
' : | controller » ToNT.0 K1 i
; : TCOR_0 |< D) ;
TUNIO <— ! Interrupt E !
: ' | controller : 1
: -Ch.1------ ® |
h ' 3 ,
! ' - TCR_1 |< D, b i
! , Counter ([« : 3 !
' i ! <] '
: : controller > TCNT 1 @ s :
' | Interrupt TCOR_1 |< L X
TUNIT = ! | controller ' .
; 7 Rt S ;
: : «——{ 1crR2 KT 5
: iy ] . i
: i | Counter TCPR_2 | :
E i | controller X :
: : ¥ : 5
TUNI2 +———————| Interrupt :
TICPI2 ! ! controller ! !
. A T™U -
Legend:
TSTR: Timer start register TCNT_n: 32-bit timer counter
TCR_n: Timer control register TCOR_n: 32-bit timer constant register
(n:0,1,2) TCPR_2: 32-bit input capture register

Figure12.1 TMU Block Diagram
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12.3 Register Descriptions

The TMU has the following registers. Refer to section 24, List of Registers, for more
addresses of theseregisters and state of theseregistersin each processing state. For th
name for each channel, TCOR for channel 0 isnoted as TCOR 0.

1

Common
Timer start register (TSTR)

Channel 0

Timer constant register_0 (TCOR_0)
Timer counter_0 (TCNT_0)

Timer control register 0 (TCR_0)

Channd 1

Timer constant register_1 (TCOR_1)
Timer counter_1 (TCNT_1)

Timer control register_1 (TCR_1)

Channedl 2

Timer constant register_2 (TCOR_2)
Timer counter_2 (TCNT_2)

Timer control register 2 (TCR_2)
Input captureregister_2 (TCPR_2)

RENESAS
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7t03 0O 0

Reserved

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

2 STR2 0

R/W

Counter Start 2

Selects whether to run or halt timer counter
(TCNT_2).

0: TCNT_2 count halted
1: TCNT_2 counts

1 STR1 0

R/W

Counter Start 1

Selects whether to run or halt timer counter :
(TCNT_1).

0: TCNT_1 count halted
1: TCNT_1 counts

0 STRO 0

R/W

Counter Start 0

Selects whether to run or halt timer counter (
(TCNT_O).

0: TCNT_O count halted
1: TCNT_O counts
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capture.

TCR_O0and TCR_I:

Bit

Bit Name

Initial Value

R/W

Description

15t09 0

0

R

Reserved

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

UNF

RI(W)*

Underflow Flag

Status flag that indicates occurrence of a T
underflow.

0: TCNT has not underflowed
[Clearing condition]

0 is written to UNF

1: TCNT has underflowed
[Setting condition]

TCNT underflows

7,6

Reserved

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

5

UNIE

0

R/W

Underflow Interrupt Control

Controls enabling of interrupt generation wt
status flag (UNF) indicating TCNT underfloy
set to 1.

0: Interrupt due to UNF (TUNI) is disabled
1: Interrupt due to UNF (TUNI) is enabled
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2 TPSC2 0 R/W  Timer Prescaler
1 TPSC1 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: Setting prohibited
101: Count on TCLK pin input
110: Setting prohibited
111: Setting prohibited

Note: * Only 0 can be written for clearing the flags. If 1 is written to this bit, the prior valu
retained.
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0: No input capture request has beer

[Clearing condition]

0 is written to ICPF

1: Input capture has been requested
pin.

[Setting condition]

When an input capture is requested \

pin

UNF

RI(W)*

Underflow Flag

Status flag that indicates occurrence
underflow.

0: TCNT_2 has not underflowed
[Clearing condition]

0 is written to UNF

1: TCNT_2 has underflowed
[Setting condition]

TCNT_2 underflows
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01: Setting prohibited

10: Input capture function is used. Inte
ICPF (TICPI2) are not enabled.

11: Input capture function is used. Inte
ICPF (TICPI2) are enabled.

5 UNIE 0

RW

Underflow Interrupt Control

Controls enabling of interrupt generati
the status flag (UNF) indicating TCNT
underflow has been set to 1.

0: Interrupt due to UNF (TUNI2) is not
1: Interrupt due to UNF (TUNI2) is ene

4 CKEG1 0
3 CKEGO 0

R/W
R/W

Clock Edge

Select an input edge of the external cl
the external clock is selected, or wher
capture function is used.

00: Count/capture register set on risin
01: Count/capture register set on fallir

1X: Count/capture register set on bott
falling edge

Note: X: Don't care.
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101: Count on TCLK pin input
110: Setting prohibited
111: Setting prohibited

Note: * Only 0 can be written for clearing the flags. If 1 is written to this bit, the prior val
retained.

12.33 Timer Congtant Registers(TCOR)
TCOR set the value to be set in TCNT when TCNT underflows.

TCOR are 32-hit readable/writable registers. Their initial valueis H'FFFFFFFF.

12.34 Timer Counters(TCNT)

TCNT counts down upon input of a clock. The clock input is selected usng the TPSC
bitsin the timer control register (TCR).

When a TCNT countdown resultsin an underflow (H'00000000 — H'FFFFFFFF), the
flag (UNF) in the timer control register (TCR) of therdevant channel isset. The TCC
simultaneously set in TCNT itself and the countdown continues from that value.

Initial value of TCNT is H'FFFFFFFF.

12.35 Input Capture Register_2 (TCPR_2)

TCPR_2isaread-only 32-bit register used for the input capture function built only in
The TCPR_2 setting conditions due to the TCLK pin are controlled by theinput captt
bits (ICPEL/ICPEO and CKEGL/CKEGO0) in TCR_2. When a TCPR_2 setting indicati
TCLK pin occurs, the value of TCNT_2 iscopied into TCPR_2.

Initial value of TCPR_2 is undefined.
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timer counter (TCNT) gtarts counting. When a TCNT underflows, the UNF flag of the
corresponding timer control register (TCR) isset. At thistime, if the UNIE bitin TCR
interrupt request is sent to the CPU. Also & thistime, the valueis copied from TCOR t

and the down-count operation is continued.

Count Operation Setting Procedure: An example of the procedure for setting the co

operation is shown in figure 12.2,

( Select operation )

Select counter 1)
clock
Set underflow
. . (2)
interrupt generation

Set input capture

A 4
Set timer constant 4
register )

v

Initialize timer

counter ®)
Start counting (6)

interrupt generation

When using input
;capture function

@)

™

(2

-

(4

=

()
(6)

Select the counter clock with the TPSCO-1
bits in the timer control register. If the exte
clock is selected, select its edge with the (
and CKEGO bits in the timer control regist
Use the UNIE bit in the timer control regisi
whether to generate an interrupt when tim
counter underflows.

When using the input capture function, se
ICPE bits in the timer control register, incl
the choice of whether or not to use the int
function (channel 2 only).

Set a value in the timer constant register
(the cycle is the set value plus 1).

Set the initial value in the timer counter.
Set the STR bit in the timer start register t
start operation.

Note: When an interrupt has been generated, clear the flag in the interrupt handler that cat
If interrupts are enabled without clearing the flag, another interrupt will be generated.

Figure 12.2 Setting Count Operation
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—

Figure 12.3 Auto-Reload Count Operation

TCNT Count Timing:

1

Internal Clock Operation: Set the TPSC2 to TPSCO bitsin TCR to select whether

four internal clocks created by dividing the peripheral module clock is used (Pg/4,
P@/64, P@'256). Figure 12.4 shows the timing.

JpNnlaMelnliyNeNnlinl

Internal —Isﬁ SJ SS |
clock
Timer counter \
input clock 4,—|—S(/ \

)]

TONT ~ N+ 1 X ) N % X N-1

Figure 12.4 Count Timing when Internal Clock I's Operating

Rev. 2.00, 09/03, pac
RENESAS



External (C

clock input ))
(TCLK) N £ |\ L
TCNT
input clock SS ()(}

TCNT N+1 X W N X N-1

Figure 125 Count Timing when External Clock 1sOperating (Both Edges De

12.4.2  Input Capture Function

Channel 2 has an input capture function. When using theinput capture function, set the
operation clock to internd clock with the TPSC2 to TPSCO hitsin TCR_2. Also, specif
the input capture function and whether to generate interrupts on using it with the | CPE:
bitsin TCR_2, and specifies the use of ether therising or falling edge of the TCLK pir
TCNT_2 valueinto TCPR_2 with the CKEGL1 to CKEGO bitsin TCR_2. Theinput cay
function cannot be used in standby mode.

Figure 12.6 shows the timing at therising edge of the TCLK pin input.

TCNT_2 value TCOR_2 value set to
i / TCNT_2 during underflow
TCOR 2 F————=—=—————————fp—————————

H'00000000

TCLK |_|

TCPR 2 X Set TCNT_2 value
TICPI2 | 2 D)
(

Figure 12.6 Operation Timing when Using Input Capture Function
(Using TCLK Rising Edge)
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G A

TCNT X H00000000 X TCOR value
(«
Underflow
signal 4 2 |

UNF |

TUNI |

Figure 127 UNF Set Timing

1252 StatusFlag Clear Timing

The status flag can be cleared by writing 0 from the CPU. Figure 12.8 shows the timir

TCR write cycle

®
G I

Peripheral address bus X TCR address X

UNF, ICPF |

Figure 12.8 Status Flag Clear Timing
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Table 12.2 lists TMU interrupt sources.

Table12.2 TMU Interrupt Sources

Channel Interrupt Source Description Priority

0 TUNIO Underflow interrupt 0 High

1 TUNI1 Underflow interrupt 1

2 TUNI2 Underflow interrupt 2 T
TICPI2 Input capture interrupt 2 Low

12.6  Usage Notes

12.6.1 Writingto Registers

Synchronization processing isnot performed for timer counting during register writes.
writing to registers, always clear the appropriate start bits for the channel (STR2 to STF
timer start register (TSTR) to halt timer counting.

12.6.2 Reading Registers

Synchronization processing is performed for timer counting during register reads. Whe
counting and register read processing are performed simultaneously, theregister value
TCNT counting down isread.
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» Four types of counter input clock can be selected.
One of four internal clocks (P@'4, P8, P@/16, P@/64) can be selected.

» Generatesa DMA transfer request when compare match occurs. (The CPU interru
supported.)

*  When the CMT isnot used, the operation can be halted by stopping the clock supy
CMT so that the power consumption can be reduced.

Po/4 Po/8 Pyi16 Py/64

; | Control circuit | Clock selection |
' b b

S :

x = '

| E 9] o :
T k)] ) g .
= = £ :
VO] |o 5 .
, O :
E Bus E
E < Module bus interface '

[Legend] Internal bus

CMSTR: Compare match timer start register
CMCSR: Compare match timer control/status register
CMCOR: Compare match constant register

CMCNT: Compare match counter

Figure13.1 CMT Block Diagram
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13.21 CompareMatch Timer Start Register (CMSTR)
CMSTR isa 16-bit register that selects whether to operate or halt the counter (CMCNT

Bit Bit Name Initial Value R/W Description
15to01 — 0 R Reserved

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

0 STR 0 R/W Count Start

Selects whether to operate or halt the
match counter.

0: CMCNT count operation halted
1: CMCNT count operation
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A

R/(W)* Compare Match Flag

7 CMF
Indicates whether CMCNT and CMC
have matched or not.
0: CMCNT and CMCOR values have
[Clearing condition]
Write 0 to CMF after reading CMF =
1: CMCNT and CMCOR values have
6,5 — R Reserved
These bits are always read as 0. The
should always be 0.
4 CMR R/W Compare Match Request
0: Disables a DMA transfer request
1: Enables a DMA transfer request
3,2 — R Reserved
These bits are always read as 0. The
should always be 0.
CKS1 R/W Clock Select
CKSO0 R/W Select the clock input to CMCNT fror

four internal clocks obtained by divid
peripheral clock (Pg). When the STR
CMSTR is setto 1, CMCNT begins il
with the clock selected by the CKS1
bits.

00: P @4
01: P @8
10: P ¢/16
11: P @64

Note: *Only 0 can be written for clearing the flags.
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13.24 CompareMatch Constant Register (CM COR)
CMCOR isa16-hit register that sets the compare match period with CMCNT.

Theinitial value of CMCOR is H'FFFF.
13.3 Operation

13.3.1 Period Count Operation

When aninternal clock is selected with the CKS1 and CK S0 bitsin CMCSR and the S
CMSTRIissetto 1, CMCNT beginsincrementing with the selected clock. When the CI
value matches that of CMCOR, CMCNT is cleared to H'0000 and the CMF flag in CM
to 1. CMCNT begins counting up again from H'0000.

Figure 13.2 shows the compare match counter operation.

CMCNT value Counter cleared by
CMCOR compare match
CMCOR [ "7 7777 A AT
H'0000

Time

Figure 13.2 Counter Operation

Rev. 2.00, 09/03, page 326 of 690
RENESAS



CMCNT input
clock _,_l I « | |

cMCNT — N X 7 N . X N+1

Figure 13.3 Count Timing

13.33 CompareMatch Flag Set Timing

The CMF bitin CMCSR is set to 1 by the compare match signa generated when CM(
CMCNT match. The compare match signal is generated upon the find date of the ma
at which the CMCNT matching count value is updated to H'0000). Consequently, afte
and CMCNT match, a compare match signd will not be generated until a CMCNT cl
Figure 13.4 shows the CMF bit set timing.

(I .
inpclizwcclzc!\:;l | |
CMCNT N X 0

CMCOR N

Compare 4,_|
match signal

CMF I

CMI |

Figure 134 CMF Set Timing
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channels). TGRA can be set as an output compareregister.

TGRB, TGRC, and TGRD for each channel can also be used as timer counter cles
registers. TGRC and TGRD can also be used as buffer registers.

e Sdection of four counter input clocks for channels0to 3
» Thefollowing operations can be set for each channd:
Waveform output at compare match: Selection of 0, 1, or toggle output
Counter clear operation: Counter clearing possible by compare match
PWM mode: Any PWM output duty cycle can be set
Maximum of 4-phase PWM output possible
» Buffer operation settable for each channel
Automatic rewriting of output compare register possible
e Aninterrupt request for each channel

Compare match and overflow interrupt requests can be enabled or disabled for eac
independently

TIMTPUSA_000020020100 Rev. 2.00, 09/03, pag
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TGROB TGR1B TGR2B TGR3E
General registers/ TGROC TGR1C TGR2C TGR3(
buffer registers TGROD TGR1D TGR2D TGR3L
Output pins TOO TO1 TO2 TO3
Counter clear TGR compare TGR compare TGR compare TGR c
function match match match match
Compare Ooutput QO O O O
match
output loutput QO O O O
Togge O O O O
output
PWM mode O O O O
Buffer operation O O O O
Interrupt sources 5 sources 5 sources 5 sources 5 soure
 Compare  Compare  Compare « Col
match match match ma
« Overflow « Overflow « Overflow o« Ovi

Legend
(O:  Possible
— Not possible
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-
TGRB Buffer _
Comparator 2
TGRC %
7]
TGRD I
-
>
Channel 1 Same as channel 0
Clock Edge
selection selection Sgunter out
ut
con
clear
Channel 2
[
TGRA L
o]
TGRB Buffer _
"] Comparator %
TGRC 3
7]
TGRD I
L]
L Channel 3 Same as channel 2

Figure 14.1 Block Diagram of TPU
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1 Output compare  TO1 TGR1A output compare output/PW
match 1 pin

2 Output compare  TO2 TGR2A output compare output/PW
match 2 pin

3 Output compare  TO3

match 3

TGR3A output compare output/PW
pin

14.3 Register Descriptions

The TPU hasthe following registers. Refer to section 24, List of Registers, for more de
addresses of these registers and state of these registersin each processing state. For the
name for each channel, TCR for channd Oisnoted as TCR 0.

1

Channel 0
Timer control register 0 (TCR_0)
Timer moderegister_0 (TMDR_0)

Timer I/O control register_0 (TIOR_0)
Timer interrupt enableregister_0 (TIER_0)

Timer statusregister_0 (TSR_0)
Timer counter_0 (TCNT_0)

Timer general register A_0 (TGRA_0)
Timer general register B_0 (TGRB_0)
Timer general register C_0 (TGRC_0)
Timer general register D_0 (TGRD_0)

Channdl 1
Timer control register_1 (TCR_1)
Timer moderegister_1 (TMDR_1)

Timer |1/O control register_1 (TIOR 1)
Timer interrupt enableregister_1 (TIER_1)

Timer statusregister 1 (TSR _1)
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Timer I/O control register_2 (TIOR_2)
Timer interrupt enableregister_2 (TIER_2)
Timer statusregister 2 (TSR_2)

Timer counter_2 (TCNT_2)

Timer general register A_2 (TGRA_2)
Timer general register B_2 (TGRB_2)
Timer general register C_2 (TGRC_2)
Timer general register D_2 (TGRD_2)

Channel 3

Timer control register_3 (TCR_3)
Timer moderegister_3 (TMDR_3)
Timer I/O control register_3 (TIOR_3)
Timer interrupt enableregister_3 (TIER_3)
Timer statusregister_3 (TSR_3)
Timer counter_3 (TCNT_3)

Timer general register A_3 (TGRA_3)
Timer general register B_3 (TGRB_3)
Timer general register C_3 (TGRC_3)
Timer general register D_3 (TGRD_3)

Common
Timer start register (TSTR)

RENESAS
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These bits are always read as 0 and cannot be m

7 CCLR2 0 R/W  Counter Clear
6 CCLR1 0 R/W  Select the TCNT clearing source.
5 CCLRO 0 R/W  000: TCNT clearing disabled
001: TCNT cleared by TGRA compare match
010: TCNT cleared by TGRB compare match
011: Setting prohibited
100: TCNT clearing disabled
101: TCNT cleared by TGRC compare match
110: TCNT cleared by TGRD compare match
111: Setting prohibited
4 CKEG1 0 R/W  Clock Edge
3 CKEGO 0 R/W  Select the input clock edge. When the internal clo
counted using both edges, the input clock period |
(e.g. P@/4 both edges = P@'2 rising edge).
00: Count at rising edge
01: Count at falling edge
1X: Count at both edges”
[Legend] X: Don't care
Note: * Internal-clock edge selection is valid wher
clock is P@4 or slower. If the input clock is
operation is not performed.
2 TPSC2 0 R/W  Timer Prescaler
1 TPSC1 0 R/W  Select the TCNT count clock. The clock source ce
0 TPSCO 0 r/w Selected independently for each channel. Table 1

the clock sources that can be set for each channe
information on count clock selection, see table 14
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O : Setting
Blank: No setting

Table14.4 TPSC2to TPSCO (1)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
0 0 0 0 Internal clock: counts on P@'1
1 Internal clock: counts on P@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on Pq@/64
1 X X Setting prohibited
Note: X: Don't care
Table14.4 TPSC2to TPSCO (2)
Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
1 0 0 0 Internal clock: counts on P@'1
1 Internal clock: counts on P@/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on Pq@/64
1 X X Setting prohibited

Note: X: Don't care

RENESAS
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Note: X: Don't care

Table14.4 TPSC2to TPSCO (4)

Bit 2 Bit 1 Bit 0
Channel TPSC2 TPSC1 TPSCO Description
3 0 0 0 Internal clock: counts on Pq/1
1 Internal clock: counts on Pq/4
1 0 Internal clock: counts on P@/16
1 Internal clock: counts on Pq@/64
1 X X Setting prohibited

Note: X: Don't care

Rev. 2.00, 09/03, page 336 of 690
RENESAS



15to7 O

Reserved
These bits are always read as 0 and cannot be r

6

BFWT

0

R/W

Buffer Write Timing

Specifies TGRA and TGRB update timing when
TGRD are used as a compare match buffer. Wh
and TGRD are not used as a compare match bu
this bit is ignored.

0: TGRA and TGRB are rewritten at compare m:
register.

1: TGRA and TGRB are rewritten in counter clez

BFB

R/W

Buffer Operation B

Specifies whether TGRB is to operate in the nor
TGRB and TGRD are to be used together for bu
operation.

0: TGRB operates normally
1: TGRB and TGRD used together for buffer ope

BFA

R/W

Buffer Operation A

Specifies whether TGRA is to operate in the nor
TGRA and TGRC are to be used together for bu
operation.

0: TGRA operates normally
1: TGRA and TGRC used together for buffer ope

Reserved
This bit is always read as 0 and cannot be modif

MD2
MD1
MDO

R/W
R/W
R/W

Timer Operating Mode
Set the timer-operating mode.

000: Normal operation
001: Setting prohibited
010: PWM mode

011: Setting prohibited
1XX: Setting prohibited
Note: X: Don't care
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15t03 O R Reserved
These bits are always read as 0 and cannot be m
IOA2 R/W 1/O Control
I0OA1 R/W  Bits IOA2 to IOAO specify the functions of TGRA
I0AO R/W pin. For details, refer to table 14.5.
Table14.5 10A2tolOA0
Bit 2 Bit 1 Bit 0
Channel |O0A2 I0A1 I10A0 Description
Oto3 0 0 0 Always 0 output
1 Initial output is 0 O output at TGRA compare ma
1 0 output for TO pin 1 output at TGRA compare ma
1 Toggle output at TGRA compa
1 0 0 Always 1 output
1 Initial output is 1 0 output at TGRA compare ma
1 0 output for TO pin 1 output at TGRA compare ma
1 Toggle output at TGRA compa

Note: * This setting is invalid in PWM mode.
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Enables or disables interrupt requests by the TC
the TCFV bitin TSR is set to 1 (TCNT overflow).

0: Interrupt requests by TCFV disabled
1: Interrupt requests by TCFV enabled

TGIED

R/W

TGR Interrupt Enable D

Enables or disables interrupt requests by the TG
the TGFD bitin TSR is setto 1 (TCNT and TGR
match).

0: Interrupt requests by TGFD disabled
1: Interrupt requests by TGFD enabled

TGIEC

R/W

TGR Interrupt Enable C

Enables or disables interrupt requests by the TG
the TGFC bitin TSR is setto 1 (TCNT and TGR
match).

0: Interrupt requests by TGFC disabled
1: Interrupt requests by TGFC enabled

TGIEB

R/W

TGR Interrupt Enable B

Enables or disables interrupt requests by the TG
the TGFB bitin TSR is set to 1 (TCNT and TGRI
match).

0: Interrupt requests by TGFB disabled
1: Interrupt requests by TGFB enabled

TGIEA

R/W

TGR Interrupt Enable A

Enables or disables interrupt requests by the TG
the TGFA bitin TSR is setto 1 (TCNT and TGR.
match).

0: Interrupt requests by TGFA disabled
1: Interrupt requests by TGFA enabled

Rev. 2.00, 09/03, pag
RENESAS



- L hdl PAMAYY )

D )

Status flag that indicates that TCNT overflow has
[Clearing condition]

When 0 is written to TCFV after reading TCFV =
[Setting condition]

When the TCNT value overflows (changes from F
H'0000)

3 TGFD 0 RI(W)*

Output Compare Flag D

Status flag that indicates the occurrence of TGRC
match.

[Clearing condition]

When 0 is written to TGFD after reading TGFD =
[Setting condition]

When TCNT = TGRD

2 TGFC 0 RI(W)*

Output Compare Flag C

Status flag that indicates the occurrence of TGRC
match.

[Clearing condition]

When 0 is written to TGFC after reading TGFC =
[Setting condition]

When TCNT = TGRC

1 TGFB 0 RI(W)*

Output Compare Flag B

Status flag that indicates the occurrence of TGRB
match.

[Clearing condition]

When 0 is written to TGFB after reading TGFB =
[Setting condition]

When TCNT = TGRB
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Note: * Only 0 can be written for clearing the flags.

1436 Timer Counters (TCNT)

TCNT are 16-bit counters.

Theinitia value of TCNT is H'0000.

14.3.7 Timer General Registers (TGR)

TGR are 16-hit regigters.

TGRC and TGRD can aso be designated for operation as buffer registers*. Theinitia

TGRisH'FFFF.

Note: * TGR buffer register combinations are TGRA—TGRC and TGRB—TGRD.

1438 Timer Start Register (TSTR)

TSTRisa16-hit readable/writable register that selects TCNT operation/stoppage for

3.

Initial
Bit Bit Name Value R/W Description
15t04 O 0 R Reserved

These bits are always read as 0 and cannot be r

3 CST3 0 R/W  Counter Start
2 CST2 0 R/W  Select operation or stoppage for TCNT.
1 CST1 0 R/W  0: TCNTn count operation is stopped
0 CSTO 0 R/W  1: TCNTn performs count operation

[Legend]n=3to 0
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purrer Operation: Vwvhen a compare match occurs, the value In the purter register 1or t
channd istransferred to TGR. For update timing from a buffer register, rewriting on cc
match occurrence or on counter clearing can be sel ected.

PWM Mode: In thismode, a PWM waveform is output. The output level can be set by
TIOR. A PWM waveform with a duty cycle of between 0% and 100% can be output, a
the setting of each TGR register.
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( Operation selection )

Select counter clock [1]
( Periodic counter ) ( Free-running counter )

|

Select counter clearing source | [2]
|

Select output compare register | [3]
|

Set period [4]
|

Set external pin function [5] Set external pin function
|
Start count [6] Start count

<Periodic counter>

<Free-running counter>

[1] Select the counter

with bits TPSC2 to
TPSCO in TCR. At
same time, select t
input clock edge wi
CKEG1 and CKEG
TCR.

For periodic counte
operation, select th
TGRA to be used &
TCNT clearing soul
with bits CCLR2 to
CCLRO in TCR.

Designate the outp
compare register b
means of TIOR.

[4] Set the periodic col

cycle in the TGRA.

[5] Set the external pir

function in pin func
controller (PFC).

[6] Setthe CST bit in

to 1 to start the cou
operation.

Figure 14.2 Example of Counter Operation Setting Procedure
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H'0000

Tin

CST bit

TCFV

Figure 14.3 Free-Running Counter Operation

When compare match is selected asthe TCNT clearing source, the TCNT counter for t
channd performs periodic count operation. The TGR register for setting the period is d
as an output compare register, and counter clearing by compare match is selected by m
CCLR2 to CCLRO in TCR. After the settings have been made, TCNT starts up-count ©
a periodic counter when the corresponding bit in TSTR is set to 1. When the count valt
the valuein TGR, the TGF bit in TSR isset to 1 and TCNT is cleared to H'0000.

After acompare match, TCNT starts counting up again from H'0000.

Figure 14.4 illustrates periodic counter operation.

TCNT value Counter cleared by TGRA
_~~compare match

TGRA

H'0000

Tim

CST bit

Flag cleared by software
. 9 y

TGFA

Figure 14.4 Periodic Counter Operation
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|Se|ect waveform output model i initial value is output at the TO pin until the first
compare match occurs.

| [2] Set the timing for compare match generation in
Set output timing [2] TGRA.

| [3] Set the external pin function in pin function

controller (PFC).

| Set external pin function | [3]

| :

Set the CST bit in TSTR to 1 to start the count
operation.

Start count [4]

'

<Waveform output>

Figure 14.5 Example of Setting Procedurefor Waveform Output by Compa

Exampl es of waveform output operation
Figure 14.6 shows an example of 0 output/1 outpuit.

In thisexample TCNT has been designated as a free-running counter, and settings
made so that 1 is output by compare match A, and 0 is output by compare match E
st level and the pin level coincide, the pin level does not change.

TCNT value

HFFFF [ e e e e e o e e e
TGRA |-------2

H'0000

~~ No change ~~ No change

TO pin (1 output) I ~ N

TO pin (0 output) | ~ No change +~ No change
Ny

Figure 14.6 Example of 0 Output/1 Output Operation
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TO pin | | I Toggle output

Figure 14.7 Example of Toggle Output Operation

1443 Buffer Operation
Buffer operation, enables TGRC and TGRD to be used as buffer registers.
Table 14.6 shows theregister combinations used in buffer operation.

Table14.6 Register Combinationsin Buffer Operation

Timer General Register

Buffer Register

TGRA

TGRC

TGRB

TGRD

When a compare match occurs, the value in the buffer register for the corresponding ct
transferred to the timer general register. For update timing from a buffer register, rewri
compare match occurrence or on counter cleaning can be selected.

Thisoperationisillustrated in figure 14.8.

Counter clearing signal Compare match signal

BFWT bit

f Timer general [\ |
Buffer register ~{ >—
9 register A Comparator K TCNT

Figure 14.8 Compare Match Buffer Operation
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L - - |
| [4] Setthe CST bitin TSTR to 1 to start the count
operation.

| Set external pin function [3]

Start count [4]

!

<Buffer operation>

Figure 14.9 Example of Buffer Operation Setting Procedure
Example of Buffer Operation

Figure 14.10 shows an operation examplein which PWM mode has been designated f
and buffer operation has been designated for TGRA and TGRC. The settings used in't
are TCNT clearing by compare match B, 1 output at compare match A, and O output
clearing. Rewriting timing from the buffer register is set a counter clearing.

As buffer operation has been set, when compare match A occurs the output changes. \
counter clearing occurs by TGRB, the output changes and the value in buffer register
simultaneoudly transferred to timer general register TGRA. This operation is repested
compare match A occurs.

For details of PWM modes, see section 14.4.4, PWM Modes.
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TGRA LN X N@B) | X N@oRre+) X

TO pin | | '_|

Figure 14.10 Example of Buffer Operation

1444 PWM Modes

In PWM mode, PWM waveforms are output from the output pins. 0 or 1 output can be
the output level in response to compare match of each TGRA.

Designating TGRB compare match as the counter-clearing source enables the period tc
that regigter. All channels can be designated for PWM mode independently.

PWM output is generated from the TO pin using TGRB as the period register and TGR
cycleregisters. The output specified in TIOR is performed by means of compare match
counter clearing by a period register compare match, the output value of each pinis the
value set in TIOR. Set TIOR so that theinitial output and an output value by compare
different. If the same levels or toggle outputs are selected, operation is disabled.

Conditions of duty cycle 0% and 100% are shown below.

* Dutycycle 0%: Theset value of the period register (TGRB) isTGRA + 1 for the
register (TGRA).
» Duty cycle 100%: The set value of the duty register (TGRA) isO.

In PWM mode, a maximum 4-phase PWM outpuit is possible.
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I [3] Use TIOR to select the initial value and

| Select waveform output level | [3] output value.

| [4] Set the period in TGRB, and set the duty in

Set period [4] TGRA.

‘ [5] Select the PWM mode with bits MD2 to MDO in
| Set PWM mode | [5] TMDR.

| [6] Set the external pin function in pin function

Set external pin function [6] controller (PFC).

‘ [7] Setthe CST bitin TSTR to 1 to start the count

| Start count | 71 operation.
<PWM mode>

Figure 14.11 Example of PWM M ode Setting Procedure
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1GRB

TGRA
H'0000

Tim:

o ] L L |

Figure 14.12 Example of PWM M ode Operation (1)

Figure 14.13 shows examples of PWM waveform output with 0% duty and 100% duty

TCNT 2):( 0 X 1 X 2 X 0 X

ToRA-0 s s s s s
TGRA=1 | | |

TGRA=2 |

TGRA=3 | ' '

T Rewrite timing for TGRA
Period: TGRB=2

Figure 14.13 Examplesof PWM M ode Operation (2)
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e Clock and calendar functions (BCD format): seconds, minutes, hours, date, day of
month, and year

e 1-Hzto 64-Hz timer (binary format)
e Start/stop function
e 30-second adjust function

e Alarminterrupt: frame comparison of seconds, minutes, hours, date, day of the we
and year can be used as conditions for the alarm interrupt

» Periodicinterrupts theinterrupt cycle may be 1/256 second, 1/64 second, 1/16 sex
second, 1/2 second, 1 second, or 2 seconds

e Carry interrupt: a carry interrupt indicates when a carry occurs during a counter re
e Automatic leap year adjustment

RTCS320A_000020020100 Rev. 2.00, 09/03, pag
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: l : NRVVAUINI : :
E Prescaler ! | RDAYCNT | 1
v (=128) i | RMONCNT| :
E i | RYRCNT | . h
ATI <—E— Interrupt { Comparator :
' control 2 .
PRI <—— circuit [—— | _____ (... - i
i [RsEcArR |1 3|
P RMINAR |1 |2
| camry | RHRAR | :
Ccul 4—2— detection i RWKAR :C> ,
' circuit > : , ,
! i | RDAYAR | | .
E 1 | RMONAR | ! :
—* RYRAR |! :
» RCR1 |
RCR2 !
: ReRs K i
Legend: R L P L e LT e R E e EE T RTC -
R64CNT: 64-Hz counter RHRAR: Minute alarm register
RSECCNT: Second counter RMINAR: Hour alarm register
RMINCNT: Minute counter RWKAR: Day of the week alarm register
RHRCNT: Hour counter RDAYAR: Date alarm register
RWKCNT: Day of the week counter RMONAR: Month alarm register
RDAYCNT: Date counter RYRAR: Year alarm register
RMONCNT: Month counter RCR1: RTC control register 1
RYRCNT: Year counter RCR2: RTC control register 2
RSECAR: Second alarm register RCR3: RTC control register 3

Figure15.1 RTC Block Diagram
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Power-supply for RTC Vce-RTC —  Power-supply pin for RTC
GND for RTC Vss-RTC — GND pin for RTC
Note: * Pull up (VccQ (3.3 V power)) EXTAL2 and leave XTAL2 open, when the RTC i

15.3 Register Descriptions

The RTC hasthe following registers. Refer to section 24, List of Registers, for more
address and access size.

e 64-Hz counter (R64CNT)

» Second counter (RSECCNT)

* Minute counter (RMINCNT)

* Hour counter (RHRCNT)

» Day of week counter (RWKCNT)
» Datecounter (RDAYCNT)

* Month counter (RMONCNT)

*  Year counter (RYRCNT)

* Second adarmregister (RSECAR)
e Minuteaarm register (RMINAR)
e Hour darmregister (RHRAR)

o Day of week alarm register (RWKAR)
o Dateadarmregister (RDAYAR)

e Month adarm regiser (RMONAR)
* Year damregister (RYRAR)

* RTC control register 1 (RCR1)

* RTC control register 2 (RCR2)

e RTC control register 3 (RCR3)
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7 ad 0 R Reserved
This bit is always read as 0.
6to0 a a R 64-Hz Counter

Each bit (bits 6 to 0) indicates the stat
RTC divider circuit between 64 Hz an

Bit Frequency
1Hz

2 Hz

4 Hz

8 Hz

16 Hz

32 Hz

64 Hz

15.32  Second Counter (RSECCNT)

The second counter (RSECCNT) isan 8-bit readable/writable register used for setting/
the BCD-coded second section. The count operation is performed by a carry for each s
64-Hz counter.

The range of second that can be set is 00 to 59 (decimal). Errant operation will result if
valueis set. Carry out write processing after stopping the count operation with the STA
RCR2.

RSECCNT isnot initialized by a power-on reset or manual reset, or in standby mode.
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15.3.3 Minute Counter (RMINCNT)

The minute counter (RMINCNT) is an 8-bit readabl e/writable register used for setting
the BCD-coded minute section. The count operation is performed by a carry for each
second counter.

The range of minute that can be set is 00 to 59 (decimal). Errant operation will result |
valueis set. Carry out write processing after stopping the count operation with the ST
RCR2.

RMINCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description
7 O 0 R Reserved

This bit is always read as 0. The writ
should always be 0.

6to4 O O R/W 10-unit of the minute counter in the E
The range that can be setis 0to 5 (c
3to0 a ad R/W 1-unit of the minute counter in the B(

The range that can be setis 0to 9 (c

1534 Hour Counter (RHRCNT)

The hour counter (RHRCNT) isan 8-hit readable/writable register used for setting/co
BCD-coded hour section. The count operation is performed by a carry for each 1 hour
minute counter.

Therange of hour that can be set is 00 to 23 (decimal). Errant operation will result if ¢
valueis set. Carry out write processing after stopping the count operation with the ST
RCR2.

RHRCNT isnot initiaized by a power-on reset or manual reset, or in standby mode.
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1535 Day of Week Counter (RWKCNT)

The day of week counter (RWKCNT) isan 8-bit readable/writable register used for
setting/counting in the day of week section. The count operation is performed by a carr
day of the date counter.

Therange for day of the week that can be set is0to 6 (decimal). Errant operation will 1
other valueis set. Carry out write processing after stopping the count operation with th
bit in RCR2.

RWKCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description
7t03 O 0 R Reserved

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

2t00 g g R/W Counter for the day of week in the BC
The range that can be set is 0 to 6 (de

Code Day of Week
Sunday

Monday
Tuesday
Wednesday
Thursday
Friday

Saturday
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RDAYCNT isnot initialized by a power-on reset or manua reset, or in standby mode

Bit Bit Name Initial Value R/W Description
7,6 O 0 R Reserved

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

54 a ad R/W 10-unit of the date counter in the BC
The range that can be set is 0 to 3 (c
3to0 a ad R/W 1-unit of the date counter in the BCD

The range that can be set is 0 to 9 (c

1537 Month Counter (RMONCNT)

The month counter (RMONCNT) is an 8-bit readabl e/writable register used for settin
the BCD-coded month section. The count operation is performed by a carry for each r
date counter.

The range of month that can be set is 01 to 12 (decimal). Errant operation will result i
valueis set. Carry out write processing after stopping the count operation with the ST
RCR2.

RMONCNT isnot initialized by a power-on reset or manual reset, or in standby mode

Bit Bit Name Initial Value R/W Description
7t05 O 0 R Reserved

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

4 a ad R/W 10-unit of the month counter in the B
The range that can be setis 0to 1 (c
3to0 a ad R/W 1-unit of the month counter in the BC

The range that can be set is 0to 9 (c
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RYRCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Leap years are recognized by dividing the year counter value by 4 and obtaining a fract
of 0. The year counter value 0000 is recognized as aleap year.

Bit Bit Name Initial Value R/W Description

15t012 0O g R/W 1000-unit of the year counter in the B(
The range that can be set is 0 to 9 (de

11to8 O O R/W 100-unit of the year counter in the BC
The range that can be set is 0 to 9 (de

7t04 g g R/W 10-unit of the year counter in the BCD
The range that can be set is 0 to 9 (de

3to0 g g R/W 1-unit of the year counter in the BCD-

The range that can be set is 0 to 9 (de

1539 Second Alarm Register (RSECAR)

The second darm register (RSECAR) isan 8-bit readable/writable register, and an alar
corresponding to the second counter RSECCNT. When the ENB bit is set to 1, a comp:
the RSECCNT valueis performed. For alarm registers RSECAR, RMINAR, RHRAR,
RDAY AR, and RMONAR, a comparison with the corresponding counter valueis perfc
those whose ENB bhit is set to 1, and for RCR3, a comparison is performed when the Y.
set to 1. If al of those match, an RTC alarm interrupt is generated.

The range of second adarm that can be set is00 to 59 (decimal). Errant operation will re
other valueis set.

The ENB bit in RSECAR isinitialized to O by a power-on reset, and it isnot initialized
reset and standby mode. The remaining RSECAR fidds are not initiaized by a power-
manual reset, or in standby mode.
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owov U U RIVV 1-unit or secona alarm setting In the
The range that can be setis 0to 9 (c

15.3.10 Minute Alarm Register (RMINAR)

The minute darm register (RMINAR) isan 8-bit readable/writable register, and an al:
corresponding to the minute counter RMINCNT. When the ENB hit is set to 1, a com
the RMINCNT valueis performed. For darm registers RSECAR, RMINAR, RHRAFR
RDAY AR, and RMONAR, a comparison with the corresponding counter valueis per
those whose ENB bit is set to 1, and for RCR3, a comparison is performed when the
set to 1. If al of those match, an RTC alarm interrupt is generated.

The range of minute alarm that can be set is 00 to 59 (decimal). Errant operation will
other valueis set.

The ENB bit in RMINAR isinitialized by a power-on reset, and it isnot initialized by
reset and standby mode. The remaining RMINAR fidds are not initialized by a power
manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description
7 ENB 0 R/W Minute Alarm Enable

Specifies whether to compare RMIN(
RMINAR to generate a second alarm

0: Not compared
1: Compared

6to4 d O R/W 10-unit of minute alarm setting in the
The range that can be setis 0to 5 (c

3to0 g g R/W 1-unit of minute alarm setting in the
The range that can be set is 0to 9 (c
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Therange of hour alarm that can be set is 00 to 23 (decimal). Errant operation will rest

other valueis s&t.

The ENB bit in RHRAR isinitiaized by a power-on reset, and it isnot initialized by m
and standby mode. The remaining RHRAR fields are not initialized by a power-on rese

reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7 ENB 0 RW Hour Alarm Enable
Specifies whether to compare RHRCN
RHRAR to generate a second alarm.
0: Not compared
1: Compared

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

5,4 O ad R/W 10-unit of hour alarm setting in the BC
The range that can be set is 0 to 2 (de

3to0 g g R/W 1-unit of hour alarm setting in the BCL

The range that can be set is 0 to 9 (de
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Therange of day of the week alarm that can be set is0to 6 (decimal). Errant operatio

if any other valueis set.

The ENB bit in RWKAR isinitialized by a power-on reset, and it is not initialized by
and standby mode. The remaining RWKAR fidds are not initialized by a power-on re

manual reset, or in standby mode.

Bit

Bit Name

Initial Value R/W

Description

7

ENB

R/W

Day of Week Alarm Enable

Specifies whether to compare RWKC
RWKAR to generate a second alarm

0: Not compared
1: Compared

6to3

g

Reserved

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

2to0

g

R/W

Day of Week Alarm Code

The range that can be set is 0 to 6 (c
Code Day of the Week

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday
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Therange of date darm that can be set is 01 to 31 (decimal). Errant operation will resu
other valueis set. The RDAYCNT rangethat can be set changes with some months anc

years. Please confirm the correct setting.

The ENB bit in RDAY AR isinitialized by a power-on reset, and it isnot initialized by
reset and standby mode. Theremaining RDAY AR fields are not initialized by a power-

manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7 ENB 0 R/W Date Alarm Enable
Specifies whether to compare RDAYC
RDAYAR to generate a second alarm
0: Not compared
1: Compared

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

54 g g R/W 10-unit of date alarm setting in the BC
The range that can be set is 0 to 3 (de

3to0 g g R/W 1-unit of date alarm setting in the BCLC

The range that can be set is 0 to 9 (de
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The range of month alarm that can be set is 01 to 12 (decimal). Errant operation will r

other valueis s&t.

The ENB bitin RMONAR isinitialized by a power-on reset, and it isnot initialized b
reset and standby mode. The remaining RMONAR fidds are not initialized by a powe

manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7 ENB 0 R/W Month Alarm Enable
Specifies whether to compare RMON
RMONAR to generate a second alari
0: Not compared
1: Compared

6,5 O 0 R Reserved
These bits are always read as 0. The
should always be 0.

4 d O R/W 10-unit of month alarm setting in the
The range that can be setis 0to 1 (c

3to0 g g R/W 1-unit of month alarm setting in the B

The range that can be set is 0to 9 (c
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Therange of year darm that can be set is0000 to 9999 (decimal). Errant operation will

any other valueis set.

The RYRAR contents are not initialized by a power-on reset or manual reset, or in stan

Description

1000-unit of year alarm setting in the |
The range that can be set is 0 to 9 (de

100-unit of year alarm setting in the B
The range that can be set is 0 to 9 (de

10-unit of year alarm setting in the BC
The range that can be set is 0 to 9 (de

Bit Bit Name Initial Value R/W
15t012 O g R/W
11to8 O g R/W
7t04 g g R/W
3t00 g g R/W

1-unit of year alarm setting in the BCLC
The range that can be set is 0 to 9 (de
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Bit

Bit Name

Initial Value R/W

Description

CF

Undefined

R/W

Carry Flag

Status flag that indicates that a carry
occurred. CF is set to 1 when R64Cl
RSECCNT is read during a carry occ
R64CNT or RSECCNT. A count regi
read at this time cannot be guarante
read is required.

0: No carry by R64CNT or RSECCN
[Clearing condition] When 0 is writ

1: [Setting condition] When R64CNT
RSECCNT is read during a carry c
R64CNT or RSECCNT, or 1 is wri

6,5

Reserved

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

CIE

R/W

Carry Interrupt Enable Flag

When the carry flag (CF) is setto 1,
enables interrupts.

0: A carry interrupt is not generated \
flag is setto 1

1: A carry interrupt is generated whel
is setto 1

AlE

R/W

Alarm Interrupt Enable Flag

When the alarm flag (AF) is set to 1,
enables interrupts.

0: An alarm interrupt is not generatec
AF flag is setto 1

1: An alarm interrupt is generated wt
flag is setto 1
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time. This flag is cleared to O when O
but holds the previous value when 1 i

0: Clock/calendar and alarm register t
matched.
[Clearing condition] When 0 is writte

1: [Setting condition] Clock/calendar a
register have matched (only registe
bit and YAEN bit is 1)

15.3.17 RTC Control Register 2 (RCR2)

The RTC control register 2 (RCR2) is an 8-bit readable/writable register for periodicir
control, 30-second adjustment ADJ, divider circuit RESET, and RTC count start/stop ¢
initialized to H'09 by a power-on reset. It isinitialized except for RTCEN and START
manual reset. It isnot initidized in standby mode, and retains its contents.

Bit Bit Name Initial Value R/W

Description

7 PEF 0 R/W

Periodic Interrupt Flag

Indicates interrupt generation with the
designated by the PES2 to PESO hits.
to 1, PEF generates periodic interrupt

0: Interrupts not generated with the pe
designated by the PES bits.
[Clearing condition] When 0 is writte

1: [Setting condition] When interrupts
generated with the period designate
PES bits or 1 is written to PEF
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ULlLl. FeEfodic Irmerrupt gerielfatcu cve
second

100: Periodic interrupt generated eve
second

101: Periodic interrupt generated eve
second

110: Periodic interrupt generated eve
111: Periodic interrupt generated eve

RTCEN

1

R/W

Controls the operation of the crystal
the RTC.

0: Halts the crystal oscillator for the F
1: Runs the crystal oscillator for the |

ADJ

R/W

30 Second Adjustment

When 1 is written to the ADJ bit, time
seconds or less will be rounded to O(
and 30 seconds or more to 1 minute.
circuit will be simultaneously reset. T
always read as 0.

0: Runs normally.
1: 30-second adjustment.

RESET

0

RW

Reset

When 1 is written, initializes the divic
(RTC prescaler and R64CNT). This |
read as 0.

0: Runs normally.
1: Divider circuit is reset.
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15.3.18 RTC Control Register 3 (RCR3)

The RTC control register 3 (RCR3) is an 8-bit readable/writable register that controlstl
comparison between the BCD-coded year section counter RYRCNT of the RTC and th

alarmregister RYRAR.

Description

Year Alarm Enable

When this bit is set to 1, the year alarr
(RYRAR) is compared with the year c
(RYRCNT). For alarm registers RSEC
RMINAR, RHRAR, RWKAR, RDAYAF
RMONAR, a comparison with the corr
counter value is performed for those w
bitis set to 1, and for RCR3, a compa
performed when this bitis set to 1. If e
match, an RTC alarm interrupt is gene

Bit Bit Name Initial Value R/W
7 YAEN 0 R/W
6to0 — 0 R

Reserved

These bits are always read as 0. The
should always be 0.
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Figure 15.2 shows how to set the time when the clock is stopped.

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

Figure 15.2 Setting Time
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l
Disable the carry
interrupt

—>|

Clear the carry flag

Read counter
register

Yes

Carry flag = 1?

(b) To use interrupts

Enable the carry
interrupt
Clear the carry flag

Read counter
register

Yes Interrupt

generated?

Disable the carry
interrupt

Write 0 to CIE in RCR1

Write 0 to CF in RCR1
Note: Set AF to 1 so that alarm
flag is not cleared.

Read RCR1 and check CF

Write 1 to CIE in RCR1,

and write 0 to CF in RCR1

Note: Set AF in RCR1 to 1 so that
alarm flag is not cleared.

Write 0 to CIE in RCR1

Figure 15.3 Readingthe Time
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When the clock and alarm times match, 1 isset inthe AF bitin RCR1. Alarm detectic
checked by reading this bit, but normally it is done by interrupt. If 1 isplaced in the A
RCR1, an interrupt is generated when an alarm occurs.

Clock running

| Disable interrupt to prevent erroneous
Cancel 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)

Figure 15.4 Usng the Alarm Function
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This LSI

Notes: 1.

> >

Wy

Ry

EXTAL2 XTAL2

L L LA L2 7z 7. 7.

IDI XTAL
1L
777|_ Cin Cout

Select either the Cj, or C,; side for frequency adjustment variable capacitor
according to requirements such as frequency range, stability, etc.

Built-in resistance value R; (Typ value) = 10 MQ, Rp (Typ value) = 400 kQ

Ci, and C; values include stray capacitance due to the wiring. Take care when
using a ground plane.

The crystal oscillation settling time depends on the mounted circuit constants,
stray capacitance, etc., and should be decided after consultation with the crystal
resonator manufacturer.

Place the crystal resonator and load capacitors Cj, and C,,; as close as possible
to the chip.

(Correct oscillation may not be possible if there is externally induced noise in the
EXTAL2 and XTAL2 pins.)

Ensure that the crystal resonator connection pin (EXTAL2, XTAL2) wiring is
routed as far away as possible from other power lines (except GND) and signal
lines.

Figure 155 Example of Crystal Oscillator Circuit Connection

Rev. 2.00, 09/03, page 372 of 690

RENESAS



The RTC count must be halted before writing to any of the above registers.

1552 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 theinterval set by the periodic in
interval bits (PESO to PES2) in RCR2. When the time set by the PESO to PES2 bits he
the PEF bit isset to 1.

The PEF is cleared to O upon periodic interrupt generation when the periodic interrupt
(PESO to PES?) is set. Periodic interrupt generation can be confirmed by reading this
normally the interrupt function is used.

Set PESO to PES2,
| Set PES, clear PEF | and clear PEF 10 0,

in RCR2

|Elapse of time set by PES|

| Clear PEF | Clear PEF to 0

]

Figure 15.6 Using Periodic Interrupt Function

1553 Standby Mode after Register Setting

If the standby mode is entered after the RTC registers are set, the time cannot be coun
correctly. After setting the registers, wait for 2 RTC clock cycles or longer before the
modeis entered.
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16.1 Features

e Asynchronous mode

Serial data communication is executed using an asynchronous system in which

synchronization is achieved character by character. Serial data communication car
out with standard asynchronous communication chips such asa Universal Asynch
Receiver/Transmitter (UART) or Asynchronous Communication Interface Adapte

Thereisa choice of eight serial data communication formats.
Datalength: 7 or 8 bits

Stop bit length: 1 or 2 bits

Parity: Even/odd/none

LSB-first transfer

Receive error detection: Parity, framing, and overrun errors

Break detection: If aframing error isfollowed by at least one frame at the spac
level, abreak is detected.

e Clock synchronous mode

Serial data communication is synchronized with aclock. Serial data communicatic
carried out with other chipsthat have a synchronous communication function.

(0 Datalength: 8 bits
O LSB-first transfer
*  Full-duplex communication capability
The transmitter and receiver are independent units, enabling transmission and rece
performed simultaneoudly.

The transmitter and receiver both have a 64-stage FIFO buffer structure, enabling
continuous serial data transmission and reception.

*  On-chip baud rate generator allows any bit rate to be selected.

« Choice of serial clock source: internal clock from baud rate generator or external ¢
SCK pin.

e Six interrupt sources in asynchronous mode

Oo0ooOgooao
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e On-chip transmit-data-stop functions (only in asynchronous mode)

*  When not in use, the SCIF can be stopped by halting its clock supply to reduce pow
consumption.

e Theamount of datain the tranamit/receive FIFO registers and the number of receiv
thereceive datain the receive FIFO register can be ascertained.
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SCK
TxD

CTS
RTS

| |
SCFRDR

A 4
SCFTDR

SCFDR

v

(64-stage) (64-stage) SCFCR [scerrR
T 1 SCFER
v L 2R} SCSSR
RxD —| | scrsr | [ | sctsr |- SCSCR Baud rate
SCSMR generator
SCTDSR N
Transmission/
Parity reception control [
generation t lock
Parity check €
External clock
SCIF
Note: SCRSR: Receive shift register SCFER: FIFO error count register
SCFRDR: Receive FIFO data register SCSSR: Serial status register
SCTSR: Transmit shift register SCBRR: Bit rate register
SCFTDR: Transmit FIFO data register SCFCR: FIFO control register
SCSMR: Serial mode register SCFDR: FIFO data count register
SCSCR: Serial control register SCTDSR:  Transit data stop register

Figure 16.1 Block Diagram of SCIF
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Transmit data TXDO  TxD*? Output Transmit data

Modem control CTS0O CTS Input Transmission
Modem control RTSO RTS Output Transmit requ
2 Serial clock SCK2 SCK Input/output  Clock input/ot
Receive data RxD2 RxD*? Input Receive data
Transmit data TxD2  TxD*? Output Transmit data
Modem control CTsS2 CTS Input Transmission
Modem control RTS2 RTS Output Transmit requ

Notes: 1. The pins are collectively called SCK, RxD, TxD, CTS, and RTS without char
in the following descriptions.

2. These pins are made to function as serial pins by setting SCIF operation wit
and RE bits in SCSCR.
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Transmit data stop register 0 (SCTDSR_0)
FIFO error count register 0 (SCFER_0)
Serial gatusregister 0 (SCSSR_0)

FIFO contral register 0 (SCFCR_0)

FIFO data count register 0 (SCFDR_0)
Transmit FIFO dataregister 0 (SCFTDR_0)
Receive FIFO dataregister 0 (SCFRDR_0)

. Channd 2

Serial moderegister 2 (SCSMR_2)

Bit rateregister 2 (SCBRR_2)

Serial control register 2 (SCSCR_2)
Transmit data stop register 2 (SCTDSR_2)
FIFO error count register 2 (SCFER_2)
Serial gatusregister 2 (SCSSR_2)

FIFO contral register 2 (SCFCR_2)

FIFO data count register 2 (SCFDR_2)
Transmit FIFO dataregister 2 (SCFTDR_2)
Receive FIFO dataregister 2 (SCFRDR_2)

RENESAS
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16.3.2 Receive FIFO Data Register (SCFRDR)
SCFRDR is a 64-stage 8-hit FIFO register that storesreceived seria data

When the SCIF hasreceived one byte of serid data, it transfers thereceived data from
SCFRDR where it is stored, and completes the receive operation. SCRSR is then enabl
reception, and consecutive receive operations can be performed until the receive FIFO
register isfull (64 data bytes).

SCFRDR is aread-only register, and cannot be written to by the CPU.

If aread is performed when thereisno receive datain the receive FIFO data register, a
value will bereturned. When thereceive FIFO dataregister is full of receive data, subs
seria dataislogt.

Bit Bit Name Initial Value R/W Description
7t00 SCFRD7to Undefined R Serial Receive Data FIFO
SCFRDO

16.3.3 Transmit Shift Register (SCTSR)
SCTSRistheregister used to transmit serid data.

To perform serid datatransmission, the SCIF first transfers transmit datafrom SCFTD
SCT SR, then sends the data sequentially to the TxD pin garting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit datais transferred from
to SCTSR, and transmission is started automatically.

SCTSR cannot be directly read or written to by the CPU.

Rev. 2.00, 09/03, page 380 of 690
RENESAS



TTITTICAL Udla LAl T UL DT WHTILLE T WIHKT oL T U TS THITTSU WILT 04 DYLES Ul LU dlla Tl Udlc
written in this caseisignored.

Bit Bit Name Initial Value R/W Description
7to0 SCFTD7 to Undefined w Serial Transmit Data FIFO
SCFTDO

16.35 Serial Mode Register (SCSMR)

SCSMR is a 16-hit readable/writable register used to set the SCIF' s seria transfer forl
select the baud rate generator clock source and the sampling rate.
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001: Sampling rate 1/5
010: Sampling rate 1/11
011: Sampling rate 1/13
100: Sampling rate 1/29
101: Setting prohibited
110: Setting prohibited
111: Setting prohibited

7 C/IA 0 R/W

Communication Mode

Selects whether the SCI operates in the asyn
or clock synchronous mode.

0: Asynchronous mode
1: Clock synchronous mode

6 CHR 0 R/W

Character Length
Selects seven or eight bits as the data length

This setting is only valid in asynchronous mo«
clock synchronous mode, the data length is a
eight bits, regardless of the CHR setting.

0: 8-bit data

1: 7-bit data™

Note: * When the 7-bit data is selected, the V

7) in the transmit FIFO data register (!
is not transmitted.
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1: Parity bit addition and checking enabled*

Note: * When the PE bit is set to 1, the parit
odd) specified by the O/E bit is adde
transmit data before transmission. In
the parity bit is checked for the parity
odd) specified by the O/E bit.

O/E

R/W

Parity Mode

Selects either even or odd parity for use in

addition and checking. The O/E bit setting is

when the PE bit is set to 1, enabling parity b

and checking. The O/E bit setting is invalid \

addition and checking is disabled in asynchi
clock synchronous mode.

0: Even parity**

1: Odd parity*?

Notes: 1. When even parity is set, parity b
performed in transmission so the
number of 1-bits in the transmit
plus the parity bit is even. In rece
check is performed to see if the 1
number of 1-bits in the receive ¢
plus the parity bit is even.

2. When odd parity is set, parity bit
performed in transmission so the
number of 1-bits in the transmit
plus the parity bit is odd. In recej
check is performed to see if the 1
number of 1-bits in the receive c
plus the parity bit is odd.
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stop bits are not added.
0: One stop bit**
1: Two stop hits*?

Notes: 1. Intransmission, a single 1-bit (sto
added to the end of a transmit ch:
before it is sent.

2. Intransmission, two 1-bits (stop b
added to the end of a transmit ch:
before it is sent.

2 d 0 R Reserved
This bit is always read as 0. The write value <
always be 0.

1 CKS1 0 R/W Clock Select

0 CKSO0 0 R/W

Select the clock source for the on-chip baud r
generator.

00: Po
01: P@4
10: P@/16
11: P@/64

Note: When the clock synchronous mode is selected (C/A bit = 1), the bits other than (

CKSO bits are all fixed to 0.
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always be 0.

11

TSIE

0

R/W

Transmit Data Stop Interrupt Enable

Enables or disables generation of a transmit
interrupt when the TSE bit in SCFCR is enal
TSF flagin SCSSRis set to 1.

0: Transmit-data-stop interrupt disabled®
1: Transmit-data-stop interrupt enabled

Note: * The interrupt request is cleared by cl
TSF flag to O after reading 1 from it c
the TSIE bit to 0.

10

ERIE

0

R/W

Receive Error Interrupt Enable

Enables or disables generation of a receive-
(framing or parity error) interrupt when the E
SCSSRis set to 1.

0: Receive-error interrupt disabled®
1: Receive-error interrupt enabled

Note: * The interrupt request is cleared by cl
ER flag to O after reading 1 from it or
ERIE bit to 0.
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the BRIE bit to 0.

8 DRIE 0 R/W

Receive Data Ready Interrupt Enable

Enables or disables generation of a receive-c
interrupt when the DR flag in SCSSR is set tc

0: Receive-data-ready interrupt disabled®
1: Receive-data-ready interrupt enabled

Note: * The interrupt request is cleared by cle
DR flag to O after reading 1 from it or
DRIE bhit to 0.

7 TIE 0 RW

Transmit Interrupt Enable

Enables or disables generation of a transmit-
empty interrupt request when the TDFE flag i
set to 1.

0: Transmit-FIFO-data-empty interrupt reque
disabled”

1: Transmit-FIFO-data-empty interrupt reque

Note: * The interrupt request is cleared by wr
transmit data exceeding the transmit t
number to SCFTDR, reading 1 from tl
flag, then clearing it to O, or clearing t
0.

6 RIE 0 R/W

Receive Interrupt Enable

Enables or disables generation of a receive-F
full interrupt request when the RDF flag in SC
to 1.

0: Receive-FIFO-data-full interrupt request di
1: Receive-FIFO-data-full interrupt request er

Note: * The interrupt requests is cleared by re
from the RDF flag, then clearing the fl
clearing the RIE bit to 0.
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the transmit format decided, and the
FIFO reset, before the TE bit is set t

4 RE R/W Receive Enable

Enables or disables the start of serial recept

SCIF.

0: Reception disabled**

1: Reception enabled*?

Notes: 1. Clearing the RE bit to O does not
DR, ER, BRK, RDF, FER, PER,
flags, which retain their state.

2. The serial mode register (SCSM
control register (SCFCR) setting
made, the receive format decide
receive FIFO reset, before the R
1.

3,2 O R Reserved

These bits are always read as 0. The write \
always be 0.
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output”
10: External clock/SCK pin functions as clock
11: External clock/SCK pin functions as clock

When data is sampled by the on-chip baud rz
generator, set bits CKE1 and CKEO to B'00 (i
clock/SCK pin functions as input pin (input sig
ignored)).

When using the SCK pin as a port, set bits ClI
CKEO to B'00.

Notes: 1. In synchronous mode, a clock wit
frequency equal to the bit rate is ¢

2. In asynchronous mode, a clock w
sampling rate should be input. Fo
when the sampling rate is 1/16, a
frequency of 8 times the bit rate s
input. When an external clock is n
bits CKE1 and CKEO to B'00 or B
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always be 0.

13to 8

PER5
to
PERO

Parity Error Count

Indicates the number of data, in which parity
generated, in receive data stored in the rece
data register (SCFRDR) in asynchronous m

After setting the ER bit in SCSSR, the value
to 8 indicates the number of parity error gen

When all 64 bytes of receive data in SCFRD
parity errors, the PER5 to PERO bits indicate

7,6

Reserved

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

5t00

FERS
to
FERO

Framing Error Count

Indicates the number of data, in which frami
are generated, in receive data stored in the
FIFO data register (SCFRDR) in asynchronc

After setting the ER bit in SCSSR, the value
0 indicates the number of framing error gene

When all 64 bytes of receive data in SCFRD
framing errors, the FER5 to FERQO bits indice
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15t010 0O 0 R Reserved
These bits are always read as 0. The write vé
should always be 0.

9 ORER O R/(W)*  Overrun Error

Indicates that an overrun error occurred durin
reception.

This bit is only valid in asynchronous mode.

0: Reception in progress, or reception has en
successfully**

[Clearing conditions]

» Power-on reset or manual reset

* When 0 is written to ORER after reading (
1

1: An overrun error occurred during reception

[Setting condition]

When serial reception is completed while rece

FIFO is full

Notes: 1. The ORER flag is not affected an
its previous state when the RE bit
SCSCR is cleared to 0.

2. The receive data prior to the over
is retained in SCFRDR, and the d
received subsequently is lost. Ser
reception cannot be continued wh
ORER flag is set to 1.
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e When 0 is written to TSF after reading TSF =
1: Number of transmit data matches the value of ¢

ER

0

RI(W)*

Receive Error

Indicates that a framing error or parity error occurl
reception in asynchronous mode.**

0: No framing error or parity error occurred during
[Clearing conditions]

» Power-on reset or manual reset

* When 0 is written to ER after reading ER = 1
1: A framing error or parity error occurred during r
[Setting conditions]

* When the SCIF checks whether the stop bit at
of the receive data is 1 when reception ends, :
stop bit is 0*2

* When, in reception, the number of 1-bits in the
data plus the parity bit does not match the par
(even or odd) specified by the O/E bit in SCSN

Notes: 1. The ER flag is not affected and retains

previous state when the RE bit in SCS
cleared to 0. When a receive error occ
receive data is still transferred to SCF!
reception continues.
The FER and PER bits in SCSSR can
to determine whether there is a receiv
the data read from SCFRDR.

2. When the stop length is two bits, only
stop bit is checked for a value of 1; the
stop bit is not checked.
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1: Transmission has been ended
[Setting condition]

When there is no transmit data in SCFTDR on tran
of a 1-byte serial transmit character

5 TDFE 1 RI(W)*

Transmit FIFO Data Empty

Indicates that data has been transferred from SCF
SCTSR, the number of data bytes in SCFTDR has
or below the transmit trigger data number set by bif
TTRG1 and TTRGO in the FIFO control register (S(
and new transmit data can be written to SCFTDR.

0: A number of transmit data bytes exceeding the t
trigger set number have been written to SCFTDF

[Clearing condition]

When transmit data exceeding the transmit trigger
number is written to SCFTDR, and 0 is written to T|
after reading TDFE = 1

1: The number of transmit data bytes in SCFTDR d
exceed the transmit trigger set number

[Setting conditions]
» Power-on reset or manual reset

* When the number of SCFTDR transmit data by
to or below the transmit trigger set number as tl
of a transmit operation**

Note: 1. As SCFTDR is a 64-byte FIFO register, th

maximum number of bytes that can be wr
when TDFE = 1 is 64 — (transmit trigger s
number). Data written in excess of this wil
ignored. The number of data bytes in SCF
indicated by SCFDR.
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1: A break signal has been received”*
[Setting condition]

When data with a framing error is received, follow
space 0 level (low level) for at least one frame len

Note: 1. When a break is detected, the receive
(H'00) following detection is not transfe
SCFRDR. When the break ends and t
signal returns to mark 1, receive data
resumed.

FER

Framing Error

Indicates a framing error in the data read from SC
asynchronous mode.

0: There is no framing error in the receive data re:
SCFRDR

[Clearing conditions]
» Power-on reset or manual reset
* When there is no framing error in SCFRDR re:

1: There is a framing error in the receive data reac
SCFRDR

[Setting condition]
When there is a framing error in SCFRDR read ds
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* When there is no parity error in SCFRDR read

1: There is a parity error in the receive data read fr
SCFRDR

[Setting condition]
When there is a parity error in SCFRDR read data

1 RDF 0 RI(W)*

Receive FIFO Data Full

Indicates that the received data has been transferr

SCRSR to SCFRDR, and the number of receive de

in SCFRDR is equal to or greater than the receive |

number set by bits RTRG1 and RTRGO in the FIFC

register (SCFCR).

0: The number of receive data bytes in SCFRDR is
than the receive trigger set number

[Clearing conditions]

» Power-on reset or manual reset

*  When SCFRDR is read until the number of rece
bytes in SCFRDR falls below the receive triggel
number, and 0 is written to RDF after reading R

1: The number of receive data bytes in SCFRDR is

or greater than the receive trigger set number

[Setting condition]

When SCFRDR contains at least the receive trigge

number of receive data bytes**

Note: 1. SCFRDR is a 64-byte FIFO register. Whel
1, at least the receive trigger set number c
bytes can be read. If data is read when S(
is empty, an undefined value will be returr
number of receive data bytes in SCFRDR
indicated by the lower bits of SCFDR.
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» Power-on reset or manual reset

* When all the receive data in SCFRDR ht
read, and 0 is written to DR after reading

1: No further receive data has arrived

[Setting condition]

When SCFRDR contains fewer than the rec

set number of receive data bytes and no fur
will arrive.* *

Note: 1. The DR bit is set 15 etu after the la
received at a sampling rate of 1/16
of the setting of the sampling contr
SCSMR.
etu: Elementary time unit (time for
one bit)

Note: * Only 0 can be written for clearing the flags.

16.39 Bit Rate Register (SCBRR)

SCBRR is an 8-hit readable/writable register that setsthe serid transfer bit rate in acc
the baud rate generator operating clock selected by bits CKS1 and CKS0 in SCSMR.

Bit Initial
Bit Name  Value R/W Description
7t00 SCBR7 HFF R/W Bit Rate Setting
to
SCBRO

The SCBRR setting is found from the following equation.
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3. When samplingrateis /11

N=__ Po
22 x 21« B

x 10 -1

4. When samplingrateis 1/13

N P

C 26x21 xB

x 100 -1

5. When sampling rateis 1/29

N P

58 x 2 xB

x 100 -1

Clock Synchronous M ode:

- Po

Where B:
N:

P

4 x 21 B

x 10 -1

Bit rate (bitg/s)

SCBRR setting for baud rate generator
Asynchronous mode: 0 < N <255
Clock synchronousmode: 1 < N < 255

Peripheral module operating frequency (MHz)
Baud rate generator input clock (n = 0to 3)

(See thetable below for the relation between n and the clock.)

SCSMR Setting

n Clock CKS1 CKSO0
0 Po 0 0
1 P@4 0 1
2 P@16 1 0
3 P@64 1 1
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3. When samplingrateis 1/11

6
Error (%) = P > 10 ~1|x 100
(1+N) x B x 22 x 22!

4. When samplingrateis 1/13

6
Error (%) = P > 10 ~1|x 100
(1+N) x B x 26 x 22!

5. When sampling rateis 1/27

6
Error (%) = P > 10 -1|x 100
(1+N) x B x 58 x 22!

RENESAS
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This function is enabled only in asynchronous
Since this function is not supported in clock s
mode, clear this bit to 0 in clock synchronous

0: Transmit data stop function disabled
1: Transmit data stop function enabled

14 TCRST 0 RW Transmit Count Reset
Clears the transmit count to 0. This bit is valic
the transmit data stop function is used.
0: Transmit count reset disabled”
1: Transmit count reset enabled (clearing to C
Note:* The transmit count is reset (clearing t
performed in power-on reset or manu
13to11 0O 0 R Reserved
These bits are always read as 0. The write vé
always be 0.
10 RSTRG2 0 R/W RTS Output Active Trigger
9 RSTRG1 0 RIW The RTS signal goes high when the number
8 RSTRGO O R/W

data bytes in SCFRDR is equal to or greater 1
trigger set number shown in below.

000: 63
001:1

010: 8

011: 16
100: 32
101: 48
110: 54
111: 60
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01: 16

10: 32
11: 48

5 TTRG1 0 R/W  Transmit FIFO Data Number Trigger

4 TTRGO 0 RIW " set the number of remaining transmit data bytes tl
the transmit FIFO data register empty (TDFE) flag
serial status register (SCSSR).
The TDFE flag is set when, as the result of a trans
operation, the number of transmit data bytes in the
FIFO data register (SCFTDR) falls to or below the
set number shown in below.
00: 32 (32)
01: 16 (48)
10: 2 (62)
11: 0 (64)
Note: The values in parentheses are the number

bytes in SCFTDR when the flag is set.
3 MCE 0 R/W  Modem Control Enable

Enables modem control signals CTS and RTS.
This setting is only valid in asynchronous mode.
0: Modem signal disabled”

1: Modem signal enabled

Note: * CTS is fixed at active 0 regardless of the ir
value, and RTS is also fixed at O.
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1 RFRST 0 R/W

Receive FIFO Data Register Reset

Invalidates the receive data in the receive FIFO dat
register and resets it to the empty state.

0: Reset operation disabled”
1: Reset operation enabled

Note:* A reset operation is performed in the event |
power-on reset or manual reset.

0 LOOP 0 R/W

Loopback Test

Internally connects the transmit output pin (TxD) an
receive input pin (RxD), and RTS pin and CTS pin,
loopback testing.

0: Loopback test disabled
1: Loopback test enabled
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15 a 0 R Reserved
This bit is always read as 0. The write value
always be 0.
14t08 T6t0 0 R These bits show the number of untransmitte
TO bytes in SCFTDR.

A value of H'00 means that there is no trans
and a value of H'40 means that SCFTDR is
transmit data.

7 a 0 R Reserved
This bit is always read as 0. The write value
always be 0.
6to0 R6 to 0 R These bits show the number of receive data
RO SCFRDR.

A value of H'00 means that there is no recei
and a value of H'40 means that SCFRDR is
receive data.

16.3.12 Transmit Data Stop Register (SCTDSR)

SCTDSR is an 8-hit readable/writable register that sets the number of transmit data by
SCTDSR isvalid only when the TSE bit in the FIFO control register (SCFCR) is enal
Transmit operation is stopped when the number of data bytes set in SCTDSR istransr
setting value should be H'00 (one byte) to H'FF (256 bytes). This function is only end
asynchronous mode.

SCTDSR isinitidized to H'FF.
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overhead and enabling fast, continuous communication to be performed.

16.4.2  Asynchronous Mode

The transfer format is selected using the seria mode register (SCSMR), as shown in tal
The SCIF clock source is determined by the CKE1 and CKEO bits in the seria control
(SCSCR).

Data length: Choice of seven or eight bits

Choice of parity addition and addition of one or two stop bits (the combination of tt
parameters determines the transfer format and character length)

Detection of framing errors, parity errors, overrun errors, receive-FIFO-data-full ste
data-ready state, and breaks, during reception

Indication of the number of data bytes stored in the tranamit and receive FIFO regis
Choice of internal or external clock asthe SCIF clock source

0 When internal clock is sdected: the SCIF operates on the baud rate generator cl

0 When external clock isselected: A clock must be input according to the samplir
example, when the sampling rateis 1/16, a clock with a frequency of 8 timesthy
must be input (the on-chip baud rate generator isnot used.)
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7-bit data

No

Yes

RENESAS
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it A

CHR PE STOP 1 4
o o0 o0 | s | 8-bit data [stop]
1 | s | 8-bit data |sTor|
1 0 | s | 8-bit data I
1 | s | 8-bit data [ P
1 0 0 | s | 7-bit data |stor]
1 | s | 7-bit data [sTop[sTop|
1 0 | s | 7-bit data [ P [stor]
1 | s | 7-bit data | P [stor|
S:  Startbit

STOP: Stop bit
P: Parity bit
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3. DataTransfer Operations

a. SCIF Initialization

Before tranamitting and recelving data, it isnecessary to clear the TE and RE bitsin S
then initialize the SCIF as described below.

When the transfer format, etc., is changed, the TE and RE bits must be cleared to 0 be
the change using the following procedure. When the TE hit is cleared to 0, the transm
register (SCTSR) isinitialized. Note that clearing the TE and RE bitsto 0 does not ch
contents of SCSSR, SCFTDR, or SCFRDR. The TE hit should be cleared to O after al
data has been sent and the TEND bit in SCSSR has been set to 1. Clearing to 0 can al
performed during transmission, but the data being transmitted will go to the high-imp:
after the clearance. Before setting TE to 1 again to start transmission, the TFRST bit i
should first be set to 1 to reset SCFTDR.

When an external clock is used, the clock should not be stopped during operation, inc
initialization, since operation will be unreliable in this case.
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| SCBRR. (Not necessary if an external clock is

Set CKEA1 and CKEQO bits used.)
in SCSCR to B'00 [1] [ Waitatleast one bit interval, then set the TE b
(leaving TE and RE bits and RE bits in SCSCR to 1. Also set the RIE
cleared to 0) and TIE bits.

| Setting the TE and RE bits enables the TxD
and RxD pins to be used. When transmitting,

Clear the C/A bit in SCSMR to 0, and the TxD pin will go to the mark state; when
set the transmit/receive format [2] receiving, the RxD pin will go to the idle state.
|
Set value in SCBRR 13
Wait

1-bit interval elapsed?

Set RTRG1-0 and
TTRG1-0 bits in SCFCR.
Clear TFRST and
RFRST bits to 0

Set TE and RE bits in SCSCR
to 1, and set RIE and TIE bits

= )

4]

Figure 16.2 Sample SCIF Initialization Flowchart
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Yes

Write (64) — transmit trigger
set number) bytes of transmit
data to SCFTDR, read 1 from

TDFE bit in SCSSR, then clear to 0

All data transmitted?

Yes

-
-

Read TEND bit in SCSSR |

Set SCPDR and SCPCR |

Clear TE bit in SCSCR to 0 |

-l
-t

( End of transmission )

[2]

131

Read tnhe serial status regisier (oLook) ana
check that the TDFE flag is set to 1, then wri
transmit data to SCFTDR, read 1 from the TI
flag, then clear the flag to 0.

The number of data bytes that can be written
64 — (transmit trigger set number).

Serial transmission continuation procedure:
To continue serial transmission, read 1 from
TDFE flag to confirm that writing is possible,
write data to SCFTDR, and then clear the TLC
bit to 0.

Break output at the end of serial transmissior
To output a break in serial transmission, set
port SC data register (SCPDR) and port SC
control register (SCPCR), then clear the TE |
SCSCR to 0.

In steps 1 and 2, it is possible to ascertain th
number of data bytes that can be written fron
number of transmit data bytes in SCFTDR
indicated by the upper 8 bits of SCFDR.

Figure 16.3 Sample Serial Transmission Flowchart

Rev. 2.00, 09/03, pac

RENESAS



A Vi dddiginnt Ayt il LYol T Tddio v v VUi i it iy it

the FIFO control register (SCFCR), the TDFE flag is set. If the TIE bit in SCSCR i
thistime, atransmit-FI FO-data-empty interrupt (TXI) request is generated.

When the transmit data stop function is used and the number of data bytes set in the
data stop register (SCTDSR) is matched, transmit operation is sopped, and the TSF
serid dausregister (SCSSR) is st. If the TSIE hit inthe seria control register (SC
to 1, atransmit-data-stop-interrupt (TDI) request is generated. The vectors of transr
data-empty and transmit-data-stop interrupts are the same.

The serid trangmit datais sent from the TxD pin in the following order.

Start bit: One 0-bit is output.

Tranamit data: 8-bit or 7-bit datais output in LSB-first order.

Parity bit: One parity bit (even or odd parity) is output.

A format in which a parity bit isnot output can also be sel ected.

Stop bit(s): One or two 1-hits (stop bits) are output.

Mark gtate: 1 isoutput continuoudly until the start bit that starts the next transmi
sent.

S0 a0 o

3. The SCIF checks the SCFTDR transmit data at the timing for sending the stop bit. |
present, the dataistransferred from SCFTDR to SCTSR, the stop bit is sent, and th
transmission of the next frame is started.

If thereis no tranamit data, the TEND flag in SCSSRis set to 1, the stop bit is sent,
the line goes to the mark statein which 1 isoutput.
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TXI interrupt Data written to SCFTDR TXI interrupt

request and TDFE flag read as request

1 and then cleared to 0

by TXI interrupt handler

/Y
v

One frame

Figure 16.4 Example of Transmit Operation
(Example with 8-Bit Data, Parity, One Stop Bit)

e Tranamit Data Stop Function

When avaluein the SCTDSR register is matched with the number of transmit data by
function stops the tranamit operation. Interrupts can be generated and the DMAC can
by setting the TSIE hit (interrupt enable bit).

Figure 16.5 shows an example of operation for the transmit data stop function.

) Start Parity Stop Start
Transmit data bit « bit bit « bit .
TxD )T )T )
|0|D0|D1| |D6|D7|0/1| |0|D0|D1|
§ 5
{(
1)
TSF flag [ [

{(
)

Figure 16.5 Example of Transmit Data Stop Function
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| s is stopped. If the TSIE bit is set to 1, an interrupt is

generated.
Read TSF bit in SCSSR;
ifitis 1, clear to O after reading 2] Serial transmission continuation procedure:
1 from TSF bit Set the TCRST bit in SCFCR to 1, clear transmit count,

clear the TCRST bit to 0. Then follow steps 1, 2, and 3.

[3]
No

Yes

( End of transmission )

Figure 16.6 Transmit Data Stop Function Flowchart
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| Read DR, ER, and BRK flags in SCSSR|

DRV ERVBRK=1?

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

| Clear RE bit in SCSCR to 0 |

( End of reception )

1]

Yes

131

[2]

131

HEuic Lastc Ul a liallliily ©ifol, 4 Dicadn L
detected by reading the value of the Rxl

SCIF status check and receive data rea
Read SCSSR and check that RDF =1,
receive data in SCFRDR, read 1 from tf
and then clear the RDF flag to 0. The tr:
RDF flag from 0 to 1 can also be identifi
interrupt.

Serial reception continuation procedure:
To continue serial reception, read at lea
trigger set number of data bytes from S
1 from the RDF flag, and then clear the
0. The number of receive data bytes in |
be ascertained by reading the lower bits

Figure 16.7 Sample Serial Reception Flowchart (1)
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BRK = 1? is not transferred to SCFRDR while the BRK

flag is set. However, note that the last data in
v SCFRDR is H'00 and the break data in which
es a framing error occurred is stored.
Break handling [2]
No
DR=17?
Yes
Read receive data in SCFRDR

-
-

Clear DR, ER, and BRK flags
in SCSSR to 0

C =

Figure 16.8 Sample Serial Reception Flowchart (2)
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a. Stop bit check: the SCIF checks whether the stop bit is 1. If there are two stop
first is checked.

b. The SCIF checks whether receive data can be transferred from the receive shif
(SCRSR) to SCFRDR.

¢. Break check: the SCIF checks that the BRK flag is 0O, indicating that the break
Set.

If all the above checks are passed, the receive datais stored in SCFRDR.
Note:  Reception continues when areceive error (aframing error or parity error) occt

4. If theRIE bit in SCSCR is set to 1 when the RDF flag changesto 1, a receive-FIF
interrupt (RXI) request is generated.
If the ERIE bit in SCSCRis set to 1 when the ER flag changesto 1, areceive-erro
(ERI) request is generated.
If the BRIE bit in SCSCRis set to 1 when the BRK flag changesto 1, abreak rece
interrupt (BRI) request is generated.
If the DRIE bit in SCSCRis set to 1 when the DR flag changes to 1, a receive-dat:
interrupt (DRI) request is generated.
The vectors of recelve-FIFO-data-full and recelve-data-ready interrupts are the sar
vectors of receive-error and break reception interrupts are the same.
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FER

C

LC

))

request

RXI interrupt

One frame

I )
Data read and RDF flag
read as 1 then cleared

to 0 by RXI interrupt
handler

t

ERI interrupt
generated by
error

Figure 16.9 Example of SCIF Receive Operation
(Example with 8-Bit Data, Parity, One Stop Bit)

* Modem Function

When using a modem function, transmission can be stopped and started again accordin
CTS input value. When the CTS is set to 1 during tranamission, the data enters amark:
trangmitting one frame. When CTS is set to 0, the next transmit datais output starting v

bit.

Figure 16.10 shows an example of operation for the CTS control.

Start Parity Stop Start
bit (« (« bit [«

. 1) )] 1)
Transmit data | 0 |DO|D1 | |D6|D7|0/1 | 0 |DO|D1 | | D
TxD (« (

1) ))
Transmission stops Transmission starts again
N when CTS goes high 4 when CTS goes low
CTS [

((

1)

Figure 16.10 CTS Control Operation
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1)
RTS (« |
7 /
RTS goes high when receive datais ~ RTS goes low when receive data i
at least number of RTS output trigger  less than number of RTS output tri
Figure 16.11 RTS Control Operation
16.4.4  Clock Synchronous Mode

64-stage FIFO buffers are provided for both transmission and reception, reducing the
overhead and enabling fast, continuous communication to be performed.

The operating clock source is selected using the serial mode register (SCSMR). The S
source is determined by the CKE1 and CKEOQ hitsin the seria control register (SCSCI

* Tranamit/receive format: Fixed 8-bit data
 Indication of the number of data bytes stored in the transmit and receive FIFO reg
* Internal clock or external clock used asthe SCIF clock source

When theinternal clock is selected:
The SCIF operates on the baud rate generator clock and outputs a serial clock fron

When the external clock is selected:
The SCIF operates on the external clock input through the SCK pin.
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Figure 16.12 Data Format in Clock Synchronous Communication

In clock synchronous serial communication, data on the communication lineis output f
falling edge of the serial clock to the next falling edge. Data is guaranteed valid at ther
of the serial clock.

In serial communication, each character is output garting with the LSB and ending witl
After the MSB is output, the communication lineremainsin the state of the MSB.

In clock synchronous mode, the SCIF receives datain synchronization with therising e
serial clock.

1. DataTransfer Format
A fixed 8-bit data format is used. No parity or multiprocessor bits are added.

2. Clock

An internal clock generated by the on-chip baud rate generator or an external dock inp
the SCK pin can be selected as the seria clock for the SCIF, according to the setting of
and CKEQ bitsin SCSCR.

Eight serial clock pulses are output in the transfer of one character, and when no
tranamission/reception is performed, the clock is fixed high. However, when the operat
reception only, the synchronous clock output continues while the RE bitissetto 1. To
clock high every time one character istransferred, write to the transmit FIFO dataregis
(SCFTDR) the same number of dummy data bytes as the data bytes to be received and
and RE bitsto 1 at the sametime to tranamit the dummy data. When the specified num
bytes are tranamitted, the clock is fixed high.

3. DataTransfer Operations
a. SCIF Initialization:

Before transmitting and receiving data, it isnecessary to clear the TE and RE bitsin SC
then initiaize the SCIF as described bel ow.
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— [4] Write a value corresponding to the
Set C/A bitin SCSMR to 1 3 bit rate into SCBRR.
Set CKS1 and CKSO0 bits [
| [5] Clear the TFRST bit in SCFCR to 0.
| Set value in SCBRR | [4] [6] Set the transmit trigger number,
| write transmit data exceeding the
transmit trigger setting number, and
| Clear TFRST bit to 0 [ 51 clear the TDFE flag to 0 after reading
| it.
Set transmit trigger number in TTRG1 [7] Wait one bit interval.

and TTRGO in SCFCR, write transmit

data exceeding transmit trigger setting

number, and clear TDFE flag to 0 after
reading 1 from it

6]

Wait

1-bit interval elapsed?

Yes

Figure 16.13 Sample SCIF Initialization Flowchart (1) (Transmission)
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| [5] Clear the RFRST bit in SCFCR to 0.
| Set value in SCBRR | [4]
|
| Clear RFRST bit in SCFCR to 0 | 5]

[6] Wait one bit interval.

Figure 16.13 Sample SCIF Initialization Flowchart (2) (Reception)
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p [3] [4] Write a value corresponding to the
| Set CKS1 and CKSO bits | bit rate into SCBRR.

| Set value in SCBRR | 4] [5] glgggtgeingRST and RFRST bits in

|
. [6] Set the transmit trigger number, write
| Clear TFRST and RFRST bits to 0 | 5] transmit data exceeding the transmit
| trigger setting number, and clear the
TDFE flag to 0 after reading it.

Set transmit trigger number in TTRG1
and TTRGO in SCFCR, write transmit
data exceeding transmit trigger
setting number, and clear TDFE

flag to O after reading 1 from it

Wait

[6] [7] Wait one bit interval.

1-bit interval elapsed?

Figure 16.13 Sample SCIF Initialization Flowchart (3)
(Simultaneous Transmission and Reception)
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<o >

Yes

Clear TE bitin SCSCR to 0

[ 31

End of transmission

v At e L VT Adiivitiiooivlt,

clear the TE bit to 0.

Figure 16.14 Sample Serial Transmission Flowchart (1)
(First Transmission after Initialization)

Start of transmission

i

Set transmit trigger number in TTRG1
and TTRGO in SCFCR

Write transmit data exceeding transmit
trigger setting number, and clear
TDFE flag to 0 after reading 1 from it

1-bit interval elapsed?

Set TE bit in SCSCR
When using transmit FIFO data
interrupt, set TIE bit to 1

<ewo =>4

Yes

Clear TE bitin SCSCR to 0

J

End of transmission

[2]

[ 151

[

Set the transmit trigger number
in SCFCR.

Write transmit data to SCFTDR,
and clear the TDFE flag to 0 after
reading 1 from it.

2

3
[4]

Wait for one bit interval.

Transmission is started when the
TE bitin SCSCR is set to 1.

[5] After the end of transmission, clear
the TE bit to 0.

Figure 16.14 Sample Serial Transmission Flowchart (2)
(Second and Subsequent Transmission)
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| setRIEbitto1

I L

Read receive trigger number of receive
data bytes from SCFRDR

[3]

| Clear RE bit in SCSCR to 0

[ e

End of reception

REDILIN SLOUR IS S€t 10 1.

[3] Read receive data while the
RDF bitis 1.

[4] After the end of reception, clear
the RE bit to 0.

Figure 16.15 Sample Serial Reception Flowchart (1)
(First Reception after Initialization)
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[5] Read receive data while the RDF
bit is 1.

1-bit interval elapsed?

[6] After the end of reception, clear the
RE bit to 0.

Set RE bitin SCSCR
When using receive FIFO data interrupt,| [4]
set RIE bit to 1

|
-

< ror - >

Yes

Read receive trigger number of receive 5
data bytes from SCFRDR 5]

| Clear RE bitin SCSCR to 0 | (6]

End of reception

Figure 16.15 Sample Serial Reception Flowchart (2)
(Second and Subsequent Reception)
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| to SCFTDR, and if there is receive
Read TDFE and RDF bits in SCSSR data in the FIFO, read receive data
until there is less than the receive
trigger setting number, read the
TDFE and RDF bits in SCSSR, and
if 1, clear to 0.

TDFE =1?

[3] Transmission/reception is started
when the TE and RE bits in SCSCR
- . are set to 1. The TE and RE bits
Write 0 to TDFE and RDF bits in :
SCSSR after reading 1 from them must be set simultaneously.
I: [4] After the end of transmission/reception,

clear the TE and RE bits to 0.

Set TE and RE bits in SCSCR
simultaneously

When using transmit FIFO data interrupt, 3
set TIE bit o 1 3]
When using receive FIFO data interrupt,
set RIE bit to 1

TDFE =1?
RDF =1?

Read receive trigger number of receive
data bytes from SCFRDR

[ clear TE and RE bits in SCSCR 100 | [4]

End of
transmission/reception

Figure 16.16 Sample Smultaneous Serial Transmission and Reception Flowc
(First Transfer after Initialization)
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| write transmit data to SCFTDR | [3]

|
[ Read TDFE and RDF bits in SCSSR |

Write 0 to TDFE and RDF bits in
SCSSR after reading 1 from them

<
%

Wait

1-bit interval elapsed?

Set TE and RE bits in SCSCR

simultaneously

When using transmit FIFO data
interrupt, set TIE bit to 1

When using receive FIFO data
interrupt, set RIE bit to 1

|
<%

(3]

Read receive trigger number of
receive data bytes from SCFRDR

[ Clear TE and RE bits in SCSCRto 0 | [6]

End of
transmission/reception

caud uic 11U aliud iuUr Dio 1T owool®
and if 1, clear to 0.

Wait for one bit interval.

Transmission/reception is started when
the TE and RE bits in SCSCR are set
to 1. The TE and RE bits must be set
simultaneously.

After the end of transmission/reception,
clear the TE and RE bits to 0.

Figure 16.16 Sample Smultaneous Serial Transmission and Reception Flow
(Second and Subsequent Transfer)

Rev. 2.00, 09/03, pac

RENESAS



and receive-FIFO-data-full (RXI).

Table 16.4 shows the interrupt sources. Theinterrupt sources can be enabled or disable
of the TIE, RIE, ERIE, BRIE, DRIE, and TSIE hitsin SCSCR.

When the TDFE flag in SCSSRisset to 1, a TXI interrupt request is generated. When 1
flagin SCSSRis set to 1, aTDI interrupt request is generated. The DMAC can be acti\
datatransfer performed on generation of TXI and TDI interrupt requests. The DMAC
TXI and TDI are assigned to the same vector.

When the RDF flag in SCSSRis set to 1, an RXI interrupt request is generated. The DI
be activated and data transfer performed on generation of an RXI interrupt request.

When using the DMAC for transmission/reception, set and enable the DMAC before ir
settings. See section 8, Direct Memory Access Controller (DMAC), for details of the O
setting procedure.

When the ER flag in SCSSRis set to 1, an ERI interrupt request is generated. When th
in SCSSRis set to 1, a BRI interrupt request is generated. When the DR flag in SCSSR
a DRI interrupt request is generated. When the TSF flag in SCSSRissetto 1, aTDI in
request is generated.

The vectors of TXI| and TDI, ERI and BRI, and RX| and DRI are the same.

The DMAC activation and interrupts cannot be generated simultaneously by the same
following procedure should be used for the DMAC activation.

1. Settheinterrupt enable bits (TIE and RIE) corresponding to the generated sourcet

2. Mask the corresponding interrupt requests by using the interrupt mask register of t
controller.
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Notes: 1. The DMAC can be activated only by a receive-FIFO-data-full interrupt requ

2. The DMAC can be activated by a transmit-FIFO-data-empty (TDFE) or trar
stop (TSF) interrupt request. When the DMAC is activated by the TSF inter
cleared by either of two cases listed below.

(1) The TSF flag is read by the CPU.
(2) The transmit FIFO is full.

See section 5, Exception Handling, for priorities and the relationship with non-SCIF i
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continuous transmission.

However, if the number of data bytes written in SCFTDR is equal to or less than thetre
trigger number, the TDFE flag will be set to 1 again after being read as 1 and cleared tc
clearing should therefore be carried out when SCFTDR contains more than the transmi
number of transmit data bytes.

The number of transmit data bytes in SCFTDR can be found from the 14 to 8 bits of th
count register (SCFDR).

b. SCFRDR Reading and the RDF Flag:

The RDF flag in the sexia statusregister (SCSSR) is set when the number of receive d:
thereceive FIFO dataregister (SCFRDR) has become equal to or greater than the recel
number set by bits RTRG1 and RTRGO in the FIFO control register (SCFCR). After R
receive data equivalent to the trigger number can beread from SCFRDR, allowing effi
continuous reception.

However, if the number of data bytesin SCFRDR is till equal to or greater than thetri
number after aread, the RDF flag will be set to 1 again if it is cleared to 0. RDF shoulc
be cleared to O after being read as 1 after dl recelve data has been read.

The number of receive data bytesin SCFRDR can be found from the 6 to 0 bits of the
count register (SCFDR).

c. Break Detection and Processing:

Break signals can be detected by reading the RxD pin directly when a framing error (Fl
detected. In the bresk state the input from the RxD pin consgists of al 0s, so the FER fle
the parity error flag (PER) may also be set.

Although the SCIF stops transferring receive datato SCFRDR after receiving a break, |
operation continues.
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M=|ku.3— ﬁ}—(L—U.b)b— - '(1+r)|xluu% .......................... \i)

Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D =0t01.0)
Framelength (L =9t0 12)

Absolute deviation of clock frequency

nmroz<g

From equation (1), if F=0and D = 0.5, the recelve margin is 46.875%, as given by &

WhenD=05and F=0:
M = (0.5-1/(2 x 16)) X 100% = 46.875%0 ...eccveveerrerrreereesiesreneeseneens 2

Thisisatheoretica value. A reasonable margin to alow in system designsis20%to .
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* Conformstothe IrDA 1.
» Asynchronous serial communication

0 Datalength: 8 bits
O Stop hit length: 1 bit
0 Parity bit: None

0 system

»  On-chip 64-stage FIFO buffers for both transmit and receive operations
*  On-chip baud rate generator with selectable bit rates

» Guard functions to protect the receiver during transmission

e Clock supply hated to reduce power consumption when not using the IrDA interf:

Figure 17.1 shows a block diagram of the IrDA.

TxD

Transfer clock

Modulation unit

SCIF

L .

o IrTx

< RXD

XI IrRx

Demodulation unit

!

IrDA

Switching IrDA/SCIF

Legend

SCIF: Serial communication interface with FIFO

IFIRDAOA_000020020100

Figure 17.1 Block Diagram of IrDA
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Note: Clock input from the serial clock pin cannot be set in IrDA mode.

17.3 Register Description

The IrDA hasthe following internal registers. For details on register addresses and regi
in each processing state, refer to section 24, List of Registers.

* IrDA moderegister (SCSMR_Ir)

17.3.1 IrDA Mode Register (SCSMR_Ir)

SCSMR_Ir isa 16-bit register that selects IrDA or SCIF mode and selects the IrDA ou
width.

Thismodul e operates as IrDA when the IRMOD bit isset to 1. When the IRMOD bit i
0, thismodule can also operate as an SCIF.
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1: Operates as an IrDA

Output Pulse Division Ratio

Specifies the ratio for dividing the
clock (Pg) to generate the IRCLK
to be used for IrDA. IRCLK is obt
follows:

IRCLK = 1/(2N + 2) x P

N = Value set by ICK3 to ICKO

Output Pulse Width Select

PSEL selects an IrDA output puls
is 3/16 of the bit length for 115 kk
the bit length for the selected bau

0: Pulse width is 3/16 of the bit le

1: Pulse width is 3/16 of 115 kbp:s
the baud rate selected by ICK:

Reserved

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

6t03 ICK3to ICKO O R/W

2 PSEL 0 R/W

1,0 g 0 R
Example:

P clock: 14.7456 MHz
IRCLK: 921.6 kHz (fixed)
N: Setting of ICK3t0o ICKO (0< N < 15)

s P05y

2x]IRCLK

Accordingly, N is7.
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The IrDA module modifies IrTx/IrRx transmit/receive data waveformsto satisfy the Ir|
specification for infrared communication.

In the IrDA 1.0 specification, communication isfirst performed a a speed of 9600 bps,
communication speed is changed. However, the communication rate cannot be automal
changed in this module, so the communication speed should be confirmed, and the app
speed set for this module by software.

17.4.2  Transmitting

The waveforms of a serial output signal (UART frame) from the SCIF are modified an
is converted into the IR frame serid output signal by the IrDA module, as shown in fig

When seria datais0, apulse of 3/16 the IR frame bit width is generated and output. W
datais 1, no pulseisoutput.
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|l<«———— UART frame >
Start bit —— - Data > ~<—— Sto
0 1 0 1 0 0 1 1 0 1
Transmit
Receive
IR frame
«— IRframe >
Start bit ——| < Data > <«—— Sto
J_IO 1 |_|0 1 | ‘O ‘ O‘ 1 ‘ 1 |_|0 1
— - —»‘ -—
Bit cycle 3/16-bit cycle
pulse width

Figure 17.2 Transmit/Receive Operation

17.4.4 Data Format Specification

The dataformat of UART frames used for IrDA communication must be specified by
registers. The UART frame has eight data bits, no parity bit, and one stop bit.

IrDA communication is performed in asynchronous mode, and this mode must a so be
by the SCIFO registers. The sampling rate must be set to 1/16.

Theinternal clock must be selected for the SCIFO operation clock and the SCKO pinr
specified for the synchronizing clock output pin.

The IrDA communication rate is the same as the SCIFO bit rate, which is specified by
registers.

For details on SCIFO registers, refer to section 16, Serial Communication Interface wi
(SCIF).
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Automatic processing of USB standard commands for endpoint O (some commanc
class/'vendor commands require decoding and processing by firmware)

o Transfer speed: Full-speed

» Endpoint configuration:

IFUSB40A_000020020100

Endpoint Maximum FIFO Buffer

Name Abbreviation Transfer Type Packet Size  Capacity (Byte) DMA

Endpoint0 EPOs Setup 8 8 —
EPOI Control-in 8 8 —
EPOo Control-out 8 8 —

Endpoint1 EP1 Bulk-out 64 128 Possil

Endpoint2 EP2 Bulk-in 64 128 Possil

Endpoint3 EP3 Interrupt 8 8 —

Configuration 1 Interface 0

Alternate Setting 0 Endpoint
—E Endpoint

Endpoint
Interrupt requests. Generates various interrupt sgnals necessary for USB
tranamission/reception

Clock: External input (48 MHz) (Refer to section 9.4.1, Frequency Control Regist
and section 9.4.2, USB Clock Freguency Control Register (UCLKCRY))

Power-down mode

Power consumption can be reduced by stopping UDC internal clock when USB ce
disconnected

Automatic transition to/recovery from suspend state

Can be connected to a Philips PDIUSBP11 Series transceiver or compatible produ
transceiver bypass mode (the XVEROFF hit in XVERCR is set to 1)

When using a compatible product, carry out evaluation and investigation with the
manufacturer supplying the transceiver beforehand.

Power mode; Sdlf-powered
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 I—
Clock (48 MHz) | | FIFO ‘H‘ ‘
Legend:

UDC: USB device controller

Figure 18.1 Block Diagram of USB
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DPLS Input Input pin to driver for D+ signal from receiver 1

DMNS Input Input pin to driver for D— signal from receiver 1

TXDPLS Output D+ transmit output pin to driver 1

TXDMNS Output D- transmit output pin to driver 1

TXENL Output Driver output enable pin 1

VBUS Input USB cable connection monitor pin lor

SUSPND Output Transceiver suspend state output pin 1

EXTAL_USB Input USB clock input pin (external clock input/crystal
resonator connect)

XTAL_USB Output USB clock pin (crystal resonator connect)

D+ I/O USB internal transceiver D+

D- I/O USB internal transceiver D—

Vce-USB Input Power supply for USB

Vss-USB Input Ground for USB

Note: The USB can be connected to a Philips PDIUSBP11 Series transceiver or com
product in internal transceiver bypass mode (the XVEROFF bit in XVERCR is ¢
When using a compatible product, carry out evaluation and investigation with tt
manufacturer supplying the transceiver beforehand.
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- TRETHPE SRR PRI S
e Interrupt enableregister 0 (IERO)

e Interrupt enableregister 1 (IER1)

» EPOi dataregister (EPDROI)

» EPOo dataregister (EPDRO0O)

» EPOsdataregiser (EPDROs)

» EP1 dataregister (EPDR1)

» EP2 dataregister (EPDR2)

» EP3dataregister (EPDR3)

e EPOo receive data size register (EPSZ00)
» EP1recevedatasizeregister (EPSZ1)

o Trigger register (TRG)

o Datadatusregister (DASTS)

* FIFO clear register (FCLR)

* DMA transfer setting register (DMAR)

» Endpoint stall register (EPSTL)

» Transceiver control register (XVERCR)
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Bit

Bit Name

Value

R/W

Description

BRST

R/W

Bus Reset

This bit is set to 1 when a bus reset signal is
the USB bus.

EP1FULL

EP1 FIFO Full

This bit is set when endpoint 1 receives one |
data successfully from the host, and holds a
long as there is valid data in the FIFO buffer.

This is a status bit, and cannot be cleared.

EP2TR

RW

EP2 Transfer Request

This bit is set if there is no valid transmit data
buffer when an IN token for endpoint 2 is rec
the host. A NACK handshake is returned to tl
data is written to the FIFO buffer and packet
is enabled.

EP2EMPTY

EP2 FIFO Empty

This bit is set when at least one of the dual e
transmit FIFO buffers is ready for transmit da
written.

This is a status bit, and cannot be cleared.

SETUPTS

R/W

Setup Command Receive Complete

This bit is set to 1 when endpoint O receives
a setup command requiring decoding on the
side, and returns an ACK handshake to the f

EPOOTS

R/W

EPOo Receive Complete

This bit is set to 1 when endpoint 0 receives |
host successfully, stores the data in the FIFC
returns an ACK handshake to the host.
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This bit is set when data is transmitted to the f
endpoint 0 and an ACK handshake is returnec

18.3.2 Interrupt Flag Register 1 (IFR1)

IFR1, together with interrupt flag register O (IFRO), indicates interrupt status informatic
by the application. When an interrupt source is generated, the corresponding bit is set t
interrupt request is sent to the CPU according to the combination with interrupt enable
(IER1). Clearing is performed by writing O to the bit to be cleared, and 1 to the other bi

Bit Bit Name

Initial
Value

R/W

Description

7t04 0O

0

R

Reserved

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

3 VBUSMN

This is a status bit which monitors the state of
pin. This bit reflects the state of the VBUS pin.

2 EP3TR

RW

EP3 Transfer Request

This bit is set if there is no valid transmit data |
buffer when an IN token for endpoint 3 is rece
the host. A NACK handshake is returned to thi
data is written to the FIFO buffer and packet tr
is enabled.

1 EP3TS

R/W

EP3 Transmit Complete

This bit is set when data is transmitted to the t
endpoint 3 and an ACK handshake is returnec

0 VBUS

R/W

USB Disconnection Detection

When the function is connected to the USB bu
disconnected from it, this bit is set to 1. The VI
this module is used for detecting connection o
disconnection.
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7 BRST 0 RW Bus Reset

6 EP1FULL 0 R/W EP1 FIFO Full

5 EP2TR 0 R/W EP2 Transfer Request

4 EP2EMPTY 0 R/W EP2 FIFO Empty

3 SETUPTS 0 R/W Setup Command Receive (
2 EPOOTS 0 R/W EPOo Receive Complete

1 EPOITR 0 R/W EPOi Transfer Request

0 EPOITS 0 R/W EPOi Transmit Complete

18.34 Interrupt Select Register 1 (I1SR1)

I SR1 selects the vector numbers of the interrupt requestsindicated in interrupt flag re
(IFR1). If the USB issues an interrupt request to the INTC when abitin ISR1 is clear
interrupt corresponding to the bit will be USIO (USB interrupt 0). If the USB issues ar
request to the INTC when abit in ISR1 is set to 1, the corresponding interrupt will be
interrupt 1). If interrupts occur simultaneoudy, USI0 has priority by default.

Bit Bit Name Initial Value R/W Description
7t03 O 0 R Reserved
These bits are always read as 0. The wrif
should always be 0.
2 EP3TR 1 R/W EP3 Transfer Request
EP3TS 1 R/W EP3 Transmit Complete
0 VBUS 1 R/W USB Bus Connect
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6 EP1FULL 0 R/W EP1 FIFO Full

5 EP2TR 0 R/W EP2 Transfer Request

4 EP2EMPTY 1 R/W EP2 FIFO Empty

3 SETUPTS 0 R/W Setup Command Receive Complet
2 EPOOTS 0 R/W EPOo Receive Complete

1 EPOITR 0 R/W EPOi Transfer Request

0 EPOITS 0 R/W EPOi Transmit Complete

18.3.6 Interrupt Enable Register 1 (IER1)

|ER1 enables the interrupt requests of interrupt flag register 1 (IFR1). When an interruy
to 1 while the corresponding bit of each interrupt is set to 1, an interrupt request is sent
CPU. Theinterrupt vector number is determined by the contents of interrupt select regi

(ISRY).
Bit Bit Name Initial Value R/W Description
7t03 O 0 R Reserved
These bits are always read as 0. The write
should always be 0.
EP3TR 0 R/W EP3 Transfer Request
EP3TS 0 R/W EP3 Transmit Complete
VBUS 0 R/W USB Bus Connect
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7t00 D7 to DO Undefined w Data register for control-in transfer

18.3.8 EPOo Data Register (EPDRO00)

EPDROo is an 8-byte receive FIFO buffer for endpoint 0. EPDROo holds endpoint O re
other than setup commands. When datais received successfully, EPOOTS in interrupt
0 is set, and the number of receive bytesisindicated in the EPOo receive data sizereg
the data has been read, setting EPOORDFN in the trigger register enables the next pacl
received. This FIFO buffer can beinitialized by means of BPOoCLR in the FCLR regi

Bit Bit Name Initial Value R/W Description

7t00 D7 to DO Undefined R Data register for control-out transfi

18.39 EPOsData Register (EPDROSs)

EPDROs is an 8-byte FIFO buffer specifically for receiving endpoint 0 setup comman
setup command to be processed by the application isreceived. When command data i
successfully, the SETUPTS bit in interrupt flag register O is set.

Asalatest setup command must be received in high priority, if dataisleft in this buff
overwritten with new data. If reception of the next command is started while the curre
is being read, command reception has priority, the read by the application isforcibly <
theread dataisinvalid.

Bit Bit Name Initial Value R/W Description

7t00 D7 to DO Undefined R Data register for storing the setup
the control-out transfer
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Bit Bit Name Initial Value R/W Description

7t00 D7 to DO Undefined R Data register for endpoint 1 transfer

18.3.11 EP2 Data Register (EPDR2)

EPDR2 isa 128-byte transmit FIFO buffer for endpoint 2. EPDR2 has a dud-buffer co
and has a capacity of twice the maximum packet size. When tranamit datais written to
buffer and EP2PKTE in the trigger register is set, one packet of transmit datais fixed, ¢
dual-FIFO buffer is switched over. The transmit data for this FIFO buffer can be transf
DMA. This FIFO buffer can be initialized by means of EP2CLR in the FCLR register.

Bit Bit Name Initial Value R/W Description

7t00 D7 to DO Undefined w Data register for endpoint 2 transfer

18.3.12 EP3 Data Register (EPDR3)

EPDR3 isan 8-byte transmit FIFO buffer for endpoint 3. EPDR3 holds one packet of ti
for theinterrupt transfer of endpoint 3. Transmit datais fixed by writing one packet of
setting EP3PKTE in the trigger register. When an ACK handshake isreturned from the
one packet of data has been transmitted successfully, EP3TSin interrupt flag register O
FIFO buffer can beinitialized by means of EP3CLR in the FCLR register.

Bit Bit Name Initial Value R/W Description

7t00 D7 to DO Undefined R Data register for endpoint 3 transfer
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EPSZ1 isareceive data sizeresister for endpoint 1. EPSZ1 indicates the number of by
from the host. The FIFO for endpoint 1 has a dual-buffer configuration. The size of th
dataindicated by thisregister is the size of the currently selected side (can be read by

Bit Bit Name Initial Value R/W Description
7t00 — 0 R Number of received bytes for endg
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Alter one packet of data has been writter
endpoint 3 transmit FIFO buffer, the tran
fixed by writing 1 to this bit.

5 EP1RDFN

Undefined

EP1 Read Complete

Write 1 to this bit after one packet of dat:
read from the endpoint 1 FIFO buffer. Th
1 receive FIFO buffer has a dual-buffer
configuration. Writing 1 to this bit initializ
that was read, enabling the next packet t
received.

4 EP2PKTE

Undefined

EP2 Packet Enable

After one packet of data has been writter
endpoint 2 transmit FIFO buffer, the tran
fixed by writing 1 to this bit.

Undefined

Reserved
The write value should always be 0.

2 EPOsRDFN

Undefined

EPOs Read Complete

Write 1 to this bit after data for the EPOs
FIFO has been read. Writing 1 to this bit
transfer of data in the following data stag
handshake is returned in response to tra
requests from the host in the data stage
written to this bit.

1 EPOoRDFN

Undefined

EPOo Read Complete

Writing 1 to this bit after one packet of de
been read from the endpoint 0 transmit F
initializes the FIFO buffer, enabling the n
to be received.

0 EPOIPKTE

Undefined

EPOi Packet Enable

After one packet of data has been writter
endpoint 0 transmit FIFO buffer, the tran
fixed by writing 1 to this bit.
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5 EP3DE 0 R EP3 Data Present

This bit is set when the endpoint 3 FIFC
contains valid data.

4 EP2DE 0 R EP2 Data Present

This bit is set when the endpoint 2 FIFC
contains valid data.

3tol O 0 R Reserved
This bit is always read as O.
0 EPOIDE 0 R EPOi Data Present

This bit is set when the endpoint 0 FIFC
contains valid data.

18.3.17 FIFO Clear Register (FCLR)

FCLR isaregister toinitialize the FIFO buffers for each endpoint. Writing 1 toabit ¢
datain the corresponding FIFO buffer. Note that the corresponding interrupt flag is ne
Do not clear aFIFO buffer during transfer.

Bit Bit Name Initial Value R/W Description

7 d Undefined d Reserved
The write value should always be 0.

6 EP3CLR Undefined w EP3 Clear
Writing 1 to this bit initializes the endpoi
FIFO buffer.

5 EP1CLR Undefined w EP1 Clear

Writing 1 to this bit initializes both sides
endpoint 1 receive FIFO buffer.
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0 EPOICLR Undefined w EPOi Clear

Writing 1 to this bit initializes the endpoir
FIFO buffer.

18.3.18 DMA Transfer Setting Register (DMAR)

DMA transfer can be carried out between the endpoint 1 and 2 data registers and memc
means of the on-chip direct memory access controller (DMA). Dud address transfer is
in bytes. To start DMA transfer, DMAC settings must be made in addition to the settin
register.

Bit Bit Name Initial Value R/W Description

7t02 0O 0 R Reserved

These bits are always read as 0. The write vé
always be 0.
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DMAC again. However, if the size of the dat
be transmitted is less than 64 bytes, the EP:
enable bit is not set automatically, and so st
by the CPU with a DMA transfer end interruj

As EP2-related interrupt requests to the CP!
automatically masked, interrupt requests sh
masked as necessary in the interrupt enable

» Operating procedure

Write of 1 to the EP2 DMAE bit in DMAR
Transfer count setting in the DMAC
DMAC activation

DMA transfer

DMA transfer end interrupt generated
Refer to section 18.7.3, DMA Transfer for Ei

a > w D PE
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» Operating procedure:

Write of 1 to the EP1 DMAE bit in DMAR
Transfer count setting in the DMAC
DMAC activation

DMA transfer

DMA transfer end interrupt generated
Refer to section 18.7.2, DMA Transfer for Ent

a > w DN PE
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Bit Bit Name

Initial Value R/W

Description

7t04 0O

0 R

Reserved

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

3 EP3STL

EP3 Stall

When this bit is set to 1, endpoint 3is p
stall state.

2 EP2STL

EP2 Stall

When this bit is set to 1, endpoint 2 is p
stall state.

1 EP1STL

EP1 Stall

When this bit is set to 1, endpoint 1is p
stall state.

0 EPOSTL

EPO Stall

When this bit is set to 1, endpoint 0 is p
stall state.

18.3.20 Transceiver Control Register (XVERCR)

The Transceiver Control Register sets either theinternal transceiver or external transc

Bit Bit Name Initial Value R/W Description

7t0l O 0 R Reserved
These bits are always read as 0. The w
should always be 0.

0 XVEROFF 0 R/W Transceiver Control

1: The internal transceiver function is st
digital signal for the external transcei
from the port.

0: The internal transceiver is operated.
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USB cable connection com_pleted, enable D+ pull-up
ST in general output port

General output port
D+ pull-up enabled?

IFR1.VBUS =1 Interrupt request E Clear VBUS flag

USB bus connection interrupt [~~~ [T " (IFR1.VBUS) E
E Firmware preparations for 1
UDC core reset release ! |start of USB communication E
Bus reset reception Interruot request
IFROBRST =1 | 'Merr ptrequest o Clear bus reset flag
Bus reset interrupt (IFRO.BRST)
l Clear FIFOs
Wait for setup command (EPO, EP1, EP2, EP3)

reception complete interrupt

Wait for setup command
reception complete interrupt

Figure 18.2 Cable Connection Operation

The above flowchart shows the operation in the case of in section 18.8, Example of US
Circuitry.

In applicationsthat do not require USB cable connection to be detected, processing by
bus connection interrupt is not necessary. Preparations should be made with the bus-re
interrupt.
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h 4
VBUS pin =0

I

UDC core reset

I

End

Figure 18.3 Cable Disconnection Operation

The above flowchart shows the operation in section 18.8, Example of USB External C

18.4.3 Control Transfer

Control transfer consists of three stages: setup, data (not always included), and status
The data stage comprises anumber of bus transactions. Operation flowcharts for each
shown below.

Setup stage Data stage Status st

Controlin & [ seTuP©) | 1 [ Ny | | oy | ..o | Nomy |1 [ ouT
: DATAO : DATA1 DATAO DATAO/1 : DATA
Controlout ! [ seTuP©) | i [ outty | [ oute) | ... [outom | [ N
E DATAO : DATA1 DATAO DATA0/1 : DATA

Nodata | | SETUP(0) | ! ! | IN(1

:
DATAO ' ' DATA
: :

Figure 18.4 Transfer Stagesin Control Transfer
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Command Automatic
to be prgcgssed by processing by
application? this module

Clear SETUP TS flag

Set setup command Interrupt request (|FROSETUP TS = 0)

rz,ie,{g'%r;z%";pfstejf )g Clear EP0i FIFO (CLR.EPOICLR = 1)
: Clear EPQo FIFO (CLR.EPOOCLR = 1

' ]

To data stage

Read 8-byte data from EPOs

!

Decode command data
Determine data stage direction™"

v

Write 1 to EPOs read complete bit
(TRG.EPOs RDFN = 1)

N

To control-in To control-out
data stage data stage

Notes: 1. In the setup stage, the application analyzes command data from the host requiring processing
the application, and determines the subsequent processing (for example, data stage direction
2. When the transfer direction is control-out, the EPOi transfer request interrupt required in the st
stage should be enabled here. When the transfer direction is control-in, this interrupt is not re
and should be disabled.

Figure 185 Setup Stage Operation
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enable bit
(TRG.EPOI PKTE = 1)

Valid data
in EPQi FIFO?

|

Data transmission to host |

ACK i '
h 4 Y

Set EPOi transmission Clear EPOi transmission :
complete flag > complete flag !
(IFRO.EPOi TS = 1) (IFRO.EPOQi TS = 0) !
4l Write data to EPOI !
data register (EPDROI)
! E
Write 1 to EPOIi packet
enable bit
(TRG.EPOi PKTE = 1) -

L A i

Interrupt request

Figure 18.6 Data Stage (Control-In) Operation

The application first analyzes command data from the host in the setup stage, and dete
subsequent data stage direction. If the result of command data analysisis that the data
transfer, one packet of datato be sent to the host is written to the FIFO. If thereismo
sent, thisdatais written to the FIFO after the data written first has been sent to the hos
bitin IFRO = 1).

The end of the data stage is identified when the host transmits an OUT token and the
is entered.

Note: If thesize of the data tranamitted by the function is smaller than the data size |
the host, the function indicates the end of the data stage by returning to the ho
shorter than the maximum packet size. If the size of the data transmitted by th
an integral multiple of the maximum packet size, the function indicates the en
stage by tranamitting a zero-length packet.
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| Data reception from host |

ACK (TTTTTTTTTTTes !

\d v !

Set EPOo reception Interrupt request Clear EPOo reception E
complete flag > complete flag '
(IFRO.EPO0 TS = 1) (IFRO.EPOo TS = 0) '

! !

OUT tok . Read data from EPOo i
| foken reception | ' receive data size register 1
(EPSZ00) ,

1 written ¢ E

to TRG.EPOo No Read data from EPOo :

RDFN? NACK data register (EPDRO00) !

Write 1 to EPOo read \

complete bit
(TRG.EPOo RDFN = 1)

Figure 18.7 Data Stage (Control-Out) Operation

The application first analyzes command data from the host in the setup stage, and deter
subsequent data stage direction. If the result of command data analysisisthat the data
transfer, the application waits for data from the host, and after dataisreceived (EPOOT:
IFRO = 1), reads data from the FIFO. Next, the application writes 1 to the EPOo read cc
empties thereceive FIFO, and waits for reception of the next data.

The end of the data stage is identified when the host transmits an IN token and the statt
entered.
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v

complete flag complete flag
(IFRO.EPOo TS = 1) (IFRO.EP0Oo TS = 0)

v v

Write 1 to EPOo read
complete bit
(TRG.EPOo RDFN = 1)

!

End of control transfer

| o€t £FUO0 reception Interrupt request Clear EFUO reception

| End of control transfer |

Figure 18.8 Status Stage (Controal-In) Operation

The control-in status stage starts with an OUT token from the host. The application re
data from the host, and ends control transfer.
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Yy y

0-byte transmission to host Write 1 to EPO'. packet
enable bit

(TRG.EPOi PKTE = 1)
ACK T
A v

Set EPOi transmission Interrupt request Clear EPOi transmission

complete flag » complete flag
(IFRO.EPOI TS = 1) (IFRO.EPOQi TS = 0)
End of control transfer End of control transfer

Figure 18.9 Status Stage (Control-Out) Operation

The control-out status stage startswith an IN token from the host. When an IN-token i<
the start of the status stage, thereisnot yet any datain the EPOi FIFO, and so an EPOi t
request interrupt is generated. The application recognizes from thisinterrupt that the st
has started. Next, in order to transmit O-byte data to the host, 1 is written to the EPOI pe
bit but no datais written to the EPOi FIFO. Asaresult, the next IN token causes 0-byte
transmitted to the host, and control transfer ends.

After the application has finished all processing relating to the data stage, 1 should bev
the EPOi packet enable hit.

Rev. 2.00, 09/03, page 460 of 690
RENESAS



Yes

NV ywWwivyg

| Data reception from host |

ACK

Yy

Set EP1 FIFO full status
(IFRO.EP1 FULL = 1)

Interrupt request

]

Read EP1 receive data
size register (EPSZ1)

!

Read data from EP1
data register (EPDR1)

v

Write 1 to EP1 read
complete bit
(TRG.EP1 RDFN = 1)

Both
EP1 FIFOs empty?

No Interrupt request

Clear EP1 FIFO full status
(IFRO.EP1 FULL = 0)

Figure 18.10 EP1 Bulk-Out Transfer Operation

EP1 hastwo 64-byte FIFOs, but the user can receive data and read receive data witho
aware of this dual-FIFO configuration.

When one FIFO isfull after reception is completed, the EPIFULL bit in IFRO is set. /
receive operation into one of the FIFOs when both FIFOs are empty, the other FIFO i
s0 the next packet can be received immediately. When both FIFOs are full, NACK is|
the host automatically. When reading of the receive data is completed following datal
iswritten to the EP1IRDFN hit in TRG. This operation empties the FIFO that hasjust |

and makes it ready to receive the next packet.

RENESAS
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1 !

Enable EP2 FIFO
empty interrupt
(IER0.EP2 EMPTY = 1

Data transmission to host

ACK

A 4
A

Set EP2 Interrupt
) Space empty status request IER0.EP2 EMPTY
in EP2 FIFO? (IFRO.EP2 g interrupt
EMPTY = 1)
No \
Write one packet of datz

Clear EP2 empty status to EP2 data register
(IFRO.EP2 EMPTY = 0) (EPDR2)

:

Write 1 to EP2 packet
enable bit
(TRG.EP2 PKTE = 1)

! !

Figure 18.11 EP2Bulk-In Transfer Operation

EP2 has two 64-byte FIFOs, but the user can transmit data and write tranamit data with
aware of this dual-FIFO configuration. However, one datawrite is performed for one F
example, even if both FIFOs are empty, it isnot possible to perform EP2PKTE at onet
consecutively writing 128 bytes of data. EP2PK TE must be performed for each 64-byte

When performing bulk-in transfer, asthere isno valid datain the FIFOs on reception o
IN token, an EP2TR hit interrupt in IFRO isrequested. With thisinterrupt, 1 iswritten t
EP2EMPTY bit in IERO, and the EP2 FIFO empty interrupt is enabled. At first, both E
are empty, and so an EP2 FIFO empty interrupt is generated immediately.

The data to be transmitted is written to the dataregister using thisinterrupt. After thefi
data write for one FIFO, the other FIFO is empty, and so the next transmit data can be\
the other FIFO immediately. When both FIFOs are full, EP2 EMPTY iscleared to 0. If
FIFO is empty, the EP2EMPTY hit in IFRO is set to 1. When ACK isreturned from the
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USb tunction

> IN token reception

Valid data
in EP3FIFO?

Data transmission to host

ACK

A A

Set EP3 transmission
complete flag
(IFR1.EP3TS = 1)

Interrupt re

quest

Application

Is there data
for transmission
to host?2

No

Write data to EP3 data
register (EPDR3)

v

Write 1 to EP3 packet
enable bit
(TRG.EP3 PKTE =1)

Clear EP3 transmission
complete flag
(IFR1.EP3 TS =0)

Is there data
for transmission
to host?

No

Write data to EP3 data
register (EPDR3)

v

Write 1 to EP3 packet
enable bit
(TRG.EP3 PKTE = 1)

Note:

This flowchart shows just one example of interrupt transfer processing. Other possibilities incluc
operation flow in which, if there is data to be transferred, the EP3 DE bit in the data status regist
referenced to confirm that the FIFO is empty, and then data is written to the FIFO.

Figure 18.12 Operation of EP3 Interrupt-In Transfer
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Table18.2 Command Decoding on Application Side

Decoding not Necessary on Application Side  Decoding Necessary on Applicati

Clear Feature Get Descriptor

Get Configuration Class/Vendor command
Get Interface Set Descriptor

Get Status Sync Frame

Set Address

Set Configuration
Set Feature
Set Interface

If decoding isnot necessary on the application side, command decoding and data stage
stage processing are performed automatically. No processing is necessary by the user.
isnot generated in this case.

If decoding isnecessary on the application side, this modul e sores the command in the
FIFO. After reception is completed successfully, the IFRO/SETUP TSflagis set and ar
request is generated. In the interrupt routine, eight bytes of data must be read from the |
register (EPDROs) and decoded by firmware. The necessary data sage and status stage
should then be carried out according to the result of the decoding operation.
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specification violation

The USB function module hasinternal status bits that hold the status (@l or non-stal
endpoint. When atransaction is sent from the host, the module references these intern
and determines whether to return a stall to the host. These bits cannot be cleared by th
application; they must be cleared with a Clear Feature command from the host.

18.6.2 Forcible Stall by Application

The application usesthe EPSTL register to issue a stall request for the USB function 1
When the application wishes to stall a specific endpoaint, it sets the corresponding bit i
linfigure 18.13). Theinternal status bits are not changed at thistime. When a transa
from the host for the endpoint for which the EPSTL bit was set, the USB function mo
references theinternal status bit, and if thisis not set, references the corresponding bit
(2-2in figure 18.13). If the corresponding bit in EPSTL is set, the USB function mod
interna gatus bit and returns a stall handshake to the host (1-3in figure 18.13). If the
corresponding bit in EPSTL isnot set, theinternal status bit isnot changed and thetre

accepted.

Once an internal status bit is set, it remains set until cleared by a Clear Feature comm:
host, without regard to the EPSTL register. Even after abit is cleared by the Clear Fes
command (3-1 in figure 18.13), the USB function module continues to return astall h
whilethebit in EPSTL is set, sincethe internd status bit is set each time atransaction
for the corresponding endpoint (1-2 in figure 18.13). To clear a stall, therefore, it isne
the corresponding bit in EPSTL to be cleared by the application, and also for the inter
to be cleared with a Clear Feature command (2-1, 2-2, and 2-3 in figure 18.13).
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Stall
STALL handshgke Internal status bit | EPSTL
0—1 1
To (2-1) or (3-1)
(2) When Clear Feature is sent after EPSTL is cleared
(2-1)
Transaction request | Internal status bit EPSTL
g 1 150
(2-2)
STALL handshike Internal status bit EPSTL
1 0
(2-3)
Clear Feature command ,| intemal status bit EPSTL
150 0

Normal status restored

(3) When Clear Feature is sent before EPSTL is cleared to 0

(3-1)

Clear Feature command

Internal status bit

150

EPSTL

To (1-2)

. 1setin EPSTI
. Internal status

setto 1

. Transmission

STALL handst

. EPSTL cleare

by application

. IN/OUT token

received from

. Internal status

already set to

. EPSTL not

referenced

. Internal status

not changed

. Transmission

STALL handst

. Internal status

cleared to 0

. Internal status

cleared to 0

. EPSTL not ch:

Figure 18.13 Forcible Stall by Application
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handshake while theinternal statusbit is set, since theinternal statushbit is set even if .
is executed for the corresponding endpoint (2-1 and 2-2 in figure 18.14). To clear a st
the internal status bit must be cleared with a Clear Feature command (3-1 in figure 18
by the application, EPSTL should also be cleared (2-1 in figure 18.14).

(1) Transition from normal operation to stall

a-n 1. In case of US
STALL handshake ’ specification

< Interngl sta;tus bit EPS}TL violation, etc.

= function modt

stalls endpoin

To (2-1) or (3-1) automatically

(2) When transaction is performed when internal status bit is set, and Clear Feature is sent

(2-1) [1 EPSTL cleare
; by application
Transaction request »| Internal status bit EPSTL 2. Il\)l//OT.?T toker
1 0 received from

3. Internal status
already set to

4. EPSTL not
referenced

5. Internal statu:
not changed

(2-2)

STALL handsfjake Internal status bit EPSTL 1. Transmission

< 1 0 STALL hands

Stall status maintained

(3) When Clear Feature is sent before transaction is performed

(3-1) 1. Internal statu
cleared to 0
Clear Feature command | Intemal status bit EPSTL 2. EPSTL not of
1->0 0

Normal status restored

Figure 18.14 Automatic Stall by USB Function Module
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If the DMA transfer is enabled by setting the EPADMAE bit to 1 in the DMA transfer <
register, zero-length data reception a endpoint 1 isignored. When the DMA transfer is
the RDFN bit for EP1 and PKTE bit for EP2 do not need to be set to 1 in TRG (note th
PKTE bit must be set to 1 when the transfer datais|ess than the maximum number of t
When all the datarecelved at EP1 isread, the FIFO automatically entersthe EMPTY o
the maximum number of bytes (64 bytes) are written to the EP2 FIFO, the FIFO autom
entersthe FULL state, and the datain the FIFO can be transmitted (see figures 18.15 a

18.7.2 DMA Transfer for Endpoint 1

When the datareceived at EP1 is transferred by the DMAC, the USB function module
automatically performs the same processing as writing 1 to the RDFN hit in TRG if the
selected FIFO becomes empty. Accordingly, in DMA transfer, do not write 1 to the RC
TRG. If the user writes 1 to the RDFN bit in DMA transfer, correct operation cannot bx
guaranteed.

Figure 18.15 shows an exampl e of receiving 150 bytes of data from the host. In this ca:
processing which is the same aswriting 1 to the RDFN hit in TRG is automatically per
three times. Thisinternal processing is performed when the currently selected data FIF
empty. Accordingly, this processing is automatically performed both when 64-byte dat
and when data less than 64 bytes is sent.

64 bytes 64 bytes 22 bytes
i ¢ i
RDFN RDFN RDFN
(Automatically (Automatically (Automatically
performed) performed) performed)

Figure 18.15 RDFN Bit Operation for EP1
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Figure 18.16 shows an example for transmitting 150 bytes of data to the host. In this ¢
processing which is the same aswriting 1 to the PKTE bit in TRG is automatically pe
twice. Thisinternal processing is performed when the currently selected data FIFO be
Accordingly, this processing is automatically performed only when 64-byte datais se

When the last 22 bytes are sent, theinternal processing for writing 1 to the PKTE bit i
performed, and the user must write 1 to the PKTE bit by software. In this case, the ap
no more data to transfer but the USB function module continues to output DMA requi
as long asthe FIFO has an empty space. When &l data has been transferred, write 0 tc
EP2DMAE bitin DMAR to cancel DMA requests for EP2.

64 bytes 64 bytes 22 bytes
t } t
PKTE PKTE PKTE is
(Automatically (Automatically not performed

performed) performed)

Execute by DMA transfer

end interrupt (user)

Figure 18.16 PKTE Bit Operation for EP2
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(auring nign-priority processing or initaization processng, tor exampie), D+ pull-
be controlled using agenera output port. However, if a USB cable is aready conne
host/hub and D+ pull-up is prohibited, D+ and D—will both go low (both of D+ anc
down on the host/hub side) and the USB module will mistakenly identify thisasre
USB bus reset from the host. Therefore, the D+ pull-up control signal and VBUS pi
signal should be controlled using a general output port and the USB cable VBUS (£
circuit) as shown in figure 18.17. (The UDC core in this LS| maintains the powerec
the VBUS pin islow, regardless of the D+/D- state.)
3. Detection of USB Cable Connection/Disconnection

As USB dtates, etc., are managed by hardwarein this module, a VBUS signal that r
connection/disconnection is necessary. The power supply signal (VBUS) in the US
used for this purpose. However, if the cable is connected to the USB host/hub wher
function (system ingalling this LSI) power is off, avoltage (5 V) will be applied fre
host/hub. Therefore, an I1C (such asan HD74LV 1G08A or 2G08A) that allows valt:
application when the system power is off should be connected externaly.
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= |
AL D+

D+ WY

D- W L
GND
USB
cable

Note: Operation is not guaranteed with this sample circuit.
If external surge and ESD noise countermeasures are required for the system
a protective diode or the noise canceler should be used for this purpose.

Figure 18.17 Example of USB Function Module External Circuitry
(Internal Transceiver)
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Note: Operation is not guaranteed with this sample circuit.

g
48 MHz T SPEED
— D+
TXENL oL \> W
TXDMNS Vel W D-
TXDPLS e GND
XVDATA | ROV N
USB
DPLS ¢ VP 7 cable
DMNS | VM
SUSPND »|SUSPND
PDIUSBP11 etc

If external surge and ESD noise countermeasures are required for the syste
a protective diode or the noise canceler should be used for this purpose.

Figure 18.18 Example of USB Function Module External Circuitry
(External Transceiver)
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Therefore, the dataread after reception is started becomes invalid.

2. EPDROs must always be read in 8-byte units. If theread isterminated at a midpoir
received at the next setup cannot be read correctly.

18.9.2 ClearingtheFIFO

If aUSB cableis disconnected during data transfer, the data being received or tranami
remain in the FIFO. When disconnecting a USB cable, clear the FIFO.

Whilea FIFO istransferring data, it must not be cleared.

18.9.3 Overreading and Overwriting the Data Registers
Note the following when reading or writing to a data register of this module.
(1) Receive dataregisters

The receive data registers must not be read exceeding the valid amount of receive dat:
number of bytesindicated by the receive data size register. Even for EPDR1 which he
FIFO buffers, the maximum datato be read at onetime is 64 bytes. After the dataisre
current valid FIFO buffer, be sure to write 1 to EPIRDFN in TRG, which switches th
buffer, updates the receive data size to the new number of bytes, and enables the next
received.

(2) Tranamit dataregisters

The transmit data registers must not be written to exceeding the maximum packet S ze
EPDR2 which has double FIFO buffers, write data within the maximum packet size a
After the datais written, write 1 to PKTE in TRG to switch the valid buffer and enabl
data to be written. Data must not be continuously written to the two FIFO buffers.
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18.9.6 Noteson TR Interrupt

Note the following when using the transfer request interrupt (TR interrupt) for IN trans

EP2, or EP3.

The TR interrupt flag is set if the FIFO for the target EP has no data when the IN token
from the USB host. However, at the timing shown in figure 18.19, multiple TR interruy
successively. Take appropriate measures againgt malfunction in such a case.

Note:  This module determines whether to return NAK if the FIFO of the target EP he
when receiving the IN token, but the TR interrupt flag is set only after aNAK |
issent. If the next IN token is sent before PKTE of TRG iswritten to, the TR ir

isset again.

TR interrupt routine TR mterrupt routine
Clear Writes TRG.
CPU TR flag transmit data PKTE

Determines whether
to return NAK

Sets TR flag Sets TR flag

Determines whether
to return NAK

(Sets the flag again)

Figure18.19 TR Interrupt Flag Set Timing
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lable 19.1

Port

vidirtiplrex Fins

Port Function (Related Module)

Other Functions (Related Mod!

PTAY input/output (port)/PINT7 input (INTC)

D23 input/output (BSC)

PTAG6 input/output (port)/PINT6 input (INTC)

D22 input/output (BSC)

PTAS5 input/output (port)/PINT5 input (INTC)

D21 input/output (BSC)

PTA4 input/output (port)/PINT4 input (INTC)

D20 input/output (BSC)

PTAS3 input/output (port)/PINT3 input (INTC)

D19 input/output (BSC)

PTAZ2 input/output (port)/PINT2 input (INTC)

D18 input/output (BSC)

PTAL input/output (port)/PINT1 input (INTC)

D17 input/output (BSC)

PTAO input/output (port)/PINTO input (INTC)

D16 input/output (BSC)

PTB7 input/output (port)/PINT15 input (INTC)

D31 input/output (BSC)

PTB6 input/output (port)/PINT14 input (INTC)

D30 input/output (BSC)

PTBS5 input/output (port)/PINT13 input (INTC)

D29 input/output (BSC)

PTB4 input/output (port)/PINT12 input (INTC)

D28 input/output (BSC)

PTB3 input/output (port)/PINT11 input (INTC)

D27 input/output (BSC)

PTB2 input/output (port)/PINT10 input (INTC)

D26 input/output (BSC)

PTB1 input/output (port)/PINT9 input (INTC)

D25 input/output (BSC)

PTBO input/output (port)/PINT8 input (INTC)

D24 input/output (BSC)

PTC7 input/output (port)

CS6A output (BSC)

PTC6 input/output (port)

CS5A output (BSC)

PTCS5 input/output (port)

PTC4 input/output (port)

PTC3 input/output (port)

OO0 0[0|0|W| W W T BB W > >I>N > > > > >

PTC2 input/output (port)

WES3 output (BSC)/DQMUU outp

AH output (BSC)

@]

PTC1 input/output (port)

WEZ2 output (BSC)/DQMUL outp

PTCO input/output (port)

BS output (BSC)
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PTDO input/output (port)

RASL output (BSC)

PTE7 input/output (port)

O

PTES® input/output (port)

TCLK input (TMU)

PTES input/output (port)

STATUS1 output (CPG)/CTSO input

PTE4 input/output (port)

STATUSO output (CPG)/RTSO0 outpu

PTE3 input/output (port)

TENDO output (DMAC)

PTEZ2 input/output (port)

IRQ5 input (INTC)

PTE1 input/output (port)

DACKZ1 output (DMAC)

PTEOQ input/output (port)

DACKO output (DMAC)

PTF7 input/output (port)

ASEMDO input

PTF6 input/output (port)

ASEBRKAK output

PTF5 input/output (port)

TDO output (UDI)

PTF4 input/output (port)

AUDSYNC output (AUD)

PTF3 input/output (port)

AUDATAS output (AUD)/TO3 output

PTF2 input/output (port)

AUDATA2 output (AUD)/TO2 output

PTF1 input/output (port)

AUDATAL output (AUD)/TO1 output

PTFO input/output (port)

AUDATAO output (AUD)/TOO0 output

PTG?7 input/output (port)

WAIT input (BSC)

PTGS6 input/output (port)

BREQ input (BSC)

PTGS5 input/output (port)

BACK output (BSC)

PTG4 input/output (port)

AUDCK output (AUD)

PTG3 input/output (port)

TRST input (UDI)

PTG2 input/output (port)

TMS input (UDI)

PTG1 input/output (port)

TCK input (UDI)

QOO0 Mm|M|M| MMM || M MmMm|mMm(mMm| m{m|m|m| O

PTGO input/output (port)

TDI input (UDI)

Rev. 2.00, 09/03, page 476 of 690

RENESAS



PTJ7 output (port)

NFE*?

PTJ6 output (port) NF*!
PTJ5 output (port) NF*!
PTJ4 output (port) NF*!
PTJ3 output (port) NF*!
PTJ2 output (port) NF*!
PTJ1 output (port) NF*!
PTJO output (port) NF*!
PTK7 input/output (port) A25 output (BSC)
PTKS®6 input/output (port) A24 output (BSC)

PTKS5 input/output (port)

A23 output (BSC)

PTK4 input/output (port)

A22 output (BSC)

PTK3 input/output (port)

A21 output (BSC)

PTK2 input/output (port)

A20 output (BSC)

PTK1 input/output (port)

A19 output (BSC)

PTKO input/output (port)

A0 output (BSC)

PTL3 input (port)

AN3 input (ADC)

PTL2 input (port)

AN2 input (ADC)

PTL1 input (port)

AN1 input (ADC)

PTLO input (port)

ANO input (ADC)

PTM6 input/output (port)

VBUS input (USB)

PTM4 input (port)

N[=

PTM3 input/output (port)

O

PTM2 input/output (port)

PTM1 input/output (port)

2l 22|22 r|r|r|rXIXIXIXRXRXRIXRAR|C|v|v| || @@

PTMO input/output (port)

a
a
a
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PTNO input/output (port)

SUSPND output (USB)

N

SCPT SCPTS5 input/output (port) CTS2 input (SCIF2)

SCPT SCPT4 input/output (port) RTS2 output (SCIF2)

SCPT SCPT3 input/output (port) SCK2 input/output (SCIF2)

SCPT  SCPT2 input (port)*? RXD2 input (SCIF2)

SCPT SCPT2 output (port)*? TXD2 output (SCIF2)

SCPT SCPT1 input/output (port) SCKO input/output (SCIF0)

SCPT  SCPTO input (port)*? RXDO input (SCIFQ)/IrRX input (Irl
SCPT SCPTO output (port)*? TXDO output (SCIFO0)/IrTX output |

Notes: 1. The initial functions of NF (No Function) pins are not assigned after power-o
Specifies the functions with Pin Function Controller (PFC).

PTD5 and PTM4 must be pulled up.

PTJ[7:0] must be open except for the pins specified as port output pins.

The values of PTJ6, PTJ1, and PTJO differ during power-on reset and after t
on reset state is released. They conform to the port J data register value afte
switched to port status by the pin function controller (PFC).

After Power-On Reset Releas

During Power-On Reset PTD5/NF =1 PTDS5/NF
PTJ6/NF 1 0 1
PTJ1/NF 1 1 0
PTJO/NF 1 0 1

. SCPTO0 and SCPT2 each have two separate pins for input and output, howe

common data register is accessed.

In table 19.1, pin functionsin the shaded column can be used immediately after a powe
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Port E control register (PECR)
Port E control register 2 (PECR2)
Port F control regiser (PFCR)
Port F control register 2 (PFCR2)
Port G control register (PGCR)
Port H control register (PHCR)
Port J control register (PICR)
Port K control register (PKCR)
Port L control register (PLCR)
Port M control register (PMCR)
Port N control register (PNCR)
Port N control register 2 (PNCR2)
Port SC control register (SCPCR)
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01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

13 PA6MD1 O R/W PTA6 Mode
12 PA6MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PA5SMD1 O R/W PTA5 Mode
10 PASMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PAAMD1 O R/W PTA4 Mode
PAAMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PA3MD1 O R/W PTA3 Mode
PA3MDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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2 PAIMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

1 PAOMD1 O R/W PTAO Mode

0 PAOMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

19.22 Port B Control Register (PBCR)

PBCR is a 16-bit readable/writable register that selects the pin function and input pull
contral.

Bit Initial

Bit Name Value R/W Description

15 PB7MD1 O R/W PTB7 Mode

14 PB7MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

13 PB6MD1 O R/W PTB6 Mode

12 PB6MDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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8 PB4MDO O R/W

00: Other functions (see table 19.1)
01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PB3MD1 O R/W PTB3 Mode
PB3MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
5 PB2MD1 O R/W PTB2 Mode
PB2MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PB1IMD1 O R/W PTB1 Mode
PB1IMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
1 PBOMD1 O R/W PTBO Mode
PBOMDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

13 PC6MD1 R/W PTC6 Mode
12 PC6MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PC5MD1 R/W PTC5 Mode
10 PC5MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PC4MD1 R/W PTC4 Mode
PC4MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PC3MD1 R/W PTC3 Mode
PC3MDO R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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2 PC1MDO O R/W

00: Other functions (see table 19.1)
01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

1 PCOMD1 O R/W
0 PCOMDO O R/W

PTCO Mode

00: Other functions (see table 19.1)
01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

13 PD6MD1 R/W  PTD6 Mode
12 PD6MDO R/W  00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PD5MD1 R/W  PTD5 Mode
10 PD5MDO R/W  00: NF
01: Setting prohibited
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PD4AMD1 R/W  PTD4 Mode
PD4MDO R/W  00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PD3MD1 R/W  PTD3 Mode
PD3MDO R/W  00: Other functions (see table 19.1)

01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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2 PD1IMDO 1 R/W

00: Other functions (see table 19.1)
01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

1 PDOMD1 O R/W
0 PDOMDO O R/W

PTDO Mode

00: Other functions (see table 19.1)
01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

13 PE6MD1 R/W PTE6 Mode
12 PE6MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PE5MD1 R/W PTE5 Mode
10 PE5SMDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PE4MD1 R/W PTE4 Mode
PE4MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PE3MD1 R/W PTE3 Mode
PE3MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
5 PE2MD1 R/W PTE2 Mode
PE2MDO R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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0 PEOMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
19.26 Port E Control Register 2 (PECR?2)

PECR2 isan 8-hit readable/writable register that sel ects the pin function.

Bit Name Initial
Bit Value R/W

Description

7,6 — 0 R

Reserved

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

5 PESMD2 0 R/W

PE5 Mode 2

This bit is valid when the PESMD[1:0] bits in PE
to B'00 (other functions).

0: STATUSL (CPG)
1: CTS0 (SCIF0)

4 PE4AMD2 O R/W

PE4 Mode 2

This bit is valid when the PE4AMD[1:0] bits in PE
to B'00 (other functions).

0: STATUSO (CPG)
1: RTSO (SCIF0)

3to0 — 0 R

Reserved

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

Rev. 2.00, 09/03, page 488 of 690

RENESAS



01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

*x1

13 PF6MD1 R/W PTF6 Mode
12 PF6MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PF5MD1 R/W PTF5 Mode
10 PF5MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PF4MD1 1** RW  PTF4 Mode
PF4AMDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PF3MD1 1** RW  PTF3 Mode
PF3MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
5 PF2MD1 1** RW  PTF2 Mode
PF2MDO R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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0 PFOMDO

0

R/W

00: Other functions (see table 19.1)
01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

Notes: 1. Indicates the initial value when ASEMDO = 1. When ASEMDO = 0, the relev:
becomes 0, and other functions is selected.

2. Pull-up MOS on.

19.28 Port F Control Register 2 (PFCR2)

PFCR2 is an 8-hit readable/writable register that selects the pin function.

Bit Initial

Bit Name Value R/W Description

7t04 — 0 R Reserved
These bits are always read as 0. The write valt
always be 0.

3 PF3MD2 O R/W PTF3 Mode 2
This bit is valid when the PF3MD[1:0] bits in PF
to B'00 (other functions).
0: AUDATA3 (AUD)
1: TO3 (TPU)

2 PF2MD2 O R/W PTF2 Mode 2

This bit is valid when the PF2MD[1:0] bits in PF
to B'00 (other functions).

0: AUDATA2 (AUD)
1: TO2 (TPU)
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B'00 (other functions).
0: AUDATAO (AUD)
1: TOO (TPU)

19.2.9

Port G Control Register (PGCR)

PGCR is a 16-hit readabl e/writable register that selects the pin function and input pull

contral.
Bit Initial

Bit  Name Value R/W Description

15 PG7MD1 O R/W PTG7 Mode

14 PG7MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

13 PG6MD1 R/W PTG6 Mode

12 PG6MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

11 PG5MD1 R/W PTG5 Mode

10 PG5MDO R/W 00: Other functions (see table 19.1)

01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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6 PG3MDO O R/W  00: Other functions™ (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PG2MD1 O R/W PTG2 Mode
PG2MDO 0 R/W  00: Other functions*? (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PGIMD1 O R/W PTG1 Mode
PGIMDO O R/W  00: Other functions*? (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PGOMD1 O R/W PTGO Mode
0 PGOMDO 0 R/W  00: Other functions*? (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

Notes: 1. Indicates the initial value when ASEMDO = 1. When ASEMDO = 0, the releve
becomes 0, and other functions is selected.

2. Pull-up MOS on.
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always be 0.

13 PH6MD1 R/W PTH6 Mode
12 PH6MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PH5MD1 R/W PTH5 Mode
10 PH5MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PH4AMD1 R/W PTH4 Mode
PH4MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
7 PH3MD1 R/W PTH3 Mode
6 PH3MDO R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PH2MD1 R/W PTH2 Mode
PH2MDO R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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0

PHOMDO

0

R/W

00: Other functions (see table 19.1)
01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

19.2.11 Port J Control Register (PJCR)

PJICR is a 16-hit readable/writable register that selects the pin function.

Bit Initial
Bit Name Value R/W Description
15 PJ7MD1 O R/W PTJ7 Mode
14 PJ7MDO O R/W 00: NF
01: Port output
10: Setting prohibited
11: Setting prohibited
13 PJ6MD1 R/W PTJ6 Mode
12 PJ6MDO R/W 00: NF
01: Port output
10: Setting prohibited
11: Setting prohibited
11 PJ5MD1 R/W PTJ5 Mode
10 PJ5MDO R/W 00: NF

01: Port output
10: Setting prohibited
11: Setting prohibited
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PJ3MDO

R/W

00: NF

01: Port output

10: Setting prohibited
11: Setting prohibited

PJ2MD1
PJ2MDO

R/W
R/W

PTJ2 Mode

00: NF

01: Port output

10: Setting prohibited
11: Setting prohibited

PJIMD1
PJ1IMDO

R/W
R/W

PTJ1 Mode

00: NF

01: Port output

10: Setting prohibited
11: Setting prohibited

PJOMD1
PJOMDO

R/W
R/W

PTJO Mode

00: NF

01: Port output

10: Setting prohibited
11: Setting prohibited

RENESAS
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01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

13 PK6MD1 0 R/W PTK6 Mode
12 PK6MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
11 PK5MD1 0 R/W PTK5 Mode
10 PKSEMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PK4MD1 0 R/W PTK4 Mode
PKAMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
PK3MD1 0 R/W PTK3 Mode
PK3MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
5 PK2MD1 0 R/W PTK2 Mode
PK2MDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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0 PKOMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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PL3MD1 O R/W
PL3MDO O R/W

PTL3 Mode

00: Other functions (see table 19.1)
01: Setting prohibited

10: Setting prohibited

11: Port input (pull-up MOS: Off)

5 PL2MD1 O R/W
PL2MDO O R/W

PTL2 Mode

00: Other functions (see table 19.1)
01: Setting prohibited

10: Setting prohibited

11: Port input (pull-up MOS: Off)

3 PLIMD1 O R/W
2 PLIMDO O R/W

PTL1 Mode

00: Other functions (see table 19.1)
01: Setting prohibited

10: Setting prohibited

11: Port input (pull-up MOS: Off)

1 PLOMD1 O R/W
PLOMDO O R/W

PTLO Mode

00: Other functions (see table 19.1)
01: Setting prohibited

10: Setting prohibited

11: Port input (pull-up MOS: Off)
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always be 0.

13 PM6MD1 1 R/W PTM6 Mode

12 PM6MDO 0 R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

11,10 — 0 R Reserved
These bits are always read as 0. The write \
always be 0.
PM4MD1 O R/W PTM4 Mode
PM4MDO O R/W 00: NF

01: Setting prohibited
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PM3MD1 1 R/W PTM3 Mode

PM3MDO O R/W 00: Setting prohibited
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PM2MD1 1 R/W PTM2 Mode

PM2MDO 0 R/W 00: Setting prohibited
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

Rev. 2.00, 09/03, pag
RENESAS



0 PMOMDO O R/W

00: Setting prohibited

01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

19.2.15 Port N Control Register (PNCR)

PNCR is a 16-hit readabl e/writable register that selects the pin function and input pull-|

contral.
Bit Initial

Bit Name Value R/W Description

15 PN7MD1 1 R/W PTN7 Mode

14 PN7MDO O R/W 00: Setting prohibited
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

13 PN6MD1 R/W PTN6 Mode

12 PN6MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

11 PN5SMD1 R/W PTN5 Mode

10 PN5MDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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PN3MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PN2MD1 1 R/W PTN2 Mode

PN2MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PNIMD1 1 R/W PTN1 Mode

PN1MDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

PNOMD1 1 R/W PTNO Mode

PNOMDO O R/W 00: Other functions (see table 19.1)
01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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6 PN6MD2

R/W

PTN6 Mode 2

This bit is valid when the PN6MD[1:0] bits in P!
set to B'00 (other functions).

0: Setting prohibited
1: DPLS (USB)

5 PN5MD2

R/W

PTN5 Mode 2

This bit is valid when the PN5MD[1:0] bits in P!
set to B'00 (other functions).

0: Setting prohibited
1: DMNS (USB)

4 PN4MD2

R/W

PTN4 Mode 2

This bit is valid when the PN4AMD[1:0] bits in P!
set to B'00 (other functions).

0: Setting prohibited
1: TXDPLS (USB)

3 PN3MD2

R/W

PTN3 Mode 2

This bit is valid when the PN3MD[1:0] bits in P!
set to B'00 (other functions).

0: Setting prohibited
1: TXDMNS (USB)

2 PN2MD2

R/W

PTN2 Mode 2

This bit is valid when the PN2MD[1:0] bits in P!
set to B'00 (other functions).

0: Setting prohibited
1: XVDATA (USB)
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S DIt 1o valll WIICTT e FINUNVIU| LU Dits 1T F
set to B'00 (other functions).

0: Setting prohibited
1: SUSPND (USB)

19.2.17 Port SC Control Register (SCPCR)

SCPCR is a 16-hit readable/writable register that selects the pin function and input pu
control. The settings of SCPCR become valid only when transmission/reception opere
disabled by the settings of SCSCR in the on-chip serial communication interface (SCI

When the TE bit in SCSCR_0 or SCSCR_2 of the SCIF is set to 1, the output status o
functions: TxDO or TxD2" has priority for the setting of SCPCR.

Similarly, when the RE bit in SCSCR_0 or SCSCR_2 isset to 1, the input status of “c
functions: RxDO or RxD2" has priority for the setting of SCPCR.

Bit Initial
Bit Name Value R/W Description
15t012 — 0 R Reserved
These bits are always read as 0. The write
always be 0.
11 SCP5MD1 0 R/W SCPT5 Mode
10 SCP5MDO O R/W 00: Other functions (see table 19.1)

01: Port output
10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)
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6 SCP3MDO O R/W

00: Other functions (see table 19.1)
01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

5 SCP2MD1 O R/W
4 SCP2MDO O R/W

SCPT2 Mode

These bits select pin function and input pull-ug
control.

When TE =0 and RE =0 in SCSCR_2, operal
follows:

00: Other functions (see table 19.1)
01: Port output

10: Port input (pull-up MOS: On)
11: Port input (pull-up MOS: Off)

When TE =1 in SCSCR_2, the SCPT2/TxD2 |
as TxD2.

When RE =1 in SCSCR_2, the SCPT2/RxD2
functions as RxD2.

Note: Since two pins (TxD2 and RxD2) are us
one bit (SCPT2), there is no combinatio
simultaneous input/output of SCPT2.

When port input is set (when bit SCP2MD1 is
TxD2 pin enters an output state when the TE
SCSCR_2 is set to 1, whereas it enters high-ir
state when the TE bit is cleared to 0.
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4L FPUILTHPUL (PUll=up Vi o. Uil

1
0

SCPOMD1 O
SCPOMDO O

R/W
R/W

SCPTO Mode

These bits select pin function and input pull-up
control.

When TE =0 and RE =0 in SCSCR_0, operat
follows:

00: Other functions (see table 19.1)

01: Port output

10: Port input (pull-up MOS: On)

11: Port input (pull-up MOS: Off)

When TE =1 in SCSCR_0, the SCPTO/TxDO |
functions as TxDO.

When RE =1 in SCSCR_0, the SCPTO/RxD0
functions as RxDO.

Note: Since two pins (TxDO and RxDO0) are us
access one bit (SCPTO), there is no con
simultaneous input/output of SCPTO.

When port input is set (when bit SCPOMDL1 is
the TxDO pin enters an output state when the -
SCSCR_O0 is set to 1, whereas it enters high-in
state when the TE bit is cleared to O.
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FOIT A 15 an o-0OIt INpuUtyoutput port witn tne pin conrigurati 0n snown in figure £u. L. &=
an input pull-up MOS, which is controlled by the port A control register (PACR) in tf

Port A

/D23
/D22
/D21
/D20
/D19
/D18
/D17
/D16

PTA7 (input/output
PTAG (input/output
PTAS5 (input/output
PTA4 (input/output
PTAS3 (input/output
PTA2 (input/output
PTA1 (input/output
PTAO (input/output

input/output)/PINT7 (input)
input/output)/PINT6 (input)
input/output)/PINT5 (input)
input/output)/PINT4 (input)
input/output)/PINT3 (input)
input/output)/PINT2 (input)
input/output)/PINT1 (input)
input/output)/PINTO (input)

20.1.1 Register Description

Figure20.1 Port A

Port A hasthe following register. For details on the register address and access size, s

24, List of Registers.

* Port A dataregister (PADR)

RENESAS
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7t00 PA7DT 0 R/W Table 20.1 shows the function of PADR.
to
PAODT

Table20.1 Port A Data Register (PADR) Read/Write Operations

PACR State
PANMD1 PANMDO Pin State Read Write
0 0 Other function PADR value Data can be written to PADR but
pin state.
Output PADR value Written data is output from the pir
1 0 Input (Pull-up  Pin state Data can be written to PADR but
MOS on) pin state.
1 Input (Pull-up  Pin state Data can be written to PADR but
MQOS off) pin state.

Note: n=0to7

20.2 Port B

Port B isan 8-bit input/output port with the pin configuration shown in figure 20.2. Ea
an input pull-up MOS, which is controlled by the port B control register (PBCR) in the

«— PTB7
l«— PTB6
PTB5
l«— PTB4
l«— PTB3
[~—> PTB2
~—> PTB1
~— PTBO

input/output)/D31 (input/output)/PINT15 (input)
input/output)/D30 (input/output)/PINT14 (input)
input/output)/D29 (input/output)/PINT13 (input)
input/output)/D28 (input/output)/PINT12 (input)
input/output)/D27 (input/output)/PINT11 (input)
input/output)/D26 (input/output)/PINT10 (input)
input/output)/D25 (input/output)/PINT9 (input)

input/output)/D24 (input/output)/PINT8 (input)

Port B

Figure20.2 Port B
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PBDR IS an o-DIt reacable/writable regiser thatl storesdatator pinsF1 b6/ 10 P bU. b
PBODT correspond to pins PTB7 to PTBO. When the pin function is general output pc
isread the value of the corresponding PBDR bhit is returned directly. When the functic
input port, if the port isread, the corresponding pin level isread.

Bit Initial

Bit Name Value R/W Description

7t0o0 PB7DT O R/W Table 20.2 shows the function of PBDR.
to
PBODT

Table20.2 Port B Data Register (PBDR) Read/Write Operations

PBCR State
PBnMD1 PBnMDO Pin State Read Write
0 0 Other function PBDR value Data can be written to PBDR bu
pin state.
Output PBDR value Written data is output from the p
1 0 Input (Pull-up  Pin state Data can be written to PBDR bu
MOS on) pin state.
1 Input (Pull-up  Pin state Data can be written to PBDR bu
MQOS off) pin state.

Note: n=0to7
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" |~—— PTC3 (input/output)/CS2 (output)
~—— PTC2 (input/output)/WES (output)/DQMUU (output)/AH (output)
[+~—> PTC1 (input/output)/

/|

'WE2 (output)/DQMUL (output)
[+~— PTCO (input/output

BS (output)

Figure20.3 Port C

20.31 Register Description

Port C has thefollowing register. For details on theregister address and access size, se
24, List of Registers.

» Port C dataregister (PCDR)

20.3.2 Port C Data Register (PCDR)

PCDR is an 8-hit readabl e/writable register that stores data for pins PTC7 to PTCO. Bit
PCODT correspond to pins PTC7 to PTCO. When the pin function is general output por
isread, the value of the corresponding PCDR bit isreturned directly. When the functio
input port, if the port isread, the corresponding pin level isread.

Bit Initial

Bit Name Value R/W Description

7to0 PC7DT O R/W Table 20.3 shows the function of PCDR.
to
PCODT
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1 Input (Pull-up  Pin state Data can be written to PCDR bu
MQOS off) pin state.

Note: n=0to7

20.4 Port D

Port D isan 8-bit input/output port with the pin configuration shown in figure 20.4. E
an input pull-up MOS, which is controlled by the port D control register (PDCR) in tf

[«<— PTD?7 (input/output)/CS6B (output)
l«— PTD6 (input/output)/CS5B (output)
l«—— PTD5 (input) INF (input)
[«~— PTD4 (input/output)/CKE (output)
«—— PTD3 (input/output)/CASU (output)
<— PTD2 (input/output)/CASL (output)
<+— PTD1 (input/output)/RASU (output)

[<— PTDO (input/output)/RASL (output)

Port D

Figure20.4 Port D

2041 Register Description

Port D hasthe following register. For details on the register address and access size, s
24, List of Registers.

» Port D dataregister (PDDR)

20.4.2 Port D Data Register (PDDR)

PDDR is an 8-hit readable/writable register that stores data for pins PTD7 to PTDO. B
to PDODT correspond to pins PTD7 to PTDO. When the pin function is general outpu
port isread, the value of the corresponding PDDR bit isreturned directly. When the fi
general input port, if the port isread, the corresponding pin level isread.
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PDnMD1 PDnMDO Pin State

Read

Write

0 0 Other function PDDR value Data can be written to PDDR but
on pin state.
Output PDDR value Written data is output from the pir
1 0 Input (Pull-up  Pin state Data can be written to PDDR but
MOS on) on pin state.
1 Input (Pull-up  Pin state Data can be written to PDDR but
MQOS off) on pin state.
Note: n=0to4,6,and 7
PDCR State
PD5MD1 PD5MDO Pin State Read Write
0 0 NF PDDR value Data can be written to PDDR but
on pin state.
1 Setting d
Prohibited
1 0 Input (Pull-up  Pin state Data can be written to PDDR but
MOS on) on pin state.
1 Input (Pull-up  Pin state Data can be written to PDDR but
MQOS off) on pin state.
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l«— PTE3
~— PTE2
~— PTE1
~— PTEO

input/output)/TENDO (output)
input/output)/IRQ5 (input)

input/output)/DACK1 (output)
input/output)/DACKO (output)

Figure20.5 Port E

20.5.1 Register Description

Port E has the following register. For details on the register address and access size, s
24, List of Registers.

» Port E dataregister (PEDR)

20.5.2 Port E Data Register (PEDR)

PEDR is an 8-bit readable/writable register that stores datafor pins PTE7 to PTEO. Bi
PEODT correspond to pins PTE7 to PTEQ. When the pin function is genera output pc
isread, the value of the corresponding PEDR bit isreturned directly. When the functi
input port, if the port is read the corresponding pin level isread.

Bit Initial

Bit Name Value R/W Description

7to0 PE7DT O R/W Table 20.5 shows the function of PEDR.
to
PEODT
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1 Input (Pull-up  Pin state Data can be written to PEDR but
MQOS off) pin state.

Note: n=0to7

20.6 Port F

Port Fisan 8-bit input port with the pin configuration shown in figure 20.6. Each pin h
pull-up MOS, which is controlled by the port F control register (PFCR) in the PFC.

«— PTF7
«— PTF6
«— PTF5
«——— PTF4
«—— PTF3
«— PTF2
«— PTF1
~— PTFO

input/output)/ASEMDO (input)
input/output)/ASEBRKAK (output)
input/output)/TDO (output)
input/output)/AUDSYNC (output)
input/output)/AUDATA3 (output)/TO3 (output
input/output)/AUDATA2 (output)/TO2 (output
input/output)/AUDATA1 (output)/TO1 (output
input/output)/AUDATAO (output)/TOO (output

Port F

Figure20.6 Port F

20.6.1 Register Description

Port F has the following register. For details on the register address and access size, see
List of Registers.

» Port F dataregister (PFDR)

20.6.2 Port F Data Register (PFDR)

PFDR is an 8-bit readable/writable register that stores data for pins PTF7 to PTFO. Bits
PFODT correspond to pins PTF7 to PTFO. When the pin function is general output port
isread, the value of the corresponding PFDR bit isreturned directly. When the functior
input port, if the port is read the corresponding pin level isread.
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PFnMD1 PFnMDO Pin State Read Write

0 0 Other function PFDR value Data can be written to PFDR bui
pin state.

Output PFDR value Written data is output from the p

1 0 Input (Pull-up  Pin state Data can be written to PFDR bu
MOS on) pin state.

1 Input (Pull-up  Pin state Data can be written to PFDR bu
MQOS off) pin state.

Note: n=0to7

20.7 Port G

Port G isan 8-bit input port with the pin configuration shown in figure 20.7. Each pin
pull-up MOS, which is controlled by the port G control register (PGCR) in the PFC.

[~—> PTG7
l«— PTG6
l«—> PTG5
~— PTG4
l«——> PTG3
~— PTG2
l«——> PTG1
~— PTGO

input/output)/WAIT (input)
input/output)/BREQ (input)
input/output)/BACK (output)
input/output)/AUDCK (output)
input/output)/TRST (input)
input/output)/TMS (input)
input/output)/TCK (input)
input/output)/TDI (input)

Port G

Figure20.7 Port G

20.7.1 Register Description

Port G hasthe following register. For details on the register address and access size, S
24, List of Registers.

» Port G dataregister (PGDR)
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7to PG7DT 0 R/W
0 to
PGODT

Table 20.7 shows the function of PGDR.

Table20.7 Port G Data Register (PGDR) Read/Write Operations

PGCR State
PGnMD1 PGnMDO Pin State Read Write
0 0 Other function PGDR value Data can be written to PGDR but
pin state.
Output PGDR value Written data is output from the pir
1 0 Input (Pull-up  Pin state Data can be written to PGDR but
MOS on) pin state.
1 Input (Pull-up  Pin state Data can be written to PGDR but
MQOS off) pin state.
Note: n=0to7
208 PortH

Port H isa 7-bit input/output port with the pin configuration shown in figure 20.8. Eact
input pull-up MOS, which is controlled by the port H contral register (PHCR) in the PF

Port H

PTH®6 (input/output)/DREQ1 (input)

PTHS5 (input/output)/DREQO (input)

PTH4 (input/output)/IRQ4 (input)

PTHS3 (input/output)/IRQ3 (input)/IRL3 (input)
PTH2 (input/output)/IRQ2 (input)TRL2 (input)
PTH1 (input/output)/IRQ1 (input)/IRLT (input)
PTHO (input/output)/IRQO (input)/IRLO (input)
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PADKR IS an o-Dit reagable/writable regisier that stores data tor pins P1 Ao 1o F1R0U. B
to PHODT correspond to pins PTH6 to PTHO. When the pin function is general outpu
port isread, the value of the corresponding PHDR bit isreturned directly. When the fi
general input port, if the port isread, the corresponding pin level isread.

Bit Initial
Bit  Name Value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value s
always be 0.
6to PHEDT 0 R/W Table 20.8 shows the function of PHDR.
0 to
PHODT

Table20.8 Port H Data Register (PHDR) Read/Write Oper ations

PHCR State
PHNMD1 PHNnMDO Pin State Read Write
0 0 Other function PHDR value Data can be written to PHDR bu
on pin state.
Output PHDR value Written data is output from the p
1 0 Input (Pull-up  Pin state Data can be written to PHDR bu
MOS on) on pin state.
1 Input (Pull-up  Pin state Data can be written to PHDR bu
MOS off) on pin state.

Note: n=0to6
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I T de (VURWULINT (VdLpYULY
— PTJ1 (output)/NF (output)
[— PTJO (output)/NF (output)

Figure20.9 PortJ

20.9.1 Register Description

Port Jhasthe following register. For details on the register address and access size, see
List of Registers.

» Port Jdataregister (PIDR)

20.9.2 Port J Data Register (PJDR)

PJIDR is an 8-hit readable/writable register that stores data for pins PTJ7 to PTJO. Bits|
PJODT correspond to pins PTJ7 to PTJO. When the pin function is general output port,
isread, the value of the corresponding PIDR bit isreturned directly.

Bit Initial

Bit Name Value R/W Description

7t00 PJ/IDT O R/W Table 20.9 shows the function of PIDR.
to
PJODT
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1 Setting d O
Prohibited

Note: n=0to7

20.10 Port K

Port K isan 8-bit input/output port with the pin configuration shown in figure 20.10. |
an input pull-up MOS, which is controlled by the port K control register (PKCR) in tf

[l«— PTK7
l«— PTK6
l«— PTK5
l«— PTK4
l«— PTK3
[«~— PTK2
[«— PTK1
[«~— PTKO

input/output)/A25 (output)
input/output)/A24 (output)
input/output)/A23 (output)
input/output)/A22 (output)
input/output)/A21 (output)
input/output)/A20 (output)
input/output)/A19 (output)
input/output)/A0 (output)

Port K

Figure20.10 Port K

20.10.1 Register Description

Port K hasthe following register. For details on the register address and access size, s
24, List of Registers.

» Port K dataregister (PKDR)

20.10.2 Port K Data Register (PKDR)

PKDR is an 8-hit readable/writable register that stores data for pins PTK7 to PTKO. B
to PKODT correspond to pins PTK7 to PTKO. When the pin function is general outpu
port isread, the value of the corresponding PKDR bit isreturned directly. When the fi
general input port, if the port isread, the corresponding pin level isread.
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PKnMD1 PKnMDO Pin State Read Write

0 0 Other function PKDR value Data can be written to PKDR but
on pin state.

Output PKDR value Written data is output from the pir

1 0 Input (Pull-up  Pin state Data can be written to PKDR but
MOS on) on pin state.

1 Input (Pull-up  Pin state Data can be written to PKDR but
MQOS off) on pin state.

Note: n=0to7

20.11 PortL

Port L isa4-bit input port with the pin configuration shown in figure 20.11.

l«—— PTL3
~—— PTL2
~—— PTL1
[~—— PTLO

input)/AN3 (input)
input)/AN2 (input)
input)/AN1 (input)
input)/ANO (input)

Port L

Figure20.11 Port L

20.11.1 Register Description

Port L hasthe following register. For details on the register address and access size, sex
24, List of Registers.

e Port L dataregister (PLDR)
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3to0 PL3DT O R
to

PLODT

Table 20.11 shows the function of PLDR.

Table20.11 Port L Data Register (PLDR) Read/Write Operation

PLCR State
PLnMD1 PLnMDO Pin State

Read Write

0 0

Other function Read as 0

Invalid (no effect on pin state)

1 Setting — —
prohibited
1 0 Setting — —
prohibited
1 Input (Pull-up  Pin state Invalid (no effect on pin state)
MQOS off)
Note: n=0to3
20.12 PortM

Port M isa 6-bit input/output port with the pin configuration shown in figure 20.12. E
an input pull-up MOS, which is controlled by the port M control register (PMCR) in t

Port M

l«—— PTMS6 (input/output)/VBUS (input)
l«——— PTM4 (input)/NF (input)

l«—» PTMS3 (input/output)

l«— PTM2 (input/output)

l«——> PTM1 (input/output)

[«<— PTMO (input/output)

Figure20.12 Port M
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FPIVIDR IS an o-Dit reacable/writable register that Stores data 1or pins Pl vio and P11 IVI4 |
Bits PM6DT and PM4DT to PMODT correspond to pins PTM6 and PTM4 to PTMO. W
function is general output port, if the port isread, the value of the corresponding PM DI
returned directly. When the function is general input port, if the port isread, the correg
level isread.

Bit Initial
Bit Name Value R/W Description
7 — 0 R Reserved
This bit is always read as 0. The write value sh
always be 0.
PM6DT 0 R/W Table 20.12 shows the function of PMDR.
— 0 R Reserved
This bit is always read as 0. The write value sh
always be 0.
4t00 PM4DT 0 R/W Table 20.12 shows the function of PMDR.
to
PMODT

Table20.12 Port M Data Register (PM DR) Read/Write Operations

PMCR State
PMnMD1 PMnMDO Pin State Read Write
0 0 Other function PMDR value Data can be written to PMDR but
on pin state.
Output PMDR value Written data is output from the pir
1 0 Input (Pull-up  Pin state Data can be written to PMDR but
MQOS on) on pin state.
1 Input (Pull-up  Pin state Data can be written to PMDR but
MQOS off) on pin state.

Note: n=0to 3 and 6
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MQOS off) on pin state.

20.13 Port N

Port N isan 8-bit input/output port with the pin configuration shown in figure 20.13. |
an input pull-up MOS, which is controlled by the port N control register (PNCR) in tf

«—> PTN7
l«— PTNG
l«——> PTN5
l«—> PTN4
[«— PTN3
~— PTN2
~— PTN1
[~— PTNO

input/output
input/output
input/output
input/output
input/output
input/output
input/output
input/output

/DPLS (input)
/DMNS (input)
/TXDPLS (output)
/TXDMNS (output)
/XVDATA (input)
/TXENL (output)
/SUSPND (output)

Port N

Figure20.13 Port N

20.13.1 Register Description

Port N hasthe following register. For details on the register address and access size, s
24, List of Registers.

* Port N dataregister (PNDR)

20.13.2 Port N Data Register (PNDR)

PNDR is an 8-hit readable/writable register that stores data for pins PTN7 to PTNO. B
to PNODT correspond to pins PTN7 to PTNO. When the pin function is general outpu
port isread, the value of the corresponding PNDR bit isreturned directly. When the fi
general input port, if the port isread, the corresponding pin level isread.
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PNnMD1 PNnMDO Pin State Read Write

0 0 Other function PNDR value Data can be written to PNDR but
on pin state.

Output PNDR value Written data is output from the pir

1 0 Input (Pull-up  Pin state Data can be written to PNDR but
MOS on) on pin state.

1 Input (Pull-up  Pin state Data can be written to PNDR but
MQOS off) on pin state.

Note: n=0to7

20.14 SC Port

The SC port isan 8-bit input/output port with the pin configuration shown in figure 20.
pin has an input pull-up MOS, which is controlled by the SC port control register (SCF
PFC.

«— SCPT5 (input/output)/CTS2 (input)

«— SCPT4 (input/output)/RTS2 (output)
[+«—> SCPT3 (input/output)/SCK2 (input/output)
SC [« SCPT2 (input)*/RxD2 (input)

Port |—— SCPT2 (output)*/TxD2 (output)

[«—> SCPT1 (input/output)/SCKO (input/output)
[<—— SCPTO (input)*/RxDO0 (input)/IrRX (input)
— SCPTO (output)*/TxDO0 (output)/IrTX (output)

Note: * SCPTO and SCPT2 each have two separate pins for input
and output, however, a common data register is accessed.

Figure20.14 SC Port
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SCPDR is an 8-bit readable/writable that stores datafor pins SCPT5 to SCPTO. Bits S
SCPODT correspond to pins SCPT5 to SCPT0. When the pin function is general outpi
port isread, the value of the corresponding SCPDR bit isreturned directly. When the
general input port, if the port isread, the corresponding pin level isread.

When the RE bit of SCSCR_2 or SCSCR _0 in the serial communication interface wit
(SCIF) isset to 1, the RxD2 and RxDO pins become input pins, and their states can be
regardless of the setting of SCPCR.

Bit Initial
Bit Name Value R/W Description
7,6 — 0 R Reserved
These bits are always read as 0. The write va
always be 0.
5t00 SCP5DT O R/W Table 20.14 shows the function of SCPDR.
to
SCPODT

Table20.14 SC Port Data Register (SCPDR) Read/Write Oper ations

* SCP1DR and SCP3DR to SCP5DR
SCPCR State

SCPnMD1 SCPnMDO Pin State Read Write
0 0 Other function SCPDR value Data can be written
but no effect on pin
1 Output SCPDR value  Written data is outpt

pin.

1 0 Input (Pull-up MOS  Pin state Data can be written
on) but no effect on pin
1 Input (Pull-up MOS  Pin state Data can be written
off) but no effect on pin

Note: n=1and 3to 5
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Impedance Nno efiect on pin state.
RxD: Input (Pull-up

MOS on)
1 TxD: Output high RxD pin state Data can be written to ¢
impedance no effect on pin state.

RxD: Input (Pull-up
MQOS off)

Note: n=0and 2
The operations are not guaranteed when read and write operations are prohibite

Rev. 2.00, 09/03, page 526 of 690
RENESAS



* Four Input channels
e Minimum conversion time: 8.5 ps per channel (Pp= 33 MHz operation)
e Three conversion modes
0 Singlemode: A/D conversion on one channel
0 Multi mode: A/D conversion on oneto four channes
0 Scan mode: Continuous A/D conversion on oneto four channels
e Four 16-bit dataregisters

0 A/D conversion results are transferred for storage into 16-bit dataregisters corl
to the channels,

» Sample-and-hold function
e Interrupt source

0 Attheend of A/D conversion, an A/D conversion end interrupt (ADI) can ber
* Module standby mode can be set

ADCMS60A_000020020100 Rev. 2.00, 09/03, pac
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AVgg

ANO

AN1

AN2

AN3

AD(

l«——— P
«—— P

m—

= alal al o
DIA 26122122
—_— 8 T
o E
>
%)
— +
. oy -
Analog : Control circuit
—  multi- : Comparator
plexer : :
—» "Sampie-and-
hold circuit
Legend

ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D

AL

> int

Sig

Figure21.1 Block Diagram of A/D Converter
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Analog power supply AVcc Input  Analog power supply and referenc

A/D conversion

Analog ground AVss Input  Analog ground and reference volte
conversion

Analog input 0 ANO Input  Analog input O

Analog input 1 AN1 Input  Analog input 1

Analog input 2 AN2 Input  Analog input 2

Analog input 3 AN3 Input  Analog input 3

21.3 Register Descriptions

The A/D converter has the following registers. For more information on addresses of |
register statesin the processing, see section 24, List of Registers.

A/D dataregister A (ADDRA)
A/D dataregister B (ADDRB)
A/D dataregister C (ADDRC)
A/D dataregister D (ADDRD)
A/D control/status register (ADCSR)
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The A/D dataregisters areinitiaized to H'0000.

Table21.2 Analog Input Channelsand A/D Data Registers

Analog Input Channel A/D Data Register that Store Results of A/D Conversiol
ANO ADDRA

AN1 ADDRB
AN2 ADDRC
AN3 ADDRD

21.32 A/D Control/Status Registers (ADCSR)

ADCSR is a 16-bit readable/writable register that selects the mode and controls the A/I

Bit Initial
Bit Name Value R/W Description
15 ADF 0 R/(W)*  A/D End Flag

Indicates the end of A/D conversion.
[Setting conditions]
Single mode: A/D conversion ends

Multi mode: A/D conversion ends cycling throug
selected channels

Scan mode: A/D conversion ends cycling throuc
selected channels

[Clearing conditions]
(1) Reading ADF while ADF = 1, then writing O 1

(2) DMAC is activated by ADI interrupt and ADL
read
Note: * Clear this bit by writing 0. Writing 1 is igr
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1
0

during A/D conversion.

: A/D conversion is stopped.
1

Single mode:

A/D conversion starts; ADST is automaticall
when conversion ends on selected channels
Multi mode:

A/D conversion starts; when conversion is c
cycling through the selected channels, ADS
automatically cleared.

Scan mode:

A/D conversion starts and continues, A/D cc
continuously performed until ADST is cleare
software, by a reset, or by a transition to sta

12

DMASL O

R/W

DMAC Select

Selects an interrupt due to ADF or activation of
Set the DMASL bit while the ADST bit is 0.

0:
1:

An interrupt by ADF is selected.
Activation of the DMAC by ADF is selected.

11to 8

Reserved

These bits are always read as 0. The write vall
always be 0.
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Note: If the minimum conversion time is not
lack of accuracy or abnormal operatio

occur.
5 MULTI1 R/W Mode Select
4 MULTIO RIW Selects single mode, multi mode, or scan mo
00: Single mode
01: Setting prohibited
10: Multi mode
11: Scan mode
3 — R Reserved
2 _ R These bits are always read as 0. The write va
always be 0.
1 CH1 R/W Channel Select
0 CHO R/W

These bits and the MULT!I bit select the analc
channels. Clear the ADST bit to 0 before chal
channel selection.

Single mode Multi mode or scan mode
00: ANO ANO

01: AN1 ANO, AN1

10: AN2 ANO to AN2

11: AN3 ANO to AN3
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Single mode should be selected when only one A/D conversion on one channel isreq

1

A/D conversion of the selected channel starts when the ADST bit of ADCSRis s
software.

When conversion ends, the conversion results are transmitted to the A/D datareg
corresponds to the channd.

When conversion ends, the ADF bit of ADCSR is set to 1. If the ADIE bit isalso
ADI interrupt isrequested at thistime.

The ADST hit holds 1 during A/D conversion. When A/D conversion is complete
bit is cleared to 0 and the A/D converter becomesidle. When the ADST hitiscle
during A/D conversion, the conversion is halted and the A/D converter becomesii
To clear the ADF flag to O, first read ADF, then write 0 to ADF.

2142 Multi Mode

Multi mode should be selected when performing A/D conversions on one or more che

1

When the ADST hit is set to 1 by software, A/D conversion starts with the smalle
the analog input channd in the group (for instance, ANO, and AN1 to AN3).

When conversion of each channd ends, the conversion results are transmitted to |
register that corresponds to the channel.

When conversion of all selected channd's ends, the ADF bit of ADCSR is set to ]
ADIE bitisalso set to 1, an ADI interrupt isrequested at thistime.

When A/D conversion is completed, the ADST hit is cleared to 0 and the A/D co
becomesidle. When the ADST hit iscleared to 0 during A/D conversion, the con
halted and the A/D converter becomesidle.

To clear the ADF flag to O, first read ADF, then write 0 to ADF.
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3. When conversion of all sdected channds ends, the ADF bit of ADCSR is set to 1.
ADIE bitisalso set to 1, an ADI interrupt isrequested at thistime. A/D conversior
with the smaler number of the anaog input channel.

4. The ADST bit isnot automatically cleared to 0. When the ADST hitisset to 1, ste
above are repeated. When the ADST hit is cleared to O, the conversion is halted an
converter becomesidle.

To clear the ADF flag to O, first read ADF, then write 0 to ADF.

21.4.4  Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samplest
input at an A/D conversion gart delay timetp after the ADST hit isset to 1, then darts
Figure 21.2 shows the A/D conversion timing. Table 21.3 indicates the A/D conversior

Asindicated in figure 21.2, the A/D conversion time (tcony) includes tp and theinput
time (tsp.). Thelength of tp varies depending on the timing of the write accessto ADC.
total conversion time therefore varies within the ranges indicated in table 21.3.

In multi mode and scan mode, the values given in table 21.3 apply to the first conversic
second and subsequent conversions, the values given in table 21.4 apply to the first cor
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Internal | I
write signal

Write timing of ADST

Analog input
sampling signal ((
)Y

((
A/D converter Idle time Sample and hold |A/D conversion e){%?)zcuted
)7

ADF

((
)]
A/D conversion e

Figure21.2 A/D Conversion Timing

Table21.3 A/D Conversion Time (Single Mode)

CKS1 =1, CKS1 =0, C
CKS0=0 CKS0=1 (
Symbol Min  Typ Max Min Typ Max Min
A/D conversion start  tp 18 — 21 10 — 13 6
delay
Input sampling time ~ tsp. — 129 — — 65 — —
A/D conversion time  tconv 535 — 545 275 — 285 141

Note: Values in the table are numbers of states for P@

Table21.4 A/D Conversion Time (Multi M ode and Scan M ode)

CKs1 CKSO Conversion Time (cycles)
0 0 128 (fixed)

0 1 256 (fixed)

1 0 512 (fixed)

1 1 Unused
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Table21.5 A/D Converter Interrupt Source

Name Interrupt source Interrupt flag DMAC act
ADI A/D conversion end ADF Yes

21.6  Definitionsof A/D Conversion Accuracy

The following shows the definitions of A/D conversion accuracy. In the figure, the 10 |
A/D converter have been simplified to 3 bits.

* Resolution
Digital output code number of the A/D converter

e Quantization error
Intringic error of the A/D converter and is expressed as 1/2 LSB (figure 21.3)

» Offset error
Deviation between analog input voltage and ideal A/D conversion characteristics w
digitd output value changes from the minimum (zero voltage) 0000000000 (H'00; (
figure 21.3) to 0000000001 (H'01; 001 in figure 21.3) (figure 21.4)

* Full-scale error
Deviation between analog input voltage and ideal A/D conversion characteristics w
digitd output value changes from the 1111111110 (H'3EF; 110 in figure 21.3) to th
1111112111 (H'3FF; 111 in figure 21.3) (figure 21.4).

e Nonlinearity error
Deviation between analog input voltage and ideal A/D conversion characteristics be
voltage and full-scale voltage (figure 21.4). Note that it does not include offset, full
guantization error.

« Absolute accuracy
Deviation between analog and digita input values. Note that it indludes offset, full-
guantization, or nonlinearity error.
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Analog input
voltage

Figure21.3 Definitions of A/D Conversion Accuracy

Full-scale error
Digital output

A '¢ » |
Ideal AID

conversion
characteristic

// — Nonlinearity

g error
/
’

/
7/ Actual AID

/ .
<-4 conversion
/

7 characteristic
/

> FS

L Analog input

Offset error voltage

»

Figure21.4 Definitions of A/D Conversion Accuracy

Rev. 2.00, 09/03, pac
RENESAS



sinceinput load isonly interna input resistance of 3 kQ. However, an analog signal wi
differential coefficient (5 mV/us or greater) cannot be followed up because of alow-pa
(figure 21.5). When converting high-speed analog signals or converting in scan mode, |
low-impedance buffer.

21.7.2  Influence to Absolute Accuracy

By adding capacitance, absolute accuracy may be degraded if noiseis on GND becaust
coupling with GND. Therefore, connect electrically stable GND such as AVcc to preve
accuracy from being degraded.

A filter circuit must not interfere with digital sgnals, or must not be an antennaon am
board.

This LSI
Equivalent circuit
Output impedance of sensor of A/D converter
to5 k(AZ 3 kQA
Sensor input —M _L VV\I J_
----------------- Cin=
1Lowpass ' 15 pF 20 pF
) ' p
filter I H I I
1(C=0.1uF) H

Figure21.5 Analog Input Circuit Example

21.7.3  Setting Analog Input Voltage

Operating the chip in excess of the following voltage range may result in damage to ch
reliability.

* Analog Input Voltage Range: During A/D conversion, the voltages (VANN) input t
input pins ANn should bein therange AVss< VANN < AVcc (n =0to 3).
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21.7.5 Noteson Counter measuresto Noise

Connect a protective circuit between AVcc and AVss, as shown in figure 21.6, to pre
of analog input pins (ANO to AN3) due to abnormal voltage such as excessive serge. ¢
bypass capacitor that is connected to AVcc and a capacitor for afilter that is connecte

AN3to AVss.

When a capacitor for afilter is connected, input currents of ANO to AN3 are averageo
causing errors. If A/D conversion isfrequently performed in scan mode, voltages of a
pins cause errors when a current that is charged/discharged for capacitance of a sampl
circuit in the A/D converter is higher than a current that isinput through input impeda

Therefore, determine a circuit constant carefully.

o+ oL

Notes: 1. Values are for reference. /\/

10 uF 0.01 uF

2. R;, is input impedance.

/\_/

AVcc

ANO to AN3

AVss

This LSI

Figure21.6 Example of Analog Input Protection Circuit
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i

Note: Values are for reference.

20 pF

Figure21.7 Anaog Input Pin Equivalent Circuit
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2.1

Features

The UBC has the following features:

The following break comparison conditions can be set.

Number of break channels: two channels (channels A and B)

User break can be requested as either the independent or sequential condition on ¢
and B (sequential bresk setting: channd A and then channel B match with bresk c
but not in the same bus cycle).

g

|
|
|

Address (Compares 40 bits configured of the ASID and addresses 32 hits: the .
selected either al-bit comparison or al-bit mask. Comparison bits for the addr
maskable in 1-bit units; user can mask addresses at lower 12 hits (4 k page), |0
(1 k page), or any size of page, etc.)

One of the two address buses (L bus address (LAB) and | bus address (1AB)) c
selected.

Data (only on channel B, 32-bit maskable)

One of the two data buses (L bus data (LDB) and | bus data (IDB)) can be sele
Bus cycle: Instruction fetch or data access

Read/write

Operand size: Byte, word, or longword

User break is generated upon satisfying break conditions. A user-designed user-br
condition exception processing routine can be run.

In an instruction fetch cycle, it can be selected that a break is set before or after an
is executed.

Maximum repeat times for the break condition (only for channel B): 2'2 — 1 times.
Eight pairs of branch source/destination buffers.

UBCS311A_000020020100 Rev. 2.00, 09/03, pac
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BASRA

BBRB

BARB

BAMRB

> ASID
comparator
- Channel A
| Access
= | comparator
: Address
* | comparator
ASID
" | .comparator
Data
»| comparator
- Channel B
1 PC trace
Yy »1 CONTROL
\J
LDB/IDB |—>
CPU state User break request
signals
[ UBC Location
[Legend]
BBRA: Break bus cycle register A BASRB:
BARA: Break address register A BDRB:
BAMRA: Break address mask register A BDMRB:
BASRA: Break ASID register A BETR:
BBRB: Break bus cycle register B BRSR:
BARB: Break address register B BRDR:
BAMRB: Break address mask register B BRCR:

BETR

BASRB

BBRB

BDMRB

e’ |

BRSR
BRDR

BRCR

-l
i}

[ cCN Location

Break ASID register B

Break data register B

Break data mask register B
Break execution times registel
Branch source register
Branch destination register
Break control register

Figure22.1 Block Diagram of User Break Controller
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e Bresk address mask register B (BAMRB)
e Break buscycleregister B (BBRB)

» Bresk dataregister B (BDRB)

» Break datamask register B (BDMRB)

e Break control register (BRCR)

» Execution times break register (BETR)

e Branch sourceregister (BRSR)

» Branch destination regiser (BRDR)

e Break ASID register A (BASRA)

e Break ASID register B (BASRB)

2221 Break AddressRegister A (BARA)

BARA isa32-hit readable/writable register. BARA specifies the address used as a bre
in channd A.

Bit Initial
Bit Name Value R/W  Description
31to0 BAA3lto 0 R/W  Break Address A
BAAO

Store the address on the LAB or IAB spec
conditions of channel A.
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bits specified by BARA (BAA31 to BAAOD).

0: Break address bit BAANn of channel Ais i
the break condition

1: Break address bit BAANn of channel Aisr
and is not included in the break condition

Note: n=31to0

22.23 Break BusCycle Register A (BBRA)

BBRA is a 16-bit readable/writable register, which specifies (1) L buscycleor | bus cy
instruction fetch or data access, (3) read or write, and (4) operand size in the break con

channd A.
Bit Initial

Bit Name Value R/W  Description

15t08 O 0 R Reserved
These bits are always read as 0. The write value
always be 0.

7 CDA1 O R/W L Bus Cycle/l Bus Cycle Select A

6 CDAO O R/W

Select the L bus cycle or | bus cycle as the bus ¢
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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L1. 11T Vical LUTIUIUULT 1S UIT Hisuucuvull Icuwel
access cycle

RWA1
RWAO

[eNe)

R/W
R/W

Read/Write Select A

Select the read cycle or write cycle as the bus
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 w

SZAl
SZAO0

o o

R/W
R/W

Operand Size Select A

Select the operand size of the bus cycle for th
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

2224

Break AddressRegister B (BARB)

BARB is a 32-bit readable/writable register. BARB specifies the address used as a bre

in channd B.
Bit Initial
Bit Name  Value R/W Description
31to0 BAB31 O R/W Break Address B
to . .
BABO Stores an address which specifies a break col

channel B.
BARB specifies the break address on LAB or
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0: Break address BABnN of channel B is incluc
break condition

1: Break address BABN of channel B is mask
not included in the break condition

Note: n=31to0

2226 Break Data Register B (BDRB)

BDRB is a 32-bit readable/writable register.

Bit Initial
Bit Name Value R/W Description
31to0 BDB3lto O R/W Break Data Bit B
BDBO

Stores data which specifies a break condition
B.

BDRB specifies the break data on LDB or IDI

Notes: 1. Specify an operand size when including the value of the data bus in the bree

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 data.
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specified by BDRB (BDB31 to BDBO).

0: Break data BDBn of channel B is includ
break condition

1: Break data BDBn of channel B is maske
included in the break condition
Note: n=31to0
Notes: 1. Specify an operand size when including the value of the data bus in the bre

2. When the byte size is selected as a break condition, the same byte data m
bits 15 to 8 and 7 to 0 in BDRB as the break mask data in BDMRB.

22,28 Break BusCycle Register B (BBRB)

BBRB is a 16-hit readable/writable register, which specifies (1) L buscycle or | busc
instruction fetch or data access, (3) read or write, and (4) operand size in the break cor
channel B.

Bit Initial
Bit Name Value R/W Description
15t0 8 g 0 R Reserved
These bits are always read as 0. The write val
always be 0.
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5 IDB1
4 IDBO

R/W
R/W

Instruction Fetch/Data Access Select B
Select the instruction fetch cycle or data access
the bus cycle of the channel B break condition.

00: Condition comparison is not performed
01: The break condition is the instruction fetch ¢
10: The break condition is the data access cycls

11: The break condition is the instruction fetch ¢
access cycle

3 RWB1
2 RWBO

R/W
R/W

Read/Write Select B
Select the read cycle or write cycle as the bus ¢
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 writ

1 SZB1
0 SZBO0

R/W
R/W

Operand Size Select B
Select the operand size of the bus cycle for the
break condition.

00: The break condition does not include operal
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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4. Specifies whether to include data bus on channd B in comparison conditions.

5. Enables PC trace.

6. Enables ASID check.

BRCR is a 32-hit readable/writable register that has break conditions match flags and
setting avariety of break conditions.

Bit
Bit Name

Initial
Value

R/W

Description

3lto22 [

0

R

Reserved

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

21 BASMA

RW

Break ASID Mask A

Specifies whether bits in channel A break A.
ASIDO (BASA7 to BASAQ) which are set in |
masked or not.

0: All BASRA bits are included in the break
and the ASID is checked

1: All BASRA bits are not included in the bre
and the ASID is not checked

20 BASMB

R/W

Break ASID Mask B

Specifies whether bits in channel B break A:
ASIDO (BASB7 to BASBO) which are set in |
masked or not.

0: All BASRB bits are included in the break
and the ASID is checked

1: All BASRB hits are not included in the bre
and the ASID is not checked

19t0o16 O

Reserved

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

Rev. 2.00, 09/03, pac
RENESAS



When the L bus cycle condition in the break con
for channel B is satisfied, this flag is set to 1. In ¢
clear this flag, write O into this bit.

0: The L bus cycle condition for channel B does
1: The L bus cycle condition for channel B matct

13 SCMFDA 0 RW

| Bus Cycle Condition Match Flag A

When the | bus cycle condition in the break conc
channel A is satisfied, this flag is set to 1. In orde
this flag, write 0 into this bit.

0: The | bus cycle condition for channel A does r
1: The | bus cycle condition for channel A match

12 SCMFDB 0 R/W

| Bus Cycle Condition Match Flag B

When the | bus cycle condition in the break conc
channel B is satisfied, this flag is set to 1. In orde
this flag, write 0 into this bit.

0: The | bus cycle condition for channel B does r
1: The | bus cycle condition for channel B match

11 PCTE 0 R/W

PC Trace Enable
0: Disables PC trace
1: Enables PC trace

10 PCBA 0 R/W

PC Break Select A
Selects the break timing of the instruction fetch c
channel A as before or after instruction executiol

0: PC break of channel A is set before instructiot
1: PC break of channel A is set after instruction ¢
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L

1: The data bus condition is included in the condi
channel B

6 PCBB R/W  PC Break Select B
Selects the break timing of the instruction fetch ¢
channel B as before or after instruction executior
0: PC break of channel B is set before instruction
1: PC break of channel B is set after instruction €
54 d R Reserved
These bits are always read as 0. The write value
always be 0.
3 SEQ R/W  Sequence Condition Select
Selects two conditions of channels A and B as in
sequential conditions.
0: Channels A and B are compared under indepe
conditions
1: Channels A and B are compared under sequel
conditions (channel A, then channel B)
2,1 d R Reserved
These bits are always read as 0. The write value
always be 0.
0 ETBE R/W  Number of Execution Times Break Enable

Enables the execution-times break condition only
B. If this bit is 1 (break enable), a user break is is
the number of satisfied break conditions matches
number of execution times that is specified by BE

0: The execution-times break condition is disable
B

1: The execution-times break condition is enable
B
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15to d 0 Reserved
12 These bits are always read as 0. The write
always be 0.
11to0 BET1lto O R/W Number of Execution Times
BETO
Note: If the channel B brake condition set to during instruction fetch cycles and any of
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instructions below perform breaks, BETR is not decremented when the first brea
The decremented values are listed below.

Instruction

Value
Decremented

Instruction

Ve

o

RTE
DMULS.L Rm,Rn
DMULU.L Rm,Rn

MAC.L @Rm+,@Rn+
MAC.W @Rm+ @Rn+
MUL.L Rm,Rn

AND.B #mm,@(R0,GBR)
OR.B #imm,@(R0,GBR)
TAS.B @Rn

TST.B #imm,@(R0,GBR)
XOR.B #imm,@(R0,GBR)
LDC Rm,SR

LDC Rm,GBR

LDC Rm,VBR

LDC Rm,SSR

LDC Rm,SPC

LDC Rm,R0O_BANK

LDC Rm,R1_BANK

LDC Rm,R2_BANK

LDC Rm,R3_BANK

LDC Rm,R4_BANK

LDC Rm,R5_BANK

LDC Rm,R6_BANK

LDC Rm,R7_BANK

A A DA DD DDEDDDEDDDEDOWWWWWDNDNDNNDDNDN

LDC.L @Rm+,SR

LDC.L @Rm+,GBR
LDC.L @Rm+,VBR
LDC.L @Rm+,SSR
LDC.L @Rm+,SPC
LDC.L @Rm+,R0O_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
LDC.L @Rm+,R7_BANK
LDC.L @Rn+,MOD
LDC.L @Rn+,RS

LDC.L @Rn+,RE

LDC Rn,MOD

LDC Rn,RS

LDC Rn,RE

BSR label

BSRF Rm

JSR @Rm

NNMNNDMAEDDMDAEDDDAEDMDDADMDEDDAEDDDDAEDMDdMNO
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31 SVF 0 R BRSR Valid Flag

Indicates whether the branch source addre
When a branch source address is fetched,
set to 1. This flag is cleared to 0 by readin

0: The value of BRSR register is invalid
1: The value of BRSR register is valid

30t028 O 0 R Reserved
These bits are always read as 0.

27100 BSA27 Undefined R Branch Source Address

to BSAO Store bits 27 to 0 of the branch source adc
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Bit Name Value R/W  Description
31 DVF 0 R BRDR Valid Flag

Indicates whether a branch destination a
stored. When a branch destination addre
fetched, this flag is set to 1. This flag is cl
by reading BRDR.

0: The value of BRDR register is invalid

1: The value of BRDR register is valid

30 to a 0 R Reserved

28 These bits are always read as 0.

27t0 0 BDA27to Undefined R Branch Destination Address
BDAO

Store bhits 27 to 0 of the branch destinatic

22.213 Break ASID Register A (BASRA)

BASRA isan 8-hit readable/writable regigter that specifies ASID which becomesthe b
condition for channd A. BASRA isin CCN.

Bit Initial

Bit Name Value R/W  Description

7t00 BASA7 g R/W  Break ASID A
to Store ASID (bits 7 to 0) which is the brea
BASAO

for channel A.
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channel B.

22.3  Operation

2231 Flow of the User Break Operation
The flow from setting of break conditionsto user break exception processing is descri

1. The break addresses and corresponding ASID are set in the break address registers
BARB) and break ASID registers (BASRA and BASRB in CNN). The masked ad
st in the break address mask registers (BAMRA and BAMRB). The break datais
break dataregister (BDRB). The masked datais set in the break data mask registe
The bus break conditions are set in the break bus cycle registers (BBRA and BBR
groups of BBRA and BBRB (L bus cycle/l bus cycle sdect, ingruction fetch/data
select, and read/write select) are each set. No user break will be generated if even:
groupsis set with 00. The respective conditions are set in the bits of the break con
(BRCR). Make sureto set all registersrelated to breaks before setting BBRA/BBF

2. When the break conditions are satisfied, the UBC sends a user break reguest to the
setsthe L bus condition match flag (SCMFCA or SCMFCB) and the | bus conditi
flag (SCMFDA or SCMFDB) for the appropriate channel.

3. The appropriate condition match flags (SCMFCA, SCMFDA, SCMFCB, and SCN
be used to check if the set conditions match or not. The matching of the condition:
but they are not reset. 0 mugt first be written to them before they can be used agair

4. Thereisa chance that the data access break and its following ingtruction fetch bre:
around the sametime. There will be only one break request to the CPU, but these
channel match flags could be both set.
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not rounded.

O For ingruction fetch cyclesissued on the L bus by the CPU, even though their |
addresses are not to be cached, they are issued in longwords and their addresses
rounded to match longword boundaries.

O If alogicd addressissued on the L bus by the CPU is an addressto be cached a
miss occurs, its bus cycle isissued as a cachefill cycle on thel bus. In this case
in longwords and its address is rounded to match longword boundaries. Howeve
cachefill isnot performed for awrite missin write through mode. In this case, 1
cycleisissued with the data sze specified on the L bus and its addressis not ro
write back mode, awrite back cycle may be issued in addition to aread fill cycl
longword bus cycle whose address is rounded to match longword boundaries.

O I buscycles (including read fill cycles) resulting from instruction fetches on the
the CPU are defined as instruction fetch cycles on the | bus, while other bus cyc
defined as data access cycles.

0 The DMAC only issues data access cycles for | bus cycles.

O If abreak condition is specified for the | bus, even when the condition matches|
cycleresulting from an instruction executed by the CPU, at which instruction th
to be accepted cannot be clearly defined.

6. Whilethe block bit (BL) in the CPU statusregister (SR) isset to 1, no breakscan b

However, condition determination will be carried out, and if the condition matches,

corresponding condition match flag is set to 1.
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has been fetched and will be executed. This means this feature cannot be used on i

fetched by overrun (instructions fetched at a branch or during an interrupt transitic

be executed). When thiskind of break is set for the delay slot of a delayed branch

the break is generated prior to execution of the delayed branch instruction.

Note:  If abranch does not occur at a delayed conditional branch instruction, the
instruction is not recognized as a delay dot.

. When the condition is specified to be occurred after execution, the instruction set \
break condition is executed and then the break is generated prior to the execution
instruction. Aswith pre-execution breaks, this cannot be used with overrun fetch i
When thiskind of break is set for a delayed branch instruction and itsdelay dot, a
generated until thefirst ingtruction at the branch destination.

. When an instruction fetch cycleis set for channel B, the break dataregister B (BD
ignored. Therefore, break data cannot be set for the break of the instruction fetch c
. Ifthel busisset for abreak of an instruction fetch cycle, the condition is determir

instruction fetch cycles on the | bus. For details, see 5in section 22.3.1, Flow of tf
Break Operation.
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2. Therelationship between the data access cycle address and the comparison conditic
operand Szeislisted in table 22.1.

Table22.1 Data AccessCycle Addressesand Operand Size Comparison Conditi

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bit:
Word Compares break address register bits 31 to 1 to address bus bit:
Byte Compares break address register bits 31 to 0 to address bus bit:

This means that when address H'00001003 is set in the break address register (BAFR
BARB), for example, the bus cycle in which the break condition is satisfied isas fo
(where other conditions are met).

Longword access at H'00001000

Word access at H'00001002

Byte access at H'00001003

. When the data valueisincluded in the break conditions on channd B:

When the data valueisincluded in the break conditions, either longword, word, or |
specified as the operand size of the break bus cycle register B (BBRB). When data
included in break conditions, a bresk is generated when the address conditions and
conditions both match. To specify byte data for this case, set the samedatain two b
15 to 8 and hits 7 to O of the break dataregister B (BDRB) and break data mask reg
(BDMRB). When word or byteis set, bits 31 to 16 of BDRB and BDMRB areigno

. Access by a PREF instruction ishandled as read access in longword units without
Therefore, if including the value of the data bus when a PREF instruction is specifi
break condition, a break will not occur.

. If theL busissdected, a break occurs on ending execution of the instruction that rr
break condition, and immediately before the next instruction is executed. However,
is also specified as the break condition, the break may occur on ending execution of
instruction following the instruction that matches the break condition. If the | busis
the instruction at which the break will occur cannot be determined. When this kind
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To clear the channel A condition match when a channel A condition match has oc
channd B condition match has not yet occurred in a sequentia break specification
SEQ hitin BRCR to 0.

2. Insequential break specification, the L or | bus can be selected and the execution 1
condition can be al so specified. For example, when the execution times break con
specified, the break condition is satisfied when a channel B condition matches wit
H'0001 after a channd A condition has matched.

22.35 Value of Saved Program Counter

When a bresk occurs, the address of the instruction from where execution is to be rest
saved in the SPC, and the exception handling stateis entered. If the L busis specified
condition, the instruction at which the break should occur can be clearly determined (.
when dataisincluded in the break condition). If the | busis specified as a break condi
instruction at which the break should occur cannot be clearly determined.
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slot matches the condition, these ingtructions are executed, and the branch destinati
issaved in the SPC.

3. When data access (address only) is specified as a break condition:

The address of the ingruction immediately after theingtruction that matched the bre
condition is saved in the SPC. The instruction that matches the condition is execute
break occurs before the next instruction is executed. However when adelay dot ins
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 ingruction th:
two instructions of the ingtruction that matched the break condition is saved in the ¢
which ingruction the break occurs cannot be determined accurately.

When a delay slot instruction matches the condition, the branch destination address
the SPC. If theinstruction following the instruction that matches the break conditio
branch instruction, the break may occur after the branch instruction or delay sot ha
In this case, the branch destination addressis saved in the SPC.
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L 1T apranch occurs due to an Interrupt or exception, the value saved In SPC due
occurrence is saved in BRSR and the start address of the exception handling rc
saved in BRDR.

. BRSR and BRDR have eight pairs of queue structures. Thetop of queuesisread f
address stored in the PC trace register isread. BRSR and BRDR share theread po
BRSR and BRDR in order, the queue only shifts after BRDR isread. After switch
PCTE bit (in BRCR) off and on, the values in the queues areinvalid.
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e Channd A
Address: H'00000404, Address mask: H'00000000

Bus cycle: L bug/instruction fetch (after instruction execution)/read (op
isnot included in the condition)

The ASID check is not included.

e« Channe B
Address:; H'00008010, Address mask: H'00000006
Data H'00000000, Data mask: H'00000000

Bus cycle: L bug/instruction fetch (before ingtruction execution)/read («
isnot included in the condition)
The ASID check isnot included.
A user break occurs after an instruction of address H'00000404 is executed or b
instructions of addresses H'00008010 to H'00008016 are executed.
2. Register specifications
BARA = H'00037226, BAMRA = H'00000000, BBRA = H'0056, BARB = H'0003
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'00C
BRCR = H'00000008, BASRA = H'80, BASRB = H'70
Specified conditions. Channel A/channel B sequential mode

* Channd A
Address: H'00037226, Address mask: H'00000000, ASID = H'80
Bus cycle: L bug/instruction fetch (before ingtruction execution)/read/w
e 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/w

After an ingtruction with ASID = H'80 and address H'00037226 is executed, a u
occurs before an instruction with ASID = H'70 and address H'0003722E is exec
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The ASID check Is not Included.
e Channd B
Address: H'00031415, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000
The ASID check isnot included.

Buscycle: L bug/instruction fetch (before ingtruction execution)/read

isnot included in the condition)
On channel A, no user break occurs since ingruction fetch is not awrite cycle.
B, no user break occurs since instruction fetch is performed for an even addres

4. Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A, BARB = H'00C
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'0C

BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channe A/channel B sequential mode

e Channd A
Address: H'00037226, Address mask: H'00000000, ASID = H'80
Bus cycle: L bug/instruction fetch (before ingtruction execution)/write
e Channel B
Address: H'0003722E, Address mask: H'00000000, ASID = H'70

Data: H'00000000, Data mask: H'00000000
Bus cycle: L bug/instruction fetch (before ingtruction execution)/read/

Since ingruction fetch isnot awrite cycle on channel A, asequential conditior
match. Therefore, no user break occurs.
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The ASID check isnot Included.

 Channe B
Address: H'00001000, Address mask: H'00000000
Data H'00000000, Data mask: H'00000000

Bus cycle: L bug/instruction fetch (before ingtruction execution)/read/lc
The number of execution-times break enable (5 times)
The ASID check isnot included.

On channdl A, auser break occurs before an instruction of address H'00000500
On channd B, a user break occurs after theinstruction of address H'00001000 &
four times and before the fifth time.

6. Register specifications
BARA = H'00008404, BAMRA = H'00000FFF, BBRA = H'0054, BARB = H'0000
BAMRB = H'00000006, BBRB = H'0054, BDRB = H'00000000, BDMRB = H'00C
BRCR = H'00000400, BASRA = H'80, BASRB = H'70
Specified conditions. Channd A/channel B independent mode
e Channd A
Address: H'00008404, Address mask: H'00000FFF, ASID = H'80

Bus cycle: L bug/instruction fetch (after instruction execution)/read (op
isnot included in the condition)

* Channe B
Address: H'00008010, Address mask: H'00000006, ASID = H'70
Data H'00000000, Data mask: H'00000000

Bus cycle: L bug/instruction fetch (before ingtruction execution)/read («
isnot included in the condition)
A user break occurs after an instruction with ASID = H'80 and addresses H'000(
H'00008FFE is executed or before an ingtruction with ASID = H'70 and address
H'00008010 to H'00008016 are executed.
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Bus cycle: L bug/data access/read (operand sizeisnot included in the

« Channe B
Address: H'000ABCDE, Address mask: H'000000FF, ASID = H'70
Data H'0000A512, Data mask: H'00000000

Bus cycle: L bug/data access/write/word

On channel A, auser break occurs with longword read from ASID = H'80 and
H'00123454, word read from address H'00123456, or byte read from address F
On channel B, a user break occurs when word H'A512 iswritten in ASID = H'
addresses H'000ABCO00 to H'000ABCFE.

Break Condition Specified for an | Bus Data Access Cycle

Register specifications:

BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'000!
BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00007878, BDMRB = H'0(
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions. Channd A/channel B independent mode

e Channe A
Address: H'00314156, Address mask: H'00000000, ASID = H'80
Bus cycle: | bug/instruction fetch/read (operand sizeisnot included in

condition)

e Channe 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 ASI
and address H'00314156 in the memory space.

On channel B, a user break occurs when byte data H'7* iswritten in address H
with ASID = H'70 on the | bus.
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A condition match occurs when a B-channd match occurs in abus cycle after an A
match occurs in another bus cycle in sequential break setting. Therefore, no break ¢
if abus cycle, in which an A-channel match and a channel B match occur simultane
Set.

4. When a user break and another exception occur at the sameinstruction, which hast
priority is determined according to the priority levels defined in table 5.1 in section
Exception Handling. If an exception with higher priority occurs, the user break is ni
generated.

0 Pre-execution break hasthe highest priority.

0 When a post-execution break or data access break occurs simultaneoudy with a
execution-type exception (including pre-execution break) that has higher priorit
execution-type exception is accepted, and the condition match flag isnot set (se
exception in the following note). The break will occur and the condition match |
set only after the exception source of the re-execution-type exception has been ¢
the exception handling routine and re-execution of the same ingtruction has end

0 When a post-execution break or data access break occurs simultaneoudy with a
completion-type exception (TRAPA) that has higher priority, though a break dc
occur, the condition match flag is set.

5. Note the following exception for the above note.

If a post-execution break or data access break is satisfied by an instruction that gene
CPU address error (or TLB related exception) by data access, the CPU address erro
related exception) is given priority to the break. Note that the UBC condition match
in this case.

6. Notethe following when a break occursin adeay slot.

If a pre-execution break is set a the delay slot instruction of the RTE instruction, th
does not occur until the branch destination of the RTE ingtruction.

7. User breaks are disabled during USB module standby mode. Do not read from or w
UBC registers during USB modul e standby mode; the va ues are not guaranteed.
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The UDI (User Debugging Interface) isa serial 1/O interface which supports with JT 2
Test Action Group, |EEE Standard 1149.1 and |EEE Standard Test Access Port and E
Scan Architecture) specifications.

The UDI in this LS| supports a boundary scan mode, and is aso used for emulator col

When using an emulator, UDI functions should not be used. Refer to the emulator ma
method of connecting the emulator.

Figure 23.1 shows a block diagram of the UDI.

01 [X] o
| SDBPR |
x % I SDIR |
(2] =)
@ @
o
@ £ I SDID |
n
0 [X}— MUX |
| [
ek X
Local
™S IZ TAP controller Decoder || 852
TRsT [X

Figure23.1 Block Diagram of UDI
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(TDI), and output from the data output pin (TDO), in
synchronization with this clock.

Mode Select Input Pin

The state of the TAP control circuit is determined by
this signal in synchronization with TCK. The protocc
supported to the JTAG standard (IEEE Std.1149.1).

Reset Input Pin

Input is accepted asynchronously with respect to T(
when low, the UDI is reset. TRST must be held low
constant period when power is turned on regardless
the UDI function. As the same as the RESETP pin,
pin should be driven low at the power-on reset state
high after the power-on reset state is released. This
from the JTAG standard.

See section 23.4.2, Reset Configuration, for more ir

Serial Data Input Pin

Data transfer to the UDI is executed by changing th
synchronization with TCK.

Serial Data Output Pin

Data read from the UDI is executed by reading this
synchronization with TCK. The data output timing d
the command type set in the SDIR. See section 23.
Instruction Register (SDIR), for more information.

T™S* Input
TRST Input
TDI Input
TDO Output
ASEMDO Input

ASE Mode Select Pin

If a low level is input at the ASEMDO pin while the F
is asserted, ASE mode is entered; if a high level is i
mode is entered. In ASE mode, dedicated emulator
can be used. The input level at the ASEMDO pin sh
for at least one cycle after RESETP negation. See ¢
23.4.2, Reset Configuration, for more information.
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The UDI hasthe following registers. For details on register addresses and register stat
processing state, see section 24, List of Registers.

» Bypassregister (SDBPR)

e Ingruction regiser (SDIR)

* Boundary scan register (SDBSR)
* |Dregister (SDID)

2331 BypassRegister (SDBPR)

SDBPR is a 1-hit register that cannot be accessed by the CPU. When SDIR is set to th
mode, SDBPR is connected between UDI pins TDI and TDO. Theinitial valueisund
SDBPR isinitialized when the TAP enters the Capture-DR state.

23.32 Instruction Register (SDIR)

SDIR isa16-hit read-only register. Theregister isin JTAG IDCODE initsinitial stat
initialized by TRST assertion or in the TAP test-logic-reset state, and can be written t«
irrespective of the CPU mode. Operation isnot guaranteed if areserved command is s
register.
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This bit is always read as 0.

0 O 1 R Reserved
This bit is always read as 1.

Table23.2 UDI Commands

Bits 15t0 8
TI7 TI6 TI5 T4 TI3 TI2 TI1 TIO Description
— — — — JTAG EXTEST
— — — — JTAG CLAMP
— — — — JTAG HIGHZ
— — — — JTAG SAMPLE/PH

_ — — — UDI reset negate

Rl O|O|Fr,|O| O

— — — — UDI reset assert

— — — — — UDI interrupt
JTAG IDCODE (In
1 1 1 — — — — JTAG BYPASS
Other than the above Reserved

F|lo|lkr|k|lrRr|o|lo|o
N IR

o
|
|
|
|

Pl O|lO|O|OC|O|O

23.33 Boundary Scan Register (SDBSR)

SDBSR is a 385-hit shift regigter, located on the PAD, for controlling the input/output
LSI. Theinitial valueis undefined. SDBSR cannot be accessed by the CPU.

Using the EXTEST, SAMPLE/PRELOAD, CLAMP, and HIGHZ commands, a bound
test which supports the JTAG standard can be carried out. Table 23.3 shows the correg
between this LS|’ s pins and boundary scan register hits.
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folelV) DZI9IF 1 BI/FINT 1S IN O40 DaV/IF 1 BY/FIN T 14

379 D28/PTB4/PINT12 IN 347 D29/PTB5/PINT13
378 D27/PTB3/PINT11 IN 346 D28/PTB4/PINT12
377 D26/PTB2/PINT10 IN 345 D27/PTB3/PINT11
376 D25/PTBL/PINT9 IN 344 D26/PTB2/PINT10
375 D24/PTBO/PINT8 IN 343 D25/PTBL/PINT9
374 D23/PTA7/PINT7 IN 342 D24/PTBO/PINT8
373 D22/PTA6/PINT6 IN 341 D23/PTA7/PINT7
372 D21/PTAS5/PINTS IN 340 D22/PTA6/PINT6
371 D20/PTA4/PINT4 IN 339 D21/PTAS5/PINTS
370 D19/PTA3/PINT3 IN 338 D20/PTA4/PINT4
369 D18/PTA2/PINT2 IN 337 D19/PTA3/PINT3
368 D17/PTAL/PINT1 IN 336 D18/PTA2/PINT2
367 D16/PTAO/PINTO IN 335 D17/PTAL/PINT1
366 D15 IN 334 D16/PTAO/PINTO
365 D14 IN 333 D15

364 D13 IN 332 D14

363 D12 IN 331 D13

362 D11 IN 330 D12

361 D10 IN 329 D11

360 D9 IN 328 D10

359 D8 IN 327 D9

358 D7 IN 326 D8

357 D6 IN 325 D7

356 D5 IN 324 D6

355 D4 IN 323 D5

354 D3 IN 322 D4
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314  D29/PTB5/PINT13 Control 281  A21/PTK3
313  D28/PTB4/PINT12 Control 280  A22/PTK4
312  D27/PTB3/PINT11 Control 279  A23/PTK5
311  D26/PTB2/PINT10 Control 278  A24/PTK6
310 D25/PTB1/PINT9 Control 277  A25/PTK7
309 D24/PTBO/PINTS Control 276  BS/PTCO
308 D23/PTA7/PINT7 Control 275  WE2/DQMUL/PTC1
307 D22/PTA6/PINT6 Control 274  WES3/DQMUU/AH/PTC2
306 D21/PTA5/PINTS Control 273  CS2/PTC3
305 D20/PTA4/PINT4 Control 272  CS3/PTC4
304 D19/PTA3/PINT3 Control 271  CS4/PTC5
303  DI18/PTA2/PINT2 Control 270  CS5A/PTC6
302 D17/PTALPINTL Control 269  CS5B/PTD6
301 D16/PTAO/PINTO Control 268  CSGA/PTC7
300 D15 Control 267  CS6B/PTD7
299 D14 Control 266  RASL/PTDO
298 D13 Control 265  RASU/PTD1
297 D12 Control 264  CASL/PTD2
296 D11 Control 263 AQ/PTKO
295 D10 Control 262 Al

294 D9 Control 261 A2

293 D8 Control 260 A3

292 D7 Control 259 A4

291 D6 Control 258 A5

290 D5 Control 257 A6

289 D4 Control 256 A7
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248  Al5 ouT 215 A4

247  Al6 ouT 214 A5

246  Al17 ouT 213 A6

245  A18 ouT 212 A7

244  A19/PTK1 ouT 211 A8

243  A20/PTK2 ouT 210 A9

242  A21/PTK3 ouT 209  A10

241  A22/PTK4 ouT 208  All

240  A23/PTK5 ouT 207  Al12

239  A24/PTK6 ouT 206  A13

238  A25/PTK7 ouT 205  Al4

237  BS/IPTCO ouT 204  A15

236 RD ouT 203  Al6

235  WEO/DQMLL ouT 202 Al7

234  WE1/DQMLU ouT 201 A18

233  WE2/DQMUL/PTC1 ouT 200  A19/PTK1
232  WES3/DQMUU/AH/PTC2 ouT 199 A20/PTK2
231 RD/WR ouT 198  A21/PTK3
230 CSO ouT 197  A22/PTK4
229 CS2/PTC3 ouT 196  A23/PTK5
228 CS3/PTC4 ouT 195  A24/PTK6
227  CS4/PTC5 ouT 194  A25/PTK7
226  CSSA/PTC6 ouT 193  BS/PTCO
225 CS5B/PTD6 ouT 192 RD

224  CS6A/PTC7 ouT 191  WEO/DQMLL
223  CS6B/PTD7 ouT 190  WE1/DQMLU

RENESAS
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182  CSEBA/PTC6 Control 149 PTM3

181  CSEBB/PTD6 Control 148  ASEBRKAK/PTF6
180 CS6A/PTCY Control 147 MDO

179  CS6B/PTD7 Control 146 MD1

178  RASL/PTDO Control 145 MD2

177  RASU/PTD1 Control 144 MD5

176  CASL/PTD2 Control 143  CASU/PTD3

175 CASU/PTD3 IN 142 CKE/PTD4

174  CKE/PTD4 IN 141  PTD5/NF

173 PTD5/NF IN 140  BACK/PTG5

172  BACK/PTG5 IN 139  BREQ/PTG6

171  BREQ/PTG6 IN 138  WAIT/PTG7

170  WAIT/IPTG7 IN 137 DACKO/PTEOQ

169  DACKO/PTEO IN 136  DACKI1/PTE1

168  DACK1/PTE1 IN 135  TENDO/PTE3

167  TENDO/PTE3 IN 134  AUDSYNC/PTF4

166  AUDSYNC/PTF4 IN 133  AUDATAO/PTFO/TO0
165  AUDATAO/PTFO/TOO IN 132 AUDATA1/PTF1/TO1
164  AUDATA1/PTF1/TO1 IN 131  AUDATA2/PTF2/TO2
163  AUDATA2/PTF2/TO2 IN 130  AUDATA3/PTF3/TO3
162  AUDATA3/PTF3/TO3 IN 129  NF/PTJO

161  NF/PTJO IN 128  NF/PTJ1

160  NF/PTJ1 IN 127 NF/PTJ2

159  NF/PTJ2 IN 126  NF/PTJ3

158  NF/PTJ3 IN 125  NF/PTJ4

157  NF/PTJ4 IN 124 NF/PTJ5
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116  ASEBRKAK/PTF6 ouT 83 PTN2/XVDATA

115  CASU/PTD3 Control 82 PTN3/TXDMNS
114  CKE/PTD4 Control 81 PTN4/TXDPLS
113 PTDS/NF Control 80 PTN5/DMNS
112  BACK/PTG5 Control 79 PTN6/DPLS

111  BREQ/PTG6 Control 78 PTN7

110  WAIT/PTG7 Control 77 TCLK/PTE6

109  DACKO/PTEOQ Control 76 PTE7

108  DACK1/PTE1l Control 75 SCKO/SCPT1
107  TENDO/PTE3 Control 74 SCK2/SCPT3
106  AUDSYNC/PTF4 Control 73 RTS2/SCPT4
105  AUDATAO/PTFO/TOO Control 72 RXDO/SCPTO/IrRX
104  AUDATA1/PTF1/TO1 Control 71 RXD2/SCPT2
103  AUDATA2/PTF2/TO2 Control 70 CTS2/SCPT5
102  AUDATA3/PTF3/TO3 Control 69 IRQO/MRLO/PTHO
101 NF/PTJO Control 68 IRQUIRLT/PTH1
100  NAF/PTJ1 Control 67 IRQ2/IRL2/PTH2
99 NF/PTJ2 Control 66 IRQ3/RL3/PTH3
98 NF/PTJ3 Control 65 IRQ4/PTH4

97 NF/PTJ4 Control 64 IRQS5/PTE2

96 NF/PTJ5 Control 63 AUDCK/PTG4
95 NF/PTJ6 Control 62 NMI

94 NF/PTJ7 Control 61 DREQO/PTH5
93 NF/PTM4 Control 60 DREQ1/PTH6
92 PTMO Control 59 MD3

91 PTM1 Control 58 MD4
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50 PTN1/TXENL ouT 20 PTN4/TXDPLS

49 PTN2/XVDATA ouT 19 PTN5/DMNS

48 PTN3/TXDMNS ouT 18 PTN6/DPLS

47 PTN4/TXDPLS ouT 17 PTN7

46 PTN5/DMNS ouT 16 TCLK/PTE6

45 PTN6/DPLS ouT 15 PTE7

44 PTN7 ouT 14 TXDO/SCPTO/IFTX
43 TCLK/PTE6 ouT 13 SCKO/SCPT1

42 PTE7 ouT 12 TxD2/SCPT2

41 TXDO/SCPTO/NFTX ouT 11 SCK2/SCPT3

40 SCKO/SCPT1 ouT 10 RTS2/SCPT4

39 TXD2/SCPT2 ouT 9 CTS2/SCPT5

38 SCK2/SCPT3 ouT 8 IRQO/IRLO/PTHO
37 RTS2/SCPT4 ouT 7 IRQIIRL1/PTH1
36 CTS2/SCPT5 ouT 6 IRQ2/IRL2/PTH2
35 IRQO/IRLO/PTHO ouT 5 IRQ3/RL3/PTH3
34 IRQ1/IRL1/PTH1 ouT 4 IRQ4/PTH4

33 IRQ2/IRL2/PTH2 ouT 3 IRQS5/PTE2

32 IRQ3/IRL3/PTH3 ouT 2 AUDCK/PTG4
31 IRQ4/PTH4 ouT 1 DREQO/PTH5
30 IRQS5/PTE2 ouT 0 DREQ1/PTH6
29 AUDCK/PTG4 ouT

28 DREQO/PTH5 ouT 10 TO

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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31to0 DID31toDIDO Referto R Device ID31to 0

description Device ID register that is stipula

JTAG. H'001A200F (initial value
LSI. Upper four bits may be cha
chip version.

SDIDH corresponds to bits 31 tc
SDIDL corresponds to bits 15 to
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Figure23.2 TAP Controller State Transitions

Note: Thetransition condition isthe TMSvalue at therising edge of TCK. The TDI \
sampled at therising edge of TCK; shifting occurs at the falling edge of TCK. |
on changetiming of the TDO value, see section 23.4.3, TDO Output Timing. T
at high impedance, except with shift-DR and shift-IR states. During the change
0, thereisatransition to test-logic-reset asynchronoudly with TCK.

Rev. 2.00, 09/03, page 578 of 690
RENESAS



L L Reset hold*?

H In ASE user mode**: Normal rese

In ASE break mode*3: RESETP ¢
masked

H L UDI reset only
H Normal operation

Notes: 1.

2343

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
constant cycle. In this state, the CPU does not start up, even if RESETP is
When TRST is driven high, UDI operation is enabled, but the CPU does no
The reset hold state is canceled by the following:

« Another RESETP assert (power-on reset)

+ TRST reassert

ASE mode is classified into two modes; ASE break mode to execute the fir
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

The timing of data output from the TDO is switched by the command type set in the
timing changes at the TCK falling edge when JTAG commands (EXTEST, CLAMP,
SAMPLE/PRELOAD, IDCODE, and BYPASS) are set. Thisisatiming of the JTAG
When the UDI commands (UDI reset negate, UDI reset assert, and UDI interrupt) are
output at the TCK rising edge earlier than the JTAG standard by a half cycle.
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2344 UDI Reset

An UDI reset is executed by setting an UDI reset assert command in SDIR. An UDI re
same kind as a power-on reset. An UDI reset isreleased by inputting an UDI reset neg:
command. Therequired time between the UDI reset assert command and UDI reset ne;
command isthe same astime for keeping the RESETP pin low to apply a power-on res

SDIR >< UDI reset asgert X X UDI reset negate X:
Chip internal reset E/ *.

CPU state E i Xranch

Figure23.4 UDI Reset

23.45 UDI Interrupt

The UDI interrupt function generates an interrupt by setting a command from the UDI
SDIR. An UDI interrupt isageneral exception/interrupt operation, resulting in a branc
address based on the VBR value plus offset, and with return by the RTE instruction. Tt
request has a fixed priority level of 15.

UDI interrupts are accepted in sleep mode, but not in standby mode.
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HIGHZ).

1. BYPASS

The BYPASS ingtruction is an essential standard instruction that operates the byp:
Thisinstruction shortens the shift path to speed up serial datatransfer involving ot
the printed circuit board. While this instruction is executing, the test circuit has no
system circuits. The upper four bits of the instruction code are 1111.

2. SAMPLE/PRELOAD:

The SAMPLE/PRELOAD instruction inputs va ues from this LSI's interna circuif
boundary scan register, outputs val ues from the scan path, and loads data onto the
When thisinstruction is executing, this LSI'sinput pin signals are transmitted dire
internd circuitry, and interna circuit values are directly output externaly from the
ThisLSl's system circuits are not affected by execution of thisinstruction. The up
of theinstruction code are 0100.

In a SAMPLE operation, a snapshot of a valueto be transferred from an input pin

internd circuitry, or a value to be transferred from the internal circuitry to an outp
latched into the boundary scan register and read from the scan path. Snapshot latch
performed in synchronization with the rise of TCK in the Capture-DR state. Snaps
does not affect normal operation of thisLSl.

In aPRELOAD operation, an initial valueis set in the parallel output latch of the
scan register from the scan path prior to the EXTEST ingtruction. Without a PREL
operation, when the EXTEST instruction was executed an undefined value would

from the output pin until completion of the initial scan sequence (transfer to the ot
(with the EXTEST ingruction, the parallel output latch valueis constantly output |

pin).
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The upper four bits of the instruction code are 0000.

IDCODE:

A command can be set in SDIR by the UDI pinsto place the UDI pinsin the IDCO
stipulated by JTAG. When the UDI isinitidized (TRST is asserted or TAP isin the
Logic-Reset state), the IDCODE mode is entered.

CLAMP, HIGHZ:

A command can be set in SDIR by the UDI pinsto place the UDI pinsin the CLAN
HIGHZ mode stipulated by JTAG.

23.5.2 Pointsfor Attention

1

N o ok wbd

Boundary scan mode does not cover clock-related signals (EXTAL, EXTAL2, XTA
XTAL2, EXTAL_USB, XTAL_USB, and CKI0O).

Boundary scan mode does not cover reset-related signals (RESETP, RESETM, and
Boundary scan mode does not cover UDI-related signals (TCK, TDI, TDO, TMS, &
Fix theRESETP pin low during boundary scan.

Fix the CA pin high during boundary scan.

Fix the ASEMDO pin high during boundary scan.

The CKI10O cock should operate during boundary scan. The MD[2:0] pin should be
clock mode used during normal operation, and EXTAL and CKI1O should be set wi
frequency range specified in the Clock Pulse Generator (CPG) section.

As during normal operation, the boundary scan test should be performed after alow
sufficient settling time for the crystal oscillator, PLL1, and PLL2.
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an emulator.

23.7  Advanced User Debugger (AUD)

The AUD isafunction only for an emulator. For details on the AUD, refer to each en
User’s Manual.
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When registers consist of 16 or 32 hits, the addresses of the MSBs are given, on tt
presumption of a big-endian system.

. Register Bits

Bit configurations of the registers are described in the same order as the Register /
(by functional module, in order of the corresponding section numbers).

Reserved bits are indicated by 0 in the bit name.

No entry in the bit-name column indicates that the whole register isallocated asa
for holding data.

When registers consist of 16 or 32 hits, bits are described from the MSB side.
The order in which bytes are described is on the presumption of a big-endian syste

. Register Statesin Each Operating Mode

Register states are described in the same order as the Register Addresses (by funct
module, in order of the corresponding section numbers).

For theinitial state of each bit, refer to the description of the register in the corres
section.

Theregister states described are for the basic operating modes. If there is a specifi
an on-chip module, refer to the section on that on-chip module.
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Number

Register Name Abbreviation of Bits Address Modul
MMU control register MMUCR 32 H'FFFF FFEO MMU
Page table entry register high PTEH 32 H'FFFF FFFO

Page table entry register low PTEL 32 H'FFFF FFF4
Translation table base register TTB 32 H'FFFF FFF8

g g g g g g
Cache control register 1 CCR1 32 H'FFFF FFEC Cache
Cache control register 2 CCR2 32 H'A400 00B0O

Cache control register 3 CCR3 32 H'A400 00B4

g g g g g g
Interrupt event register 2 INTEVT2 32 H'A400 0000 Excepi
TRAPA exception register TRA 32 HFFFE FrDo  nandii
Exception event register EXPEVT 32 H'FFFF FFD4
Interrupt event register INTEVT 32 H'FFFF FFD8

TLB exception address register TEA 32 H'FFFF FFFC

g g g g g g
Interrupt priority level setting register A IPRA 16 H'FFFF FEE2 INTC
Interrupt priority level setting register B IPRB 16 H'FFFF FEE4
Interrupt priority level setting register C IPRC 16 H'A400 0016

Interrupt priority level setting register D IPRD 16 H'A400 0018

Interrupt priority level setting register E IPRE 16 H'A400 001A
Interrupt priority level setting register F IPRF 16 H'A408 0000

Interrupt priority level setting register G IPRG 16 H'A408 0002

Interrupt priority level setting register H IPRH 16 H'A408 0004
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PINT interrupt enable register PINTER 16 H'A400 0014

g g g g g g
Common control register CMNCR 32 H'A4FD 0000 BSC
Bus control register for CS0 space CSOBCR 32 H'A4FD 0004

Bus control register for CS2 space CS2BCR 32 H'A4FD 0008

Bus control register for CS3 space CS3BCR 32 H'A4FD 000C

Bus control register for CS4 space CS4BCR 32 H'A4FD 0010

Bus control register for CS5A space CS5ABCR 32 H'A4FD 0014

Bus control register for CS5B space  CS5BBCR 32 H'A4FD 0018

Bus control register for CS6A space CS6ABCR 32 H'A4FD 001C

Bus control register for CS6B space CS6BBCR 32 H'A4FD 0020

Wait control register for CS0 space CSOWCR 32 H'A4FD 0024

Wait control register for CS2 space CS2WCR 32 H'A4FD 0028

Wait control register for CS3 space CS3WCR 32 H'A4FD 002C

Wait control register for CS4 space CS4WCR 32 H'A4FD 0030

Wait control register for CS5A space  CS5AWCR 32 H'A4FD 0034

Wait control register for CS5B space  CS5B WCR 32 H'A4FD 0038

Wait control register for CS6A space  CS6AWCR 32 H'A4FD 003C

Wait control register for CS6B space  CS6B WCR 32 H'A4FD 0040
SDRAM control register SDCR 32 H'A4FD 0044
Refresh timer control/status register ~RTCSR 32 H'A4FD 0048
Refresh timer counter RTCNT 32 H'A4FD 004C
Refresh time constant register RTCOR 32 H'A4FD 0050
SDRAM mode register for CS2 space  SDMR2 d H'A4FD 4xxx*?
SDRAM mode register for CS3 space  SDMR3 d H'A4FD 5xxx*?

g g g g g g
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DMA transfer count register_1 DMATCR_1 32 H'A400 0038

DMA channel control register_1 CHCR_ 1 32 H'A400 003C

DMA source address register_2 SAR 2 32 H'A400 0040

DMA destination address register_ 2  DAR_2 32 H'A400 0044

DMA transfer count register_2 DMATCR_2 32 H'A400 0048

DMA channel control register_2 CHCR_2 32 H'A400 004C

DMA source address register_3 SAR_3 32 H'A400 0050

DMA destination address register 3 DAR_3 32 H'A400 0054

DMA transfer count register_3 DMATCR_3 32 H'A400 0058

DMA channel control register_3 CHCR_3 32 H'A400 005C

DMA operation register DMAOR 16 H'A400 0060

DMA extended resource selector 0 DMARSO 16 H'A409 0000

DMA extended resource selector 1 DMARSL1 16 H'A409 0004

g g g g g
USB clock control register UCLKCR 8 H'A40A 0008 CPG
Frequency control register FRQCR 16 H'FFFF FF80

g g g g g
Watchdog timer counter WTCNT 8 H'FFFF FF84 WDT
Watchdog timer control/status register WTCSR 8 H'FFFF FF86

g g g g g
Standby control register STBCR 8 H'FFFF FF82 Power-
Standby control register 2 STBCR2 8 HFFFF FFgg mModes
Standby control register 3 STBCR3 8 H'A40A 0000

g g g g g
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Timer control register_1 TCR_ 1 16 H'FFFF FEAS

Timer constant register_2 TCOR 2 32 H'FFFF FEAC

Timer counter_2 TCNT_2 32 H'FFFF FEBO

Timer control register_2 TCR_2 16 H'FFFF FEB4

Input capture register_2 TCPR_2 32 H'FFFF FEBS

g g g g g g
Compare match timer start register CMSTR 16 H'A400 0070 CMT
Compare match timer control/status ~ CMCSR 16 H'A400 0074
register

Compare match timer counter CMCNT 16 H'A400 0078
Compare match timer constant register CMCOR 16 H'A400 007C

g g g g g g
Timer start register TSTR 16 H'A449 0000 TPU
Timer control register_0 TCR_ O 16 H'A449 0010

Timer mode register_0 TMDR_O 16 H'A449 0014

Timer I/O control register_0 TIOR_O 16 H'A449 0018

Timer interrupt enable register_0 TIER_O 16 H'A449 001C

Timer status register_0 TSR 0 16 H'A449 0020

Timer counter_0 TCNT_O 16 H'A449 0024

Timer general register A_0 TGRA_O 16 H'A449 0028

Timer general register B_0 TGRB_O 16 H'A449 002C

Timer general register C_0 TGRC_O 16 H'A449 0030

Timer general register D_0 TGRD_0 16 H'A449 0034

Timer control register_1 TCR_1 16 H'A449 0050

Timer mode register_1 TMDR_1 16 H'A449 0054

Timer I/O control register_1 TIOR_1 16 H'A449 0058
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Timer general register D_1 TGRD_1 16 H'A449 0074
Timer control register_2 TCR_2 16 H'A449 0090
Timer mode register_2 TMDR_2 16 H'A449 0094
Timer I/O control register_2 TIOR_2 16 H'A449 0098
Timer interrupt enable register_2 TIER_2 16 H'A449 009C
Timer status register_2 TSR 2 16 H'A449 00A0
Timer counter_2 TCNT_ 2 16 H'A449 00A4
Timer general register A_2 TGRA_2 16 H'A449 00A8
Timer general register B_2 TGRB_2 16 H'A449 00AC
Timer general register C_2 TGRC_2 16 H'A449 00B0O
Timer general register D_2 TGRD_2 16 H'A449 00B4
Timer control register_3 TCR_3 16 H'A449 00D0
Timer mode register_3 TMDR_3 16 H'A449 00D4
Timer I/O control register_3 TIOR_3 16 H'A449 00D8
Timer interrupt enable register_3 TIER_3 16 H'A449 00DC
Timer status register_3 TSR 3 16 H'A449 00EO
Timer counter_3 TCNT_3 16 H'A449 00E4
Timer general register A_3 TGRA_3 16 H'A449 00E8
Timer general register B_3 TGRB_3 16 H'A449 00EC
Timer general register C_3 TGRC_3 16 H'A449 00FO0
Timer general register D_3 TGRD_3 16 H'A449 00F4
g g
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Month counter RMONCNT 8 H'FFFF FECC

Year counter RYRCNT 16 H'FFFF FECE
Second alarm register RSECAR 8 H'FFFF FEDO
Minute alarm register RMINAR 8 H'FFFF FED2

Hour alarm register RHRAR 8 H'FFFF FED4

Day of week alarm register RWKAR 8 H'FFFF FED6

Date alarm register RDAYAR 8 H'FFFF FED8

Month alarm register RMONAR 8 H'FFFF FEDA

RTC control register 1 RCR1 8 H'FFFF FEDC

RTC control register 2 RCR2 8 H'FFFF FEDE

Year alarm register RYRAR 16 H'A413 FEEO

RTC control register 3 RCR3 8 H'A413 FEE4

g g g g
Serial mode register_0 SCSMR_0 16 H'A440 0000 SCIF 0
Bit rate register_0 SCBRR_O 8 H'A440 0004 (Chann
Serial control register_0 SCSCR_ 0 16 H'A440 0008
Transmit data stop register_0 SCTDSR_0 8 H'A440 000C

FIFO error count register_0 SCFER 0 16 H'A440 0010

Serial status register_0 SCSSR 0 16 H'A440 0014

FIFO control register_0 SCFCR_ 0 16 H'A440 0018

FIFO data count register_0 SCFDR 0 16 H'A440 001C
Transmit FIFO data register_0 SCFTDR_ 0 8 H'A440 0020
Receive FIFO data register_0 SCFRDR_ 0 8 H'A440 0024

g g g g

RENESAS

Rev. 2.00, 09/03, page



FIFO control register_2 SCFCR 2 16 H'A441 0018
FIFO data count register_2 SCFDR_ 2 16 H'A441 001C
Transmit FIFO data register_2 SCFTDR 2 8 H'A441 0020
Receive FIFO data register_2 SCFRDR_2 8 H'A441 0024
g g g g g g
IrDA mode register SCSMR_Ir 16 H'A44A 0000 IrDA
g g g g g g
EPOi data register EPDROI 8B H'A448 0000 USB
EPOo data register EPDROo 8B H'A448 0004
EPOs data register EPDROs 8B H'A448 0008
EP1 data register EPDR1 128B  H'A448 000C
EP2 data register EPDR2 128B  H'A448 0010
EP3 data register EPDR3 8B H'A448 0014
Interrupt flag register 0 IFRO 8 H'A448 0018
Interrupt flag register 1 IFR1 8 H'A448 001C
Trigger register TRG 8 H'A448 0020
FIFO clear register FCLR 8 H'A448 0024
EPOo receive data size register EPSZ00 8 H'A448 0028
Data status register DASTS 8 H'A448 002C
Endpoint stall register EPSTL 8 H'A448 0030
Interrupt enable register 0 IERO 8 H'A448 0034
Interrupt enable register 1 IER1 8 H'A448 0038
EP1 receive data size register EPSZ1 8 H'A448 003C
DMA transfer setting register DMAR 8 H'A448 0040
Interrupt select register 0 ISRO 8 H'A448 0044
Interrupt select register 1 ISR1 8 H'A448 0048
Transceiver control register XVERCR 8 H'A448 0060
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Port E control register 2 PECR2 8 H'A405 0148
Port F control register PFCR 16 H'A400 010A
Port F control register 2 PFCR2 8 H'A405 014A
Port G control register PGCR 16 H'A400 010C
Port H control register PHCR 16 H'A400 010E
Port J control register PJCR 16 H'A400 0110
Port K control register PKCR 16 H'A400 0112
Port L control register PLCR 16 H'A400 0114
Port SC control register SCPCR 16 H'A400 0116
Port M control register PMCR 16 H'A400 0118
Port N control register PNCR 16 H'A400 011A
Port N control register 2 PNCR2 8 H'A405 015A
g g g
Port A data register PADR 8 H'A400 0120 Port
Port B data register PBDR 8 H'A400 0122
Port C data register PCDR 8 H'A400 0124
Port D data register PDDR 8 H'A400 0126
Port E data register PEDR 8 H'A400 0128
Port F data register PFDR 8 H'A400 012A
Port G data register PGDR 8 H'A400 012C
Port H data register PHDR 8 H'A400 012E
Port J data register PJDR 8 H'A400 0130
Port K data register PKDR 8 H'A405 0132
Port L data register PLDR 8 H'A400 0134
SC port data register SCPDR 8 H'A400 0136
Port M data register PMDR 8 H'A400 0138
Port N data register PNDR 8 H'A400 013A

RENESAS

Rev. 2.00, 09/03, page



a g a 0 a 0

Break data register B BDRB 32 H'FFFF FF90 UBC
Break data mask register B BDMRB 32 H'FFFF FF94

Break control register BRCR 32 H'FFFF FF98
Execution count break register BETR 16 H'FFFF FFOC

Break address register B BARB 32 H'FFFF FFAQ

Break address mask register B BAMRB 32 H'FFFF FFA4

Break bus cycle register B BBRB 16 H'FFFF FFA8
Branch source register BRSR 32 H'FFFF FFAC

Break address register A BARA 32 H'FFFF FFBO

Break address mask register A BAMRA 32 H'FFFF FFB4

Break bus cycle register A BBRA 16 H'FFFF FFB8
Branch destination register BRDR 32 H'FFFF FFBC

Break ASID register A BASRA 8 H'FFFF FFE4

Break ASID register B BASRB 8 H'FFFF FFE8

a g a 0 a 0
Instruction register SDIR 16 H'A400 0200 UDI
ID register SDID/SDIDH 16 H'A400 0214

ID register SDIDL 16 H'A400 0216

Notes: 1. 8 bits when reading and 16 bits when writing.

2. The value of xxx depends on the setting value because of access control
SDRAM mode register.
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MMUCR a g O O a O
a g O O a O
a g O O O a O SV
O g RC1 RCO O TF IX AT
PTEH VPN VPN VPN VPN VPN VPN VPN VPN
VPN VPN VPN VPN VPN VPN VPN VPN
VPN VPN VPN VPN VPN VPN O a

ASID7  ASID6 ASID5 ASID4  ASID3 ASID2 ASID1  ASIDG

PTEL u| 0 n PPN PPN PPN PPN PPN
PPN PPN PPN PPN PPN PPN PPN PPN
PPN PPN PPN PPN PPN PPN u| Y
u| PR1 PRO sz c D SH u|
TTB
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o g O O O o W3LOADW3L

o g O O O o W2LOADW?2L

CCR3 o g O O O g O O

CSIZE7 CSIZE6 CSIZE5 CSIZE4 CSIZE3 CSIZE2 CSIZE1 CSIZ

g | O O g | O O

g | O O g | O O
INTEVT2 g | O O g g O O

g | O O g | O O

g | O O
TRA g | O O g g O

g | O g | O O

0 O O O 0 O imm imm

imm imm imm imm imm imm 0 O
EXPEVT g g O O g | O O

g g O g | O ]

g g O
INTEVT g g O O g | O

g g O O g | O

g g O
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IPRB IPR15 IPR14 IPR13 IPR12 IPR11  IPR10  IPR9  IPRS
IPR7 IPR6 IPR5  IPR4  IPR3 IPR2 IPR1  IPRO
IPRC IPR15 IPR14 IPR13 IPR12 IPR11  IPR10  IPR9  IPRS
IPR7 IPR6 IPR5  IPR4  IPR3 IPR2 IPR1  IPRO
IPRD IPR15 IPR14 IPR13 IPR12 IPR11  IPR10  IPR9  IPRS
IPR7 IPR6 IPR5  IPR4  IPR3 IPR2 IPR1  IPRO
IPRE IPR15 IPR14 IPR13 IPR12 IPR11  IPR10  IPR9  IPRS
IPR7 IPR6 IPR5  IPR4  IPR3 IPR2 IPR1  IPRO
IPRF IPR15 IPR14 IPR13 IPR12 IPR11  IPR10  IPR9  IPRS
IPR7 IPR6 IPR5  IPR4  IPR3 IPR2 IPR1  IPRO
IPRG IPR15 IPR14 IPR13 IPR12 IPR11  IPR10  IPR9  IPR8
IPR7 IPR6 IPR5  IPR4  IPR3 IPR2 IPR1  IPRO
IPRH IPR15 IPR14 IPR13 IPR12 IPR11  IPR10  IPR9  IPRS
IPR7 IPR6 IPR5  IPR4  IPR3 IPR2 IPR1  IPRO
ICRO NMIL O O 0 O o NMIE
0 o 0 0 o O
ICR1 MAI IRQLVL BLMSK O IRQ51S IRQ50S  IRQ41S IRQA0
IRQ31S IRQ30S IRQ21S IRQ20S IRQ11S IRQ10S IRQO1S IRQOO
ICR2 PINT15S PINT14S PINT13S PINT12S PINT11S PINT10S PINT9S PINTS
PINT7S PINT6S PINT5S PINT4S PINT3S PINT2S  PINT1S PINTO
IRRO PINTOR PINTIR IRQ5R IRQ4R IRQ3R IRQ2R  IRQIR IRQOF
IRR1 TXOR O RXIOR ERIOR DEI3R DEI2R  DEIIR DEIOR
IRR2 0 o ADIR  TX2R O RXI2R  ERI2R
PINTER PINT15E PINT14E PINT13E PINT12E PINT11E PINT10E PINT9E PINTS
PINT7E PINT6E PINTSE PINT4E PINT3E PINT2E  PINTLE PINTO
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o TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
o g O O O o O O

CS2BCR o g Ww1 IWWO O IWRWD1 IWRWDO0UO
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWR
O TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
O g O O a g O O

CS3BCR O g Ww1 IWWO O IWRWD1 IWRWDOUO
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWR
O TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
O g O O a g O O

CS4BCR O g IWw1 IWWO O IWRWD1 IWRWDOUO
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWR
a TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
a g O O o g O O

CS5ABCR a g Ww1 IWWO O IWRWD1 IWRWDOUO
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWR
a TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
a g O O o g O O

CS5BBCR a g Ww1 IWWO O IWRWD1 IWRWDOUO
IWRWS1 IWRWSO 0O IWRRD1 IWRRDO 0O IWRRS1 IWR
a TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
a g O O o g O O

CS6ABCR a g Ww1 IWWO O IWRWD1 IWRWDO0UO
IWRWS1 IWRWSO O IWRRD1 IWRRDO 0O IWRRS1 IWR
a TYPE2 TYPE1L TYPEO O BSZ1 BSZ0 O
a g O O o g O O
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i

0 SW1I  SW0  WR3  WR2 WRL
WRO WM 0 O 0 HW1  HWO

CSOWCR 0 0

(burst ROM) BW1 BWO
0 0 w3 w2 w1
WO WM 0 0 0 0 0

CS2 WCR O 0

"
0 0 WR3  WR2 WRL
WRO WM 0 O 0 0 0

CS2WCR O 0 0 0

(SDRAM) . . . . =
0 0 0 O A2CL:
A2CLO O O 0 0 O O

CS3WCR O 0 O O 0

D TR
0 0 WR3  WR2 WRL
WRO WM 0 0 0 0 0

CS3WCR O 0 O O 0

(SDRAM) - - - - =
0 TRP1 0 TRCDL TRCDO O A3CL:
ACLO O O TRWLL TRWLO TRC1 TRCO

CS4WCR O 0 0 O 0

(F‘fécl\;le)pt burst 0 WW2  WW1  WWO
0 SW1I  SW0O  WR3  WR2 WRL
WRO WM O 0 0 HW1  HWO
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o g O SW1 SWO0 WR3 WR2 WRI
WRO WM O HW1 HWC
CS5B WCR o O O g O O
MPXw O Ww2 wwi WWi
O g O SwWi1 SWO0 WR3 WR2 WRI
WRO WM a HW1 HWC
CS6A WCR O O a g O
O a g O
O g O SW1 SWO0 WR3 WR2 WRI
WRO WM a HW1 HWC
CS6B WCR O g O O a g O
O g O O a g O O
a g O SwW1 SWO0 WR3 WR2 WRI]
WRO WM O HW1 HWC
SDCR a g O O o o O O
a g O A2ROW1 A2ROWO0 O A2COL1 A2C!
a g O SLOW  RFSH RMODE O BAC
a g O A3ROW1 ABROWO O A3COL1 A3C!
RTCSR a g O o o O O
a g O o g O O
a g O o g O O
CMF CMIE CKS2 CKS1 CKSO RRC2 RRC1 RRC
RTCNT a g O O o o O O
RTCOR a g O O o o O O
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DAR_O

DMATCR 0 O 0 O O u]
CHCR_0 0 0 O O u]
DO TL 0 O O AM AL
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
DL DS B TS1 TSO IE TE DE
SAR_1
DAR_1
DMATCR 1 O O 0 O O O

RENESAS

Rev. 2.00, 09/03, page



DAR_2

DMATCR 2 O O O u] 0 O O u]
CHCR_2 0 O O u] 0 O O
0 O O u] 0 O O O
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
0 O TB TS1 TSO IE TE DE
SAR_3
DAR_3
DMATCR 3 O O O u] 0 O O u]
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DMARS0 CIMID5 CIMID4 CIMID3 CIMID2 CIMID1 CIMIDO CIRID1 CIRIC
COMID5 COMID4 COMID3 COMID2 COMID1 COMIDO CORID1 CORIC

DMARS1 C3MID5 C3MID4 C3MID3 C3MID2 C3MID1 C3MIDO C3RID1 C3RIC
C2MID5 C2MID4 C2MID3 C2MID2 C2MID1  C2MIDO  C2RID1 C2RIC

UCLKCR USSCS1 USSCSO USBEN O o O 0 0

FRQCR 0 o O CKOEN O STC1  STCO
0 o IFC1 IFCO O PFC1  PFCO

WTCNT

WTCSR TME WTAT RSTS WOVF IOVF CKS2 CKS1  CKSO

STBCR STBY O STBXTL O MSTP2 MSTP1 O

STBCR2 MSTP10 MSTP9 MSTP8 O MSTP6 MSTP5 O

STBCR3 MSTP37 O MSTP35 MSTP34 MSTP33 MSTP32 MSTP31 MSTP

TSTR 0 o O 0 0 STR2 STR1  STRO

TCOR_0

TCNT_O

TCR_O 0 O 0 0 o O UNF

o UNIE  CKEG1 CKEGO TPSC2 TPSCl TPSC
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TCR_1 o g O O O g O UNF

0 UNIE  CKEG1 CKEGO TPSC2 TPSCl TPS
TCOR_2
TCNT_2
TCR_2 0 O O u] 0 O ICPF  UNF
ICPE1 ICPE0 UNIE  CKEG1 CKEGO TPSC2 TPSCL1 TPS
TCPR_2
CMSTR 0 O O O 0 O O u]
0 O O O 0 O O STR
CMCSR 0 O O O 0 O O u]
CMF O O CMR 0 O CKS1 CKS
CMCNT
CMCOR
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TIOR_O 0 O O 0 0 0 O 0

0 O O 0 10A2 IOA1  10AO
TIER_O 0 0 O 0 0 O 0

0 0 O TCIEV TGIED TGIEC TGIEB TGIE/
TSR_O 0 O O u] 0 O O u]

0 O O TCFY TGFD TGFC  TGFB  TGFA
TCNT_O
TGRA_O
TGRB_0
TGRC_0
TGRD_0
TCR_ 1 0 O O u] 0 O O O

CCLR2 CCLR1 CCLRO CKEG1l CKEGO TPSC2 TPSCl TPSC
TMDR_1 0 O O u] 0 O O O

0 BFWT  BFB BFA 0 MD2 MD1  MDO
TIOR_1 0 O O 0 O O O

0 O O 0 I0A2 IOA1  10AO
TIER_1 0 O O 0 O O O

0 O O TCIEV TGIED TGIEC TGIEB TGIEA
TSR_1 0 O O u] 0 O O O

0 O O TCFY TGFD TGFC  TGFB  TGFA
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TGRC_1

TGRD_1
TCR_2 0 O O u] 0 O O O

CCLR2 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPS
TMDR_2 0 O O u] 0 O O O

0 BFWT  BFB BFA 0 MD2 MD1  MDO
TIOR_2 0 O O 0 O O O

0 O O 0 I0A2 IOAL  IOAC
TIER 2 0 O O 0 O O O

0 O O TCIEV TGIED TGIEC TGIEB TGIE
TSR_2 0 O O O 0 O O u]

0 O O TCFY TGFD  TGFC  TGFB TGF
TCNT_2
TGRA_2
TGRB_2
TGRC_2
TGRD_2
TCR_3 0 O O O 0 O O u]

CCLR2 CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSC1 TPS!
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TSR_3 0 O O 0 0 0 O 0
0 O O TCFY TGFD TGFC  TGFB  TGFA

TCNT_3

TGRA_3

TGRB_3

TGRC_3

TGRD_3

R64CNT 0 1Hz 2Hz 4Hz 8Hz 16Hz 32Hz  64Hz

RSECCNT O

RMINCNT 0

RHRCNT 0 O

RWKCNT 0 O O u] 0

RDAYCNT O O

RMONCNT O O O

RYRCNT

RSECAR ENB

RMINAR ENB

RHRAR ENB 0

RWKAR ENB 0 0 O O

RDAYAR ENB 0

RMONAR ENB 0 0

Rev. 2.00, 09/03, page
RENESAS



CIA CHR PE O/E STOP o CKS1 CKS
SCBRR_0 SCBRD7 SCBRD6 SCBRD5 SCBRD4 SCBRD3 SCBRD2 SCBRD1 SCB
SCSCR_0 o g O O TSIE ERIE BRIE DRIE
TIE RIE TE RE o g CKE1l CKE
SCTDSR_0
SCFER_O O o PERS PER4 PERS3 PER2 PER1 PER
FERS5 FER4 FER3 FER2 FER1 FER
SCSSR_0 O O O a g ORER TSF
ER TEND TDFE BRK FER PER RDF DR
SCFCR_0O TSE TCRST O g RSTRG2 RSTRG1 RST
RTRG1 RTRGO TTRG1l TTRGO MCE TFRST RFRST LOO
SCFDR_0O O T6 T5 T4 T3 T2 T1 TO
a R6 R5 R4 R3 R2 R1 RO
SCFTDR_0O SCFTD7 SCFTD6 SCFTD5 SCFTD4 SCFTD3 SCFTD2 SCFTD1 SCF
SCFRDR_O SCFRD7 SCFRD6 SCFRD5 SCFRD4 SCFRD3 SCFRD2 SCFRD1 SCH
SCSMR_2 a o O O o SRC2 SRC1 SRC
C/IA CHR PE O/E STOP O CKS1 CKS
SCBRR_2 SCBRD7 SCBRD6 SCBRD5 SCBRD4 SCBRD3 SCBRD2 SCBRD1 SCB
SCSCR_2 a o O O TSIE ERIE BRIE DRIE
TIE RIE TE RE O g CKE1l CKE
SCTDSR_2
SCFER_2 a PERS PER4 PERS3 PER2 PER1 PER
FERS5 FER4 FER3 FER2 FER1 FER
SCSSR_2 a o O O o o ORER TSF
ER TEND TDFE BRK FER PER RDF DR
SCFCR_2 TSE TCRST O o RSTRG2 RSTRG1 RST
RTRG1 RTRGO TTRG1l TTRGO MCE TFRST RFRST LOO
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EPDROI D7 D6 D5 D4 D3 D2 D1 DO
EPDROo D7 D6 D5 D4 D3 D2 D1 DO
EPDROs D7 D6 D5 D4 D3 D2 D1 DO
EPDR1 D7 D6 D5 D4 D3 D2 D1 DO
EPDR2 D7 D6 D5 D4 D3 D2 D1 DO
EPDR3 D7 D6 D5 D4 D3 D2 D1 DO
IFRO BRST EP1FULL EP2TR EP2EMPTY SETUPTS EPOOTS EPOITR  EPOI
IFR1 O o O O VBUSMN EP3TR EP3TS  VBU!
TRG g EP3PKTE EP1RDFN EP2PKTE [ EPOSRDFN EPOoRDFN EPOIF
FCLR O EP3CLR EPICLR EP2CLR O o EPOoCLR EPOil
EPSZ0o D7 D6 D5 D4 D3 D2 D1 DO
DASTS O o EP3DE EP2DE O o O EPOI
EPSTL O o O O EP3STL EP2STL EP1STL EPOS
IERO BRST EP1FULL EP2TR EP2EMPTY SETUPTS EPO0OTS EPOITR  EPOI
IER1 O o O O o EP3TR EP3TS  VBU!
EPSZ1 D7 D6 D5 D4 D3 D2 D1 DO
DMAR O o O O o a EP2DMAE EP1D
ISRO BRST EP1FULL EP2TR EP2EMPTY SETUPTS EPOOTS EPOITR EPOI
ISR1 O o O O o EP3TR EP3TS VBU!
XVERCR O o O O o a O XVER
PACR PA7MD1 PA7MDO PA6MD1 PA6MDO PAS5MD1 PASMDO PA4MD1 PAA
PA3MD1 PA3MDO PA2MD1 PA2MDO PA1MD1 PA1MDO PAOMD1 PAOI
PBCR PB7MD1 PB7MDO PB6MD1 PB6MDO PB5MD1 PB5MDO PB4MD1 PB4
PB3MD1 PB3MDO PB2MD1 PB2MDO PB1MD1 PB1MDO PBOMD1 PBOI
PCCR PC7MD1 PC7MDO PC6MD1 PC6MDO PC5MD1 PC5MDO PC4MD1 PC4
PC3MD1 PC3MDO PC2MD1 PC2MDO PCiMD1 PC1MDO PCOMD1 PCO

RENESAS

Rev. 2.00, 09/03, page



PF3MD1 PF3MDO PF2MD1 PF2MDO PF1MD1 PF1IMDO PFOMD1 PF
PFCR2 o g O O PF3MD2 PF2MD2 PF1MD2 PF
PGCR PG7MD1 PG7MDO PG6MD1 PG6MDO PG5MD1 PG5MDO PG4MD1 PG
PG3MD1 PG3MDO PG2MD1 PG2MDO PG1MD1 PG1IMDO PGOMD1 PG
PHCR O g PH6MD1 PH6MDO PH5MD1 PH5MDO PH4MD1 PH
PH3MD1 PH3MDO PH2MD1 PH2MDO PH1MD1 PH1MDO PHOMD1 PH
PJCR PJ7MD1 PJ7MDO PJ6MD1 PJ6MDO PJ5MD1 PJ5MDO PJ4MD1 PJ
PJ3MD1 PJ3MDO PJ2MD1 PJ2MDO PJIMD1 PJIMDO PJOMD1 PJI
PKCR PK7MD1 PK7MDO PK6MD1 PK6MDO PK5MD1 PK5MDO PK4MD1 PK
PK3MD1 PK3MDO PK2MD1 PK2MDO PK1MD1 PK1MDO PKOMD1 PK
PLCR O g O O a g O O
PL3MD1 PL3MDO PL2MD1 PL2MDO PL1IMD1 PL1IMDO PLOMD1 PL
SCPCR g g O O SCP5MD1 SCP5MDO0 SCP4MD1 SCI
SCP3MD1 SCP3MDO SCP2MD1 SCP2MDO SCP1MD1 SCP1MDO SCPOMD1 SCi
PMCR a g PM6MD1 PM6MDO O a PM4MD1 PM
PM3MD1 PM3MDO PM2MD1 PM2MDO PM1MD1 PM1MDO PMOMD1 PN
PNCR PN7MD1 PN7MDO PN6MD1 PN6MDO PN5MD1 PN5MDO PN4MD1 PN
PN3MD1 PN3MDO PN2MD1 PN2MDO PN1MD1 PN1MDO PNOMD1 PN
PNCR2 a PN6MD2 PN5MD2 PN4MD2 PN3MD2 PN2MD2 PN1MD2 PN
PADR PA7DT  PA6DT PASDT PA4DT PA3DT PA2DT PA1DT PA
PBDR PB7DT PB6DT PB5DT PB4DT PB3DT  PB2DT PB1DT PB
PCDR PC7DT PC6DT PC5DT PC4DT PC3DT  PC2DT PC1DT PC
PDDR PD7DT PD6DT PD5DT PD4DT PD3DT PD2DT PD1DT PD
PEDR PE7DT PE6DT PESDT PE4DT PE3DT PE2DT PE1DT PE
PFDR PF7DT  PF6DT PF5DT PF4DT PF3DT PF2DT PF1DT PFi
PGDR PG7DT PG6DT PG5DT PG4DT PG3DT PG2DT PGIDT PG
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PNDR

PN7DT PN6DT PN5DT PN4DT PN3DT

PN2DT PN1DT PNO

ADDRA
o g O O O g
ADDRB
o o O O O o
ADDRC
o o O O O o
ADDRD
o o O O O o
ADCSR ADF ADIE ADST DMASL O a O O
CKS1 CKSO MULTI1T MULTIO O o CH1 CHO
BDRB BDB31 BDB30 BDB29 BDB28 BDB27 BDB26 BDB25 BDB
BDB23 BDB22 BDB21 BDB20 BDB19 BDB18 BDB17 BDB
BDB15 BDB14 BDB13 BDB12 BDB11 BDB10 BDB9 BDB
BDB7 BDB6 BDB5 BDB4 BDB3 BDB2 BDB1 BDB
BDMRB BDMB31 BDMB30 BDMB29 BDMB28 BDMB27 BDMB26 BDMB25 BDN
BDMB23 BDMB22 BDMB21 BDMB20 BDMB19 BDMB18 BDMB17 BDWN
BDMB15 BDMB14 BDMB13 BDMB12 BDMB11 BDMB10 BDMB9 BDMN
BDMB7 BDMB6 BDMB5 BDMB4 BDMB3 BDMB2 BDMB1 BDMN
BRCR O o O O O o O O
O g BASMA BASMB 0O g O O
SCMFCA SCMFCB SCMFDA SCMFDB PCTE PCBA O a
DBEB PCBB a o SEQ O a ETB
BETR O o O O BET11 BET10 BET9 BET

BET7 BET6 BETS BET4 BET3

BET2 BET1 BET
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BAMB15 BAMB14 BAMB13 BAMB12 BAMB11 BAMB10 BAMBY9 BA
BAMB7 BAMB6 BAMB5 BAMB4 BAMB3 BAMB2 BAMB1 BA
BBRB o g O O O g O O
CDB1 CDBO IDB1 IDBO RWB1 RWBO SZB1 Sz
BRSR SVF O g O BSA27 BSA26 BSA25 BS
BSA23 BSA22 BSA21 BSA20 BSA19 BSA18 BSA17 BS
BSA15 BSAl14 BSAl13 BSAl2 BSAll BSA10 BSA9 BS
BSA7 BSA6 BSA5 BSA4 BSA3 BSA2 BSAl BS
BARA BAA31 BAA30 BAA29 BAA28 BAA27 BAA26 BAA25 BA
BAA23  BAA22 BAA21 BAA20 BAA19 BAA18 BAA17 BA
BAA15 BAAl4 BAAl13 BAAl2 BAAll BAA10 BAA9 BA
BAA7 BAAG BAA5 BAA4 BAA3 BAA2 BAAl BA
BAMRA BAMA31 BAMA30 BAMA29 BAMA28 BAMA27 BAMA26 BAMA25 BA
BAMA23 BAMA22 BAMA21 BAMA20 BAMA19 BAMA18 BAMALl7 BA
BAMA15 BAMA14 BAMA13 BAMA1l2 BAMA1ll BAMA10 BAMA9 BA
BAMA7 BAMA6 BAMA5 BAMA4 BAMA3 BAMA2 BAMAl BA
BBRA a g O O o g O O
CDAl CDAO IDAL IDAO RWA1 RWAO SZAl SZ
BRDR DVF o o O BDA27 BDA26 BDA25 BD
BDA23 BDA22 BDA21 BDA20 BDA19 BDA18 BDA17 BD
BDA15 BDAl14 BDA13 BDA12 BDAl1l BDA10 BDA9 BD
BDA7 BDAG BDAS BDA4 BDAS3 BDA2 BDAl BD
BASRA BASA7 BASA6 BASA5 BASA4 BASA3 BASA2 BASAl1 BA
BASRB BASB7 BASB6 BASB5 BASB4 BASB3 BASB2 BASB1 BA
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CCR1 Initialized Initialized Retained Retained Retained
CCR2 Initialized Initialized Retained Retained Retained
CCR3 Initialized Initialized Retained Retained Retained
INTEVT2 Undefined Undefined Retained Retained Retained
TRA Undefined Undefined Retained Retained Retained
EXPEVT Initialized*’ Initialized*’ Retained Retained Retained
INTEVT Undefined Undefined Retained Retained Retained
TEA Undefined Undefined Retained Retained Retained
IPRA Initialized Initialized Retained Retained Retained
IPRB Initialized Initialized Retained Retained Retained
IPRC Initialized Initialized Retained Retained Retained
IPRD Initialized Initialized Retained Retained Retained
IPRE Initialized Initialized Retained Retained Retained
IPRF Initialized Initialized Retained Retained Retained
IPRG Initialized Initialized Retained Retained Retained
IPRH Initialized Initialized Retained Retained Retained
ICRO Initialized*® Initialized*® Retained Retained Retained
ICR1 Initialized Initialized Retained Retained Retained
ICR2 Initialized Initialized Retained Retained Retained
IRRO Initialized Initialized Retained Retained Retained
IRR1 Initialized Initialized Retained Retained Retained
IRR2 Initialized Initialized Retained Retained Retained
PINTER Initialized Initialized Retained Retained Retained
CMNCR Initialized*®  Retained Retained Retained Retained
CSOBCR Initialized Retained Retained Retained Retained
CS2BCR Initialized Retained Retained Retained Retained
CS3BCR Initialized Retained Retained Retained Retained
CS4BCR Initialized Retained Retained Retained Retained
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CS3WCR Initialized Retained Retained Retained Retained

CS4WCR Initialized Retained Retained Retained Retained

CS5A WCR Initialized Re4ained Retained Retained Retained

CS5B WCR Initialized Retained Retained Retained Retained

CS6A WCR Initialized Retained Retained Retained Retained

CS6B WCR Initialized Retained Retained Retained Retained

SDCR Initialized Retained Retained Retained Retained
RTCSR Initialized Retained Retained Retained Retained
RTCNT Initialized Retained Retained Retained Retained
RTCOR Initialized Retained Retained Retained Retained
SDMR2 O O O o O

SDMR3 O O O o O

SAR 0 Undefined  Undefined  Retained Retained Retained [
DAR_O Undefined  Undefined  Retained Retained Retained
DMATCR_0 Undefined Undefined Retained Retained Retained
CHCR 0 Initialized Initialized Retained Retained Retained
SAR 1 Undefined  Undefined  Retained Retained Retained
DAR_1 Undefined  Undefined  Retained Retained Retained
DMATCR_1 Undefined Undefined Retained Retained Retained
CHCR 1 Initialized Initialized Retained Retained Retained
SAR 2 Undefined  Undefined  Retained Retained Retained
DAR_2 Undefined  Undefined  Retained Retained Retained
DMATCR_2 Undefined Undefined Retained Retained Retained
CHCR 2 Initialized Initialized Retained Retained Retained
SAR_3 Undefined  Undefined  Retained Retained Retained
DAR_3 Undefined  Undefined  Retained Retained Retained
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FRQCR Initialized*®  Retained Retained Retained Retained
WTCNT Initialized*®  Retained Retained Retained Retained
WTCSR Initialized*®  Retained Retained Retained Retained
STBCR Initialized Retained Retained Retained Retained
STBCR2 Initialized Retained Retained Retained Retained
STBCR3 Initialized Retained Retained Retained Retained
TSTR Initialized Initialized Initialized Initialized Retained
TCOR_ O Initialized Initialized Retained Retained Retained
TCNT_O Initialized Initialized Retained Retained Retained
TCR O Initialized Initialized Retained Retained Retained
TCOR 1 Initialized Initialized Retained Retained Retained
TCNT_ 1 Initialized Initialized Retained Retained Retained
TCR_1 Initialized Initialized Retained Retained Retained
TCOR 2 Initialized Initialized Retained Retained Retained
TCNT_ 2 Initialized Initialized Retained Retained Retained
TCR_2 Initialized Initialized Retained Retained Retained
TCPR_2 Undefined  Undefined  Retained Retained Retained
CMSTR Initialized Initialized Retained Retained Retained
CMCSR Initialized Initialized Retained Retained Retained
CMCNT Initialized Initialized Retained Retained Retained
CMCOR Initialized Initialized Retained Retained Retained
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TCNT_O Initialized Initialized Retained Retained Retained

TGRA O Initialized Initialized Retained Retained Retained
TGRB_0 Initialized Initialized Retained Retained Retained
TGRC_0 Initialized Initialized Retained Retained Retained
TGRD_0 Initialized Initialized Retained Retained Retained
TCR_ 1 Initialized Initialized Retained Retained Retained
TMDR_1 Initialized Initialized Retained Retained Retained
TIOR_1 Initialized Initialized Retained Retained Retained
TIER 1 Initialized Initialized Retained Retained Retained
TSR 1 Initialized Initialized Retained Retained Retained
TCNT_ 1 Initialized Initialized Retained Retained Retained
TGRA 1 Initialized Initialized Retained Retained Retained
TGRB_1 Initialized Initialized Retained Retained Retained
TGRC_1 Initialized Initialized Retained Retained Retained
TGRD_1 Initialized Initialized Retained Retained Retained
TCR_2 Initialized Initialized Retained Retained Retained
TMDR_2 Initialized Initialized Retained Retained Retained
TIOR_2 Initialized Initialized Retained Retained Retained
TIER 2 Initialized Initialized Retained Retained Retained
TSR 2 Initialized Initialized Retained Retained Retained
TCNT_ 2 Initialized Initialized Retained Retained Retained
TGRA 2 Initialized Initialized Retained Retained Retained
TGRB_2 Initialized Initialized Retained Retained Retained
TGRC_2 Initialized Initialized Retained Retained Retained
TGRD_2 Initialized Initialized Retained Retained Retained
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TGRA 3 Initialized Initialized Retained Retained Retained
TGRB_3 Initialized Initialized Retained Retained Retained
TGRC_3 Initialized Initialized Retained Retained Retained
TGRD_3 Initialized Initialized Retained Retained Retained
R64CNT Operation Operation Operation Retained Operation
continued continued continued continued
RSECCNT Operation  Operation  Operation Retained Operation
continued continued continued continued
RMINCNT Operation Operation Operation Retained Operation
continued continued continued continued
RHRCNT Operation Operation Operation Retained Operation
continued continued continued continued
RWKCNT Operation  Operation  Operation Retained Operation
continued continued continued continued
RDAYCNT Operation Operation Operation Retained Operation
continued continued continued continued
RMONCNT Operation  Operation  Operation Retained Operation
continued continued continued continued
RYRCNT Operation Operation Operation Retained Operation
continued continued continued continued
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
RCR1 Initialized*?  Initialized*? Retained Retained  Retained
RCR2 Initialized**® Initialized**® Retained Retained  Retained
RYRAR Retained Retained Retained Retained Retained
RCR3 Initialized Retained Retained Retained Retained
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SCFCR_O Initialized Initialized Retained Retained Retained

SCFDR_0 Initialized Initialized Retained Retained Retained

SCFTDR_0 Undefined  Undefined Retained Retained Retained

SCFRDR_0 Undefined  Undefined  Retained Retained Retained

SCSMR_2 Initialized Initialized Retained Retained Retained :

SCBRR_2 Initialized Initialized Retained Retained Retained
SCSCR_2 Initialized Initialized Retained Retained Retained
SCTDSR_2 Initialized Initialized Retained Retained Retained
SCFER_2 Initialized Initialized Retained Retained Retained
SCSSR 2 Initialized Initialized Retained Retained Retained
SCFCR_2 Initialized Initialized Retained Retained Retained
SCFDR_2 Initialized Initialized Retained Retained Retained

SCFTDR_2 Undefined  Undefined Retained Retained Retained

SCFRDR_2 Undefined  Undefined  Retained Retained Retained

SCSMR_Ir Initialized Initialized Retained Retained Retained |
EPDROi Undefined  Undefined  Retained Retained Retained |
EPDROo Undefined  Undefined  Retained Retained Retained
EPDROs Undefined  Undefined  Retained Retained Retained
EPDR1 Undefined  Undefined  Retained Retained Retained
EPDR2 Undefined  Undefined  Retained Retained Retained
EPDR3 Undefined  Undefined  Retained Retained Retained
IFRO Initialized Initialized Retained Retained Retained
IFR1 Initialized Initialized Retained Retained Retained
TRG Undefined  Undefined  Retained Retained Retained
FCLR Undefined  Undefined  Retained Retained Retained
EPSZ0o Initialized Initialized Retained Retained Retained
DASTS Initialized Initialized Retained Retained Retained
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ISR1 Initialized Initialized Retained Retained Retained
XVERCR Initialized Initialized Retained Retained Retained
PACR Initialized Retained Retained Retained Retained
PBCR Initialized Retained Retained Retained Retained
PCCR Initialized Retained Retained Retained Retained
PDCR Initialized Retained Retained Retained Retained
PECR Initialized Retained Retained Retained Retained
PECR2 Initialized Retained Retained Retained Retained
PFCR Initialized Retained Retained Retained Retained
PFCR2 Initialized Retained Retained Retained Retained
PGCR Initialized Retained Retained Retained Retained
PHCR Initialized Retained Retained Retained Retained
PJCR Initialized Retained Retained Retained Retained
PKCR Initialized Retained Retained Retained Retained
PLCR Initialized Retained Retained Retained Retained
SCPCR Initialized Retained Retained Retained Retained
PMCR Initialized Retained Retained Retained Retained
PNCR Initialized Retained Retained Retained Retained
PNCR2 Initialized Retained Retained Retained Retained
PADR Initialized Retained Retained Retained Retained
PBDR Initialized Retained Retained Retained Retained
PCDR Initialized Retained Retained Retained Retained
PDDR Initialized Retained Retained Retained Retained
PEDR Initialized Retained Retained Retained Retained
PFDR Initialized Retained Retained Retained Retained
PGDR Initialized Retained Retained Retained Retained
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PNDR Initialized Retained Retained Retained Retained

ADDRA Initialized Initialized Initialized Initialized Retained
ADDRB Initialized Initialized Initialized Initialized Retained
ADDRC Initialized Initialized Initialized Initialized Retained
ADDRD Initialized Initialized Initialized Initialized Retained
ADCSR Initialized Initialized Initialized Initialized Retained
BDRB Initialized Retained Retained Retained Retained
BDMRB Initialized Retained Retained Retained Retained
BRCR Initialized Retained Retained Retained Retained
BETR Initialized Retained Retained Retained Retained
BARB Initialized Retained Retained Retained Retained
BAMRB Initialized Retained Retained Retained Retained
BBRB Initialized Retained Retained Retained Retained
BRSR Initialized*®  Retained Retained Retained Retained
BARA Initialized Retained Retained Retained Retained
BAMRA Initialized Retained Retained Retained Retained
BBRA Initialized Retained Retained Retained Retained
BRDR Initialized*®  Retained Retained Retained Retained
BASRA Undefined  Retained Retained Retained Retained
BASRB Undefined  Retained Retained Retained Retained
SDIR Retained Retained Retained Retained Retained
SDID/SDIDH** O 0o 0o 0o 0o

SpIDL** u] oo oo 0o 0o

Notes: 1. The ENB bit is initialized. Other bits are retained.
2. The CF bit is undefined.
3. Although the flag is initialized, other bits are not initialized (except the res
bits).
4.  Values of these resisters are fixed.
5. These registers are not initialized by a power-on reset caused by the WD
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Power supply voltage (1/O) VecQ -0.3t04.2 ‘

Vce-RTC
Power supply voltage (internal) Vee -0.3to 2.1 !

Vce-PLLL

Vce-PLL2
Input voltage (except port L) Vin -0.3to VceQ + 0.3 !
Input voltage (port L) Vin —0.3to AVcc + 0.3 ‘
Analog power supply voltage (AD) AVcc -0.3t0 4.2 !
Analog input voltage (AD) Van —0.3t0 AVcc + 0.3 !
Analog power supply voltage (USB) Vcc-USB -0.3t0 4.2 !
Analog input voltage (USB) ViN —0.3to (Vcc-USB) + 0.3 !
Operating temperature Topr —-20to 75 ‘
Storage temperature Tstg -55t0 125 ‘

Caution:

» Operating the chip in excess of the absolute maximum rating may result in permar
e Order of turning on 1.5V power (Vcc, Vee-PLL1, Vee-PLL2) and 3.3 V power (\

RTC, AVcc, Vee-USB):

1. The3.3V power andthe 1.5V power should be turned on simultaneously or tl
power should be tuned on first. When the 3.3 V isturned on first, turn on the 1
within 1 ms. It isrecommended that thisinterval will be as short as possible.

2. Until voltageis applied to al power suppliesand alow level isinput at the RE
internd circuitsremain unsettled, and so pin ates are also undefined. The sys
must ensure that these undefined states do not cause erroneous system operatic

3. When the power isturned on, make sure that the voltage of the 1.5V power is
that of the 3.3 V power.
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VeeQ: 3.3 V power jj

; -+—— VccQ (min) voltage ((

Vcce: 1.5V power ))

: -«—— Vcc (min) voltage ((

Bl AL ~~- - -+—— \cc/2 level voltage

GND

tunc
' States undefined
term

Normal operation term

Operation

I Clock oscillation started
VeeQ (min)  «e—m Oscillation settling time

attain time ' Cancel the power-on reset and

VCC'(m.i”) | go to normal operation
attain time

Figure25.1 Power On/Off Sequence

Recommended Power On/Off Times

Max. Permitted

Item Symbol Value (
VceQ to Vee power-on time interval tpwu 1 r
VceQ to Vee power-off time interval tpwd 1 r
State undefined term tunc 10 r

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 state
at VeeQ (min) attain time. However, a power-on reset (RESETP) is accepted successfu
after VecQ (min) attain time and clock oscillation settling time. Set the state undefined

than 10 ms.
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FOower supply voltage Ve, 2.V \%
Vce-RTC
Vcc, 1.4 1.5 1.6
Vce-PLLL
Vee-PLL2
Current Normal lec — 133 200 mA  Vcc =
consumption operation o= 1
— 105 150 Vee =
lp=1(
|ccQ — 20 40 VccQ |
Bp=2
In sleep mode® Icc — 25 40 mA  B@=23
lccQ — 10 20
In standby lcc — 150 500 pA Ta=2
mode lecQ — 10 30 on)
VecQ
Vce =
lec — 150 500 HA a=2
lcQ  — 10 30 off)
VecQ
Vce =
Input leak Allinput pins | lin | — — 1.0 MA Vin =0
current VecQ-
Three-state  1/O, all output | Iy | — — 1.0 HA Vin = (
leak current  pins (off VeeQ-
condition)
Pull-up Port pin Rpui 30 60 120 kQ
resistance

RENESAS
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PTM3 to PTMO

Analog power-supply AVcc 3.0 3.3 3.6 Y,
voltage (AD)
Analog power-supply Vcee-USB 3.0 3.3 3.6 Y,
voltage (USB)
Analog During A/D Alcc — 0.8 2 mA
power-supply conversion
current (AD)

Idle — 0.01 5.0 HA

Note: * No external bus cycles except refresh cycles.
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MD6 to MDQO,
ASEMDO,
TRST, EXTAL,
CKIO, CA

EXTAL2 —

Port L 2.0

AVce + 0.3

Other input 2.0
pins

VccQ +0.3

Input low
voltage

EXTAL2 —

RESETP, ViL -0.3
RESETM, NMI

IRQ5 to IRQO,

PINT15 to

PINTO, RXDO,

MD6 to MDO,

ASEMDO,

TRST, EXTAL,

CKIO, CA

VccQ x0.1 V

Port L -0.3

AVce x 0.2

RENESAS
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D R i N R

voltage lo -

Notes: 1. Even when the RTC is not used, power must be supplied between Vcc-RTC
RTC.

2. AVcc must satisfy the condition: VccQ — 0.2 V < AVee < VecQ + 0.2 V. Do nc
AVcc and AVss pins open if the A/D converter is not used; connect AVcc to \
AVss to VssQ.

3. Current consumption values are for Viumin = VccQ — 0.5 V and Viymax = 0.5
output pins unloaded.

Table25.2 DC Characteristics (2-b) [USB-Related Pins’]

(Condition: Ta =-

Me:
Iltem Symbol Min Typ Max Unit  Cor
Power supply voltage VeeQ 3.0 3.3 3.6 \Y,
Input high voltage ViH 2.0 — VecQ +0.3 V
Input low voltage Vi -0.3 — VecQ x 0.2 V
Input high voltage ViH VeeQ — 0.3— VecQ +0.3 V
(EXTAL_USB) (EXTAL_USB)
Input low voltage Vi -0.3 — VecQ x 0.2 V
(EXTAL_USB) (EXTAL_USB)
Output high voltage VoH 2.4 — — \Y, Vee
lon
2.0 — — Vee
lon
Output low voltage VoL — — 0.55 \Y, Vee

lov
Note: * XVDATA, DPLS, DMNS, TXDPLS, TXDMNS, TXENL, VBUS, SUSPND, and EX
pins
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Single ended receiver Vse 0.8 — 2.0 \Y,
threshold voltage

Output high voltage VoH 2.8 — Vee-USB

Output low voltage VoL — — 0.3 \Y
Tri-state leak current lLo -10 — 10 HA o)V

Notes: 1. D+ and D- pins

2. Vce-USB must satisfy the condition: VecQ < Vec-USB. Even when the USB
power must be supplied between Vcc-USB and Vss-USB.

Table25.3 Permitted Output Current Values

(Conditions: VccQ = Vee-RTC = Vee-USB =3.0t0 3.6 V, Vee = Vee-PLLL = V-
1.6V, AVcc=3.0t0 3.6 V, VssQ = Vss = Vss-RTC = Vss-USB = Vss-PLLL

AVss=0V, Ta=
Iltem Symbol Min Typ M
Output low-level permissible current (per pin) loL — — 2.
Output low-level permissible current (total) > lou — — 12
Output high-level permissible current (per pin) —lon — — 2.
Output high-level permissible current (total) > (~low) — — 4(

Caution: To ensure LSl reliability, do not exceed the value for output current given in t

RENESAS
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Max Unit

Iltem Symbol Min Typ R
Operating CPU, cache (lg) f 20 — 133.34 MHz 1
frequency p!
100 1
p!

External bus (Bg) 20 — 66.67

Peripheral module (Pg) 5 — 33.34
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L D

EXTAL clock input low pulse width text 15 — ns

EXTAL clock input high pulse width texn 15 — ns
EXTAL clock input rise time texr — 6 ns
EXTAL clock input fall time text — 6 ns
CKIO clock input frequency fek 20 66.67 MHz 25.
CKIO clock input cycle time tekicye 15 50 ns
CKIO clock input low pulse width teki 3 — ns
CKIO clock input high pulse width tekinH 3 — ns
CKIO clock input rise time tekir — 4 ns
CKIO clock input fall time tekie — 4 ns
CKIO clock output frequency top 20 66.67 MHz 25.
CKIO clock output cycle time teye 15 50 ns
CKIO clock output low pulse width tekoL 3 — ns
CKIO clock output high pulse width tekoH 3 — ns
CKIO clock output rise time tekor — 5 ns
CKIO clock output fall time tekof — 5 ns
Power-on oscillation settling time tosc1 10 — ms 25.
RESETP setup time tresps 20 — ns 25.
RESETP assert time tresPw 20 — teye 25.
RESETM assert time tresmw 20 — tee  25.
Standby return oscillation settling time 1 toscz 10 — ms 25.
Standby return oscillation settling time 2 toscs 10 — ms 25.
Standby return oscillation settling time 3 tosca 11 — ms 25.
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EXTAL*
(input)

Note: * The clock input from the EXTAL pin.

Figure25.2 EXTAL Clock Input Timing

L tekicye |

CKIO
(input)

CKIO
(output)

Figure25.4 CKIO Clock Output Timing
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Figure 25.5 Power-On Oscillation Settling Time

Standby Stable oscillation

CKIO, ’ >
internal
clock

tRESPW
P tOSC2 b tresmw
RESETP S
RESETM \ « (« a
2 2

Note: Oscillation settling time when built-in oscillator is used

Figure 25.6 Oscillation Settling Time at Standby Return (Return by Re

Standby Stable oscillation
—> ———>

CKIO,
internal
clock
toscs
A
NMI
N

Note: Oscillation settling time when built-in oscillator is used

(¢
7

{C
27

Figure 25.7 Oscillation Settling Time at Standby Return (Return by NI
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Figure 25.8 Oscillation Settling Time at Standby Return
(Return by IRQ5t0 IRQO, PINT15 to PINTO, and IRL3 to IRLO)

Reset or NMI interrupt request

Stable input clock ! : Stable input clock
—_—

I
EXTAL input !
CKIO input

PLL synchronization 1 tor 1 1 PLL synchronization
<—>

- V\w\\/]\\f\f\ﬂ

(

PLL output,
CKIO output

/
)} I J).

( (

Internal clock

/'\_/_\:
VAR

l l !
l l !
by ) ]

(0 I
Normal X Standby : X Normal
L )),
1 (( T ((

STATUS 0
STATUS 1

Note: PLL oscillation settling time when clock is input from EXTAL pin

Figure25.9 PLL Synchronization Settling Time by Reset or NM|
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internal ClIoCK / \ , \

)}
STATUS 0 N | k
STATUS 1 orma

!

! )
T L
I

!

)} )}
1 ( ((

Note: PLL oscillation settling time when clock is input from
EXTAL pin or CKIO pin in oscillation continuous mode.

Figure25.10 PLL Synchronization Settling Time by IRQ/IRL, PINT Inte

Multiplication ratio modified

I I
EXTAL input*! ! !
(CKIO input) T T

! teLio !
I 1
I

CKIO output*? ! !
(PLL output)
| |
Internal clock : :
T ) L T
I I

[€4

Notes: 1. CKIO input in clock mode 7
2. PLL output except in clock mode 7

Figure25.11 PLL Synchronization Settling Time when Frequency M ultipl
Ratio M odified
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nLoYL 1 pulot vviutil LRESPW [ I tcyc

RESETP setup time** tresPs 20 — ns
RESETM pulse width trRESMW 20** — teye
RESETM setup time tresms 10 — ns
BREQ setup time tsreos 1/2 teye+10 — ns
BREQ hold time tereQH U2 teyet3 — ns
NMI setup time** tmis 10 — ns
NMI hold time tmIH 3 — ns
IRQS5 to IRQO setup time** tiRos 10 — ns
IRQ5 to IRQO hold time tirgH 3 — ns
BACK delay time teackp — 1/2 teye+13 ns
STATUS1, STATUSO delay time tsto — 18 ns
Bus tri-state delay time 1 tsorF1 0 30 ns
Bus tri-state delay time 2 tsorr2 0 30 ns
Bus buffer-on time 1 ton1 0 30 ns
Bus buffer-on time 2 taone 0 30 ns

Notes: tcyc is the external bus clock cycle (B clock cycle).

1. RESETP, RESETM, NMI, and IRQ5 to IRQO are asynchronous. Changes ar
at the clock rise when the setup shown is kept. When the setup cannot be ke
detection can be delayed until the next clock rises.

2. The upper limit of the external bus clock is 66.67 MHz.

3. In standby mode, trespw = toscz (10 ms). When the crystal oscillation contint
clock multiplication ratio is changed in standby mode, trespw = tpri1 (100 ps)

4. In standby mode, tresmw = toscz (10 ms). When the crystal oscillation contint
clock multiplication ratio is changed in standby mode, RESETM must be ker
STATUS (0-1) changes to reset (HH).
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CKIO \ 7

NMI

IRQ5 to IRQO

7

tNMIH

tnmis

i

tirQH

k |
7 IL

ViH
Vi
tiras
Vin

V

Figure 25.13 Interrupt Signal Input Timing

CKIO

BREQ

BACK

A25 to AQ,
D31 to DO

RD, RD/WR,
RASUIL,
CASUL,
CSn, WEn,
BS, CKE

—
_ M\ av
tsrean tBREQS terear tBREQS
)) ))
(( ((
tsackD tsackp
| |
)) -
an F
))
((
tBoFF1 t
l—
2/ ))
/ (
tgoFF2 tgon2
o
__/ ‘L«‘ T

Figure 25.14 BusRelease Timing
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Ol VR, DY,
CKE tgoFF1 tgont

A25 to AQ, )) %
D31 to DO / ( \

Figure 25.15 Pin Drive Timing at Standby

25.33 ACBusTiming

Table25.7 BusTiming (1)

(Conditions: VccQ = Vee-RTC = Vee-USB =3.0t0 3.6 V, Ve = Vee-PLLL = Vec-P
1.6 V, AVce = 3.0t0 3.6 V, VssQ =Vss = Vss-RTC = Vss-USB =Vss-PLL1 =
AVss=0V, Ta=-20to 75°C, Clock mode 0

66.67 MHz
Iltem Symbol Min Max Unit  Figure
Address delay time 1 tab1 1 12 ns 25.16 to 25.38
Address delay time 2 tap2 — 1/2 teyet12 ns 25.21
Address setup time tas 0 — ns 25.16 to 25.19
Address hold time tan 0 — ns 25.16 to 25.19
BS delay time tesp — 10 ns 25.16 t0 25.35
CS delay time 1 tcspa 1 10 ns 25.16 t0 25.38
Read/write delay time 1 trwo1 1 10 ns 25.16 to 25.38
Read strobe delay time  trsp — 1/2 teyc+10 ns 25.16 t0 25.21
Read data setup time 1 trps1 1/2 teyet6  — ns 25.16 to 25.20
Read data setup time 2 trps2 6 — ns 25.22 to 25.25, 25
Read data setup time 3 trpss 1/2 teyet6  — ns 25.21
Read data hold time 1 troH1 0 — ns 25.16 to 25.20
Read data hold time 2 tROH2 2 — ns 25.22 to 25.25, 25
Read data hold time 3 troH3 0 — ns 25.21
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WAIT setup time

1/2 teyc+6

25.171t0 25.21

twrs — ns

WAIT hold time twTH U2 teye+2  — ns 25.17 t0 25.21
RAS delay time 1 traspr 1 10 ns 25.22t0 25.38
CAS delay time 1 tcaspr 1 10 ns 25.22t0 25.38
DQMdelay time 1 toowoz 1 10 ns 25.22t0 25.35
CKE delay time 1 tckept 1 10 ns 25.37

AH delay time tanp 1/2 toye 1/2 teye+10 ns 25.20
Multiplex address delay  twap — 12 ns 25.20

time

Multiplex address hold tmaH 0 — ns 25.20

time

DACK delay time tbaco — 10 ns 25.16 to 25.35

RENESAS
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tCSD1 ! tCSD1
CSn
tRWD tRWD1
I
RD/WR
tRSD tRSD tAH
RD \ /
I |
Read tRDS1
D31 to DO
tWED tWED tAH
WEn*2 \ 7(
Write twop1 twor1
D31 to DO
tWD|’-|4
tBSD tBSD
BS ——
tDACD tDACD
DACKn*!

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.16 Basic Bus Cycle (No Wait)
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tRWD1 tRWD1
—
RD/WR -
tRSD tRSD tAH
RD ) 4
\ / trRoH1,
Read tros1
D31 to DO
tWED tWED tAH
WEn *2 S\ 7‘
Write { twop1 twpr
D31 to DO
tWD;—M
tBSD tBSD
BS ——
tDACD tDAf‘D
(> (>
DACKn™! _\ 7
byt
tWTS
WATT 4 X

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.17 Basic Bus Cycle (One Software Wait)
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trwp1 trwD1
I
RD/WR
trsp trsp tan
1\ /
RD N /| tRDH1 )
Read tros1
D31 to DO
twep twep tan
WEn*? 5\ 7(
Write twop1 twor1
D31 to DO
twpha
tasp tasp
BS ———
toaco toaco
[— [—
DACKn™’ _\ ;‘
b b
twrs twrs
WATT X £1 £

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.18 Basic Bus Cycle (One Exter nal Wait)
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RD/WR X X
trsD trsp | [tan trsp
RD \ t '
ROH1
Read trost
D15 to DO ~k
twep twep tan twep
WEn*2 £ '

twor | . twop1

Write twob1

D15 to DO

DH4

tasp | tesp tesp| | | tesp

toaco | | toaco

Jz—i

twrh twh

toaco
28,

Hri-ﬂJ
.

DACKn*!

twrs twrs

Notes: 1. DACKn is a waveform when active-low is specified.
2. Output timing is the same when reading byte-selection SRAM.

Figure 25.19 Basic Bus Cycle (One Software Wait, Exter nal Wait Enal
(WM Bit = 0), No Idle Cycle Setting)
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trwp1
RD/WR
tamp tamp
AH 5
trsp trsp
RD }\ %
Read tmap tyan trps1
D15 to DO l\ Address /l Date
twep twep
WEO/1 tvoo1 N
Write twap twan
D15 to DO l\ Address Data
tasp tasp
BS —
twrh twrh
twrs twrs
WAIT \ /¥ \
WAIT N 7 7 L_
toaco
DACKn*

Note: * DACKn is a waveform when active-low is specified.

Figure 25.20 AddressData Multiplex 1/0 Bus Cycle
(Three Address Cycles, One Softwar e Wait, One Exter nal Wait)
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- DouU DouU
Bs __ |/ LJ‘
tCSD1
CSn
T
tRWD1
RD/WR 7|(
tRSD tRSD
I
RD / ;,; J
trpss| | trpsa|
tﬁDH:ﬁ tR[
D31 to DO 1
tWED
WEn /
—_t
tDACD
DACKn
1
tWTH tWTH
tWTS tWTS
WAIT /X \
WAIT \ 717 X

Notes: 1. tgpys 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.

Figure25.21 Burst ROM Read Cycle (One Access Wait, One External \
OneBurst Wait, Two Bursts)
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A12/A11*1
tespi }_c»sm
- —H —
4t5\h,|VD1 EE\ZIVD1
RD/WR _* *
tRASD1 tRASD']
RASU/LL \
tCASD1 tCASD1
CASU/L \
tDC!MD‘I tDQMD’I
DQMxx \
.
tRDSZ tRDHZ
D31 to DO 2
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.

Figure 25.22 Synchronous DRAM Single Read Bus Cycle
(Auto Precharge, CASLatency =2, TRCD =1 Cycle, TRP =1 Cycle)
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tCSD1 E§D1
m T
tRWD1 tRWD‘I
RD/WR :jil L
tRASD1 tRASD1
RASU/L \_
tCASD1 tCASD1
CASUIL N\
tDQMD'] tDQMD1
DQMxx
i
tros2 | tromz
D31 to DO A
tBSD tBSD
= -
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.

Figure 25.23 Synchronous DRAM Single Read Bus Cycle

(Auto Precharge, CASLatency =2, TRCD =2 Cycle, TRP =2 Cycle

RENESAS
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0
»
=

RD/WR

RASU/L

CASU/L

DQMxx

D31 to DO

CKE

DACKn™*?

tespi tespi
, N
f_F:IWD1 trwor1
trasp1  |tRasDi
toasp teaso1
thawpr toamp!
T
trosz [trorz tros2|tRpH2
taso tasp
(High)
toaco toaco

Notes: 1. Address pin to be connected to A10 of SDRAM.

2. DACKn is a waveform when active-low is specified.

Figure 25.24 Synchronous DRAM Burst Read Bus Cycle (Single Read x
(Auto Precharge, CASLatency =2, TRCD =1 Cycle, TRP =2 Cycle)
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tespy tcsps
CSn ] ] -Y
tRWD‘I tR\4
RD/WR Jll §+
_tRASD1 tRASD1
RASUL ~— | \
tCASD‘I tCASD1
CASUL \
tDQMD‘I tDQMD’I
DQMxx ]
t
tRDSZ tRD.HZ tRPSZ tRDHZ
D31 to DO
tBSD tBSD
BS \
CKE (High)
tD/-\CD tDACD
DACKn*?

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.25 Synchronous DRAM Burst Read Bus Cycle (Single Read :
(Auto Precharge, CASLatency =2, TRCD =2 Cycle, TRP =1 Cycle
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tCSD1 tCSD1
CSn ] ;I‘ B
T T
tRWD’I tRWD1 tRWD1
RD/WR _7|{ F;I{__
_tRASD1 tRASD1 I
RASUL ~ | \
tCASD1 tCASD1 _
CASUILL ‘_;I(__
T
tDQMD1 tDQMD1
DQMxx T j[__
t T
tWDD2 tWDH2
D31 to DO tﬂ__
tBSD tBSD
e S
oKE (High)
1:DACD tDACD
DACKn*2 -;I(__
t T

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.26 Synchronous DRAM Single Write Bus Cycle
(Auto Precharge, TRWL =2 Cycle)
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tCSD1 tCSD1
CSn ;IZ
T T
tRWD1 tRWD1 tRWD1
RD/WR _7|{ —
tRASD1 tRASD1 tRAISD1
RASU/L !k
tCASD1 tCASD1
CASUIL ;l( —
T
tDQMD1 tDQMD1
DQMxx 1
T T
tWDD2 tWDH2
D31 to DO ﬂ__
tBSD tBSD
5 L |z——
High
CKE (High)
tDACD tDACD
DACKn*2 ;l(
T T

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.27 Synchronous DRAM Single Write Bus Cycle
(Auto Precharge, TRCD = 3 Cycle, TRWL =2 Cycle)
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9]
2]
=]

RD/WR

RASU/L

tespi tesp
' |
trwo1 trwo1 trwp1

CASU/L

DQMxx

D31 to DO

CKE

DACKn*?

T
trasD1 j\;m trasD!1
tcaspt teasps
T
thamp1 toqmp1
T T
twop2 twor twop2 twoip
tasp tasp
(High)
thaco toaco
T

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.28 Synchronous DRAM Burst Write Bus Cycle (Single Write »

(Auto Precharge, TRCD =1 Cycle, TRWL =2 Cycle)
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tespr tesp

csn | —;If_
T T

tRWD’I tRWD’I tRWD1

RD/WR _)il ‘_;l{_
T tRASD1 tRASD1 tRAISD1

RASUL ~— | \k_
tCASD1 tCASD1

CASUIL _;I(—
T

tDQMD’I tDQMD1

DQMxx T ‘_;L_
t T

tWDDZ tWDH2 tWDD2 tWDH2

D31 to DO ’_’ll( ‘_%( )( —ik —%_
tBSD tBSD

. s

KE (High)

tDACD tDACD

DACKn*2 ‘_;l(_
T

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.29 Synchronous DRAM Burst Write Bus Cycle (Single Write
(Auto Precharge, TRCD =2 Cycle, TRWL =2 Cycle)
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— s
tCSD1 tCSD1
s __ | N
tRWD1 tRWD’
RD/WR } :IIL
o tRASD1 tRASD1
RASUL ~ | \_
tCASD1 tCASD’I
CASU/L \_
thamp1 thomp
DQMxx ! -t
tRDSZ tRD.HZ tR.DSZ tRDH2
D31 to DO }D_k:
tBSD tBSD
Bs C
oKE (High)
tDACD tDACD
DACKn™? :l(_-t

Notes: 1. Address pin to be connected to A10 of SDRAM.

2. DACKn is a waveform when active-low is specified.

Figure 25.30 Synchronous DRAM Burst Read Bus Cycle (Sngle Read x
(Bank Active Mode: ACTV + READ Commands, CAS Latency =2, TRCD =
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| —
teso tcspr  |fosor
m _| T
tRWD1 EEYIVIM
RD/WR Ji{
—tRASD1 GtEI:ISE”
RASUL _41
—tCASD1 tCASD’I }Ef«ISD’I
CASUL | *_
tDQMD1 tDQMD1 tDQMD1
DQMxx ] %
.
tRDSZ tRDHZ tR.DSZ tRDHZ
tBSD tBSD OtE§|D
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.

Figure 25.31 Synchronous DRAM Burst Read Bus Cycle (Single Read
(Bank Active Mode: READ Command, Same Row Address,
CASLatency =2, TRCD =1 Cycle)
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tCSD1 tCSD1
ﬁ _ T
tRWD1 tRWD1
RDWR |
tR:ASD1 tRASD1 tRASD1 tRASD1
RASUL ~ |
tCASD1 tCASD1
CASUIL _
tDQMD1 tDQMD'
DQMxx ] :l{_
.
tRDSZ tRQHZ tRDSZ tRDHZ
D31 to DO j—
tBSD tBSD
55 I
oKE (High)
tDACD tDACD
DACKn*?

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.32 Synchronous DRAM Burst Read Bus Cycle (Sngle Read x
(Bank Active Mode: PRE + ACTV + READ Commands,
Different Row Address, CAS Latency =2, TRCD =1 Cycle)
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0
»
=

RD/WR

RASU/L

CASU/L

DQMxx

D31 to DO

CKE

DACKn*2

tesps tesp
! |
Ei‘ilvm trwo1 trwo1
_j T
trasp1 trAsD1 trasD1
tcasp tcasp
T
toamp1 toamp1
T T
twop2 twpHz twop2 twokz
tasp tasp
(High)

tDACD

Notes: 1. Address pin to be connected to A10 of SDRAM.

2. DACKn is a waveform when active-low is specified.

Figure 25.33 Synchronous DRAM Burst Write Bus Cycle (Single Write
(Bank Active Mode: ACTV + WRITE Commands, TRCD =1 Cycle, TRWL -

RENESAS
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tcspi tespi
o __| :l‘_
! |
trwo1 trwo1 trwp1
RD/WR j ‘_J[_
T tRAISD1
RASU/L *_
tcasps tcaspi
CASU/L ‘_;l[—
T
toamp1 toamp1
DQMxx T ‘_J/_
twop2 twore twop2 twore
D31 to DO ‘_1[( _* X ‘_)'k ‘_%_
tesp tssp
s — T o
CKE (High)
toaco toaco
DACKn*?

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.34 Synchronous DRAM Burst Write Bus Cycle (Single Write
(Bank Active Mode: WRITE Command, Same Row Addr ess,
TRCD =1 Cycle, TRWL =1Cycle)
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tCSD1
ﬁ ] T
tRWD1 tRWD1 tRWD1
RDWR |
tR;SD1 tRASD1 tRASD’I tRASDW
RASUL ~ |
tCASD1
CASUIL
tDQMD1
DQMxx T
:
tWDDZ tWDHZ tWDD2
D31 to DO ‘_.II(
tBSD
BS
oKE (High)
tDACD
DACKn*?

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.35 Synchronous DRAM Burst Write Bus Cycle (Single Write

(Bank Active Mode: PRE + ACTV + WRITE Commands,
Different Row Address, TRCD =1 Cycle, TRWL =1 Cycle)
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tCSD1 tCSD1 tCSD1 tCSD1

tRWD1 tRWD1 tRWD1

3
A

RD/WR *—
T
tRASD1 tRASD1 tRASD1 tRASD1
|
RASU/L \_
tCASD1 tCASD1
CASUIL \_
DQMxx \_
D31 to DO (Hi-2)

(High)

CKE

DACKn*2 \_

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.36 Synchronous DRAM Auto-Refresh Timing (TRP =2 Cycl
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tCSD’I tCSD1 tCSD1 tCSD1

] 14

csn )

tRWD’I tRWD’I ({

RDWR | J
}EISSD’I tRASD1 tRASD1 tRASD’I

o Il

RASUIL )
tCA D1 tCA D1

T

CASUIL )

(

DQMxx J

(Hi-2)

D31 to DO i

J

o r

BS J

tCKED’I tCKED’I

CKE [

)

I

DACKn*2 )

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.37 Synchronous DRAM Self-Refresh Timing (TRP =2 Cyc
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2 Va
tespt |tespr [tespr |tespr tespr [tespr tespr | tespr

— r r
tRWD1 tRWD1 tRWD‘] tRWD‘|

I (L i1

RD/WR j} j}
tRASD'] tRASD’I tRASD’I tRASD1 tRASD'] tRASD'] tRASD1 tRASD’I

1 i1

RASU/L }} j}
tCASD1 tCASD1 tCASD1 tCASD1 tCASD1 tCASD1

Ifa
CASU/L })
I i1
DQMxx ) )
Hi-Z

D31 to DO }}ff 02 /jff

o (r (r

BS ) J

r 8

CKE /j jj

8 r

DACKn*2 ) J

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.38 Synchronous DRAM M ode Register Write Timing (TRP =2 (
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Read data setup time 4 tros4 1/2 teyet6 — ns 25.39
Read data hold time 4 trRoH4 0 — ns 25.39
Write data delay time 3 twops — 1/2 teye+12 ns 25.39
Write data hold time 3 twoH3 12 tye — ns 25.39
RAS delay time 2 traspz 121tye  1/2teye+10 ns 25.39 to 25.42
CAS delay time 2 tcaspz 121tye  1/2teye+10 ns 25.39 to 25.42
DQM delay time 2 toomp2z  1/2 teye 1/2 teyc+10 ns 25.39
CKE delay time 2 tekep2 1/2 teye 1/2 teyc+10 ns 25.41

RENESAS
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Csn | X s L\ A W
trwo2 trwoz,  |trRwoz,
ROWR | £
traspz  [trasp2 traspz | traspz
b
RASU/L J&_ ;L *_ )L ;
tCASDZ. {oaspg, tCASDzI tcaspy,
CASUIL EI\_ 7|‘ )I\__il -
toamp2 toamp2 thampz toamp?
DQMxx | ;L } 5L ;lf \
tross |(RDHS twops  |twoHs
[
D31 to DO B |/ :\1
|/ Nn_[ /I
tssp tasp tasp tssp
BS | }T
(High)
CKE
toaco toaco toaco toaco
DACKn*? ;l( (

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.39 Access Timingin L ow-Frequency Mode (Auto Precharge
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tcspe tcspz | tcspe . tcspe |
CSn S( \_
tRWD2 | tRWD2 tRWD2
RDWR | i 3\_

tRASDZ | tRASDZ tRASDZ | tRASDZ |

RASU/L / \_
tCASDZ tCASDZ

CASU/L \_

DQMxx \_
D31 to DO (Hi-2)

(High)

CKE

DACKn*? \_
Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.40 Synchronous DRAM Auto-Refresh Timing
(TRP = 2 Cycle, L ow-Freguency M ode)
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tesp2 | tespz, | tospe tespz

e AT A7

trwb2 trwoz

RD/WR

e
7

tRASDZ tRASDZ | tRASDZ ' tRASDZ '

RASULL \ 7~{‘ }}((

tcaspz | tcaspz,

i
CASULL SL 7~( )

(i

DQMxx J
D31 to DO <Hi_z)/j(f
_ (4

BS J

tCKEDZ tCKED2
CKE
;]ﬁ [ ;l‘

)

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 25.41 Synchronous DRAM Self-Refresh Timing
(TRP = 2 Cycle, L ow-Freguency M ode)
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a
tospz |tespa |tcspz |tcspz tospz [tespz, tcspz |tespz.
B —tRWDzl trwp2 . p trwoz |trwoz
RD/WR S‘S 7~{ ) ) 5“_ *
tRASDZ tRASD.Z tRASD.Z tRASD.Z tRASDIZ tRASD.Z tRASDIZ tRASDIZ
RASUIL %\_* 5“ _*_[J S‘R _*_ﬂ 5“ J
tCASDIZ toaspe tCASDIZ toaspz tcasp2 |foaspo
CASUILL W) S‘R 7~( I S‘R 7~Z
I I
DQMxx j} j}
a (Hi-2) ((
D31 to DO
° Y Y
- (r r
BS ) J
r r
CKE /j jj
18 [
DACKn*2 ) )

Notes: 1. Address pin to be connected to A10 of SDRAM.
2. DACKn is a waveform when active-low is specified.

Figure 25.42 Synchronous DRAM M ode Register Write Timing
(TRP = 2 Cycle, L ow-Freguency M ode)
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UL ViU e WOROQA e _

DACK, TEND delay time tbaco — 10
CKIO
toras | torar
DREQn

Figure 25.43 DREQ Input Timing

CKIO

toaco toacp

TENDO o7
DACKn «

Figure 25.44 DACK, TEND Output Timing
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. uivbividliv = .1 tcyc ' L+ -
B:P clock ratio = 4:1 3 Xteetls —
Timer clock input setup time treks 15 —
Timer clock Edge specification  trckwre 2.0 — tpeye
pulse width
Both edge trekwne 3.0 —

specification

Note: * tyeyc indicates a peripheral clock (P@) cycle.

cwo _ /NS N\

treiks

TCLK
(input)

Figure25.45 TCLK Input Timing

ko /TN ’_\‘:fl(_
treks freks

TCLK

(input) f’fh){
trekwe

trekwH

—

N~

Figure25.46 TCLK Clock Input Timing
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—— Stable oscillation

RTC crystal
oscillator
((

Veemin

Vee trosc -~

A
Y

Figure 25.47 Oscillation Settling Time when RTC Crystal Oscillator IsTurr

25.310 16-Bit Timer Pulse Unit (TPU) Signal Timing

Table25.12 16-Bit Timer Pulse Unit (TPU) Signal Timing

(Conditions: VccQ = Vee-RTC = Vee-USB =3.0t0 3.6 V, Ve = Vee-PLLL = Vec-P
1.6V, AVcc=3.0t0 3.6 V, VssQ = Vss = Vss-RTC = Vss-USB = Vss-PLLL =

AVssZOV, Ta:—
Item Symbol Min Max Unit
Timer output delay time ttop — 15 ns

cwo SN/ N\ S\

tTOD

TOO, TO1
TO2, TO3

Figure 25.48 TPU Output Timing
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Asynchroniza-

4 —
tion
Input clock rise time tsckr — 15
Input clock fall time tscks — 15
Input clock pulse width tsckw 0.4 0.6 tseye
Transmission data delay time  trxp — 3tpeye +50 ns
(clock synchronization)
Receive data setup time trxs 2 tpoye”  —
(clock synchronization)
Receive data hold time tRxH 2 tpeye.  —
(clock synchronization)
RTS delay time trTSD — 100
(clock synchronization)
CTS setup time terss 100 —
(clock synchronization)
CTS hold time tcTsH 100 —
(clock synchronization)
Note: * tyeyc indicates a peripheral clock (P@) cycle.
tsckw tsckr tSClif_
SCK
tScyc

Figure 25.49 SCK Input Clock Timing
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tcrss

tcTsH

ots X X

K

).

X X

Figure 2550 SCIF Input/Output Timingin Clock Synchronous M ode

25.312 USB Module Signal Timing

Table25.14 USB Module Clock Timing

(Conditions: VccQ = Vee-RTC = Vee-USB =3.0t0 3.6 V, Vee = Vee-PLLL = Vee-P
1.6V, AVcc=3.0t0 3.6 V, VssQ = Vss = Vss-RTC = Vss-USB = Vss-PLLL =

AVss=0V, Ta=-
Iltem Symbol Min Max Unit
Frequency (48 MHz)* trreQ 47.9 48.1 MHz
Clock rise time* tras — 4 ns
Clock fall time* trag — 4 ns
Duty (thich/tLow)” touTy 90 110 %
Oscillation settling time tuosc 10 — ms

Note: * When the USB is operated by supplying a clock to the EXTAL_USB pin from off:
supplied clock must satisfy the above clock specifications.

tFREC!

tHIGH

tLOW

90%

EXTAL_USB 10% A

tR48

tras

N

—

Figure 25.51 USB Clock Timing
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25.313 USB Transceiver Timing

Table25.15 USB Transceiver Timing

(Conditions: VccQ = Vee-RTC = Vee-USB =3.0t0 3.6 V, Vee = Vee-PLLL = V-
1.6V, AVcc=3.01t0 3.6 V, VssQ = Vss = Vss-RTC = Vss-USB = Vss-PLLL

AVs =0V, Ta=
Meas
Iltem Symbol Min Typ Max Unit Cond
Rising time tr 4 — 20 ns CL=¢
Falling time tt 4 — 20 ns CL=¢
Rising/falling time ratio  t// t; 90 — 110 %
Output signal crossover Vcgrs 1.3 — 2.0 Y, CL=¢
voltage
Note: This transceiver complies with the full-speed specifications.
t, t
DP
—vl 90%
/\ " Crossover voltage
oM £ X10%
Measurement circuit
Vce-USB
Vcee
RL = 1.5kQ
DP
RL = 15kQ CL
Measured ; 1. t and t; are judged by the time taken fo
element transitions between 10% and 90% amp

2. The electrostatic capacitance, C, inclu

DM RS Y330 floating capacitance of the wiring conne
RL = 15kQ ; CL  and the input capacitance of the probe.

T=

Rev. 2.00, 09/03, pag
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Input data  B:P clock ratio = 1:1 tports 15 —

Setup imeé 5.5 ¢jock ratio = 2:1 teyct15 —
B:P clock ratio = 4:1 3 Xteetls —
Input data hold time tporTH 8 —
CKIO /_\_
Ports 7 to 0
(read)
tporTD
Ports 7t0 0
(write)

Figure 25.53 1/0 Port Timing
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TCK high-pulse width trekn 12 — ns
TCK low-pulse width trekL 12 — ns
TCK riseffall time treks — 4 ns
TRST setup time trrsTs 12 — ns
TRST hold time tTRSTH 50 — teye
TDI setup time trois 10 — ns
TDI hold time trom 10 — ns
TMS setup time trvss 10 — ns
TMS hold time trmsH 10 — ns
TDO delay time troop — 15 ns
ASEMDO setup time tasempos 12 — ns
ASEMDO hold time tAsEMDOH 12 — ns
trekeye

Vin
112 VecQ

treke

Figure25.54 TCK Input Timing
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tTCKcyc |

TCK £ \ *
trois |, trom
P>
TDI * *

trmss |, trms

tTDOD

TDO

Figure 2556 UDI Data Transfer Timing

RESETP _\—S
tasempos | tasempon
ASEMDO L

Figure 25.57 ASEMDO Input Timing
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LSI output pin Reference voltage

C. VRer

Notes: 1. C, is the total value that includes the capacitance of measurement
instruments, etc., and is set as follows for each pin.
30 pF: CKIO, RASU/L, CASUIL, CS0, CS2 to CS6B, BACK
50 pF: All other pins
2. loL=1.6 mA, lon =—200pA

Figure 25,58 Output Load Circuit
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Resolution 10 10 10
Conversion time 8.5 — —
Analog input capacitance — — 20
Permissible signal-source impedance — — 5
(single-source)

Nonlinearity error — — +3.0
Offset error — — +2.0
Full-scale error — — +2.0
Quantization error — — +0.5
Absolute accuracy — — +4.0
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walcyoly rFihl nRESClL nRCESCl SLaliuly 21ccp RCicastu LAY

Clock EXTAL | | | | | |

XTAL o] o) o] o) o) o)
EXTAL2 [ [ [ [ [ [
XTAL2 o) o) o) o] o] o]
CKIO 10*! 10*! 10*! 10*! 10*t 10
System  RESETP [ [ [ [ [ [
conrol  RESETM | | | | | |
BREQ/PTG[6] Z i p*? i K" 1 P*? [ 110
BACK/PTG[5] O opP*? oK* opP*? L P*? o/lo
MD6 [ [ z [ [ [
MD[2:0] [ [ [ [ [ [
MD[5:3] [ [ z [ [ [
CA [ [ [ [ [ [
STATUSO/ H HP*Z*® HK®Z* LP*”0 LP“?O 0110/
PTE[4)/RTSO o]
STATUS1/ H HP*2Z*® LK®Z" HP*| LP*?| o/10/
PTE[5)/CTSO [
Interrupt  IRQ[3:0]/ z 1 P*? 1K*? 1 P*? I P*? Inno
TRL[3:0)/
PTH[3:0]
IRQ4/PTH[4] Z I P*? 1 K*® I P*? I P*? 110
IRQ5/PTE[2] Z I P*? I K*® I P*? I P*? 110
NMI [ [ [ [ [ [
Address  A[25:19,0/ O 0o P*? Z0™k*®  oP* ZPp*? 0/10
PTK[7:0]
A[18:1] o) o) z0*® o) z o)
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PINT[15:8]

Bus [&39) H o) ZH*® o) z o)

controlB&zpTC[E] H o p*? ZH*® K™ oPp*? zZp*? o/10
CS3/PTC[4] H opP*? ZH*K® oP*? Zp*? o/lo
CS4/PTC[5] H opP*? ZH*K® oP*? zZp*? o/lo
CS5A/PTC[6] Z opP*? ZH*K® oP*? ZpP*? o/10
CS5BIPTD[6] Z opP*? ZH*K® oP*? ZpP*? o/1o
CS6AIPTC[7] Z opP*? ZH*K® oP*? ZpP*? o/10
CS6B/PTD[7] Z opP*? ZH*K® oP*? Zp*? o/10
BS/PTC[0] H opP*? ZH*K® oP*? ZpP*? o/1o
RASL/PTD[0] H opP*? ZH*K® oP*? ZH*® p*? o/lo
RASU/PTD[1] Z opP*? ZH*K*® oP*? ZH*® p*? o/10
CASL/PTD[2] H opP*? ZH*K® oP*? ZH*® p*? o/lo
CASU/PTD[3] Z opP*? ZH*K® oP*? ZH*® p*? o/10
WEO/DQMLL H o) ZH*® o] z 0/0
WET/DQMLU H o) ZH*® o] z 0/0
WE2/DQMUL/ H opP*? ZH*K® oP*? ZpP*? 0/0/1
PTC[1] o]
WE3/DQMUU/ H o p*? ZH**K*® oPp*? zZp*? 0/0/
AH/PTC[2] olno
RD/WR H o) ZH*® o) z o)
RD H o) ZH*® o) z o)
CKE/PTD[4] H opP*? oK*? opP*? opP*? o/lo
WAIT/PTG[7] | I P*? I K*® I P*? I P*? 110
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DREQ1/ z zp*? zZK*® | p*? | p*? 1110
PTHI[6]
DACK1/ \Y o p*? zZK*® o p*? o p*? o/10
PTE[1]

Timer TCLK/PTE[6] V | P*? ZK*® | P*? I P*? 110

SCIF RxDO/ z zr* I I 1nn
SCPT[OJ/IrRX
TxDO/ z z0*® z0*® o) o) 0/0/
SCPT[OJIrTX o
SCKo/ z zp*? zZK*® 10 P*? 10 P*? 10/10
SCPT[1]
RxD2/ z zr z I I "
SCPT[2]
TxD2/ z z0*® z0*® o) o) 0/0
SCPT[2]
ScK2/ z zp*? zZK*® 10 P*? 10 P*? 10/10
SCPT[3]
RTS2/ Y zp*? zZK*® oP oP o/10
SCPT[4]
CTS2/ Z ZpP*? zZK*® | P*? | P*? 1110
SCPT[5]

Analog  AN[3:0]/ [ zr [ [ [ "
PTL[3:0]

USB VBUS/ Y | P*? zZK*? | P*? | P*? 110
PTM[6]
SUSPND/ \Y o p*? oK*® o p*? o p*? o/1o
PTN[O]
TXENL/ Y o p*? oK*® o p*? o p*? o/10
PTN[1]
XVDATA/ \Y | P*? vV K*? | P*? | P*? 110
PTN[2]

RENESAS
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DPLS/PTN[6] V | P*? vV K*® | P*? I P*? 110
EXTAL_USB | [ [ [ [ [
XTAL_USB O o o o) o o
D+ z 10*° z 10*° 10*° 10
D- z 10*° z 10*° 10*° 10

Port NF/PTD[5] | [ z [ [ 1]
PTE[7] v P K P P 10
NF/PTI[7] L o) o o) o) 0/0
NF/PTJ[6:0] H**® o) (e) o] e} 0O/o
NF/PTM[4] | [ z [ [ 1]
PTM[3:0] v K 10
PTN[7] v P K P P 10

Advanced AUDSYNC/  V/N*'° o p*? oK*® o p*? o p*? o/10

user PTF[4]

debugger “p paTA@E) VIV OP*?7*® 0oK®Zz*® op* o p*? oo/
PTF[3:0)/ o
TO[3:0]
AUDCK/ oNn*10 o p*? oK*® o p*? o p*? o/10
PTG[4]

User TDIPTG[O]  I'™ ¥ p*2 K3 [*1 p*2 [*1 p*2 110

debugg- “reprory MM PFUpR2 s k2 rllpr 1o

ing

interface TMS/PTG[2] I [*1 p*2 K3 ¥ p*2 [*1 p*2 110
TRST/PTG[3] I*** [*1 p* il [*1 p*2 [*1 p* 110
TDO/PTF[5] OZ o p*? zZK*® o p*? o p*? o/10
ASEBRKAK/ VNV o p*? oK*® o p*? o p*? o/10
PTF[6]
ASEMDO/ [ **tp* vV K*® |*1 p* ¥ p* 110
PTF[7]
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AVss

VceQ

VssQ

Vce-PLL1

Vss-PLL1

Vce-PLL2

Vss-PLL2

Vcc

o|jo|o|jo|o|jo|o|a| o
Oo|o|o|jo|o|jo|o|joao| do
Oo|o|lo|jo|lo|jo|lo|o| 4o
Oo|jo|lo|jo|lo|jo|lo|joao| g
o|jo|o|jo|o|jo|o|a)| o
o|o|o|jo|o|jo|o|o)| o

Vss

Legend:

. Input state

: Input state (however, input is fixed by the internal logic.)

: Output state (high or low, undefined)

: Low-level output

: High-level output

: High impedance (input/output buffer off)

: Input/output buffer off, pull-up on

: The high-level output or low-level output/input becomes high impedance.
: Input or output depending on the register settings.

TX<NIMQ ™~ —

zZ
o
—
D
0

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 | when the port function is used.

The state is O when the port function is used.

The state is Z or H depending on the register settings.
The state is Z or L depending on the register settings.
The state is Z or O depending on the register settings.
The state is i when the USB is not used.

The initial value (power-on reset) changes depending on the input level c
ASEMDO pin. First, this list shows the value when the ASEMDO pinis 0, |
value when the ASEMDO pin is 1.

© o N Ok LDNE

H
©
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PTJ6/NF 1 0 1
PTJ1/NF 1 1
PTJO/NF 1 0 1

Connect the pull-up pins shown in table A.1to 3.3 V power through the pull-up resisto
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157

30.0+0.2

208

=l0.08]

*Dimension including the plating thickness
Base material dimension

x s
[0} Qe
= oo
gl 8 <lo 125 Kt
- < *g p
8 05+0
=)
+
e
o
Package Code FP-208(
JEDEC —
JEITA Conform

Mass (reference value)

2749

FigureB.1 Package Dimensions (FP-208C)
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|
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S| o
8 -
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e Package Code TBP-2087
JEDEC —
JEITA

Mass (reference value) 0.26 g

FigureB.2 Package Dimensions (TBP-208A)
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MALUULEOO VWAL VUNILTUL cesssssssssssssssnnssnnsnnnnnns LI

Addressmultiplexing ........cccoeeveveeninnnn 200
Address Space [dentifier.........ccoeviienienne 71
Address Trangtion ........cceeeeeeeeveniieninnns 71
Address-Array Read..........ccoevveieennnnnn 104
Address-Array Write

(Associative Operation) ........ccccceveereens 104
Address-Array Write

(non-Associative Operation) .................. 104
Advanced user debugger .........ceeveeenne 583
Alarm function.........cccevcveiieiceieccenn 371
Asynchronous Mode...........cccccevevivennnne. 402
Auto-Rel oad count operation................. 319
Auto-Request mode.........ccocevevveiieennnne 254
Bigendian.......ccccoovevvviiiiininnn, 38, 180
Boundary scan mode...........ccoeevereeinnne 581
Buffer operation.......ccccceveeeveeveeneenienn 346
Bulk-intransfer.......cccoocevveeveeiecne e, 462
Bulk-out transfer .........ccovevevveieeneenienn, 461
Burst mode........ccoeveevienieiieneeneee 265
Burstread .......cccooeveeviiiiiiiiieeeee 212
Burst ROM interface.......cccocevvvevveninnnn 231
Busarbitration ........cccccceveeevienieennenenn 235
Bus clock (B@) ....eeveeveenieeiienieeieenien 271
Bus State Controller ........ccoeeveeivennnnnn 149
Byte-sdection SRAM interface............. 233
Clock Pulse Generator ..........cccovcvvrevennen. 271
Clock synchronous mode....................... 396
Compare match counter operation ......... 326
Compare match timer ........ccccoveveveevnennns 323
Control RegIStErS....ccvvevveecieccee e, 29
Control transfer .......oocvveevvevieniisienenn, 455

O AyTU DIATU Y ceerniennannnanan,
Direct memory access controlle
Dual Address mode..................

EMUIELOr ..o
Exception handling...................
Exception Handling State.........
Externa request mode..............

Fixedmode.........ccooeeviniinnnnnn
Free-running count ...................

General Registers.....oovvveneennes
Global Base Register (GBR)...

User debugging interface..........

(L@ o]0 g
Infrared data association (IrDA]
Input capture function..............
Ingruction Length....................
Internal clock (1Q).....cccccvvenen.
Interrupt Controller..................
Interrupt SOUrCeS.........oovvuvvvvens.
Interrupt-in transfer .................
Interval timer mode..................
IrDA interface.......ccccccevvviennnn,
IRL INtemuptS......ccvveeeiiiiriinnnns,
IRQ Interrupts.........cccoevevvvnennn

Literal Constant.............ccuveee...
Littleendian.......ccccceeeeveeuvnnnnns,
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Multiply and Accumulate Registers......... 33
NMIiNterrupt......ooovvevieieieceeee, 136

On-Chip peripheral module interrupts.... 138
On-Chip peripheral module request modes

............................................................. 256
PO/UO Ar€a....ccceeiiie e 27
PLAIEA ... 27
P2 AT€8L...eiiiiiiee e 27
P3AIEAL..cciiiiieie e 27
PA ATEAL...eiiiiiiiee e 27
Peripheral clock (P@)........cccvvevvvvvinnnnnn. 271
Physical Address Space.........ccoeeevvennennn 70
Pin function controller...........cccocvvnenen. 475
PINT interrupt.....cooveeeeenecececseeenn 138
Power-Down modes..........cccoevvvevieennn 293
Priority..cccooeeecece e 137
Procedure Register ........ccoecvevveveeneeneennn, 33
Processing Modes .........ccoveeeveeneenieenienn, 26
Program Counter.........cccoovveveeiciveeecinnnnen, 29
PWM MOdE.......cccovviiiiiiiiiieee e 348
Realtime clocK .......oevvevieieniiiiiiien, 351
Recaive margin.......cccoceveeeeieecvineesinenns 429
Refreshing .....ccceevveevceeiieecce e 225
Register
ADCSR.....ccoveviiriiins 530, 594, 611, 621
ADDR......ccovviriiriis 530, 594, 611, 621
BAMRA ..., 544, 594, 612, 621
BAMRB.........cccveurnnen. 546, 594, 612, 621
BARA ...t 543, 594, 612, 621
BARB........cccvvirrirnn 545, 594, 612, 621
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BRSR.......cccoeveierrnnne 553, 5¢
(012X F 5¢
CCR2.cevveeeeeeeeses e 5¢
(/012 T 5¢
CHCR e 243, 5
CMCNT covveoeeevree 326, 5¢
CMCOR....comrrrrerene. 326, 5¢
CMCSR oovooeveverene. 325, 5¢
CMNCR...oooeevvverene. 156, 5¢
CMSTRu oo 324, 5
CSOBCR oo 5¢
CSOWCR ..o 5¢
(0151111 = SO
CSNWCR ..o
DAR ovvoreeeeeereeeeree 242, 5
DASTS ..o 449, 5
DMAOR ..o, 248, 5
DMAR ..covorvvereerrere 450, 5
DMARS.....overeerre. 250, 5¢
DMATCR ..ovcoeerveenen. 243, 5
EPDROI.....vveoeevvere. 445, 5
EPDROO....vvecoeevverne. 445, 5
EPDROS ....vveoeevvernn. 445, 5
EPDRL....vvveoeerrre. 446, 5
EPDR2....vvvereerere. 446, 5
EPDR3....vvveeerrrer. 446, 5
EPSTL v.ooerveereeeeeeen 453, 5
SI=5740 447, 5
S=SvA T 447, 5
EXPEVT coovvveeeeeeeeeesee 5¢
FCLR ovvooeveeeeeeeeeeen 449, 5
FRQCR...ovvvereervee 279, 5¢
ICRO covvveeeevee 110, 129, 5¢
ICRL covvvoeeeeeeeeeeeeee 130, 5¢



IRRL....ccooviiiriiiiiens 134, 587, 597, 614

IRRZ ... 135, 587, 597, 614
ISRO.....ccoviiiiiiiiis 443, 592, 609, 620
ISRL....ccoiiiiiiiiis 443, 592, 609, 620
MMUCR.........coiiiirirn 586, 595, 614
PACR.......ooiiiiiie 480, 593, 609, 620
PADR......cooiiiiiie 508, 593, 610, 620
PBCR......cooiiiiiiie 481, 593, 609, 620
PBDR.......ooviiicie 509, 593, 610, 620
PCCR......cooviiiiiiis 483, 593, 609, 620
PCDR......ooviiiiiiis 510, 593, 610, 620
PDCR......ooiviiiiiie 485, 593, 610, 620
PDDR.....ooviiiiiiiie 511, 593, 610, 620
PECR.....ccooiiiiiie 487, 593, 610, 620
PECRZ......cccoeviiiie 488, 593, 610, 620
PEDR......coiiiiiiie 513, 593, 610, 620
PFCR....coiiiiiie 489, 593, 610, 620
PFCRZ.....ccoiiiiie 490, 593, 610, 620
PFDR.....coiiiiiiiie 514, 593, 610, 620
PGCR.......ooviiiiiiie 491, 593, 610, 620
PGDR......ooviiiiiie 516, 593, 610, 620
PHCR.......oooiiiii 493, 593, 610, 620
PHDR ... 517, 593, 611, 621
PINTER......ccceiie 132, 587, 597, 614
PICR.....ccoiiiiiie 494, 593, 610, 620
PIDR.....cooiiiiiiiiis 518, 593, 611, 621
PKCR....ooviiiiiiiie 496, 593, 610, 620
PKDR ..o 519, 593, 611, 621
PLCR.....ooiiiiiiiis 498, 593, 610, 620
PLDR.....coiiiiiiie 521, 593, 611, 621
PMCR......ooiiiiie 499, 593, 610, 620
PMDR.......coiiiiis 522, 593, 611, 621
PNCR......ooviiiiiie 500, 593, 610, 620
PNCR2........cceeviie 502, 593, 610, 620

RHRAR.......c.ccevvrnene 360, ¢
RHRCNT .o, 355, ¢
RMINAR ..o, 359, £
RMINCNT ...vvrveens 355, ¢
RMONAR.....ooovrmnrnens 363, °
RMONCNT.......co.ns 357,
RSECAR......vvrvrinirens 358, ¢
RSECCNT ..covvveenneens 354, ¢
RTCNT oo, 179, ¢
RTCOR....ovveverrrirreens 179, ¢
RTCSR...ovveeerrrinneens 177,
RWKAR. ....oorvrenreens 361,
RWKCNT ..o, 356, -
RYRAR....oooommrvrinreens 364, ¢
RYRCNT oo, 358, ¢
TN =S 242, F
SCBRR ..o, 395, ¢
SCFCR. v 398,
SCFDR...oveoeevveererre. 401, ¢
SCFER v 389, ¢
SCFRDR.....ovvvererrenne. 380, ¢
SCFTDR ...covvvvererren. 381,
SCPCR.vveeevveeeerr. 503, £
SCPDR....cocovevverrerr. 525, ¢
S0 a1 = S
SCSCR.veeeeeveererr 385, ¢
SCSMR (SCIF) ......... 381,
SCSMR_Ir (IrDA)...... 432, ¢
SCSSR ..o 390, ¢
SCTDSR ..oovevvererri. 401, ¢
501 1= = S
)= =
)= 15 =
SDCR..covvveeeeerseer 174, F
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TCNT (TMU) ... 317, 589, 603, 616

TCNT (TPU)...covvreee 341, 589, 605, 617
TCOR...ceevieveeiiieiiins 317, 589, 603, 616
TCPR...ooiveveevie i 317, 589, 604, 616
TCR(TMU)....ccovvene 313, 589, 603, 616
TCR(TPU) .ocvevirins 334, 589, 605, 617
TEA oot 586, 597, 614
€1 = SR 341, 589, 605, 617
TIER. ..o 339, 589, 605, 617
LN (O] SR 338, 589, 605, 617
TMDR ..o 337, 589, 605, 617
TRA .ot 586, 596, 614
TRG. ..o 448, 592, 609, 619
TSR o 340, 589, 605, 617
TSTR(TMU) ...cceeeee 312, 589, 603, 616
TSTR(TPU) ..o 341, 589, 605, 617
TTB et 586, 595, 614
UCLKCR.......ccvrvrneen. 281, 588, 603, 616
WTCNT ..o 286, 588, 603, 616
WTCSR ...ccvvvieiiiriine 287, 588, 603, 616
XVERCR.......cccovevuenne. 453, 592, 609, 620
ReSEt StALe......eeeeieeeeeeeeeeeee e 25
Round-Robin mode...........cccoovvvinnnnn, 258
RTC crystal oscillator circuit................. 372
Save Program Counter (SPC) .......cccccvee.e 36
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Software standby mode..............
Stall operations.........cceevveieennes
Status Register (SR) ...veevvvevevennes
StAtUS SEAgE.....eeeeeeeeeeee e
Synonym problem..........ccccoeene.
System Registers.......covvveivennes

TAP controller .......oeeveeevvecnvnnnnns,
Timer Unit......oooovveeeeeeiiiiiiiinenns,
TRAPA Exception Register.......

USB function module................
USB standard commands...........
User break controller.................
User break exception processing.

Vector Base Register (VBR).....
Virtual Address Space...............

Watchdog timer..........ccccceevunns
Watchdog timer mode...............
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X-ON Electronics

Largest Supplier of Electrical and Electronic Components
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