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Old Company Name in Catalogs and Other Documents

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

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.
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12.

Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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Technology Corp. product best suited to the customer's application; they do not convey any
under any intellectual property rights, or any other rights, belonging to Renesas Technology
a third party.

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

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

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

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

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

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

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

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

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

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

Rev. 5.00 May 29, 2006 page ii of xlviii
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2. Treatment of Unused Input Pins

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

3. Processing before Initialization

Note: When power isfirst supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throug
chip and alow level isinput on the reset pin. During the period where the stat
undefined, the register settings and the output state of each pin are also undefi
your system so that it does not malfunction because of processing whileitisil
undefined state. For those products which have a reset function, reset the LSI
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

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

Rev. 5.00 May 29, 2006 p
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Thelist of revisionsisasummary of points that have been revised or added to earli
This does not include all of the revised contents. For details, see the actual location:
manual.

. Contents
. Overview

. Description of Functional Modules
0 CPU and System-Control Modules
O On-Chip Periphera Modules

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

i) Festure

ii) Input/Output Pin

iii) Register Description
iv) Operation

v) Usage Note

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

8. List of Registers

9. Electrical Characteristics
10. Appendix

11. Index

Rev. 5.00 May 29, 2006 page iv of xlviii
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Objective:  Thismanual was written to explain the hardware functions and electric:

characteristics of this LSl to the above users.
Refer to the SH-3/SH-3E/SH3-DSP Programming Manual for a detail ec
of the instruction set.

Notes on reading this manual:

Product names
The following products are covered in this manual.

Product Classifications and Abbreviations

Basic Classification Product Code
SH7706 (176-pin plastic LQFP) HD6417706F133
SH7706 (208-pin plastic TFBGA) HD6417706BP133V

In order 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 charactel

In order to understand the details of the CPU’s functions
Read the SH-3/SH-3E/SH3-DSP Programming Manual.

Rules: Register name; The following notation is used for cases when th
similar function, e.g. serial communication, isin
on more than one channel:

XXX_N (XXX istheregister nameand N isthe
number)

Bit order: The MSB (most significant bit) is on the left anc
(least significant bit) is on the right.

Number notation: Binary is B'xxxx, hexadecimal is H'xxxx, decim:

Signal notation:  An overbar is added to alow-active signal: xxxx
Rev. 5.00 May 29, 2006 r
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Users manuals for development tools:

Document Title Docume
SH Series C/C++ Compiler, Assembler, Optimizing Linkage Editor User’s ADE-70z2
Manual

SH Series Simulator/Debugger (for Windows) User’s Manual ADE-70z
SH Series Simulator/Debugger (for UNIX) User’'s Manual ADE-70z
High-performance Embedded Workshop User’s Manual ADE-70z2
SH Series High-performance Embedded Workshop, ADE-70z2

High-performance Debugging Interface Tutorial

Rev. 5.00 May 29, 2006 page vi of xlviii
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UAL
DMA
DMAC
DRAM
ETU
FIFO
H-UDI
INTC
JEIDA
JTAG
LRU
LSB
MMU
MSB
PCMCIA
PFC

PLL
RISC
ROM
RTC

SCIF
SRAM
TLB
T™U
UART
uBC
WDT

Ulyia U AllaUy LUllvel el

Direct Memory Access

Direct Memory Access Controller

Dynamic Random Access Memory
Elementary Time Unit

First-In First-Out

User Debugging Interface

Interrupt Controller

Japan Electronic Industry Development Association
Joint Test Action Group

L east Recently Used

Least Significant Bit

Memory Management Unit

Most Significant Bit

Personal Computer Memory Card International Association
Pin Function Controller

Phase L ocked Loop

Reduced Instruction Set Computer

Read Only Memory

Realtime Clock

Serial Communication Interface

Serial Communication Interface with FIFO
Static Random Access Memory

Trandation Lookaside Buffer

Timer Unit

Universal Asynchronous Receiver/Transmitter
User Break Controller

Watchdog Timer

Rev. 5.00 May 29, 2006 pe
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1.4 Pin Function 10 Table amended
Number of Pins
FP-176C TBP-208A Pin Name 110 Description
109 K15 AUDATA[OJPTF[0] O AUD data/input/o
110 K16 AUDATA[1]/PTF[1] 110 AUD data / input p
111 K17 AUDATA[2)/PTF[2] 110 AUD data / input/ol
3.4.4 Avoiding 69 Figure amended
Synonym Problems When using a 4-kbyte page
Figure 3.9 Synonym Virtual address
Problem 31 12 11 0
VPN ‘ Offset |

Physical address

31

I

Virtual address (1

12 11 0

PPN

‘ Offset |

When using a 1-kbyte page

Virtual address

Physical address

31 10 9 0
VPN ‘ Offset |
.
Virtual address (1
Physical address
31 10 9 0
PPN ‘ Offset |

Physical address

RENESAS

Rev. 5.00 May 29, 2006 p.



AU )

confirm it is set to 1, then write O only to the bit to be

while writing 1 to all the other bits. Only O can be wri
IRQ5R to IRQOR.

Table amended

Bit

Bit Name Initial Value R/W

Description

7,6

— AllO R

Reserved

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

5

IRQ5R 0 RIW

IRQ5 Interrupt Request

Indicates whether an interrupt request is
IRQ5 pin. When edge detection mode is
an interrupt request is cleared by clearin
bit. It is not necessary to clear the flag w
level-sensing, because this bit merely st
of the IRQ5 pin.

0: An interrupt request is not input to IRC
1: An interrupt request is input to IRQ5 p

4

IRQ4R 0 RIW

IRQ4 Interrupt Request

Indicates whether an interrupt request is
IRQ4 pin. When edge detection mode is
an interrupt request is cleared by clearin
bit. It is not necessary to clear the flag w
level-sensing, because this bit merely st
of the IRQ4 pin.

0: An interrupt request is not input to IRC
1: An interrupt request is input to IRQ4 p

3

IRQ3R 0 RIW

IRQ3 Interrupt Request

Indicates whether an interrupt request is
IRQ3 pin. When edge detection mode is
an interrupt request is cleared by clearin
bit. It is not necessary to clear the flag w
level-sensing, because this bit merely sk
of the IRQ3 pin.

0: An interrupt request is not input to IRC

1: An interrupt request is input to IRQ3 p

Rev. 5.00 May 29, 2006 page x of xlviii
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- R ki ~ R Sl it bl
Indicates whether an interrupt request
IRQ1 pin. When edge detection mode
an interrupt request is cleared by cleatr
bit. It is not necessary to clear the flag
level-sensing, because this bit merely
of the IRQ1 pin.
0: An interrupt request is not input to i
1: An interrupt request is input to IRQ1

0 IRQOR 0 R/W  IRQO Interrupt Request (IRQOR)
Indicates whether an interrupt request
IRQO pin. When edge detection mode
an interrupt request is cleared by clear
bit. It is not necessary to clear the flag
level-sensing, because this bit merely
of the IRQO pin.
0: An interrupt request is not input to I
1: An interrupt request is input to IRQC

8.1 Feature 163 (Before) « PCMCIA direct-connection interface —
(After) « PCMCIA interface

8.4.4 Wait State 182 Description amended

Control Register 2 Bit Bit Name Initial Value R/W Description

(WCR2) 15 A6W2 1 RIW Area 6 Wait Control
14 ABW1 1 R/W  Specify the number of wait states ins
13 ABWO 1 RIW physical space area 6 in combination

PCR. Also specify the burst pitch for
Refer to table 8.6 for details.

12 A5W2 1 R/W  Area 5 Wait Control
11 A5W1 1 R/W  Specify the number of wait states ins
10 ASWO 1 RIW physical space area 5 in combination

PCR. Also specify the burst pitch for

Table 8.6 Area 6 Wait 184
Control (Normal
Memory I/F)

Table title amended

Table 8.7 Area5 Wait 184
Control (Normal
Memory I/F)

Table title amended

Rev. 5.00 May 29, 2006 p.
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Figure 8.24 Auto-
Refresh Operation

bus release request internal to the LSI under the foll
conditions, SDRAM all-bank precharge may not be ¢
properly in the first cycle of the refresh or bus releas
this case, precharging of the selected bank is execu
of all-bank precharge.

1. The RASD bit in the individual memory control rec
(MCR) is setto 1

and

2. long-word access is performed to any 16-bit bus v
(areas 0 to 6) or word/long-word access is performe
bit bus width area (areas 0 to 6).

The problem may be avoided by either of the followil
measures.

1. Use the auto-precharge mode.
2. Use 32-bit bus width for all areas.

229

Figure amended

RTCNT value

RTCOR [~~~ 7777777777777 7777777777"7~

H'00000000

Rev. 5.00 May 29, 2006 page xii of xlviii
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ALD10 A2 - Yy Y%
bowar T T T X T TX

|

ol
9|
S

RD/WR

RASU or RASL

CASU or CASL

pawoo  ——¢ 1 1 1 1T bbb r

CKE

' (High)
Note: * Items in parentheses ( ) apply to 16-bit bus width connections.

9.3.2 DMA
Destination Address
Registers 0 to 3
(DAR_O to DAR_3)

255

Description amended

To transfer data in 16 bits or in 32 bits, specify the
16-bit or 32-bit address boundary. When transferrir
byte units, a 16-byte boundary (address 16n) must
the source address value. Specifying other addres:
guarantee operation.

Rev. 5.00 May 29, 2006 pa
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0 CKSO0 0 R/W These bits select the clock input to |
from among the four clocks obtaine
the peripheral clock (P¢g). When the
the CMSTR is set to 1, the CMCNT
incrementing with the clock selecte:
CKSO.

00: P @4
01: P @8
10: P ¢f16
11: P ¢/64

9.5.3 Operation 295

Period Count
Operation

Description amended

When a clock is selected with the CKS1 and CKSO
CMCSR register and the STRO bit of the CMSTR is
CMCNT begins incrementing with the selected clock

CMCNT Count Timing 296

Figure 9.28 Count
Timing

Description amended

One of four clocks (P@/4, P@/8, P@/'16, P@/64) obtain
dividing the peripheral clock (Pg) can be selected by
and CKSO bits of the CMCSR. Figure 9.28 shows th

Figure amended

Peripheral clock (Pg)

CMT clock

CMCNTO input clock

CMCNTO N-1

Lals

Rev. 5.00 May 29, 2006 page xiv of xIviii
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UL,

302

Tollipuull auucu

13. When the DMAC transfers data under conditior
below, the CPU may fetch an unexpected instructic
in program runaway, or the DMA may transfer the \

(1) At wake-up from the sleep mode when operatin
clock ratio for l¢:Bg of other than 1:1.

(2) The internal clock frequency division ratio bits (|
the frequency control register (FRQCR) are modifie

Note that no problem occurs if the clock ratio for I¢:
after modification of the bits. Furthermore, no probl
the frequency multiplication ratio bits (STC[2:0]) are
the same time as IFC[2:0].

These problems may be avoided by either of the fo
measures.

* Do not use the DMAC when in sleep mode, or se
ratio for I¢:B@to 1:1 before entering sleep mode.

¢« Do not use the DMAC when modifying only the in
frequency division ratio bits (IFC[2:0]) to produce a
for I@gB@ of other than 1:1.

Section 10 Clock
Pulse Generator
(CPG)

303 to
305,
309 to
312

(Before) Internal clock — (After) CPU clock

10.1 Feature

305

Description amended

1. PLL Circuit 1: PLL circuit 1 doubles, triples, qua
leaves unchanged the input clock frequency from tl
or PLL circuit 2.

Rev. 5.00 May 29, 2006 pe
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10.3 Clock Operating 309

Modes
Cautions:

Item 4 amended

« The peripheral clock frequency should not be set h
the frequency of the CKIO pin, or higher than 33 MH

10.6 Usage Note

When Using a PLL
Oscillator Circuit:

313

Description amended

... In clock mode 7, connect the EXTAL pin to V_Q
and leave the XTAL pin open.

13.3.15 RTC Control
Register 1 (RCR1)

352

Description and table amended

RTC control register 1 (RCR1) affects carry flags an
flags. It also selects whether to generate interrupts f
flag. Because flags are sometimes set after an oper:
do not use this register in read-modify-write process

RCRL1 is an 8-bit read/write register. Bits CIE, AlE, a
initialized by a power-on reset or manual reset. After
on reset or manual reset, however, the CF flag is un
When using the CF flag, it must be initialized beforel
register is not initialized in standby mode.

Bit Bit Name Initial Value R/W Description
7 CF - R/W Carry Flag

Status flag that indicates that a carry has
is set to 1 when a count-up to R64CNT o
occurs. A count register value read at thi:
be guaranteed; another read is required.
0: No count up of R64CNT or RSECCNT
[Clearing condition]
When 0 is written to CF
1: Count up of R64CNT or RSECCNT.
[Setting condition]
When 1 is written to CF

13.4.2 Setting the
Time

356,
357

Replaced

Rev. 5.00 May 29, 2006 page xvi of xIviii
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16.1 Feature 442 Figure amended
Figure 16.1 SCIF ! \ [ U A :
Block Diagram : e :
g 3 SCFRDR2 SCFTDR2 SCPDR H
ScFDR2 |}
; (16 stages) {  } (16 stages)] SCECR2 :
f scssrz2 |1
m ‘—Uf SCSCR2 :
RxD2 %I [ scrsrz || | sctsr2 SCSMR2
: X Transmit/ !
; receive :
! control H
TXD2 <= '
3 Parity generation ] L‘:
3 Parity check E
' Exi
SCK2 « ]
RTS2 < E :
CTS2 — ;
16.3.6 Serial Control 451 Bit table amended
Register 2 (SCSCR2) Initial
Bit Bit Name  Value R/W Description
1 Cckel o RW 00 Internal clock, SCK pin used for /0 pif
0  CKEO 0 RIW ignored)

01: Internal clock, SCK2 pin used for clock

10: External clock, SCK2 pin used for cloc

11: External clock, SCK2 pin used for cloc

Notes: 1. The output clock frequency is 1
rate.

2. The input clock frequency is 16

16.4.1 Serial 479
Operation

Serial data reception:

Description amended

5. When modem control is enabled, the RTS2 sign:
when SCFRDR2 is full. ...

Rev. 5.00 May 29, 2006 pa
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2 PF1MDO 0 00: Other function (See table 17.1)
01: Reserved (Setting prohibited)
10: Port input (Pull-up MOS: on)

11: Port input (Pull-up MOS: off)

17.1.10 SC Port 503
Control Register
(SCPCR)

Description amended

When the TE bit in SCSCR is set to 1, the SCPCR s
ignored and the TxD function is selected.

When the RE bit in SCSCR is set to 1, the SCPCR <
ignored and the RxD function is selected.

When the TE bit in SCSCR2 is set to 1, the SCPCR
ignored and the TxD2 function is selected.

When the RE bit in SCSCR2 is set to 1, the SCPCR
ignored and the RxD2 function is selected.

18.6 PortF 517
Figure 18.6 Port F

Figure amended

PTF6 (1/0) / ASEBRKAK (output)
<~ PTF5 (1/O) / TDO (output)
«—~ PTF4 (1/0) / AUDSYNC (output)
<~ PTF3 (1/O) / AUDATA3 (I/O)
<~ PTF2 (I/0) / AUDATA2 (1/O)
<~ PTF1 (input) / AUDATAL (1/O)
<~ PTFO (1/O) / AUDATAO (I/O)

Port F

18.10.2 SC Port Data 526
Register (SCPDR)

Bit table amended

Bit Bit Name Initial Value R/W Description

5 scpsDT 0 R Table 18.10 shows the function of
4 SCP4DT 0 R/IW

3 SCP3DT O RIW

Rev. 5.00 May 29, 2006 page xviii of xlviii
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any register in the RTC, SCI, or TMU is accessed,
the serial communication interface (SCI) or timer ut
may not be read properly. To avoid this problem, a
or write) any register in the RTC, SCI, or TMU once
before setting the RTC to module standby mode.

22.3.3 Module 576
Standby Function

Transition to Module
Standby Function

Description added

If the realtime clock (RTC) is set to module standby
in standby control register (STBCR) set to 1) before
register in the RTC, SCI, or TMU is accessed, regis
serial communication interface (SCI) or timer unit (
not be read properly. To avoid this problem, acces:
write) any register in the RTC, SCI, or TMU once o
before setting the RTC to module standby mode.

24.3.1 Clock Timing 615

Figure 24.4 Power-
On Oscillation Settling
Time

Figure amended

CKIO, 1
internal clock :

v (¢

cc 7 '
Vee—RTC Ve min :
Vee—PLLL :
Ve —PLL2 tosct )

‘ '

RESETP <

Rev. 5.00 May 29, 2006 pa
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A10to A2 % %
(A9 to AL)*

Note: * Items in parentheses ( ) apply to 16-bit bus |

connections.
24.3.7 PCMCIA 652 Figure amended
Timing """""""""""""" B e B tros1] |
Figure 24.45 D15 to DO J?L _
PCMCIA I/0 Bus Cycle (read) towto ——
(TED=2, TEH =1, ICIOWR
One Wait, External (write) . e
- ‘WDD1
Walt) D15 to DO
(write) |

24.3.12 Delay Time 663 Figure amended

Variation Due to Load
Capacitance ,
.
Figure 24.63 Load
Capacitance vs. Delay _ :
Time £
E
£
z
8 + =
+0
+0 +10 +20 +30 +40 +5

Load Capacitance [pF]

Rev. 5.00 May 29, 2006 page xx of xlviii
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PTH[3:0]

IRQ4/ PTH[4] I | | |
IRQOUT/PTE[7] 3 ZK*? oP*?

€72 r'e;s; """" Power-Down _

Power-On Manual
Category Pin Reset Reset Standby Sleep

CE2B/PTD[7] oP*’ ZH"K OP*?
CE2A/PTD[6] H opP*? ZHMK*® oP*?
10IST6/PTD[5]
ADTRG/PTG[5]

672 Notes:

B.3 Processing of 677 Description amended

Unused Pins

¢ When EXTAL pin is not used

— EXTAL: Connect to V. Q or V..Q

Rev. 5.00 May 29, 2006 pa
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FPLQFPUL/OKD-A)

Figure D.2 Package 694 Figure replaced
Dimensions

(TBP-208A/

TTBG0208JA-A)
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The LSl incorporates the following peripheral functions: an on-chip direct memory ac
controller (DMAC) that enables high-speed data transfer and a bus state controller (B.
enables direct connection to different types of memory. The LS| also incorporates a
communication interface, an A/D converter, aD/A converter, atimer, and arealtime ¢
enable system configuration at low cost.

A built-in power management function enables dynamic control of power consumptic
LSl isoptimum for portable electronic devices such as PDAs that require both high pe
and low power.

The SH7706 incorporates a user debugging interface (H-UDI) and an advanced user ¢
(AUD) to support emulator functions such as E10A. This LS| also incorporates a user
controller (UBC) for self debugging.

Note: The SuperH is atrademark of Renesas Technology, Corp.

1.1 Feature

* Original Renesas SuperH architecture

* Object code level compatible with SH-1, SH-2 and SH-3
» 32-bit RISC-type instruction set

Instruction length: 16-bit fixed length

Improved code efficiency

L oad-store architecture

Delayed branch instructions

Instruction set oriented for C language

» Five-stage pipeline

» Instruction execution time: one instruction/cycle for basic instructions
» General-register: Sixteen 32-bit general registers

» Control-register: Eight 32-bit control registers

» System-register: Four 32-bit system registers

Oo0Ooogodg
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Ulirect Ivicmory ALLess LUNUUNCEr \DIVIAL)
Clock Pulse Generator (CPG)

Watchdog Timer (WDT)

Timer Unit (TMU)

Realtime Clock (RTC)

Serial Communication Interface (SCI)
Smartcard Interface

Serial Communication Interface with FIFO (SCIF)
10-bit A/D converter (ADC)

8-bit D/A converter (DAC)

User Debugging Interface (H-UDI)
Advanced User Debugger (AUD)

I e s sy [
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Legend:
ADC : A/D converter DMAC
AUD : Advanced user debugger H-UDI
BSC : Bus state controller INTC
CACHE : Cache memory MMU
CCN : Cache memory controller RTC
CMT : Compare match timer SCI
CPG/WDT : Clock pulse generator/watchdog timer SCIF
CPU : Central processing unit TLB
DAC : D/A converter T™MU
uBC

: Direct memory access controller

: User debugging interface

: Interrupt controller

: Memory management unit

: Realtime clock

: Serial communication interface (with smart cz
: Serial communication interface (with FIFO)

: Address translation buffer

: Timer unit

: User break controller

Figurel.l SH7706 Block Diagram
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__TCLK/PTE]

IRQOUT/PTE(7]
Vss
CKIO

Ve
TxDO/SCPT]
SCKO/SCPT]
TxD2/SCPT
SCK2/SCPT|
RTS2/SCPT]
RxDO/SCPT]
RxD2/SCPT]
CTS2/IRQ5/SCPT]

—__Vss
RESET

V
IRQO/IRLO/PTH
IRQL/IRL1/PTH
IRQ2/IRL2/PTH
IRQ3/IRL3/PTH

IRQ4/PTH

=V TN OREBNEO.N

NENEE

<
2
E¥e)

AVss
AN[OJ/PTI[0]
AN[1]/PTJ[1]

AN[2)/DA[L)/PTI[2]
AN[3]/DA[O)/PTI[3]
AVce

AVss E

INDEX MARK

SH-7706
FP-176C
(Top view)

Lod/PTCS]

i

Figurel1.2 Pin Assignment (FP-176C)
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O

SH7706
TBP-208A
(Top view)
OO O OO0 O0O0
OO O O0OO0O0OO0O0O0OO0OO0OO0OO0OOOO 0o O«
OO O O0OO0O0OO0O0O0OO0OO0OO0OO0OO0OO 0o O«
OO O O0OO0O0OO0O0O0OO0OO0OO0OO0OOO 0o O«

Note: Section in the dotted lines are perspective view.

Figure1.3 Pin Assignment (TBP-208A)
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T J

Vgg VI

SS

A PUVTLT QUMM M V)

5 F4 D31/PTBJ7] I/O Data bus / input/output f
6 F3 D30/PTBI[6] I/0 Data bus / input/output ¢
7 F2 D29/PTBI5] I/0 Data bus / input/output ¢
8 F1 D28/PTBI[4] I/O Data bus / input/output f
9 G4 D27/PTBJ[3] I/0 Data bus / input/output ¢
10 G3 D26/PTB[2] I/O Data bus / input/output f
11 G2 V. Q — Input/output power supp
12 Gl D25/PTB[1] I/O Data bus / input/output f
13 H4 V..Q — Input/output power supp
14 H3 D24/PTB[0] I/0 Data bus / input/output g
15 H2 D23/PTA[7] I/O Data bus / input/output f
16 H1 D22/PTA[6] I/0 Data bus / input/output g
17 J4 D21/PTA[5] I/O Data bus / input/output f
18 J2 D20/PTA[4] I/0 Data bus / input/output g
19 Jl Vg — Internal power supply (O
20 J3 D19/PTA[3] I/O Data bus / input/output f
21 K1 Ve — Internal power supply (1
22 K2 D18/PTA[2] I/O Data bus / input/output f
23 K3 D17/PTA[1] I/0 Data bus / input/output ¢
24 K4 D16/PTA[O] I/O Data bus / input/output f
25 L1 V. Q — Input/output power supp
26 L2 D15 /0 Data bus

27 L3 V..Q — Input/output power supp
28 L4 D14 /0 Data bus

29 M1 D13 110 Data bus
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35 N3 D7 I/0 Data bus

36 N4 D6 I/0 Data bus

37 P1 V. Q — Input/output power sup
38 P2 D5 I} Data bus

39 P3 V.Q — Input/output power sup
40 R1 D4 I/0 Data bus

41 R2 D3 I/O Data bus

42 P4 D2 I} Data bus

43 T1 D1 110 Data bus

44 T2 DO 110 Data bus

45 Ul A0 o Address bus

46 u2 Al (0] Address bus

47 R3 A2 o Address bus

48 T3 A3 o Address bus

49 u3 V. Q — Input/output power sup
50 R4 A4 o Address bus

51 T4 V..Q — Input/output power sup
52 u4 A5 o Address bus

53 P5 A6 o Address bus

54 R5 A7 o Address bus

55 T5 A8 o Address bus

56 us A9 o Address bus

57 P6 Al0 o Address bus

58 R6 All 0] Address bus

59 T6 Al2 o Address bus

RENESAS
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65 P8 Al16 (0] Address bus

66 R8 Al7 (0] Address bus

67 T8 A18 (0] Address bus

68 us A19 (0] Address bus

69 P9 A20 (0] Address bus

70 T9 A21 (0] Address bus

71 U9 Vo — Internal power supply (0

72 R9 A22 (0] Address bus

73 u10 Ve — Internal power supply (1

74 T10 A23 o Address bus

75 P10 A24 (0] Address bus

76 T11 A25 o Address bus

77 R11 BS/PTCI0] O/1/0  Bus cycle start signal /
input/output port C

78 P11 RD o) Read strobe

79 u12 WEO/DQMLL 0] D7 to DO select signal /
DOM (SDRAM)

80 T12 E1/DQMLU/WE o D15 to D8 select signal /
(SDRAM) / write strobe (

81 R12 WE2/DQMUL/ O/0/ D23 to D16 select signal

ICIORD/PTC[1] O/10 DQM (SDRAM) /

PCMCIA input/output re:
input/output port C

82 P12 WES3/DQMUU/ O/0/ D31 to D24 select signal

ICIOWR/PTCJ2] O/l/o DQM (SDRAM) /

PCMCIA input/output wr
input/output port C

83 u13 RD/WR 0] Read/write
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89 ui7 CS4/PTC[5] o/l/o Chip select 4 / input/ou

90 T17 CS5/CE1A/PTCI6] O/0O/1/O Chip select 5/ CEL1 (ar
PCMCIA) / input/output

91 R15 CS6/CE1B/PTC[7] O/0O/1/O Chip select 6 / CE1 (ar
PCMCIA) / input/output

92 R16 CE2A/PTDI6] O/1/0 Area 5 PCMCIA CE2/
input/output port D

93 R17 V. Q — Input/output power sup

94 P15 CE2B/PTDI[7] Oo/10 Area 6 PCMCIA CE2 /
input/output port D

95 P16 V..Q — Input/output power sup

96 P17 RASL/PTDI0] Oo/10 Lower 32 Mbytes addre
(SDRAM) / input/output

97 N14 RASU/PTD[1] o/l/o Upper 32 Mbytes addre
(SDRAM) / input/output

98 N15 CASL/PTDI[2] O/l1/0 Lower 32 Mbytes addre
(SDRAM) / input/output

99 N16 CASU/PTD[3] O/l1/0 Upper 32 Mbytes addre
(SDRAM) / input/output

100 N17 CKE/PTD[4] o/l/o CK enable (SDRAM) /
input/output port D

101 M14 [OIS16/PTD[5] 1/1/0 I0IS16 (PCMCIA) / inp

102 M15 BACK (0] Bus acknowledge

103 M16 BREQ | Bus request

104 M17 WAIT | Hardware wait request

105 L14 DACKO/PTE[O0] o/l/o DMA acknowledge 0 /
input/output port E

106 L15 DACK1/PTE[1] /10 DMA acknowledge 1/

input/output port E
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111 K17 AUDATA[2]/PTF[2] o)

AUD data / input/output

112 Ji4 AUDATAJ[3]/PTF[3] 110 AUD data / input/output

113 J16 AUDSYNC/PTF[4] O/1/0  AUD synchronous /
input/output port F

114 Ji7 TDI/PTG|O] | Data input (H-UDI) / inpt

115 J15 Vo — Internal power supply (0

116 H17 TCK/PTG[1] | Clock (H-UDI) / input po

117 H16 Ve — Internal power supply (1

118 G16 TMS/PTG[2] I Mode select (H-UDI) / in

119 G15 TRST/PTGI3] I Reset (H-UDI) / input po

120 Gl14 TDO/PTF[5] O/l/o Data output (H-UDI) /
input/output port F

121 F16 ASEBRKAK/PTF[6] O/1/0  ASE break acknowledge
input/output port F

122 F15 ASEMDO0™* I ASE mode (H-UDI)

123 E17 VCC-PLLl*2 — PLL1 power supply (1.9

124 E16 CAP1 — PLL1 external capacitan

125 E15 V -PLL1*? — PLL1 power supply (0 V,

126 E14 VSS-PLLZ*2 — PLL2 power supply (0 V

127 D17 CAP2 — PLL2 external capacitan

128 D16 VCC-PLLZ*2 — PLL2 power supply (1.9

129 C17 MD1 | Clock mode setting

130 C16 Vg — Internal power supply (0

131 B17 XTAL (0] Clock oscillator pin

132 B16 EXTAL | External clock / crystal o
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136 B15 IRQOUT/PTE[7] O/1/0 Interrupt request notific
input/output port E

137 A15 V. Q — Input/output power sup

138 Cl4 CKIO I/O System clock input/outj

139 B14 V..Q — Input/output power sup

140 Al4 TxDO/SCPTI[O0] o SClI transmit data 0 / S

141 D13 SCKO/SCPT[1] I/0 SCl clock 0 / SC port

142 C13 TxD2/SCPTI[2] o SCIF transmit data 2 / ¢

143 B13 SCK2/SCPT[3] lfe} SCIF clock 2 / SC port

144 A13 RTS2/SCPT[4] o/l/o SCIF transmit request

145 D12 RxDO/SCPT[0] | SCl receive data 0 / SC

146 C12 RxD2/SCPT[2] | SCIF receive data 2 / S

147 B12 CTS2/IRQ5/SCPTI[5] | SCIF transmit clear / e
interruption request / S

148 D11 Vg — Internal power supply (

149 Cl1 RESETM | Manual reset request

150 B11 Ve — Internal power supply (

151 All IRQO/IRLO/PTHIO] I/1/1/0 External interrupt reque
input/output port H

152 D10 IRQL/IRL1/PTHI[1] I/1/1/0 External interrupt reque
input/output port H

153 C10 IRQ2/IRL2/PTH[2] [/1/1/0  External interrupt reque
input/output port H

154 B10 IRQS3/IRL3/PTHI[3] I/1/1/0 External interrupt reque
input/output port H

155 Al10 IRQ4/PTHI[4] 1/1/0 External interrupt reque
input/output port H

156 D9 V. Q — Input/output power sup
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162 c8 ADTRG/PTG[5] I Analog trigger / input po

163 D8 MDO | Clock mode setting

164 B7 MD2 I Clock mode setting

165 AB RESETP I Power-on reset request

166 B6 CA | Chip activate / hardware
request

167 C6 MD3 | Area 0 bus width setting

168 D6 MD4 | Area 0 bus width setting

169 A5 MD5 | Endian setting

170 B5 AV — Analog power supply (0

171 C5 AN[O]/PTJ[0] I A/D converter input / inp

172 D5 AN[1]/PTJ[1] I A/D converter input / inp

173 A4 AN[2]/DA[1)/PTI[2] /071 A/D converter input / D/
output / input port J

174 B4 AN[3]/DA[O)/PTI[3] /071 A/D converter input / D/
output / input port J

175 B3 AV . — Analog power supply (3.

176 B2 AV — Analog power supply (0

Ss

Notes: Except in hardware standby mode, all V_/V pins must be connected to the sy:
supply. (Supply power constantly.) In hardware standby mode, power must be s
least to V_.—RTC and V_—RTC. If power is not supplied to V_. and V pins othe
V.—RTC and V_-RTC, hold the CA pin low.
In the TBP-208A package, the Al, A2, A3, A7, A12, B1, C4, C7, D1, D2, D4, D'
El, E2, E3, E4, F14, F17, G17, H14, H15, K14, P14, R10, T13, T15, T16, U11,
U16 pins must be connected to V.
1. Must be connected to the power supply even when the RTC is not used.

2. Must be connected to the power supply even when the on-chip PLL circuits
used (except in hardware standby mode).

3. Must be high level when the user system is used independently without usin
emulator or H-UDI. When this pin goes low or is open, the RESETP pin may
masked. (See section 21, User Debugging Interface (H-UDI).)
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normally operates in user mode, and enters privileged mode when an exception occur:
interrupt is accepted. There are three kinds of registers—general registers, system reg
control registers—and the registers that can be accessed differ in the two processor m

General Registers: There are 16 general registers, designated RO to R15. General reg
R7 are banked registers which are switched by a processor mode change. In privilege
register bank bit (RB) in the status register (SR) defines which banked register setise
general registers, and which set is accessed only through the load control register (LD
control register (STC) instructions.

When the RB bitis 1, BANK1 general registers RO_BANK1 to R7_BANK?1 and non-
general registers R8 to R15 function as the general register set, with BANKO general |
RO_BANKO to R7_BANKO accessed only by the LDC/STC instructions.

When the RB bit is 0, BANKO general registers RO_BANKO to R7_BANKO and nonlt
general registers R8 to R15 function as the general register set, with BANK1 general |
RO_BANK1to R7_BANK1 accessed only by the LDC/STC instructions. In user mod
registers comprising bank 0 general registers RO_BANKO to R7_BANKUO and non-ba
registers R8 to R15 can be accessed as general registers RO to R15, and bank 1 genere
RO_BANK1to R7_BANK1 cannot be accessed.

Control Registers. Control registers comprise the global base register (GBR) and sta
(SR) which can be accessed in both processor modes, and the saved status register (S
program counter (SPC), and vector base register (VBR) which can only be accessed i
mode. Some bits of the status register (such asthe RB bit) can only be accessed in pri:
mode.

System Registers: System registers comprise the multiply and accumulate registers
(MACL/MACH), the procedure register (PR), and the program counter (PC). Access
registers does not depend on the processor mode.

The register configuration in each mode is shown in figures 2.1.
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R7 BANKO0*2 R7 BANK1*3 R7_BANKO*4
R8 R8 R8
R9 R9 R9
R10 R10 R10
R11 R11 R11
R12 R12 R12
R13 R13 R13
R14 R14 R14
R15 R15 R15
| SR | | SR | | SR
| SSR ] 1 SSR
GBR GBR GBR
MACH MACH MACH
MACL MACL MACL
PR PR PR
VBR VBR
| PC | PC ] | PC
| SPC ] 1 SPC
RO _BANKO*1*4 RO BANK1*1*3
R1 BANKO*4 R1 BANK1*3
R2 BANKO*4 R2 BANK1*3
R3 BANKO*4 R3 BANK1*3
R4 BANKO*4 R4 BANK1*3
R5 BANKO*4 R5 BANK1*3
R6_BANKO*4 R6 BANK1*3
R7 BANKO*4 R7 BANK1*3
a. User mode register b. Privileged mode c. Privileged mode
configuration register configuration register configuratior
(RB=1) (RB=0)

Notes: 1. RO functions as an index register in the indexed register-indirect addressing mode and inde
GBR-indirect addressing mode.
Banked register
3. Banked register
When the RB bit of the SR register is 1, the register can be accessed for general use. Wher
RB bit is 0, it can only be accessed with the LDC/STC instruction.
4. Banked register
When the RB bit of the SR register is 0, the register can be accessed for general use. Wher
RB bit is 1, it can only be accessed with the LDC/STC instruction.

N

Figure2.1 Register Configuration
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GBR, SSR, SPC Undefined

VBR H'00000000
System registers MACH, MACL, PR Undefined
PC H'A0000000

Note: * Initial value is set at power-on-reset or manual-reset.

21.2 General Registers

There are 16 general registers, designated RO to R15. General registers RO to R7 are b
registers, with adifferent RO to R7 register bank (RO_BANKO to R7_BANKO or RO _
R7_BANKZ1) being accessed according to the processor mode. For details, see figure

The general register configuration is shown in figure 2.2.

General Registers

31
RO 172 Initialized to undefined by a reset.
R1*2 Notes:
R2*2 . . . . .
- 1. RO functions as an index register in the indexed
R3"2 register-indirect addressing mode and indexed
R4*2 GBR-indirect addressing mode. In some instructions,
R5*2 only RO can be used as the source register or
RG2 destination register.
R7"2 2. RO to R7 are banked registers.
RS In privileged mode, SR.RB specifies which banked register

accessed as general registers (RO_BANKO to R7_BANKO ¢

RO RO_BANK1 to R7_BANKZ).

R10
R11
R12
R13
R14
R15

Figure2.2 General Registers
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* Program counter (PC)

The system register configuration is shown in figure 2.3.

Multiply and Accumulate Register (MAC)

31 0
MACH
MACL

Procedure Register (PR)
31 0
| PR

Program Counter (PC)
31 0
[ PC |

Figure2.3 System Registers

1. Multiply and Accumulate Register (MAC)

Multiply and Accumulate register is consist of Higher part register (MACH) and L¢
register (MACL).

Store the results of multiply-and-accumulate operations.

Initialized to undefined by areset.

2. Procedure Register (PR)
Stores the return address for exiting a subroutine procedure.
Initialized to undefined by areset.

3. Program Counter (PC)

Indicates the address four addresses (two instructions) ahead of the currently execu
instruction. Initialized to H'A0000000 by areset.
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¢ Uloba baseregisier (b))
* Vector base register (VBR)

The control register configuration is shown in figure 2.4.

Status Register (SR)
31 0

| SR |

Saved Status Register (SSR)
31 0
| SSR |

Saved Program Counter (SPC)
31 0

SPC

Global Base Register (GBR)
31 0
GBR

Vector Base Register (VBR)
31 0

| VBR |

Figure2.4 Control Registers
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0: User mode
1: Privileged mode

MD is set to 1 when an exception or i
is occurred.

29 RB 1 R/W

Register bank bit

Determines the bank of general regis
R7 used in privileged mode.

1: RO_BANK1 to R7_BANK1 and R8
general registers, and RO_BANKO
R7_BANKO can be accessed by Ll
instructions.

0: RO_BANKO to R7_BANKO and R8
general registers, and RO_BANK1
R7_BANKZ1 can be accessed by Ll
instructions.

RB is set to 1 when an exception or il
is occurred.

28 BL 1 R/W

Block bit
0: Exceptions and interrupts are acce

1: Exceptions and interrupts are supf
See section 4, Exception Processi
details.

BL is set to 1 when an exception or ir
is occurred.

27t013 0O All O R

Reserved

These bits always read as 0, and the
should always be 0.

12 CL 0 R/W

Cache lock bit
0: Cache look function is disabled.
1: Cache look function is enabled.
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ittt TTIRAST I

6 12 1 R/W 4-bit field indicating the interrupt rec
5 11 1 RIW level.
4 10 1 RIW 13 to 10 do not change to th_e interru,
acceptance level when an interrupt
3,2 a All O R Reserved
These bits always read as 0, and th
should always be 0.
1 S O R/W S bit
Used by the MAC instruction.
0 T g R/W T bit

Used by the MOVT, CMP/cond, TA!
BF, SETT, CLRT, and DT instructio
indicate true (1) or false (0).

Used by the ADDV/C, SUBVI/C, DIV
NEGC, SHAR/L, SHLR/L, ROTRI/L,
ROTCRIL instructions to indicate a
borrow, overflow, or underflow.

Note: The M, Q, S and T bits can be set or cleared by special instructions in user mo
values are undefined after a reset. All other bits can be read or written in privile

» Saved Status Register (SSR)

Stores current SR value at time of exception to indicate processor statusin return t

stream from exception handler.
Initialized to undefined by areset.

» Saved Program Counter (SPC)

Stores current PC value at time of exception to indicate return address at completi

exception handling.
Initialized to undefined by areset.
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2.2 Data Formats

221 Data Format in Registers

Register operands are always longwords (32 bits). When a memory operand isonly ab
or aword (16 hits), the sign is extended to the longword, and stores into the register.

31 0

| Longword

222 Data Format in Memory

Memory data formats are classified into bytes, words, and longwords. Memory can be
8-bit byte, 16-bit word, or 32-bit longword form. A memory operand less than 32 bitsi
sign-extended before being stored in aregister.

A word operand must be accessed starting from aword boundary (even address of a 2-
address 2n), and a longword operand starting from alongword boundary (even address
unit: address 4n). An address error will result if thisrule is not observed. A byte operar
accessed from any address.

Big-endian or little-endian byte order can be selected for the dataformat. The endian n
be set with the MD5 external pin in a power-on reset. Big-endian mode is selected whe
pinislow, and little-endian when high. The endian mode cannot be changed dynamica
positions are numbered left to right from most-significant to least-significant. Thus, in
longword, the leftmost bit, bit 31, is the most significant bit and the rightmost bit, bit O
significant bit.
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Big-endian mode Little-endian mode

Figure2.5 DataFormat in Memory
2.3 Instruction Features

23.1 Execution Environment

Data Length: Theinstruction set isimplemented with fixed-length 16-bit wide instru
executed in a pipelined sequence with single-cycle execution for most instructions. Al
are executed in 32-bit longword units. Memory can be accessed in 8-bit byte, 16-hit w
bit longword units, with byte or word units sign-extended into 32-bit longwords. Liter
extended in arithmetic operations (MOV, ADD, and CMP/EQ instructions) and zero-e
logical operations (TST, AND, OR, and XOR instructions).

L oad/Store Architecture: The load-store architecture is used, so basic operations are
the registers. Operations requiring memory access are executed in registers following
loading, except for bit-manipulation operations such as logical AND functions, which
directly in memory.

Delayed Branching: Unconditional branching isimplemented as delayed branch ope
Pipeline disruptions due to branching are minimized by the execution of the instructic
the delayed branch instruction prior to branching. Conditional branch instructions are
kinds, delayed and normal.

BRA TRGET
ADD R1, RO ; ADD is executed prior to branching to TRGET
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Literals: Byte-length literals are inserted directly into the instruction code as immediat
maintain the 16-bit fixed-length instruction code, word or longword literals are stored i
main memory rather than inserted directly into the instruction code. The memory table
by the MOV instruction using PC-relative addressing with displacement, as follows:

MV. W  @disp, PO, RO

Absolute Addresses: Aswith word and longword literals, absolute addresses must al s
in atablein main memory. The value of the absolute addressis transferred to a register
operand access is specified by indexed register-indirect addressing, with the absolute &
loaded (like word and longword immediate data) during instruction execution.

16-Bit and 32-Bit Displacements: In the same way, 16-bit and 32-bit displacements a
stored in atable in main memory. Exactly like absolute addresses, the displacement val
transferred to a register and the operand access is specified by indexed register-indirect
loading the displacement (like word and longword immediate data) during instruction e
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direct

IS register Rn contents.)

Register @Rn Effective address is register Rn contents. Rn
indirect
Register @Rn+ Effective address is register Rn contents. Rn
indirect with A cons_tant is added to Rn after instruction After instru
post- execution: 1 for a byte operand, 2 for a word execution
increment operand, 4 for a longword operand.
Byte: Rn +
Word: Rn -
Longword:
Rn
Register @-Rn Effective address is register Rn contents, Byte: Rn —
indirect with decremented by a constant beforehand: Word: Rn -
pre- 1 for a byte operand, 2 for a word operand,
decrement 4 for a longword operand. Longword:

Rn

(Instruction
with Rn aft
calculation

Rn —1/2/4
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disp
(zero-extended)

+ disp x 1/2/4

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

GBR indirect @(disp:8, Effective address is register GBR contents Byte: GBR -
W.Ith GBR) with S-plt @splacementdlsp .a(.jded. o Word: GBR
displacement After disp is zero-extended, it is multiplied

by 1 (byte), 2 (word), or 4 (longword), Longword: C

according to the operand size. x4

disp . GBR

(zero-extended) + disp x 1/2/4
Indexed @(RO, Effective address is sum of register GBR GBR + RO
GBR GBR) and RO contents.
indirect

GBR + RO
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(for longword)

PC + disp x 2
or
PC&H'FFFFFFFC
+ disp x 4

H'FFFFFFFC

disp
(zero-extended)

PC-relative

disp:8

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

disp
(sign-extended)

PC + disp x 2

disp:12

Effective address is register PC contents PC + disp :
with 12-bit displacement disp added after
being sign-extended and multiplied by 2.

disp
(sign-extended)

PC + disp x 2
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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 the addressing modes below that use a displacement (disp), the assembler
in this manual show the value before scaling (x1, x2, or x4) is performed accord
operand size. This is done to clarify the operation of the LSI. Refer to the relevar
assembler notation rules for the actual assembler descriptions.

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

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12 ; PC-relative
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dddd: Displacement

Table2.3 Instruction Formats
Source Destination Inst
Instruction Format Operand Operand Exa
0 format 15 0o — — NOI
XXXX  XXXX XXXX  XXXX |
n format 15 0 — nnnn: register MO
xxxx| nnnn | XXXX  XXXX | direct Rn
Control register or nnnn: register STS
system register direct MA
Control register or nnnn: register  STC
system register indirect with SR,
pre-decrement
m 15 0 mmmm: register Control register LDC
format | XXXX |mmmm| XXXX  XXXX direct or system Rm
register
mmmm: register Control register LDC
indirect with post-  or system @R
increment register
mmmm: register — JMF
indirect @R
mmmm: PC- — BR/
relative using Rm Rm
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(multiply-and-
accumulate
operation)

nnnn: * register

indirect with post-

increment
(multiply-and-
accumulate
operation)
mmmm: register nnnn: register MOV
indirect with post-  direct @Rn
increment
mmmm: register nnnn: register MOV
direct indirect with Rm,
pre-decrement
mmmm: register nnnn: indexed MOV
direct register indirect Rm,(
md 15 mmmmdddd: RO (register MOV
format | XXXX  XXXX |mmmm| dddd | register indirect direct) @(di
with displacement
nd4 15 RO (register direct) nnnndddd: MOV
format | XXXX  XXXX | nnnn | dddd | register indirect RO,@

with
displacement
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d format 15

0 dddddddd: GBR RO (register MO
o xox | dddd  dddd | indirect with direct) @(c
displacement

RO (register direct) dddddddd: GBR MO

indirect with RO,
displacement
dddddddd: RO (register MO
PC-relative with direct) @(c
displacement
dddddddd: — BF
PC-relative
di2 15 0 dddddddddddd: — BR/
format | xox | dddd  dddd  dddd | PC-relative (lab
PC)
nd8 15 0 dddddddd: nnnn: register MO
format | XXXX | nnnn | dddd dddd| PC-relative with direct @(c
displacement
i format 15 O iiiiiiii: immediate Indexed GBR ANL
| XXXX  XXXX | P i | indirect #im
@(F
iiiiiiii: immediate RO (register ANI
direct) #im
iiiiiiii: immediate — TR/
ni format 15 0 iiiiiiii: immediate nnnn: register  ADI
XXXX | nnnn | piii diii direct #im

Note: * In a multiply-and-accumulate instruction, nnnn is the source register.
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Classification Types Code Function In:
Data transfer 5 MOV Data transfer 39

MOVA Effective address transfer

MOVT T bit transfer

SWAP Swap of upper and lower bytes

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

ADDV Binary addition with overflow check

CMP/cond Comparison

DIV1 Division

DIVOS Initialization of signed division

DIvou Initialization of unsigned division

DMULS Signed double-precision multiplication

DMULU Unsigned double-precision multiplication

DT Decrement and test

EXTS Sign extension

EXTU Zero extension

MAC Multiply-and-accumulate operation,

double-precision multiply-and-accumulate
operation
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SUB Binary subtraction

SUBC Binary subtraction with borrow

SUBV Binary subtraction with underflow check
Logic 6 AND Logical AND 1
operations NOT Bit inversion

OR Logical OR

TAS Memory test and bit set

TST Logical AND and T bit set

XOR Exclusive OR
Shift 12 ROTL One-bit left rotation 1

ROTR One-bit right rotation

ROTCL One-bit left rotation with T bit

ROTCR One-bit right rotation with T bit

SHAL One-bit arithmetic left shift

SHAR One-bit arithmetic right shift

SHLL One-bit logical left shift

SHLLn n-bit logical left shift

SHLR One-bit logical right shift

SHLRn n-bit logical right shift

SHAD Dynamic arithmetic shift

SHLD Dynamic logical shift
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BSR Branch to subroutine procedure

BSRF Branch to subroutine procedure

JMP Unconditional branch

JSR Branch to subroutine procedure

RTS Return from subroutine procedure
System 15 CLRMAC MAC register clear 75
control CLRT Clear T bit

CLRS Clear S bit

LDC Load to control register

LDS Load to system register

LDTLB Load PTE to TLB

NOP No operation

PREF Prefetch data to cache

RTE Return from exception handling

SETS Set S bit

SETT Set T bit

SLEEP Shift to power-down mode

STC Store from control register

STS Store from system register

TRAPA Trap exception handling
Total: 68 18

The instruction codes are listed from tables 2.5 to 2.10. Those tables are described accc

following items.
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Instruction
code

MSB -~ LSB

mmmm: Source register
nnnn: Destination register
0000: RO
0001: R1

1111: R15
iiii: Immediate data
dddd: Displacement*

Operation
summary

Direction of transfer
Memory operand

Flag bits in SR

Logical AND of each bit
Logical OR of each bit
Exclusive OR of each bit
Logical NOT of each bit
n-bit shift

Privileged
mode

Indicates whether privileged mode applies

Execution
cycles

Value when no wait states are inserted

The execution cycles listed in the table are mini

actual number of cycles may be increased in ca

the followings:

1. When contention occurs between instructior
data access

2. When the destination register of the load ins
(memory - register) and the register used t
instruction are the same

T bit

Value of T bit after instruction is executed
—: No change

Note: *

Scaling (x1, x2, x4) is performed according to the instruction operand size.

Rev. 5.00 May 29, 2006 pse
REJO!

RENESAS



extension — Rn

MOV.L  @disp,PC),Rn (dispx4+PC) - Rn 1101nnnndddddddd 1

MoV Rm Rn Rm - Rn 0110nnnnmmm0011 1

MOV.B  Rm @un Rm - (Rn) 0010nnnnmMmMMO000 1

MOV. W  Rm @Rn Rm - (Rn) 0010nnnnmmm0001 1

MOV.L Rm @n Rm - (Rn) 0010nnnnmmm0010 1

MOV.B  @m Rn (Rm) — Sign extension 0110nnnnmMmmmO000 1
- Rn

MOV. W @m Rn (Rm) - Sign extension 0110nnnnmMmmm0001 1
- Rn

MOV.L @m Rn (Rm) - Rn 0110nnnnmmm0010 1

MOV.B  Rm @Rn Rn-1 - Rn, Rm - (Rn)  0010nnnnnmmm0100 1

MOV. W Rm @Rn Rn-2 -~ Rn, Rm - (Rn)  0010nnnnnmmmD101 1

MOV.L Rm @Rn Rn—-4 - Rn,Rm - (Rn)  0010nnnnnmmm0110 1

MOV. B @mt, Rn (Rm) — Sign extension 0110nnnnmMmmm0100 1
- Rn,Rm+1 - Rm

MOV. W @m+, Rn (Rm) - Sign extension 0110nnnnmMmmm0101 1
- Rn,Rm+2 - Rm

MOV.L @Rt Rn (Rm) - Rn,Rm+4 - Rm 0110nnnnmmm0110 1

MOV.B RO, @disp,Rn) RO - (disp + Rn) 10000000nnnndddd 1

MV. W RO, @disp, Rn) RO - (disp x2 + Rn) 10000001nnnndddd 1

MOV.L Rm @disp,Rn) Rm - (disp x4+ Rn) 0001nnnnmmmdddd 1

MWV.B @disp, Rm,R0 (disp+Rm) - Sign 10000100mmmdddd 1
extension - RO

MV. W @disp, Rm,R0 (disp x2+Rm) - Sign 10000101 mmmmdddd 1
extension - RO

MWV.L @disp,Rm,Rn (dispx4+Rm) - Rn 0101nnnnmmmdddd 1

MOV. B Rm @ RO, Rn) Rm - (RO + Rn) 0000nnnnMMM0100 1
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MV.L @RO, R, Rn

(RO+Rm) - Rn

0000NnnNNNMML110

MOV. B RO, @di sp, GBR)

RO - (disp + GBR)

11000000dddddddd

MV. W RO, @di sp, GBR)

RO - (disp x 2 + GBR)

11000001dddddddd

MOV.L RO, @disp, GBR)

RO - (disp x4 + GBR)

11000010dddddddd

MV.B @disp, BR), RO

(disp + GBR) - Sign
extension - RO

11000100dddddddd

MOV. W  @disp, GBR), RO

(disp x2 + GBR) -
Sign extension - RO

11000101dddddddd

MV.L @disp, BR), RO

(disp x4 + GBR) - RO

11000110dddddddd

MOVA @di sp, PC), RO

disp x4+ PC - RO

11000111dddddddd

MWVT  Rn

T -5 Rn

0000nnnn00101001

SWAP. B Rm Rn

Rm - Swap the bottom

two bytes -~ REG

0110nnnnmmmi000

SWAP. W Rm Rn

Rm - Swap two

consecutive words — Rn

0110nnnnmmmm1001

XTRCT Rm Rn

Rm: Middle 32 bits of
Rn - Rn

0010nnnnmmm101
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Carry - T

ADDV Rm Rn Rn +Rm - Rn, 0011lnnnnmmmilll
Overflow - T

CW/EQ #immR0O IfRO=imm,1 T 10001000iiiiiiii

CVWP/EQ RmRn IfRN=Rm,1 - T 0011nnnnmmm0D000

CWP/HS Rm Rn If Rn = Rm with 0011nnnnmMmmm©O0010
unsigned data, 1 — T

CW/ GE RmRn If Rn = Rm with signed  0011nnnnmmmm0011
data,1 - T

CW/ H RmRn If Rn > Rm with 0011nnnnmMmmm©0110
unsigned data, 1 - T

CW/ GI' Rm Rn If Rn > Rm with signed 0011lnnnnmm®D111
data,1 - T

CWP/ PZ Rn IfRN=0,1-T 0100nnnn00010001

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

CWP/ STR Rm Rn If Rn and Rm have an 0010nnnnmMmmM100
equivalent byte, 1 - T

D V1 Rm Rn Single-step division 0011nnnnmm®D100
(Rn/Rm)

DI VOS Rm Rn MSB of Rn - Q, MSB 0010nnnnmMmmm0111
of Rm - M,M"Q - T

DI VOU 0 - M/QIT 0000000000011001
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0,1-T,else0 - T

EXTS. B Rm Rn

A byte in Rm is sign-
extended - Rn

0110nnnnmmmmil110

EXTS. W Rm Rn

A word in Rm is sign-
extended - Rn

0110nnnnmmmil111

EXTU. B Rm Rn

A byte in Rm is zero-
extended - Rn

0110nnnnmMmmmil100

EXTU. W Rm Rn

A word in Rm is zero-
extended - Rn

0110nnnnmmmi101

MAC. L @m+, @GR+

Signed operation of (Rn)
x (Rm) + MAC - MAC,
Rn+4 - Rn,

Rm+4 -~ Rm

32 x 32 + 64 - 64 bits

0000NnNnnMMMML111

2 to (5)*

MAC. W @mt+, @GR+

Signed operation of (Rn)
x (Rm) + MAC — MAC,
Rn+2 - Rn,

Rm+2 -~ Rm

16 x 16 + 64 - 64 bits

0100nnnnmmmm111

2 to (5)*

MUL.L RmRn

Rn xRm - MACL
32 x 32 - 32 bits

0000nNNNMmMMO0111

2 to (5)*

MJLS. W Rm Rn

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

0010nnnnmmmmil111

1to (3)*

MJLU. W Rm Rn

Unsigned operation of
Rn xRm - MACL
16 x 16 — 32 bits

0010nnnnmmm1.110

1to (3)*

NEG Rm Rn

0-Rm - Rn

0110nnnnmmmi011

NEGC Rm Rn

0-Rm-T - Rn,
Borrow - T

0110nnnnmMmmmi010
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numaoer o1 CycCles requirea in case or contenuon witnh the preceding or 1oliowi
instruction.

Rev. 5.00 May 29, 2006 page 38 of 698
REJ09B0146-0500

RENESAS



A N

(RO + GBR)

NOT Rm Rn ~Rm - Rn 0110nnnnmmm0111 1

(03 Rm Rn Rn|Rm - Rn 0010nnnnmmmmi011 1

R #i mMm RO RO | imm - RO 1100101%iiiiiiii 1

OR B #imm @RO,3BR) (RO+GBR)|imm - 1100111%iiiiiiii 3
(RO + GBR)

TAS. B @n* If(Rn)is0,1 - T; 0100nnnn00011011 4
1 - MSB of (Rn)*

TST Rm Rn Rn & Rm; if the result 0010nnnnnmMmmiL000 1
is0,1-T

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

TST. B #i mm @ RO, GBR) (RO + GBR) & imm; 11001100iiiiiiii 3
iftheresultis0,1 - T

XOR Rm Rn Rn”~Rm - Rn 0010nnnnmmmM1010 1

XOR #i mMm RO RO~ imm - RO 11001010iiiiiiii 1

XOR B #inmm @R0, GBBR) (RO + GBR) ~imm - 11001110iiiiiiii 3

(RO + GBR)

Note: * The on-chip DMAC's bus cycle is not inserted between the read and write ¢

TAS instruction. The bus authority is not released by the BREQ.
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ROTCR Rn T-Rn-T 0100nnnn00100101 1
SHAD Rm Rn Rn=0: Rn<<Rm - Rn 0100nnnnMMML100 1
Rn <0: Rn>>Rm -
[MSB - Rn]
SHAL Rn T<Rn-0 0100nnnn00100000 1
SHAR Rn MSB - Rn = T 0100nnnn00100001 1
SHLD Rm Rn Rn=0: Rn<<Rm - Rn 0100nnnnmmM1L101 1
Rn <0: Rn>>Rm -
[0 - Rn]
SHLL Rn T<Rn-0 0100nnNNn00000000 1
SHLR Rn 0O-Rn-T 0100nnnn00000001 1
SHLL2 Rn Rn<<2 - Rn 0100nnnn00001000 1
SHLR2 Rn Rn>>2 - Rn 0100nnnn00001001 1
SHLL8 Rn Rn<<8 - Rn 0100nnnn00011000 1
SHLR8 Rn Rn>>8 - Rn 0100nnnn00011001 1
SHLL16 Rn Rn<<16 - Rn 0100nnnn00101000 1
SHLR16 Rn Rn>>16 - Rn 0100nnnn00101001 1

Rev. 5.00 May 29, 2006 page 40 of 698

REJ09B0146-0500

RENESAS



BF/'S | abel Delayed branch, if T =0, 10001111dddddddd 2|
disp x2 + PC - PC;
if T=1, nop

BT | abel Delayed branch, if T =1, 10001001dddddddd 3/
dispx 2+ PC - PC;
if T=0, nop

BT/S | abel If T=1,dispx2+PC - PC; 10001101dddddddd 2/
if T=0, nop

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

BRAF Rm Delayed branch, 0000mMmmMMD0100011 2
Rm + PC - PC

BSR | abel Delayed branch, PC - PR, 1011dddddddddddd 2
dispx2+PC - PC

BSRF Rm Delayed branch, PC - PR, 0000mMmmMMD0000011 2
Rm + PC - PC

JWP @rm Delayed branch, Rm - PC 0100nmmMmM00101011 2

JSR @Rm Delayed branch, PC - PR, 0100mMmmMmD0001011 2
Rm - PC

RTS Delayed branch, PR - PC 0000000000001011 2

Note: * One state when there is no branch.
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LDC RmSR Rm - SR 0100mmmD0001110 v 5
LDC RmGBR Rm - GBR 0100mmMmD0011110 — 3
LDC RmVBR Rm - VBR 0100mMmmMMD0101110 v 3
LDC  Rm SSR Rm - SSR 0100mmMOD0111110 V 3
LDC Rm SPC Rm - SPC 0100mmmD1001110 3
LDC RmRO_BANK Rm - RO_BANK 0100mMmmMmM0001110 v 3
LDC RmRI_BANK Rm - R1_BANK 0100mmm0011110 3
LDC RmR2_BANK Rm - R2_BANK 0100mMmmMM0101110 v 3
LDC Rm R3_BANK Rm - R3_BANK 0100mmml0111110 3
LDC RmR4_BANK Rm - R4_BANK 0100mMmmMM1001110 v 3
LDC RmR5_BANK Rm - R5_BANK 0100mmm1011110 3
LDC RmR6_BANK Rm - R6_BANK 0100mmm1101110 3
LDC RmR7_BANK Rm - R7_BANK 0100mMmmMmMl1111110 v 3
LDC. L @m+, SR (Rm) - SR,Rm+4 - Rm 0100mMmmmMD0000111  V 7
LDC. L @m+, GBR (Rm) - GBR,Rm+4 - Rm  0100mmm00010111 — 5
LDC. L @m+, VBR (Rm) -~ VBR, Rm +4 ~ Rm 0100mmmD0100111 v 5
LDC. L @m+, SSR (Rm) -~ SSR,Rm+4 ~ Rm 0100mMmmMOD0110111 v 5
LDC. L @m+, SPC (Rm) -~ SPC,Rm+4 — Rm 0100mMmmMOD1000111 v 5
LDC. L @Rm+, (Rm) — RO_BANK, 0100mmm0000111 v 5
RO_BANK Rm+4 - Rm
LDC. L @Rmr, (Rm) — R1_BANK, 0100mMmmMM0010111 v 5
R1_BANK Rm+4 - Rm
LDC. L @Rmt, (Rm) — R2_BANK, 0100mMmmMMl0100111 v 5
R2_BANK Rm+4 - Rm
LDC. L @Rm+, (Rm) - R3_BANK, 0100mmm0110111 5
R3_BANK Rm+4 - Rm
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@rmt, (Rm) - R/_BANK, 0100mmm11110111 v
R7_BANK Rm+4 - Rm
LDS Rm MACH Rm - MACH 0100nmMmMD0001010 —
LDS Rm MACL Rm - MACL 0100mmMm©D0011010 —
LDS Rm PR Rm - PR 0100nmmMm00101010 —
LDS. L @m+, MACH (Rm) - MACH,Rm+4 - Rm 0100mmm00000110 —
LDS. L @m+, MACL (Rm) - MACL,Rm+4 -~ Rm 0100mmm®00010110 —
LDS. L @mt+, PR (Rm) -~ PR,Rm+4 - Rm 0100nmmMmM00100110 —
LDTLB PTEH/PTEL - TLB 0000000000111000 v
NOP No operation 0000000000001001 —
PREF @m (Rm) - cache 0000MMML0000011 —
RTE Delayed branch, 0000000000101011  V
SSR/SPC - SR/PC
SETS 1-5S 0000000001011000 —
SETT 1T 0000000000011000 —
SLEEP Sleep 0000000000011011  V
STC SR Rn SR - Rn 0000nNNN00000010 v
STC GBR, Rn GBR - Rn 0000nnnn00010010 —
STC VBR, Rn VBR - Rn 0000nNNN00100010  V
STC SSR, Rn SSR - Rn 0000nNNN00110010  V
STC SPC, Rn SPC - Rn 0000nNNN01000010  V
STC RO_BANK, Rn RO_BANK - Rn 0000nNNN10000010  V
STC RL_BANK, Rn R1_BANK- Rn 0000nNNN10010010
STC R2_BANK, Rn  R2_BANK- Rn 0000nNNN10100010 V
STC R3_BANK, R1  R3_BANK- Rn 0000nnNN10110010
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STC.L VBR, @Rn Rn-4 - Rn, VBR - (Rn) 0100nnnn00100011 vV 2

STC. L SSR, @Rn Rn—-4 - Rn, SSR - (Rn) 0100nnnNn00110011 vV 2

STC.L SPC, @Rn Rn-4 - Rn, SPC - (Rn) 0100nnnn01000011  V 2

STC. L RO_BANK, Rn—-4 - Rn, RO_BANK - (Rn) 0100nnnn10000011 v 2
@Rn

STC. L R1_BANK, Rn-4 - Rn, R1_BANK - (Rn) 0100nnnn10010011 v 2
@Rn

STC. L R2_BANK, Rn—4 - Rn, R2_BANK — (Rn) 0100nnnn10100011 v 2
@Rn

STC. L R3_BANK, Rn—-4 - Rn, R3_BANK - (Rn) 0100nnnn10110011 v 2
@Rn

STC. L R4_BANK, Rn—-4 - Rn, R4_BANK - (Rn) 0100nnnn11000011 v 2
@Rn

STC. L R5_BANK, Rn-4 - Rn, R5 BANK - (Rn) 0100nnnn11010011 v 2
@Rn

STC. L R6_BANK, Rn—-4 - Rn, R6_BANK - (Rn) 0100nnnn11100011 v 2
@Rn

STC. L R7_BANK, Rn—-4 - Rn, R7_BANK - (Rn) 0100nnnn11110011 v 2
@Rn

STS MACH, Rn MACH - Rn 0000nnnNn00001010 — 1

STS MACL, Rn MACL - Rn 0000nnnn00011010 — 1

STS PR, Rn PR - Rn 0000nnnn00101010 — 1

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

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

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

TRAPA #i mm PC - SPC, SR - SSR, 1100001%iiiiiiii — 8

imm - TRA
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@ (AI1Sp.4, kKN) , ReEgIster-indirect witn aispliacement
@ (disp:8, Rn) ; GBR-indirect with displacement

@ (disp:8, PC) ; PC-relative with displacement
disp:8, disp:12 ; PC-relative

*  The number of cycles until the sleep state is entered.

Rev. 5.00 May 29, 2006 pse
REJO!

RENESAS



0000| Rn Fx | 0001

0000| Rn |0OMD | 0010 |STC SR,Rn STC GBR,Rn STC VBR,Rn STC SS
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 |0OMD | 0011 |BSRF Rm BRAF Rm

0000| Rm |10MD | 0011 |PREF @Rm

0000| Rn Rm (01MD |MOV.B Rm,@(RO,Rn) MOV.W Rm,@(RO,Rn) MOV.L Rm,@(RO,Rn) MUL.L
0000| 0000 |0OMD | 1000 |CLRT SETT CLRMAC LDTLB
0000| 0000 |O1MD | 1000 |CLRS SETS

0000| 0000 Fx 1001 |NOP DIVOU

0000| 0000 | Fx | 1010

0000| 0000 Fx 1011 |RTS SLEEP RTE

0000 Rn Fx | 1000

0000| Rn Fx 1001 MOVT Rn

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

0000 Rn Fx | 1011

0000| Rn Rm (11MD |MOV.B @(RO,Rm),Rn MOV.W @(RO,Rm),Rn MOV.L @(RO,Rm),Rn MAC.L
0001| Rn Rm | disp |MOV.L Rm,@(disp:4,Rn)

0010| Rn Rm [(0OMD |MOV.B Rm,@Rn MOV.W Rm,@Rn MOV.L Rm,@Rn

0010| Rn | Rm [01MD|MOV.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 [0OMD|CMP/EQ Rm,Rn CMP/HS Rm,Rn CMP/GE
0011| Rn Rm (01MD |DIV1 Rm,Rn DMULU.L Rm,Rn CMP/HI Rm,Rn CMP/GT
0011| Rn | Rm [10MD |SUB Rm,Rn SUBC Rm,Rn SUBV
0011| Rn Rm |(11MD |ADD Rm,Rn DMULS.L Rm,Rn ADDC Rm,Rn ADDV
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0100| Rn |11MD| 0011 |STC.L R4_BANK,@-Rn [STC.L R5_BANK,@-Rn [STC.L R6_BANK,@-Rn [STC.L
Rn

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 @Rm+,MACH LDS.L @Rm+,MACL LDS.L @Rm+,PR

0100( Rm [0OMD| 0111 |LDC.L @Rm+,SR LDC.L @Rm+,GBR LDC.L @Rm+,VBR LDC.L

0100| Rm |01MD | 0111 |LDC.L @Rm+,SPC

0100( Rm [10MD| 0111 |LDC.L @Rm+,RO_BANK |LDC.L @Rm+R1_BANK |LDC.L @Rm+,R2_BANK [LDC.L
ANK

0100| Rm |11MD| 0111 |LDC.L @Rm+,R4_BANK [LDC.L @Rm+,R5_BANK [LDC.L @Rm+,R6_BANK [LDC.L
ANK

0100| Rn Fx 1000 |SHLL2 Rn SHLLS8 Rn SHLL16 Rn

0100 Rn Fx | 1001 [SHLR2 Rn SHLR8 Rn SHLR16 Rn

0100 Rm Fx | 1010 [LDS Rm,MACH LDS Rm,MACL LDS Rm,PR

0100| Rm/ Fx 1011 |JSR @Rm TAS.B @Rn JMP @Rm

Rn

0100| Rn Rm | 1100 |SHAD Rm,Rn

0100 Rn Rm | 1101 [SHLD Rm,Rn

0100 Rm |00OMD | 1110 |LDC Rm,SR LDC Rm,GBR LDC Rm,VBR LDC

0100( Rm [01MD| 1110 |LDC Rm,SPC

0100 Rm |10MD | 1110 |LDC Rm,RO_BANK LDC Rm,R1_BANK LDC Rm,R2_BANK LDC

0100( Rm [11MD| 1110 |LDC Rm,R4_BANK LDC Rm,R5_BANK LDC Rm,R6_BANK LDC

0100 Rn Rm | 1111 [MAC.W @Rm+,@Rn+

0101| Rn Rm | disp |[MOV.L @(disp:4,Rm),Rn

0110 Rn Rm |00MD [MOV.B @Rm,Rn MOV.W  @Rm,Rn MOV.L @Rm,Rn Mov

0110| Rn Rm (01MD |MOV.B @Rm+,Rn MOV.W @Rm+,Rn MOV.L @Rm+,Rn NOT
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@(disp:4,Rm),RO @(disp:4,Rm),RO

1000|10MD| imm/disp [CMP/EQ #imm:8,R0O BT label:8 BF

1000 (11MD| imm/disp BT/S label:8 BF/S

1001| Rn disp MOV.W  @(DISP:8,PC),RN

1010 disp BRA label:12

1011 disp BSR label: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|01MD disp MOV.B MOV.W MOV.L MOVA
@(disp:8,GBR),R0 @(disp:8,GBR),R0O @(disp:8,GBR),R0O @(disp

1100|10MD imm TST #imm:8,R0 AND #imm:8,R0 XOR #imm:8,R0 OR

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

Rn disp MOV.L @(disp:8,PC),Rn

1101

1110| Rn imm Mov #imm:8,Rn

1111 P —

Note: See the SH-3/SH-3E/SH3-DSP Programming Manual for details.
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Processing, for more information on resets.

In the power-on reset state, the internal states of the CPU and the on-chip supporting 1
registers areinitialized. In the manual reset state, the internal states of the CPU and re
chip supporting modules other than the bus state controller (BSC) are initialized. For ¢
to section 23.3, Register States in Processing Mode.

Exception-Handling State: Thisisatransient state during which the CPU's processo
isaltered by areset, general exception, or interrupt exception handling.

In the case of areset, the CPU branches to address H'A0000000 and starts executing t
coded exception handling program.

In the case of agenera exception or interrupt, the program counter (PC) contents are:
saved program counter (SPC) and the status register (SR) contents are saved in the sa
register (SSR). The CPU branches to the start address of the user-coded exception sen
found from the sum of the contents of the vector base address and the vector offset. S
Exception Processing, for more information on resets, general exceptions, and interru

Program Execution State: In this state the CPU executes program instructions in sec

Power-Down State: In the power-down state, CPU operation halts and power consur
reduced. There are three modes in the power-down state: sleep mode, software standb
hardware standby mode. The software standby mode and hardware standby mode are
agenerlc name, standby mode. See section 22, Power-Down Modes, for more inform:

Bus-Released State: In this state the CPU has rel eased the bus to a device that reques

Transitions between the states are shown in figure 2.6.
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Exception-handling state

a(\c'e
Interrupt . End of exception
.E xeeption transition
interrupt processing
S r
N O &
Bus-released state  { /saranguﬁ’s[ Interrt
e

=y

8y
S ’eque Program execution state
St

Bus

rBeusuest request / SLEE_P
q clearance ‘|nstruct|on
with STBY
bit cleared

Sleep mode Software standby mode

— p— Hardware standby mode*
CA =1, RESETP=0 Power-dt

Note: * The hardware standby mode is entered when the CA pin goes low level from any state.
Figure2.6 Processor State Transitions
252 Processor Modes

There are two processor modes: privileged mode and user mode. The processor mode i
determined by the processor mode bit (MD) in the status register (SR). User modeis se
when the MD bit is 0, and privileged mode when the MD bit is 1. When the reset state
exception state is entered, the MD bit is set to 1. When exception handling ends, the M
cleared to 0 and user mode is entered. There are certain registers and bits which can on
accessed in privileged mode.
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3.1 Roleof MMU

The MMU is afeature designed to make efficient use of physical memory. As shown
if aprocessissmaller in size than the physical memory, the entire process can be mar
physical memory. However, if the process increases in size to the extent that it no lon
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 process itsel
this mapping onto physical memory would impose a large burden on the process. To |
burden, the idea of virtual memory was born as a means of performing en bloc mappil
physical memory (figure 3.1(2)). In avirtual memory system, substantially more virtu
than physical memory is provided, and the process is mapped onto this virtual memor
process only has to consider operation in virtual memory. Mapping from virtual mem
physical memory is handled by the MMU. The MMU is normally controlled by the of
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, etc.

The virtual memory system that came into being in thisway is particularly effective it
sharing system (TSS) in which anumber of processes are running simultaneously (fig
If processes running in a TSS had to take mapping onto virtual memory into consider:
running, it would not be possible to increase efficiency. Virtual memory isthus used t
load on the individual processes and so improve efficiency (figure 3.1(4)). In the virtu
system, virtual memory is allocated to each process. The task of the MMU isto perfor
mapping of these virtual memory areas onto physical memory. It also has amemory [
feature that prevents one process from inadvertently accessing another process's physi

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 alocated to another pro
case, the MMU will generate an exception, change the physical memory mapping, an
new address trandation information.

Rev. 5.00 May 29, 2006 pse
REJO!

RENESAS



The MMU has two methods of mapping from virtual memory to physical memory: ap
method using fixed-length address trand ation, and a segment method using variable-le
address trandation. With the paging method, the unit of trandation is afixed-size addre
(usually of 1 to 64 kbytes) called a page.

In the following text, this L SI's address space in virtual memory is referred to as virtua
space, and address space in physical memory as physical memory space.

4 N\
Process 1 oh |
4 TR sical
Physical . me);ni)ry
memory

Process 1
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Virtual
memory

Process 1

\ @)
4 N
Process 1
. Physical
«_memory
Process 2 :
Process 3,
N ®)

G
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Process 1

Process 2

Virtual
memory

Process 3

G

. MMU
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Figure3.1 MMU Functions
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means of a cache control register (CCR) setting.

Mapping of the P1 areais fixed to physical address space (H'00000000 to H'1FFFFFF
area, setting a virtual address M SBs (bit 31) to 0 generates the corresponding physical
area access can be cached, write-back or write-through can be selected according to tt
CCR whether to cache or not.

Mapping of the P2 areaiis fixed to physical address space (H'00000000 to H'1FFFFFF
area, setting the top three virtual address bits (bits 31, 30, and 29) to 0 generates the ¢
physical address. P2 area access cannot be cached.

The P1 and P2 areas are not mapped by the address trandation table, so the TLB isng
no exceptions like TLB misses occur. Initialization of MMU-related registers, excepti
processing, and the like are located in the P1 and P2 areas. Because the P1 areaiis cac
that require high-speed processing are placed there.

A part of the control register in the peripheral module is alocated in P2 area.

The P4 areais used for mapping on-chip control register addresses. Address spaces fri
H'E0000000 to H'EFFFFFFF and from H'F4000000 to H'FBFFFFFF are reserved. An
this LSl is not guaranteed when these address spaces are accessed. Address space fror
H'FO000000 to H'F1FFFFFF is assigned to the cache, and address space from H'F200
H'F3FFFFFF is assigned to the TLB. Address space from H'FC000000 to H'FFFFFFF
for control registers. However, an operation of this LSl is not guaranteed when an adc
that is not assigned to any control register is accessed.

In the user mode, 2 Gbytes of the virtual address space from H'00000000 to H'7FFFFI
UO0) can be accessed. U0 is mapped onto physical address space in page units. Write-t
through mode can be selected for write accesses by means of CCR setting. 2 Gbytes c
address space from H'80000000 to H'FFFFFFFF cannot be accessed in the user mode
to do so creates an CPU address error. Write-back or write-through can be selected fo
access by means of the CCR setting.
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H'80000000

H'A0000000

H'C0000000

H'E0000000

H'FFFFFFFF

0.5-Gbyte fixed physical
space, cacheable
(write-back/write-through)

0.5-Gbyte fixed
physical space,
non-cacheable

0.5-Gbyte virtual space,
cacheable
(write-back/write-through)

0.5-Gbyte control space,
non-cacheable

Privileged mode

H'80000000
Area P1
Area P2
Area P3
Area P4
H'FFFFFFFF

CPU Address error

User mode

Figure 3.2 Virtual Address Space Mapping
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is searched by virtual address and, if that virtual addrees isregistered inthe TLB, the i
the TLB. The corresponding physical address and the page control information are re
TLB and the physical addressis determined.

If the virtual addressis not registered in the TLB, a TLB miss exception occurs and pi
will shift to the TLB miss handler. In the TLB miss handler, the TLB address trangl ati
external memory is searched and the corresponding physical address and the page cor
information are registered in the TLB. After returning from the handler, the instructio
the TLB missisre-executed. When the MMU is enabled, address trangation informat
resultsin a physical address space of H'80000000 to H'FFFFFFFF should not be regis
TLB.

When the MMU is disabled, the virtual addressis used directly asthe physical addres
LS| supports a 29-bit address space as the physical address space, the top 3 bits of the
address are ignored, and constitute a shadow space. For example, addresses H'000010
area, H'80001000 in the P1 area, H'A0001000 in the P2 area, and H'C0001000 in the |
al mapped onto the same physical address. When access to these addressesis perforn
cache enabled, an address with the top 3 bits of the physical address masked to O is st
cache address array to ensure data congruity.

Single Virtual Memory Mode and Multiple 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 exclt
the physical address corresponding to agiven virtual addressis specified uniquely. In
virtual memory mode, multiple processes run 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 control register (MMUCR), either single or multiple virt
selected.

In terms of operation, the only difference between single virtual memory mode and m
virtual memory mode is the TL B address comparison method.
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3.2 Register Description

There are five registers for MMU processing. These are located in address space area F
only be accessed from privileged mode by specifying the address.

These registers for MMU processing are shown below. Refer to section 23, List of Reg
more details of the addresses and access sizes.

» Pagetable entry register high (PTEH)
» Pagetable entry register low (PTEL)

» Trandation table base register (TTB)

» TLB exception address register (TEA)
«  MMU control register (MMUCR)
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Bit Bit Name Initial Value R/W Description
31t0 10 VPN a R/W  Virtual page number
9,8 a AllO R Reserved

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

7t00 ASID d R/W  Address space identifier

322 Page Table Entry Register Low (PTEL)

The page table entry register low register (PTEL) is used to store the physical page nu
page management information to be recorded in the TLB by the LDTLB instruction. -
of thisregister are only modified by a software command.

Bit Bit Name Initial Value R/W Description

31to 10 PPN O R/W Physical page number

9 g 0 R Page management information
8 v 0 R/W Refer to section 3.3 TLB Functi
7 ad 0 R

6,5 PR O R/W

4 Sz O R/W

3 C O R/W

2 D O R/W

1 SH O R/W

0 ad 0 R
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address corresponding to aMMU or CPU address error exception after these exception
occurred. Thisvaue remains valid until the next exception or interrupt occurs.

3.25 MMU Control Register (MMUCR)

The MMU control register (MMUCR) makes the MMU settings. Any program that mo
MMUCR should reside in the P1 or P2 area.
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7,6 g

All 0 R

Reserved

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

54 RC

All 0 R/W

Random counter

A 2-bit random counter, automatically update
hardware according to the following rules in t
an MMU exception. When a TLB miss excep
all TLB entry ways corresponding to the virtu
which the exception occurred are checked, a
are valid, 1 is added to RO,; if there is one or
ways, they are set by priority from way O, in t
way 0, way 1, way 2, way 3. In the event of a
exception other than a TLB miss exception, t
which caused the exception is set in RC.

Reserved

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

0 R/W

TLB flush

When 1 is set, all valid bits of TLB are cleare:
This bit is always reads as O.

Index mode

When 0, VPN bits 16 to 12 are used as the T
number. When 1, the value obtained by EX-C
bits 4 to 0 in PTEH and VPN bits 16 to 12 are
TLB index number.

Address translation
Enables (valid) or disables (invalid) the MMU

0: MMU disabled
1: MMU enabled
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for each way. Figure 3.4 shows the configuration of virtual addresses and TLB entries.

Ways 0to 3 Ways 0to 3
1 1 1 1 1 1 1 1
1 1 1 1 1 1 I I
I 1 1 I | | 1 1 1 1

Entry0 | VPN(31-17) |VPN(11,10)| ASID(7-0) | V | H Entry 0 | PPN(31-10) [PR(1,0)|SZ| C
Entry 1 |H'| Entry 1
Entry 31 H Enty31

Address array Data array

Figure 3.3 Overall Configuration of the TLB
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\+) \=) \&) \+/ \&e<) \&) 4] )4 -
VPN (31-17) | VPN (11, 10) | AsID | v | PPN |Pr [sz|c[D]s

TLB entry
Legend

VPN: Virtual page number. Top 22 bits of virtual address for a 1-kbyte page, or top 20 bits of
virtual address for a 4-kbyte page. Since VPN bits 16—12 are used as the index number,
they are not stored in the TLB entry.

ASID: Address space identifier. Indicates the process that can access a virtual page. In single

virtual memory mode and user mode, or in multiple virtual memory mode, if the SH bit i
0, the address is compared with the ASID in PTEH when address comparison is
performed.

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

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

V: Valid bit. Indicates whether entry is valid.

0 = Invalid
1 = Valid
Cleared to 0 by a power-on reset. Not affected by a manual reset.

PPN: Physical page number. Top 22 bits of physical address. PPN bits 11-10 are not used in
case of a 4-kbyte page. Attention must be paid to the synonym problem in case of a 1-
kbyte page (see section 3.4.4 Avoiding Synonym Problems).

PR: Set the most significant bit to 0.

Protection key field. 2-bit field encoded to define the access rights to the page.
00: Reading only is possible in privileged mode.
01: Reading/writing is possible in privileged mode.
10: Reading only is possible in privileged/user mode.
11: Reading/writing is possible in privileged/user mode.

C: Cacheable bit. Indicates whether the page is cacheable.
0: Non-cacheable
1: Cacheable

D: Dirty bit. Indicates whether the page has been written to.
0 = Not written to
1 = Written to

Figure3.4 Virtual Addressand TLB Structure
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number

The second method is used to prevent lowered TLB efficiency that results when multi
processes run simultaneoudly in the same virtual address space (multiple virtual memol
specific entry is selected by indexing of each process. Figures 3.5 and 3.6 show theind
schemes.

Virtual address PTEH register
1716 1211 0 31 10 7
| | VPN [ o] asi
ASID(4to O
Exclusive-OR ¢ ) —[
Index
Ways 0to 3
1 1! L L | .| ! ! ! ! !
1 ! ! ! I 1L T T T T T
1 ! ! ! 1 ! ! ! ! !
0| VPN(31-17) |[VPN(11,10)| ASID(7-0) | V H| PPN(3-0) |PR(1,0)|Sz| C | D |SH

31 1
Address array Data array

Figure3.5 TLB Indexing (IX =1)

Rev. 5.00 May 29, 2006 page 62 of 698
REJ09B0146-0500

RENESAS



31 1

Address array Data array

Figure3.6 TLB Indexing (IX =0)

3.33 TLB Address Comparison

The results of address comparison determine whether a specific virtual page number i
inthe TLB. The virtual page number of the virtual address that accesses external merr
compared to the virtual page number of the indexed TLB entry. The ASID within the
compared to the ASID of the indexed TLB entry. All four ways are searched simultan
compared values match, and theindexed TLB entry isvalid (V bit = 1), the hit isregi

It is necessary to have software ensure that TLB hits do not occur simultaneously in n
way, as hardware operation is not guaranteed if this occurs. For example, if there arett
TLB entries with the same VPN and a setting is made such that a TLB hit is made onl
processwith ASID = H'FF when oneisin the shared state (SH = 1) and the other in tt
state (SH = 0), then if the ASID in PTEH is set to H'FF, there is a possibility of simul
hitsin both these ways. It is therefore necessary to ensure that this kind of setting is n
software.

The object compared varies depending on the page management information (SZ, SH.
entry. It also varies depending on whether the system supports multiple virtual memol
virtual memory.

The page-size information determines whether VPN (11, 10) is compared. VPN (11, ]
compared for 1-kbyte pages (SZ = 0) but not for 4-kbyte pages (SZ = 1).

The sharing information (SH) determines whether the PTEH.ASID and the ASID in tl
are compared. ASIDs are compared when there is no sharing between processes (SH :
when there is sharing (SH = 1).
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Yes (1 kbyte)

Yes (1 kbyte)

No (4 kbytes)

Bits compared: Bits compared: Bits compared: Bits compare

VPN (31 to 17) VPN (31 to 17) VPN (31 to 17) VPN (31 to 1

VPN (11, 10) VPN (11, 10) ASID (7to O
ASID (7 to 0)

Figure 3.7 Objectsof Address Comparison
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memory. To record that there has been a write to a given page in the address trandl atic

memory, an initial page write exception is used.

The C bit in the entry indicates whether the referenced page resides in a cacheable or |
cacheable area of memory. The PR field specifies the access rights for the page in pri\
user modes and is used to protect memory. Attempts at honpermitted accesses result i

protection violation exceptions.

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

Table3.1 Access States Designated by D, C, and PR Bits

Privileged Mode User Mode
Reading Writing Reading Writing
D bit 0 Permitted Initial page write Permitted Initial p
exception excepti
Permitted Permitted Permitted Permitt
C bit 0 Permitted Permitted Permitted Permitt
(no caching) (no caching) (no caching) (no cac
1 Permitted Permitted Permitted Permitt
(with caching) (with caching) (with caching) (with c:
PRbit 00 Permitted TLB protection TLB protection TLB pr
violation exception violation exception violatio
01  Permitted Permitted TLB protection TLB pr
violation exception violatio
10  Permitted TLB protection Permitted TLB pr
violation exception violatio
11 Permitted Permitted Permitted Permitt
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2.

In aadress transation, the M MU receives page management information rrom the |
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, M
Exceptions.

34.2 MMU Softwar e Management

There are three kinds of MM U software management, as follows.

1.

MMU register setting. MMUCR setting, in particular, should be performed in areas
for which address trandation is not performed. Also, since SV and I X bit changes
address trandation system changes, in this case, TLB flushing should be performed
simultaneously writing 1 to the TF bit also. Since MMU exceptions are not generat
MMU disabled state with the AT bit cleared to 0, use in the disabled state must be ¢
with software that does not use the MMU.

TLB entry recording, deletion, and reading. TLB entry recording can be done in tw
using the LDTLB instruction, or by writing directly to the memory-mapped TLB. F
entry deletion and reading, the memory alocation TLB can be accessed. See sectio
MMU Instruction (LDTLB), for details of the LDTLB instruction, and section 3.6,

Configuration of the Memory-Mapped TLB, for details of the memory-mapped TL
MMU exception processing. When an MMU exception is generated, it is handled o
of information set from the hardware side. See section 3.5, MMU Exceptions, for d

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

Recording a 1-kbyte page TLB entry may result in a synonym problem. See section 3.4
Avoiding Synonym Problems.
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When an MMU exception occurs, the virtual page number of the virtual address that ¢
exception is set in PTEH by hardware. The way is set in the RC bit of MMUCR for e
exception according to the rules described in section 3.2.5 MMU Control Register (M
Consequently, if the LDTLB instruction isissued after setting only PTEL in the MML
processing routine, TLB entry recording is possible. Any TLB entry can be updated b
rewriting of PTEH and the RC bitsin MMUCR.

Asthe LDTLB instruction changes address translation information, thereisarisk of ¢
address trandation information if thisinstruction isissued in the PO, U0, or P3 area. M
therefore, that thisinstruction isissued in the P1 or P2 area. Also, an instruction assoc
access to the PO, UOQ, or P3 area (such as the RTE instruction) should be issued at leas
instructions after the LDTLB instruction.

MMUCR

9 0
0 |SV|O|O|RC|O|TF|IX|AT|

Index Way selection
PTEH register J— PTEL register
31 17 12 10 8 0 10
VPN | |VPN | 0 | ASID | | PPN |0|V|O|PR|SZ|(
e b
Ways 0to 3
[ I I I 1L I I I
[ I I I | Il I I I
[ I I I [ I I I I
o| VPN(31to17) VPN(11,10) | ASID(7t00) |V || PPN(31to10)| PR(1,0) | Sz|C | I
31 a
Address array Data array

Figure3.8 Operation of LDTLB Instruction
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address bits 11 to 4. When a 4-kbyte page is used, virtual address bits 11 to 4 are incluc
offset, and since they are not subject to address trand ation, they are the same as physic
bits 11 to 4. In cache-based address comparison and recording in the address array, sin
tag addressis a physical address, physical address bits 31 to 10 are recorded.

When a 1-kbyte page is used, a'so, a cache index number is created using virtual addre
4. However, in case of a 1-kbyte page, virtual address bits (11, 10) are subject to addre:
trandation and therefore may not be the same as physical address bits 11 and 10. Cons
the physical addressisrecorded in adifferent entry from that of the index number indic
physical addressin the cache address array.

For example, assume that, with 1-kbyte page TLB entries, TLB entries for which the fc
trandation has been performed are recorded in two TLBs:

Virtual address1 H'00000000 - physical address H'00000C00
Virtual address2 H'00000CO0 - physical address H'00000C00

Virtual address 1 isrecorded in cache entry H'00, and virtual address 2 in cache entry t
two virtual addresses are recorded in different cache entries despite the fact that the phy
addresses are the same, memory inconsistency will occur as soon as awrite is performe
virtual address. Therefore, when recording a 1-kbyte TLB entry, if the physical address
as aphysical address already used in another TLB entry, it should be recorded in such
physical address bits (11, 10) are the same.
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PPN Offset

Physical address (31 to 10)

When using a 1-kbyte page

Virtual address

31 10 9 0
VPN Offset

—

Virtual address (11 to 4)
Physical address

31 10 9 0
PPN Offset

Physical address (31 to 10)

Lallit al
arra

Cache ac
arra

Figure3.9 Synonym Problem
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software operations.

Hardware Operations: In aTLB miss, this LSI's hardware executes a set of prescribe
operations, as follows:

1
2.
3.

© © N o

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

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

The PC value indicating the address of the instruction in which the exception occur
written to the save program counter (SPC). If the exception occurred in adelay slot
value indicating the address of the related delayed branch instruction is written to tt

The contents of the status register (SR) at the time of the exception are written to th
status register (SSR).

The mode (MD) hit in SR is set to 1, and switched to the privileged mode.

The block (BL) bit in SR is set to 1 to mask any further exception requests.

The register bank (RB) bitin SRisset to 1.

The RC field in the MMUCR isincremented by 1 when all entries indexed are valic
some entries indexed are invalid, the smallest way number of them is set in RC.

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

H'00000400 to invoke the user-written TLB miss exception handler.
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fieldin MMUCR.
Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLE

I ssue the return from exception handler (RTE) instruction to terminate the handler
return to the instruction stream.

35.2 TLB Protection Violation Exception

A TLB protection violation exception results when the virtual address and the address
selected TLB entry are compared and avalid entry isfound to match, but the type of ¢
permitted by the access rights specified in the PR field. TLB protection violation exce
processing includes both hardware and software operations.

Hardware Operations: In a TLB protection violation exception, this LSl's hardware
set of prescribed operations, as follows:

1
2.
3.

© © N oo

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

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

The PC value indicating the address of the instruction in which the exception occu
written into SPC (if the exception occurred in a delay dot, the PC value indicating
of the related delayed branch instruction is written into SPC).

The contents of SR at the time of the exception are written to SSR.
The MD bitin SRisset to 1, and switched to the privileged mode.
TheBL bitin SR isset to 1 to mask any further exception requests.
TheRB bhitin SRissetto 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 contel

H'00000100 to invoke the TLB protection violation exception handler.
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address array and a matcn 1stouna but tne entry 1Isnot valia (tne v DitiIsv). ILb Inval
processing includes both hardware and software operations.

Hardware Operations: InaTLB invalid exception, this LSI's hardware executes a set
prescribed operations, as follows:

AW PR

© © N o

The VPN number of the virtual address causing the exception is written to the PTE
The virtual address causing the exception is written to the TEA register.
The way number causing the exception iswritten to RCin MMUCR.

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

The PC value indicating the address of the instruction in which the exception occur
written to the SPC. If the exception occurred in adelay slot, the PC value indicating
address of the delayed branch instruction is written to the SPC.

The contents of SR at the time of the exception are written into SSR.
The MD bitin SRisset to 1, and switched to the privileged mode.
TheBL bitin SR isset to 1 to mask any further exception requests.
TheRB bitin SRissetto 1.

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

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

Software (TLB Invalid Exception Handler) Operations. The software searchesthe |
in external memory and assigns the required page table entry. Upon retrieving the requ
table entry, software must execute the following operations:

1.

Write the values of the PPN, PR, SZ, C, D, SH, and V of the page table entry recort
external memory to the PTEL register.

If using software for way selection for entry replacement, write the desired value to
fieldin MMUCR.

Issue the LDTLB instruction to load the contents of PTEH and PTEL into the TLB.
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Page write exception processing 1Inciudes dotn nardware ana Sortware operations.

Hardware Operations: In aninitial page write exception, this LSI's hardware execut
prescribed operations, as follows:

The VPN field of the virtual address causing the exception is written to the PTEH
The virtual address causing the exception is written to the TEA register.
Exception code H'080 is written to the EXPEVT register.

The PC value indicating the address of the instruction in which the exception occl
written to the SPC. If the exception occurred in adelay slot, the PC value indicatir
address of the related delayed branch instruction is written to the SPC.

The contents of SR at the time of the exception are written to SSR.
The MD bitin SRisset to 1, and switched to the privileged mode.
TheBL bitin SR isset to 1 to mask any further exception requests.
TheRB bitin SRissetto 1.

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

10. Execution branches to the address obtained by adding the value of the VBR contel
H'00000100 to invoke the user-written initial page write exception handler.

A wDNPR

© © N o o»

Softwar e (Initial Page Write Handler) Operations: The software must execute the
operations:

1. Retrieve the required page table entry from external memory.
2. Set the D bit of the page table entry in the external memory to 1.

3. Write the value of the PPN field and the PR, SZ, C, D, SH, and V hits of the page
in the external memory to the PTEL register.

4. |f using software for way selection for entry replacement, write the desired valuett
fieldin MMUCR.

5. Issuethe LDTLB instruction to load the contents of PTEH and PTEL into the TLE

6. Issuethe RTE instruction to terminate the handler and return to the instruction stre
RTE instruction should be issued after two LDTLB instructions.
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VPNs match?

VPNs
and ASIDs
match?

J Yes
No
TLB miss TLB in
exception excep
User mode User or Privileged mode
privileged?
PR check | PR check
00/01 10 01/11 00/10
w w
R/W?
R R
TLB protection TLB prote
violation violati
exception

Initial page No (noncacheable) Yes (cacheable)
write

exception
S Cache

Memory
access access

Figure3.10 MMU Exception Generation Flowchart
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|:| : Exception source stage

Legend:
IF = Instruction fetch
ID = Instruction decode
EX = Instruction execution
MA = Memory access
WB = Write back
NOP = No operation

o [ e [w [ve ocesan
ID EX MA WB
NOP
NOP
MMU exception handler — IF | ID | EX MAI

Figure3.11 MMU Exception Signalsin Instruction Fetch
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|:| : Exception source stage

that has begun execution

Legend:
IF = Instruction fetch
ID = Instruction decode
EX = Instruction execution
MA = Memory access
WB = Write back
NOP = No operation

Handler tra
ID EX | MA WB processing
ID EX MA | WB I J‘>
NOP I
NOP
MMU exception handler — IF | ID |EX |MA W

I:l : Stage cancellation for instruction

Figure 3.12

MMU Exception Signalsin Data Access
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3.6.1 Address Array

The address array is assigned to H'F2000000 to H'F2FFFFFF. To access an address ar
32-bit address field (for read/write operations) and 32-bit data field (for write operatic
specified. The address field specifies information for selecting the entry to be accesse
field specifiesthe VPN, V bit and ASID to be written to the address array (figure 3.13

In the address field, specify the entry address for selecting the entry (bits 16 to 12), W
theway (bits 9, 8: 00isway 0, Ol isway 1, 10isway 2, 11 isway 3) and H'F2 to indi
array access (bits 31 to 24). The IX bit in MMUCR indicates whether an EX-OR ista
entry address and ASID.

When writing, the write is performed to the entry selected with the index address and

When reading, the VPN, V hit, and ASID of the entry selected with the index address
the format of the data field in figure 3.13 without comparing addresses. 0 iswritten to
bits 16 to 12.

To invalidate a specific entry, specify the entry and way, and write 0 to the correspont

3.6.2 Data Array

The data array is assighed to H'F3000000 to H'F3FFFFFF. To access adata array, the
addressfield (for read/write operations), and 32-bit data field (for write operations) m
specified. These are specified in the general register. The address section specifies inf
selecting the entry to be accessed; the data section specifies the longword data to be w
dataarray (figure 3.13 (2)).

In the address section, specify the entry address for selecting the entry (bits 16 to 12),
selecting the way (bits 9, 8: 00isway 0, 01 isway 1, 10isway 2, 11isway 3), and H
indicate data array access (bits 31 to 24). The IX bit in MMUCR indicates whether an
taken of the entry addressand ASID.
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Data field — VPN o o|ven]| o|\V/|. ASID

Write access

31 24 23 17 16 121110987 6 0
Address field | 11110010 e *l VPN |+ [+«| W |0|* ........... .
31 17 16 12111098 7 0
Data field | VPN . «lven<[v]  asD
Legend
VPN: Virtual page number ASID: Address space identifi
V: Valid bit * : Don't care

W: Way (00: Way 0, 01: Way 1, 10: Way 2, 11: Way 3)

(2) TLB Data Array Access

Read/write access

31 24 23 17 16 12111098 7 0
Address field | 11110011 ko * VPN * % | W |* .............. *
31 29 28 109 8 7654 3 2 1 O
Datafield | 000 | PPN [x|v|x|pPRr[sz|c|D[sH]|x
Legend:
PPN: Physical page number V: Valid bit
PR: Protection key field SZ: Page-size bit
C: Cacheable bit D: Dirty bit
SH: Share status bit *: Don't care

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)

Figure 3.13 Specifying Addressand Data for Memory-Mapped TLB Acc
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,  corresponding entry assocliation Is naae fromtne entry Ssel ec
; the VPN(16-12)=B' 1 0011 index, the V bit of the hit way is ¢
; 0,achieving invalidation.

MOV.L RO, @Rl

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

. RO=H F300 4300 VPN(16-12)=B'0 0100 \ay 3
. MOV.L @0, RL

3.7 UsageNote

371 Use of Instructions Manipulating MD and BL Bitsin SR

Instructions that manipulate the MD or BL bit in register SR (the LDC Rm, SR instru
@Rm+, SR instruction, and RTE instruction) and the following instruction, or the LD
instruction, should be used with the TLB disabled or in afixed physical address space
P2 space).
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VPN isnot initialized by a power-on reset or amanual reset. Therefore, two or more V
the same valuesin asingle entry. When an entry in this state is registered to way 3, for
the state of that entry in the TLB address array becomes as shown below. Asaresullt, tl
VPN existsin both way 0 and way 3, and condition 2 above is satisfied.

After reset After registered to way 3
WAY VPN Y WAY VPN Y
0 12345 0 —» 0 12345 0
3 12345 0 3 12345 1

A condition may also be satisfied when the TLB is handled by software. For example,
inthe TLB address array isregistered to way 3 after way 0 isdisabled (V bit is change
0), the state of that entry becomes as shown below. Similar to the above case, the same
in both way 0 and way 3, and condition 2 above is satisfied.

After way O isdisabled After registered to way 3
WAY VPN Y WAY VPN Y
0 12345 0 —> 0 12345 0
3 11111 0 3 12345 1

To avoid thisfailure, take the following two countermeasures.

1. After areset, initialize the upper four bitsin VPN to 1 for al entriesin the TLB adc
until the AT bitin MMUCR is set to 1.

2. When disabling away inthe TLB address array, in addition to clearing the V hit to
the upper four bitsin VPN to 1.

These countermeasures will prevent VPN from being atarget of address tranglation. Ac
condition 3 is not satisfied, and this failure can be avoided.
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the executing instruction. Here, all exceptions other than resets and interrupts will be
general exceptions. There are thus three types of exceptions:. resets, general exception
interrupts.

411  Exception Processing Flow

In exception processing, the contents of the program counter (PC) and status register |
saved in the saved program counter (SPC) and saved status register (SSR), respectivel
execution of the exception handler isinvoked from a vector address. The return from
handler (RTE) instruction isissued by the exception handler routine at the completior
routine, restoring the contents of the PC and SR to return to the processor state at the |
interruption and the address where the exception occurred.

A basic exception processing sequence consists of the following operations:

The contents of the PC and SR are saved in the SPC and SSR, respectively.
Theblock (BL) bitin SR isset to 1, masking any subsequent exceptions.

The mode (MD) bit in SR is set to 1 to place the SH7706 in the privileged mode.
The register bank (RB) bitin SRisset to 1.

An exception code identifying the exception event iswritten to bits 11 to O of the
event (EXPEVT) or interrupt event (INTEVT and INTEVT2) register.

6. Instruction execution jumps to the designated exception processing vector address
the handler routine.

ok~ L DNPE
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l

VBR + Vector offset ——————————

(Vector base address)

H'A000 0000 ————— ™"

Vector address

Figure4.1 Vector Addresses

Intable 4.1, exceptions and their vector addresses are listed by exception type, instruct
completion state, relative acceptance priority, relative order of occurrence within aning
execution sequence and vector address for exceptions and their vector addresses.

Table4.1 Exception Event Vectors

Exception  Current Exception Vector
Type Instruction Exception Event Priority™*  Order Address '
Reset Aborted Power-on 1 — H'A00000000
Manual reset 1 — H'A00000000
H-UDI reset 1 — H'A00000000
General Aborted CPU Address error 2 1 — |
exception and retried (instruction access)
events TLB miss 2 2 —
(instruction access)
TLB invalid (instruction 2 3 —

access)
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CPU Address error 2 o6 —
(data access)

TLB miss 2 7 —
(data access not in
repeat loop)

TLB invalid (data 2 8 —

access)

TLB protection violation 2 9 —

(data access)

Initial page write 2 10 —

Completed Unconditional trap 2 5 —

(TRAPA instruction)

User breakpoint trap 2 n*? —

DMA address error 2 12 —
General Completed Nonmaskable interrupt 3 — —
Interrupt External hardware 4% — —
requests .

interrupt

H-UDI interrupt 4% — —

Notes: 1. Priorities are indicated from high to low, 1 being highest and 4 being lowes

2. The user defines the break point traps. 1 is a break point before instruction
and 11 is a break point after instruction execution. For an operand break p

3. Use software to specify relative priorities of external hardware interrupts an
module interrupts (see section 6, Interrupt Controller (INTC)).

4.1.3 Acceptance of Exceptions

Processor resets and interrupts are asynchronous events unrelated to the instruction sti
exception events are prioritized to establish an acceptance order whenever two or mor
events occur simultaneoudly. If a power-on reset and manual reset occur simultaneous
power-on reset takes precedence.
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Pipeline Sequence:

Instruction n | F | o [ex|wma]ws]

1 A'TLB miss (data access)
Instruction n + 1 | F ] o [ex|ma]ws]

1 A TLB miss (instruction access)
Instruction n + 2 | F | o [ex]|wma]ws]

RIE (reserved instruction exception)
Detection Order:

TLB miss (instruction n+1)

!

TLB miss (instruction n) and RIE (instruction n + 2) = simultaneous detection
Handling Order: Program Order:

TLB miss (instruction n)

| 1

Re-execution of instruction n

!

TLB miss (instruction n + 1)

| 2

Re-execution of instruction n + 1

!

RIE (instruction n + 2) 3

Legend:

IF = Instruction fetch

ID = Instruction decode
EX = Instruction execution
MA = Memory access

WB = Write back

Figure4.2 Example of Acceptance Order of General Exceptions
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414 Exception Codes

Table 4.2 lists the exception codes written to bits 11 to 0 of the EXPEVT register for |
general exceptions or the INTEVT and INTEV T2 registers for general interrupt reque
identify each specific exception event. An additional exception register, the TRAPA (
register, is used to hold the 8-bit immediate datain an unconditional trap (TRAPA ins

Table4.2 Exception Codes

Exception Type Exception Event Except

Reset Power-on reset H'000
Manual reset H'020
H-UDI reset H'000

General exception events TLB miss/invalid exception (load) H'040
TLB miss/invalid exception (store) H'060
Initial page write exception H'080
TLB protection exception (load) H'0AOQ
TLB protection exception (store) H'0CO
CPU Address error (load) H'OEO
CPU Address error (store) H'100
Unconditional trap (TRAPA instruction) H'160
Reserved instruction code exception H'180
lllegal slot instruction exception H'1A0
User breakpoint trap H'1EQ
DMA address error H'5CO
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IRL3—-IRLO = 0011 H'260

IRL3—-IRLO = 0100 H'280
IRL3-IRLO = 0101 H'2A0
IRL3—-IRLO = 0110 H'2C0
IRL3-IRLO= 0111 H'2EO
IRL3—-IRLO = 1000 H'300
IRL3—-IRLO = 1001 H'320
IRL3-IRLO = 1010 H'340
IRL3—-IRLO = 1011 H'360
IRL3—-IRLO = 1100 H'380
IRL3—-IRLO = 1101 H'3A0
IRL3-IRLO = 1110 H'3CO

Note: Exception codes H'120, H'140, and H'3EO are reserved.

415 Exception Request and BL Bit

If agenera exception event occurs when the BL bit in SR is 1, the CPU'sinternal regis
to their post-reset state, other module registers retain their contents prior to the general
and a branch is made to the same address (H'A0000000) as for a reset.

If ageneral interrupt occurs when BL = 1, the request is masked (held pending) and no
until the BL bit is cleared to 0 by software. For reentrant exception processing, the SPC
must be saved and the BL bit in SR cleared to 0.

4.1.6 Returning from Exception Processing

The RTE instruction is used to return from exception processing. When RTE is execute
valueis setin the PC, and the SSR value in SR, and the return from exception processi
performed by branching to the SPC address.
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There are following four registers related to exception processing. Registers with undk
values (TRAPA exception register, Interrupt event register, and Interrupt event registe
beinitialized by software. Refer to section 23, List of Registers, for more details of th
and access sizes.

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

* Interrupt event register 2 (INTEVT?2)
»  TRAPA exception register (TRA)

421 Exception Event Register (EXPEVT)

The exception event register (EXPEVT) contains a 12-bit exception code. The excepti
in EXPEVT isthat for areset or general exception event. The exception code is set aL
by hardware when an exception occurs. EXPEVT can also be modified by software.

Bit Bit Name Initial Value R/W Description
31to 12 ad All O R Reserved

These bits are always read
write value should always b

11to 0 ad * R/W 12-bit exception code
Note: * H'0000 is set in a power-on reset, and H'020 in a manual reset.
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31to12 O AllO R Reserved

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

11to0 O d R/W  12-bit interrupt exception code or a code ir
the interrupt priority

423 Interrupt Event Register 2 (INTEVT2)

The interrupt event register 2 (INTEVT2) contains a 12-bit exception code. The except
in INTEVTZ2 isthat for an interrupt request. The exception codeis set automatically by
when an exception occurs.

Bit Bit Name Initial Value R/W Description

31to12 O AllO R Reserved

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

11to0 O d R/W  12-bit exception code
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shdUId aIWéyé be O.J '
9to 2 imm O R/W  8-bitimmediate data

1,0 O All0 R Reserved
These bits are always read as 0. The writ
should always be 0.

4.3 Operation

431 Reset

The reset sequence is used to power up or restart the SH7706 from the initialization st
RESETP signal and RESETM signa are sampled every clock cycle, and in the case 0
reset, all processing being executed (excluding the RTC) is suspended, all unfinished
canceled, and reset processing is executed immediately. In the case of a manual reset,
reset processing is executed after memory access in progressis completed. The reset «
consists of the following operations:

The MD bitin SR is set to 1 to place the SH7706 in privileged mode.
The BL bitin SR is set to 1, masking any subsequent exceptions.
TheRB bitin SRissetto 1.

An encoded value of H'000 in a power-on reset or H'020 in a manual reset is writts
to 0 of the EXPEVT register to identify the exception event.

5. Instruction execution jumps to the user-written exception handler at address H'AO

A wDNPR
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4.

INeRb DILIN OR ISSELTO 1.

An encoded value identifying the exception event iswritten to bits 11 to 0 of the IN
INTEVT2 registers.

Instruction execution jumps to the vector location designated by the sum of the valt
contents of the VBR and H'00000600 to invoke the exception handler.

4.3.3 General Exceptions

When the SH7706 encounters any exception condition other than areset or interrupt re
executes the following operations:

a s~ DN PE

The contents of the PC and SR are saved in the SPC and SSR, respectively.

The BL bitin SR is set to 1, masking any subsequent exceptions.

The MD bit in SRisset to 1 to place the SH7706 in privileged mode.

TheRB hitin SRissetto 1.

An encoded value identifying the exception event iswritten to bits 11 to 0 of the B>
register.

I nstruction execution jumps to the vector location designated by either the sum of tl
base address and offset H'00000400 in the vector tablein a TLB misstrap, or by the

vector base address and offset H'00000100 for exceptions other than TLB miss trap
the exception handler.
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conaitions: RESETP low

Operations. EXPEVT set to H'000, VBR and SR initialized, branch to PC = H'
Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL |
1 and the interrupt mask bits (I3 to 10) are set to B'1111. The CPU and on-chip
modules are initialized. For details, refer to section 23, List of Registers. A po\
must always be performed when powering on.

A high level is output from the STATUSO and STATUSL pins.

Manual Reset

g
g

Conditions; RESETM low

Operations. EXPEVT set to H'020, VBR and SR initialized, branch to PC = H'
Initialization sets the VBR register to H'0000000. In SR, the MD, RB, and BL
to 1 and the interrupt mask bits (13 to 10) are set to B'1111. The CPU and on-cl
supporting modules are initialized. For details, refer to section 23, List of Regi
A high level is output from the STATUSO and STATUSL pins.

H-UDI Reset

O

O

Conditions. H-UDI reset command input (see section 21, User Debugging Inte
uDl))

Operations. EXPEVT set to H'000, VBR and SR initialized, branch to PC = H'
Initialization sets the VBR register to H'0000000. In SR, the MD, RB and BL |
1 and the interrupt mask bits (I3 to 10) are set to B'1111. The CPU and on-chip
modules are initialized. For details, refer to section 23, List of Registers.
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442 General Exceptions

* TLB missexception
O Conditions. Comparison of TLB addresses shows no address match

O Operations: The virtual address (32 hits) that caused the exception is set in TEA
corresponding virtual page number (22 bits) is set in PTEH (31 to 10). The ASI
indicates the ASID at the time the exception occurred. The RC bit in MMUCR i
incremented by one when all ways are valid, or way-0 is set to the RC with top |
when thereisinvalid way.

The PC and SR of the instruction that generated the exception are saved to the SPC
respectively. If the exception occurred during aread, H'040 is set in EXPEVT; if th
occurred during awrite, H'060 is set in EXPEVT. The BL, MD and RB bitsin SR
and a branch occursto PC = VBR + H'0400.

To speed up TLB miss processing, the offset differs from other exceptions.

» TLB invalid exception
O Conditions. Comparison of TLB addresses shows address match but V = 0.

O Operations: The virtual address (32 hits) that caused the exception is set in TEA
corresponding virtual page number (22 bits) is set in PTEH (31 to 10). The ASI
indicates the ASID at the time the exception occurred. The way that generated t
exception is set in the RC bitsin MMUCR.

The PC and SR of the instruction that generated the exception are saved in the SPC
respectively. If the exception occurred during aread, H'040 is set in EXPEVT; if th
occurred during awrite, H'060 is set in EXPEVT. The BL, MD, and RB bitsin SR
and a branch occursto PC = VBR + H'0100.
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respectively. H'080 isset in EXPEVT. The BL, MD, and RB bitsin SR are set to :
branch occursin PC = VBR + H'0100.

TLB protection exception

O

Conditions: When a hit access violates the TLB protection information (PR bit
below:

PR Privileged mode User mode

00 Only read enabled No access

01 Read/write enabled No access

10 Only read enabled Only read enabled
11 Read/write enabled Read/write enabled

Operations. The virtual address (32 bits) that caused the exception isset in TE
corresponding virtual page number (22 bits) isset in PTEH (31 to 10). The AS
indicates the ASID at the time the exception occurred. The way that generated
exception is set in the RC bitsin MMUCR.

The PC and SR of the instruction that generated the exception are saved to the SPX
respectively. If the exception occurred during aread, H'OAQ isset in EXPEVT,; if |
occurred during awrite, H'OCO is set in EXPEVT. The BL, MD, and RB bitsin S
and a branch occursto PC = VBR + H'0100.

Address error

O

0w >

Conditions; When corresponded to the following items.

. Instruction fetch from odd address (4n + 1, 4n + 3)

Word data accessed from addresses other than word boundaries (4n + 1, 4n +:

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

. Virtual space accessed in user mode in the area H'80000000 to H'FFFFFFFF.

Rev. 5.00 May 29, 2006 pse
REJO!

RENESAS



0 Conditions: TRAPA instruction executed

0 Operations: The exception is a processing-completion type, so the PC of theins
after the TRAPA instruction is saved to the SPC. SR from the time when the TF
instruction was executing is saved to SSR. The 8-bit immediate value in the TR,
instruction is quadrupled and set in TRA (9to 0). H'160isset in EXPEVT. The
and RB bitsin SR are set to 1 and a branch occurs to PC = VBR + H'0100.

* Generd illegal instruction exception

O Conditions: When corresponded to the following items.

A. When undefined code not in adelay ot is decoded
Delay branchinstructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT
Undefined instruction: H'Fxxx.(In the case of SR.CL = 1, the value should be
B'11111IXXXXXXXXXX.)

B. When a privileged instruction not in adelay slot is decoded in user mode
Privileged instructions: LDC, STC, RTE, LDTLB, SLEEP; instructions that acc
with LDC/STC are not privileged instructions.

0 Operations: The PC and SR of the instruction that generated the exception are s
SPC and SSR, respectively. H'180 isset in EXPEVT. The BL, MD, and RB hits
set to 1 and a branch occurs to PC = VBR + H'0100. When an undefined instruc
than H'Fxxx is decoded, operation cannot be guaranteed.

* lllegal dlot instruction exception

O Conditions: When corresponded to the following items.

A. When undefined code in a delay slot is decoded
Delay branch instructions: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RTE, BT
Undefined instruction: H'Fxxx. (In the case of SR.CL = 1, the value should be
B'11111IXXXXXXXXXX.)

B. When an instruction that rewrites the PC in adelay slot is decoded
Instructions that rewrite the PC: IMP, JSR, BRA, BRAF, BSR, BSRF, RTS, RT
BT/S, BF/S, TRAPA, LDC Rm, SR, LDC.L @Rm+, SR
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0 Conditions: When a break condition set in the user break point controller is sat

O Operations: When a post-execution break occurs, the PC of the instruction imr
after the instruction that set the break point is set in the SPC. If a pre-executior
occurs, the PC of the instruction that set the break point is set in the SPC. SR v
break occursissetin SSR. H'1EQ isset in EXPEVT. The BL, MD, and RB bit:
set to 1 and abranch occursto PC = VBR + H'0100. See section 7, User Break
for more information.

 DMA Address error
O Conditions: When corresponded to the following items.
A. Word data accessed from addresses other than word boundaries (4n + 1, 4n + :
B. Longword accessed from addresses other than longword boundaries (4n + 1, 4
4n + 3)
O Operations: The PC of the instruction immediately after the instruction executs
exception occursis saved to the SPC. SR when the exception occursis saved t

H'5C0issetin EXPEVT. The BL, MD, and RB bitsin SR are set to 1 and a br
to PC = VBR + H'0100.

443 Interrupts

 NMI
0 Conditions: NMI pin edge detection

O Operations: The PC and SR after the instruction that receives the interrupt are
SPC and SSR, respectively. H'01CO isset to INTEVT and INTEVT2. The BL,
RB bits of the SR are set to 1 and a branch occursto PC = VBR + H'0600. Thi:
not masked by SR.IMASK and received with top priority when the SR's BL bi
When the BL bit is 1, the interrupt is masked. When BLMSK in ICRI is alogit
not masked when BLM SK in ICRI isalogic one. See section 6, Interrupt Cont
(INTC), for more information.
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not set in the interrupt mask bit of SR. See section 6, Interrupt Controller (INTC
information.

IRQ Pin Interrupts

O

Conditions: IRQ pin is asserted and the interrupt mask bit of SR is lower than tt
priority level and the BL bit in SR is 0. The interrupt is accepted at an instructic
boundary.

Operations. The PC after the instruction that accepts the interrupt is saved to the
SR at the point the interrupt is accepted is saved to the SSR. The code correspor
interrupt sourceisset to INTEVT and INTEVT2. The BL, MD, and RB bits of 1
set to 1 and a branch occursto VBR + H'0600. The received level isnot set to tt
mask bit of SR. See section 6, Interrupt Controller (INTC), for more informatio

On-Chip Peripheral Module Interrupts

O

Conditions: The interrupt mask bit of SR islower than the on-chip peripheral m
(TMU, RTC, SCIO0, SCI2, A/D, LCDC, PCC, DMAC, WDT, REF) interrupt lev
BL bitin SR is0. Theinterrupt is accepted at an instruction boundary.

Operations. The PC after the instruction that accepts the interrupt is saved to the
SR at the point the interrupt is accepted is saved to the SSR. The code correspor
interrupt sourceisset to INTEVT and INTEVT2. The BL, MD, and RB bits of 1
set to 1 and abranch occursto VBR + H'0600. See section 6, Interrupt Control ¢
for more information.

H-UDI Interrupt

O

Conditions: H-UDI interrupt command is input (see section 21.4.4, H-UDI Inte
the interrupt mask bit of SR islower than 15 and the BL bitin SR is0. Theinte
accepted at an instruction boundary.

Operations. The PC after the instruction that accepts the interrupt is saved to th
SR at the point the interrupt is accepted is saved to the SSR. H'5EQ isset to INT
INTEVT2. The BL, MD, and RB bits of the SR are set to 1 and a branch occurs
H'0600. See section 6, Interrupt Controller (INTC), for more information.
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O

Interrupt: Acceptance is suppressed until the BL bit in SR is set to 0 by softwa
arequest and the reception conditions are satisfied, the interrupt is accepted &ff
execution of the instruction that sets the BL bit in SR to 0. During the sleep or
mode, however, the interrupt will be accepted even when the BL bitin SRis1
NMI is accepted when BLMSK in ICR1is 1.

Exception: No user break point trap will occur even when the break conditions
When one of the other exceptions occurs, a branch is made to the fixed addres:
(H'A0000000). In this case, the values of the EXPEVT, SPC, and SSR register
undefined.

Differently from general reset processing, no signal is output from STATUSO
STATUSL.

SPC when an Exception Occurs: The PC saved to the SPC when an exception occ
shown below:

O

Re-executing-type exceptions: The PC of the instruction that caused the excep!
the SPC and re-executed after return from exception processing. If the exceptic
in adelay sot, however, the PC of the immediately prior delayed branch instri
in the SPC. If the condition of the conditional delayed branch instruction is nof
the delay dot PC isset in SPC.

Completed-type exceptions and interrupts: The PC of the instruction after the ¢
caused the exception is set in the SPC. If the exception was caused by a delaye
conditional instruction, however, the branch destination PC is set in SPC. If th
of the conditional delayed branch instruction is not satisfied, the delay slot PC
SPC.

Initial register values after reset

O

O

Undefined registers
RO_BANKO0/1 to R7_BANKO0/1, R8 to R15, GBR, SPC, SSR, MACH, MACL
Initialized registers
VBR = H'00000000
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instruction. This occurrence will be identified as multiple exceptions, and may initi
processing.
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* LRU replacing algorithm
» 1-stage write-back buffer
* A maximum of two ways lockable

511 Cache Structure

The cache uses a 4-way set associative system. It is composed of four ways (banks), €
isdivided into an address section and a data section. Each of the address and data sect
divided into 256 entries. The data section of the entry is called aline. Each line consis
bytes (4 bytes x 4). The data capacity per way is 4 kbytes (16 bytes x 256 entries), wi
16 kbytesin the cache as awhole (4 ways). Figure 5.1 shows the cache structure.

Address array (ways 0 to 3) Data array (ways 0O to 3)
l_I: [
|
| |
Entry 0| v | U | Tag address 0] Lwo LW1 LW2 LwW3
Entry 1 1
Entry 255 | T 255 |
24 (1 +1 + 22) bits 128 (32 x 4) bits

-—

LWO to LW3: Longword data O to 3

Figure5.1 Cache Structure
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TheV and U bits are initialized to 0 by a power-on reset, but are not initialized by ame
The tag addressis not 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 data array is not initialized by a power-on or manual reset.

L RU: With the 4-way set associative system, up to four instructions or data with the sz
address (address bits 11 to 4) can be registered in the cache. When an entry is registeres
bits show which of the four waysit isrecorded in. There are six LRU bits, controlled b
A least recently used (LRU) algorithm, which selects the way that has been used least |
used to select the way.

The LRU bits also indicate the way to be replaced when a cache miss occurs. Table 5.1
relationship between the LRU bits and the way to be replaced when cache locking mec
disabled. (For details on the case when cache locking mechanism is enabled, see sectio
Cache Control Register 2 (CCR2)). If abit pattern other than those listed intable 5.1 is
LRU bits by software, the cache will not function correctly. When modifying the LRU
software, set one of the patternslisted in table 5.1.

The LRU bits are initialized to B'000000 by a power on reset, but are not initialized by
reset.

Table5.1 LRU and Way Replacement

Way to be Replaced (wher

LRU (5to 0) locking mechanism is dis
000000, 000100, 010100, 100000, 110000, 110100 3
000001, 000011, 001011, 100001, 101001, 101011 2
000110, 000111, 001111, 010110, 011110, 011111 1
111000, 111001, 111011, 111100, 111110, 1111211 0
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221 CachecControl register (LUR)

The cacheis enabled or disabled using the CE hit of the cache control register (CCR).
has a CF bit (which invalidates all cache entries), and aWT and CB bits (which select
through mode or write-back mode). Programs that change the contents of the CCR reg
be placed in address space that is not cached.

Bit Bit Name

Initial Value R/W

Description

31to4 O

All O

R

Reserved

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

Cache Flash

When 1 is set, the V, U and LRU bits of a
entries are cleared to O (flush).

This bit is always read as 0. Write-back tc
memory is not performed when the cache

R/W

Cache 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
and P3.

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

R/W

Cache enable

Indicates whether to use the cache functi
0: Cache not used

1: Cache used
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relationship between each bit setting and the way to be replaced when the prefetch inst
executed. On the other hand, if a cache hit occurs during prefetch instruction (PREF) e
dataisloaded into the cache and entries that have been valid in the cache are maintaine
instance, if one line size of data pointed by Rn exists at way 0, and if the prefetch instri
executed while the cache lock, W3LOAD, and W3LOCK are set to 1s, a cache hit occt
is not brought to way 3.

When a cacheis accessed by other than the prefetch instruction in cache locking mode,
to be replaced are controlled by the W3LOCK and W2LOCK bit settings. Table 5.3 sh
relationship between CCR2 bit settings and the way to be replaced.

A program to modify the CCR2 contents should be placed at an address area whose dal
cached.

Bit Bit Name Initial Value R/W Description
31to10 O AllO R Reserved

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

w W3LOAD: Way 3 load
W W3LOCK: Way 3 Lock

When W3LOACK =1 & W3LOAD =1 &
1, the prefetched data will always be loa
Way3. In all other conditions, the prefetc
will be loaded into the way pointed by LF

7t02 O AllO R Reserved

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

9 W3LOAD
8 W3LOCK

o O
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Whenever CCR2 bit 8 (W3LOCK) or bit 0 (W2LOCK) is high level the cacheislock
locked data will not be overwritten unless W3LOCK bit and W2L OCK bit are reset o
condition during cache locking mode watches. During cache locking mode, the LRU |
will be replaced by tables 5.4 t0 5.6.

Table5.2 Way to beReplaced when Cache Miss Occursduring PREF Instruc
Execution

CL bit W3LOAD W3LOCK W2LOAD W2LOCK Way to be Replaced

0 * * * * According to LRU (table
1 * 0 * 0 According to LRU (table
1 * 0 0 1 According to LRU (table
1 0 1 * 0 According to LRU (table
1 0 1 0 1 According to LRU (table
1 0 * 1 1 Way 2

1 1 1 0 * Way 3

Legend: * Don't care
Note: Do not set 1 into W2LOAD and W3LOAD at the same time.
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1 * 1 * 1 According to LRU (table

Legend: * Don't care
Note: Do not set 1 into W2LOAD and W3LOAD at the same time.

Table54 LRU and Way Replacement (When W2LOCK = 1)

LRU (5 to 0) Way to be R
000000, 000001, 000100, 010100, 100000, 100001, 110000, 110100 3
000011, 000110, 000111, 001011, 001111, 010110, 011110, 011111 1
101001, 101011, 111000, 111001, 111011, 111100, 121110, 111111 0

Table5.5 LRU and Way Replacement (When W3LOCK =1)

LRU (5to 0) Way to be R
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

Table5.6 LRU and Way Replacement (When W2LOCK =1 and W3LOCK =1

LRU (5to 0) Way to be R

000000, 000001, 000011, 000100, 000110, 000111, 001011, 001111, 1
010100, 010110, 011110, 011111

100000, 100001, 101001, 101011, 110000, 110100, 111000, 111001, 0
111011, 111100, 111110, 111111
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Entries are selected using bits 11 to 4 of the address (virtual) of the access to memory
address tag of that entry isread. In parallel to reading of the addresstag, the virtual ad
trandated to a physical addressin the MMU. The physical address after trandation an
physical address read from the address section are compared. The address comparisor
ways. When the comparison shows a match and the selected entry isvalid (V = 1), ac

occurs. When the comparison does not show a match or the selected entry is not valid
cache miss occurs.
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255 —

Physical address I l l 1

CMPO|CMP1|CMP2|CMP3 l
Legend:
CMPO: Comparison circuit 0
CMP1: Comparison circuit 1 l
CMP2: Comparison circuit 2
CMP3: Comparison circuit 3 Hit signal 1

Figure5.2 Cache Search Scheme (Normal Mode)

53.2 Read Access

Read Hit: In aread access, instructions and data are transferred from the cache to the (
LRU is updated.

Read Miss: An external bus cycle starts and the entry is updated. The way replaced is:
table 5.3. Entries are updated in 16-byte units. When the desired instruction or data tha
missisloaded from external memory to the cache, the instruction or datais transferred
in parallel with being loaded to the cache. When it is |oaded in the cache, the U bit iscl
andtheV hitissetto 1.
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Write Hit: In awrite access in the write-back mode, the data is written to the cache a
of the entry written is set to 1. Writing occurs only to the cache; no external memory \
issued. In the write-through mode, the data is written to the cache and an external mer
cycleisissued.

Write Miss: In the write-back mode, an external write cycle starts when awrite miss
the entry is updated. The way to be replaced is shown in table 5.3. When the U bit of
be replaced is 1, the cachefill cycle starts after the entry istransferred to the write-ba
The write-back unit is 16 bytes. Datais written to the cache and the U bit and V bit ar
After the cache completesitsfill cycle, the write-back buffer writes back the entry to
In the write-through mode, no write to cache occursin awrite miss; the writeis only t
external memory.

535 Write-Back Buffer

When the U hit of the entry to be replaced in the write-back modeis 1, it must be writ
the external memory. To increase performance, the entry to be replaced isfirst transfe
write-back buffer and fetching of new entriesto the cache takes priority over writing |
externa memory. After fetching of new entries to the cache is completed, the datain t
back buffer iswrite back to the external memory. During the write back cycles, the cz
accessed. The write-back buffer can hold one line of the cache data (16 bytes) and its
address. Figure 5.3 shows the configuration of the write-back buffer.

PA (31to 4) Longword O Longword 1 Longword 2 Longword 3

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

Figure5.3 Write-Back Buffer Configuration
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2.4  Memory-iiappeda Cache

To allow software management of the cache, cache contents can be read and written by
MOV instructionsin the privileged mode. The cache is mapped onto the P4 areain virt
space. The address array is mapped onto addresses H'FO000000 to H'FOFFFFFF, and tt
array onto addresses H'F1000000 to H'F1FFFFFF. Only longword can be used as the a
for the address array and data array, and instruction fetches cannot be performed.

54.1 Address Array

The address array is mapped onto H'FO000000 to H'FOFFFFFF. To access an address a
32-bit addressfield (for read/write accesses) and 32-bit data field (for write accesses) n
specified. The address field specifiesinformation for selecting the entry to be accessed
field specifies the tag address, V bit, U bit, and LRU bitsto be written to the address ar
5.4 (1)).

In the address field, specify the entry address for selecting the entry (bits 11 to 4), W fc
theway (bits 13 and 12: 00isway 0, 01 isway 1, 10isway 2, and 11 isway 3), A for
the associative operation (bit 3), and H'FO to indicate address array access (bits 31 to 2:

In datafield, specify the tag address (bits 31 to 10), LRU bits (bits 9 to 4), U bit (bit 1),
(bit 0). Upper three bits of the tag address (bits 31 to 29) should always be 0.

The following three operations are enabled for the address array.

Address Array Read: Read the tag address, LRU bits, U bit, and V bit of the entry sp:
the entry address and the way number. When reading, no associative operation is perfo
regardless of the value of the associative bit (bit A) specified in the address.

Address Array Write (without associative operation): Write the tag address, LRU b
and V hit specified in the data field to the entry specified by the entry address and the v
number. The associative bit (bit A) should be O. If dataiswritten to the cachelineinw
V bits are set to 1, the cache line is written back, and then the tag address, LRU hits, U
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entry is 1, write back is occurs. However, when 0 is written to the V bit, 0 must also b
the U bit of that entry.

54.2 Data Array

The data array is mapped onto H'F1000000 to H'F1FFFFFF. To access adata array, tt
addressfield (for read/write accesses) and 32-bit datafield (for write accesses) must k
The address field specifies information 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 (bits 11 to 4), L ir
longword position within the (16-byte) line (bits 3 and 2: 00 islongword 0, 01 islong
longword 2, and 11 islongword 3), W for selecting the way (bits 13 and 12: 00 is way
1, 10isway 2, and 11 isway 3), and H'F1 to indicate data array access (bits 31 to 24)

The access size of the data array is fixed at longword, so 00 should be specified to bit:
the address field.

The following two operations are enabled for data array. However, information of the
array is not changed by the following operations.

Data Array Read: Reads data specified by L (bits 3 and 2) in the address field from 1
specified by the entry address and the way number.

Data Array Write: Writes alongword data specified by the data field to the position
L (bits 3 and 2) in the address field from the entry specified by the entry address and t
number.
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31 24 23 14 13 12 11 4 3 2
[ 11110000 | *..oooooon * | W | Entryaddress |[A | x

Data specification (both read and write accesses)

313029 10 9 4 3 2
[0]0][0] Address tag (28-10) | LRU | X X |

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

31 24 23 14 13 12 11 4 3 2 1
[ 11110001 | *........... « | W | Entryaddress | L |0

Data specification

31
| Longword

Legend:
X: O for read, don't care for write
*: Don't care

Figure5.4 Specifying Addressand Data for Memory-Mapped Cache Acc
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; R1=H FOO0 0088; address array access, entry=B" 0000 1000, A=1

MOV. L RO, @rl

2. Reading the Data of a Specific Entry

This exampl e reads the data section of a specific cache entry. The longword indice
datafield of the data array in figure 5.6 is read to the register.

; Rl1=H F100 004C;, data array access, entry=B" 0000 0100, Way=0,
; longword address=3

MOV.L @0,Rl ; Longword 3 is read.
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INTC hasthe following features:

» 16 levels of interrupt priority can be set: By setting the five interrupt-priority regis
priorities of on-chip peripheral module, IRQ interrupts can be selected from 16 le
individual request sources.

* NMI noise canceler function: NMI input-level bit indicates NMI pin states. By ree
in the interrupt exception service routine, the pin state can be checked, enabling it
anoise canceler.

» External devices can be notified that an interrupt has been received (IRQOUT): W
SH7706 has released the bus right, the external bus master can be notified that an
interrupt, an on-chip peripheral module interrupt or a memory refresh request has
enabling this LSl to request the bus right.
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H C i et
: om- : requ
DMAC 1 (Interrupt request) parator :
SCIE i (Interrupt request) Priority E
scl . (Interrupt request) identifier :
ADC ' (Interrupt request) E
T™U ' (Interrupt request) E
RTC : (Interrupt request) E
WDT ' (Interrupt request) ;
: (Interrupt request/ ;
: refresh request) ,
REF : (Interrupt request) 1
H-UDI — :
: = Iy ;
| IPRA to IPRE
' | =3
h , a
' < Bus : g
: interface o)
. h £
L LR T TR PP L P e T e R P R L L e T TR LR INTC ---
Legend:
TMU: Timer unit
RTC: Realtime clock unit
SCI: Serial communication interface
SCIF: Serial communication interface (with FIFO)
WDT: Watchdog timer
REF: Refresh requests in the bus state controller
ICR: Interrupt control register
IPRA-IPRE: Registers A-E for setting the interrupt proprity levels
SR: Status register
DMAC: Direct memory access controller
ADC: Analog-to-digital converter
H-UDI: User debugging interface

Figure6.1 INTC Block Diagram

Rev. 5.00 May 29, 2006 page 114 of 698
REJ09B0146-0500

RENESAS



Interrupt input pins IRQ5to IRQO | Interrupt request signal ing

1RL3 to IRLO (Maskable by interrupt ma
SR)
Interrupt request output pin IRQOUT (0] Output of signal that notifie

devices that an interrupt s
memory refresh has occur

6.3 Interrupt Sources

There are 4 types of interrupt sources: NMI, IRQ, IRL, and on-chip peripheral module
priority of each interrupt isindicated by a priority level value (16 to 0), with level 16
highest and level 1 asthe lowest. When level 0 is set, the interrupt is masked and intel
requests are ignored.

6.3.1 NMI Interrupts

The NMI interrupt has the highest priority level of 16. When the BLMSK bit of thein
control register (ICR1) is 1 or the BL bit of the status register (SR) is0, NMI interrup
accepted when the MAI hit of the ICR1 register is 0. NMI interrupts are edge-detectex
software standby mode, the interrupt is accepted regardless of the BL. The NMI edge
(NMIE) in the interrupt control register O (ICRO) is used to select either therising or f
When the NMIE bit of the ICRO register is changed, the NMI interrupt is not detected
cycles after changing the ICRO. NMIE to avoid afalse detection of the NMI interrupt.
interrupt exception processing does not affect the interrupt mask level bits (13 to 10) it
register (SR).

When the BL bit is1 and the BLM SK bit of the ICR1 register isset to 1, only NMI in
accepted and the SPC register and SSR register are updated by the NMI interrupt han
it impossible to return to the original processing from exception processing initiated p
NMI. Use should therefore be restricted to cases where return is not necessary.
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from the corresponding bit in IRRO, then write O to the bit. It is hot necessary to clear tl
when using level-sensing. Instead, the pin corresponding to the interrupt request must k
high.

When the ICR1 register is rewritten, IRQ interrupts may be mistakenly detected, deper
pin states. To prevent this, rewrite the register while interrupts are masked, then rel ease
after clearing theillegal interrupt by writing O to interrupt request register O (IRRO).

It is necessary for an edge input interrupt detection to input a pulse width more than tw
width by peripheral clock (Pg) basis.

Inlevel detection, keep the level until the CPU accepts an interrupt and starts the interr
processing.

The interrupt mask bits (13 to 10) of the status register (SR) are not affected by IRQ intt
processing.

Interrupts IRQ4 to IRQO can wake the chip up from the software standby state when th
interrupt level is higher than 13to 10 in the SR register (but only when the RTC 32-kH:
is used).

Notes: When the IRQ is used in edge sensitive, pay attention to the following:

1. If an IRQ edgeisinput immediately before the CPU enters standby mode (t
between the SLEEP instruction executed by the CPU to high level of STAT
interrupt may not be detected. In this case, when an IRQ edge isinput again
STATUSO becomes high level, an interrupt is detected.

2. If an IRQ edgeisinput while the frequency is changed by the FRQCR STC
the WDT is counting), an interrupt may not be detected. In this case, when
edgeisinput again after the WDT halts counting, an interrupt is detected.
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This LSI

—_—

- iori 4 [ —

Interrupt S Priority y IRL3 to TRLO
request ———2——»| encoder _
IRL3 to IRLO

Figure6.2 Exampleof IRL Interrupt Connection

Table6.2 IRL3toIRLO Pinsand Interrupt Levels

IRL3 IRL2 IRL1 IRLO Interrupt Priority Level Interrupt Reque
0 0 0 0 15 Level 15 interruy
0 0 0 1 14 Level 14 interrug
0 0 1 0 13 Level 13 interruy
0 0 1 1 12 Level 12 interrug
0 1 0 0 11 Level 11 interrug
0 1 0 1 10 Level 10 interruy
0 1 1 0 9 Level 9 interrupt
0 1 1 1 8 Level 8 interrupt
1 0 0 0 7 Level 7 interrupt
1 0 0 1 6 Level 6 interrupt
1 0 1 0 5 Level 5 interrupt
1 0 1 1 4 Level 4 interrupt
1 1 0 0 3 Level 3 interrupt
1 1 0 1 2 Level 2 interrupt
1 1 1 0 1 Level 1 interrupt
1 1 1 1 0 No interrupt reqt
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However, the priority level can be changed to ahigher one.

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

6.34 On-Chip Peripheral Module Interrupts
On-chip peripheral module interrupts are generated by the following eight modules:

e Timer unit (TMU)

» Redtimeclock (RTC)

e Serial communication interface (SCI, SCIF)
» Busstate controller (BSC)

»  Watchdog timer (WDT)

» Direct memory access controller (DMAC)

» A/D converter (ADC)

» User debugging interface (H-UDI)

Not every interrupt source is assigned a different interrupt vector, but sources are reflec
interrupt event registers (INTEVT and INTEVT2), so it is easy to identify sources by &
with the INTEVT or INTEV T2 register value as an offset.

The priority level (from 0 to 15) can be set for each module except for H-UDI by writit
interrupt priority setting registers A, B and E (IPRA, IPRB and IPRE). The priority lev
UDI interrupt is 15 (fixed).

The interrupt mask bits (13 to 10) of the SR are not affected by the on-chip peripheral n
interrupt processing.

TMU and RTC interrupts can restore the chip from the software standby state when the
interrupt level is higher than 13 to 10 in the SR (but only when the RTC 32-kHz oscill al
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priority levels 0 to 15 at will by using the interrupt priority level set to registers A to E
IPRE). The order of priority of the on-chip periphera module, IRQ, and PINT interry

zero by RESET.

When the order of priorities for multiple interrupt sources are set to the same level an
interrupts are generated at the same time, they are processed according to the default «

in tables 6.3 and 6.4.

Table6.3 Interrupt Exception Handling Sourcesand Priority (IRQ Mode)

Interrupt Priority
INTEVT Code Priority IPR (Bit within IF

Interrupt Source (INTEVT2 Code) (Initial Value) Numbers) Setting |
NMI H'1CO (H'1CO) 16 — —
H-UDI H'5E0 (H'5EO0) 15 — —
IRQ IRQO H'200 to 3CO* (H'600) 0 to 15 (0) IPRC(3to0) —

IRQ1 H'200 to 3C0* (H'620) 0to 15 (0) IPRC (7to4) —

IRQ2 H'200 to 3CO* (H'640) 0 to 15 (0) IPRC (11t08) —

IRQ3 H'200 to 3C0* (H'660) 0 to 15 (0) IPRC (15t0 12) —

IRQ4 H'200 to 3C0* (H'680) 0 to 15 (0) IPRD 3to0) —

IRQ5 H'200 to 3C0* (H'6A0) 0 to 15 (0) IPRD (7to 4) —
DMAC DEIO H'200 to 3CO* (H'800) 0 to 15 (0) IPRE (15 to 12) High

DEI1 H'200 to 3CO* (H'820) I

DEI2 H'200 to 3CO* (H'840)

DEI3 H'200 to 3CO* (H'860) Low
SCIF  ERI2 H'200 to 3CO* (H'900) O to 15 (0) IPRE (7to4)  High
(SC12)  Rxi2 H'200 to 3CO* (H'920) I

BRI2 H'200 to 3CO* (H'940)

TXI2 H'200 to 3CO* (H'960) Low
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H'480 (H'480)

RTC AT 0to 15 (0) IPRA (3t00)  High

PRI H'4A0 (H'4A0)

cul H'4CO (H'4C0) Low
scl ERI H'4E0 (H'4EO) 0to 15 (0) IPRB (7to4)  High
(SCI0)  Rxi H'500 (H'500)

I H'520 (H'520)

TEI H'540 (H'540) Low
WDT  ITI H'560 (H'560) 0to 15 (0) IPRB (15 to 12) —
BSC  RCMI H'580 (H'580) 0to 15 (0) IPRB (11t08) High
(REF)  Rovi H'5A0 (H'5A0) Low

Note: * The code corresponding to an interrupt level shown in table 6.5 is set.
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InL(o.U) = UUUL

M 22U (N 22V)

IRL(3:0) = 0010  H'240 (H'240) 13 — —
TRL(3:0) = 0011  H'260 (H'260) 12 — —
TRL(3:0) = 0100  H'280 (H'280) 11 — —
TRL(3:0) = 0101  H'2A0 (H'2A0) 10 — —
TRL(3:0) = 0110  H'2CO (H'2C0) 9 — —
IRL(3:0) = 0111 H'2EQ (H'2E0) 8 — —
TRL(3:0) = 1000  H'300 (H'300) 7 — —
TRL(3:0) = 1001  H'320 (H'320) 6 — —
TRL(3:0) = 1010  H'340 (H'340) 5 — —
TRL(3:0) = 1011  H'360 (H'360) 4 — —
TRL(3:0) = 1100  H'380 (H'380) 3 — —
TRL(3:0) = 1101  H'3A0 (H'3A0) 2 — —
IRL(3:0) = 1110  H'3CO (H'3C0) 1 — —
IRQ IRQ4 H'200 to 3C0* (H'680) 0to 15 (0) IPRD (3 to 0) —
IRQ5 H'200 to 3C0* (H'6A0) 0 to 15 (0) IPRD (7 to 4) —
DMAC DEIO H'200 to 3C0* (H'800) 0to 15 (0) IPRE (15t012) High
DEI1 H'200 to 3C0* (H'820)
DEI2 H'200 to 3C0* (H'840)
DEI3 H'200 to 3C0* (H'860) Low
SCIF  ERI2 H'200 to 3C0* (H'900) 0 to 15 (0) IPRE (7 to 4) High
(SCI2)  pxio H'200 to 3CO* (H'920)
BRI2 H'200 to 3C0* (H'940)
TXI2 H'200 to 3C0* (H'960) Low
ADC  ADI H'200 to 3C0* (H'980) 0 to 15 (0) IPRE (3 to 0) —

RENESAS
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H'4A0 (H'4A0)

PRI

cul H'4C0 (H'4CO) Low
scl ERI H'4EQ (H'4EQ) 0t015(0) IPRB(7tod)  High
(SCI0) oy H'500 (H'500)

I H'520 (H'520)

TEI H'540 (H'540) Low
WDT  ITI H'560 (H'560) 01015(0) IPRB(15t012) —
BSC  RCMI H'580 (H'580) 0t015(0) IPRB(11t08) High
(REF) ROV H'5A0 (H'5A0) Low

Note: * The code corresponding to an interrupt level shown in table 6.5 is set.
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H'2A0
H'2C0
H'2EO
H'300
H'320
H'340
H'360
H'380
H'3A0
H'3CO

=
o

RPINW|A~lO|O|N| 0| ©O©

6.4 Register Description

The INTC has the following registers. Refer to section 23, List of Registers, for more
addresses and access sizes.

* Interrupt control register O (ICRO)
* Interrupt control register 1 (ICR1)
* 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 request register 0 (IRRO)
* Interrupt request register 1 (IRR1)
* Interrupt request register 2 (IRR2)
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Table6.6 Interrupt Request Sourcesand IPRA to |PRE

Register Bits 15to 12 Bits 11to 8 Bits 7to 4 Bits 3t
IPRA TMUO TMU1 TMU2 RTC
IPRB WDT REF SCIO0 Reserve
IPRC IRQ3 IRQ2 IRQ1 IRQO
IPRD Reserved* Reserved* IRQ5 IRQ4
IPRE DMAC Reserved* SCIF ADC

Note: * These bits are always read as 0. The write value should be 0.

Asshown in table 6.6, four sets of on-chip peripheral module, IRQ interrupts are assigr
register. 4-bit groups (bits 15 to 12, bits 11 to 8, bits 7 to 4, and bits 3 to 0) are set with
from H'0 (0000) to H'F (1111). Setting H'O means priority level 0 (masking is requeste
priority level 15 (the highest level). A reset initializes IPRA to IPRE to H'0000.

H'0 should be set into bits corresponding to an unused interrupt.
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Sets the level of the signal input at the NI
bit can be read to determine the NMI pin |
cannot be modified.

0: NMI input level is low
1: NMI input level is high

14t0 9

— All O

Reserved

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

8

NMIE 0

R/W

NMI Edge Select

Selects whether the interrupt request sigr
detected on the falling or rising edge of N

0: Interrupt request signal is detected on
of NMI input

1: Interrupt request signal is detected on |
of NMI input

7t00

— All O

Reserved

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

Note:

*

When NMI input is high: 1; when NMI input is low: 0.
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interrupts in standby mode.

0: All interrupt requests are not masked !
level is being input to the NMI pin

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

14 IRQLVL 1 R/W

Interrupt Request Level Detect

Selects whether the IRQ3 to IRQO pins ¢

four independent interrupt pins or as 15-

interrupt pins encoded as IRL3 to IRLO.

0: Used as four independent interrupt re
IRQ3 to IRQO

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

13 BLMSK 0 R/W

BL Bit Mask

Specifies whether NMI interrupts are ma
the BL bit of the SR register is 1.

0: NMI interrupts are masked when the

1: NMl interrupts are accepted regardles
bit setting

12 — 0 R

Reserved

This bit is always read as 0. The write ve
always be 0.
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10: An interrupt request is detected at |
low level

11: Reserved (Setting prohibited)

IRQ41S
IRQ40S

0
0

R/W
R/W

IRQ4 Sense Select

Select whether the interrupt signal to th
is detected at the rising edge, at the fal
at low level.

00: An interrupt request is detected at |
falling edge

01: An interrupt request is detected at |
rising edge

10: An interrupt request is detected at |
low level

11: Reserved (Setting prohibited)

IRQ31S
IRQ30S

0
0

R/W
R/W

IRQ3 Sense Select

Select whether the interrupt signal to th
is detected at the rising edge, at the fal
at low level.

00: An interrupt request is detected at |
falling edge

01: An interrupt request is detected at |
rising edge

10: interrupt request is detected at IRQ
level

11: Reserved (Setting prohibited)
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10: An interrupt request is detected at IR
low level

11: Reserved (Setting prohibited)

3 IRQ11S 0 RIW
2 IRQ1I0S 0 RIW

IRQ1 Sense Select

Select whether the interrupt signal to the
is detected at the rising edge, at the falli
at low level.

00: An interrupt request is detected at IR
falling edge

01: An interrupt request is detected at IR
rising edge

10: An interrupt request is detected at IR
low level

11: Reserved (Setting prohibited)

1 IRQO1IS O RIW
0 IRQOOS 0 RIW

IRQO Sense Select

Select whether the interrupt signal to the
is detected at the rising edge, at the falli
at low level.

00: An interrupt request is detected at IR
falling edge

01: An interrupt request is detected at IR
rising edge

10: An interrupt request is detected at IR
low level

11: Reserved (Setting prohibited)
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Bit

Bit Name

Initial Value R/W

Description

7,6

All O

R

Reserved

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

5

IRQ5R

0

R/W

IRQS5 Interrupt Request

Indicates whether an interrupt request is in
IRQ5 pin. When edge detection mode is se
an interrupt request is cleared by clearing
bit. It is not necessary to clear the flag whe
level-sensing, because this bit merely shov
of the IRQ5 pin.

0: An interrupt request is not input to IRQ5
1: An interrupt request is input to IRQ5 pin

4

IRQ4R

0

R/W

IRQ4 Interrupt Request

Indicates whether an interrupt request is in
IRQ4 pin. When edge detection mode is se
an interrupt request is cleared by clearing
bit. It is not necessary to clear the flag whe
level-sensing, because this bit merely shov
of the IRQ4 pin.

0: An interrupt request is not input to IRQ4
1: An interrupt request is input to IRQ4 pin

3

IRQ3R

0

R/W

IRQ3 Interrupt Request

Indicates whether an interrupt request is in
IRQ3 pin. When edge detection mode is se
an interrupt request is cleared by clearing t
bit. It is not necessary to clear the flag whe
level-sensing, because this bit merely shov
of the IRQ3 pin.

0: An interrupt request is not input to IRQ3
1: An interrupt request is input to IRQ3 pin

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



1: An interrupt request is input to IRQ2 pin

1 IRQ1R 0 RIW

IRQ1 Interrupt Request

Indicates whether an interrupt request is inp
IRQ1 pin. When edge detection mode is set
an interrupt request is cleared by clearing th
bit. It is not necessary to clear the flag when
level-sensing, because this bit merely show:
of the IRQ1 pin.

0: An interrupt request is not input to IRQ1
1: An interrupt request is input to IRQ1 pin

0 IRQOR 0 R/W

IRQO Interrupt Request (IRQOR)

Indicates whether an interrupt request is inp
IRQO pin. When edge detection mode is set
an interrupt request is cleared by clearing th
bit. It is not necessary to clear the flag when
level-sensing, because this bit merely show:
of the IRQO pin.

0: An interrupt request is not input to IRQO
1: An interrupt request is input to IRQO pin
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DEI3R

DEI3 Interrupt Request

Indicates whether a DEI3 (DMAC) interrupt
generated.

0: A DEI3 interrupt request is not generatec
1: A DEI3 interrupt request is generated

DEIZR

DEI2 Interrupt Request

Indicates whether a DEI2 (DMAC) interrupt
generated.

0: A DEI2 interrupt request is not generatec
1: A DEI2 interrupt request is generated

DEI1R

DEI1 Interrupt Request

Indicates whether a DEI1 (DMAC) interrupt
generated.

0: A DEI1 interrupt request is not generatec
1: A DEI1 interrupt request is generated

DEIOR

DEIO Interrupt Request

Indicates whether a DEIO (DMAC) interrupt
generated.

0: A DEIO interrupt request is not generatec
1: A DEIO interrupt request is generated

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



ATVVRAY Y M W

4 ADIR 0 R

ADI Interrupt Request

Indicates whether an ADI (ADC) interrupt rec
generated.

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

3 TXI2R 0 R TXI2 Interrupt Request
Indicates whether a TXI2 (SCIF) interrupt re
generated.
0: TXI2 interrupt request is not generated
1: A TXI2 interrupt request is generated

2 BRIZR 0 R BRI2 Interrupt Request
Indicates whether a BRI2 (SCIF) interrupt re
generated.
0: A BRI2 interrupt request is not generated
1: A BRI2 interrupt request is generated

1 RXI2R 0 R RXI2 Interrupt Request
Indicates whether an RXI2 (SCIF) interrupt r
generated.
0: An RXI2 interrupt request is not generatec
1: An RXI2 interrupt request is generated

0 ERI2R 0 R ERI2 Interrupt Request

Indicates whether an ERI2 (SCIF) interrupt r
generated.

0: An ERI2 interrupt request is not generatec
1: An ERI2 interrupt request is generated
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T'heinterrupt controller selects the highest priority interrupt from the interrupt req
following the priority levels set in interrupt priority registers A to E (IPRA to IPR
priority interrupts are held pending. If two of these interrupts have the same priori
multiple interrupts occur within a single module, the interrupt with the highest def
or the highest priority within its IPR setting unit (asindicated in table 6.3 and tabl«
selected.

The priority level of the interrupt selected by the interrupt controller is compared \
interrupt mask bits (13 to 10) in the status register (SR) of the CPU. If the request
is higher than the level in bits 13 to 10, the interrupt controller accepts the interrupt
an interrupt request signal to the CPU. When the interrupt controller receivesan ir
low level is output from the IRQOUT pin.

Detection timing: The INTC operates in synchronization with the peripheral clock
reports the interrupt request to the CPU. The CPU receives an interrupt at a break
instruction.

The interrupt source code is set in the interrupt event registers (INTEVT and INTE
The SR and PC are saved to SSR and SPC, respectively.

TheBL, MD, and RB in SR are set to 1.

The CPU jumps to the start address of the interrupt handler (the sum of the value
vector base register (VBR) and H'00000600). This jump is not adelayed branch. T
handler may branch with the INTEVT register value as its offset in order to identi
interrupt source. This enablesit to branch to the processing routine for the individt
source.

Notes: 1. Theinterrupt mask bits (13 to 10) in the SR are not changed by acceptance

interrupt in thisLSI.

2. TRQOUT outputs alow level until the interrupt request is cleared. Howeve
interrupt source is masked by an interrupt mask bit, the IRQOUT pin retur
high level. The level is output without regard to the BL bit.

3. Theinterrupt source flag should be cleared in the interrupt handler. The in
source flag should be cleared in the interrupt handler. To ensure that an int
request that should have been cleared is not inadvertently accepted again, 1
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ICR1.MAI = 1?

Interrupt
generated?

ICR1.BLMSK = 1?

SR.BL=0or
sleepmode?

Level 15
interrupt?

Level 14
interrupt?

TRQOUT = 1? Yes

1

Set interrupt cause in
INTEVT, INTEVT2

1
Save SR to SSR; 13to 10
savePCtoSPC | — |~~~ T00C level 0?

1

Set BL/IMD/RB
bits in SR to 1

13to 10 level
14 or lower?

Level 1
interrupt?

130 10 level
13 or lower?

Branch to exception
handler

130 10: Interrupt mask bits in status register (SR)

Figure 6.3 Interrupt Operation Flowchart
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Save SSR and SPC to the memory.

Clear the BL bit in SR, and set the accepted interrupt level in the interrupt mask bi
Handle the interrupt.

Execute the RTE instruction.

o gk~ Wi

When these procedures are followed in order, an interrupt of higher priority than the c
handled can be accepted after clearing BL in step 4.

6.6 Interrupt Response Time

The time from generation of an interrupt request until interrupt exception processing i
and fetching of the first instruction of the exception handler is started (the interrupt re
isshown in table 6.7. Figure 6.4 shows an example of pipeline operation when an IRL
accepted. When SR.BL is 1, interrupt exception processing is masked, and is kept wal
completion of an instruction that clears BL to 0.

The response time is represented by the clock number of 1¢. Depending on the Pg pha
interrupt is occurred, one clock period of Pg may vary from the contents of this table.
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Wait time until end
of sequence being
executed by CPU

X (2 0) x Icyc

X (2 0) x Icyc

X (2 0) x Icyc

X (2 0) x Icyc

Interrupt ex
processing
waiting until
executing ir
ends. If the
instruction e
states is S*
maximum w
X=S-1.}F
BL is set to
tion executi
exception, i
exception p
deferred un
completion
instruction t
BL to O. If tf
instruction r
interrupt ex
processing,
processing
further defe

Time from interrupt
exception processing
(save of SR and PC)
until fetch of first
instruction of exception
service routine is
started

5 x Icyc

5 x Icyc

5 x Icyc

5 x Icyc
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Minimum |7 9 9.5 785" IQg:B@:P@=
case

Maximum |10.5+S 155+S 205+S 105+ S* lgB@:P@=

case 16.5 + S**

Icyc:  Duration of one cycle of Ig.
Bcyc: Duration of one cycle of Bg.
Pcyc: Duration of one cycle of Pg.

Notes: 1. S also includes the memory access wait time.

The processing requiring the maximum execution time is LDC.L @Rm+, S§
memory access is a cache-hit, this requires seven instruction execution cyt
the external access is performed, the corresponding number of cycles mus
There are also instructions that perform two external memory accesses; if t
memory access is slow, the number of instruction execution cycles will incr
accordingly.

2. Edge detection.

3. Extended modules: TMU, RTC, SCI, WDT, REFC

4, Extended modules: DMAC, ADC, SCIF
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Instruction (instruction

replaced by interrupt IF ID EX EX EX EX
exception processing)

Overrun fetch IF

First instruction of interrupt

handler EX

T
S]

Legend:

IF:  Instruction fetch: Instruction is fetched from memory in which program is stored.

ID: Instruction decode: Fetched instruction is decoded.

EX: Instruction execution: Data operation and address calculation are performed in
accordance with result of decoding.

Figure6.4 Example of Pipeline Operationswhen IRL Interrupt |sAccep
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7.1 Feature

The UBC has the following features:

The following break comparison conditions can be set.
Number of break channels: (channels A and B)
Address: comparison bits are masked in units of 32 bits.

One of the two address buses (the virtual address bus (LAB) and the internal addre
(IAB)) can be selected

Data: only on channel B, 32-bit maskable

One of two data buses (the virtual data bus (LDB) or the internal data bus (IDB)) ¢
selected.

Bus master: CPU cycle or DMAC cycle

Bus cycle: instruction fetch or data access

Read/write

Operand size: byte, word, or longword

A user-designed user-break 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.

The number of repeat times can be specified as a break condition (It isonly for ch
Maximum repest times for the break condition: 2 — 1 times.
Eight pairs of branch source/destination buffers.
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comparator

BASRA

Channel A

Access

comparator

BBRB

Address
comparator

BARB EE———
BAMRB

ASID
comparator

BASRB

Data

LDB/IDB

Legend:
BBRA
BARA
BAMRA
BASRA
BBRB
BARB
BAMRB

comparator

BDRB E——
BDMRB EE———

<— Channel B

BETR |

PC Trace

————»l BRSR |<———————»
————*l BRDR |<———————>

CONTROL

-~ BRCR -~

I—» User break request

[ uBc Location L\\\\] CCN Location

CPU state
signals

: Break bus cycle register A

: Break address register A

: Break address mask register A
: Break ASID register A

: Break bus cycle register B

: Break address register B

: Break address mask register B

BASRB : Break ASID register B
BDRB : Break data register B
BDMRB : Break data mask register B

BETR :Break execution times registe

BRSR : Branch source register
BRDR : Branch destination register
BRCR :Break control register

Figure7.1 Block Diagram of User Break Controller
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¢ DleaK aadressregisier b (bARD)
» Break address mask register B (BAMRB)
» Break bus cycleregister B (BBRB)

» Break dataregister B (BDRB)

» Break datamask register B (BDMRB)

» Break control register (BRCR)

» Execution count break register (BETR)

» Branch source register (BRSR)

» Branch destination register (BRDR)

» Break ASID register A (BASRA)

» Break ASID register B (BASRB)

721 Break Address Register A (BARA)

BARA isa32-bit read/write register. BARA specifies the address used as a break con
channel A.

Bit Bit Name Initial Value R/W Description
31to0 BAA3lto AllO R/W Break Address
BAAO

Stores the address on the LAB or IAE
specifies break conditions of channel
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BAAO).

0: Break address bit BAANn of channel
included in the break condition

1: Break address bit BAAn of channel
masked and is not included in the b
condition

Note: n=31to0.

723 Break Bus Cycle Register A (BBRA)

Break bus cycle register A (BBRA) is a 16-bit read/write register, which specifies (1) C
or DMAC cycle, (2) instruction fetch or data access, (3) read or write, and (4) operand
break conditions of channel A.
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X1: The break condition is the CPU c
10: The break condition is the DMAC

5 IDA1
4 IDAO

R/W
R/W

Instruction Fetch/Data Access Select

Selects the instruction fetch cycle or
cycle as the bus cycle of the channel
condition.

00: Condition comparison is not perft

01: The break condition is the instruc
cycle

10: The break condition is the data a

11: The break condition is the instruc
cycle or data access cycle

RWA1
RWAO

R/W
R/W

Read/Write Select A

Selects the read cycle or write cycle
cycle of the channel A break conditio

00: Condition comparison is not perft
01: The break condition is the read ¢
10: The break condition is the write ¢

11: The break condition is the read c
cycle

SZAl
SZAO0

R/W
R/W

Operand Size Select A

Selects the operand size of the bus c
channel A break condition.

00: The break condition does not incl
operand size

11: The break condition is byte acce:
10: The break condition is word acce
11: The break condition is longword

Legend: X: Don't care
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7.25

Break Address Mask Register B (BAMRB)

BAMRSB is a 32-bit read/write register. BAMRB specifies bits masked in the break adc

specified by BARB.

Bit Bit Name Initial Value R/W Description
31to0 BAMB31to AllO R/W Break Address Mask
BAMBO Specifies bits masked in the channel E
address bits specified by BARB (BAB:
BABO).
0: Break address BABnN of channel B i
in the break condition
1: Break address BABN of channel B i
and is not included in the break con
Note: n=31to0
7.26  Break Data Register B (BDRB)

BDRB is a 32-bit read/write register.

Bit Bit Name Initial Value R/W Description
31to0 BDB31to AllO R/W Break Data Bit
BDBO
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1: Break data BDBn of channel B is ma:
not included in the break condition

Notes: n=31t00
Specify an operand size when including the value of the data bus in the break

When a byte size is selected as a break condition, the break data must be set i
in BDRB for an even break address and bits 7 to O for an odd break address.

7.2.8 Break Bus Cycle Register B (BBRB)

Break bus cycle register B (BBRB) is a 16-hit read/write register, which specifies, (1)
or DMAC cycle, (2) ingtruction fetch or data access, (3) read/write, and (4) operand s
break conditions of channel B.

Bit Bit Name Initial Value R/W Description
15t08 — All O R Reserved

These bits are always read as 0. These
always read as 0.

CDB1 0 R/W  CPU Cycle/DMAC Cycle Select B

CDBO 0 R/W  Select the CPU cycle or DMAC cycle as
cycle of the channel B break condition.

00: Condition comparison is not perform
X1: The break condition is the CPU cycl
10: The break condition is the DMAC cy
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11: The break condition is the instruction
or data access cycle

Read/Write Select B

Select the read cycle or write cycle as the
of the channel B break condition.

00: Condition comparison is not performe
01: The break condition is the read cycle
10: The break condition is the write cycle

11: The break condition is the read cycle
cycle

RwWB1 0 R/W
RWBO 0 R/W
SZB1 0 R/W
0 SZB0 0 R/W

Operand Size Select B

Select the operand size of the bus cycle
channel B break condition.

00: The break condition does not include
size

01: The break condition is byte access

10: The break condition is word access

11: The break condition is longword acce

Legend: X: Don't care
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4. velermine wnetner 1o Include dala bus on channel b 1N comparison conaitions.
5. Enable PC trace.
6. Enablethe ASID check.

The break control register (BRCR) is a 32-bit read/write register that has break condit
flags and bits for setting a variety of break conditions.

Bit Bit Name Initial Value R/W Description
31to22 — AllO R Reserved

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

21 BASMA 0 R/W Break ASID Mask A

Specifies whether the bits of the cha
ASID7 to ASIDO (BASA7 to BASAOQ)
BASRA are masked or not.

0: All BASRA bits are included in bre
condition, ASID is checked

1: No BASRA bits are included in br
condition, ASID is not checked

20 BASMB 0 R/W Break ASID Mask B

Specifies whether the bits of channe
ASID7 to ASIDO (BASB7 to BASBO)
BASRB are masked or not.

0: All BASRB bits are included in bre
condition, ASID is checked

1: No BASRB bits are included in br
condition, ASID is not checked

19to 16 — All O R Reserved

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

CPU Condition Match Flag B

When the CPU bus cycle condition in
conditions set for channel B is satisfie
is set to 1 (not cleared to 0). In order t
flag, write 0 into this bit.

0: The CPU cycle condition for chann
not match

1: The CPU cycle condition for chann
matches

DMAC Condition Match Flag A

When the on-chip DMAC bus cycle cc
the break conditions set for channel A
satisfied, this flag is set to 1 (not clear
order to clear this flag, write 0 into this

0: The DMAC cycle condition for char
not match

1: The DMAC cycle condition for char
matches

14 SCMFCB 0 R/W
13 SCMFDA 0 R/W
12 SCMFDB 0 R/W

DMAC Condition Match Flag B

When the on-chip DMAC bus cycle cc
the break conditions set for channel B
satisfied, this flag is set to 1 (not clear
order to clear this flag, write 0 into this

0: The DMAC cycle condition for char
not match

1: The DMAC cycle condition for char
matches
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execution.

0: PC break of channel A is set befol
execution

1: PC break of channel A is set after
execution

9,8 — AllO R Reserved

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

7 DBEB 0 R/W Data Break Enable B

Selects whether or not the data bus
included in the break condition of ch

0: No data bus condition is included
condition of channel B

1: The data bus condition is includec
condition of channel B

6 PCBB 0 R/W PC Break Select B

Selects the break timing of the instru
cycle for channel B as before or afte
execution.

0: PC break of channel B is set befol
execution

1: PC break of channel B is set after
execution

5,4 — AllO R Reserved

These bits are always read as 0. The
should always be 0.
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2,1 — AllO R Reserved
These bits are always read as 0. The
should always be 0.

0 ETBE 0 R/W The Number of Execution Times Bree

Enable the execution-times break cor
on channel B. If this bitis 1 (break en:
user break is issued when the numbe
conditions matches with the number ¢
times that is specified by the BETR re

0: The execution-times break conditio
masked on channel B

1: The execution-times break conditio
enabled on channel B

7.2.10 Execution TimesBreak Register (BETR)

When the execution-times break condition of channel B is enabled, this register specifi
number of execution times to make the break. The maximum number is 2> — 1 times. E
the break condition is satisfied, BETR is decremented by 1. A break isissued when the
condition is satisfied after the BETR becomes H'0001.

Bit Bit Name Initial Value R/W Description

15t012 — AllO R Reserved
These bits are always read as 0. The
should always be 0.

11to0 — AllO R/W Number of execution times
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Bit

Bit Name

Initial Value R/W

Description

31

SVF

0

R

BRSR Valid Flag

Indicates whether the address and thi
which the branch source address can
calculated. When a branch source ad
fetched, this flag is set to 1. This flag

0 in reading BRSR.

0: The value of BRSR register is inva
1: The value of BRSR register is valid

30to 28

PID2 to
PIDO

Instruction Decode Pointer

PID is a 3-bit binary pointer (0 to 7). T
indicate the instruction buffer number
stores the last executed instruction be

Even: PID indicates the instruction bt

Odd: PiD+2 indicates the instruction
number

27t00

BSA27 to
BSAO

Branch Source Address

These bits store the last fetched addr
branch.
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Indicates whether a branch destination a
stored. When a branch destination addre
fetched, this flag is set to 1. This flag is s
reading BRDR.

0: The value of BRDR register is invalid
1: The value of BRDR register is valid

30t028 — — R Reserved
These bits are always read as 0. The wri
should always be 0.
27t00 BDA27to — R Branch Destination Address
BDAO These bits store the first fetched address
branch.
7.2.13 Break ASID Register A (BASRA)

Break ASID register A (BASRA) is an 8-bit read/write register that specifiesthe ASID
as the break condition for channel A. It isnot initialized by resets. It islocated in CCN.

Bit Bit Name Initial Value R/W Description
7t00 BASA7to — R/W  Break ASID
BASAO

These bits store the ASID (bits 7 to 0) th:
channel A break condition.
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7.3 Operation

731 Flow of the User Break Operation

The flow from setting of break conditionsto user break exception processing is descri

1.

The break addresses and the corresponding ASIDs are loaded in the BARA, BARI
and BASRB. The masked addresses are set in the BAMRA and BAMRB. The bre
in the BDRB. The masked datais set in the BDMRB. The breaking bus condition:
the BBRA and BBRB. Three groups of the BBRA and BBRB (CPU cycle/DMAC
instruction fetch/data access select, and read/write select) are each set. No user bre
generated if even one of these groups is set with 00. The respective conditions are
bits of the BRCR.

When the break conditions are satisfied, the UBC sends a user break request to the
controller. The break type will be sent to CPU indicating the instruction fetch, pre
instruction break, or data access break. When conditions match up, the CPU condi
flags (SCMFCA and SCMFCB) and DMAC condition match flags (SCMFDA anc
for the respective channels are set.

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:s
but they are not reset. 0 must first be written to them before they can be used agair
There is a chance that the data access break and its following instruction fetch bre
around the same time, there will be only one break request to the CPU, but these t
channel match flags could be both set.
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be executed). When this kind of break is set for the delay dot of adelay branch inst
break is generated prior to execution of the instruction that then first accepts the bre
Meanwhile, the break set for pre-instruction-break on delay sot instruction and pos
instruction-break on SLEEP instruction are also prohibited.

. When the condition is specified to be occurred after execution, the instruction set w
break condition is executed and then the break is generated prior to the execution of
instruction. As with pre-execution breaks, this cannot be used with overrun fetch in
When thiskind of break is set for adelay branch instruction, the break is generated
instruction that then first accepts the break.

. When an instruction fetch cycleis set for channel B, break dataregister B (BDRB)
There isthus no need to set break data for the break of the instruction fetch cycle.

733 Break by Data Access Cycle

1. The memory cyclesin which CPU data access breaks occur are from instructions.

2. Therelationship between the data access cycle address and the comparison conditic

operand size are listed in table 7.1:

Table7.1 Data Access Cycle Addresses and Operand Size Comparison Conditi

Access Size Address Compared

Longword Compares break address register bits 31 to 2 to address bus bits
Word Compares break address register bits 31 to 1 to address bus bits
Byte Compares break address register bits 31 to 0 to address bus bits

This means that when address H'00001003 is set without specifying the size conditi
example, the bus cycle in which the break condition is satisfied is as follows (where
conditions are met).
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Oata conditions botnh match. o specity byte datator this case, set the same data in
bits 15 to 8 and bits 7 to 0 of the break dataregister B (BDRB) and break data ma:
(BDMRB). When word or byteis set, bits 31 to 16 of BDRB and BDMRB areign

. When the DMAC data access is included in the break condition:

When the address isincluded in the break condition on DMAC data access, the of
the break bus cycle registers (BBRA and BBRB) should be byte, word or no speci
size. When the datavalue isincluded, select either byte or word.

7.34 Sequential Break

. By specifying SEQ in BRCR is set to 1, the sequential break isissued when chanr
condition matches after channel A break condition matches. A user break isignore
channel B break condition matches before channel A break condition matches. Wi
A and B condition match at the same time, the sequential break is not issued.

. Insequential break specification, logical or internal bus can be selected and the ex
times break condition can be also specified. For example, when the execution time
condition is specified, the break condition is satisfied at channel B condition matc
= H'0001 &fter channel A condition match.

7.35 Value of Saved Program Counter

The PC when abreak occursis saved to the SPC in user breaks. The PC value saved i
depending on the type of break.

1. When instruction fetch (before instruction execution) is specified as a break condi

The value of the program counter (PC) saved is the address of the instruction that
break condition. The fetched instruction is not executed, and a break occurs before
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4. When data access (address + data) is specified as a break condition:
The PC value is the start address of the instruction that follows the instruction alrea
when break processing started up. When a data value is added to the break conditio
place where the break will occur cannot be specified exactly. The break will occur |
execution of an instruction fetched around the data access where the break occurrec

7.3.6 PC Trace

1. Setting PCTE in BRCR to 1 enables PC traces. When branch (branch instruction, re
interrupt) is generated, the address from which the branch source address can be cal
the branch destination address are stored in BRSR and BRDR, respectively. The br:
address and the pointer, which corresponds to the branch, are included in BRSR.

2. The branch address before branch occurs can be calculated from the address and the
stored in BRSR. The expression from BSA (the addressin BRSR), PID (the pointer
and |A (the instruction address before branch occurs) isasfollows: IA = BSA —2*
Notes are needed when an interrupt (a branch) is issued before the branch destinatic
instruction is executed. In case of the next figure, the instruction “Exec” executed il
before branch is calculated by IA = BSA —2* PID. However, when branch “branct
slot and the destination address is 4n + 2 address, the address “ Dest” which is speci
branch instruction is stored in BRSR (Dest = BSA). Therefore, as|A =BSA —2* |
applied to this case, thisPID isinvalid. The case where BSA is4n + 2 boundary is
only to this case and then some cases are classified as follows:

Exec: branch Dest

Dest:instr (not executed)
interrupt
Int: interrupt routine
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D. Interrupt
Thelast instruction executed before interrupt
The top address of interrupt routineis stored in BRDR.

4. BRSR and BRDR have eight pairs of queue structures. The top of queuesisread f
address stored in the PC trace register isread. BRSR and BRDR share the read pol
BRSR and BRDR in order, the queue only shifts after BRDR is read. When readir
longword access should be used. Also, the PC trace has a trace pointer, which initi
to the bottom of the queues. The first pair of branch addresses will be stored at the
the queues, then push up when next pairs come into the queues. The trace pointer
the next branch address to be executed, unlessit got push out of the queues. When
address has been executed, the trace pointer will shift down to next pair of address
reaches the bottom of the queues. After switching the PCTE bit (in BRCR) off anc
valuesin the queues are invalid. The read pointer stay at the position before PCTE
but the trace pointer restart at the bottom of the queues.
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e Channel A
Address.  H'00000404, Address mask: H'00000000

Buscycle: CPU/instruction fetch (after instruction execution)/read (operand si
included in the condition)

No ASID check isincluded

e Channe B
Address.  H'00008010, Address mask: H'00000006
Data: H'00000000, Data mask: H'00000000

Buscycle: CPU/instruction fetch (before instruction execution)/read (operand
included in the condition)

No ASID check isincluded

A user break occurs after an instruction of address H'00000404 is executed or befor
instructions of adresses 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 sequence mode
e Channel A
Address:  H'00037226, Address mask: H'00000000, ASID = H'80
Buscycle: CPU/instruction fetch (before instruction execution)/read/word
* Channel B
Address:.  H'0003722E, Address mask: H'00000000, ASID = H'70
Data H'00000000, Data mask: H'00000000
Buscycle: CPUlinstruction fetch (before instruction execution)/read/word

An instruction with ASID = H'80 and address H'00037226 is executed, and a user b
before an instruction with ASID = H'70 and address H'0003722E is executed.
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S o

No ASID check isincluded

E . N

e Channel B
Address.  H'00031415, Address mask: H'00000000
Data: H'00000000, Data mask: H'00000000

Buscycle: CPU/instruction fetch (before instruction execution)/read (operanc
included in the condition)

No ASID check isincluded

On channel A, no user break occurs since instruction fetch is not awrite cycle. On
no user break occurs since instruction fetch is performed for an even address.

. Register specifications

BARA = H'00037226, BAMRA = H'00000000, BBRA = H'005A, BARB = H'00C
BAMRB = H'00000000, BBRB = H'0056, BDRB = H'00000000, BDMRB = H'0C
BRCR = H'00000008, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B sequence mode
e Channel A
Address.  H'00037226, Address mask: H'00000000, ASID: H'80
Buscycle: CPU/instruction fetch (before instruction execution)/write/word
* Channel B
Address:  H'0003722E, Address mask: H'00000000, ASID: H'70
Data: H'00000000, Data mask: H'00000000
Buscycle: CPU/instruction fetch (before instruction execution)/read/word

Since ingtruction fetch is not awrite cycle on channel A, a sequence condition doe
Therefore, no user break occurs.
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Address:.  H'00001000, Address mask: H'00000000

Data H'00000000, Data mask: H'00000000

Buscycle: CPU/instruction fetch (before instruction execution)/read/longworc
The number of execution-times break enable (5 times)

On channel A, auser break occurs before an instruction of address H'00000500 is €
On channel B, auser break occurs before the fifth instruction execution after instru
address H'00001000 are executed four times.

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: Channel A/channel B independent mode
* Channel A
Address:  H'00008404, Address mask: H'00000FFF, ASID: H'80

Buscycle: CPU/instruction fetch (after instruction execution)/read (operand si
included in the condition)

e Channel B
Address.  H'00008010, Address mask: H'00000006, ASID: H'70
Data: H'00000000, Data mask: H'00000000

Buscycle: CPUlingtruction fetch (before instruction execution)/read (operand
included in the condition)
A user break occurs after an instruction with ASID = H'80 and address H'0000800C
H'00008FFE is executed or before instructions with ASID = H'70 and addresses H'(
to H'00008016 are executed.
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Address:  H'00123456, Address mask: H'00000000

Buscycle: CPU/data access/read (operand sizeis not included in the conditic
» Channel B

Address.  H'000ABCDE, Address mask: H'000000FF, ASID: H'70

Data: H'0000A512, Data mask: H'00000000

Buscycles CPU/data access/write/word

On channel A, auser break occurs with ASID = H'80 during longword read to adc
H'00123454, word read to address H'00123456, or byte read to address H'001234¢
channel B, a user break occurs with ASID = H'70 when word H'A512 is written in
H'000ABCO00 to H'000ABCFE.

Break Condition Specified to a DMAC Data Access Cycle

1. Register specifications:
BARA = H'00314156, BAMRA = H'00000000, BBRA = H'0094, BARB = H'000!
BAMRB = H'00000000, BBRB = H'00A9, BDRB = H'00000078, BDMRB = H'0(
BRCR = H'00000080, BASRA = H'80, BASRB = H'70

Specified conditions: Channel A/channel B independent mode
e Channel A

Address.  H'00314156, Address mask: H'00000000, ASID: H'80

Buscycle: DMAC/instruction fetch/read (operand size is not included in the
* Channel B

Address:  H'00055555, Address mask: H'00000000, ASID: H'70

Data: H'00000078, Data mask: H'0000000F

Buscycle. DMAC/data access/write/byte

On channel A, no user break occurs since instruction fetch is not performed in DV
On channel B, a user break occurs with ASID = H'70 when the DMAC writes byt
address H'00055555.
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simultaneousdly, is set.

B. Since the CPU has a pipeline configuration, the pipeline determines the order of
instruction fetch cycle and a memory cycle. Therefore, when a channel conditio
in the order of bus cycles, a sequentia condition is satisfied.

C. When the bus cycle condition for channel A is specified as a break before exect
(PCBA =0in BRCR) and an instruction fetch cycle (in BBRA), the attention is
A break isissued and condition match flagsin BRCR are set to 1, when the bus
conditions both for channels A and B match simultaneously.

4. The change of aUBC register value is executed in MA (memory access) stage. The
even if the break condition matches in the instruction fetch address following the in
which the pre-execution break is specified as the bresk condition, no break occurs.
know the timing UBC register is changed, read the last written register. Instruction:s
arevalid for the newly written register value.

5. The branch instruction should not be executed as soon as PC trace register BRSR al
areread.

6. When PC breaks and TLB exceptions or errors occur in the same instruction. The p
follows:

A. Break and instruction fetch exceptions: Instruction fetch exception occurs first.
B. Break before execution and operand exception: Break before execution occurs f
C. Break after execution and operand exception: Operand exception occursfirst.
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Figure 8.1 shows the block diagram of the BSC.

8.1

Feature

The BSC has the following features:

Physical address spaceisdivided into six areas

O 0Oooo

O

A maximum 64 Mbytes for each of the six areas, 0, 2 to 6
Area bus width can be selected by register (area O is set by external pin)
Wait states can be inserted using the WAIT pin

Wait state insertion can be controlled through software. Register settings can b
specify theinsertion of 1 to 10 cyclesindependently for each area (1 to 38 cycl
5 and 6 and the PCMCIAT interface only)

The type of memory connected can be specified for each area, and control sigr
output for direct memory connection

Wait cycles are automatically inserted to avoid data bus conflict for continuou
accesses to different areas or writes directly following reads of the same area

Direct interface to synchronous DRAM (except when clock ratio becomes | g:Bg

Oo0Ooogod

Multiplexes row/column addresses according to synchronous DRAM capacity
Supports burst operation

Supports bank active mode

Has both auto-refresh and self-refresh functions

Controls timing of synchronous DRAM direct-connection control signals acco
register setting

Burst ROM interface

g
O

Insertion of wait states controllable through software
Register setting control of burst transfers

PCMCIA interface

O

Insertion of wait states controllable through software
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Internal bus

E Bus
! interface

. Wait E
WAIT—:E* controller !
CS0, CS6 to CS2, ' Area E
CE2A, CE2B H controller '
B 5
RD L !
RD/WR I 4 ,
WES3 to WEO v g :
RASX ~——— E ;
CASx v | Memory S !
CKE i E controller '
ICIORD, ICIOWR H ' !
[9] — |
2] 1
> 1
ol A '
® H
2 1
s Refresh |
Interrupt ® controller :
controller a !
---------------------------------------- BSC----
Legend:
WCR: Wait state control register RFCR : Refresh count register
BCR : Bus control register RTCNT : Refresh timer count register
MCR : Memory control register RTCOR : Refresh time constant register
PCR : PCMCIA control register RTCSR : Refresh timer control/status register

Figure8.1 BSC Functional Block Diagram
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D31 to D16 110 When 32-bit bus width, data I/0
Bus cycle start BS (0] Shows start of bus cycle. During burst
asserts every data cycle.
Chip select 0, 2to 4 CSO0, CS2 to (@] Chip select signal to indicate area beir
Cs4
Chip select 5, 6 CS5/CE1A, (0] Chip select signal to indicate area beir
CS6/CE1B CS5/CE1A and CS6/CE1B can also b
CE1A and CE1B of PCMCIA.
PCMCIA card CE2A, CE2B (e} When PCMCIA is used, CE2A and CE
select
Read/write RD/WR (0] Data bus direction indicator signal. Sy
DRAM write indicator signal.
Row address strobe RASL (0] When synchronous DRAM is used, R/
L lower 32-Mbyte address.
Row address strobe RASU (@] When synchronous DRAM is used, R/
U upper 32-Mbyte address.
Column address CASL (0] When synchronous DRAM is used, C/
strobe for lower 32-Mbyte address.
Column address CASU (@] When synchronous DRAM is used, C/
strobe for upper 32-Mbyte address.
Data enable 0 WEO/DQMLL (0] When memory other than synchronou
used, selects D7 to DO write strobe sic
synchronous DRAM is used, selects C
Data enable 1 WE1/DQMLU/ O When memory other than synchronou:
E used, selects D15 to D8 write strobe s

synchronous DRAM is used, selects C
When PCMCIA is used, strobe signal
indicates the write cycle.
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D24. When PCMCIA is used, strobe sig
indicating 1/O write.

Read RD 0 Strobe signal indicating read cycle

Wait WAIT I Wait state request signal

Clock enable CKE (0] Clock enable control signal of synchron

10IS16 10IS16 I Signal indicating PCMCIA 16-bit I/0. Ve
little-endian mode.

Bus release request BREQ | Bus release request signal

Bus release BACK (0] Bus release acknowledge signal

acknowledgment

8.3 Area Overview

Space Allocation: In the architecture of this LSI, both logical spaces and physical spac
bit address spaces. The logical space is divided into five areas by the value of the uppel
address. The physical spaceisdivided into eight areas.

Logical space can be allocated at physical spaces using a memory management unit (M
details, refer to section 3, Memory Management Unit (MMU), which describes area all
physical spaces.

Aslisted in table 8.2, this LS| can be connected directly to six areas of memory/PCMC
interface, and it outputs chip select signals (CS0, CS2 to CS6, CE2A, CE2B) for each «
CS0 is asserted during area 0 access; CS6 is asserted during area 6 access. When PCM1
interface is selected in area5 or 6, in addition to CS5/CS6, CE2A/CE2B are asserted f
corresponding bytes accessed.
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0 A A A s B
y

H'A0000000
P2
A I
’

Z 2=
H'C0000000 ;
P3 /
A0 o A 1 2 1 S A
H'E0000000
P4

Logical address space

Note: For logical address spaces PO and P3, when the memory management unit (MMU) is on, it c:
optionally generate a physical address for the logical address. It can be applied when the MM

off and when the MMU is on and each physical address for the logical address is equal excey

upper three bits.
See table 8.2, for information on converting logical addresses into user-defined physical

addresses.

Figure8.2 Correspondingto Logical Address Space and Physical Address
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Av/iFFrFFFE T 1 2ZUUUUUVU X T

2 Ordinary memory™", H'08000000 to H'OBFFFFFF 64 Mbytes 8,
synchronous DRAM H'08000000 + H'20000000 x nto  Shadow n::
H'OBFFFFFF + H'20000000 x n
3 Ordinary memory™", H'0C000000 to H'OFFFFFFF 64 Mbytes 8,
synchronous DRAM H'0C000000 + H'20000000 x nto  Shadow n::
H'OFFFFFFF + H'20000000 x n
4 Ordinary memory™* H'10000000 to H'13FFFFFF 64 Mbytes 8,
H'10000000 + H'20000000 x nto ~ Shadow n: .
H'13FFFFFF + H'20000000 % n
5 Ordinary memory™*, H'14000000 to H'15FFFFFF 32 Mbytes 8,
PCMCIA, burst ROM  "4:16000000 to H'17FFFFFF 32 Mbytes
H'14000000 + H'20000000 x nto ~ Shadow n: .
H'17FFFFFF + H'20000000 x n
6 Ordinary memory*l, H'18000000 to H'19FFFFFF 32 Mbytes 8,
PCMCIA, burstROM 411 7000000 to H'1BFFFFFF
H'18000000 + H'20000000 x nto ~ Shadow n: .

H'1BFFFFFF + H'20000000 % n

77 Reserved area

H'1C000000 + H'20000000 % n
to H'1FFFFFFF + H'20000000 x n

Notes: 1. Memory with interface such as SRAM or ROM.

NooswDN

Use external pin to specify memory bus width.
Use register to specify memory bus width.

With synchronous DRAM interfaces, bus width must be 16 or 32 bits.
With synchronous DRAM interfaces, bus width must be 16 or 32 bits.
With PCMCIA interface, bus width must be 8 or 16 bits.
Do not access the reserved area. If the reserved area is accessed, the corre

operation cannot be guaranteed.

8. When the control register in area 1 is not used for address translation by the
the top three bits of the logical address to 101 to allocate in the P2 space.
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synchronous DRAM

Area 4: H'10000000
Ordinary memory

Area 5: H'14000000 Ordinary memory/ The PCMCIA interface is sharec
burst ROM/PCMCIA by the memory and 1/O card

Area 6: H'18000000 Ordinary memory/ The PCMCIA interface is sharec
burst ROM/PCMCIA by the memory and I/O card

Figure 8.3 Physical Space Allocation

Memory Bus Width: The memory buswidth in this LSl can be set for each area. In ¢
external pin can be used to select byte (8 bits), word (16 bits), or longword (32 bits) o
reset. The correspondence between the external pins (MD4 and MD3) and memory Si:
table below.

Table8.3 Correspondence between External Pins (MD4 and MD3) and Memg

MD4 MD3 Memory Size

0 0 Reserved (Setting prohibited)
0 1 8 bits

1 0 16 bits

1 1 32 bits

For areas 2 to 6, byte, word, and longword may be chosen for the bus width using bus
register 2 (BCR2) whenever ordinary memory, ROM, or burst ROM are used. When t
synchronous DRAM interface is used, word or longword can be chosen as the bus wic

When the PCMCIA interface is used, set the bus width to byte or word. When synchr
DRAM is connected to both area 2 and area 3, set the same bus width for areas 2 and
using port A or B, set a bus width of 8 or 16 bitsfor all areas. For more information,
8.4.2, Bus Control Register 2 (BCR2).
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8.3.1 PCMCIA Support

This LSl supports PCMCIA standard interface specificationsin physical space areas 5
(except for WP).

The interfaces supported are basically the "IC memory card interface" and "1/O card in
stipulated in JEIDA Specifications Ver. 4.2 (PCMCIA2.1).

Table8.4 PCMCIA Interface Characteristics

Iltem Feature

Access Random access

Data bus 8/16 bits

Memory type Mask ROM, OTPROM, EPROM, EEPROM, flash memory,
Memory capacity Maximum 32 Mbytes

I/O space capacity Maximum 32 Mbytes

Others Dynamic bus sizing of 1/O bus width*

The PCMCIA interface can be accessed from the address
area or non-address translation area.

Note: * Dynamic bus sizing of I/O bus width is supported only in the little endian mot

Area 5: H'14000000 Commom memory/Attribute memory
Area 5: H'16000000 1/0 space
Area 6: H'18000000 Commom memory/Attribute memory
Area 6: H'1A000000 1/0 space

Figure8.4 PCMCIA Space Allocation

Rev. 5.00 May 29, 2006 page 170 of 698
REJ09B0146-0500

RENESAS



5 D6 I/O Data D6 /0 Data D6
6 D7 /O Data D7 /0 Data D7
7 CETf I Card enable CET1 I Card enable CE
8 A10 I Address A10 | Address Al
9 OE I Output enable OE I Output enable RD
10 Al1 I Address A1l I Address Al
11 A9 I Address A9 | Address A9
12 A8 I Address A8 | Address A8
13 A13 | Address Al3 I Address Al
14 Al4 I Address Al4 I Address Al
15 WE/PGM | Write enable WE/PGM | Write enable WE
16 RDY/BSY O Ready/Busy IREQ O  Ready/Busy —

17 V. Operation power Ve Operation power — —

18 V., Program power Voo, Program/ —

peripheral power

19 Al6 I Address Al16 I Address Al
20 A15 | Address Al5 I Address Al!
21  A12 I Address Al12 I Address Al
22 A7 | Address A7 | Address A7
23 A6 I Address A6 | Address A6
24 A5 I Address A5 | Address A5
25 A4 | Address A4 | Address A4
26 A3 I Address A3 | Address A3
27 A2 | Address A2 | Address A2
28 Al I Address Al | Address Al
29 A0 I Address A0 | Address A0
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35 GND Ground GND Ground —

36 CD1 O  Card detection CD1 O  Card detection —
37 D11 /O Data D11 /0 Data D11
38 D12 I/O Data D12 /0 Data D12
39 D13 /O Data D13 /0 Data D13
40 D14 /O Data D14 /0 Data D14
41 D15 /O Data D15 /0 Data D15
42 CE2 I Card enable CE2 I Card enable CE2
43 VST I Voltage sense 1 VST I Voltage sense 1~ —
44 RFU Reserved IORD I I/0 read ICIC
45 RFU Reserved IOWR | 1/0 write ICIC
46  Al7 | Address Al7 I Address Al7
47 Al8 I Address A18 I Address A18
48 Al19 | Address A19 I Address A19
49 A20 I Address A20 I Address A20
50 A21 I Address A21 I Address A21
51 V. Power supply Ve Power supply —
52 V,, Program power Ve, Program/ —
peripheral power
53 A22 | Address A22 I Address A22
54 A23 I Address A23 I Address A23
55 A24 | Address A24 I Address A24
56 A25 I Address A25 I Address A25
57 VS2 I Voltage sense 2 Vs2 I Voltage sense 2~ —
58 RESET | Reset RESET I Reset —
59  WAIT O  Wait request WAIT O  Wait request —
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detection change
64 D8 /O Data D8 /0 Data D8
65 D9 I/O Data D9 /O Data D9
66 D10 /O Data D10 /0 Data D1l
67 CD2 O  Card detection CD2 O  Card detection —
68 GND Ground GND Ground —

Note: * This LSI does not support WP.

8.4

Register Description

The BSC has 11 registers. The synchronous DRAM also has a built-in synchronous D
register. These registers control direct connection interfaces to memory, wait states an

Refer to section 23, List of Registers, for more details of the addresses and access size

Bus control register 1 (BCR1)
Bus control register 2 (BCR2)

Wait state control register 1 (WCR1)
Wait state control register 2 (WCR2)
Individual memory control register (MCR)

PCMCIA control register (PCR)

Synchronous DRAM mode register (SDMR)
Refresh timer control/status register (RTCSR)

Refresh timer counter (RTCNT)

Refresh time constant register (RTCOR)

Refresh count register (RFCR)
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LRl ~ ML

b e 2 s it M

Specifies whether or not pins A25 to AO are
for 4 cycles immediately after BACK is asse

0: Not pulled up
1: Pulled up

14 PULD 0 R/W

Pin D31 to DO Pull-Up

Specifies whether or not pins D31 to DO are
when not in use.

0: Not pulled up
1: Pulled up

13 HIZMEM 0 R/W

Hi-Z memory control

Specifies the state of A25 to 0, BS, CS, RD
WE/DQM, RD, CE2A, CE2B and DRAKO0/1
mode.

0: High-impedance state in standby mode.
1: Driven in standby mode.

12 HIZCNT 0 R/W

Hi-Z Control

Specifies the state of the RAS and the CAS
standby and bus right release.

0: High-impedance state at standby and bu
release.

1: Driven at standby and bus right release.

11 ENDIAN 0/1** R

Endian Flag

Samples the value of the external pin desig
endian upon a power-on reset. Endian for a
spaces is decided by this bit, which is read-

0: (On reset) Endian setting external pin (M
Indicates the SH7706 is set as big endial

1: (On reset) Endian setting external pin (M
Indicates the SH7706 is set as little endic
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10: Access area 0 as burst ROM (8 conse
accesses). Can be used when bus wic
16.

01: Access area 0 as burst ROM (16 cons
accesses). Can be used only when bu

8
7

A5BST1
A5BSTO

0
0

R/W
R/W

Area 5 Burst Enable

Specify whether to use burst ROM and PC
mode in physical space area 5. When bur
PCMCIA burst mode are used, set the nur
transfers.

00: Access area 5 as ordinary memory

01: Burst access of area 5 (4 consecutive
Can be used when bus width is 8, 16,

10: Burst access of area 5 (8 consecutive
Can be used when bus width is 8 or 1¢

11: Burst access of area 5 (16 consecultive
Can be used only when bus width is 8

6
5

A6BST1
A6BSTO

0
0

R/W
R/W

Area 6 Burst Enable

Specify whether to use burst ROM and PC
mode in physical space area 6. When bur
PCMCIA burst mode are used, set the nur
transfers.

00: Access area 6 as ordinary memory

01: Burst access of area 6 (4 consecutive
Can be used when bus width is 8, 16,

10: Burst access of area 6 (8 consecutive
Can be used when bus width is 8 or 1¢

11: Burst access of area 6 (16 consecultive
Can be used only when bus width is 8
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ViU, AlTTa . Uihdiiial y Hiciiivl y, daltd J. oyliL

DRAM™?
011: Areas 2 and 3 are synchronous DRAN
100: Reserved (Setting prohibited)
101: Reserved (Setting prohibited)
110: Reserved (Setting prohibited)
111: Reserved (Setting prohibited)
1 A5PCM 0 R/W  Area 5 Bus Type

Designates whether to access physical spa
as PCMCIA space.

0: Access physical space area 5 as ordinar

1: Access physical space area 5 as PCMCI
0 A6PCM 0 R/W  Area 6 Bus Type

Designates whether to access physical spa
as PCMCIA space.

0: Access physical space area 6 as ordinar

1: Access physical space area 6 as PCMCI

Notes: 1. Samples the value of the external pin (MD5) designating endian at power-or
2. When selecting this mode, set the same bus width for areas 2 and 3.
3. Do not access to the SRAM when the clock ratiois 1 ¢: B @=1:1.
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These bits are always read as 0. The
should always be 0.

13 A6SZ1 1 R/W Area 6 Bus Size Specification
12 A6SZ0 1 R/W Specify the bus sizes of physical spac

e When port A/B is unused.
00: Reserved (Setting prohibited)
01: Byte (8-hit) size

10: Word (16-hit) size

11: Longword (32-bit) size

e When port A/B is used.

00: Reserved (Setting prohibited)
01: Byte (8-hit) size

10: Word (16-hit) size

11: Reserved (Setting prohibited)

11 A5SZ1 1 R/W Area 5 Bus Size Specification
10 A5SZ0 1 R/W Specify the bus sizes of physical spac

e When port A/B is unused.
00: Reserved (Setting prohibited)
01: Byte (8-hit) size

10: Word (16-bit) size

11: Longword (32-hit) size

e When port A/B is used.

00: Reserved (Setting prohibited)
01: Byte (8-bit) size

10: Word (16-hit) size

11: Reserved (Setting prohibited)

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



L4 LUTTYVWUITU VL7V oleT

e When port A/B is used.
00: Reserved (Setting prohibited)
01: Byte (8-bit) size
10: Word (16-hit) size
11: Reserved (Setting prohibited)
7 A3SZ1 1 R/W Area 3 Bus Size Specification
6 A3SZ0 1 R/W Specify the bus sizes of physical space

e When port A/B is unused.
00: Reserved (Setting prohibited)
01: Byte (8-bit) size

10: Word (16-bit) size

11: Longword (32-hit) size

e When port A/B is used.

00: Reserved (Setting prohibited)
01: Byte (8-hit) size

10: Word (16-hit) size

11: Reserved (Setting prohibited)
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11: Longword (32-hit) size

e When port A/B is used.

00: Reserved (Setting prohibited)

01: Byte (8-bit) size

10: Word (16-bit) size

11: Reserved (Setting prohibited)
3to0 — AllO R Reserved

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

8.4.3 Wait State Control Register 1 (WCR1)

Wait state control register 1 (WCRL1) is a 16-bit read/write register that specifies the n
idle (wait) state cyclesinserted for each area. For some memories, the drive of the dat
not be turned off quickly even when the read signal from the external device isturned
can result in conflicts between data buses when consecutive memory accesses are to
memories or when awrite immediately follows a memory read. This LS| automaticall
states equal to the number set in WCR1 in those cases.

WCRL1isinitialized to H'3FF3 by a power-on reset. It is not initialized by a manual re
standby mode.
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should always be 0.

13 AGIW1 1 R/W
12 AGIWO 1 R/W

Area 6 Intercycle Idle Specification

Specify the number of idles inserted betv
cycles when switching between physical
6 to another space or between a read ac
write access in the same physical space

00: 1 idle cycle inserted
01: 1 idle cycle inserted
10: 2 idle cycles inserted
11: 3 idle cycles inserted

11 A5IwW1 1 R/W
10 A5IW0 1 R/W

Area 5 Intercycle Idle Specification

Specify the number of idles inserted betv
cycles when switching between physical
5 to another space or between a read ac
write access in the same physical space

00: 1 idle cycle inserted
01: 1 idle cycle inserted
10: 2 idle cycles inserted
11: 3 idle cycles inserted

A4lw1l 1 R/W
A41W0 1 R/W

Area 4 Intercycle Idle Specification

Specify the number of idles inserted betv
cycles when switching between physical
4 to another space or between a read ac
write access in the same physical space

00: 1 idle cycle inserted
01: 1 idle cycle inserted
10: 2 idle cycles inserted
11: 3 idle cycles inserted
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10: 2 idle cycles inserted
11: 3 idle cycles inserted

A2I1W1
A2IW0

R/W
R/W

Area 2 Intercycle Idle Specification

Specify the number of idles inserted be
cycles when switching between physice
2 to another space or between a read a
write access in the same physical spact

00: 1 idle cycle inserted
01: 1 idle cycle inserted
10: 2 idle cycles inserted
11: 3 idle cycles inserted

3,2

AllO

Reserved

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

AOIW1
AO0IWO

R/W
R/W

Area 0 Intercycle Idle Specification

Specify the number of idles inserted be
cycles when switching between physice
0 to another space or between a read a
write access in the same physical spact

00: 1 idle cycle inserted
01: 1 idle cycle inserted
10: 2 idle cycles inserted
11: 3 idle cycles inserted

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



R/VV

SPCLIly UIT Hditivel Ol vwall stalco llisciilcu
physical space area 6 in combination with

13 A6WO R/W - -
PCR. Also specify the burst pitch for burst
Refer to table 8.6 for details.
12 A5W2 R/W  Area 5 Wait Control
11 A5W1 R/W  Specify the number of wait states inserted
10 A5WO RIW physical space area 5 in combination with .
PCR. Also specify the burst pitch for burst
Refer to table 8.7 for details.
A4W?2 R/W  Area 4 Wait Control
AdW1 R/W  Specify the number of wait states inserted
AAWO RIW physical space area 4.
Refer to table 8.8 for details.
A3W1 R/W  Area 3 Wait Control
A3WO0 R/W  Specify the number of wait states inserted

physical space area 3.

e For Ordinary memory

Inserted Wait States WAIT Pin
00: 0 Ignored
01: 1 Enable
10: 2 Enable
11: 3 Enable

¢ For Synchronus DRAM
Synchronus DRAM: CAS Latency

00: 1
01: 1
10: 2
11: 3
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10:
11:

¢ For Synchronus DRAM

cEnapled
Enabled
Enabled

Synchronus DRAM: CAS Latency

00:
01:
10:
11:

1
1
2

3

0

AOW2
AOW1
AOWO

1

R/W  Area 0 Wait Control

R/W  Specify the number of wait states insertec
R/Ww  Physical space area 0. Also specify the b

burst transfer.

Refer to table 8.9 for details.
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1 1 Enable 2
1 0 2 Enable 3 En.
1 3 Enable 4 En
1 0 0 4 Enable 4 En.
1 6 Enable 6 En
1 0 8 Enable 8 En.
1 10 Enable 10 En

Table8.7 Area5Wait Control (Normal Memory I/F)
Description

Burst Cycle
WCR2's bits First Cycle (Excluding First
Bit 12: Bit11: Bit10: Inserted _ Number of States
A5W2 A5W1 A5WO0  Wait States WAIT Pin Per Data Transfer W/
0 0 0 0 Ignored 2 En.
1 1 Enable 2 En
1 0 2 Enable 3 En.
1 3 Enable 4 En.
1 0 0 4 Enable 4 En
1 6 Enable 6 En.
1 0 8 Enable 8 En
1 10 Enable 10 En.
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1 0 0 Enable

1 Enable

1 0 Enable

1 10 Enable

Table8.9 Area0Wait Control
Description

Burst Cyc
WCR2's bits First Cycle (Excluding First
Bit 2: Bit 1: Bit O: Inserted _ Number of States
AOW2 AOW1 AOWO  Wait States WAIT Pin Per Data Transfer W
0 0 0 0 Ignored 2 E
1 1 Enable 2 E
1 0 2 Enable 3 E
1 3 Enable 4 E
1 0 0 4 Enable 4 E
1 6 Enable 6 E
1 0 8 Enable 8 E
1 10 Enable 10 E
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and AMX3 to AMXO0 are written to at the initialization after a power-on reset and are n
modified again. When RFSH and RMODE are written to, write the same values to the
When using synchronous DRAM, do not access areas 2 and 3 until thisregister isinitie

Bit Bit Name Initial Value R/W

Description

15 TPC1 0
14 TPCO 0

R/W
R/W

RAS Precharge Time

When synchronous DRAM interface is sel
connected memory, they set the minimum
cycles until output of the next bank-active
after precharge.

The number of cycles to be inserted imme
after issuing a precharge all banks (PALL;
in auto-refresh or a precharge (PRE) com
bank-active mode is one cycle less than tf
value. In bank-active mode, neither TPC1
should be cleared to 0.

Immediately after* Immec

Normal Precharge after
Operation Command Self-R
00: 1 cycle 0 cycle 2 cycle
01: 2 cycles 1 cycle 5 cycle
10: 3 cycles 2 cycles 8 cycle
11: 4 cycles 3 cycles 11 cyc

Note: * Immediately after a precharge all banks
command in auto-refresh and a prechal
command in bank-active mode.
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11: 4 cycles

11 TRWL1 R/W Write-Precharge Delay

10 TRWLO R/W The TRWL bits set the synchronous DR/
precharge delay time. This designates th
between the end of a write cycle and the
active command. This is valid only when
synchronous DRAM is connected. After 1
cycle, the next bank-active command is |
for the period TPC + TRWL.
00: 1 cycle
01: 2 cycles
10: 3 cycles
11: Reserved (Setting prohibited)

9 TRAS1 R/W CAS-Before-RAS Refresh RAS Assert T

8 TRASO R/W When synchronous DRAM interface is se
connected memory, no bank-active comi
issues during the period TPC + TRAS af
refresh command.
00: 2 cycles
01: 3 cycles
10: 4 cycles
11: 5 cycles

7 RASD R/W Synchronous DRAM Bank Active

Specifies whether synchronous DRAM is
bank active mode or auto-precharge mot

When both areas 2 and 3 are to be conn
synchronous DRAM, select auto-prechar

0: Auto-precharge mode
1: Bank active mode
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0001:
0010:
0011:
0100:

0101:

0110:
0111:

1000:
1001:
1010:
1011:
1100:
1101:

1110:

1111:

Reserved (Setting prohibited)
Reserved (Setting prohibited)
Reserved (Setting prohibited)

The row address begins with A9. (T
value is output at A1 when the row :
output. 64 M (1 M x 16 bits x 4 banl

The row address begins with A10. (
value is output at A1 when the row :
output. 128 M (2 M x 16 bits x 4 ba
(2 M x 8 bits x 4 banks))

Cannot be set.

The row address begins with A9. (T
value is output at A1 when the row
output. 64 M (512 k x 32 bits x 4 ba

Reserved (Setting prohibited)
Reserved (Setting prohibited)
Reserved (Setting prohibited)
Reserved (Setting prohibited)
Reserved (Setting prohibited)

The row address begins with A10. (
value is output at A1 when the row :
output. 256 M (4 M x 16 bits x 4 ba

The row address begins with A11. (
value is output at A1 when the row
output. 512 M (8 M x 16 bits x 4 ba

Reserved (Setting prohibited)

Notes: 1. Cannot be set when using a 3:

width.

2. Cannot be set when using a 11
width.
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4. Rcilicoll

1

RMODE

0

R/W

Refresh Mode

The RMODE bit selects whether to perfo
ordinary refresh or a self-refresh when tt
is 1. When the RFSH bit is 1 and this bit
before-RAS refresh or an auto-refresh is
on synchronous DRAM at the period set
refresh-related registers RTCNT, RTCOF
RTCSR. When a refresh request occurs
external bus cycle, the bus cycle will be ¢
the refresh cycle performed. When the R
and this bit is also 1, the synchronous DI
wait for the end of any executing externa
before going into a self-refresh. All refres
to memory that is in the self-refresh state
ignored.

0: CAS-before-RAS refresh (RFSH must
1: Self-refresh (RFSH must be 1)

R/W

Reserved

This bit is always read as 0. The write va
always be 0.
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L

A WV VAl Al

The A6W3 bit specifies the number of i
wait states for area 6 combined with bit
ABWO in WCR2. It also specifies the nu
transfer states in burst transfer. Set this
when area 6 is not set to PCMCIA.

Refer to table 8.10 for details.

14 A5W3

R/W

Area 5 Wait Control

The A5W3 bit specifies the number of i
wait states for area 5 combined with bit
A5WO0 in WCR2. It also specifies the nu
transfer states in burst transfer. Set this
when area 5 is not set to PCMCIA.

The relationship between the setting va
number of waits is the same as A6W3.

13,12 —

AllO

Reserved

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

11 ASTED2
ASTED1
A5TEDO

R/W
R/W
R/W

Area 5 Address OE/WE Assert Delay

The A5TED bits specify the address to
assert delay time for the PCMCIA interf
connected to area 5.

000: 0.5-cycle delay
001: 1.5-cycle delay
010: 2.5-cycle delay
011: 3.5-cycle delay
100: 4.5-cycle delay
101: 5.5-cycle delay
110: 6.5-cycle delay
111: 7.5-cycle delay
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100: 4.5-cycle delay
101: 5.5-cycle delay
110: 6.5-cycle delay
111: 7.5-cycle delay

9 ASTEH2 0 R/W  Area 5 OE/WE Negate Address Delay
3 A5STEH1 0 R/W  The A5TEH bits specify the OE/WE ne
2 A5TEHO 0 RIW address delay time for the PCMCIA ini

connected to area 5.

000: 0.5-cycle delay
001: 1.5-cycle delay
010: 2.5-cycle delay
011: 3.5-cycle delay
100: 4.5-cycle delay
101: 5.5-cycle delay
110: 6.5-cycle delay
111: 7.5-cycle delay

8 ABTEH2 0 R/W  Area 6 OE/WE Negate Address Delay
1 A6TEH1 0 R/W  The ABTEH bits specify the OE/WE ne
0 A6TEHO 0 R/W address delay time for the PCMCIA ini

connected to area 6.

000: 0.5-cycle delay
001: 1.5-cycle delay
010: 2.5-cycle delay
011: 3.5-cycle delay
100: 4.5-cycle delay
101: 5.5-cycle delay
110: 6.5-cycle delay
111: 7.5-cycle delay

Note: * The bit numbers are out of sequence.
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[
[

[

[

o~ b A

0 0 0 1 1 Enabled 2 El
0 0 1 0 2 Enabled 3 Er
0 0 1 1 3 Enabled 4 Er
0 1 0 0 4 Enabled 5 Er
0 1 0 1 6 Enabled 7 Er
0 1 1 0 8 Enabled 9 El
0 1 1 1 10 Enabled 11 Er
1 0 0 0 12 Enabled 13 El
1 0 0 1 14 Enabled 15 Ei
1 0 1 0 18 Enabled 19 El
1 0 1 1 22 Enabled 23 Ei
1 1 0 0 26 Enabled 27 El
1 1 0 1 30 Enabled 31 Ei
1 1 1 0 34 Enabled 35 Ei
1 1 1 1 38 Enabled 39 El
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DRAM is connected to A2 of the chip and A1 of the synchronous DRAM is connecte
the chip, the value actually written to the synchronous DRAM isthe X value shifted t
With a 16-bit bus width, the value written is the X value shifted one bit right. For exal
32-bit bus width, when H'0230 is written to the SDMR register of area 2, random date
the address H'FFFFDOOO (address Y) + H'08CO (value X), or H'FFFFD8CO. Asarest
written to the SDMR register. The range for value X is H 0000 to H'OFFC. When H'0
written to the SDMR register of area 3, random data is written to the address H'FFFFE
(address Y) + H'08CO (value X), or H'FFFFE8SCO. As aresult, H'0230 is written to the
register. The range for value X is H'0000 to H'OFFC.

8.4.8 Refresh Timer Control/Status Register (RTCSR)

The refresh timer control/status register (RTCSR) is a 16-bit read/write register that §
refresh cycle, whether to generate an interrupt, and that interrupt's cycle. It isinitialize
by a power-on reset, but is not initialized by amanual reset or standby mode and hold
unchanged. Make the RTCOR setting before setting bits CKS2 to CKS0 in RTCSR.

Note: Writing to the RTCSR differs from that to general registers to ensure the RTC
rewritten incorrectly. Use the word-transfer instruction to set the upper byte a
B'10100101 and the lower byte as the write data. For the byte-transfer instruc
isdisabled. Read datain 16 bits. 0 is read from undefined bits.
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match.

Clear condition: When a refresh is pe
After 0 has been written in CMF and
and RMODE = 0 (to perform a CBR |

1: The values of RTCNT and RTCOR n
Set condition: RTCNT = RTCOR*

Note: * Contents don’t change when 1|
CMF.

R/IW

Compare Match Interrupt Enable

Enables or disables an interrupt reques
when the CMF of RTCSR is set to 1. D
this bit to 1 when using auto-refresh.

0: Disables an interrupt request caused
1: Enables an interrupt request caused

6 CMIE
5 CKS2
CKS1
CKSO

R/W
R/W
R/W

Clock Select Bits

Select the clock input to RTCNT. The s
is the external bus clock (CKIO). The R
count clock is CKIO divided by the spec
RTCOR should be set before setting Cl
CKSO0.

000: Disables clock input
001: Bus clock (CKIO)/4
010: CKIO/16

011: CKIO/64

100: CKIO/256

101: CKIO/1024

110: CKI0/2048

111: CKIO/4096
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1: RFCR has exceeded the count limit
LMTS
Set Conditions: When the RFCR va
exceeded the count limit value set il

Note: * Contents don't change when 1
OVF.

1

OVIE

0

R/W

Refresh Count Overflow Interrupt Ena

OVIE selects whether to suppress ger
interrupt requests by OVF when the O
RTCSRis set to 1.

0: Disables interrupt requests from the
1: Enables interrupt requests from the

LMTS

0

R/W

Refresh Count Overflow Limit Select

Indicates the count limit value to be cc
the number of refreshes indicated in tt
count register (RFCR). When the valu
overflows the value specified by LMTS
flag is set.

0: Count limit value is 1024
1: Count limit value is 512
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rewritten incorrectly. Use the word-transfer instruction to set the upper byte as
B'10100101 and the lower byte as the write data. For the byte-transfer instructi
isdisabled. Read datain 16 bits. O is read from undefined bits.

Bit Bit Name Initial Value R/W Description
15t08 — All O R Reserved

These bits are always read as O.
7t00 — All O R/W 8-bit counter

8.4.10 Refresh Time Constant Register (RTCOR)

The refresh time constant register (RTCOR) is a 16-bit read/write register. The values
and RTCNT (bottom 8 hits) are constantly compared. When the values match, the CMI
RTCSR isset and RTCNT is cleared to 0. When the refresh bit (RFSH) of the individu
control register (MCR) is set to 1 and the refresh mode is set to auto refresh, a memory
cycle occurs when the CMF bit is set. RTCOR isinitialized to H'00 by a power-on rese
initialized by a manual reset or standby mode, but holds its contents. Make the RTCOF
before setting bits CKS2 to CKS0 in RTCSR.

Note:  Writing to the RTCOR differs from that to general registers to ensure the RTC
rewritten incorrectly. Use the word-transfer instruction to set the upper byte as
B'10100101 and the lower byte as the write data. For the byte-transfer instructi
isdisabled. Read datain 16 bits. O is read from undefined bits.

Bit Bit Name Initial Value R/W Description
15t08 — All O R Reserved

These bits are always read as 0.
7t00 — AllO R/W Upper limit of the counter (8 bits)
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rewritten incorrectly. Use the word-transfer instruction to set the MSB and fol
bits of upper bytes as B'101001 and remaining bits as the write data. For the b
instruction, writing is disabled. Read data in 16 bits. O is read from undefined

Bit Bit Name Initial Value R/W Description
15t010 — All O R Reserved

These bits are always read as 0.
9to 0 — All O R/W 10-bit counter

8.5 Operation

85.1 Endian/Access Size and Data Alignment

This LSl supports both big endian, in which the O address is the most significant byte
data, and little endian, in which the 0 address is the least significant byte. This switche
designated by an external pin (MD5 pin) at the time of a power-on reset. After a powe
big endian is engaged when MD5 islow; little endian is engaged when MD5 is high.

Three data bus widths are available for ordinary memory (byte, word, longword) and
widths (word and longword) for synchronous DRAM. For the PCMCIA interface, ch
byte and word. This means data alignment is done by matching the device's data widtl
The access unit must also be matched to the device's bus width. This aso means that \
longword datais read from a byte-width device, the read operation must happen 4 tim
L SI, data alignment and conversion of data length is performed automatically betweel
respective interfaces.

Tables 8.11 through 8.16 show the relationship between endian, device data width, an
unit.
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Byte access at 2 — — Data — Assert
7t00
Byte access at 3 — — — Data
7t00
Word access at 0 Data Data — — Assert Assert
15to8 7to0
Word access at 2 — — Data Data Assert
15to8 7to0
Longword access Data Data Data Data Assert Assert Assert
at0 31to24 23tol6 15t08 7to0

Table8.12 16-Bit External Device/Big Endian Access and Data Alignment

Data Bus Strobe Signals
D31to D23to D15to D7 to WES3, WE2, WET1,
Operation D24 D16 D8 DO DQMUU DQMUL DQMLU
Byte access at 0 — — Data — Assert
7t00
Byte access at 1 — — — Data
7t00
Byte access at 2 — — Data — Assert
7t00
Byte access at 3 — — — Data
7t00
Word access at 0 — — Data Data Assert
15t0 8 7t00
Word access at 2 — — Data Data Assert
15t0 8 7t00
Longword  1st — — Data Data Assert
access time at 0 31to24 23to16
ato 2nd — — Data Data Assert
time at 2 15to 8 7t00
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Byte access at 2 — — — Data

7t00
Byte access at 3 — — — Data
7t00
Word 1sttime — — — Data
accessat0 atO 15t0 8
2nd time — — — Data
atl 7t00
Word 1sttime — — — Data
accessat2 at2 15t0 8
2nd time — — — Data
at3 7t00
Longword Isttime — — — Data
accessat0 atO 31to 24
2nd time — — — Data
atl 2310 16
3rd time — — — Data
at 2 15t0 8
4th time — — — Data
at3 7t00
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Byte access at 2 — Data — — Assert
7t00
Byte access at 3 Data — — — Assert
7t00
Word access at 0 — — Data Data Assert
15to8 7to0
Word access at 2 Data Data — — Assert Assert
15t0 8 7t00
Longword access Data Data Data Data Assert Assert Assert
at0 31to24 23to16 15t08 7to0

Table8.15 16-Bit External Device/Little Endian Access and Data Alignment

Data Bus Strobe Signals
D31to D23to D15to D7to WES, WE2, WEH1,
Operation D24 D16 D8 DO DQMUU  DQMUL DQMLU
Byte access at 0 — — — Data
7t00
Byte access at 1 — — Data — Assert
7t00
Byte access at 2 — — — Data
7t00
Byte access at 3 — — Data — Assert
7t00
Word access at 0 — — Data Data Assert
15to8 7to0
Word access at 2 — — Data Data Assert
15to8 7to0
Longword  1st — — Data Data Assert
access time at 0 15t08 7100
ato 2nd — — Data Data Assert
time at 2 31to24 23to016
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Byte access at 2 — Data
7t00
Byte access at 3 — Data
7t00
Word 1st time — Data
accessat0 atO 7t00
2nd time — Data
atl 15t0 8
Word 1st time — Data
accessat2 at2 7t00
2nd time — Data
at3 15t0 8
Longword 1st time — Data
accessat0 atO 7t00
2nd time — Data
atl 15t0 8
3rd time — Data
at 2 23to 16
4th time — Data
at 3 31to24
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WEO to WE3 signals for write control are also asserted. The number of bus cyclesis se
between 0 and 10 wait cycles using the AOW2 to AOWO bits of WCR2. In addition, any
waits can be inserted in each bus cycle by means of the external wait pin (WAIT). Whe
function is used, the bus cycle pitch of the burst cycle is determined within arange of Z
according to the number of waits.

Area l: Areal physical addresses A28 to A26 are 001. Addresses A31 to A29 are ign
address range is H'04000000 + H'20000000 x n to H'07FFFFFF + H'20000000 % n (n =
n =1 to 6 are the shadow spaces).

Area l isthe area specifically for the internal peripheral modules. The external memori
be connected.

Control registers of peripheral modules shown below are mapped to thisarea 1. Their ¢
are physical address, to which logical addresses can be mapped with the MMU enablec

DMAC, PORT, SCIF, ADC, DAC, INTC (except INTEVT, IPRA, IPRB)
Those registers must be set not to be cached.

Area 2: Area2 physical addresses A28 to A26 are 010. Addresses A31 to A29 are ign(
address range is H'08000000 + H'20000000 x n to H'OBFFFFFF + H'20000000 x n (n
n =1 to 6 are the shadow spaces).

Ordinary memories like SRAM and ROM, as well as synchronous DRAM, can be conr
this space. Byte, word, or longword can be selected as the bus width using the A2SZ1 t
bits of BCR2 for ordinary memory.

When the area 2 space is accessed, a CS2 signal is asserted. When ordinary memories
connected, an RD signal that can be used as OE and the WEO to WE3 signals for write
also asserted and the number of bus cyclesis selected between 0 and 3 wait cycles usin
A2W1 to A2WO bits of WCR2.
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Ordinary memories like SRAM and ROM, as well as synchronous DRAM, can be cor
this space. Byte, word or longword can be selected as the bus width using the A3SZ1
bits of BCR2 for ordinary memory.

When area 3 space is accessed, CS3 is asserted.

When ordinary memories are connected, an RD signal that can be used as OE and the
WES3 signals for write control are asserted and the number of bus cyclesis selected be
3 wait cycles using the ASW1 to A3WO bits of WCR2.

When synchronous DRAM is connected, the RASU, RASL signal, CASU, CASL sigt
signal, and byte controls DQMHH, DQMHL, DQMLH, and DQMLL are al asserted
addresses multiplexed. Control of RAS, CAS, and data timing and of address multiple
with MCR.

Area 4: Area4 physical addresses A28 to A26 are 100. Addresses A31 to A29 areigr
address range is H'10000000 + H'20000000 x n to H'13FFFFFF + H'20000000 % n (n
n =1 to 6 are the shadow spaces).

Only ordinary memories like SRAM and ROM can be connected to this space. Byte, \
longword can be selected as the bus width using the A4SZ1 to A4SZ0 bits of BCR2. \
area 4 space is accessed, a CS4 signal is asserted. An RD signal that can be used as O:
WEO to WE3 signals for write control are also asserted. The number of bus cyclesis s
between 0 and 10 wait cycles using the A4W2 to A4WO hits of WCR2.

Area5: Area5 physical addresses A28 to A26 are 101. Addresses A31to A29 areigr
address range is the 64 Mbytes at H'14000000 + H'20000000 x n to H'17FFFFFF + H
n(n=0to 6 and n=1to 6 are the shadow spaces).

Ordinary memories like SRAM and ROM aswell as burst ROM and PCMCIA interfe
connected to this space. When the PCMCIA interface is used, the IC memory card int
address range comprises the 32 Mbytes at H'14000000 + H'20000000 x n to H'15FFF
H'20000000 x n (wheren = 0to 6, and n = 1 to 6 represents shadow space), and the I/

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



When the PCMCIA interface is used, the CE1A signal, CE2A signal, RD signal as OE
WEI, ICIORD, and ICIOWR signals are asserted.

The number of bus cyclesis selected between 0 and 10 wait cycles using the ASW2 to
of WCR2. With the PCMCIA interface, from 0 to 38 wait cycles can be selected using
to A5WO bits of WCR2 and the ASW3 bit of PCR. In addition, any number of waits ca
inserted in each bus cycle by means of the external wait pin (WAIT). When a burst fun
used, the bus cycle pitch of the burst cycle is determined within arange of 2 to 11 (2 to
PCMCIA interface) according to the number of waits. The setup and hold times of add
for the read/write strobe signals can be set in therange 0.5 to 7.5 using ASTED2 to A5
ASTEH2 to ASTEHO bits of the PCR register.

Area 6. Area6 physical addresses A28 to A26 are 110. Addresses A31 to A29 are ign
address range is the 64 Mbytes at H'18000000 + H'20000000 x n — H'1BFFFFFF + H'2
n(n=0to 6 and n=1to 6 are the shadow spaces).

Ordinary memories like SRAM and ROM as well as burst ROM and PCM CIA interfac
connected to this space. When the PCMCIA interface is used, the IC memory card inte
addressrange is 32 Mbytes at H'18000000 + H'20000000 x n — H'19FFFFFF + H'2000
and the 1/O card interface address range is 32 Mbytes at H'1A000000 + H'20000000 x |
H'1BFFFFFF + H'20000000 x n (n =0to 6 and n = 1 to 6 are the shadow spaces).

For ordinary memory and burst ROM, byte, word, or longword can be selected asthe b
using the A6SZ1 to A6SZ0 bits of BCR2. For the PCMCIA interface, byte, and word ¢
selected as the bus width using the A6SZ1 to A6SZ0 bits of BCR2.

When the area 6 space is accessed and ordinary memory is connected, a CS6 signal is:
RD signal that can be used as OE and the WEO to WE3 signals for write control are als
When the PCMCIA interface is used, the CE1B signal, CE2B signal, RD signal as OE
WE, ICIORD, and ICIOWR signals are asserted.

The number of bus cyclesis selected between 0 and 10 wait cycles using the A6GW?2 to
of WCR2. With the PCMCIA interface, from 0 to 38 wait cycles can be selected using
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Basic Timing: The basic interface of this LS| uses strobe signal output in considerati
that mainly static RAM will be directly connected. Figure 8.5 shows the basic timing

space accesses. A no-wait normal accessis completed in two cycles. The BS signal is
one cycle to indicate the start of abus cycle. The CSn signal is negated on the T2 cloc
edge to secure the negation period. Therefore, in case of access at minimum pitch, the
cycle negation period.

Thereis no access size specification when reading. The correct access start addressis
least significant bit of the address, but since there is no access size specification, 32 bi
read in case of a 32-bit device, and 16 bitsin case of a 16-bit device. When writing, ol
signal for the byte to be written is asserted. For details, see section 8.5.1, Endian/Acce
Data Alignment.

Read/write for cache fill or write-back follows the set bus width and transfers atotal
continuously. The busis not released during this transfer. For cache misses that occur
or word operand accesses or branching to odd word boundaries, thefill is always perf
longword accesses on the chip-external interface. Write-through-area write access anc
cacheable read/write access are based on the actual address size.
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RD
Read
D31 to DO
WEn
Write

Figure8.5 Basic Timing of Basic Interface
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D31 1107
D24 : 1/00
WE3 WE
D23
D16 - A16
WE2 N
D15 3 ~—1 Ao
: : cs
D8 OE
WE1 — 107
D7 ;|
Pl 100
DO WE
WEO
Al6
Ao
cs
OE
1107
/00
WE
A16
Ao
cs
OE
1107
1/00
WE

Figure8.6 Example of 32-Bit Data-Width Static RAM Connection
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D7

DO
WEO

A16

A0

cs

OE
1107

1/00
WE

Figure8.7 Example of 16-Bit Data-Width Static RAM Connection

128k x 8-b
This LSI SRAM

AL [—— —| A

A0 L—— — A0

csn cs

RD OE

D7 — /o7

_ D0 : —{ oo

WEO WE

Figure8.8 Example of 8-Bit Data-Width Static RAM Connection

Rev. 5.00 May 29, 2006 page 208 of 698
REJ09B0146-0500

RENESAS



) G R ¢

Read

D31 to DO

Write H .
D31 to DO ———+—< ' |

Figure 8.9 Basic Interface Wait Timing (Software Wait Only)

When software wait insertion is specified by WCR2, the externa wait input WAIT si¢
sampled. WAIT pin sampling is shown in figure 8.10. A 2-cycle wait is specified as a
wait. Sampling is performed at the transition from the Tw state to the T2 state; therefc
WAIT signal has no effect if asserted in the T1 cycle or the first Tw cycle.

When the WAITSEL bit in the WCR1 register is set to 1, the WAIT signal is sampled
falling edge of the clock. If the setup time and hold times with respect to the falling e
clock are not satisfied, the value sampled at the next falling edge is used.
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Wait states inserted
by WAIT signal

RD/WR X

" N S N N N B R
Read i E E | | E A ; , i
D31 to DO i i g

[ e oy
Wrie A
D31 to DO ——(
S S S SO~
WA L N AL YN
e S S~ S A
6s N

Figure 8.10 Basic Interface Wait State Timing
(Wait State Insertion by WAIT Signal WAITSEL =1)
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With this LS, burst length 1 burst read/single write mode is supported as the synchrol
operating mode. A data bus width of 16 or 32 bits can be selected. A 16-byte burst tra
performed in a cache fill/write-back cycle, and only one access is performed in awrit
areawrite or a non-cacheable area read/write.

The control signalsfor direct connection of synchronous DRAM are RASL, RASU, C
CASU, RD/WR, CS2 or CS3, DQMUU, DQMUL, DQMLU, DQMLL, and CKE. All
other than CS2 and CS3 are common to all areas, and signals other than CKE are vali
to the synchronous DRAM only when CS2 or CS3 is asserted. Synchronous DRAM ¢
be connected in parallel to anumber of areas. CKE is negated (low) only when self-re
performed, and is always asserted (high) at other times.

In the refresh cycle and mode-register write cycle, RASU and RASL or CASU and C,
output.

Commands for synchronous DRAM are specified by RASL, RASU, CASL, CASU, F
specia address signals. The commands are NOP, auto-refresh (REF), self-refresh (SE
precharge all banks (PALL), row address strobe bank active (ACTV), read (READ), r
precharge (READA), write (WRIT), write with precharge (WRITA), and mode registt
(MRS).

Byte specification is performed by DQMUU, DQMUL, DQMLU, and DQMLL. A re
performed for the byte for which the corresponding DQM islow. In big-endian mode,
specifies an access to address 4n, and DQMLL specifies an access to address 4n + 3. |
endian mode, DQMUU specifies an access to address 4n + 3, and DQMLL specifies
address 4n.

Figures 8.11 shows examples of the connection of two 1M x 16-bit x 4-bank synchrol
DRAMs and figure 8.12 shows one 1M x 16-bit x 4-bank synchronous DRAM, respe
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cSn CS
RASx RAS
CASx CAS
RD/WR WE
D31 — DQ15
D16 DQO
DQMUU baMu
DQMUL DQML
D15
: A13
Do A12
DQMLU ALL
DQMLL :
A0
CLK
CKE
CS
RAS
CAS
WE
DQ15
DQO
DQMU
Note: "x"is UorL DQML

Figure8.11 Example of 64-Mbit Synchronous DRAM Connection (32-Bit Bus
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CKE et
csn Ccs
RASX RAS
CASx CAS

RD/WR WE
D15 - 0915
DO DQO
DQMLU DQMU
DaQMLL DQML

Figure 8.12 Example of 64-M bit Synchronous DRAM (16-Bit Bus Wid
Address Multiplexing

Synchronous DRAM can be connected without external multiplexing circuitry in accc
the address multiplex specification bits AMX3-AMXO0 in MCR. Table 8.17 shows the
between the address multiplex specification bits and the bits output at the address pin:

A25to A17 and A0 are not multiplexed; the original values are always output at these

When AQ, the LSB of the synchronous DRAM address, is connected to thisL S, it pe
longword address specification. Connection should therefore be made in the followin
connect pin A0 of the synchronous DRAM to pin A2 of this LSI, then connect pin A1l

Table 8.18 shows an example of the connection of address pins when AMX[3:0] = 01
bit bus width.
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Row Al0to A17 A18 A19 A20 A21 A22 A23™°

address
1M x 0 1 0 0 Column Alto A8 A9 A10 All LH"™  A13 A22**
16 bits x address
4 banks™? -~
Row A9to Al6 Al7 A18 Al19 A20 A21 A22
address
2M x 0 1 0 1 Column Alto A8 A9 Al0 All LH™  A13 A23**
8 bits x address
4 banks™? -~
Row A10to A17 Al8 A19 A20 A21 A22 A23
address
512k x 0 1 1 1 Column  AltoA8 A9 A10 ALl LH™ A21%* A22™
32 bits x address
4 banks™? v -
Row A9to Al6 Al7 A18 Al19 A20 A21 A22
address
16 bits 8M x 1 1 1 0 Column Alto A8 A9 Al0 LH*™  A12 A23 A24**
16 bits x address
4 banks™* o
Row Allto A18 A19 A20 A21 A22 A23 A24
address
4M x 1 1 0 1 Column Alto A8 A9 A10 LH™  A12 A22 A23**
16 bits x address
4 banks™? Row Al0to A17 A18 Al19 A20 A21 A22 A23**
address
2M x 0 1 0 1 Column  AltoA8 A9 A10  L/H® Al2  A22"* A23™
16 bits x address
4 banks™? ™ o
Row Al0to A1l7 A18 Al19 A20 A21 A22 A23
address
1M x 0 1 0 0 Column  AltoA8 A9 A10  LH® Al2  A21% A22*
16 bits x address
4 banks™? -~ -
Row A9to Al6 Al7 A18 Al19 A20 A21 A22
address
2M x 0 1 0 1 Column  AltoA8 A9 A10  LH™ Al2  A22" A23™
8 bits x address
4 banks™? o *a
Row A10to A17 Al8 A19 A20 A21 A22 A23
address

Notes: 1. Only RASL/CASL are output.

RASU and CASU are output for upper 32-Mbyte addresses, and RASL and CASL for
Mbyte addresses.

3. L/His a bit used in the command specification; it is fixed at L or H according to the ac
4. Bank address specification
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Al12 A20 L/H A10 Address/prech:
All A19 All A9 Address
Al10 Al18 Al10 A8
A9 Al7 A9 A7
A8 Al6 A8 A6
A7 Al5 A7 A5
A6 Al4 A6 A4
A5 Al3 A5 A3
A4 Al12 A4 A2
A3 All A3 Al
A2 Al10 A2 A0
Al A9 Al Not used
AO A8 AO Not used
Burst Read

Figure 8.13 shows the timing chart for a burst read. In the example below, it is assum
2M x 8-bit synchronous DRAMs are connected and a 32-bit data width is used, and tt
length is 1. Following the Tr cyclein which ACTV command output is performed, aF
command isissued in the Tcl, Tc2, and Tc3 cycles, and a READA command inthe T
the read data is accepted on the rising edge of the external command clock (CKI10O) fre
to cycle Td4. The Tpc cycleis used to wait for completion of auto-precharge based or
READA command inside the synchronous DRAM; no new access command can be i
same bank during this cycle, but access to synchronous DRAM for another areais pos
thisLSI, the number of Tpc cyclesis determined by the TPC bit specification in MCF
commands cannot be issued for the same synchronous DRAM during thisinterval.
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cycles.

I Tr [ Tcl v Tc2/Tdl + Tc3/Td2 «+ Tc4/Td3 Td4 '

CKIO

e, Xy
A120rA11*1; / \xxxxx
TR GEND GEND CHED CEND GEED 1100
e N\
o N

RD/WR

D31 to DO

“_/ ;';-:\-
o N
O | )
+/ /

Notes: 1. Command bit
2. Column address

Figure 8.13 Basic Timing for Synchronous DRAM Bur st Read
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Figure8.14 Synchronous DRAM Burst Read Wait Specification Timi

2. Column address

Notes: 1. Command bit




CKIO _]:I ‘i\ I ‘%\ l’ ‘i\ lI' \i Z_
s TN T

>

Al12 or A11*t ' ' '

Address j X: \ X | \ | \
lower bits*? | \ | \ | \ |

1l
>

>

RASx

DQMxx

D31 to DO

BS

Notes: 1. Command bit
2. Column address

Figure8.15 Basic Timing for Synchronous DRAM Single Read
Burst Write

The timing chart for a burst write is shown in figure 8.16. In thisL SI, a burst write occ
the event of cache write-back or 16-byte transfer by DMAC. In a burst write operation,
the Tr cyclein which ACTV command output is performed, aWRIT command is iSsue
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ML T IV

Tr Tcl Tc2 Tc3 Tc4 (Trwl) (Tpc)

CKIO

Address
upper bits

A12 or A11*1 >< RN

Address
lower bits*2

>

>
<l

RD/WR

RASx

CASx

(read)

BS

Notes: 1. Command bit
2. Column address

Figure8.16 Basic Timingfor Synchronous DRAM Burst Write

Rev. 5.00 May 29, 2006 pa
REJO

RENESAS



R e e e e

Trwl isaso added as await interval untll precharging is started following the write cor
I ssuance of a new command for the same bank is postponed during thisinterval. The n
Trwl cycles can be specified by the TRWL bitin MCR.

Tr ) Tcl ) (Trwl) ) (Tpc) .
cKIo \ ; \ ; \ ‘
Address ; i T ! ; !
upper bits X ' ' X ' ! : !
A12 or A11*! X /1 ; \1 ; 1 ;
Address : X ! X ! : X ! : ! :
lower bits*? : ‘ ‘ ; ‘ ; ‘ :
Csn Lo\ ! i / ! AN :
RD/WR A \_ -/ NS S
RASX '

CASX \ ! e

DQMxx i \E E \i

D31 to DO " — —
BS : ; A A
CKE ; ‘ ; : ;

Notes: 1. Command bit
2. Column address

Figure8.17 Basic Timingfor Synchronous DRAM Single Write
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issued to precharge the relevant bank, then when precharging is completed, the access
performed by issuing an ACTV command followed by a READ or WRIT command. |
followed by an accessto a different row address, the access time will be longer becau:
precharging performed after the access request isissued.

In awrite, when auto-precharge is performed, a command cannot be issued for a peric
Tpc cycles after issuance of the WRITA command. When bank active modeis used, F
WRIT commands can be issued successively if the row addressis the same. The numit
can thus be reduced by Trwl + Tpc cycles for each write. The number of cycles betwe
of the precharge command and the row address strobe command is determined by the
MCR.

Whether faster execution speed is achieved by use of bank active mode or by use of b
determined by the probability of accessing the same row address (P1), and the averag
cycles from completion of one access to the next access (Ta). If Tais greater than T
due to the precharge wait when reading is imperceptible. If Tais greater than Trw1 +

delay due to the precharge wait when writing isimperceptible. In this case, the access
bank active mode and basic access is determined by the number of cyclesfrom the ste
to issuance of the read/write command: (Tpc + Trcd) x (1 — P1) and Trcd, respectivel

Thereisalimit on Tras, thetime for placing each bank in the active state. If thereisn
that there will not be a cache hit and another row address will be accessed within the |
which this value is maintained by program execution, it is necessary to set auto-refres
refresh cycle to no more than the maximum value of Tras. In thisway, it is possible tc
restrictions on the maximum active state time for each bank. If auto-refresh is not use
must be taken in the program to ensure that the banks do not remain active for longer
prescribed time.

A burst read cycle without auto-precharge is shown in figure 8.18, a burst read cycle f
row addressin figure 8.19, and a burst read cycle for different row addressesin figure
Similarly, aburst write cycle without auto-precharge is shown in figure 8.21, aburst v
for the same row addressin figure 8.22, and a burst write cycle for different row addr
figure 8.23.
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consi dered as Iong as accesses to the same row address continue, the operatlon starts v
cyclein figure 8.18 or 8.21, followed by repetition of the cycle in figure 8.19 or 8.22. /
adifferent area 3 space during this time has no effect. If there is an access to a differen
addressin the bank active state, after thisis detected the bus cyclein figure 8.19 or 8.2:
executed instead of that in figure 8.19 or 8.22. In bank active mode, too, all banks beca
after arefresh cycle or after the busis released as the result of bus arbitration.

If an external bus access request (in order to perform 2) below conflicts with an auto-re
request, self-refresh request, or bus release request internal to the LS| under the followi
conditions, SDRAM all-bank precharge may not be executed properly in thefirst cycle
refresh or bus release cycle. In this case, precharging of the selected bank is executed il
all-bank precharge.

1. The RASD bit in the individual memory control register (MCR) issetto 1
and

2. long-word access is performed to any 16-bit bus width area (areas 0 to 6) or word/I«
access is performed to any 8-bit bus width area (areas 0 to 6).

The problem may be avoided by either of the following measures.

1. Use the auto-precharge mode.
2. Use 32-bit bus width for all areas.
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fower bits™? L/ LN A A
@or@...::::::::::::/
Fash
as TN T
owe T 7T T T T T TN
N AN T O O O 4
ST S N G D S
e \REEERERY,

Notes: 1. Command bit
2. Column address

Figure 8.18

Burst Read Timing (No Precharge)
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AUUITOoS *
lower bits*2

A A

N

A

CS2 or CS3

RASx

CASx

1L

RD/WR

DQMxx

D31 to DO

L

BS

Notes: 1. Command bit
2. Column address

> I I T I

<]

LY N

Figure8.19 Burst Read Timing (Same Row Address)
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Address
. *
lower bits*2

A

A

A

DQMxx

D31 to DO

£

BS

Notes: 1. Command bit
2. Column address

Figure8.20 Burst Read Timing (Different Row Addresses)
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s XX N XX

CS2or CS3 E E E \ E

RASx

CASx

RD/WR oo

TS

e

D31 to DO

ol I .

BS

Notes: 1. Command bit
2. Column address

TN N

Figure8.21 Burst Write Timing (No Precharge)
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Address

lower bits*2

CS2 or CS3

RASX

CASx

X
TN
IV
—
RERAN

DQMxx

D31 to DO

BS

Arhhoadan

Notes: 1. Command bit
2. Column address

Figure8.22 Burst Write Timing (Same Row Address)
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Address oo X: : ><: : X: ' X: :X: v
lower bits™2 L AL AL A AL A

Cs2orCS3 &\ & 0Nt bt ob bbb

RASXx

CASx

e

/T

N
ROMR /_*\/“
/7

-

,

DQMxx Y

D31 to DO

/
A\
N sansaaNEEEEREE

Notes: 1. Command bit
2. Column address

Figure8.23 Burst Write Timing (Different Row Addresses)
Refreshing

The bus state controller is provided with afunction for controlling synchronous DRAN
refreshing. Auto-refreshing can be performed by clearing the RMODE bit to 0 and setti
RFSH bit to 1 in MCR. If synchronous DRAM is not accessed for along period, self-re
mode, in which the power consumption for data retention islow, can be activated by s
the RMODE bit and the RFSH bit to 1.
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and if the two values are the same, arefresh request is generated and an auto-refre
performed. At the sametime, RTCNT iscleared to zero and the count-up is restart
8.25 shows the auto-refresh cycle timing.

All-bank precharging is performed in the Tp cycle, then an REF command is issue
cycle following the interval specified by the TPC bitsin MCR. After the TRr cycl
command output cannot be performed for the duration of the number of cycles spe
TRAS bitsin MCR plus the number of cycles specified by the TPC bitsin MCR. "
and TPC bits must be set so as to satisfy the synchronous DRAM refresh cycle tin
(active/active command delay time).

Auto-refreshing is performed in normal operation, in sleep mode, and in case of a
reset.

RTCNT value RTCNT cleared to 0 when
/ RTCNT = RTCOR
RTCOR [~ 777777 7777 7mmmrmmmmmmmmmmmsm
H'00000000
RTCSR.CKS(2 to 0) =000 / # 000

CMF

CMF flag cleared by start of
refresh cycle
External bus

Auto-refresh cycle

Figure 8.24 Auto-Refresh Operation
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Figure8.25 Synchronous DRAM Auto-Refresh Timing

2. Self-Refreshing

Self-refresh mode is akind of standby mode in which the refresh timing and refrest
are generated within the synchronous DRAM. Self-refreshing is activated by settin
RMODE bit and the RFSH bit to 1. The self-refresh state is maintained while the C
islow. Synchronous DRAM cannot be accessed while in the self-refresh state. Self-
modeis cleared by clearing the RMODE bit to 0. After self-refresh mode has been |
command issuance is disabled for the number of cycles specified by the TPC bitsir
Self-refresh timing is shown in figure 8.26. Settings must be made so that self-refre
and data retention are performed correctly, and auto-refreshing is performed at the
intervals. When self-refreshing is activated from the state in which auto-refreshing |
when exiting standby mode other than through a power-on reset, auto-refreshing is
RFSH is set to 1 and RMODE is cleared to O when self-refresh modeis cleared. If t
transition from clearing of self-refresh mode to the start of auto-refreshing takestin
should be taken into consideration when setting the initial value of RTCNT. Makin
RTCNT value 1 less than the RTCOR value will enable refreshing to be started imr
After self-refreshing has been set, the self-refresh state continues even if the chip st
is entered using the this LS| standby function, and is maintained even after recoven
standby mode other than through a power-on reset. In case of a power-on reset, the
controller's registers are initialized, and therefore the self-refresh state is cleared.
Self-refreshing is performed in normal operation, in seep mode, in standby mode, ¢
of amanual reset.
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CSn |

RASU, RASL

CASUCASL ¢ & o i N\.__. /i E»E RS

RD/WR : \ / \ ()()

Figure8.26 Synchronous DRAM Self-Refresh Timing

. Relationship between Refresh Requests and Bus Cycle Requests

If arefresh request is generated during execution of abus cycle, execution of ther
deferred until the bus cycleis completed. If arefresh request occurs when the bus
released by the bus arbiter, refresh execution is deferred until the busis acquired. |
between RTCNT and RTCOR occurs while arefresh is waiting to be executed, so
refresh request is generated, the previous refresh request is eliminated. In order fol
to be performed normally, care must be taken to ensure that no bus cycle or bus m
occurs that islonger than the refresh interval. When arefresh request is generated,
IRQOUT pin isasserted (driven low). Therefore, normal refreshing can be perforr
having the IRQOUT pin monitored by abus master other than this LS| requesting
the bus arbiter, and returning the busto this LSI. When refreshing is started, and if
interrupt request has been generated, the IRQOUT pin is negated (driven high).
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DRAM In this operation the data is |gnored but the mode erte is performed asa byte
access. To set burst read/single write, CAS latency 1 to 3, wrap type = sequential, and |
1 supported by this LS|, arbitrary dataiswritten in abyte-size access to the following ¢

32-hit CASlatency 1
Buswidth CASlatency 2
CASlatency 3
16-bit CASlatency 1
Bus width CASlatency 2
CASlatency 3

Area2

FFFFD840
FFFFD880
FFFFD8CO

Area2

FFFFD420
FFFFD440
FFFFD460

Mode register setting timing is shown in figure 8.27.

Area3

FFFFE840
FFFFES80
FFFFESCO

Area3

FFFFE420
FFFFE440
FFFFE460

Asaresult of the write to address H'FFFFD000 + X or H'FFFFEOQO + X, a precharge
(PALL) command isfirst issued in the TRpl cycle, then amode register write commar

in the TMw1 cycle.

Address signals, when the mode-register write command is issued, are as follows:

32-hit A15to A9
Buswidth AB81to A6
A5
Adto A2
16-hit Al4to A8
Buswidth A7to A5
A4
A3to Al

0000100 (burst read and single write)

CAS latency

0 (burst type = sequential)
000 (burst length 1)

0000100 (burst read and single write)

CASlatency

0 (burst type = sequential)
000 (burst length 1)
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Note: * Items in parentheses ( ) apply to 16-bit bus width connections.

Figure8.27 Synchronous DRAM Mode Write Timing
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(1to 0). When 16-bit ROM is connected, 4 or 8 can be set in the same way. When 32-t
connected, only 4 can be set.

WAIT pin sampling is performed in the first accessif one or more wait states are set, a
always performed in the second and subsequent accesses.

The second and subsequent access cycles a'so comprise two cycles when a burst ROM
made and the wait specification is 0. The timing in this case is shown in figure 8.29.

However, the WAIT signal isignored in the following cases:

* In 16-byte DMA transfer or dual addressing mode, or when writing data to the exte
area

* In 16-byte DMA transfer or single addressing mode, or when transferring data frorr
external device with DACK to the external bus area

*  When accessing cache for write back
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Note: For a write cycle, a basic bus cycle (write cycle) is performed.

Figure8.28 Burst ROM Wait Access Timing
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Note: For a write cycle, a basic bus cycle (write cycle) is performed.

Figure8.29 Burst ROM Basic Access Timing

8.5.6 PCMCIA Interface

InthisLSlI, setting the ASPCM hit in BCR1 to 1 makes the bus interface for physical s
an 1C memory card and /O card interface as stipulated in JEIDA version 4.2 (PCMCI £
Setting the A6BPCM bit to 1 makes the bus interface for physical space area 6 an IC me
and I/O card interface as stipulated in JEIDA version 4.2.

Figure 8.30 shows the PCMCIA space allocation.

When the PCMCIA interface is used, a bus size of 8 or 16 bits can be set by bits A5SZ
A5SZ0, or A6SZ1 and A6SZ0, in BCR2.
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In 16-byte DMA transfer or dual addressing mode, or when writing datato the ex
address area

In 16-byte DMA transfer or single addressing mode, or when transferring data frc
external device with DACK to the external bus area

When accessing cache for write back

32-Mbyte capacity (REG = 1/O port)

Area 5: H'14000000 Common memory/
attribute memory

Area 5: H'16000000
1/0 space

Area 6: H'18000000 Common memory/
attribute memory

Area 6: H'1A000000

1/0 space
Up to 16-Mbyte capacity (REG = A24)
Area 5: H'14000000 Attribute memory
Area 5: H'15000000 Common memory
Area 5: H'16000000 1/0 space
Wi7o00000 | e
Area 6: H'18000000 Attribute memory
Area 6: H'19000000 Common memory
Area 6: H'1A000000 1/0 space

HiBooooo0 |  ——————

Figure8.30 PCMCIA Space Allocation
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This LSI

circuit

EV‘ At y o
g: DIR
E1
E2
OE
% WE/PGM
(IORD)
G (IOWRY)
—OG_ WAIT
(I01S16)
Card ’
detection f| €L €P*
circuit
Output 4% A25 to A
port g
D7 to DO
fé D15to D
[ >>°
DIR
D15 to D8 PC card
T (memory
[ 8
DIR
E1
CE2
P OE
o WE/PGN
G
] WATT
I{F I WAIT
Card
detection [ CD1, CD

Figure8.31 Exampleof PCMCIA Interface
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pin can be inserted in the same way as for the basic interface. Figure 8.33 showsthe F
memory bus wait timing.

e e

CKIO '
A25t0 A | X E | E boX
CExx E X E ; E | ><

RD/WR X X
A5 : 5 i 5 :
(read) E E : : E
D15 to DO ! , ! ] |
(read) T : T E T
WE : 5 \ i A
(write) : - : . |

D15 to DO i : ! ! :
(write) : / ; E ;
= O\ / i

Figure8.32 Basic Timing for PCMCIA Memory Card Interface
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RD/WR

RD
(read)

D15 to DO
(read)

WE
(write)

D15 to DO
(write)

Figure8.33 Wait Timing for PCMCIA Memory Card Interface
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, Tpeml =~ Tpcm2 = Tpcml =~ Tpem2 =~ Tpcml = Tpcm2 =~ Tpcml | Tpcm2

CKIO

YD

osooo | | { o b P =
(read) . — —
Bs e e e e

Figure8.34 Basic Timing for PCMCIA Memory Card Interface Burst A
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I S R A N N

RD/WR

RD
(read)

D15 to DO
(read)

Figure8.35 Wait Timing for PCMCIA Memory Card Interface Burst Ac

When the entire 32-Mbyte memory space is used as |C memory card interface space, t
memory/attribute memory switching signal REG is generated using a port, etc. If 16-M
less of memory spaceis sufficient, using 16 Mbytes of memory space as common men
and 16 Mbytes as attribute memory space enables the A24 pin to be used for the REG ¢
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When accessing aPCMCIA 1/O card, the access should be performed using a non-cac
in virtual space (P2 or P3 space) or an area specified as non-cacheable by the MMU.

When an /O card interface access is made to a PCMCIA card in little-endian mode, o
sizing of the I/O bus width is possible using the IOIS 16 pin. When a 16-bit bus width
area5 or 6, if the IOIS16 signal is high during aword-size 1/O bus cycle, the 1/0O port
recognized as being 8 bitsin width. In this case, a data access for only 8 bitsis perforr
1/0 bus cycle being executed, followed automatically by a data access for the remaini

Figure 8.38 shows the basic timing for dynamic bus sizing.

In big-endian mode, the IOIS16 signal is not supported.

In big-endian mode, the IOIS16 signal should be fixed low.
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CExx

RD/WR

ICIORD
(read)

D15 to DO

(read)

ICIOWR
(write)

D15 to DO __<
(write) !

-
e
D

Figure 8.36 Basic Timingfor PCMCIA 1/O Card Interface
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Figure 8.37

Wait Timing for PCMCIA 1/0O Card Interface
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CExx

RD/WR

ICIORD T A | !
(read) i ' : ' ! : i :
eTT Y R RS H S S N T /e o A N N SV o VA
(read) ! ! ! ! 1 N__ /1 j ' ] ! h i !
ICTOWR A | | : .
(write) ! ! ! ! i . 1 ; I i ' I
DI5toDO ! — . YT
(wiite) <D< P X A S N
BS | AT TN T
wAT Y SRR
S E A b

Figure8.38 Dynamic Bus Sizing Timing for PCM CIA 1/O Card Interfa

Rev. 5.00 May 29, 2006 page 246 of 698
REJ09B0146-0500

RENESAS



vl L LWY VWAdo T iviuvi Ayt Ly vib o llidel v, Tivl Al Ao o TUlTvivieud VY ©

different area, and when aread accessis followed by awrite access from this LSI. Wi
performs consecutive write cycles, the data transfer direction is fixed (from this LS| t
memory) and there is no problem. With read accesses to the same area, in principle, d
from the same data buffer, and wait cycle insertion is not performed. Bits AnlW1 and
0, 2 to 6) in WCR1 specify the number of idle cycles to be inserted between access cy
physical space area access isfollowed by an access to another area, or when thisLSI |
write access after aread access to physical space arean. If thereis originally space be
accesses, the number of idle cyclesinserted is the specified number of idle cycles min
number of empty cycles.

Waits are not inserted between accesses when bus arbitration is performed, since emp
inserted for arbitration purposes.
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RD/WR
RD
D31 to DO
I Area m read I I Area n space read I I Area n space write I
Area m inter-access wait specification Area n inter-access wait specification

Figure8.39 Waits between Access Cycles

8.5.8 Bus Arbitration

When a bus release request (BREQ) is received from an external device, buses arerele
the bus cycle being executed is completed and abus grant signal (BACK) is output. Th
released during burst transfers for cachefills or awrite back and TAS instruction exect
between the read cycle and write cycle. Bus arbitration is not executed in multiple bus
are generated when the data bus width is shorter than the access size; i.e. in the bus cyc
longword access is executed for the 8-bit memory. At the negation of BREQ, BACK i<
and bus use is restarted. See Appendix B, Pin Functions, for the pin state when the bus

This LSl sometimes needs to retrieve abusit has released. For example, when memory
arefresh request or an interrupt request internaly, this LSl must perform the appropria
processing. ThisLSI has abus request signal (IRQOUT) for this purpose. When it mus
the bus, it asserts the IRQOUT signal. Devices asserting an external bus release reques
assertion of the IRQOUT signa and negate the BREQ signal to release the bus. This L
the bus and carries out the processing.
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With this LSI, address pin pull-up can be performed when the bus is released by settir
bitin BCR1 to 1. The address pins are pulled up for a4-clock period after BACK isa
Figure 8.40 shows the address pin pull-up timing. Similarly, data pin pull-up can be p
setting the PULD bit in BCR1 to 1. The data pins should be pulled up when the data b
use. The data pin pull-up timing for aread cycle is shown in figure 8.41, and the timir
cycleinfigure 8.42.

CKIO Jﬂu

A25 to A0 # \!
Pull-up Hi-Z
BACK &‘R

Figure8.40 PinsA25to A0 Pull-Up Timing
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) | |

CSn ‘ ‘

Figure8.41 PinsD31to DO Pull-Up Timing (Read Cycle)

CKIO ’

D31 to DO Pull-up \< Pull-up

- \ /
= \ /

Figure8.42 PinsD31to DO Pull-Up Timing (Write Cycle)
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Figure 9.1 shows a block diagram of the DMAC.

9.1 Feature

The DMAC has the following features.

Four channels
Address space: Architecturally 4-Gbytes

8-hit, 16-bit, 32-bit, or 16-byte transfer (In 16-byte transfer, four 32-bit reads are €
followed by four 32-bit writes.)

Maximum transfer counter: 16 Mbytes (16777216 transfers)
Supports dual address mode

O Direct address transfer mode: The values specified in the DMAC registersindi
transfer source and transfer destination. Two bus cycles are required for one d:

O Indirect address transfer mode: Datais transferred with the address stored prio
address specified in the transfer source address in the DMAC. Other operation
same as those of direct address transfer mode. This function isonly validin ch
bus cycles are required for one data transfer.

Supports single address mode

O Either the transfer source or transfer destination peripheral device is accessed (
means of the DACK signal, and the other device is accessed by address. One b
required for one data transfer.

Channel functions: Transfer mode that can be specified is different in each channe
0 Channel 0: External request can be accepted.
O Channel 1. External request can be accepted.

00 Channel 2: Thischannel has a source address reload function, which reloads ¢
address for each 4 transfers.

0 Channel 3: In thischannel, direct address transfer mode or indirect address tre
can be specified.

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



O Auto request: The transfer request is generated automatically within the DMAC
Selectable bus modes: Cycle-steal mode or burst mode
» Selectable channel priority levels
0 Fixed mode: The channel priority isfixed.
O Round-robin mode: The priority of the channel in which the execution request v
accepted is made the lowest.
* Interrupt request: An interrupt request can be generated to the CPU after transferse
specified counts.
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Per
In

"=

DREQO, DREQ1 -
SCIF Request
AID convgr'\tﬂe_lz priority
DELN control

DACKO, DACK1
DRAKO, DRAK1

N
External
rRoM K
External C>
RAM I | || L
T Legend
Ez(rférr]r?orl © C> DMAOR:  DMAC operation register
mapped% SAR_n: DMAC source address register
- DAR_n: DMAC destination address register
C> Bus state DMATCR_n: DMAC transfer count register
EX“?\';\ZS: 1’0 C> controller CHCR_n:  DMAC channel control register
acknowledge) DEI_n: DMA transfer-end interrupt request to
~
Note: n:0to 3

Figure9.1 DMAC Block Diagram
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DREQ acknowledge DACKO Strobe output to an external
transfer request from externe
channel 0
DMA request DRAKO Output showing that DREQO
acknowledge accepted
1 DMA transfer request DREQ1 DMA transfer request input fi
external device to channel 1
DREQ acknowledge DACK1 Strobe output to an external
transfer request from externe
channel 1
DMA request DRAK1 Output showing that DREQ1

acknowledge

accepted

9.3  Register Description

DMAC has atotal of 17 registers. Each channel has four control registers. One other cc

register is shared by all channels.

Refer to section 23, List of Registers, for more details of the addresses and access sizes

Channel 0

» DMA source address register 0 (SARQ)

* DMA destination address register 0 (DAROQ)
» DMA transfer count register 0 (DMATCRO)
*  DMA channel control register 0 (CHCRO)

Channdl 1

» DMA source address register 1 (SAR1)

* DMA destination address register 1 (DAR1)
* DMA transfer count register 1 (DMATCR1)
» DMA channel control register 1 (CHCR1)
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* DMA transfer count register 3 (DMATCR3)
» DMA channel control register 3 (CHCR3)

Any Channel
* DMA operation register (DMAOR)
931 DMA Source Address Registers0to 3 (SAR_0to SAR_3)

DMA source addressregisters 0 to 3 (SAR_0to SAR_3) are 32-bit read/write register
specify the source address of a DMA transfer. These registers include count functions
aDMA transfer, these registers indicate the next source address.

To transfer datain 16 bits or in 32 bits, specify the address with 16-bit or 32-bit addre
When transferring data in 16-byte units, a 16-byte boundary (address 16n) must be s&f
source address value. Specifying other addresses does not guarantee operation.

Theinitial valueis undefined by resets. The previous valueis held in standby mode.

When accessed in 16 bits, the other 16-bit data which has not been accessed is held.

932 DMA Destination Address Registers0to 3 (DAR_Oto DAR_3)

DMA destination address registers 0 to 3 (DAR_0 to DAR_3) are 32-bit read/writere
specify the destination address of a DMA transfer. These registersinclude count funct
during a DMA transfer, these registers indicate the next destination address.

To transfer datain 16 bits or in 32 bits, specify the address with 16-bit or 32-bit addre
When transferring data in 16-byte units, a 16-byte boundary (address 16n) must be s&f
source address value. Specifying other addresses does not guarantee operation.

Theinitial valueis undefined by resets. The previous valueis held in standby mode.

When accessed in 16 bits, the other 16-bit data which has not been accessed is held.
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Upper eight bitsin DMATCR are reserved. These bits are always read as 0. The write\
should always be O.

When using 16-byte transfer, an integral multiple of 4 (4n) must be set for the number
to ensure normal operation.

Theinitial value is undefined by resets. The previous value is held in standby mode.

Bit Bit Name Initial Value R/W Description
31to24 O O R Reserved

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

23to0 O O R/W 24-hit register

9.34 DMA Channel Control Registers0to 3 (CHCR_0to CHCR_3)

DMA channel control registers0to 3 (CHCR_0 to CHCR_3) are 32-bit read/write regi
specifies operation mode, transfer method, or othersin each channel.

These register values areinitialized to Os by resets. The previous value is held in standt

When accessed in 16 bits, the other 16-bit data which has not been accessed is held.
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CHCR_0 to CHCR_2. Writing to this |
in CHCR_0to CHCR_2; Ois read if th
read. When using 16-byte transfer, di
mode must be specified. Operation is
guaranteed if indirect address mode i

0: Direct address mode
1: Indirect address mode

19

RO

(RIW)*?

Source Address Reload

RO selects whether the source addre:
value is reloaded in channel 2.

This bit is only valid in CHCR_2 and i
CHCR_Oto CHCR_1, or CHCR_3. W
bit is invalid in CHCR_0, CHCR_1, ar
0 is read if this bit is read. When using
transfer, this bit must be cleared to 0,
non-reloading. Operation is not guara
reloading is specified.

0: A source address is not reloaded
1: A source address is reloaded

18

RL

(RIW)*?

Request Check Level

RL specifies the DRAK (acknowledge
signal output is high active or low acti

This bit is only valid in CHCR_0 and (
Writing to this bit is invalid in CHCR_Z
CHCR_3; 0 is read if this bit is read.

0: Low-active output of DRAK
1: High-active output of DRAK
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1: DACK output in write cycle

16 AL 0 (RIW)*?

Acknowledge Level

AL specifies the DACK (acknowledge)
output is high active or low active.

This bit is only valid in CHCR_0 and Cl
Writing to this bit is invalid in CHCR_2
CHCR_3; 0 is read if this bit is read.

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

DM1 and DMO select whether the DMA
destination address is incremented, de
or left fixed.

00: Fixed destination address (Initial ve

01: Destination address is incrementec
bit transfer, +2 in 16-bit transfer, +4
transfer, +16 in 16-byte transfer)

10: Destination address is decremente
bit transfer, —2 in 16-bit transfer, —4
transfer; illegal setting in 16-byte tr

11: Reserved (Setting prohibited)
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10: Source address is decremented (-
transfer, —2 in 16-bit transfer, —4 ir
transfer; illegal setting in 16-byte t

11: Reserved (Setting prohibited)

Notes: If the transfer source is specifi

address, specify the address, i
data to be transferred is storec
is stored as data (indirect addr
SAR_3.
Specification of SAR_3 increm
decrement in indirect address
depends on SM1 and SMO set
case, however, the SAR_3inc
decrement value is +4, —4, or f
regardless of the transfer data
specified in TS1 and TSO.
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0011:

0100:
0101:
0110:
0111:
1000:
1001:
1010:
1011:
1100:
1101:
1110:
1111:

with DACK
External request / Single addres:

External device with DACK - ex
address space

Auto request

Reserved (Setting prohibited)
Reserved (Setting prohibited)
Reserved (Setting prohibited)
Reserved (Setting prohibited)
Reserved (Setting prohibited)
Reserved (Setting prohibited)
Reserved (Setting prohibited)
SCIF transmission

SCIF reception

Internal A/D

CMT

Notes: 1. External request specificatic

only in channels 0 and 1. Nc
request sources can be sele
channels 2 and 3.

2. When using 16-byte transfe

following settings must not t
1100 SCIF transmission
1101 SCIF reception

1110 A/D converter

1111 CMT

Operation is not guaranteed
settings are made.
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This bit is only valid in CHCR_0 and (
Writing to this bit is invalid in CHCR_Z
CHCR_3; O is read if this bit is read.
In channel 0 and 1, if an on-chip perip
module is specified as a transfer requ
or an auto request is specified, specif
this bit is ignored and detection at the
is fixed except in an auto-request.

0: DREQ detected in low level

1: DREQ detected at falling edge

™ 0 R/W

Transmit Mode

TM specifies the bus mode when tran
data.

0: Cycle steal mode
1: Burst mode

TS1 0 RIW
TSO 0 R/W

Transmit Size Bits 1 and 0

TS1 and TSO specify the size of data
transferred.

00: Byte size (8 bits)

01: Word size (16 bits)

10: Longword size (32 bits)

11: 16-byte unit (4 longword transfers

Interrupt Enable Bit

Setting this bit to 1 generates an inter
when data transfer end (TE = 1) by th
specified in DMATCR.

0: Interrupt request is not generated €
transfer ends by the specified coun

1: Interrupt request is generated if dat
ends by the specified count
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Whilé thisrbit ié set torl, tran'sfer is ndt e
0: Data transfer does not end by the cc
specified in DMATCR

Clear condition: Writing 0 after TE =
power-on reset or manual reset

1: Data transfer ends by the specified ¢
0 DE 0 R/W DMAC Enable
DE enables channel operation.

0: Disables channel operation
1: Enables channel operation

Note: If an auto request is specifies (s
RS3 to RS0), transfer starts wh
is set to 1. In an external reque:
internal module request, transfe
transfer request is generated af
is set to 1. Clearing this bit durir
can terminate transfer.

Even if the DE bit is set, transfe
enabled if the TE bit is 1, the DI
DMAOR is 0, or the NMIF bit in
1.

Notes: 1. Only O can be written to the TE bit after 1 is read.
2. DI, RO, RL, AM, AL, and DS bits are not included in some channels.
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These bits are always read as 0. The
should always be 0.

PR1
PRO

R/W
R/W

Priority Mode

PR1 and PRO select the priority level |
channels when there are transfer reqL
multiple channels simultaneously.

00: CHO > CH1 > CH2 > CH3
01: CHO > CH2 > CH3 > CH1
10: CH2 > CHO > CH1 > CH3
11: Round-robin

7t03

AllO

Reserved

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

AE

RI(W)*

Address Error Flag

AE indicates that an address error occ
DMA transfer. If this bit is set during d
transfers on all channels are suspend
CPU cannot write 1 to this bit.

0: No DMAC address error. DMA tran:
enabled.

Clearing conditions: Writing AE = 0
read, power-on reset, manual reset
1: DMAC address error. DMA transfer

Setting condition: This bit is set by ¢
of a DMAC address error.
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0: No NMI input. DMA transfer is enabl
value)

Clearing condition: Writing NMIF = 0
= 1 read, power-on reset, manual re:

1: NMI input. DMA transfer is disabled.

Setting condition: This bit is set by o
of an NMI interrupt.

0 DME 0 R/W

DMA Master Enable

DME enables or disables DMA transfer
channels. If the DME bit and the DE bit
corresponding to each channel in CHC
1s, transfer is enabled in the correspon
channel. If this bit is cleared during trar
transfers on all the channels can be su:

Even if the DME bit is set, transfer is nc
if the TE bit is 1 or the DE bitis 0 in CH
AE bit is 1 or the NMIF bit is 1 in DMAC

0: Disable DMA transfers on all channe
1: Enable DMA transfers on all channel

Note: * Only O can be written to the AE and NMIF bits after 1 is read.
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941 DMA Transfer Flow

After the DMA source addressregisters (SAR_0to SAR_3), DMA destination addres
(DAR_0to DAR_3), DMA transfer count registers (DMATCR_0to DMATCR_3), D
control registers (CHCR_0to CHCR_3), and DMA operation register (DMAOR) are
DMAC transfers data according to the following procedure:

1. Checksto seeif transfer isenabled (DE=1, DME=1, TE=0, AE=0, NMIF =C

2. When atransfer request comes and transfer is enabled, the DMAC transfers 1 tran
data (depending on the TSO and TSI settings). For an auto request, the transfer be
automatically when the DE bit and DME bit are set to 1. The DMATCR value wil
decremented for each transfer. The actual transfer flows vary by address mode anc

3. When the specified number of transfer have been completed (when DMATCR rea
transfer ends normally. If the |E bit of the CHCR isset to 1 at thistime, a DEI inte
to the CPU.

4. When an NMI interrupt is generated or an address error occurs during DMA trans
transfers are suspended. Transfers are also suspended when the DE bit of the CHC
DME bit of the DMAOR are changed to 0.

Figure 9.2 isaflowchart of this procedure.
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v

Transfer request *2
occurs?*1
Bus mode,
*3 transfer request mode,
; DREQ detection selection
system

Transfer (1 transfer unit);
DMATCR — 1 -~ DMATCR, SAR and DAR
updated

NMIF =1 or
DE =0 or DME
=07?

DMATCR = 0?

DEI interrupt request (when IE = 1) | ( Transfer aborted )

NMIF =1 or
DE =0 or DME
=07

No

( Transfer end ) ( Normal end )

Notes: 1. In auto-request mode, transfer begins when NMIF and TE are all 0 and the DE and DME bits
are setto 1.
2. DREQ = level detection in burst mode (external request) or cycle-steal mode.
3. DREQ = edge detection in burst mode (external request), or auto-request mode in burst mode.

Figure9.2 DMAC Transfer Flowchart
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memory-to-memory transfer or atransfer between memory and an on-chip peripheral

unable to request atransfer, the auto-request mode allows the DMAC to automatically
transfer request signal internally. When the DE bits of CHCR_0 to CHCR_3 and the
the DMAOR are set to 1, the transfer begins so long as the TE bits of CHCR_0 to CH
the AE but and NMIF bit of DMAOR are all 0.

External Request Mode: In this mode atransfer is performed at the request signal (T
external device. Choose one of the modes shown in table 9.2 according to the applical
When this mode is selected, if the DMA transfer isenabled (DE=1, DME=1, TE =
NMIF = 0), atransfer is performed upon arequest at the DREQ input. Choose to dete
either the falling edge or low level of the signal input with the DS bit of CHCR_0to C
=0islevel detection, DS = 1 is edge detection). The source of the transfer request do
to be the data transfer source or destination.

Table9.2  Selecting External Request Modes with the RS Bits

RS3 RS2 RS1 RSO Address Mode Source Destinati
0 0 0 0 Dual address Any* Any*
mode
1 0 Single address  External memory, External «
mode memory-mapped DACK
external device
1 External device with External |
DACK memory-I
external

Note: * External memory, memory-mapped external device, on-chip memory, on-c
peripheral module (excluding DMAC, UBC, and BSC)
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receive dataregister (RDR). Likewise, when TXI is set as the transfer request, the tran:
must be the SClI's transmit data register (TDR). And if the transfer requester isthe A/D
the data transfer source must be the A/D dataregister (ADDR).

Table9.3 Selecting On-Chip Peripheral Module Request Modeswith the RS Bi

DMA
Transfer
Request DMA Transfer Request Desti-
RS3 RS2 RS1 RSO Source Signal Source nation
1 0 1 0
1 0 1 1
1 1 0 0 SCIF TXI2 (SCIF transmit data Any* TDR2
transmitter empty interrupt transfer
request)
1 1 0 1 SCIF RXI2 (SCIF receive data full RDR1  Any*
receiver interrupt transfer request)
1 1 1 0 A/D ADI (A/D conversion end ADDR  Any*
converter  interrupt)
1 1 1 1 CMT CMI (Compare match timer ~ Any* Any*
interrupt)

Legend:
ADDR: A/D data register of A/D converter

Note: * External memory, memory-mapped external device, on-chip peripheral mod
(excluding DMAC, UBC, and BSC)

When outputting transfer requests from on-chip peripheral modules, the appropriate int
enable bits must be set to output the interrupt signals.

If the interrupt request signal of the on-chip peripheral moduleis used as a DMA transf
signal, an interrupt is not generated to the CPU.
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Channel according to a predetermined priority oraer. 1 wWo modes (T11Xed moae and rou
mode) are selected by the priority bits PR1 and PRO in the DMA operation register (C

Fixed Mode: In this mode, the priority levels among the channels remain fixed. Ther
kinds of fixed modes as follows:

e CHO>CH1>CH2>CH3
* CHO>CH2>CH3>CH1
e CH2>CHO>CH1>CH3

These are selected by the PR1 and the PRO bitsin the DMA operation register (DMA(

Round-Robin Mode: Each time one word, byte, or longword, or 16-byte datais tran:
one channel, the priority order isrotated. The channel on which the transfer was just f
rotates to the bottom of the priority order. The round-robin mode operation is shown i
The priority of the round-robin modeis CHO > CH1 > CH2 > CH3 immediately after
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Initial priority order | CHO > CH1 > CH2 > CH3 |

Priority order
afrer transfer

______ —

| CH2 > CH3 > CHO > CH1 |

(3) When channel 2 transfers

Initial priority order | CHO > CH1 >CH2 > CH3 |

Priority order
afrer transfer

— -

IR [ v

[ cHa > cHo > ch1 > chz |
:

Post-transfer priority order

when there is an
immediate transfer

request to channel 1 only

- -

CH2 >CH3 >CHO >CH1 |

(4) When channel 3 transfers

Priority order
afrer transfer

Priority order
afrer transfer

| CHO >CH1 >CH2 > CH3 |

| CHO>CH1>CH2>CH3|

“lHalihicl U bTilunlico buuulini
priority.

The priority of channel 0, which
was higher than channel 3, is also
shifted.

Channel 2 becomes bottom
priority.

The priority of channels 0 and 1,
which were higher than channel 2,
are also shifted. If immediately
after there is a request to transfer
channel 1 only, channel 1 becomes
bottom priority and the priority of
channels 0 and 3, which were
higher than channel 1, are also
shifted.

Priority order does not change

Figure9.3 Round-Robin Mode
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. When the channel 0 transfer ends, channel 0 becomes lowest priority.

. At this point, channel 1 has a higher priority than channel 3, so the channel 1 trans
(channel 3 waits for transfer).

. When the channel 1 transfer ends, channel 1 becomes lowest priority.
. The channel 3 transfer begins.

. When the channel 3 transfer ends, channels 3 and 2 shift downward in priority ot
3 becomes the lowest priority.

Transfer request

(1) Channels 0 and 3

(3) Channel 1

Waiting channel(s)

_—

13

None

(2) Channel 0 transfer

start

(4) Channel 0 transfer
ends

(5) Channel 1 transfer
starts

(6) Channel 1 transfer
ends

(7) Channel 3 transfer
starts

(8) Channel 3 transfer
ends

DMAC operation

Priority order
changes

—_—

/

Priority order
changes

- >

/

Priority order
changes

Channel p

0>1>2>

1>2>3>

2>3>0>

0>1>2>

Figure9.4 Changesin Channel Priority in Round-Robin Mode
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Destination

Memory- On-
External Device External Mapped External  Peri
Source with DACK Memory Device Moc
External device with Not available Dual, single Dual, single Not
DACK
External memory Dual, single Dual Dual Dua
Memory-mapped Dual, single Dual Dual Dua
external device
On-chip peripheral Not available Dual Dual Dua
module

Notes: 1. Dual: Dual address mode
2. Single: Single address mode

3. The dual address mode includes the direct address mode and the indirect a«

mode.

4. 16-byte transfer is not available for on-chip peripheral modules.
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transfer between external memories as shown in figure 9.5, dataisread to the |
one external memory in adataread cycle, and then that datais written to the o
memory in awrite cycle. Figures 9.6 to 9.8 show examples of the timing at thi:

Memory

Transfer source

- DMAC !

. SAR >

i i 2

1 1 %]

; DAR [ 3 .
i i a S

! bl S T |
1 1 kel o

i i <

E Data buffer E

' S~ ~—"

module

Transfer destination
module

The SAR value is an address, data is read from the transfer source module,
and the data is tempolarily stored in the DMAC.

First bus cycle

Memory

Transfer source
module

Transfer destination

- - DMAC '

1 SAR 1

E |2

| DAR > 2 3

: : (%] o

| i 3 ©

: b3 a

' ' <

E Data buffer E >

H L S~ ~—"

module

The DAR value is an address and the value stored in the data buffer in the
DMAC is written to the transfer destination module.

Second bus cycle

Figure9.5 Operation in the Direct Address Mode in the Dual Address M
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|
|
|

DACKn \ /

Data read cycle

|
[
l
|
Data write cycle :
|
|
|
|

(1st cycle) (2nd cycle)

Note: Transfer between external memories, DACK output in a read cycle DACK output timing
is the same as that of CSn.

Figure9.6 Exampleof DMA Transfer Timingin the Direct AddressMo
in the Dual Address Mode
(Transfer Source: Ordinary Memory, Transfer Destination: Ordinary Men
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L ) S
DACKn_! |_| |_| |_| [

Data read cycle

(1st cycle) ! ! (2nd cycle)

Note: Transfer between external memories, DACK output in a read cycle DACK output timing
is the same as that of CSn.

Figure9.7 Exampleof DMA Transfer Timingin the Direct Address M
in the Dual Address Mode (16-Byte Transfer, Transfer Source: Ordinary M
Transfer Destination: Ordinary Memory)

2251010 X X N XN (X X X

Transfer source address 1 Transfer destination address
o S S S A B m 1 m
02110 —+—t—— O H D~
RAS | [ ! | | | | | | | ! |
cAs — : 1 | | | : : ; : ; :
RD/WR | 1 1 1 1 1 1 1 1 | :
L= N I N B S v B
pACKn 1 1 R e e B : ; ;
' ' Data read cycle ! ! ! (2nd cycle)
(1st cycle) Data write cycle

Note: Transfer between external memories, DACK output in a read cycle DACK output timing
is the same as that of CSn.

Figure 9.8 Exampleof DMA Transfer Timingin the Direct Address M
in the Dual Address Mode (16-Byte Transfer, Transfer Source: Synchronous
Transfer Destination: Ordinary Memory)

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



dnd tne Storage aestination ol the Indirect agdress are externa memaories witn a
width in the indirect address mode, and transfer datais 16 or 8 bits. Figure 9.10
example of the transfer timing.

Rev. 5.00 May 29, 2006 page 276 of 698
REJ09B0146-0500

RENESAS



Tor tne aadress.
First and second bus cycles

E E T

' SAR_3 ' Memory

: - "

¢+ D DAR_3 o 3

» M g T Transfer source module
. C - 5

¢ C buffe - e

: | Data I . Transfer destination

E E g L module

When the value in the temporary buffer is an address, the data is read from the
transfer source module to the data buffer.

Third bus cycle

Memory

)

Address bus
Data bus

Transfer source module

|
|
Data E Transfer destination
[ module
: ~—"

(

When the value in SAR_3 is an address, the value in the data buffer is written to the
transfer source module.

Fourth bus cycle

Note: The above description uses the memory, transfer source module, or transfer
destination module; in practice, any module can be connected in the addressing
space.

Figure9.9 Operation in theIndirect Address modein the Dual Address|
(When the External Memory Space Has a 16-Bit Width)
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D31toDO . Indirect | Indirect
' address(H) adess(L) )
'
'
J \

Internal
addresu bus

Netrees X B

! J

><

\
.

“vo Transfer solrce

J*, address*! ' NOP
I
I
.
T

o d------fF--

'
'
|
'
'
N +
' '
' '
' ' '
' ' '
' ' '
Internal T I j H | Transfer
data bus ' X Transfelr sour;e‘address*2 ! ' ' data
] I 1 \ 1 \ ]
' ' ' ' '
' ' ' ' '
DMAC indirect , ' HA J ] '
address buffer | ! ! ! Indirect address !
j i i i i ]
' ' ' ' ' '
L L L L ' L
DMAC data v R ! | Transfer” |
er | : : : K st
' ' ' ' ' '
' ' ' ' ' '
' ' | | ' |
RD | \ / i \ / i i \ , i i
i i i i i i
' ' ' ' ' '
H ' ' ' ' '
—_— L L L ' L
h 0 v T T T
WEn : : : ‘ : \_/_
1 i i i i 1
' ' ' ' ' '
1 Address read cycle I NOP Data . NOP 1 Data
i H 1 cycle | read cycle \ cycle | write cycle
h ' 0 ' i l
! (1st) ! (2nd) : ! (3rd) ! ! (4th)

Notes:

1. The internal address bus value does not change, and controlled by the port.
2. The DMAC does not fetch the value until 32-bit data is output to the internal data bus.

Figure9.10 Exampleof Transfer Timingin the Indirect Address M odi

in the Dual Address Mode
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exierna memaory In the same pus CycCle.

External address bus External data bus
N
SH7706 m
Sl it >
E External
DMAC ' memory
[\ ,
|/ ,
: External device
N \y with DACK
~J N
DACK
DREQ

-------- *>Data flow

Figure9.11 DataFlow in the Single Address Mode

Two kinds of transfer are possible in the single address mode: (1) transfer between an
device with DACK and a memory-mapped external device, and (2) transfer between ¢
device with DACK and external memory. In both cases, only the external request sigr
isused for transfer requests.
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D31 to DO

DACKn

BS

CKIO0

A25 to A0

CSn

RD

D31 to DO

DACKn

BS

(a) External device with DACK

Data output from external device with DACK

DACK signal (active-low) to external device with

— external memory space (ordinary memory)

Address output 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

(b) External memory space — external device with DACK (active low)

Figure9.12 Example of DMA Transfer Timing in the Single Address Mc
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DACKn

7

Figure9.13 Example of DMA Transfer Timingin the Single Address M
(16-Byte Transfer, External Memory Space (Ordinary Memory) - External Device wi
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In the cycle-steal mode, transfer areas are not affected regardless of settings of the't
request source, transfer source, and transfer destination. Figure 9.14 shows an exar
DMA transfer timing in the cycle steal mode. Transfer conditions shown in the figu
0 Dual address mode

0 DREQ level detection

e 1\ /

Bus right returned to CPU

—
Bus cycle X CPU X CPU X CPU XDMACXDMACX CPU XDMACX DMACX CPU X

Read Write Read Write

Figure9.14 DMA Transfer Examplein the Cycle-Steal Mode

e Burst Mode

In the burst mode, once the busright is obtained, the transfer is performed continuo
without passing it until the transfer end conditions are satisfied. In the external requ
with low level detection of the DREQ pin, however, when the DREQ pinisdriven |
busis passed to the other bus master after the DMAC transfer request that has alrea
accepted ends, even if the transfer end conditions have not been satisfied.

The burst mode cannot be used when the serial communications interface (SCIF) ar
converter are the transfer request sources. Figure 9.15 shows atiming at this point.

DREQ \ /
Bus cycle X CPU X CPU X CPU XDMACXDMACXDMACXDMACXDMACXDMACX

Read Write Read Write Read Write

Figure9.15 DMA Transfer Examplein the Burst Mode
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External device with DACK and External B/C 8/16/32/128
memory-mapped external device

External memory and external All"* B/C 8/16/32/128
memory
External memory and memory- Al B/C 8/16/32/128
mapped external device
Memory-mapped external device All"* B/C 8/16/32/128
and memory-mapped external
device
External memory and on-chip Al B/C*®  8/16/32**
peripheral module
Memory-mapped external device  All*® B/IC*®  8/16/32**
and on-chip peripheral module
On-chip peripheral module and Al B/C*®  8/16/32**
on-chip peripheral module

Single External device with DACK and External B/C 8/16/32/128
external memory
External device with DACK and External B/C 8/16/32/128

memory-mapped external device

B: Burst, C: Cycle steal

Notes: 1.

External requests, auto requests and on-chip peripheral module requests a
available. For on-chip peripheral module requests, however, SCIF, and A/L
cannot be specified as the transfer request source.

External requests, auto requests and on-chip peripheral module requests a
available. When the SCIF, or A/D converter is also the transfer request sou
however, the transfer destination or transfer source must be the SCIF, or A
respectively.

If the transfer request source is the SCIF, the cycle-steal mode is only avai

The access size permitted when the transfer destination or source is an on
peripheral module register.

If the transfer request is an external request, channels 0 and 1 are only ave

If the transfer request source is the SDRAM, the transfer size should be se
than the bus width.
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completes the transfer of one transfer unit, even if channel O isin the cycle-steal mode
burst mode. The bus will then switch between the two in the order channel 1, channel (
channel 0.

Even if the priority is set in the fixed mode or in the round-robin mode, it will not give
the CPU since channel 1 isin the burst mode. This exampleisillustrated in figure 9.16

cpPU DMAC DMAC DMAC DMAC DMAC DMAC DMAC
CH1 CH1 CHO CH1 CHO CH1 CH1

DMAC CH1 Round-robin mode in DMAC CH1
CPU Burst mode DMAC CHO and CH1 Burst mode C
| |

Notes: 1. Cycle-steal mode
2. Burst mode

Figure9.16 Bus State when Multiple Channels Are Operating
(Priority Level s Round-Robin Mode)

945 Number of Bus Cycle Statesand DREQ Pin Sampling Timing

Number of Bus Cycle States: When the DMAC is the bus master, the number of bus ¢
controlled by the bus state controller (BSC) in the same way as when the CPU isthe bt
For details, see section 8, Bus State Controller (BSC).

DREQ Pin Sampling Timing: In the external request mode, the DREQ pin is sampled
pulse (CK10) faling edge or low level detection. When DREQ input is detected, a DM
cycleis generated and DMA transfer is performed, at the earliest, three states later.

The second and subsequent DREQ sampling operations are started two cycles after the
sample.
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Sulscyuctit cyclc,
Thus, DREQ sampling is performed one step in advance. The third sampling oper:
performed until the idle cycle following the end of the first DMA transfer.

The above conditions are the same whatever the number of CPU transfer cycles, a
figure 9.18, and whatever the number of DMA transfer cycles, as shown in figure

DACK isoutput in aread in the examplein figure 9.17, and in awrite in the exam
9.18. In both cases, DACK is output for the same duration as CSn.

Figure 9.20 illustrates the case where DREQ is not detected and sampling is subse
executed every cycle.

Figure 9.21 shows an example of edge detection in the cycle-steal mode.

Burst Mode, Level Detection
In the case of burst mode with level detection, the DREQ sampling timing isthe s
cycle-steal mode.

For example, in figure 9.22, DMAC transfer begins, at the earliest, three cycles aft
sampling is performed. The second sampling is started two cycles after the first. S
sampling operations are performed in the idle cycle following the end of the DM A
cycle.

In the burst mode, also, the DACK output period isthe same asin the cycle-steal

Burst Mode, Edge Detection

In the case of burst mode with edge detection, DREQ sampling is only performed
For example, in figure 9.23, DMAC transfer begins, at the earliest, three cycles aft
sampling is performed. After this, DMAC transfer is executed continuously until t

of datatransfers set in the DMATCR register have been completed. DREQ is not
during thistime.

To restart DMA transfer after it has been suspended by an NMI, first clear NMIF,
an edge request again.

In the burst mode, also, the DACK output period is the same asin the cycle-steal r
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Figure9.17 Cycle-Steal Mode, Level Input (CPU Access. 2 Cycles)

1st sampling 2nd sampling 3rd sampling
' '
wo/ M MM MM MR - MM
' ' ' ' ' '
' ' ' ' ' ' ' ' ' ' '
L [P ' ' ' ' ' ' L L L L L
BREG!\ N : — : ] ] ] ]
1 N\ | h | | | | | \ h T H | |
DRAK ! 1\ y 1 1 . . . , ) . !
(High active) ; | i | iy ) ) ' ! ) | i ! ) S
Bus cycle CPU DMAC(Read DMAC(Write CPU
i | | | | | | | | | | | | | |
DACK 1 . . . . . . X X . . . . .
h T T T T T T T T T T

Figure9.18 Cycle-Steal Mode, Level Input (CPU Access. 3 Cycles)

1st sampling 2nd sampling

3rd sampling

(High active) ;

'
Bus cycle '(

|
DACK r
(RD output) k + r

Figure9.19 Cycle-Steal Mode, Level input (CPU Access: 2 Cycles, DMA RD £
Cycles)
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DACK r T T T T T T T T T T T T T T
Rooupy) ——— X X T T T

Figure9.20 Cycle-Steal Mode, Level input (CPU Access. 2 Cycles, DREQ Inpt

2nd sampling is performed, 3rd sampling is performed,
but since there is no DREQ falling edge, but since there is no DREQ falling edge,
per-cycle sampling starts 2nd sampling per-cycle sampling starts

' ' h

1st samplin
| P

3rds
'

! 1 1 1 1 1 1

1 ' 1 1 1 1 1 1 1 1

1 : 1 1 1 1 1 1 1 1

e M : : P

1 ' 1 1 1 1 1 1 1 1 1

(High D?A'é . ' M M M M M ! M M M M
1 active,

9 H ' Y H H H H H \ H H

Bus cycle
.

— A X

i i
DACK
(RD output) } :

. . A X

Note: When a DREQ falling edge is detected, DREQ must be high for at least one cycle before the sampling point.

Figure9.21 Cycle-Steal Mode, Edgeinput (CPU Access: 2 Cycles)

1st sampling 2nd sampling 3rd sampling

' ' ' ' ' ' ' ' ' ' ' '

oo/ [ el el el e el el e e a i

' ' ' ' ' ' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' ' ' ' ' ' '

' ' ' ' ' ' ' ' ' ' ' ' '

DREQ ' |’_ﬁ_N ' ' T ' ' '
1 D \- T T T \A\l T T T T \A\-

' |> ' ' > ' ' ' v ' ' > ' ' ' ' '

' ' ' ' ' ' T ' ' ' ' T

DRAK h ' ' ' ' ' h ' ' ' '

(High active) ; \ 1 hY 1 ] ] ] ] N i i i i

Bus cycle ‘. CcPU ’—s DMAC(Read! ’—( DMAC(Write, p—( DMAC‘Read ’—( DMAC(Write) p-

DACK 4 : : A X : : : - : : :

Figure9.22 Burst Mode, Level Input
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Figure 9.23 Burst Mode, Edge I nput

9.4.6 Sour ce Address Reload Function

Channel 2 includes areload function, in which the value returns to the value set in the
each four transfers by setting the RO bit in CHCR_2 to 1. 16-byte transfer cannot be us
9.24 shows this operation. Figure 9.25 shows the timing chart of the source address rel
function, which is under the following conditions: burst mode, auto request, 16-bit tran
size, SAR_2 count-up, DAR_2 fixed, reload function on, and usage of only channel 2.

------- DMAG === === === === ===

' DMAC control RO bit = 1 E
EEEEREEEEE P CHCR_2 ;

Transfer E E Count signal E
requiest ———%1 <7--=soesioesmoesosmnoeones - DMATCR 2 | !
N 1 5

: ' Reload | Reload signal SAR_2 !

; : eload control |-~~~ (initial value) [

; ' ‘I‘ Reload O ;

, : signal :

' L . 4 time SAR_2 |

' count < !

Figure 9.24 Source Address Reload Function Diagram
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it < » QCLUNIU Ualisicl N iy udiisicl N ~oulrtil ualisicl ror

! SAR 2output | SAR_2+2output | SAR_2+4 output | SAR_2+6 output ! SA
1 DAR_2output ; DAR_2output ; DAR_2output ; DAR_2output ;SA
Y.

Figure9.25 Timing Chart of Source Address Reload Function
Evenif the transfer datasizeis 8, 16, or 32 bits, areload function can be executed.

DMATCR_2, which specifies atransfer count, decrements 1 each time a transfer ends
of whether areload function is on or off. Consequently, be sure to specify the value rr
four in DMATCR_2 when the reload function is on. Specifying other values does not
the operation.

Though the counters that count transfers of four times for the reload function are reset
the DME bit in DMAOR or the DE bit in CHCR_2, by setting the transfer end flag (T
CHCR_2) by aDMAC address error, or by inputting NMI, besides by resets, the SAF
DMATCR_2 registers are not reset. Therefore, if these sources are generated, the cou
initialized and are not initialized exist in the DMAC; malfunction will be caused by re
DMAC in that state. Consequently, if these sources occur except for setting the TE bi
usage of the reload function, set SAR_2, DAR_2, and DMATCR_2 again.
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accepted until the ending conditions are satisfied.

In the cycle-steal mode, the operation is the same regardless of whether the transfer
detected by the level or at the edge.

(b) Burst mode, edge detection (external request, internal request, and auto request)
The timing from the point where the ending conditions are satisfied to the point wh
DMAC stops operating differs from that in cycle steal mode. In the edge detection i
mode, though only one transfer request is generated to start up the DMAC, stop reg
sampling is performed in the same timing as transfer request sampling in the cycle-
As aresult, the period when stop request is not sampled is regarded as the period w
request is generated, and after performing the DMA transfer for this period, the DM
operating.

(c) Burst mode, level detection (external request)
Same as described in (a).

(d) Bustiming when transfers are suspended
The transfer is suspended when one transfer ends. Even if transfer ending conditior
satisfied during read in the direct address transfer in the dual address mode, the sub
write processis executed, and after the transfer in (a) to (c) above has been execute
operation suspends.
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channel's CHCR. The TE bit is not set when this happens. This transfer ending do:
to conditionsin (@) to (d) described above.

Conditionsfor Ending All Channels Simultaneoudly: Transferson all channels enc
NMIF or AE bit inthe DMAOR is set to 1, or when the DME bit in the DMAOR iscl

Transfers ending when the AE bit or NMIF bitissetto 1 in DMAOR: Whenan N
occurs, the AE bit or NMIF bit isset to 1inthe DMAOR and all channels stop the
according to the conditionsin (a) to (d) described above, and pass the bus right to
masters. Consequently, even if the AE bit or NMI bit is set to 1 during transfer, th
DAR, DMATCR are updated. The TE bit isnot set. To resume the transfers after |
address error exception handling or NMI interrupt exception handling, clear the A
bit to 0. At thistime, if there are channels that should not be restarted, clear the co
DE bit in the CHCR.

Transfers ending when DME is cleared to 0 in DMAOR: Clearing the DME hit to
DMAOR forcibly stopsthe transfers on al channels. The TE bit is not set. All che
their transfers according to the conditionsin (a) to (d) in 9.4.7, DMA Transfer Enc
Conditions, asin DMAC address error occurrence or NMI interrupt generation. In
thevaluesin SAR, DAR, and DMATCR are aso updated.
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» Four types of counter input clock can be selected
O Oneof four internal clocks (P@/4, P@/8, P@/16, P@p/64) can be selected.
» Generate DMA transfer request when compare match occurs.

Pe4 P@8 P@lé P64

Control circuit I—*l Clock selection |

-
=l
©
o
IS
Qo
£
5]
]

Bus
interface

Module bus

CMSTR
CMCSR

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

Internal bus

Legend:

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

Figure9.26 CMT Block Diagram
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¢ Lompare malcn constant register (CIiViLUR)

Compare Match Timer Start Register (CMSTR)

The compare match timer start register (CMSTR) is a 16-hit register that selects whetl
operate or halt the channel 0 and channel 1 counter (CMCNT).

Bit Bit Name Initial Value R/W Description
15t02 — AllO R Reserved

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

1 — 0 R/W  Reserved
This bit can be read or written. Write O v
0 STRO 0 R/W  Count start 0

Selects whether to operate or halt comg
timer counter 0.

0: CMCNTO count operation halted
1: CMCNTO count operation
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T

7 CMF 0 RI(W)*

Compare match flag

This flag indicates whether CMCNT an
values have matched or not.

0: CMCNT and CMCOR values have n

Clearing condition: Write 0 to CMF ¢
reading CMF = 1

1: CMCNT and CMCOR values have n

6 — 0 R/W Reserved
Both read and write are available. The
should always be 0.
5t02 — 0 R Reserved
These bits always read as 0. The write
should always be 0.
CKSs1 0 R/W Clock select 1 and 0
0 CKSO0 0 R/W These bits select the clock input to the

from among the four clocks obtained b
the peripheral clock (P@). When the ST
the CMSTR is set to 1, the CMCNT be
incrementing with the clock selected by
CKSO0.

00: P @4
01: P @8
10: P /16
11: P /64

Note: * The only value that can be written is O to clear the flag.
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The CMCNTO isinitialized to H'0000 by resets. It retainsits previous value in standb
Compare Match Constant Register (CMCOR)

The compare match constant register (CMCOR) is a 16-bit register that sets the comp.
period with the CMCNT.

The CMCOR isinitialized to H'FFFF by resets. It retainsits previous value in standby

9.5.3 Operation
Period Count Operation

When aclock is selected with the CKS1 and CK S0 bits of the CMCSR register and th
of the CMSTRisset to 1, the CMCNT begins incrementing with the selected clock. V
CMCNT counter value matches that of the CMCOR, the CMCNT counter is cleared t
and the CMF flag of the CMCSR register isset to 1. The CMCNT counter begins cou
again from H'0000.

Figure 9.27 shows the compare match counter operation.

CMCNT value Counter cleared by
CMCOR compare match

pd

CMCOR

H'0000

Time

Figure 9.27 Counter Operation
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“Iivil CIUCK I

CMCNTO input clock | |
% % )C
CMCNTO N-1 X « N «

2 2

I | § |

2
(¢ | |

(¢
" Z

Figure9.28 Count Timing
Compare Match Flag Set Timing

The CMF bit of the CMCSR register is set to 1 by the compare match signal generated
CMCOR register and the CMCNT counter match. The compare match signal is genera
the final state of the match (timing at which the CMCNT counter matching count value
updated). Consequently, after the CMCOR register and the CMCNT counter match, ac
match signal will not be generated until a CMCNT counter input clock occurs. Figure ¢
the CMF bit set timing.
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CMCOR N

Compare match signal | |
CMF |

CMI |

Figure9.29 CMF Set Timing
Compare Match Flag Clear Timing

The CMF bit of the CMCSR register is cleared by writing O to it after reading 1. Figu
shows the timing when the CMF it is cleared by the CPU.

CMCSRO write cycle
T

| T, 2 |
Peripheral clock (P¢) J |—

CMF

Figure9.30 Timing of CMF Clear by the CPU
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Table9.6 Transfer Conditionsand Register Settingsfor Transfer between On-(
Converter and External Memory

Transfer Conditions Register Setting

Transfer source: on-chip A/D converter SAR_2 H'040000¢
Transfer destination: external memory DAR_2 H'004000(
Number of transfers: 128 (reloading 32 times) DMATCR_2 H'000000¢
Transfer source address: incremented CHCR_2 H'00089E:

Transfer destination address: decremented

Transfer request source: A/D converter

Bus mode: burst

Transfer unit: long word

Interrupt request generated at end of transfer
Channel priority order:0>2>3>1 DMAOR H'0101

When the address reload function is on, the values set in SAR_0to SAR_3 returnsto tl
set value at each four transfers. In this example, when an interrupt request is generated
converter, longword data is read from the register in address H'04000080 in A/D conve
iswritten to external memory address H'00400000. Since longword data has been trans
valuesin SAR_2 and DAR_2 are H'04000084 and H'003FFFFC, respectively. The bus
maintained and data transfers are successively performed because thistransfer isin the
mode.

After four transfers end, fifth and sixth transfers are performed if the address reload fur
and the value in SAR_2 isincremented from H'0400008C, H'04000090, H'04000094,..
address reload function is on, the DMA transfer stops after the fourth transfer ends, the
signal to the CPU is cleared. At thistime, the value stored in SAR_2 is not incrementex
H'0400008C to H'04000090, but returnsto theinitially set value H'04000080. The valu
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SAR_2 H'04000080 H'04000090

DAR_2 H'003FFFFO H'003FFFFO
DMATCR_2 H'0000007C H'0000007C
Bus right Released Held

DMAC operation Stops Keeps operating
Interrupt Not generated Not generated
Transfer request source flag Executed Not executed
clear

Notes: 1. An interrupt is generated regardless of whether the address reload functior
if transfers are executed until the value in DMATCR_2 reaches 0 and the I
CHCR_2 has been setto 1.

2. The transfer request source flag is cleared regardless of whether the addre
function is on or off, if transfers are executed until the value in DMATCR_2

3. Specify the burst mode to use the address reload function. This function m
correctly executed in the cycle steal mode.

4. Set the value multiple of four in DMATCR_2 to use the address reload func
function may not be correctly executed if other values are specified.

9.6.2 Example of DMA Transfer between External Memory and SCIF Trans
(Indirect Addresson)

In this example, DMA transfer is performed between the external memory specified v
indirect address (transfer source) and the SCIF transmitter (transfer destination) using
channel 3. Table 9.8 shows the transfer conditions and register settings. In addition, tt
the number of transmit FIFO dataissetto 1 (TTRG1 =TTRGO =1 in SCFCR).
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Number of transfers: 10 DMATCR_3 H'00000C
Transfer source address: incremented CHCR_3 H'00011(

Transfer destination address: fixed

Transfer request source: SCIF (TXI2)

Bus mode: cycle steal

Transfer unit: byte

No interrupt request generated at end of transfer
Channel priority order:0>1>2 >3 DMAOR H'0001

If the indirect addressis on, data stored in the address set in SAR_0to SAR_3isnot us
transfer source data. In the indirect address, after the value stored in the address set in ¢
SAR_3isread, that read value is used as an address again, and the value stored in that .
read and stored in the corresponding address setin DAR_0to DAR_3.

In the example shown in table 9.3, when an SCIF transfer request is generated, the DM
the value in address H'00400000 set in SAR_3. Since the value H'00450000 is stored ir
address, the DMAC reads the value H'00450000. Next, the DMAC uses that read value
address again, and reads the value H'55 stored in that address. Then, the DMAC writes
H'55 to address H'04000156 set in DAR_3; this completes one indirect address transfe

In theindirect address, when datais read first from the address set in SAR_3, the datat
is always longword regardless of the settings of the TS0 and the TS1 bits that specify tl
data size. However, whether the transfer source address is fixed, incremented, or decrel
specified according to the SMO and the SM1 bits. Therefore, in this example, though tf
datasizeis specified as byte, the value in SAR_3 is H'00400004 when one transfer end
operation is the same as that in the normal dual address transfer.
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DMAOR Wil be set.

4. When entering the standby mode, the DME bit in DMAOR must be cleared to O a
transfers accepted by the DMAC must end.

5. The on-chip peripherals which DMAC can access are SCIF, A/D converter, D/A ¢
and 1/0 ports. Do not access the other peripherals by DMAC.

6. When starting up the DMAC, set CHCR_0to CHCR_3 or DMAOR last. Specifyil
registers last does not guarantee normal operation.

7. Evenif the maximum number of transfersis performed in the same channel after t
DMATCR_0to DMATCR_3 count reaches 0 and the DMA transfer ends normall
DMATCR_0to DMATCR_3. Otherwise, normal DMA transfer may not be perfol

8. When using the address reload function, specify the burst mode as a transfer mode
cycle-steal mode, normal DMA transfer may not be performed.

9. When using the address reload function, set the value multiple of four in DMATC
DMATCR_3. Specifying other values does not guarantee normal operation.

10. When detecting an external request at the falling edge, keep the external request p
setting the DMAC.

11. Do not access the space ranging from H'4000062 to H'400006F, which is not used
DMAC. Accessing that space may cause malfunctions.

12. The WAIT signal isignored in the following cases:

A. In 16-byte DMA transfer or dual addressing mode, or when writing data to the
address area

B. In 16-byte DMA transfer or single addressing mode, or when transferring data
external device with DACK to the external address area

13. When the DMAC transfers data under conditions (1) or (2) below, the CPU may f
unexpected instruction, resulting in program runaway, or the DMA may transfer tt
data
(1) At wake-up from the sleep mode when operating with aclock ratio for |g:B@ c

11
(2) Theinternal clock frequency division ratio bits (IFC[2:0]) in the frequency cor
(FRQCR) are modified.
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Four clock modes. Selection of 4 clock modes for different frequency ranges, pow
consumption, direct crystal input, and external clock input are available.

Three clocks generated independently: An internal clock for the CPU, cache, and”
peripheral clock (Pg) for the on-chip supporting modules; and a bus clock (CKIO)
external businterface.

Frequency change function: CPU and peripheral clock frequencies can be changec
independently using the PLL circuit and divider circuit within the CPG. Frequenci
changed by software using frequency control register (FRQCR) settings.
Power-down mode control: The clock can be stopped for sleep mode and software
mode and specific modules can be stopped using the module standby function.
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ATAL

EXTAL X}—

PLL circuit 2
(x1,4)

x1

x 1/2
x 1/3
x 1/4
x 1/6

Peripheral
> clock (Pg)
Cycle = Pc

Bus clock (

CPG control unit

Cycle = Be)

Standby

control

FRQCR: Frequency control register
STBCR: Standby control register

Clock frequency | +—> Standby control
MD2 E control circuit circuit
mp1 [X] T ¥
mpo [ | FRQCR | STBCR |
Bus interface
[}
Y

Figure 10.1 Block Diagram of Clock Pulse Generator
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MD2. Seetable 10.3 for more information on clock operation modes.

. Crystal Oscillator: This oscillator is used when a crystal oscillator element is conn
XTAL and EXTAL pins. It operates according to the clock operating mode setting

. Divider 1: Divider 1 generates aclock at the operating frequency used by the CPU
operating frequency can be 1, 1/2, 1/3, or 1/4 times the output frequency of PLL ¢
long asit stays at or above the clock frequency of the CKIO pin. The division ratic
frequency control register.

. Divider 2: Divider 2 generates a clock at the operating frequency used by the bus
and peripheral clock (Pg). The operating frequency of the peripheral clock can be
1/4, or 1/6 times the output frequency of PLL Circuit 1, aslong asit stays at or bel
frequency of the CKIO pin. Thedivision ratio is set in the frequency control regis

. Clock Frequency Control Circuit: The clock frequency control circuit controls the
frequency using the MD2 to MDO pins and the frequency control register.

. Standby Control Circuit: The standby control circuit controls the state of the clock
generator and other modules during clock switching and sleep/standby modes.

. Frequency Control Register: The frequency control register has control bits assign
following functions: clock output/non-output from the CKIO pin, on/off control of
1, PLL standby, the frequency multiplication ratio of PLL 1, and the frequency di
of the CPU clock and the peripheral clock.

. Standby Control Register: The standby control register has bits for controlling the
modes. See section 22, Power-Down Modes, for more information.
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Crystal 1/0O pins (clock
input pins)

XTAL @) Connects a crystal oscillator.

EXTAL | Connects a crystal oscillator. Also usec
an external clock.

Clock I/O pin CKIO /0 Inputs or outputs an external clock.
Capacitor connection CAP1 | Connects capacitor for PLL circuit 1 op
pins for PLL (recommended value 470 pF).

CAP2 | Connects capacitor for PLL circuit 2 op
(recommended value 470 pF).

10.3  Clock Operating Modes

Table 10.2 shows the relationship between the mode control pin (MD2 to MDO0) combi
the clock operating modes. Table 10.3 shows the usable frequency rangesin the clock
modes and frequency ranges of theinput clock (crystal oscillation). Operation cannot &
guaranteed if settings other than those listed in table 10.3 are used.
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2 0 1 0 Crystal CKIO On, On PLL1 output PLL1

oscillator multiplication ratio: 4
7 1 1 1 CKIO — Off On PLL1 output  PLL1
— Other than the Reserved (setting disabled)

above

Mode 0: An external clock isinput from the EXTAL pin and undergoes waveform sh
PLL circuit 2 before being supplied inside this LSI. The frequency ratio between EXT
clock and CKI1O output clock is 1:1. An input clock frequency of 25 MHz to 66.67 M|
used, and the CKI10O frequency rangeis 25 MHz to 66.67 MHz.

Mode 1: An external clock isinput from the EXTAL pin and its frequency is multipli
PLL circuit 2 before being supplied inside this LS|, allowing alow-frequency externa
used. The frequency ratio between EXTAL input clock and CKIO output clock is 1:4.
clock frequency of 6.25 MHz to 16.67 MHz can be used, and the CKI10 frequency rar
MHz to 66.67 MHz.

Mode 2: The on-chip crystal oscillator operates, with the oscillation frequency being
by 4 by PLL circuit 2 before being supplied inside this LSI, allowing alow crystal fre
used. The frequency ratio between crystal oscillation and CKI10 output clock is 1:4. A
oscillation frequency of 6.25 MHz to 16.67 MHz can be used, and the CKIO frequenc
MHz to 66.67 MHz.

Mode 7: In this mode, the CKIO pin is an input, an externa clock isinput to this pin,
undergoes waveform shaping, and also frequency multiplication according to the setti
circuit 1 before being supplied to thisLSI. In modes 0 to 2, the system clock is genere
output of thisLSI’s CKIO pin. Consequently, if alarge number of Ics are operating s,
with the clock, the CKI10 pin load will be large. This mode, however, assumes a comy
large-scale system. If alarge number of |Cs are operating on the clock cycle, a clock
with a number of low-skew clock outputs can be provided, so that the | Cs can operate
synchronoudly by distributing the clocks to each one.
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ON(x1) ON(x1) 25 MHz to 66.67 MHz 25 MHz to |

HO0111 ON(x2) ON(x1) 2:1:1 25 MHz to 33.34 MHz 25 MHz to
HO0112 ON(x2) ON(x1) 2:1:1/2 25 MHz to 66.67 MHz 25 MHz to |
H0115 ON(x2) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to
HO0116 ON(x2) ON(x1) 1:1:1/2 25 MHz to 66.67 MHz 25 MHz to |
HO0122 ON(x4) ON(x1) 411 25 MHz to 33.34 MHz 25 MHz to !
H'0126 ON(x4) ON(x1) 211 25 MHz to 33.34 MHz 25 MHz to
HO12A ON(x4) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to !
H'AI00 ON(x3) ON(x1) 311 25 MHz to 33.34 MHz 25 MHz to
HA101 ON(x3) ON(x1) 3:1:1/2 25 MHz to 44.44 MHz 25 MHz to -
HE100 ON(x3) ON(x1) 1:1:1 25 MHz to 33.34 MHz 25 MHz to
HE101 ON(x3) ON(x1) 1:1:1/2 25 MHz to 44.44 MHz 25 MHz to -
1,2 HO0100 ON(x1) ON(x4) 4:4:4 6.25 MHz t0 8.34 MHz 25 MHz to
H'0101 ON(x1) ON(x4) 4:4:2 6.25 MHz t0 16.67 MHz 25 MHz to
H0102 ON(x1) ON(x4) 4141 6.25 MHz to 16.67 MHz ~ 25 MHz to |
H'0111 ON(x2) ON(x4) 844 6.25MHzt0 8.34 MHz 25 MHz to
HO0112 ON(x2) ON(x4) 84:2 6.25 MHz to 16.67 MHz 25 MHz to |
HO0115 ON(x2) ON(x4) 4:4:4 6.25 MHz t0 8.34 MHz 25 MHz to
H'0116 ON(x2) ON(x4) 4:4:2 6.25 MHz t0 16.67 MHz 25 MHz to
H0122 ON(x4) ON(x4) 16:4:4 6.25 MHz t0 8.34 MHz 25 MHz to
H'0126 ON(x4) ON(x4) 844 6.25MHzt08.34 MHz 25 MHz to
HO12A ON(x4) ON(x4) 4:4:4 6.25 MHz t0 8.34 MHz 25 MHz to
H'AI00 ON(x3) ON(x4) 12:4:4 6.25MHzt0 8.34 MHz 25 MHz to
H'AI01 ON(x3) ON(x4) 12:4:2 6.25 MHz to 11.11 MHz ~ 25 MHz to -
HE100 ON(x3) ON(x4) 4:4:4 6.25 MHz t0 8.34 MHz 25 MHz to
HE101 ON(x3) ON(x4) 4:4:2 6.25 MHz to 11.11 MHz ~ 25 MHz to -
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H'0116 ON (x2) OFF 1:1:1/2 25 MHz to 66.67 MHz 25 MHz tc

H'0122 ON (x4) OFF 4:1:1 25 MHz to 33.34 MHz 25 MHz tc
H'0126 ON (x4) OFF 2:1:1 25 MHz to 33.34 MHz 25 MHz tc
H'012A ON (x4) OFF 111 25 MHz to 33.34 MHz 25 MHz tc
H'A100 ON (x3) OFF 3:1:1 25 MHz to 33.34 MHz 25 MHz tc
H'A101 ON (x3) OFF 3:1:1/2 25 MHz to 44.44 MHz 25 MHz tc
H'E100 ON (x3) OFF 1:1:1 25 MHz to 33.34 MHz 25 MHz tc
H'E101 ON (x3) OFF 1:1:1/2 25 MHz to 44.44 MHz 25 MHz tc

Notes: 1. This LSI cannot operate in an FRQCR value other than that listed in table 1

2. Taking input clock as 1
Max. frequency: lo= 133.34 MHz, Bg (CKIO) = 66.67 MHz, Pp= 33.34 MH

Cautions:

1.

Theinput to divider 1 isthe output of the PLL circuit 1:
* WhenPLL circuit 1ison.

The input of divider 2 isthe output of the PLL circuit 1.

The frequency of the CPU clock (1¢):

» Thefrequency of the CPU clock (I1¢) isthe product of the frequency of the
the frequency multiplication ratio of PLL circuit 1, and the division ratio of
when PLL circuit 1ison.

* Do not set the CPU clock frequency lower than the CKIO pin frequency.
The frequency of the peripheral clock (Pg):
» Thefrequency of the periphera clock (Pg) isthe product of the frequency of
pin, the frequency multiplication ratio of PLL circuit 1, and the division ratic
» The peripheral clock frequency should not be set higher than the frequency
pin, or higher than 33 MHz.
The output frequency of PLL circuit 1 isthe product of the CKIO frequency and tl
multiplication ratio of PLL circuit 1.
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e aaaresses and access Sl Zes.

* Freguency control register (FRQCR)

10.4.1 Frequency Control Register (FRQCR)

The frequency control register (FRQCR) is a 16-bit read/write register used to specify,
frequency multiplication ratio of PLL circuit 1, and the frequency division ratio of the (
and the peripheral clock. Only word access can be used on the FRQCR register.

The FRQCR register isinitialized to H'0102 at a power-on reset by the RESETP pin an
previous value at amanual reset or in standby mode.

Bit Bit Name |Initial Value R/W Description

15 STC2 0 R/W  Frequency Multiplication Ratio

5 STC1 0 R/W  These bits specify the frequency multiplic:
STCO 0 R/W of PLL circuit 1.

000: x 1
001: x2
100: x 3
010: x4
Other than the above: Reserved (Setting |

Note: Do not set the output frequency of
1 higher than 133 MHz.
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010: x 1/4
Other than the above: Reserved (Setting

Note: Do not set the CPU clock frequer
than the CKIO frequency.

13 PFC2 R/W  Peripheral Clock Frequency Division Rat
1 PFC1 R/W  These bits specify the division ratio (Divi
0 PECO rR/w Peripheral clock frequency with respect t
frequency of the output frequency of PLL
the frequency of the CKIO pin.
000: x 1
001: x 1/2
100: x1/3
010: x 1/4
101: x1/6
Other than the above: Reserved (Setting
Note: Do not set the peripheral clock fre
higher than the frequency of the (
12t09, — R Reserved
7,6 These bits are always read as 0. The wri
should always be 0.
8 — R Reserved

This bit is always read as 1. The write va
always be 1.

Note: Take enough care because the positions of the bits are not continuous.
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A PLL settling timeis required when the multiplication rate of PLL circuit 1 is change
chip WDT counts the settling time. Refer to section 11, Watchdog Timer (WDT), for n

1. Intheinitia state, the multiplication rate of PLL circuit 1is 1.

2. Set avauethat will become the specified oscillation settling timein the WDT and -
WDT. The following must be set:

WTCSR register TME bit = 0: WDT stops
WTCSR register CKS2 to CKS0 bits: Division ratio of WDT count clock
WTCNT counter: Initial counter value

3. Setthe desired valuein the STC2, STC1 and STCO hits. The division ratio can also
the IFC2 to IFCO bits and PFC2 to PFCO hits.

4. The processor pauses internally and the WDT starts incrementing. At thistime, the
and peripheral clocks (Pg) both stop, and the clock is continuously output to the CK
clock modesOto 2.

5. Supply of the clock that has been set beginsat WDT count overflow, and the proce:
operating again. The WDT stops after it overflows.

10.5.2 Changing the Division Ratio
The WDT will not count unless the multiplication rate is changed simultaneously.

1. Intheinitial state, IFC2 to IFCO = 000 and PFC2 to PFCO = 010.

2. SetthelFC2, IFC1, IFCO, PFC2, PFC1, and PFCO bitsto the new division ratio. Th
that can be set are limited by the clock mode and the multiplication rate of PLL circ
that if the wrong valueis set, the processor will malfunction.

3. Theclock isimmediately supplied at the new division ratio.
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signal lines

o a2 J7

0k

EXTAL XTAL

This LSI

Note: The values for CL1, and CL2 should be determined after
consultation with the crystal oscillator manufacturer.

Figure 10.2 Pointsfor Attention when Using Crystal Oscillator

Decoupling Capacitors. Asfar as possible, insert alaminated ceramic capacitor of O
apassive capacitor for each V /V . pair. Mount the passive capacitors as close as pos
SH7706 power supply pins, and use components with a frequency characteristic suital
chip's operating frequency, as well as a suitable capacitance val ue.

Digital system V V. pairs: 11 to 13, 19 to 21, 25 to 27, 37 to 39, 49 to 51, 61 to 63,
to 95, 115 to 117, 137 to 139, 148 to 150, 156 to 158

On-chip oscillator V J/V . pairs: 1 to 4, 123 to 125, 126 to 128

When Usinga PLL Oscillator Circuit: Keep thewiring fromthe PLL V . and VcC
pattern to the power supply pins short, and make the pattern width large, to minimize
inductance component. Ground the oscillation stabilization capacitors C1 and C2 to V
and V4 (PLL2), respectively. Place C1 and C2 close to the CAP1 and CAP2 pinsand
locate awiring pattern in the vicinity. In clock mode 7, connect the EXTAL pintoV
and leave the XTAL pin open.
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Vce (PLLL) : C2 =470 pl
E Vss

CAPL [~ T

=1

Vg (PLLL)

Figure 10.3 Pointsfor Attention when Using PLL Oscillator Cir cuit

Notes on Wiring Power Supply Pins: To avoid crossing signal lines, wireV _—PLL1,
and V ~PLL2 asthree patterns from the power supply source on the board so that they
independent of digital V. and V.
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Standby
cancellation

Internal
reset
request

Interrupt
request

Legend:

Standby

control

Standby

!

Reset

control

!

Interrupt

control

Clock selection

Clock

-y
Clock selector
Overflow

WTCSR WTCNT

(

Bus interface )

mode

— Peripheral
clock

WTCSR: Watchdog timer control/status register

WTCNT: Watchdog timer counter

111 Feature

The WDT has the following features:

Figure11l.1 Block Diagram of the WDT

Can be used to ensure the clock setting time: Use the WDT to cancel software star
and the temporary standbys that occur when the clock frequency is changed.

Can switch between watchdog timer mode and interval timer mode.

Generates internal resets in watchdog timer mode: Internal resets occur after coun
Selection of power-on reset or manual reset.

Generates interrupts in interval timer mode: Internal timer interrupts occur after cc

overflow.

Selection of eight counter input clocks. Eight clocks (x1 to x 1/4096) can be obtai
dividing the peripheral clock.
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11.2.1 VWatchaog I imer Counter (W ICN1)

The watchdog timer counter (WTCNT) is an 8-bit read/write register that increments o
selected clock. When an overflow occurs, it generates areset in watchdog timer mode
interrupt in interval time mode. The WTCNT isinitialized to H'00 only by a power-on
through the RESETP pin. Use aword access to write to the WTCNT, with H'5A in the
Use a byte accessto read WTCNT.

Bit Bit Name Initial Value R/W Description
7t00 g All O R/W 8-bit counter

Note: The watchdog timer counter (WTCNT) is more difficult to write to than other regi:
prevent from the erroneous writing to the register. Refer to section 11.2.3 Notes
Access.

11.2.2 Watchdog Timer Control/Status Register (WTCSR)

The watchdog timer control/status register (WTCSR) is an 8-bit read/write register con
bits to select the clock used for the count, bits to select the timer mode, and overflow fl
WTCSR isinitialized to H'00 only by a power-on reset through the RESETP pin. Whe
overflow causes an internal reset, the WTCSR retains its value. When used to count the
settling time for canceling a software standby, it retainsits value after counter overflow
word access to write to the WTCSR, with H'A5 in the upper byte. Use a byte access to
WTCSR.
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WT/IT

R/W

Timer Mode Select

Selects whether to use the WDT as a wat
or an interval timer.

0: Use as interval timer
1: Use as watchdog timer

Note: If WT/IT is modified when the WD
the up-count may not be performe

RSTS

R/W

Reset Select

Selects the type of reset when the WTCN
in watchdog timer mode. In interval timer
setting is ignored.

0: Power-on reset
1: Manual reset

WOVF

R/W

Watchdog Timer Overflow

Indicates that the WTCNT has overflowec
watchdog timer mode. This bit is not set i
timer mode.

0: No overflow
1: WTCNT has overflowed in watchdog til

IOVF

R/W

Interval Timer Overflow

Indicates that the WTCNT has overflowec
timer mode. This bit is not set in watchdo
mode.

0: No overflow
1: WTCNT has overflowed in interval time
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001: 1/4 68 us

010: 1/16 273 ps
011: 1/32 546 pus
100: 1/64 1.09 ms
101: 1/256 4.36 ms
110: 1/1024 17.48 ms
111: 1/4096 69.91 ms

Note: If bits CKS2 to CKSO are modified
WDT is running, the up-count may
performed correctly. Ensure that th
modified only when the WDT is not

Note: The watchdog timer control/status register (WTCSR) is more difficult to write to t
registers to prevent from the erroneous writing to the register. Refer to 11.2.3, N
Register Access.

11.2.3 Noteson Register Access

The WTCNT and WTCSR are more difficult to write to than other registers. The proce
writing to these registers are given below.

Writing to WTCNT and WTCSR: These registers must be written by aword transfer
instruction. They cannot be written by a byte or longword transfer instruction. When w
WTCNT, set the upper byte to H'5A and transfer the lower byte as the write data, as sh
figure 11.2. When writing to WTCSR, set the upper byte to H'A5 and transfer the lowe
the write data. This transfer procedure writes the lower byte datato WTCNT or WTCS
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11.3  Operation

11.31 Canceling Software Standbys

The WDT can be used to cancel software standby mode with an NMI or other interruy
procedure is described below. (The WDT does not run when resets are used for cance
the RESETP pin or RESETM pin low until the clock stabilizes.)

1.

Before transitioning to software standby mode, always clear the TME bit in WTC:
When the TME bit is 1, an erroneous reset or interval timer interrupt may be genel
the count overflows.

Set the type of count clock used in the CKS2 to CK S0 bitsin WTCSR and the init
the counter in the WTCNT counter. These values should ensure that the time till ¢
overflow islonger than the clock oscillation settling time.

Move to software standby mode by executing a SL EEP instruction to stop the cloc
The WDT starts counting by detecting the edge change of the NM1 signal or detec
interrupts.

When the WDT count overflows, the CPG starts supplying the clock and the proc
resumes operation. The WOVF flag in WTCSR is not set when this happens.
Sincethe WDT continues counting from H'00, set the STBY bit in the STBCR reg
the interrupt processing program and this will stop the WDT. When the STBY hit
the SH7706 again enters the standby mode when the WDT has counted up to H'8C
standby mode can be canceled by power-on resets.
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overflow islonger than the clock oscillation settling time.

When the frequency control register (FRQCR) is written, the clock stops and the pr
enters standby mode temporarily. The WDT starts counting.

When the WDT count overflows, the CPG resumes supplying the clock and the pro
resumes operation. The WOVF flag in WTCSR is not set when this happens.

The counter stops at the values H'00 to H'01. The stop value depends on the clock r
Confirm that the value of WTCNT is H’ 00 before writing WTCNT, when WTCNT
after the frequency change.

11.3.3 Using Watchdog Timer Mode

1.

Set the WT/IT bit in the WTCSR register to 1, set the reset type in the RSTS bit, se
count clock in the CKS2 to CKS0 bits, and set the initial value of the counter in the
counter.

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'0O0 t
the counter from overflowing.

When the counter overflows, the WDT sets the WOVF flag in WTCSR to 1 and gel
type of reset specified by the RSTS hit. The counter then resumes counting.

When areset occurs, and a high level is output from the STATUSO and STATUS1
signal output period is about one cycle of the count clock for power-on reset, and al
cycles of the peripheral clock for manual reset.
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timer interrupt request is sent to INTC. The counter then resumes counting.
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The TMU has the following features:

» Each channel is provided with an auto-reload 32-bit down counter
» Channel 2 isprovided with an input capture function

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

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

» Allows selection between 6 counter input clocks: External clock (TCLK), on-chip
clock (16 kHz), Pg/4, P@/16, P@/64, P@/256. (P@istheinternal clock for periphera

Note: See section 10, Clock Pulse Generator (CPG), for more information.

» All channels can operate when this LSl isin software standby mode: When the R
clock is being used as the counter input clock, this LSl is still able to count in soft
mode.

» Synchronized read: TCNT isasequentially changing 32-bit register. Since the per
module used has an internal bus width of 16 bits, atime lag can occur between the
the upper 16 bits and lower 16 bits are read. To correct the discrepancy in the cour
value caused by thistime lag, a synchronization circuit is built into the TCNT so tl
32-bit datain the TCNT can beread at once.

»  The maximum operating frequency of the 32-bit counter is2 MHz on al channels
SH7706 so that the clock input to the timer counters of each channel (obtained by
external clock and internal clock with the prescaler) does not exceed the maximun
frequency.
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1 [ —_ — | RN /|
, 1| Counter [+ ,
' L controller =I TCNT 0 |©:
' | TCOR_0 |< D
TUNIO < : ! Interrupt '
' ! controller '
H Cemmo R
: C G -mmeee- R .
: . ! 4
: : < | ' 2
: L < TCR_1 ' °
' 1| Counter |«—o ‘ 3
' ' controller -~ . S
: > >  TCNT 1 '
; E Interrupt
TUNI1 < ' ' controller
. = Ch.2 -------
; L >
E | Counter
' , controller
i J—
TUNI2 E . Interrupt
' , controller
TICPI2 +— .
Legend:
TOCR: Timer output control register TCNT_n: 32-bit timer counter
TSTR: Timer start register TCOR_n: 32-bit timer constant register
TCR_n: Timer control register TCPR_2: 32-bit input capture register

Note: n: 0,1, 2

Figure12.1 TMU Block Diagram
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12.3 Register Description

The TMU has the following registers. Refer to section 23, List of Registers, for more
addresses and access sizes.

» Timer output control register (TOCR)
o Timer start register (TSTR)

» Timer constant register 0 (TCOR_0)
e Timer counter 0 (TCNT_0)

e Timer control register 0 (TCR_0)

» Timer constant register 1 (TCOR_1)
e Timer counter 1 (TCNT_1)

* Timer control register 1 (TCR_1)

» Timer constant register 2 (TCOR_2)
e Timer counter 2 (TCNT_2)

» Timer control register 2 (TCR_2)

* Input capture register 2 (TCPR_2)
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These bits are always read as 0. The write
should always be 0.

0 TCOE 0 R/W

Timer Clock Pin Control

Selects use of the timer clock pin (TCLK) a
external clock output pin or input pin for inf
control for the on-chip timer, or as an outpt
the on-chip RTC output clock. As the TCLK
multiplexed as the PTEG6 pin, when the TCI
used, bits PE6BMD1 and PH7MDO in the PE
register should be set to 00 (Other function

0: Timer clock pin (TCLK) used as external
or input capture control input pin for the
timer

1: Timer clock pin (TCLK) used as output p
chip RTC output clock
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Bit Bit Name Initial Value R/W Description

7t0 — AllO R Reserved

3 These bits are always read 0. The write valu
always be 0.

2 STR2 0 R/W  Counter Start 2

Selects whether to run or halt timer counter
0: Halt TCNT_2 count
1: Start TCNT_2 counting

1 STR1 0 R/W  Counter Start 1
Selects whether to run or halt timer counter
0: Halt TCNT_1 count
1: Start TCNT_1 counting

0 STRO 0 R/W  Counter Start 0
Selects whether to run or halt timer counter |
0: Halt TCNT_O count
1: Start TCNT_O counting
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of interrupts during input capture.;’he TCR_0to TCR_2 areinitialized to H'0000 by a
reset and manual reset. They are not initialized in standby mode.

In cases of Channel 0 and 1:

Bit Bit Name Initial Value R/W

Description

15t09 — All 0 R

Reserved

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

8 UNF 0 R/W

Underflow Flag

Status flag that indicates occurrence of a T
and TCNT_1 underflow.

0: TCNT has not underflowed.
[Clearing condition]
When 0 is written to UNF

1: TCNT has underflowed.
[Setting condition]
When TCNT_0 and TCNT_1 underflows’

Note: * Contents do not change when 1 is\
UNF.

7,6 — All O R

Reserved

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

5 UNIE 0 R/W

Underflow Interrupt Control

Controls enabling of interrupt generation w
status flag (UNF) indicating TCNT_O and T
underflow has been set to 1.

0: Interrupt due to UNF (TUNI) is not enabl
1: Interrupt due to UNF (TUNI) is enabled.
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falling edge

Note: X: Don't care

2 TPSC2 0 R/W  Timer Prescalers 2to 0
1 TPSC1 0 R/W  These bits select the TCNT_0 and TCNT_
0 TPSCO 0 Riw  clock.

000: Internal clock: count on P@/4

001:
010:
011:
100:

101:
110:
111:

Internal clock: count on P@/16
Internal clock: count on P@/64
Internal clock: count on P@/256

Internal clock: count on clock output
RTC (RTCCLK)

External clock: count on TCLK pin in|
Reserved (Setting prohibited)
Reserved (Setting prohibited)

In case of Channel 2:

Bit Bit Name Initial Value R/W

Description

15to — All 0 R
10

Reserved

These bits are always read as 0. The write
always be 0.
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Note: * Contents do not change when 1 is w
ICPF.

8 UNF 0 R/W  Underflow Flag
Status flag that indicates occurrence of a TC
underflow.
0: TCNT has not underflowed.
Clearing condition: When 0 is written to Ul
1: TCNT has underflowed.
Setting condition: When TCNT_2 underflo
Note: * Contents do not change when 1 is w
UNF.
7 ICPE1 0 R/W  Input Capture Control
6 ICPEO 0 R/W A function of channel 2 only: determines whe

input capture function can be used, and whe
whether or not to enable interrupts.

When using this input capture function itis n
set the TCLK pin to input mode with the TCC
TOCR register. Additionally, use the CKEG |
designate use of either the rising or falling e«
TCLK pin to set the value of TCNT_2 in TCF

00: Input capture function is not used.
01: Reserved (Setting prohibited)

10: Input capture function is used. Interrupt
(TICPI2) are not enabled.

11: Input capture function is used. Interrupt
(TICPI2) are enabled.
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3 CKEGO 0 R/W  These bits select the external clock edge w
external clock is selected, or when the inpu
function is used.

00: Count/capture register set on rising edg

01: Count/capture register set on falling ed

1X: Count/capture register set on both risin

edge

Note: X: Don't care.

2 TPSC2 0 R/W  Timer Prescalers
1 TPSC1 0 R/W  These bits select the TCNT_2 count clock.

0 TPSCO 0 R/W  000:
001:
010:
011:
100:

101:
110:
111:

Internal clock: count on P@/4
Internal clock: count on P@/16
Internal clock: count on P@/64
Internal clock: count on P@/256

Internal clock: count on clock output o
RTC (RTCCLK)

External clock: count on TCLK pin inpi
Reserved (Setting prohibited)
Reserved (Setting prohibited)

12.3.4 Timer Constant Registers0to 2 (TCOR_0to TCOR_2)

TCOR_0to TCOR _2 are specified the setting value for TCNT_0to TCNT_2 when T
TCNT_2 are underflowed. TMU has 3 timer constant registers, one for each channel.

TCOR_0to TCOR_2isa32-bit read/write register. TCOR isinitialized to H'FFFFFF
power-on reset or manual reset; it isnot initialized in standby mode, and retainsits co
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Because the internal bus for this LSl on-chip supporting modulesis 16 bitswide, atim
occur between the time when the upper 16 bits and lower 16 bits areread. Since TCNT
sequentially, thistime lag can create discrepancies between the data in the upper and Ic
To correct the discrepancy, a buffer register is connected to TCNT so that upper and 1o
are not read separately. The entire 32-bit datain TCNT can thus be read at once.

TCNT isinitialized to H'FFFFFFFF by a power-on reset or manual reset; it is not initie
standby mode, and retains its contents.

12.3.6  Input Capture Register 2 (TCPR_2)

The input capture register (TCPR_2) isaread-only 32-bit register built only into timer
of TCPR_2 setting conditions due to the TCLK pinis affected by the input capture fun:
(ICPEVICPE2 and CKEG1/CKEGO) in TCR2. When a TCPR_2 setting indication due
TCLK pin occurs, the value of TCNT_2 iscopied into TCPR_2.

TCNT_2isnot initialized by a power-on reset or manual reset, or in standby mode.

124  Operation

Each of three channels has a 32-bit timer counter (TCNT_0to TCNT_2) and a 32-bit ti
constant register (TCOR_0to TCOR_2). The TCNT counts down. The auto-reload fun
enables synchronized counting and counting by external events. Channel 2 has an inpu
function.
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The count operation is shown in figure 12.2.

( Select operation )
'

Select counter
clock

1

Set underflow
interrupt generation

@)

When using input
; capture function

Set interrupt

Start counting

generation ®
acmmmmmmm
Set timer constant %)
register
Initialize timer (5)
counter
(6)

@

@

®

(O]

©®)
(6)

Select the counter clock with the TPS
bits in the timer control register. If the
clock is selected, set the TCLK pin to
with the TOCE bit in TOCR, and selec
with the CKEG1 and CKEGO bits in th
control register.

Use the UNIE bit in the timer control r
whether to generate an interrupt wher
counter underflows.

When using the input capture functior
ICPE bits in the timer control register,
the choice of whether or not to use the
function (channel 2 only).

Set a value in the timer constant regis
(the cycle is the set value plus 1).

Set the initial value in the timer counte

Set the STR bit in the timer start regis
start operation.

Note: When an interrupt has been generated, clear the flag in the interrupt handler that caused it.
If interrupts are enabled without clearing the flag, another interrupt will be generated.

Figure12.2 Setting the Count Operation
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H'00000000

-I_l_l_l_‘ ‘ -I_LLl_‘ ‘ i
STRO to STR2
UNF

Figure12.3 Auto-Reload Count Operation
TCNT count timing

1. Interna Clock Operation: Set the TPSC2 to TPSCO bitsin TCR to select whether p
module clock Pg or one of the four internal clocks created by dividing it is used (Pq
Pq/64, P@/256). Figure 12.4 shows the timing.

Po

5r||—||f?1|_||—|_

Int |
" Clock A §§J 7
Timer counter | | ES | |

input clock SS

vt ner X)) N ) X N

Figure12.4 Count Timing when Internal Clock 1s Operating
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External ((

clock input | (( | ))

pin (TCLK) \ )) \
inputTc(Izol\i | | (( | | ((

)] )]

TCNT N+1 X SS N X N-1 SS

Figure12.5 Count Timing when External Clock Is Operating (Both EdgesC

. On-Chip RTC Clock Operation: Set the TPSC2 to TPSCO hitsin TCR to select the
RTC clock as the timer clock. Figure 12.6 shows the timing.

RTC output | | | |
clock

TCNT input
clock

TCNT N+1 X N X N-1

Figure12.6 Count Timing when On-Chip RTC Clock IsOperating
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The input capture function cannot be used in standby mode.

TCNT_2 value TCOR_2 value set to
N / TCNT_2 during underflow

H'00000000

TCLK |_|

TCPR_2 X Set TCNT_2 value
ICPI | ) b

Figure 12.7 Operation Timing when Using the Input Capture Functior
(Using TCLK Rising Edge)
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Pe

S [ s o I o O O
TCNT :>< H'00000000 \S X TCOR value
|

((
) |

Underflow
signal

UNF |

TUNI |

Figure12.8 UNF Set Timing

1252 StatusFlag Clear Timing

The status flag can be cleared by writing O from the CPU. Figure 12.9 shows the timir

DT
o 1L LT L]

Peripheral address bus >< TCR address ><

UNF, ICPF

Figure12.9 StatusFlag Clear Timing
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sources.

Table12.2 TMU Interrupt Sources

Channel Interrupt Source Description Priority
0 TUNIO Underflow interrupt O High
1 TUNI1 Underflow interrupt 1 I
2 TUNI2 Underflow interrupt 2
TICPI2 Input capture interrupt 2 Low

12.6  Usage Note

12.6.1 Writingto Registers

Synchronization processing is not performed for timer counting during register writes.
writing to registers, always clear the appropriate start bits for the channel (STR2 to STI
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 simultaneoudly, the register value
TCNT counting down (with synchronization processing) is read.
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Clock and calendar functions (BCD display): seconds, minutes, hours, date, day of
month, and year

1-Hz to 64-Hz timer (binary display)
Start/stop function
30-second adjust function

Alarm interrupt: frame comparison of seconds, minutes, hours, date, day of the we
month can be used as conditions for the alarm interrupt

Cyclic interrupts: the interrupt cycle may be 1/256 second, 1/64 second, 1/16 seco
second, 1/2 second, 1 second, or 2 seconds

Carry interrupt: a carry interrupt indicates when a carry occurs during a counter re
Automatic leap year correction
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A

i Prescaler : ;
' ' RMINCNT |
1 (+2) i .
i 16.384 kHz 1 [_RHRCNT O
4 ' '
RTCCLK ; g ' RWKCNT :
! A\ ' '
' ! RDAYCNT | !
' Prescaler ' '
! (+128) " | rmoneNT |
: v| Ryrent |

ATl <+—— Interrupt <

! Comparator

! control

! circuit 4

PRI <— [RESORPE R , g

' - | i ]

! ' RSECAR ' 3

, ' ! =

i ! RMINAR '

Cary  |q P ReRAR :

CUl «—— detection ' O

! circuit > i RWKAR |

E H RDAYAR !

' | rRMONAR

: rRer1 K D

E rRerz K >
Legend: T
R64CNT:  64-Hz counter RSECAR: Second alarm register
RSECCNT: Second counter RHRAR:  Minute alarm register
RMINCNT: Minute counter RMINAR: Hour alarm register
RHRCNT:  Hour counter RWKAR: Day of the week alarm register
RWKCNT: Day of the week counter RDAYAR: Date alarm register
RDAYCNT: Date counter RMONAR: Month alarm register
RMONCNT: Month counter RCR1: RTC control register 1
RYRCNT:  Year counter RCR2: RTC control register 2

Figure13.1 RTC Block Diagram
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Clock input/clock output TCLK I/0 External clock input pin/ing
control input pin/realtime c
output pin (shared by TMU

Dedicated power-supply pin V.-RTC — Dedicated power-supply pi
for RTC
Dedicated GND pin for RTC V. -RTC — Dedicated GND pin for RT

Notes: 1. Except for in hardware standby mode, even if only the RTC is used (softwa
mode), power must be supplied to all power supply pins, including these R
supply pins. In hardware standby mode, it is possible to stop supplying pov
power supply pins except for the RTC power supply pins.

2. Pull-up (Vcc) EXTAL2, and open (NC) XTAL2 when the RTC is not used.

13.3  Register Description

RTC has the registers listed below. Refer to section 23, List ot Registers, for more det
address and access size.

» 64-Hz counter (R64CNT)

» Second counter (RSECCNT)

e Minute counter (RMINCNT)

* Hour counter (RHRCNT)

» Day of week counter (RWKCNT)
» Date counter (RDAYCNT)

* Month counter (RMONCNT)

* Year counter (RYRCNT)

» Second aarm register (RSECAR)
* Minute darm register (RMINAR)
* Hour alarm register (RHRAR)

» Day of week adarm register (RWKAR)
o Dateaarmregister (RDAYAR)
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R6B4CNT isreset to H'00 by setting the RESET bit in RCR2 or the ADJ bit in RCR2 to

R64CNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description
7 ad 0 R Always read as 0.
6t00 ad O R 64Hz counter

Each bit (bits 6 to 0) indicates the stat
RTC divider circuit between 64 and 1}

Bit Frequency
1Hz
2Hz
4Hz
8Hz
16Hz
32Hz
64Hz
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RSECCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7 ad 0 R Always read as 0.

6to4 d d R/W Counter for 10-unit of second in the B
The range can be set from 0 to 5 (dec

3to0 a a R/W Counter for 1-unit of second in the BC

The range can be set from 0 to 9 (dec

13.3.3 Minute Counter (RMINCNT)

The minute counter (RMINCNT) is an 8-bit read/write register used for setting/counti
BCD-coded minute section of the RTC. The count operation is performed by a carry f
minute of the second counter.

The range of minute can be set is 00 to 59 (decimal). Errant operation will result if an:
is set. Carry out write processing after halting the count operation with the START bis

RMINCNT isnot initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7 ad 0 R Always read as 0.

6to4 d d R/W Counter for 10-unit of minute in the B
The range can be set from 0 to 5 (dec

3to0 a a R/W Counter for 1-unit of minute in the BC

The range can be set from 0 to 9 (dec
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RHRCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7,6 ad All O R Always read as 0.

5,4 O g R/W Counter for 10-unit of hour in the BCD-
The range can be set from 0 to 2 (deci

3to0 a a R/W Counter for 1-unit of hour in the BCD-c

The range can be set from 0 to 9 (deci

13.35 Day of the Week Counter (RWKCNT)

The day of the week counter (RWKCNT) is an 8-bit read/write register used for setting
in the BCD-coded day of week section of the RTC. The count operation is performed k
for each day of the date counter.

Therange for day of the week can be set is 0 to 6 (decimal). Errant operation will resul
other valueis set. Carry out write processing after halting the count operation with the
in RCR2.

RWKCNT is not initialized by a power-on reset or manual reset, or in standby mode.
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Wednesday
Thursday
Friday

Saturday

13.3.6  Date Counter (RDAYCNT)

The date counter (RDAY CNT) is an 8-bit read/write register used for setting/counting
coded date section of the RTC. The count operation is performed by a carry for each
hour counter.

The range of date can be set is01 to 31 (decimal). Errant operation will result if any ©
set. Carry out write processing after halting the count operation with the START bit ir

RDAY CNT isnot initialized by a power-on reset or manual reset, or in standby mode

The RDAY CNT range that can be set changes with each month and in leap years. Ple
the correct setting.

Bit Bit Name Initial Value R/W Description

7,6 O All O R Always read as 0.

5,4 a a R/W Counter for 10-unit of date in the BCL
The range can be set from 0 to 3 (dec

3to0 d d R/W Counter for 1-unit of date in the BCD-

The range can be set from 0 to 9 (dec
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RMONCNT is not initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7t05 ad All O R Always read as 0.

4 d d R/W Counter for 10-unit of month in the BC
The range can be set from 0 to 1 (deci

3to0 a a R/W Counter for 1-unit of month in the BCD

The range can be set from 0 to 9 (deci

13.3.8 Year Counter (RYRCNT)

The year counter (RYRCNT) is an 8-bit read/write register used for setting/counting in
coded year section of the RTC. The least significant 2 digits of the western calendar ye
displayed. The count operation is performed by a carry for each year of the month cour

Therange for year can be set is 00 to 99 (decimal). Errant operation will result if any o
isset. Carry out write processing after halting the count operation with the START bit
using a carry flag.

RYRCNT is not 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.

Bit Bit Name Initial Value R/W Description

7t04 g d R/W Counter for 10-unit of year in the BCD-
The range can be set from 0 to 9 (deci

3100 ad ad R/W Counter for 1-unit of year in the BCD-c

The range can be set from 0 to 9 (deci
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The range of second can be set is 00 to 59 (decimal). Errant operation will result if an
iS set.

The ENB bit in RSECAR isinitialized to 0 by a power-on reset. The remaining RSEC
are not initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description
7 d 0 R/W Second Alarm Enable
0: No compared

1: Compared

61to4 ad O R/W Setting value for 10-unit of second al
BCD-code.
The range can be set from 0 to 5 (de

3t00 ad O R/W Setting value for 1-unit of second ala
BCD-code.
The range can be set from 0 to 9 (de

13.3.10 Minute Alarm Register (RMINAR)

The minute alarm register (RMINAR) is an 8-hit read/write register, and an alarm reg
corresponding to the BCD-coded minute section counter RMINCNT of the RTC. Wh
bit is set to 1, a comparison with the RMINCNT value is performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR registers, the counter &
register comparison is performed only on those with ENB bits set to 1, and if each of |
coincide, an RTC alarm interrupt is generated.

The range of minute can be set is 00 to 59 (decimal). Errant operation will result if an:
isset.

The ENB bit in RMINAR isinitialized by a power-on reset. The remaining RMINAR
not initialized by a power-on reset or manual reset, or in standby mode.
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BCD-code.
The range can be set from 0 to 9 (deci

13.3.11 Hour Alarm Register (RHRAR)

The hour alarm register (RHRAR) is an 8-bit read/write register, and an alarm register
corresponding to the BCD-coded hour section counter RHRCNT of the RTC. When the
set to 1, a comparison with the RHRCNT value is performed. From among the
RSECAR/RMINAR/RHRAR/RWKAR/RDAY AR/RMONAR registers, the counter ar
register comparison is performed only on those with ENB bits set to 1, and if each of tt
coincide, an RTC alarm interrupt is generated.

The range of hour can be set is 00 to 23 (decimal). Errant operation will result if any ot
Set.

The ENB bit in RHRAR isinitialized by a power-on reset. The remaining RHRAR fiel
initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7 ENB 0 R/W Hour Alarm Enable
0: No compared
1: Compared

ad 0 R Always read as 0.

5,4 O g R/W Setting value for 10-unit of hour alarm
BCD-code.
The range can be set from 0 to 2 (deci

3100 ad ad R/W Setting value for 1-unit of hour alarm ir
code.

The range can be set from 0 to 9 (deci
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Therange of day of the week can be set 0 to 6 (decimal). Errant operation will result i
valueis set.

The ENB bit in RWKAR isinitialized by a power-on reset. The remaining RWKAR f
initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description

7 ENB 0 R/W Day of the week Alarm Enable
0: No compared
1: Compared

6103 ad All 0 R Always read as 0.

2t00 ad O R/W Setting value for day of the week alar
BCD-code.

The range can be set from 0 to 6 (de
Code Day of the Week

Sunday

Monday

Tuesday

Wednesday

Thursday

Friday

Saturday
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The range of date can be set 01 to 31 (decimal). Errant operation will result if any othe
set. The RDAY CNT range that can be set changes with some months and in leap years

confirm the correct setting.

The ENB bit in RDAYAR isinitialized by a power-on reset. The remaining RDAY AR
not initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description
7 ENB 0 R/W Date Alarm Enable
0: No compared
1: Compared
ad 0 R Always read as 0.
54 g d R/W Setting value for 10-unit of date alarm
BCD-code.
The range can be set from 0 to 3 (deci
3100 ad ad R/W Setting value for 1-unit of date alarm in

BCD-code.
The range can be set from 0 to 9 (deci
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The range of month can be set 01 to 12 (decimal). Errant operation will result if any o

set.

The ENB bit in RMONAR isinitialized by a power-on reset. The remaining RMONA
not initialized by a power-on reset or manual reset, or in standby mode.

Bit Bit Name Initial Value R/W Description
7 ENB 0 R/W Month Alarm Enable
0: No compared
1: Compared
6,5 O All O R Always read as 0.
g d R/W Setting value for 10-unit of month alal
BCD-code.
The range can be set from 0 to 1 (dec
3t00 g d R/W Setting value for 1-unit of month alarr

BCD-code.
The range can be set from 0 to 9 (dec
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mode.

Bit Bit Name Initial Value R/W Description
7 CF — R/W Carry Flag
Status flag that indicates that a carry has oc
is set to 1 when a count-up to R64CNT or R
occurs. A count register value read at this tir
be guaranteed; another read is required.
0: No count up of R64CNT or RSECCNT.
[Clearing condition]
When 0 is written to CF
1: Count up of R64CNT or RSECCNT.
[Setting condition]
When 1 is written to CF
6,5 — All O R Reserved
These bits are always read as 0. The write v
should always be 0.
4 CIE 0 R/W  Carry Interrupt Enable Flag

When the carry flag (CF) is set to 1, the CIE
interrupts.

0: A carry interrupt is not generated when th
setto 1

1: A carry interrupt is generated when the C
tol
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2,1 — AllO R Reserved
These bits are always read as 0. The write
should always be 0.

0 AF 0 R/W  Alarm Flag

The AF flag is set to 1 when the alarm time
alarm register (only registers with ENB bit ¢
matches the clock and calendar time. This
cleared to 0 when 0 is written, but holds the
value when 1 is to be written.

0: Clock/calendar and alarm register have |
since last reset to 0.
[Clearing condition]
When 0 is written to AF

1: [Setting condition]
Clock/calendar and alarm register have
(only registers that ENB bit is 1)
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° =t ~ ey b il ittt s T IRY
Indicates interrupt generation with the per

designated by the PES bits. When set to !
generates periodic interrupts.

0: Interrupts not generated with the perioc
designated by the PES bits.
[Clearing condition]
When 0 is written to PEF

1: Interrupts generated with the period de
the PES bits.
[Setting condition]
When 1 is written to PEF

PES2 0 R/W  Periodic Interrupt Flags
PES1 0 R/W  These bits specify the periodic interrupt.
4 PESO 0 R/W  000: No periodic interrupts generated

001: Periodic interrupt generated every 1/
second

o o

010: Periodic interrupt generated every 1/
011: Periodic interrupt generated every 1/
100: Periodic interrupt generated every 1/
101: Periodic interrupt generated every 1/
110: Periodic interrupt generated every 1
111: Periodic interrupt generated every 2

3 RTCEN 1 R/W  Controls the operation of the crystal oscill
RTC.

0: Halts the crystal oscillator for the RTC.
1: Runs the crystal oscillator for the RTC.
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N/ vy

MNCoCL

When 1 is written, initializes the divider ¢
prescaler and R64CNT). This bit always

0: Runs normally.
1: Divider circuit is reset.

0

START

1

R/W

Start Bit
Halts and restarts the counter (clock).

0: Second/minute/hour/day/week/month
halts.

1: Second/minute/hour/day/week/month/
runs normally.

Note: The R64CNT always runs unless
with the RTCEN bit.
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Figures 13.2(a) and 13.2(b) show how to set the time after stopping the clock. This pro
be used to set the entire calendar and clock function. It can be programmed easily.

Usage Notes

1. Initidization Timing for 64 Hz Counter (R64CNT)
If it is necessary, after initializing the counter by means of the RESET bit in the RT
register, to confirm that the change has taken effect by reading the R6ACNT value,
107 ps after setting the RESET bit to 1 before reading the R64CNT counter. Note tl
divider circuit (RTC prescaler) is also initialized when the RESET bit is set to 1.

2. Incrementing RSECCNT by Initializing R64CNT

Either method (a) or method (b) below may be used.

(a) After setting the RESET bit to 1 and confirming that R6ACNT has been initiali:
START bit to 1. This processis shown in figure 13.2(a).

(b) Setthe START bit to 1 and the RESET bit to 1 at the same time. This processi
figure 13.2(b). Note that the processing indicated by the asterisk (*) in figure 12
be omitted if nothing iswritten to the RCR2 register during an interval of appro
107 ps after the START bitissetto 1.
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Confirm R64CNT is 0
No

Start clock | Write 1 to START in the RCR2 register

v

Figure13.2(a) SettingtheTime

% | Confirm R64CNT is not 0 |
|
Stop clock Write 1 to RESET and

Reset divider circuit 0 to START in the RCR2 register
[

Set seconds, minutes,
hour, day, day of the Order is irrelevant
week, month and year

I
Start clock Write 1 to RESET and
Reset divider circuit 1to START in the RCR2 register

. Write to RCR2 |

!

Figure 13.2(b) Settingthe Time
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withivut Uolliy nitciiupto
|

Disable the carry
interrupt

—— ) .
Write 0 to CF in RCR1

Clear the carry flag | Note: Set AF in RCR1 to 1 so that
l alarm flag is not cleared.

Read counter
register

Write 0 to CIE in RCR1

Yes

Carry flag = 1? Read RCR1 and check CF

(b) To use interrupts

Enable the carry Write 1 to CIE in RCR1,
interrupt and write 0 to CF in RCR1
Clear the carry flag | Note: Set AF in RCR1 to 1 so that
T alarm flag is not cleared.

Read counter
register

Interrupt
generated?

Disable the carry
interrupt

1

Write O to CIE in RCR1

Figure 13.3 Reading the Time
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When the clock and alarm times match, 1 is set in the AF bit (bit 0) in RCR1. Alarm c
be checked by reading this bit, but normally it is done by interrupt. If 1 isplaced in th
3) in RCR1, an interrupt is generated when an alarm occurs.

Clock running

Set whether to use | Disable interrupt to prevent errorneous
alarm interrupt interruption (AIE bit in RCR1 is cleared).
| Then write 1.

Set alarm time

| Always reset, since the flag may have been
Clear alarm flag set while the alarm time was being set
| (AF bit in RCR1 is cleared).

Monitor alarm time
(wait for interrupt or
check alarm flag)

!

Figure 13.4 Using the Alarm Function
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SH7706

_m|_ Cin Cout

Notes: 1. Select either the Cj, or Cqy; side for frequency adjustment variable capacitor according to require

such as frequency range, degree of stability, etc.

2. Built-in resistance value Rs (Typ value) = 10 MQ, Rp (Typ value) = 400 kQ

3. Cjp and Cq values include floating capacitance due to the wiring. Take care when using a groun

4. The crystal oscillation settling time depends on the mounted circuit constants, floating capacitanc
and should be decided after consultation with the crystal resonator manufacturer.

5. Place the crystal resonator and load capacitors Cj,, and Cqt as close as possible to the chip.
(Correct oscillation may not be possible if there is externally induced noise in the EXTAL2 and X

6. Ensure that the crystal resonator connection pin (EXTAL2, XTAL2) wiring is routed as far away a
from other power lines (except GND) and signal lines.

Figure 13.5 Exampleof Crystal Oscillator Circuit Connection
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1352 Useof Realtime Clock (RTC) Periodic Interrupts
The method of using the periodic interrupt function is shown in figure 13.6.

A periodic interrupt can be generated periodically at the interval set by the periodicin
enable flag (PESO to PES2) in RCR2. When the time set by the PESO to PES2 has ela
PEF issetto 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 theinterrupt function is used.

Set PESO to PES2,
| Set PES, clear PEF | and clear PEF to 0,
| in RCR2

|Elapse of time set by PES|

| Clear PEF | Clear PEF to 0

]

Figure 13.6 Using Periodic Interrupt Function
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Note that 30-second adjustment is actually performed for the second counter at the tim
bit isset to 1, so thisdelay does not affect the RTC operation itself.
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The SCI has the following features.

Selectable from asynchronous or clock synchronous as the serial communications

Asynchronous mode:

O

Oo0OoogQg

Seria data communications are synched by start-stop in character units. The S
communicate with a universal asynchronous receiver/transmitter (UART), an
communication interface adapter (ACIA), or any other communications chip tt
a standard asynchronous serial system. It can also communicate with two or m
processors using the multiprocessor communication function. There are 12 sel
data communication formats.

Data length: Seven or eight bits

Stop bit length: One or two bits

Parity: Even, odd, or none

Multiprocessor hit: 1 or O

Receive error detection: Parity, overrun, and framing errors

Break detection: By reading the RxDO pin level directly from the port Serial
communication port data register (SCPDR) when aframing error occurs

Clock synchronous mode:

O

g
g

Serial datacommunication is synchronized with a clock signal. The SCI can c
with other chips having a clock synchronous communication function. One ser
communication format is available.

Datalength: Eight bits

Receive error detection: Overrun errors

Full duplex communication

The transmitting and receiving sections are independent, so the SCI can transmit &
simultaneously. Both sections use double buffering, so continuous data transfer is
both the transmit and receive directions.
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Figure 14.1 shows a SCI block diagram.

vl v AUVNMNMVU MYy TRy UL VWUV UML) TV BT A

N
Q
<

=
9]

L

£
2]
>

[}

Internal
data bus

Baud rate |¢——— P
l———— P@/4

l«———— P@/16
le———— P@/64

» TEI

» TXI

» RXI

< Module data bus
E SCPCR
© | SCRDR | | SCTDR | SCPDR [ SCBRR
; SCSSR
! SCSCR
! SCSMR
1 y
RxDO—»{ | SCRSR || | sCcTSR Transmit/ generator
o receive
! control
TxDO <
: Parity generation | 4 Clock | 1
! Parity check
i ty External clock
SCKO = T
e PP SCl------mmmmmo
Legend:
SCRSR: Receive shift register SCSCR: Serial control register
SCRDR: Receive data register SCSSR: Serial status register
SCTSR: Transmit shift register SCBRR: Bit rate register
SCTDR: Transmit data register SCPDR: SC port data register
SCSMR: Serial mode register SCPCR: SC port control register

> ERI

Figure14.1 SCI Block Diagram
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SCP1IMD1
C SCI
PCRW ,
= Clock input enable
Reset '
SCPT[1]/SCKO R
<] ot ||
SCP1DT1 '
C .
I :
PDRW ,
i— Output enable
i— Serial clock output
PDRR*
— Serial clock input
Legend: E

PDRW: SCPDR write
PDRR: SCPDR read
PCRW: SCPCR write

Note: * When reading the SCKO pin, clear the C/A bit in SCSMR and the CKE1 and CKEQ
bits in SCSCR to 0, and set the SCP1MD1 bit in SCPCR to 1.

Figure14.2 SCPT[1]/SCKO Pin
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SCPT[0]/TxDO

Legend:
PCRW: SCPCR write
PDRW: SCPDR write

SCPOMD1
C

PCRW

Reset

R

Q D—

SCPODT1L
c

I
PDRW

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

Output enable

Serial
transmission
output

Figure 14.3 SCPT[0]/TxDO0 Pin

SCPT[0)/RXDO

Legend:
PDRR: PDR read

Note: * When reading the RxDO pin, set the RE bit in SCSCR to 1.

PDRR*

Internal data bus

Serial
receive
data

Figure 14.4 SCPT[0]/RxDO Pin
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Transmit data pin TxDO Output Transmit data output

Note: They are made to function as serial pins by performing SCI operation settings \
RE, CKEI, and CKEO bits in SCSCR and the C/A bit in SCSMR. Break state tr:
and detection can be performed by means of the SCI's SCPDR.

143  Register Description

The SCI hasthe registers listed below. These registers select the communi cation mod
(asynchronous or clock synchronous), specify the data format and bit rate, and control
transmitter and receiver sections.

SCI hasthe registers listed below. Refer to section 23, List of Registers, for more dete
addresses and access sizes.

e Serial mode register (SCSMR)

» Bitrateregister (SCBRR)

» Serid control register (SCSCR)

» Transmit dataregister (SCTDR)
e Seria status register (SCSSR)

» Receive dataregister (SCRDR)

e SC port control register (SCPCR)
» SC port data register (SCPDR)
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The receive dataregister (SCRDR) is an 8-bit register that stores serial receive data. Tt
completes the reception of one byte of serial data by moving the received data from the
into the SCRDR for storage. The SCRSR is then ready to receive the next data. This dc
buffering allows the SCI to receive data continuoudly.

The CPU can read but not write the SCRDR. The SCRDR isinitialized to H'00 by are:
standby or module standby modes.

14.3.3 Transmit Shift Register (SCTSR)

The transmit shift register (SCTSR) transmits serial data. The SCI loads transmit data f
SCTDR into the SCTSR, then transmits the data serially to the TxDO pin, LSB (bit 0) f
transmitting one-byte data, the SCI automatically |oads the next transmit data from the
into the SCTSR and starts transmitting again. If the TDRE bit of the SCSSR is 1, howe
SCI does not load the SCTDR contents into the SCTSR. The CPU cannot read or write
directly.

14.3.4 Transmit Data Register (SCTDR)

The transmit data register (SCTDR) is an eight-bit register that stores data for serial tra
When the SCI detects that the SCTSR is empty, it moves transmit data written in the S
the SCTSR and starts serial transmission. Continuous serial transmission is possible by
next transmit data in the SCTDR during serial transmission from the SCTSR.

The CPU can aways read and write the SCTDR. The SCTDR isinitialized to H'FF by
standby and module standby modes.
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Selects whether the SCI operates in th
asynchronous or clock synchronous m

0: Asynchronous mode
1: Clock synchronous mode

CHR

R/W

Character Length

Selects seven-bit or eight-bit data leng
asynchronous mode. In the clock syncl
mode, the data length is always eight |
regardless of the CHR setting.

0: Eight-bit data

1: Seven-bit data

Note: When seven-bit data is select
MSB (bit 7) in the SCTDR is not trar

PE

R/W

Parity Enable

Selects whether to add a parity bit to tt
data or to check the parity of receive d
asynchronous mode. In the clock syncl
mode, a parity bit is neither added nor
regardless of the PE setting.

0: Parity bit not added and not checkec
1: Parity bit added and checked
Note: When PE is setto 1, an even
parity bit is added to transmit data, c
on the parity mode (O/E) setting. Re

parity is checked according to the e\
(O/E) mode setting.
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: Even parity

Note: If even parity is selected, the p
added to transmit data to make an ev
of 1s in the transmitted character and
Receive data is checked to see if it h:
number of 1s in the received characte
parity bit combined.

: Odd parity

Note: If odd parity is selected, the pa
added to transmit data to make an od
of 1s in the transmitted character and
Receive data is checked to see if it h:
number of 1s in the received characte
parity bit combined.

3 STOP 0 R/W

Stop Bit Length

Selects one or two bits as the stop bit le
asynchronous mode. This setting is use
the asynchronous mode. It is ignored in
synchronous mode because no stop bit:
added.

0:

One stop bit

Note: In transmitting, a single bit of 1
at the end of each transmitted charac

: Two stop bits

Note: In transmitting, two bits of 1 ar
the end of each transmitted character

In receiving, only the first stop bit is che
regardless of the STOP bit setting. If the
stop bit is 1, it is treated as a stop bit, bt
second stop bit is 0, it is treated as the s
the next incoming character.
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0: Multiprocessor function disabled
1: Multiprocessor format selected

0

CKsS1
CKSO0

R/W Clock Select 1 and 0

R/W These bits select the internal clock sou
on-chip baud rate generator. Four cloc
are available. P, P@/4, P@/16 and Pq/t
further information on the clock source
register settings, and baud rate, see se
14.3.10, Bit Rate Register (SCBRR).

00: Po

01: P@/4

10: P@/16

11: P64

Note: Pq: Peripheral clock
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transmit data is transferred from SCTDR to $
the TDRE in SCSSRis setto 1.

0

: Transmit-data-empty interrupt request (TX

disabled

Note: The TXI interrupt request can be cl
reading TDRE after it has been set to 1, tt
clearing TDRE to 0, or by clearing TIE to (

: Transmit-data-empty interrupt request (TX

enabled

6 RIE 0 R/W

Receive Interrupt Enable

Enables or disables the receive-data-full inte
request when the serial receive data is trans
SCRSR to SCRDR and the receive data reg
(RDRF) in SCSSR is set to 1. It also enables
disables receive-error interrupt (ERI) reques

0:

Receive-data-full interrupt (RXI) and recei
interrupt (ERI) requests are disabled

Note: RXI and ERI interrupt requests can
by reading 1 from the RDRF flag or error
PER, or ORER) then clearing the flag to O
clearing RIE to 0.

: Receive-data-full interrupt (RXI) and recei

interrupt (ERI) requests are enabled
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e

into the SCTDR. Specify the transmit for
SCSMR before setting TE to 1.

RE

R/W

Receive Enable
Enables or disables the SCI serial receiver.
0: Reception disabled

Note: Clearing RE to 0 does not affect tf
flags (RDRF, FER, PER, ORER). These
their previous values.

1: Reception enabled

Note: Serial reception starts when a stal
detected in the asynchronous mode, or s
clock input is detected in the clock synct
mode. Specify the receive format to the !
before setting RE to 1.
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receive operation)
[Clearing conditions]
1. MPIE is cleared to 0.
2. MPB = lis in received data.

1: Multiprocessor interrupts are enabled

Receive-data-full interrupt requests (RXI),
error interrupt requests (ERI), and setting
RDRF, FER, and ORER status flags in the
status register (SCSSR) are disabled until
multiprocessor bit of 1 is received.

Note: The SCI does not transfer receive da
SCRSR to the SCRDR, does not det
errors, and does not set the RDRF, F
ORER flags in the serial status regist
(SCSSR). When it receives data that
MPB =1, the SCSSR's MPB flag is s
the SCI automatically clears MPIE to
generates RXI and ERI interrupts (if 1
RIE bits in the SCSCR are set to 1),
the FER and ORER bits to be set.

2 TEIE 0 R/W  Transmit-End Interrupt Enable

Enables or disables the transmit-end interruj
requested if SCTDR does not contain new tr
data when the MSB is transmitted.

0: Transmit-end interrupt (TEI) requests are
1: Transmit-end interrupt (TEI) requests are

Note: * The TEI request can be cleared by r
TDRE bit in SCSSR after it has been
then clearing TDRE to 0 and clearing
bit to 0, or by clearing the TEIE bit to
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synchronous mode, or when an external clc
selected (CKEL = 1). Before selecting the £
operating mode in the serial mode register
set CKE1 and CKEQ. For further details on
the SCI clock source, see table 14.9.

00:

01:
01:
11:

00:

01:

01:

11:

Asynchronous mode

Internal clock; SCKO pin is used for inpt
signal is ignored).™*

Internal clock; SCKO pin is used for cloc
External clock; SCKO pin is used for clo
External clock; SCKO pin is used for clo

Clock synchronous mode

Internal clock; SCKO pin is used for syn
clock output.™*

Internal clock; SCKO pin is used for syn
clock output.

External clock; SCKO pin is used for sy!
clock input.

External clock; SCKO pin is used for syi
clock input.

Notes: 1. Initial value

2. The output clock frequency is the
the bit rate.

3. The input clock frequency is 16 ti
rate.
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Bit Bit Name Initial Value R/W

Description

7 TDRE 1 RI(W)*

Transmit Data Register Empty
Indicates that the SCI has loaded transmit «
the SCTDR into the SCTSR and new seria
data can be written in the SCTDR.
0: SCTDR contains valid transmit data
[Clearing condition]
TDRE is read as 1, then written to with O.
1: SCTDR does not contain valid transmit ¢
[Setting conditions]
1. The chip is reset or enters standby m
2. TE bit in the serial control register (S(
3. SCTDR contents are loaded into SCT
new data can be written in SCTDR.

6 RDRF 0 RI(W)*

Receive Data Register Full

Indicates that SCRDR contains received d:

0: SCRDR does not contain valid received
[Clearing conditions]
1. The chip is reset or enters standby m
2. RDRFisread as 1, then written to wit

1: SCRDR contains valid received data
[Setting condition]
Serial data is received normally and tran:
from SCRSR to SCRDR.

Note: The SCRDR and RDRF are not affec
detection of receive errors or by cleal
RE bit to 0 in the serial control registe
retain their previous contents. If RDR
to 1 when reception of the next data ¢
overrun error (ORER) occurs and the
data is lost.
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4. MAVTTULLCIVE UVEITTULD THTULD UbLuwulicu
[Setting condition]
Reception of the next serial data has er
RDRF is set to 1.

Notes: 1. Clearing the RE bit to 0 in the s¢
register does not affect the ORE
retains its previous value.

2. SCRDR continues to hold the d:
before the overrun error, so sub
receive data is lost. Serial recei
continue while ORER is setto 1
synchronous mode, serial transi
also disabled.
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Note: Clearing the RE bitto O In the ser
register does not affect the FER bit, whic
its previous value.

: A receive framing error occurred

[Setting condition]

When the SCI has completed receiving,
at the end of receive data is checked an
be 0.

Note: When the stop bit length is two bit
first bit is checked. The second stop bit i
checked. When a framing error occurs, t
transfers the receive data into the SCRD
not set RDRF. Serial receiving cannot c«
while FER is set to 1. In the clock synchi
mode, serial transmitting is also disablec
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Note: Clearing the RE bit to 0 in the SC
not affect the PER bit, which retains its
value.

: A receive parity error occurred

[Setting condition]

The number of 1s in receive data, inclu
parity bit, does not match the even or o
setting of the parity mode bit (O/E) in S

When a parity error occurs, the SCI tra
receive data into the SCRDR but does
RDRF. Serial receiving cannot continue
is set to 1. In the clock synchronous mc
transmitting also cannot continue.

2

TEND

1

Transmit End

Indicates that when the last bit of a serial

was transmitted, the SCTDR did not cont:
data, so transmission has ended. TEND i
bit and cannot be written.

[Clearing condition]

TDRE is read as 1, then written to with 0.

[Setting conditions]

1. The chip is reset or enters standby mc
2. TE bitin SCSCRis 0.

3. TDRE is 1 when the last bit of a one-b

character is transmitted.
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1o Scicllcu, Uit MIFD Iclallls Ito PICVIUUS
1: Multiprocessor bit value in receive data i

Note: Clearing the RE bit to 0 in the maltipr
format, which retain its previous valu

0 MPBT 0 R/W

Multiprocessor Bit Transfer

Stores the value of the multiprocessor bit a
transmit data when a multiprocessor forma
selected for transmitting in the asynchronol
The MPBT setting is ignored in the clock s)
mode, when a multiprocessor format is not
or when the SCI is not transmitting.

0: Multiprocessor bit value in transmit data
1: Multiprocessor bit value in transmit data

Note: *

The only value that can be written is a 0 to clear the flag.
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Bit Bit Name Initial Value R/W Description

15t012 0O AllO R Reserved
These bits are always read as 0; only
written here.

11 SCP5MD1 1 R/W See section 17.1.10, SC Port Control

10 SCP5MDO 0 rRw  (SCPCR).

9 SCP4MD1 1 R/W

8 SCP4MDO O R/W

7 SCP3MD1 1 R/W

6 SCP3MDO O R/W

5 SCP2MD1 O R/W

4 SCP2MDO O R/W

3 SCP1IMD1 1 R/W Serial clock port 1/0

2 SCPIMDO O R/W These bits specify serial port SCKO p
the SCKO pin is actually used as a pc
clear the C/A bit of SCSMR and bits ¢
CKEO of SCSCR to 0.
00: SCP1DT bit value is not output to
01: SCP1DT bit value is output to SC
10: SCKO pin value is read from SCP
11: SCKO pin value is read from SCP

SCPOMD1 R/W Serial port break 1/0
SCPOMDO R/W These bits specify the serial port TxD

condition. When the TxDO pin is actu
a port output pin and outputs the valu
the SCPODT bit, clear the TE bit of S

00: SCPODT bit value is not output to
01: SCPODT bit value is output to TxI
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5 SCP5DT O R See section 18.10.2, SC Port Data Regist

4 SCP4DT 0 Rw  (SCPDR).

3 SCP3DT O R/W

2 SCP2DT O R/W

1 SCP1DT O R/W Serial clock port data
Specifies the serial port SCKO pin I/O date
output is specified by the SCP1MDO and ¢
bits. In output mode, the value of the SCP
output to the SCKO pin.
0: 1/0 data is low (0).
1: 1/O data is high (1).

0 SCPODT O R/W Serial port break data

Specifies the serial port RxDO pin input da
TxDO pin output data. The TxDO pin outpu
is specified by the SCPOMDO and SCPOV
When the TxDO pin is set to output mode,
of the SCPODT bit is output to the TxDO pi
RxDO pin value is read from the SCPODT
regardless of the values of the SCPOMDO
SCPOMDL1 bits, if RE in the SCSCR is set
initial value of this bit after a power-on res
undefined.

0: 1/0 data is low (0).
1: 1/O data is high (1).
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The SCBRR setting is calculated as follows:
Asynchronous mode: N = [P@/(64 x 22" -1 x B)] x 106 — 1
Clock synchronous mode: N = [Pq/(8 x 22" ~1 x B)] x 106 — 1
B: Bit rate (bit/s)
N: SCBRR setting for baud rate generator (0 < N < 255)
P@ Operating frequency for peripheral modules (MHz)
n: Baud rate generator clock source (n =0, 1, 2, 3) (for the clock sources ar
n, see table 14.2.)
Table14.2 SCSMR Settings

SCSMR Settings

n Clock Source CKsS1 CKSO0
0 Po 0 0
1 P@4 0 1
2 P@16 1 0
3 P@64 1 1

Find the bit rate error for the asynchronous mode by the following formula:

P¢ x 10°
Error (%) = (N+1)xB x64x 2" -1, x100
+1)xBx x 2"
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4141V < 10UV —VJ.JU/l < 1944 U.Vo < E
150 2 95 0.00 2 103 0.16 2 127
300 1 191 0.00 1 207 0.16 1 255
600 1 95 0.00 1 103 0.16 1 127
1200 0 191 0.00 0 207 0.16 0 255
2400 0 95 0.00 0 103 0.16 0 127
4800 0 47 0.00 0 51 0.16 0 63
9600 0 23 0.00 0 25 0.16 0 31
19200 0 11 0.00 0 12 0.16 0 15
31250 0 6 5.33 0 0.00 0
38400 0 0.00 0 6 -6.99 0
P@(MHz)

10 12 12.2:
Bit Rate (bits/s) n N Error (%) n N Error (%) n N
110 2 177 -0.25 2 212 0.03 2 217
150 2 129 0.16 2 155 0.16 2 159
300 2 64 0.16 2 7 0.16 2 79
600 1 129 0.16 1 155 0.16 1 159
1200 1 64 0.16 1 77 0.16 1 79
2400 0 129 0.16 0 155 0.16 0 159
4800 0 64 0.16 0 77 0.16 0 79
9600 0 32 -1.36 0 38 0.16 0 39
19200 0 15 1.73 0 19 0.16 0 19
31250 0 9 0.00 0 11 0.00 0 11
38400 0 1.73 0 9 -2.34 0 9
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OUU 4 191 ULUU 1 U/l U.lb 1 <00 U.UU <2 O
1200 1 95 0.00 1 103 0.16 1 127 0.00 1 1
2400 0 191 000 O 207 016 O 255 0.00 1 6
4800 0 95 0.00 O 103 016 O 127 000 O 1
9600 0 47 000 O 51 016 O 63 000 O 6
19200 0 23 000 O 25 016 O 31 000 O 3
31250 0 14 -170 O 15 000 O 19 -170 O 1
38400 0 11 000 O 12 016 O 15 0.00 O 1
P@(MHz)
24 24.576 28.7

Bit Rate Error Error Error

(bits/s) n N (%) n N (%) n N (%) n N
110 3 106 -0.44 3 108 0.08 3 126 031 3 1
150 3 77 016 3 79 000 3 92 046 3 9
300 2 155 0.16 2 159 0.00 2 186 -0.08 2 1
600 2 77 016 2 79 000 2 92 046 2 9
1200 1 155 0.16 1 159 0.00 1 186 -0.08 1 1
2400 1 77  0.16 1 79 000 1 92 046 1 9
4800 0 155 016 O 159 000 O 186 -0.08 0 1
9600 0 77 016 O 79 000 O 92 046 O 9
19200 0 38 016 O 39 000 O 46 061 O 4
31250 0 23 000 O 24 -170 0 28 -103 0 2
38400 0 19 -234 0 19 000 O 22 155 0 2

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



ouUuU < 1Uo —U.495
1200 1 216 0.03
2400 1 108 -0.43
4800 0 216 0.03
9600 0 108 -0.43
19200 0 53 0.49
31250 0 32 1.03
38400 0 26 0.49
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1k 2 124 2 249 3 111 3
2.5k 1 199 2 99 2 178 2
5k 1 99 1 199 2 89 2
10k 0 199 1 99 1 178 1
25k 0 79 0 159 1 71 1
50k 0 39 0 79 0 143 0
100k 0 19 0 39 0 71 0
250k 0 0 15 — — 0
500k 0 0 7 — — 0
M 0 0 3 — — —
2M 0 0* 0 1 — — —
Note: Settings with an error of 1% or less are recommended.

Blank: No setting possible

* -

Setting possible, but error occurs

Continuous transmit/receive not possible

Rev. 5.00 May 29, 2006 pa

RENESAS

REJO!



[

[

9.8304 307200 0 0
12 375000 0 0
14.7456 460800 0 0
16 500000 0 0
19.6608 614400 0 0
20 625000 0 0
24 750000 0 0
24.576 768000 0 0
28.7 896875 0 0
30 937500 0 0
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19.6608 4.9152 307200
20 5.0000 312500
24 6.0000 375000
24.576 6.1440 384000
28.7 7.1750 448436
30 7.5000 468750

Table 14.7 Maximum Bit Rates during External Clock Input (Clock Synchronc

P@ (MHz) External Input Clock (MHz) Maximum Bit Rate
8 1.3333 1333333.3
16 2.6667 2666666.7
24 4.0000 4000000.0
28.7 4.7833 4783333.3
30 5.0000 5000000.0
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Asynchronous Mode:

» Datalength is selectable: seven or eight bits.

» Parity and multiprocessor bits are selectable. So is the stop bit length (one or two bi
combination of the preceding selections constitutes the communication format and
length.

» Inreceiving, it is possible to detect framing errors, parity errors, overrun errors and
* Aninterna or external clock can be selected as the SCI clock source.

O When aninternal clock is selected, the SCI operates on the clock of the on-chip
generator, and can output a serial clock signal with afrequency matching the bi

O When an external clock is selected, the external clock input must have a frequer
the bit rate. (The on-chip baud rate generator is not used.)

Clock Synchronous M ode:

* Thetransmission/reception format has a fixed eight-bit data length.
* Inreceiving, it is possible to detect overrun errors.
* Aninternal or external clock can be selected as the SCI clock source.
0 When aninternal clock is selected, the SCI operates on the clock of the on-chip
generator, and outputs a synchronous clock signal to external devices.
O When an external clock is selected, the SCI operates on the input synchronous ¢
on-chip baud rate generator is not used.
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1
1 0 0 7-bit Not set
1
1 0 Set
1
Asynchronous 0 * 1 0 8-bit Not set Set
(multiprocessor * 1
format) 1 * 0 7-bit
* 1
Clock 1 * * * * 8-bit Not set

synchronous

Legend: * Don't care

Table14.9 SCSMR and SCSCR Settingsand SCI Clock Sour ce Selection

SCSCR
SCSMR Settings SCI Transmit/Receive Clo
Bit 7 Bitl Bit0 Clock SCK
Mode C/IA CKE1 CKEO Source Pin Function
Asynchronous 0 0 0 Internal SCI does not use the ¢
mode 1 Outputs a clock with fr
matching the bit rate
1 0 External Inputs a clock with frec
1 times the bit rate
Clock 1 0 0 Internal Outputs the synchronc
synchronous 1
mode
1 0 External Inputs the synchronou:
1
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Figure 14.5 shows the general format of asynchronous serial communication. In asynct
serial communication, the communication line is normally held in the mark (high) state
monitors the line and starts serial communication when the line goes to the space (Iow)
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), |
(high or low), and stop bit (high), in that order.

When receiving in the asynchronous mode, the SCI synchronizes on the falling edge of
bit. The SCI samples each data bit on the eighth pulse of a clock with a frequency 16 ti
rate. Receive datais latched at the center of each bit.

Idling (marking)

1 (LSB) (MSB)
Serial | 0 | DO | Dl | D2 | D3 | D4 | D5 | DG | D7 | 0/1 Il 1
data
Start Parity Stop
bit bit bit

Transmit/receive data

1 bit ! 7 or 8 bits 1or 1or
no bit 2 bits

One unit of communication data (character or frame)

Example: 8-bit data with parity and two stop bits

Figure14.5 Data Format in Asynchronous Communication

Rev. 5.00 May 29, 2006 page 392 of 698
REJ09B0146-0500

RENESAS



0o 0 0 1 | START | 8-Bit data | STOP | ST
0 1 0 0 |START 8-Bit data EEL
0 1 0 1 |START| 8-Bit data IR
1 0 0 0 |START| 7-Bit data | STOP |

1 0 0 1 |START| 7-Bit data | STOP | STOP |

1 1 0 0 |START| 7-Bit data | P |sTOP|

1 1 0 1 |START| 7-Bit data | P |sTOP| ST
0 — 1 0 |START 8-Bit data | MPB | ST
0 — 1 1 |START 8-Bit data | MPB | ST
1 — 1 0 |START| 7-Bit data | MPB | STOP |

1 — 1 1 |START| 7-Bit data | MPB | STOP | ST
Legend:

— Don't care

START: Start bit
STOP: Stop bit
P: Parity bit

MPB:  Multiprocessor bit
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therising edge of the clock occurs at the center of each transmit data bit.

|0|D0|D1|D2|D3|D4|D5|D6|D7|0/1|l 1

| 1 frame
| |

Figure14.6 Output Clock and Serial Data Timing (Asynchronous M od
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When an external clock is used, the clock should not be stopped during initialization c
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 14.7 is a sample flowchart for initializing the SCI.

( Initialize )

I 1. Select the clock source in the SCSCR.
| Clear TE and RE bits in SCSCR to 0 | Leave RIE, TIE, TEIE, MPIE, TE, and
T RE cleared to 0. If clock output is
selected in asynchronous mode,
clock output starts immediately after
the setting is made to SCSCR.

Set CKE1 and CKEQO bits in SCSCR
(TE and RE bits are 0)
|
Select transmit/receive 2. Select the communication format in the
format in SCSMR SCSMR.
|

Set value to SCBRR

3. Write the value corresponding to the bit
rate in SCBRR unless an external clock
Wait is used.

4. Wait for at least the interval required to
No transmit or receive one bit, then set TE
or RE in the SCSCR to 1. Also set RIE,
TIE, TEIE, and MPIE as necessary.
Setting TE or RE enables the SCI to use

Has a 1-bit
interval elapsed?

Set TE and RE bits in SCSCR to 1 the TxDO or RxDO pin. The initial states
and set RIE, TEIE, and MPIE bits are the mark transmit state, and the idle
receive state (waiting for a start bit).

G

Figure 14.7 Sample Flowchart for SCI Initialization
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TDRE = 1?

Yes

Write transmission data to
SCTDR and clear TDRE bit in
SCSSR to 0

All data transmitted?

Yes

D —

| Read TEND bit in SCSSR |

[ setscporandscrcr |

|
| Clear TE bit SCSCR to 0 |

( End transmission )

Read the serial status register (SCSSR),
check that the TDRE bit is 1, then write
transmit data in the SCTDR and clear
TDRE to 0.

. To continue transmitting serial data:

Read the TDRE bit to check whether it is
safe to write (if it reads 1); if so, write data
in SCTDR, then clear TDRE to 0.

. To output a break at the end of serial

transmission: Set the SCPCR and

SCPDR, then clear the TE bit to 0 in SCSCR.
For SCPCR and SCPDR settings, seel14.3.8,
SC Port Control Register (SCPCR),

and 14.3.9, SC Port Data Register (SCPDR).

Figure 14.8 Sample Flowchart for Transmitting Serial Data
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dataistransmitted in the following order from the TxDO pin:

a Start bit: One 0 bit is output.

b. Transmit data: Seven or eight bits of data are output, L SB first.

c. Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one mult
bit is output. Formats in which neither a parity bit nor a multiprocessor bit is o
also be selected.

d. Stop bit: One or two 1 bits (stop bits) are output.

e. Marking: Output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checksthe TDRE bit when it outputs the stop bit. If TDRE is 0, the SCI |
data from the SCTDR into the SCTSR, outputs the stop bit, then begins seria tran
the next frame. If TDRE is 1, the SCI setsthe TEND bit to 1 in the SCSSR, outpu
bit, then continues output of 1 bits (marking). If the transmit-end interrupt enablel
the SCSCRis set to 1, atransmit-end interrupt (TEI) is requested.

Figure 14.9 shows an example of SCI transmit operation in the asynchronous mode.
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I I : I : [

TXI interrupt Writes data to TXI interrupt TEl interr
request SCTDR with the request request
generated TXI interrupt generated generate

processing routine
and clear TDRE
bit to 0

1 frame

Example: 8-bit data with parity and one stop bit

Figure14.9 SCI Transmit Operation in Asynchronous Mode
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Read the RDRF bit in SCSSR | (Error processingD

No

Yes

Read reception data of SCRDR
and clear RDRF bit in SCSSR to 0

All data received?

| Clear the RE bitin SCSCR to 0 |

( End reception )

2.

or the SCSSR 10 ldentity the errol
After executing the necessary err
processing, clear ORER, PER an
FER all to 0. Receiving cannot
resume if ORER, PER or FER rel
set to 1. When a framing error oc
the RxDO pin can be read to dete
break state.

SCI status check and receive-dat
Read the SCSSR, check that RD
set to 1, then read receive data fr
SCRDR and clear RDRF to 0. Th
interrupt can also be used to dete
if the RDRF bit has changed from

. To continue receiving serial data:

RDRF to 0 before the stop bit of 1
current frame is received.

Figure 14.10 Sample Flowchart for Receiving Serial Data
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| Framing error processing | | Clear RE bitin SCSCR to 0

O

Yes

| Parity error processing |

Clear ORER, PER, and
FER bits in SCSSR to 0

( End )

Figure 14.10 Sample Flowchart for Receiving Serial Data (cont)
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Note:

Parity check: The number of 1sin the receive data must match the even or odd

setting of the O/E bit in the SCSMR.

Stop bit check: The stop bit value must be 1. If there are two stop bits, only the

is checked.

Status check: RDRF must be 0 so that receive data can be loaded from the SCF

SCRDR.

If these checks all pass, the SCI sets RDRF to 1 and stores the received datain
If one of the checksfails (receive error), the SCI operates as indicated in table

When areceive error flag is set, further receiving is disabled. The RDRF hit i

Be sureto clear the error flags.

4. After setting RDRF to 1, if the receive-data-full interrupt enable bit (RIE) is set to
SCSCR, the SCI requests areceive-data-full interrupt (RXI). If one of the error fle
PER, or FER) is set to 1 and the receive-data-full interrupt enable bit (RIE) in the
also set to 1, the SCI requests areceive-error interrupt (ERI).

Table 14.11 Receive Error Conditionsand SCI Operation

Receive Error  Abbreviation Condition

Data Transfe

Overrun error ORER Receiving of next data ends while  Receive data
RDREF is still set to 1 in SCSSR from SCRSR

Framing error FER Stop bitis O Receive data
SCRSR into ¢

Parity error PER Parity of receive data differs from  Receive data
even/odd parity setting in SCSMR  SCRSR into ¢
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(C I C
) T )

RXI interrupt request

FER generated
I(d (C
) )
1 frame

Reads data with ERI interrupt
the RXI interrupt request gener
processing routine by framing err
and clears RDRF
bitto 0

Example: 8-bit data with parity and one stop bit

Figure14.11 SCI Receive Operation

14.4.2  Multiprocessor Communication

The multiprocessor communication function enables several processors to share a singl
communication line. The processors communicate in the asynchronous mode using afc
an additional multiprocessor bit (multiprocessor format).

I'n multiprocessor communication, each receiving processor is addressed by aunique |1
communication cycle consists of an ID-sending cycle that identifies the receiving proce
data-sending cycle. The multiprocessor bit distinguishes | D-sending cycles from data-
cycles. The transmitting processor starts by sending the ID of the receiving processor w
wants to communicate as data with the multiprocessor bit set to 1. Next the transmitting
sends transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocesso
1. When they receive data with the multiprocessor bit set to 1, receiving processors cor
datawith their IDs. The receiving processor with a matching 1D continues to receive fL
incoming data. Processors with IDs not matching the received data skip further incomil
until they again receive data with the multiprocessor bit set to 1. Multiple processors c
receive datain thisway.

Rev. 5.00 May 29, 2006 page 402 of 698
REJ09B0146-0500

RENESAS



Y Y Y

Receiving Receiving Receiving R
station A station B station C St
(ID=01) (ID =02) (ID=03) (I
Serial ' ,
data H'01 H'AA
(MPB = 1) (MPB = 0)
ID transmit cycle = Data transmit cycle =
specifies receiving station data transmission to
receiving station specified
by ID

MPB: Multiprocessor bit
Example: Sending data H'AA to receiving processor A

Figure 14.12 Communication Among Processor s Using Multiprocessor F

Communication Formats: Four formats are available. Parity-bit settings are ignored
multiprocessor format is selected. For details see table 14.10.

Clock: See the description in the asynchronous mode section.
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NU vata Wit rivau Uit Jvoaiy,

TDRE =17 check that the TDRE bit is 1,
then write transmit data in the
Yes SCTDR. Also set MPBT
Write transmission data to SCTDR (multiprocessor bit transfer) to
and set MPBT bit in SCSSR 0 or 1 in SCSSR. Finally, clear

| TDRE t0 0.

| Clear TDRE bit to 0 |

2. To continue transmitting serial
data: Read the TDRE bit to check
whether it is safe to write
(if it reads 1); if so, write data in
SCTDR, then clear TDRE to 0.

Yes |

| Read TEND bitin SCSSR | 3. To output a break at the end of
serial transmission: Set the
SCPDR and SCPCR, then clear
the TE bit to 0 in SCSCR. For
SCPCR and SCPDR settings,

see section 14.3.8, SC Port Control
Register (SCPCR), and section
14.3.9, SC Port Data Register
(SCPDR).

| Set SCPDR and SCPCR |

|
[ ceartebitscscrioo |
|

|
( End transmission )

Figure 14.13 Sample Flowchart for Transmitting Multiprocessor Serial C
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Start bit: One 0 bit is output.

Transmit data: Seven or eight bits are output, L SB first.

Multiprocessor hit: One multiprocessor bit (MPBT value) is output.

Stop bit: One or two 1 bits (stop bits) are output.

Marking: Output of 1 bits continues until the start bit of the next transmit data.

©T 20 T

3. The SCI checksthe TDRE hit when it outputs the stop bit. If TDRE is O, the SCI |
from the SCTDR into the SCTSR, outputs the stop bit, then begins serial transmis
next frame. If TDRE is 1, the SCI setsthe TEND bit in the SCSSR to 1, outputstt
then continues output of 1 bitsin the marking state. If the transmit-end interrupt e
(TEIE) inthe SCSCR is set to 1, atransmit-end interrupt (TEI) is requested at this

Figure 14.14 shows SCI transmission in the multiprocessor format.
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TEND ‘

|

{C

TXI interrupt
request
generated

‘ )

Writes data to

TDR with the TXI
interrupt pro-
cessing routine and
clears TDRE bit to 0

TXI interrupt
request
generated

1 frame

Example: 8-bit data with multiprocessor bit and one stop bit

)

!

TEl interrupt
request
generated

Figure 14.14 SCI Multiprocessor Transmit Operation
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| bits in SCSSR |

FER =1 or ORER = 1?
No 2. SCI status check and compare

| Read RDRF bit in SCSSR | to ID reception: Read the SCSSR,
check that RDRF is set to 1, then

read data from the SCRDR and

No compare with the processor's own
ID. If the ID does not match the

Yes receive data, set MPIE to 1 again

| Read receive data in SCRDR | and clear RDRF to 0. If the ID

matches the receive data, clear
Is ID the
stations ID?

1. ID receive cycle: Set the MPIE
bit in SCSCR to 1.

RDRF to 0.

3. SCI status check and data receivil

Yes T Read SCSSR, check that RDRF i
Read ORER and FER set to 1, then read data from the
bits in SSCSR SCRDR.

Yes 4. Receive error processing and bre:
detection: If a receive error occurs
read the ORER and FER bits in
SCSSR to identify the error. After
Read RDRF bit in SCSSR executing the necessary error

processing, clear both ORER and
FER to 0. Receiving cannot resur
if ORER or FER remain set to 1.
When a framing error occurs, the
| Read receive data in SCRDR | RxDO pin can be read to detect th

break state.
All data received?

( Error processing )
| Clear RE bit in SCSCR to 0 |

|
( End reception )

FER =1 or ORER =1?

Figure 14.15 Sample Flowchart for Receiving Multiprocessor Serial D
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Yes

No

| Framing error processing | | Clear RE bit in SCSCR to 0

Clear ORER and
FER bits in SCSSR to 0

|
( End )

Figure 14.15 Sample Flowchart for Receiving Multiprocessor Serial Data (
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RDRF | | \
[(d [
) P
RDR X/ \ D1 \
value «
)z \ \
RXI interrupt request Reads RDR data with ID is not station's No RXI interrt
(multiprocessor interrupt) the RXI interrupt ID, so MPIE bit is generated
generated, MPIE =0 processing routine set to 1 again RDR state
and clears RDRF bitto 0 is maintaine
(a) Own ID does not matches data
Start Data Stop Start Data Stop
1 it (ID2) MPB  bit bt (Data?2) MPB  bit
i D) W
Serial 0|D0|D1||D7|1 l|O|Do|D1||D7|O|l Id
data . 4 (marki

I

MPIE ” . |_
RDRF s / | ' . I__
S N

valte oL L/ A\ w2 Jf o
e / Voo |

RXI interrupt Reads RDR data with ID is that of station, MPIE |

request the RXI interrupt SO reception set to

(multiprocessor processing routine continues unchanged agair
interrupt) generated, and clears and data is received
MPIE =0 RDRF bit to 0 by the RXI interrupt

processing routine

(b) Own ID matches data

Figure14.16 Example of SCI Receive Operation
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Figure 14.17 shows the general format in clock synchronous serial communication.

One unit of communication data (character or frame)

* *
Synchronization
clock
LSB MSB

Serial data  Don't care Bit 0 X Bit 1 X Bit 2 X Bit 3 X Bit 4 X Bit5 X Bit 6 X Bit7 (XL

Note: * High except in continuous transmitting or receiving

Figure 14.17 Data Format in Clock Synchronous Communication

In clock synchronous serial communication, each data bit is output on the communicati
from one falling edge of the serial clock to the next. Data are guaranteed valid at theric
the serial clock. In each character, the serial data bits are transmitted in order from the |
to the MSB (last). After output of the MSB, the communication line remainsin the stat
MSB. In the clock synchronous mode, the SCI transmits or receives data by synchroniz
the rising edge of the serial clock.

Communication Format: The datalength isfixed at eight bits. No parity bit or multip
can be added.
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Transmitting and Receiving Data (SCI Initialization (clock synchronous mode)):
transmitting, receiving, or changing the mode or communication format, the software
the TE and RE bitsto 0 in SCSCR, then initialize the SCI. Clearing TE to 0 sets TDR
initializes the SCTSR. Clearing RE to 0, however, does not initialize the RDRF, PER,
ORER flags and SCRDR, which retain their previous contents.

Figure 14.18 is a sample flowchart for initializing the SCI.

( Initialize )
| 1. Select the clock source in the
| Clear TE and RE bits in SCSCR to 0 | SCSCR. Leave RIE, TIE, TEIE,

Set RIE, TIE, TEIE, MPIE, CKEL,
and CKEO bits in SCSCR
(TE and RE are 0)

|
| Set transmit/receive format in SCSMR |

MPIE, TE and RE cleared to 0.

. Select the communication format

in the SCSMR.

. Write the value corresponding to

the bit rate in SCBRR unless an
external clock is used.

|
| Set value in SCBRR

| 4. Wait for at least the interval

- required to transmit or receive

| Wait one bit, then set TE or RE in the
SCSCR to 1. Also set RIE, TIE,
No TEIE and MPIE. Setting TE and
RE allows use of the TxDO and

RxDO pins.

Has a 1-bit
period elapsed?

Set TE and RE bits in SCSCR to 1
and set RIE, TIE, TEIE, and MPIE bits

( )

Figure 14.18 Sample Flowchart for SCI Initialization
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N
TDRE = 1?2 0

Yes

Write transmission data to SCTDR
and clear TDRE bit in SCSSR to 0

All data transmitted?

Read TEND bit in SCSSR

No

Yes
| Clear TE bitin SCSCR to 0 |

|
C End transmission )

PV IJITl ), LITCLA Uiat UiIC T UL Vit To
1, then write transmit data in the
transmit data register (SCTDR) and
clear TDRE to 0.

. To continue transmitting serial data:

Read the TDRE bit to check whether
it is safe to write (if it reads 1); if so,
write data in SCTDR, then clear
TDRE to 0.

Figure 14.19 Sample Flowchart for Serial Transmitting
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clock sourceis selected, the SCI outputs data in synchronization with the input clc
output from the TxDO pin in order from the LSB (bit 0) to the MSB (bit 7).

3. The SCI checksthe TDRE bit when it outputs the MSB (bit 7). If TDRE is O, the ¢
data from the SCTDR into the SCTSR, then begins serial transmission of the next
TDRE is 1, the SCI setsthe TEND bit in the SCSSR to 1, transmits the M SB, ther
transmit data pin (TxDO0) inthe MSB state. If the TEIE in the SCSCRissetto 1, a
interrupt (TEI) isrequested at thistime.

4. After the end of serial transmission, the SCKO pinis held in the high state.

Figure 14.20 shows an example of SCI transmit operation.

Transfer direction

Synchronization

clock

LT LS L

EpEpEnE

Serial data

TDRE

TEND

LSB «
24

Bit 0 X Bit 1 X
5

5
BitOXBith “ XBitGX
U

S S

(¢

-

24

(¢

TXI interrupt

request

generated

| 24 |

and clears TDRE
bitto 0

24

Writes data to TDR TXI interrupt TEI
with the TXI interrupt request req
processing routine generated gen

1 frame

Figure 14.20 Example of SCI

Transmit Operation
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All data received?

Read ORER bit in SCSSR
Yes
ORER =17?
No
Read RDRF bit in SCSSR Error processing
No
Yes
Read receive data in SCRDR and o )
clear RDRF bit in SCSSR to 0 Verrun error processing
| Clear ORER bit in SCSSR to 0 |

C = )

| Clear RE bit in SCSCR to 0 |
I

C End reception )

1. Receive error processing: If a receive error occurs, read the ORER bit in
SCSSR to identify the error. After executing the necessary error processing,
clear ORER to 0. Transmitting/receiving cannot resume if ORER remains set to 1.

2. SCI status check and receive data read: Read the SCSSR, check that RDRF is
set to 1, then read receive data from the SCRDR and clear RDRF to 0. The RXI
interrupt can also be used to determine if the RDRF bit has changed from 0 to 1.

3. To continue receiving serial data: Read SCRDR, and clear RDRF to 0 before the
frame MSB (bit 7) of the current frame is received.

Figure14.21 Sample Flowchart for Serial Data Receiving
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to 1. Be sureto clear the error flag.

3. After setting RDRF to 1, if the RIE isset to 1 in the SCSCR, the SCI requests are
full interrupt (RX1). If the ORER bit isset to 1 and the RIE in the SCSCR is also ¢
SCI requests a receive-error interrupt (ERI).

Figure 14.22 shows an example of the SCI receive operation.

Synchronizati

clock

Serial
data

RDRF

ORER

Transfer direction

-—

AL LT L

x Bit 7

5
Bit 0 X“ X Bit 7
4

Bit 0 X Bit 1 X

X Bit 6 X Bit 7

(¢

(¢
2

(¢

7

U

(¢

)

24

F

/

RXI interrupt
request
generated

U

Reads data with
the RXI interrupt
processing routine
and clears RDRF
bit to 0

1 frame

\

RXI interrupt
request
generated

T

ERI inter
request
by overrt

Figure 14.22 Example of SCI Receive Operation
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No

Yes
Write transmission data to SCTDR
and clear TDRE bitin SCSSR to 0

Read ORER bit in SCSSR |

Read RDRF bit in SCSSR |

No

Yes

Read receive data of SCRDR
and clear RDRF bit in SCSSR to 0

All data
transmitted/received?

No

Clear TE and RE bits
in SCSCR to 0
|

( End transmission/reception )

oSLooR, ClieCK tat e TURE DILIS 4, 1
transmit data in the SCTDR and clear
0. The TXI interrupt can also be used t
if the TDRE bit has changed from O to |

2. Receive error processing: If a receive ¢
read the ORER bit in SCSSR to identif
After executing the necessary error prc
clear ORER to 0. Transmitting/receivin
resume if ORER remains set to 1.

. SCI status check and receive data reac
SCSSR, check that RDRF is set to 1, t
receive data from the SCRDR and cles
to 0. The RXI interrupt can also be use
determine if the RDRF bit has changec

. To continue transmitting and receiving
Read the RDRF bit and SCRDR, and ¢
to 0 before the frame MSB (bit 7) of the
frame is received. Also read the TDRE
whether it is safe to write (if it reads 1);
data in SCTDR, then clear TDRE to O'|
MSB (bit 7) of the current frame is tran

Note: In switching from transmitting or re
0 simultaneous transmitting and re
clear both TE and RE to 0, then se
and RE to 1.

Figure 14.23 Sample Flowchart for Serial Data Transmitting/Receivin
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RXI isrequested when the RDRF bit in the SCSSR is set to 1.
ERI isrequested when the ORER, PER, or FER bit in the SCSSR is set to 1.

TEI isrequested when the TEND bit in the SCSSR is set to 1. Where the TXI interruy
that transmit data writing is enabled, the TEI interrupt indicates that the transmit oper:
complete.

Table 14.12 SCI Interrupt Sources

Interrupt Source Description Priority When Rese
ERI Receive error (ORER, PER, or FER) High

RXI Receive data full (RDRF)

TXI Transmit data empty (TDRE) I

TEI Transmit end (TEND) Low

See section 4, Exception Processing, for information on the priority order and relatior
SCI interrupts.
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transmit datato the SCTDR, be sure to check that TDRE isset to 1.

Simultaneous M ultiple Receive Errors. Table 14.13 indicates the state of the SCSSR
flags when multiple receive errors occur simultaneously. When an overrun error occurs
SCRSR contents cannot be transferred to the SCRDR, so receive datais|ost.

Table 14.13 SCSSR Status Flagsand Transfer of Receive Data

SCSSR Status Flags

Receive Dat
Receive Error Status RDRF ORER FER PER SCRSR - S
Overrun error 1 0 0 X

Framing error

Parity error

Overrun error + parity error

Framing error + parity error

1
0
0
Overrun error + framing error 1
1
0
1

rlo|lr|lr|lo|lo
Rlr|lo|lr|lo|kr
RlRr|rRr|lo|lr|o
X|O|X|X|0O|O

Overrun error + framing error + parity

error

Legend: X: Receive data is not transferred from SCRSR to SCRDR.
O: Receive data is transferred from SCRSR to SCRDR.

Break Detection and Processing: Break signals can be detected by reading the RxDO
when aframing error (FER) is detected. In the break state, the input from the RxDO pir
all O0s, so FER is set and the parity error flag (PER) may aso be set. In the break state, 1
receiver continues to operate, so if the FER bit is cleared to O, it will be set to 1 again.

Sending a Break Signal: The TxDO pin 1/0 condition and level can be determined by
the SCPODT bit of the SCPDR and bits SCPOMDO and SCPOMD1 of the SCPCR. The
be used to send breaks. To send a break during serial transmission, clear the SCPODT
(designating low level), then clear the TE bit to 0 (halting transmission). When the TE
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Receive Error Flagsand Transmitter Operation (Clock Synchronous Mode Only
receive error flag (ORER, PER, or FER) is set to 1, the SCI will not start transmitting
TDRE isset to 1. Be sure to clear the receive error flagsto 0 before starting to transmi
clearing RE to 0 does not clear the receive error flags.

Receive Data Sampling Timing and Receive Margin in the Asynchronous M ode:

asynchronous mode, the SCI operates on abase clock of 16 times the transfer rate frex
receiving, the SCI synchronizes internally with the falling edge of the start bit, which

on the base clock. Receive datais latched on the rising edge of the eighth base clock
14.24).

16 clocks |

8 clocks ‘ ‘
[—
0123456 78910111213141501 2 3456 7 8 91011121314150 1
Basic clock

\ —7.5 clocks 11 +7.5 clocks

! [ oo || T

Receive _]E E E

data (RxDO) Start bit

Synchronization | i "
sampling timing _ A i

Data sampling v '

timing [} [

Figure 14.24 Receive Data Sampling Timing in Asynchronous M ode
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U — CUIULK Uuly CyLic\LU —U L 1.U)
L = Framelength (L =9t0 12)
F = Absolute deviation of clock frequency

From equation 1, if F =0 and D = 0.5, the receive margin is 46.875%, as in equation 2.
Equation 2:

M = (0.5 1/(2 x 16)) x 100%
= 46.875%

Thisisatheoretical value. A reasonable margin to allow in system designsis 20 to 309
Cautionsfor Clock Synchronous External Clock Mode:

» Set TE = RE = 1 only when the external clock SCKOis 1.
 Donotset TE=RE =1 until at least four clocks after the externa clock SCKO has
fromOto 1.

*  When receiving, RDRF is 1 when RE is set to zero 2.5-3.5 clocks after the rising &
SCKO input of the D7 bit in RxDO, but it cannot be copied to SCRDR.

Caution for Clock Synchronous Internal Clock Mode: In the receiving, RDRF beco
RE isset to O, 1.5 clocks after the rising edge of the SCKO output of the D7 bit in RxD
cannot be copied to SCRDR.
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151 Feature
The smart card interface has the following features:

* Asynchronous mode

Data length: Eight bits

Parity bit generation and check

Receive mode error signal detection (parity error)

Transmit mode error signal detection and automatic re-transmission of data
Supports both direct convention and inverse convention

» Bit rate can be selected using on-chip baud rate generator.

» Threetypes of interrupts. Transmit-data-empty, receive-data-full, and communica
interrupts are requested independently.

Oo0Oood
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A

TxDO

SCKO

Parity generation

Parity check

Legend:

control '
~——P@i64
t Clock H
External clock .
— TXI|
— RXI
+ ERI

SCSCMR: Smart card mode register SCSMR:

SCRSR:
SCRDR:
SCTSR:
SCTDR:

Receive shift register
Receive data register
Transmit shift register
Transmit data register

SCSCR:
SCSSR:
SCBRR:

Serial mode register

Serial control register
Serial status register
Bit rate register

Figure15.1 Smart Card Interface Block Diagram
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Transmit data pin TxDO Output Transmit data output

153 Register Description

The smart card interface has the following registers.

The SCSMR, SCBRR, SCSCR, SCTDR, and SCRDR registers are the same as those
S0 see the register description in section 14, Serial Communication Interface.

Refer to see section 23, List of Registers, for more details of the addresses and access

Smart card mode register (SCSCMR)
Seria status register (SCSSR)

Serial mode register (SCSMR)

Bit rate register (SCBRR)

Seria control register (SCSCR)
Transmit dataregister (SCTDR)
Receive dataregister (SCRDR)
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Smart Carad Data Transfer Direction
Selects the serial/parallel conversion forn

0: Contents of SCTDR are transferred as
receive data is stored in SCRDR as LS

1: Contents of SCTDR are transferred as
receive data is stored in SCRDR as M

Smart Card Data Inversion

Specifies whether to invert the logic level
This function is used in combination with

transmitting and receiving with an inverse
convention card. SINV does not affect the
of the parity bit. See section 15.4.4, Regis
Settings, for information on how parity is :

0: Contents of SCTDR are transferred un
receive data is stored in SCRDR unch:

1: Contents of SCTDR are inverted befor
receive data is inverted before storage

Reserved
An undefined value is read from this bit.

3 SDIR

2 SINV 0 R/W
1 — — R

0 SMIF 0 R/W

Smart Card Interface Mode Select

Enables the smart card interface function
0: Smart card interface function disabled
1: Smart card interface function enabled
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ORER R/(W)" Qverrun Error
These bits have the same function as in
SCI. See section 14, Serial Communica
(SCI), for more information.

ERS R/(W)* Error Signal Status

In the smart card interface mode, bit 4 ir
state of the error signal returned from th
side during transmission. The smart cart
cannot detect framing errors.

0: Receiving ended normally with no erri
[Clearing conditions]
1. The chip is reset or enters standby
2. ERSisread as 1, then written to w
1: An error signal indicating a parity erro
transmitted from the receiving side.
[Setting condition]
The error signal sampled is low.

Note: The ERS flag maintains its state €
the TE bit in SCSCR is cleared to
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for bit 2, the transmit end bit (TEND), are
as follows.
0: Transmission is in progress.

[Clearing condition]

TDRE is read as 1, then written to with
1: End of transmission.

[Setting conditions]

1. The chip is reset or enters standby

2. TE bitin SCSCR is 0 and the FER,
also 0.

3. C/Abitin SCSMR is 0, and TDRE :
FER/ERS = 0 (normal transmission
after a one-byte serial character is

4. C/Abitin SCSMRis 1, and TDRE :
FER/ERS = 0 (normal transmission
after a one-byte serial character is 1

Note: etu is an abbreviation of elementan
which is the period for the transfer

Note: * Only 0 can be written, to clear the flag.
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perioator 1 bit to transfer) Trom the end or the parity bit to the start or the next fra

3. During reception, the card outputs an error signal low level for 1 etu after 10.5 etu
from the start bit if a parity error was detected.

4. During transmission, it automatically transmits the same data after allowing at lea:
the time the error signal is sampled.

5. Only start-stop type asynchronous communication functions are supported; no syr
communication functions are available.

15.4.2 Pin Connections

Figure 15.2 shows the pin connection diagram for the smart card interface. During col
with an IC card, transmission and reception are both carried out over the same data tre
so connect the TxD@ and RxD@ pins on the chip. Pull up the data transfer line to the p
V cc side with aresistor.

When using the clock generated by the smart card interface on an IC card, input the S
output to the IC card's CLK pin. This connection is not necessary when the internal cl
on the IC card.

Use the chip's port output as the reset signal. Apart from these pins, the power and grc
connections are usually also required.

Note: When the IC card is not connected and both RE and TE are set to 1, closed co
is possible and self-diagnosis can be performed.
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Px (port, Reset i
LS| (port) eset line RST

Connected device IC card

Figure 15.2 Pin Connection Diagram for the Smart Card Interface

15.4.3 Data Format

Figure 15.3 shows the data format for the smart card interface. In this mode, parity isc
every frame while receiving and error signals sent to the transmitting side whenever an
detected so that data can be re-transmitted. During transmission, if an error signal is sa
same data is re-transmitted.

With no parity error

Do | Dy| D, | D3| Ds| Ds| Ds| D] DD,

Transmitting station output

With parity error

Do | Do [ Dy | D Ds| Dy | Ds | Ds | Dy | D De

Transmitting station output

Receiving
Legend: station output
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure 15.3 Data Format for Smart Card Interface
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recelving side then walts to receive the next aata. VWhen a parity error occurs, the
side outputs an error signal (DE, low level) and requests re-transfer of data. There
station returns the signal line to high impedance after outputting the error signal fc
period. The signal lineis pulled high with a pull-up resistor.

5. Thetransmitting side transmits the next frame of data unlessiit receives an error si
does receive an error signdl, it returns to step 2 to re-transmit the erroneous data.

15.4.4 Register Settings

Table 15.2 shows the bit map of the registers that the smart card interface uses. Bits sl
0 must be set to the indicated value. The settings for the other bits are described below

Table15.2 Register Settingsfor the Smart Card Interface

Register Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit :
SCSMR  HFFFFFES0 C/A 0 1 O/E 1 0 CKS
SCBRR HFFFFFE82 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRF
SCSCR  HFFFFFE84 TIE RIE TE RE 0 0 CKE

SCTDR H'FFFFFE86 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDF

SCSSR H'FFFFFE88 TDRE RDRF ORER FER/ PER TEND O
ERS

SCRDR H'FFFFFEBA RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDF
SCSCMR H'FFFFFE8C — — — — SDIR SINV. —
Note: Dashes indicate unused bits.

1. Setting the serial mode register (SCSMR): The C/A bit selects the set timing of th
and selects the clock output state with the combination of bits CKE1 and CKEQ in
Set the O/E bit to 0 when the I C card uses the direct convention or to 1 when it us
convention. Select the on-chip baud rate generator clock source with the CKS1 an
(see section 15.4.5, Clock).
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SMIF bit is set to 1 for the smart card interface.

Figure 15.4 shows sample waveforms for register settings of the two types of IC cards
convention and inverse convention) and their start characters.

In the direct convention type, thelogical 1 level isstate Z, the logical O level is state A,
communication is LSB first. The start character datais H'3B. The parity bit is even (as
the smart card standards), and thus 1.

In the inverse convention type, the logical 1 level is state A, the logical O level is state .
communication is MSB first. The start character datais H'3F. The parity bit iseven (as
in the smart card standards), and thus O, which corresponds to state Z.

Only data bits D7 to DO are inverted by the SINV bit. To invert the parity bit, set the O
SCSMR to odd parity mode. This applies to both transmission and reception.

@ A zZ zZ A Z Z Z A A Z (2 Stte

Ds| DO D1 | D2 | D3 D4 D5| D6 D7 | Dp

a. Direct convention (SDIR, SINV, and O/E are all 0)

@@ A zZ zZ A A A A A A Z (2 Stte

Ds | b7 D6 | D5 D4 D3 D2 D1 DO | Dp

b. Inverse convention (SDIR, SINV, and O/E are all 1)

Figure 15.4 Waveform of Start Character
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D - - LA R V)
1488 x 221 x (N + 1)

Where: N =Vauesetin SCBRR (0< N < 255)
B = Bit rate (bit/s)
P = Peripheral module operating frequency (MHZz)
n=0to 3 (table 15.3)

Table 15.3 Relationship of nto CKS1 and CKS0

n CKS1 CKSO
0 0 0
1 0 1
2 1 0
3 1 1

Table15.4 Examplesof Bit Rate B (Bit/s) for SCBRR Settings (n = 0)

PQ (MHz)
N 7.1424  10.00 10.7136  13.00 14.2848  16.00
0 9600.0  13440.9 144000 17473.1 192000  21505.4
1 48000 67204 72000 87366  9600.0  10752.7
2 32000  4480.3  4800.0  5824.4 64000 71685

Note: The bit rate is rounded to two decimal places.

Cadlculate the value to be set in the bit rate register (SCBRR) from the operating frequ
bit rate. N isan integer in therange 0 < N < 255, specifying a smallish error.

- Po

= X x105-1
1488 x 22n-1 x B
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P@ (MHz) Maximum Bit Rate (Bit/s) N I
7.1424 9600 0 (
10.00 13441 0 (
10.7136 14400 0 (
13.00 17473 0 (
14.2848 19200 0 (
16.00 21505 0 (
18.00 24194 0 (

The bit rate error is found as follows:

Error (%) = ( Po x 108 — 1) x 100
1488 x 2271 x B x (N + 1)

Table 15.5 shows example settings of SCBRR, and table 15.6 shows the maximum bit
each frequency.

Table 15.7 shows the relationship between transmit/receive clock register set values an
states on the smart card interface.
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1 1 0 1 SCKaO (serial clock) outpu
3*? 1 1 1 0 High output  High output state
1 1 1 1 SCKO (serial clock) outpu

Notes: 1. The SCKO output state changes as soon as the CKEO bit is modified. The (
should be cleared to 0.
2. The clock duty remains constant despite stopping and starting of the clock
modification of the CKEO bit.

15.4.6 Data Transmission and Reception

Initialization: Initialize the SCI using the following procedure before sending or rece
Initialization is also required for switching from transmit mode to receive mode or frc
mode to transmit mode. Figure 15.5 shows an example of initialization process flowcl

1. Clear TE and REin SCSCRto 0.

2. Clear error flags FER/ERS, PER, and ORER to 0 in SCSSR.

3. Set the C/A bit, parity bit (O/E bit), and baud rate generator select bits (CKS1 and
in SCSMR. At thistime also clear the CHR and MP bits to 0 and set the STOP an(
1

4, Setthe SMIF, SDIR, and SINV hitsin SCSCMR. When the SMIF bit isset to 1, ti
RxD pins both switch from portsto SCI pins and become high impedance.

5. Set the value corresponding to the bit rate in SCBRR.

6. Set the clock source select bits (CKEL and CKEO bits) in SCSCR. Clear the TIE, |
MPIE, and TEIE bitsto 0. When the CKEO bit is set to 1, aclock is output from tF

7. After waiting at least 1 bit, set the TIE, RIE, TE, and RE bitsin SCSCR. Do not
RE bits simultaneously unless performing self-diagnosis.
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Set SCSMR's SMIF, SDIR,
and SINV bits

Set value in SCBRR

Set SCSCR's CKE1 and CKEQO bits
to the clock and clear TIE, RIE,
TE, RE, MPIE, and TEIE bits to 0

Wait

Has a 1-bit
interval elapsed?

No

Set SCSCR's
TIE, RIE, TE, and RE bits

C End

)

Figure15.5 Initialization Flowchart (Example)

Serial Data Transmission: The processing procedures in the smart card mode differ fi
ordinary SCI processing because data is retransmitted when an error signal is sampled |
data transmission. An example of transmission processing flowchart is shown in figure

1. Initialize the smart card interface mode as described in Initialization above.

2. Check that the FER/ERS bit in SCSSR is cleared to 0.

3. Repesat steps 2 and 3 until the TEND flag in SCSSRisset to 1.

4. Write the transmit datainto SCTDR, clear the TDRE flag to 0 and start transmitting
TEND flag will be cleared to 0.

5. To transmit more data, return to step 2.

6. Toend transmission, clear the TE bit to 0.
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| Initialize |
|
C Start transmission )
No

Yes Vs
Q Error processing )
e
Yes

Write transmit data in SCTDR
and clear TDRE
flag in SCSSR to 0

N
All data transmitted?

o
Yes

Yes
<—( Error processing )
e

Yes

| Clear TE bitin SCSCR to 0 |

C End transmission )

Figure15.6 Transmission Flowchart

Serial Data Reception: The processing proceduresin the smart card mode are the sar
ordinary SCI processing. The reception processing flowchart is shown in figure 15.7.
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This processing can be interrupted. When the RIE bit is set to 1 and interrupt requests e
areceive-data-full interrupt (RX1) will be requested when the RDRF flag issetto 1 at t
the reception. When an error occurs during reception and either the ORER or PER flag
acommunication error interrupt (ERI) will be requested. See Interrupt Operation below
information.

The received data will be transferred to SCRDR even when a parity error occurs during
and PER is set to 1, so this data can still be read.

( Start
|

)
| Initialize |
)

I
( Start reception
|

4 Error processing )

Write receive data from
SCRDR and clear
RDREF flag in SCSSR to 0

No
All data received?

Yes

| Clear RE bitin SCSCR to 0 |
|

( End reception )

Figure 15.7 Reception Flowchart (Example)
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the transmit-end interrupt (TEI) cannot be requested.

Set the TEND flag in SCSSR to 1 to request a TX| interrupt. Set the RDRF flag in SC
request an RXI interrupt. Set the ORER, PER, or FER/ERS flag in SCSSR to 1 to req
interrupt (table 15.8).

Table 15.8 Smart Card Mode Operating State and I nterrupt Sour ces

Mode State Flag Mask Bit Interr
Transmit mode Normal TEND TIE TXI
Error FER/ERS RIE ERI
Receive mode Normal RDRF RIE RXI
Error PER, RIE ERI
ORER

155 UsageNote

When the SCI is used as a smart card interface, be sure that all criteriain sections 15.-
15.4.2 are applied.

Receive Data Timing and Receive Margin in Asynchronous M ode:

In asynchronous mode, the SCI runs on a basic clock with afrequency of 372 timestt
rate. During reception, the SCI samples the falling of the start bit using the base clock
internal synchronization. Receive datais latched internally on the rising edge of the 1
clock cycle (figure 15.8).
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Synchronization _E-H “ 3 “ &g ¥ &%

sampling timing

S S I

Figure 15.8 Receive Data Sampling Timingin Smart Card Mode

The receive margin is found from the following equation:
For smart card mode:

M = (O.5—%)—(L—O.5)F— “3?\]—0'5'(“ F)| x 100%
Where: M = Receive margin (%)

N = Ratio of bit rate to clock (N = 372)

D =Clock duty (D =0to 1.0)

L = Framelength (L = 10)

F = Absolute value of clock frequency deviation

Using this equation, the receive margin when F =0 and D = 0.5 isasfollows:

WhenD =0.5and F=0:

M = (0.5 — 1/2 x 372) x 100% = 49.866%
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. When the received parity bit is checked and no error is found, the PER bit in SCS

. When the received parity bit is checked and no error is found, reception is conside
been completed normally and the RDRF bit in SCSSR is automatically set to 1. If
in SCSCR is enabled at thistime, an RXI interrupt is requested.

. When anormal frameis received, the pin maintains a three-state state when it tran
error signal.

| nth transfer frame | Retransmitted frame | Transfer
| | o
—|DsIDOID1|D2|D3|D4|D5|D6|D7IDph%,_|DSIDOIDlID2|D3|D4|D5ID6|D7|Dp

RDRF T : %*—L
PER [ 1
[ Fea

This portion corresponds to the above explanation 1.
This portion corresponds to the above explanation 2.
This portion corresponds to the above explanation 3.
This portion corresponds to the above explanation 4.
This portion corresponds to the above explanation 5.

Notes:

aprwNpE

Figure15.9 Retransmission in SCI Receive Mode
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3. The FER/ERS bit in SCSSR is not set when no error signal is returned from the rec

4. When no error signal isreturned from the receiving side, the TEND bit in SCSSR i
when the transmission of the frame that includes the retransmission is considered c
the TIE bit in SCSCR is enabled at thistime, a TXI interrupt will be requested.

| nth transfer frame | Retransmitted frame | Transfer fre

| | |
DE
-|DsIDo|D1|D2|D3|D4|D5|DG|D7|Dp|-|E,—|Ds|Do|Dl|D2|D3|D4|D5|DS|D7|Dp|L|Ds|Do|Dl|D2|E
_|Tore L]

T Transfer from TDR to TRS T Transfer from TDR to TRS T Transfer from
i TDR to TRS

TEND

B o
FER/ERS | |
fn s

Notes: 1. This portion corresponds to the above explanation 1.
2. This portion corresponds to the above explanation 2.
3. This portion corresponds to the above explanation 3.
4. This portion corresponds to the above explanation 4.

Figure15.10 Retransmissionin SCI Transmit Mode
Support for Block Transfer Mode:

This smart card interface conforms to the T = O (character transfer) protocols of 1SO/IE
Asaresult, this smart card interface does not support block transfer, in which error sigi
neither sent nor detected, and data is not automatically retransmitted.
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16.1 Feature

* Asynchronous serial communication

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

Datalength: Seven or eight bits

Stop bit length: One or two bits

Parity: Even, odd, or none

Receive error detection: Parity and framing errors
Break detection:

* Full duplex communication

The transmitting and receiving sections are independent, so the SCI can transmit &
simultaneously. Both sections use 16-stage FIFO buffering, so high-speed continu
transfer is possible in both the transmit and receive directions.

*  On-chip baud rate generator with selectable bit rates

» Internal or external transmit/receive clock source
From either baud rate generator (internal) or SCK2 pin (external)

» Four types of interrupts
Transmit-FIFO-data-empty, break, receive-FIFO-data-full, and receive-error interi
requested independently. The direct memory access controller (DMAC) can be ac
execute a data transfer by a transmit-FIFO-data-empty or receive-FIFO-data-full i

*  When the SCIF isnot in use, it can be stopped by halting the clock supplied to it,
power.

«  On-chip modem control functions (RTS2 and CTS2)

Oo0Oood
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5 SCPCR ;

: SCFRDR2 SCFTDR2 SCPDR :

: SCFDR2 SCBRR2 :

i (16 stages) 4 [ (16 stages) SCFCR2 :

SCSSR2

SCSCR?2 Baud rate  |e—1

H SCSMR2 generator H
RxD2 —~>| | SCRSR2 | | | SCTSR2 0

, A Transmit/ |

! . <

, receive i

: control «——
TxD2 < '

! Al A 4 '

, Parity generation m’ '

, Parity check .

: External clock !
SCK2 <~ !
RTS2 < Ly
CTs2 — —>

-------------------------------------------------- SCIF ~=-==-=-==m-mmms-

Legend:

SCRSR2: Receive shift register 2 SCSSR2: Serial status register 2

SCFRDR2: Receive FIFO data register 2 SCBRR2: Bit rate register 2

SCTSR2: Transmit shift register 2 SCFCR2: FIFO control register 2

SCFTDR2: Transmit FIFO data register 2 SCFDR2: Number of FIFO data register -

SCSMR2: Serial mode register 2 SCPDR: Port SC data register

SCSCR2: Serial control register 2 SCPCR: Port SC control register

Figure16.1 SCIF Block Diagram
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SCP3MD1
C SCIF

PCRW

Clock input enable
Reset

SCPT[3)/SCK2 R
Q D—
SCP3DTI,
C
|
PDRW

Output enable

Serial clock output

Serial clock input

Legend:

PDRW: SCPDR write
PDRR: SCPDR read
PCRW: SCPCR write

Note: * When reading the SCK2 pin, clear the CKE1 and CKEO
bits in SCSCR to 0, and set the SCP3MD1 bit in SCSPR to 1.

Figure16.2 SCPT[3]/SCK2 Pin
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SCP2MD1
C
PCRW
Reset
|
SCPT[2]/TxD2 R
Q DI—
SCP2DT1
C SCIF
[ i
PDRW
: Output enable
— Serial
| transmission
Legend: | output
PCRW: SCPCR write
PDRW: SCPDR write '
Figure16.3 SCPT[2]/TxD2 Pin
SCIF
SCPT[2)/RXD2 e
E Serial
' receive
! data
Internal data bus
PDRR*
Legend:

PDRR: SCPDR read

Note: * When reading the RxD2 pin, set the RE bit in SCSCR to 1.

Figure 164 SCPT[2]/RxD2 Pin
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Transmit data pin TxD2 Output Transmit data out

Request to send pin RTS2 Output Request to send

Clear to send pin CTS2 Input Clear to send

16.3 Register Description

SCIF has the registers listed below. These registers specify the data format and bit ratt
control the transmitter and receiver sections.

Refer to section 23, List of Registers, for more details of the addresses and access size

» Seria mode register 2 (SCSMR2)

* Bitrateregister 2 (SCBRR2)

» Seria control register 2 (SCSCR2)

» Transmit FIFO dataregister 2 (SCFTDR2)
» Serid status register 2 (SCSSR2)

* Receive data FIFO register 2 (SCFRDR2)
*  FIFO control register 2 (SCFCR2)

* FIFO data count set register 2 (SCFDR2)

e SC port control register (SCPCR)

» SC port data register (SCPDR)
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16.3.2 Recelve FIFO Data Register 2 (SCFRDR?2)

The 16-byte receive FIFO data register2(SCFRDR?2) stores serial receive data. The SCI
completes the reception of one byte of serial data by moving the received data from the
into the SCFRDR2 for storage. Continuous receive is possible until 16 bytes are stored

The CPU can read but not write the SCFRDR2. When data is read without received dat
SCFRFR2, the value is undefined. When the received data in this register becomes full
subsequent serial dataislost.

16.3.3 Transmit Shift Register 2 (SCTSR2)

The transmit shift register 2 (SCTSR2) is an eight-bit register that transmits serial data.
cannot read from or write to the SCTSR2 directly. The SCI loads transmit data from th
SCFTDR2 into the SCTSR2, then transmits the data serialy from the TxD pin, LSB (b
After transmitting one data byte, the SCI automatically loads the next transmit data frol
SCFTDR2 into the SCTSR2 and starts transmitting again.

16.34 Transmit FIFO Data Register 2 (SCFTDR2)

The transmit FIFO dataregister 2 (SCFTDR?2) is a 16-byte FIFO register that stores da
transmission. When the SCIF detects that the SCTSR is empty, it moves transmit data\
the SCFTDR2 into the SCTSR2 and starts serial transmission. Continuous serial transn
performed until the transmit data in the SCFTDR2 becomes empty. The CPU can alwa
the SCFTDR2.

When the transmit datain the SCFTDR2 isfull (16 bytes), next data cannot be written.
attempted to write, the dataisignored.
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Reserved

This bit is always read 0. The write value shoul
0.

R/W

Character Length

Selects seven-bit or eight-bit data in the async
mode.
0: Eight-bit data.

1: Seven-bit data.
Note: When seven-bit data is selected, the
in SCFTPR2 is not transmitted.

PE

R/W

Parity Enable

Selects whether to add a parity bit to transmit
check the parity of receive data.

0: Parity bit not added or checked.

1: Parity bit added and checked.
Note: When PE is setto 1, an even or odd |
added to transmit data, depending on the pe
(OfE) setting. Receive data parity is checket
to the even/odd (O/E) mode setting.
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transmit data to make an even number of 1s
transmitted character and parity bit combinec
data is checked to see if it has an even numb
the received character and parity bit combine

: Odd parity.

Note: If odd parity is selected, the parity bit i
transmit data to make an odd number of 1s ir
transmitted character and parity bit combinec
data is checked to see if it has an odd numbe
the received character and parity bit combine

3 STOP 0 R/W Stop Bit Length
Selects one or two bits as the stop bit length.

In

receiving, only the first stop bit is checked, re

the STOP bit setting. If the second stop bit is 1,

as

a stop bit, but if the second stop bit is 0, itis

the start bit of the next incoming character.

0:

One stop bit.
Note: In transmitting, a single bit of 1 is adde
end of each transmitted character.

: Two stop bits.

Note: In transmitting, two bits of 1 are added
of each transmitted character.

2 — 0 R Reserved
This bit is always read as 0. The write value shc

be

0.
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0l1: P@/4

10: P@/16

11: P@/64

Note: Pq: Peripheral clock

16.3.6  Serial Control Register 2 (SCSCR2)

The serial control register 2 (SCSCR2) operates the SCI transmitter/receiver, selectstl
clock output in the asynchronous mode, enables/disables interrupt requests, and sel ect
transmit/receive clock source. The CPU can always read and write the SCSCR2.

Initial
Bit Bit Name Value R/W Description
7 TIE 0 R/W Transmit Interrupt Enable

Enables or disables the transmit-FIFO-data-en
(TXI) requested when the serial transmit data i
from the SCFTDR2 to SCTSR2, and the quant
the SCFTDR2 becomes less than the specifiec
transmission triggers, and then the TDFE flag |
SCSSR2 is set tol.

0: Transmit-FIFO-data-empty interrupt request
disabled.
Note: The TXI interrupt request can be cleal
the greater quantity of transmit data than the
number of transmission triggers to SCFTDR
clearing TDFE to O after reading 1 from TDF
cleared by clearing TIE to 0.

1: Transmit-FIFO-data-empty interrupt request
enabled.
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0: Receive-data-full interrupt (RXI), receive-erro

(ERI), and receive break interrupt (BRI) reque
disabled.
Note: RXI and ERI interrupt requests can be
reading the DR, ER, or RDF flag after it has |
1, then clearing the flag to O, or by clearing R
RDF, read 1 from the RDF flag and clear it to
reading the received data from SCFRDR2 un
quantity of received data becomes less than |
specified number of the receive triggers.

1: Receive-data-full interrupt (RXI) and receive-
interrupt (ERI) requests are enabled.

R/W

Transmit Enable

Enables or disables the SCIF serial transmitter.
0: Transmitter disabled.

1: Transmitter enabled.
Note: Serial transmission starts after writing
data into the SCFTDR2. Select the transmit f
SCSMR2 and SCFCR2 and reset the TFIFO
setting TE to 1.

R/W

Receive Enable

Enables or disables the SCIF serial receiver.

0: Receiver disabled.
Note: Clearing RE to 0 does not affect the re
(DR, ER, BRK, FER and PER). These flags r
previous values.

1: Receiver enabled.
Note: Serial reception starts when a start bit
Select the receive format in the SCSMR2 bef
RE to 1.
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COMoination O CAEL alld CALEU, 1€ SURZ PIT
used for serial clock output or serial clock inpu

The CKEO setting is valid only when the SCI is
with the internal clock (CKE1 =0). The CKEO ¢
ignored when an external clock source is selec
1). Always select the SCIF operating mode in t
SCSMR2, before setting CKE1 and CKEOQ. For
details on selection of the SCIF clock source, ¢
16.7 in section 16.4, Operation.

00: Internal clock, SCK pin used for I/O pin (iny
ignored)
01: Internal clock, SCK2 pin used for clock out
10: External clock, SCK2 pin used for clock ing
11: External clock, SCK2 pin used for clock ing
Notes: 1. The output clock frequency is 16 tir
rate.
2. The input clock frequency is 16 time
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Initial
Bit Bit Name Value R/W Description
15to0 PER3to All O R Number of parity errors

12 PERO These bits indicate the number of data items the
parity error in the receive data stored in the SCF
(The number of parity errors in the SCFRDR2)

11to FER3to All 0 R Number of framing errors

8 FERO These bits indicate the number of data items the
framing error in the receive data stored in the S
(The number of framing errors in the SCFRDR2
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1. The chip is power-on reset or enters sta
2. ERisread as 1, then written to with 0.

1: A framing error or a parity error has occurre
receiving.

ER is set to 1 when the stop bit is O after che
whether or not the last stop bit of the receive
at the end of one-data receive*, or when the
number of 1's in the received data and in the
does not match the even/odd parity specific:
specified by the O/E bit of the SCSMR.

[Setting conditions]

1. The stop bit is O after checking whether
last stop bit of the received data is 1 at th
one-data receive.**

2. The total number of 1's in the received d
the parity bit does not match the even/od
specification specified by the O/E bit of tF

Notes: 1. Clearing the RE bit to 0 in SCSCR
affect the ER bit, which retains its
value. Even if a receive error occur
received data is transferred to SCF
the receive operation is continued.
not the data read from SCRDR2 in
receive error can be detected by th
PER bits of SCSSR2.

2. n the stop mode, only the first stop
checked; the second stop bit is not
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Data is written to SCFTDR2.

1: End of transmission

[Setting conditions]

1. When the chip is reset or enters standby n
the SCSCR2 is cleared to 0.

2. SCFTDR2 contains no transmit data when
of a one-byte serial character is transmitte
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equal to or greater than the specified numbe
transmission triggers.

[Clearing condition]

When data exceeding the specified number
transmission triggers is written to SCFTDR2
reads TDFE after it has been set to 1, then \
TDFE

1: End of transmission

[Setting conditions]

1. The chip is power-on reset or enters stan

2. The quantity of transmission data in SCF
becomes less than the specified number
transmission triggers as a result of transr

Note: Since SCFTDR2 is a 16-byte FIFO reg
maximum quantity of data which can b
when TDFE is 1 is "16 minus the specil
of transmission triggers". If attempted t
additional data, the data is ignored. Th
data in SCFTDR?2 is indicated by the u
SCFTDR2.
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1: A break signal is received.

[Setting conditions]

1. Data including a framing error is received.

2. A framing error with space 0 occurs in the
received data.

Note: When a break is detected, transfer of the
data (H'00) to SCFRDR2 stops after det
When the break ends and the receive si
becomes mark 1, the transfer of the rece
resumes. The received data of a frame i
break signal is detected is transferred to
After this, however, no received data is t
until a break ends with the received sign
mark 1 and the next data is received.

3 FER

Framing Error

Indicates a framing error in the data read from tl
SCFRDR2.

0: No framing error occurred in the data read frc
SCFRDR2.

[Clearing conditions]

1. The chip is power-on reset or enters stanc

2. No framing error is present in the data rea
SCFRDR2.

1: A framing error occurred in the data read fron
SCFRDR2.

[Setting condition]
A framing error is present in the data read fro
SCFRDR2
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1. The chip is power-on reset or enters stan
2. No parity error is present in the data reac
SCFRDR2.

1: A parity error occurred in the data read from

[Setting condition]
A parity error is present in the data read fror
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[Clearing conditions]

1. The chip is power-on reset or enters stanc

2. When SCFRDRZ2 is read until the quantity
data in SCFRDR2 becomes less than the
number of receive triggers, software reads
it has been set to 1, and then writes 0 to R

1: The quantity of receive data in SCFRDR2 is r
the specified number of receive triggers.

[Setting condition]

The quantity of receive data which is greater:
specified number of receive triggers is being !
SCFRDR2.*

Note: * Since SCFTDR2 is a 16-byte FIFO regis
maximum quantity of data which can be
RDF is 1 is the specified number of rece
If attempted to read after all data in the
have been read, the data is undefined. 1
of receive data in SCFRDR2 is indicatec
lower 8 bits of SCFTDR2.
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[Clearing conditions]
1. The chip is power-on reset or enters stan
2. DR isread as 1, then written to with O.

1: Next receive data is not received.
[Setting condition]

SCFRDR2 stores the data which is less that
specified number of receive triggers, and the
is not yet received after 15 etu has elapsed
stop bit.*

Note: * This is equivalent to 1.5 frames with th
stop-bit format. (etu: Elementary Time |

Note: * The only value that can be written is O to clear the flag.
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The SCBRR2 setting is calculated as follows:

Asynchronous mode: N = P® x10° -1
64x2" 'xB

B: Bit rate (bit/s)

N: SCBRR2 setting for baud rate generator (0 < N < 255)

P@ Operating frequency for peripheral modules (MHz)

n: Baud rate generator clock source (n =0, 1, 2, 3) (for the clock sources an
n, see table 16.2.)

Table16.2 SCSMR2 Settings

SCSMR2 Settings

n Clock Source CKs1 CKSO0
0 Po 0 0

1 P@4 0 1

2 P@16 1 0

3 P@64 1 1
Note: Find the bit rate error by the following formula:

Error (%) = 1 P@x 10° ~1 } x 100
(N+1) x 64 x 22n—1 x B
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150 2 0.00 2 103 0.16 1 127
300 1 191 0.00 1 207 0.16 0 255
600 1 95 0.00 1 103 0.16 0 127
1200 0 191 0.00 0 207 0.16 0 255
2400 0 95 0.00 0 103 0.16 0 127
4800 0 47 0.00 0 51 0.16 0 63
9600 0 23 0.00 0 25 0.16 0 31
19200 0 11 0.00 0 12 0.16 0 15
31250 0 5.33 0 0.00 0 9
38400 0 0.00 0 —6.99 0
P (MHz)

10 12 12.
Bit Rate (bit/s) n N Error (%) n N Error (%) n N
110 2 177 -0.25 1 212 0.03 2 217
150 2 129 0.16 1 155 0.16 2 159
300 2 64 0.16 1 77 0.16 2 79
600 1 129 0.16 0 155 0.16 1 159
1200 1 64 0.16 0 77 0.16 1 79
2400 0 129 0.16 0 38 0.16 0 159
4800 0 64 0.16 0 19 0.16 0 79
9600 0 32 -1.36 0 9 0.16 0 39
19200 0 15 1.73 0 4 0.16 0 19
31250 0 9 0.00 0 2 0.00 0 11
38400 0 1.73 0 9 -2.34 0 9
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1200 1 95 0.00 1 103 0.16 1 127 0.00 1 12
2400 0 191 000 O 207 016 O 255 0.00 O 64
4800 0 95 000 O 103 016 O 127 0.00 O 12
9600 0 47 000 O 51 016 O 63 000 O 64
19200 0 23 000 O 25 016 O 31 000 O 32
31250 0 14 170 O 15 000 O 19 -170 O 19
38400 0 11 0.00 O 12 016 O 15 000 O 15
115200 0 000 O 851 O 6.67 O

500000 0 -7.84 0 000 O 229 0

Rev. 5.00 May 29, 2006 page 462 of 698

REJ09B0146-0500

RENESAS



OUVU < rr Uu.lo < r9 U.uu <2 u.40 < J
1200 1 155 016 1 159 0.00 1 186 -0.08 1 1
2400 1 77 016 1 79 000 1 92 046 1 9
4800 0 155 016 O 159 0.00 O 186 -0.08 0 1
9600 0 77 016 O 79 000 O 92 046 O 9
19200 0 38 016 O 39 000 O 46 061 O 4
31250 0 23 000 O 24 -170 O 28 -103 O 2
38400 0 19 -234 0 19 000 O 22 155 0 2
115200 0 6 —-6.99 0 6 —-4.76 0 7 -2.68 0 7
500000 0 -25.0 0 -232 0 -10.3 O 1
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OuUVU < iVo —U.40
1200 1 216 0.03
2400 1 108 -0.43
4800 0 216 0.03
9600 0 108 -0.43
19200 0 53 0.49
31250 0 32 1.03
38400 26 0.49
11520 0 8 0.49
500000 0 1 4.19

Table 16.4 lists the maximum bit rates in the asynchronous mode when the baud rate g
used. Table 16.5 lists the maximum bit rates when an external clock input is used.
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14.7456 460800 0 0
16 500000 0 0
19.6608 614400 0 0
20 625000 0 0
24 750000 0 0
24.576 768000 0 0
28.7 896875 0 0
30 937500 0 0

Table16.5 Maximum Bit Ratesduring External Clock Input (Asynchronous M

P@ (MHz) External Input Clock (MHz) Maximum Bit Rate
8 2.0000 125000
9.8304 2.4576 153600
12 3.0000 187500
14.7456 3.6864 230400
16 4.0000 250000
19.6608 4.9152 307200
20 5.0000 312500
24 6.0000 375000
24.576 6.1440 384000
28.7 7.1750 448436
30 7.5000 468750
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6 RTRGO

Set the reference number of the receive data ful

0 R/W
The RDF in SCSSR2 is set to 1, when the recei
count has exceeded the following trigger numbe
Trigger number of receive data.
00: 1
01: 4
10: 8
11: 14
5 TTRG1 0 R/W Trigger of the Number of Transmit FIFO Data
4 TTRGO 0 R/W Set the reference number of the send data emp
TDFE in SCSSR2 is set to 1, when the transmit
count has fallen the following trigger number.
Trigger number of transmit data.
00: 8 (8)
01: 4 (12)
10: 2(14)
11: 1 (15)
Note: Values in brackets mean the number of «
in SCFTDR when the TDFE is set.
3 MCE 0 R/W Modem Control Enable

Enables the modem control signals CTS2 and F
0: Disables the modem signal*
1: Enables the modem signal

Note: * The CTS2 is fixed to active 0 regardless
input value, and the RTS2 is also fixed
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standby mode.

1

RFRST

0

R/W

Receive FIFO Data Register Reset

Cancels the receive data in the SCFRDR2 anc
data to the empty state.

0: Disables reset operation*
1: Enables reset operation

Note: * The reset is executed in a hardware re
standby mode.

0

LOOP

0

R/W

Loop Back Test

Internally connects the transmit output pin (TX
receive input pin (RXD2) and enables the loop

0: Disables the loop back test
1: Enables the loop back test
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The lower eight bits of this register indicate the number of receive dataitems stored in
SCFRDR2. The H'00 means no receive data, and the H'10 means that the full of receivi
stored in the SCFRDR2.

Bit Bit Name Initial Value R/W Description
15t013 — AllO R Reserved

These bits are always read as 0.
12t08 T4t0 TO AllO R Number of non-transmitted data.
7t05 — All 0 R Reserved

These bits are always read as 0.
4t00 R4 to RO All 0 R Number of received data.

16.3.11 SC Port Control Register (SCPCR)

For information about the SC port control register (SCPCR), see section 14.3.8, SC Pol
Register (SCPCR).

16.3.12 SC Port Data Register (SCPDR)

For information about the SC port data register (SCPDR), see section 14.3.9, SC Port L
Register (SCPDR).
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» Datalength is selectable: seven or eight bits.

» Parity and multiprocessor bits are selectable. So is the stop bit length (one or two |
combination of the preceding selections constitutes the communication format anc
length.

* Inreceiving, it is possible to detect framing errors (FER), parity errors (PER), rece
datafull, receive data ready, and breaks.

* Intransmitting, it is possible to detect transmit FIFO data empty.
*  The number of stored datafor both the transmit and receive FIFO registersis displ
» Aninternal or external clock can be selected as the SCIF clock source.

O When aninternal clock is selected, the SCIF operates using the on-chip baud r
generator, and can output a seria clock signal with afrequency 16 times the bi

0 When an externa clock is selected, the external clock input must have a freque
the bit rate. (The on-chip baud rate generator is not used.)

Table16.6 SCSMR2 Settingsand SCIF Communication For mats

SCSMR2 Settings SCIF Communicati
Bit6 Bit5 Bit3 Data Parity
Mode CHR PE STOP Length Bit Stop Bit Length
Asynchronous 0 0 0 8-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
1 0 0 7-bit Not set 1 bit
1 2 bits
1 0 Set 1 bit
1 2 bits
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bit rate

16.4.1  Serial Operation
Transmit/Receive Formats

Table 16.8 lists eight communication formats that can be selected. The format is sel ect
settings in the SCSMR2.

Table16.8 Serial Communication Formats

SCSMR2 Bits Serial Transmit/Receive Format and Frame Lengtl
CHR PE STOP 1 2 3 4 5 6 7 8 9 10 11
0 0 0 | START | 8-Bit data | sTOP |
0 0 1 | START| 8-Bit data | sToOP | sTO
0 1 0 | START| 8-Bit data | P |sTO
0 1 1 | START| 8-Bit data | P |sTO
1 0 0 | START| 7-Bit data | STOP |
1 0 1 | START | 7-Bit data | STOP | STOP |
1 1 0 | START | 7-Bit data | P |sToP|
1 1 1 | START| 7-Bit data | P |STOP|STO
Legend:

START: Start bit
STOP: Stop bit
P: Parity bit
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When the SCIF operates on an internal clock, it can output a clock signal at the SCK?2
frequency of this output clock is 16 timesthe bit rate.

Transmitting and Receiving Data (SCIF Initialization)

Before transmitting or receiving, clear the TE and RE bitsto 0 in the serial control reg
(SCSCR2), then initialize the SCIF as follows.

When changing the communication format, always clear the TE and RE bitsto O befo
the procedure given below. Clearing TE to O initializes the transmit shift register (SCT
Clearing TE and RE to 0, however, does not initialize the serial status register (SCSSF
FIFO dataregister (SCFTDR2), or receive FIFO data register (SCFRDR2), which ret:
previous contents. Clear TE to O after all transmit data are transmitted and the TEND
SCSSR2 is set. The transmitting data enters the high impedance state after clearing to
the bit can be cleared to 0 in transmitting. Set the TFRST bit in the SCFCR2 to 1 and
SCFTDR2 before TE is set again to start transmission.

When an external clock is used, the clock should not be stopped during initialization ¢
operation. SCIF operation becomes unreliable if the clock is stopped.

Figure 16.5 is a sample flowchart for initializing the SCIF. The procedure for initializ
is.
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bits cleared to 0) I
|

| Set data transfer format in SCSMR2 |
|

| Set value in SCBRR2 |

| Wait

1-bit interval elapsed?

Set RTRG1-0, TTRG1-0, and MCE
in SCFCR2
Clear TFRST and RFRST bits to 0
|
Set TE and RE bits in
SCSCR2 to 1,and set RIE, TIE,
TEIE, and MPIE bits

( )

4. VWalt at least one pit Interval, then set tne

TE bit or RE bitin SCSR2 to 1. Also set the
RIE and TIE bits.

Setting the TE and RE bits enables the
TxD2 and RxD2 pins to be used. When
transmitting, the SCIF will go to the mark
state; when receiving, it will go to the idle
state, waiting for a start bit.

Figure16.5 Sample SCIF Initialization Flowchart
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No
TDFE=1?

Yes

Write transmit data (16 - transmit
trigger set number) to SCFTDR2,
read 1 from TDFE bit and TEND flag
in SCSSR2, then clear to 0

All data transmitted?

Read TEND bit in SCSSR2

Break output?

Set SCPDR and SCPCR |

Clear TE bitin SCSCR2to 0 |

C End of transmission )

The number of transmit data bytés that can
be written is 16 - (transmit trigger set
number).

. Serial transmission continuation procedure:

To continue serial transmission, read 1 fron
the TDFE flag to confirm that writing is
possible, then write data to SCFTDR2, and
then clear the TDFE flag to 0.

. Break output at the end of serial

transmission: To output a break in serial
transmission, set the SCPDR and SCPCR,
then clear the TE bit to 0 in the SCSCR2.
For information on SCPDR and SCPCR,
see 16.3.11, SC Port Control Register
(SCPCR), and 16.3.12, SC Port Data
Register (SCPDR).

In steps 1 and 2, it is possible to ascertain
the number of data bytes that can be
written from the number of transmit data
bytes in SCFTDR2 indicated by the upper &
bits of the SCFDR2.

Figure 16.6 Sample Serial Transmission Flowchart

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



number of transmit data bytesin SCFTDR2 falls below the transmit trigger number

SCFCR2, the TDFE flag is set. If the TIE bit in SCSCR2 isset to 1 at thistime, atr

FIFO-data-empty interrupt (TXI) request is generated.

The serial transmit data is sent from the TxD2 pin in the following order.

a. Start bit: One-bit 0 is output.

b. Transmit data: 8-bit or 7-bit datais output in L SB-first order.

c. Parity bit: One parity bit (even or odd parity) is output. (A format in which apa
not output can also be selected.)

d. Stop hit(s): One- or two-bit 1s (stop bits) are output.

e. Mark state: 1 isoutput continuously until the start bit that starts the next transm
sent.

3. The SCIF checksthe SCFTDR2 transmit data at the timing for sending the stop bit.
present, the datais transferred from SCFTDR2 to SCTSR2, the stop bit is sent, and
transmission of the next frame is started.

If thereis no transmit data, the TEND flag in SCSSR2 is set to 1, the stop bit is sen
the line goes to the mark state in which 1 is output continuously.
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TEND

(C (C
) ))

TXI interrupt Data written to TXI interrupt
request SCFTDR2 and TDFE request

flag read as 1 then

cleared to 0 by TXI

interrupt handler

One frame

Figure 16.7 Example of Transmit Operation
(Example with 8-Bit Data, Parity, One Stop Bit)

4. When modem control is enabled, transmission can be stopped and restarted in acc
the CTS2 input value. When CTS2 isset to 1, if transmission isin progress, the lir
mark state after transmission of one frame. When CTS2 is set to 0, the next transim
output starting from the start bit.

Figure 16.8 shows an example of the operation when modem control is used.

Start Parity  Stop Start
bit ( bit bit « bit (
Serial ) ) )
data 0 Do| D1 D7 | 01 0 Do | D1 D
TXD2 ) )
«
1)
CTS2
: 5

Rise this point
before a stop bit

Figure 16.8 Example of Operation Using Modem Control (CTS2)
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reading the value of the RxD2 pin.

PER =1or FER =17 2. SCIF status check and receive data read :

Read the SCSSR2 and check that RDF =1,
then read the receive data in SCFRDR?2, rec
1 from the RDF flag, and then clear the RDF
flag to 0. The transition of the RDF flag fron
0 to 1 can be identified by an RXI interrupt.

Error processing

Read RDF flag in SCSSR2 |

No
3. Serial reception continuation procedure: To

continue serial reception, read at least the
Yes receive trigger set number of receive data
bytes from SCFRDR2, read 1 from the RDF
flag, then clear the RDF flag to 0. The
number of receive data bytes in SCFRDR2
can be ascertained by reading the lower bits
of SCFDR2.

Read receive data in SCFRDR2,
and clear RDF flag in
SCSSR2to 0

All data received?

| Clear RE bitin SCSCR2 to 0 |

( End reception )

Figure 16.9 Sample Serial Reception Flowchart (1)
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No BRK = 17

| Break processing |

e

Yes

| Read receive data in SCFRDR2 |

Clear DR, ER, BRK flags in
SCSSR2to 0

( End )

Figure 16.10 Sample Serial Reception Flowchart (2)
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a. Stop hit check: The SCIF checks whether the stop bit is 1. If there are two stop |
the first is checked.

b. The SCIF checks whether receive data can be transferred from the receive shift
(SCRSR2) to SCFRDR2.

c. Break check: The SCIF checks that the BRK flag is 0, indicating that the break -
Set.

If al the above checks are passed, the receive datais stored in SCFRDR2.
Note: Reception is not suspended when areceive error occurs.

4. If the RIE bit in SCSCR2 is set to 1 when the RDF or DR flag changesto 1, arecei
data-full interrupt (RXI) request is generated.
If the RIE bit in SCSCR2 is set to 1 when the ER flag changesto 1, areceive-error
(ERI) request is generated.
If the RIE bit in SCSCR2 is set to 1 when the BRK flag changesto 1, a break recep
interrupt (BRI) request is generated.
Figure 16.11 shows an example of the operation for reception.

Rev. 5.00 May 29, 2006 page 478 of 698
REJ09B0146-0500

RENESAS



FER

request | |
L Iqe

) ‘

!

One frame
Data read and RDF ERI interrupt
flag read as 1 then request gener
cleared to 0 by by receive errc

RXI interrupt handler

Figure16.11 Example of SCIF Receive Operation
(Example with 8-Bit Data, Parity, One Stop Bit)

5. When modem control is enabled, the RTS2 signal is output when SCFRDR2 isful
RTS2 is0, reception is possible. When RTS2 is 1, this indicates that SCFRDR2 is
reception is not possible.

Figure 16.12 shows an example of the operation when modem control is used.

Serial
data
RXD2

RTS2

Start
bit Parity bit Start

g s g
Lo [oofor]oef forfon] Lol [ LT [ |
)

I
)
(¢ | |
el

Figure16.12 Example of Operation Using Modem Control (RTS2)
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When the TDFE flag in the SCSSR2 is set to 1, a TXI interrupt request is generated. Tl
can be activated and data transfer performed when this interrupt is generated. The TDF
cleared to 0 when data exceeding the number of transmit triggersis written to SCFTDF
DMAC, the TDFE flag isread as 1, then O is written to the TDFE flag.

When the RDF flag in SCSSR2 is set to 1, an RXI interrupt request is generated. The L
be activated and data transfer performed when the RDF flag in SCSSR2 isset to 1. The
is cleared to O when SCFRDR2 is read until the quantity of receive datain SCFRDR2 |
less than the specified number of receive triggers by the DMAC, the RDF flag isread ¢
iswritten to the RDF flag.

When the ER flag in SCSSR2 is set to 1, an ERI interrupt request is generated.
When the BRK flag in SCSSR2 is set to 1, aBRI interrupt request is generated.

The TXI interrupt indicates that transmit data can be written, and the RX1 interrupt ind
thereisreceive datain SCFRDR2.

Table16.9 SCIF Interrupt Sources

Interrupt DMAC Priori
Source Description Activation Rese
ERI Interrupt initiated by receive error flag (ER) Not possible High
RXI Interrupt initiated by receive data FIFO full flag Possible

(RDF) or data ready flag (DR) (RDF only)
BRI Interrupt initiated by break flag (BRK) Not possible
TXI Interrupt initiated by transmit FIFO data empty flag Possible

(TDFE) Low

See section 4, Exception Processing, for priorities and the relationship with non-SCIF i
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number, the TDFE flag will be set to 1 again after being cleared to 0. TDFE clear
therefore be carried out after data more than the specified number of transmit trig
been written to SCFTDR2.

The number of transmit data bytesin SCFTDR2 can be found from the upper 8 bi
SCFDR2.

SCFRDR2 Reading and the RDF Flag

The RDF flag in SCSSR2 is set when the number of receive data bytesin the SCF
become equal to or greater than the receive trigger number set by bits RTRG1 an
SCFCR2. After RDF is set, receive data equivalent to the trigger number can ber
SCFRDR?2, alowing efficient continuous reception.

However, if the number of data bytesin SCFRDR2 is greater than the trigger nun
RDF flag will be set to 1 again even if it is cleared to 0. The RDF flag should the
cleared to O after being read as 1 after all the receive data has been read.

The number of receive data bytesin SCFRDR2 can be found from the lower 8 bit
FIFO data count register (SCFDR?2).

Break Detection and Processing

Break signals can be detected by reading the RxD2 pin directly when aframing e
detected. In the break state the input from the RxD2 pin consists of all 0s, so the
set and the parity error flag (PER) may aso be set. Note that, although transfer of
to SCFRDR2 is halted in the break state, the SCIF receiver continues to operate,
BRK flagiscleared to O it will be set to 1 again.

Sending a Break Signal

The /O condition and level of the TxD2 pin are determined by the SCP2DT bit i
and bits SCP2M DO and SCP2MD1 in the SCPCR. This feature can be used to sef
signal.

To send a break signal during serial transmission, clear the SCP2DT bit to O (desi
level), then set the SCP2M DO and SCP2M D1 hitsto 0 and 1, respectively, and fil
the TE bit to O (halting transmission). When the TE bit is cleared to O, the transm
initialized regardless of the current transmission state, and 0 is output from the T
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the SCIF synchronizes internally with the fall of the start bit, which it sasmples on t
clock. Receive dataislatched at the rising edge of the eighth base clock pulse. The
shown in figure 16.13.

16 clocks
8 clocks |

0123456 78910111213141501 2 3456 78 91011121314150 1
Base clock
1 11 =7.5clocks 11 +7.5 clocks " e

Receive data '.'l: H ) " .I. = .I.
(RxD2) H Start bit N | DO . i

Synchronization 1 4
sampling timing —

Data sampling

timing H H

Figure 16.13 Receive Data Sampling Timing in Asynchronous Mode
The receive margin in asynchronous mode can therefore be expressed as shown in egu:

Equation 1:

Mz‘(O.S— i)—(L—o.s)F—M(MF) x 100%
2N N

M: Receive margin (%)

N: Ratio of clock frequency to bit rate (N = 16)
D: Clock duty cycle (D =0t0 1.0)

L: Framelength (L =9to 12)

F: Absolute deviation of clock frequency
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Port Function

Other Function

Port  (Related Module) (Related Module)
A PTA7 1/O (port) D23 I/O (data bus)
A PTAG 1/O (port) D22 I/O (data bus)
A PTAS 1/O (port) D21 I/O (data bus)
A PTA4 1/O (port) D20 I/O (data bus)
A PTA3 1/O (port) D19 I/O (data bus)
A PTA2 1/O (port) D18 I/O (data bus)
A PTAL I/O (port) D17 I/O (data bus)
A PTAO I/O (port) D16 I/O (data bus)
B PTB7 1/O (port) D31 I/O (data bus)
B PTB6 1/O (port) D30 I/O (data bus)
B PTB5 1/O (port) D29 I/O (data bus)
B PTB4 1/O (port) D28 I/O (data bus)
B PTB3 I/O (port) D27 1/O (data bus)
B PTB2 1/O (port) D26 I/O (data bus)
B PTB1 I/O (port) D25 I/O (data bus)
B PTBO I/O (port) D24 1/O (data bus)
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[CIOWR output (BSC)

C PTCL1 I/O (port) WE?2 output (BSC) / DQMUL outy
ICIORD output (BSC)

C PTCO I/O (port) BS output (BSC)

D PTD7 I/O (port) CEZ2B output (PCMCIA)

D PTD6 I/O (port) CE2A output (PCMCIA)

D PTD5 I/O (port) 10IS16 input (PCMCIA)

D PTDA4 1/O (port) CKE output (BSC)

D PTD3 I/O (port) CASU output (BSC)

D PTD2 I/O (port) CASL output (BSC)

D PTD1 I/O (port) RASU output (BSC)

D PTDO I/O (port) RASL output (BSC)

E PTE7 I/O (port) IRQOUT output

E PTES6 1/O (port) TCLK I/O (Timer)

E PTES I/0 (port) STATUSL output (CPG)

E PTEA4 1/O (port) STATUSO output (CPG)

E PTE3 I/O (port) DRAK1 output (DMAC)

E PTE2 1/O (port) DRAKO output (DMAC)

E PTE1 I/O (port) DACK1 output (DMAC)

E PTEO I/O (port) DACKO output (DMAC)
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PTFO I/O (port)

AUDATA[0] I/0 (AUD)

PTGS5 input (port)

ADTRG input (ADC)

PTG4 input (port)

AUDCK input (AUD)

PTG3 input (port)

TRST input (AUD)/(H-UDI)

PTG2 input (port)

TMS input (H-UDI)

PTG1 input (port)

TCK input (H-UDI)

PTGO input (port)

TDI input (H-UDI)

PTH6 1/O (port)

DREQ1 input (DMAC)

PTHS5 1/0 (port)

DREQO input (DMAC)

PTH4 1/O (port)

IRQ4 input (INTC)

PTH3 I/0 (port)

IRQ3 input (INTC) / IRL3 input (

PTH2 1/O (port)

IRQ2 input (INTC) / IRL2 input (

PTH1 1/O (port)

IRQ1 input (INTC) / IRL1 input (

PTHO I/0 (port)

IRQO input (INTC) / IRLO input (

PTJ3 I/O (port)

AN3 input (ADC)/ DAO output (D

PTJ2 I/O (port)

AN2 input (ADC)/ DA1 output (D

PTJ1 I/O (port)

ANL1 input (ADC)

Cle|lQ|C)T|II|I|IIINIIOOO O O[@ T

PTJO I/O (port)

ANO input (ADC)
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SCPT SCPTO input (port) RxDO input (SCI)
SCPTO output (port) TxDO output (SCI)

I:l . Initially selected function

Note: SCPTO, and SCPT2 have the same data register to be accessed although they |
different input pins and output pins.

17.1 Register Description

The pin function controller has the following registers. Refer to section 23, List of Reg
more details of the addresses and access sizes.

* Port A control register (PACR)

» Port B control register (PBCR)

» Port C control register (PCCR)

» Port D control register (PDCR)

» Port E control register (PECR)

» Port F control register (PFCR)

* Port G control register (PGCR)

» Port H control register (PHCR)

» Port Jcontrol register (PICR)

* SC port 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 R/W PA6 Mode
12 PA6MDO R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
11 PA5MD1 R/W PA5 Mode
10 PA5SMDO R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
PA4MD1 R/W PA4 Mode
PA4MDO R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
PA3MD1 R/W PA3 Mode
PA3MDO R/W 00: Other function (See table 17.1)

01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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Z

FALMDU

U

RV

VUL Other tuncton (see table 1/7.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

1
0

PAOMD1
PAOMDO

0
0

R/W
R/W

PAO Mode

00: Other function (See table 17.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

17.1.2

Port B Control Register (PBCR)

Port B Control Register (PBCR) is a 16-bit read/write register that selects the pin funct
input pull-up MOS control.

Bit Bit Name Initial Value R/W Description

15 PB7MD1 0 R/W PB7 Mode

14 PB7MDO 0 R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

13 PB6MD1 0 R/W PB6 Mode

12 PB6MDO 0 R/W 00: Other function (See table 17.1)

01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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Fb4MDU

RV

VUL Other tuncton (see table 1/7.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

PB3MD1
PB3MDO

R/W
R/W

PB3 Mode

00: Other function (See table 17.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

PB2MD1
PB2MDO

R/W
R/W

PB2 Mode

00: Other function (See table 17.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

PB1MD1
PB1MDO

R/W
R/W

PB1 Mode

00: Other function (See table 17.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

PBOMD1
PBOMDO

R/W
R/W

PBO Mode

00: Other function (See table 17.1)
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 PC6 Mode
12 PC6MDO R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
11 PC5MD1 R/W PC5 Mode
10 PC5MDO R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
PC4MD1 R/W PC4 Mode
PC4MDO R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
PC3MD1 R/W PC3 Mode
PC3MDO R/W 00: Other function (See table 17.1)

01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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Z FCIMDO U RV QLI Other tuncuon (oee table 1/7.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

1 PCOMD1 0 R/W PCO Mode

0 PCOMDO 0 R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

17.1.4 Port D Control Register (PDCR)

Port D Control Register (PDCR) is a 16-bit read/write register that selects the pin func
the input pull-up MOS control.

Bit Bit Name Initial Value R/W  Description
15 PD7MD1 O R/W  PD7 Mode
14 PD7MDO O R/W  00: Other function (See table 17.1)

01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
13 PD6MD1 O R/W  PD6 Mode
12 PD6MDO O R/W  00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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o FD4aNVIDU

RV

LU Other tuncuon (oee table 1/7.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

PD3MD1
PD3MDO

R/W
R/W

PD3 Mode

00: Other function (See table 17.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

PD2MD1
PD2MDO

R/W
R/W

PD2 Mode

00: Other function (See table 17.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

PD1IMD1
PD1MDO

R/W
R/W

PD1 Mode

00: Other function (See table 17.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

PDOMD1
0 PDOMDO

R/W
R/W

PDO Mode

00: Other function (See table 17.1)
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 PE6 Mode
12 PE6MDO R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
11 PE5MD1 R/W PE5 Mode
10 PE5MDO R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
PE4MD1 R/W PE4 Mode
PE4MDO R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
PE3MD1 R/W PE3 Mode
PE3MDO R/W 00: Other function (See table 17.1)

01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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Z FeElMDU U RV LU Other tuncuon (oee table 1/7.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

1 PEOMD1 0 R/W PEO Mode

0 PEOMDO 0 R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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When ASEMDO = 0, this bit is always re
must only be written with 0.

When ASEMDO = 1, this bit is always re
must only be written with 1.

14 — 0 R Reserved
This bit is always read as 0 and must ol
with 0.
13 PF6MD1 1/0 R/W PF6 Mode
12 PF6MDO 0 R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
11 PF5MD1 1/0 R/W PF5 Mode
10 PF5MDO 0 R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
PF4AMD1 1/0 R/W PF4 Mode
PF4AMDO 0 R/W 00: Other function (See table 17.1)

01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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4 FrFZIVIDU V) RV LU Other tuncuon (oee table 1/7.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
3 PF1IMD1 1/0 R/W PF1 Mode 1
2 PF1MDO 0 R/W 00: Other function (See table 17.1)
01: Reserved (Setting prohibited)
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
PFOMD1 1/0 R/W PFO Mode 1
PFOMDO 0 R/W 00: Other function (See table 17.1)

01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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These bits are always read as 1. The
should always be 0.

14,12 — All O R Reserved
These bits are always read as 0. The
should always be 0.

11 PG5MD1 1 R/W PG5 Mode

10 PG5MDO O R/W 00: Other function (See table 17.1)
01: Reserved (Setting prohibited)
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

9 PG4MD1  1/0 R/W PG4 Mode

8 PG4AMDO O R/W 00: Other function (See table 17.1)
01: Reserved (Setting prohibited)
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

7 PG3MD1  1/0 R/W PG3 Mode

6 PG3MDO 0 R/W 00: Other function (See table 17.1)
01: Reserved (Setting prohibited)
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

5 PG2MD1  1/0 R/W PG2 Mode

4 PG2MDO O R/W 00: Other function (See table 17.1)

01: Reserved (Setting prohibited)
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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01: Reserved (Setting prohibited)
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

Note: The bit number are out of sequence.

17.1.8

Port H Control Register (PHCR)

Port H Control Register (PHCR) is a 16-bit read/write register that selects the pin funct
the input pull-up MOS control.

Bit Bit Name Initial Value R/W Description

15,14 — All O R Reserved
These bits are always read as 0. The w
should always be 0.

13 PH6MD1 R/W PH6 Mode

12 PHEMDO R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

11 PH5MD1 R/W PH5 Mode

10 PH5MDO R/W 00: Other function (See table 17.1)

01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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FRsVIDU

RV

QLI Other tuncuon (oee table 1/7.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

PH2MD1
PH2MDO

R/W
R/W

PH2 Mode

00: Other function (See table 17.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

PH1MD1
PH1MDO

R/W
R/W

PH1 Mode

00: Other function (See table 17.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)

PHOMD1
PHOMDO

R/W
R/W

PHO Mode

00: Other function (See table 17.1)
01: Port output

10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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bBit bit Name  Initial Value R/W Description
15t08 — AllO R Reserved

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

PJ3MD1 0 R/W PJ3 Mode

PJ3MDO 0 R/W 00: Other function (See table 17.1)
01: Reserved (Setting prohibited)
10: Port input
11: Port input

5 PJ2MD1 0 R/W PJ2 Mode
PJ2MDO 0 R/W 00: Other function (See table 17.1)
01: Reserved (Setting prohibited)
10: Port input
11: Port input

PJIMD1 0 R/W PJ1 Mode

PJ1IMDO 0 R/W 00: Other function (See table 17.1)
01: Reserved (Setting prohibited)
10: Port input
11: Port input

PJOMD1 0 R/W PJO Mode
0 PJOMDO 0 R/W 00: Other function (See table 17.1)
01: Reserved (Setting prohibited)
10: Port input
11: Port input
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When the RE bit in SCSCR is set to 1, the SCPCR setting isignored and the RxD fun

selected.
When the TE bit in SCSCR2 is set to 1, the SCPCR setting isignored and the TxD2 fi
selected.
When the RE bit in SCSCR2 is set to 1, the SCPCR setting isignored and the RxD2 f
selected.
Bit Bit Name Initial Value R/W Description
15t012 — AllO R Reserved
These bits are always read as 0. The
should always be 0.
11 SCP5MD1 R/W SCP5 Mode
10 SCP5MDO R/W 00: Other function (See table 17.1)
01: Reserved (Setting prohibited)
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
SCP4MD1 R/W SCP4 Mode
SCP4MDO R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
SCP3MD1 R/W SCP3 Mode
SCP3MDO R/W 00: Other function (See table 17.1)

01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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11: General input (SCPT[2] input pin)
Transmit data output 1 (TxD2)

Note: There is no combination of simul
of SCPT[2] because one bit (SCI
accessed using two pins of TxDZ

When the port input is set (bit SCPnMI
1) and when the TE bitin SCSCR is s¢
TxD1 pin is in the output state. When t
cleared to 0, the TxD2 pin is in the higl
impedance state.

3 SCP1IMD1 1 R/W SCP1 Mode

2 SCP1IMDO O R/W 00: Other function (See table 17.1)
01: Port output
10: Port input (Pull-up MOS: on)
11: Port input (Pull-up MOS: off)
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11: General input (SCPTI[O0] input pin)
Transmit data output 0 (TxDO)

Note: There is no combination of sim
of SCPTI[0] because one bit (S
accessed using two pins of TxL
RxDO.

When the port input is set (bit SCPnM
1) and when the TE bitin SCSCR is ¢
TxDO pin is in the output state. When
cleared to 0, the TxDO pin is in the hi
impedance state.
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Port A is an 8-bit I/O port with the pin configuration shown in figure 18.1. Each pin h

pull-up MOS, which is controlled by Port A Control Register (PACR) in PFC.

Port A

PTA7 (1/0) / D23 (1/O)
PTAG (1/0) / D22 (I/O)
PTAS (1/0) / D21 (1/O)
PTA4 (1/0) / D20 (I/O)
PTA3 (1/0) / D19 (I/O)
PTA2 (1/0) / D18 (I/O)
PTAL (/0) / D17 (I/O)
PTAO (1/0) / D16 (I/O)

Figure18.1 Port A

18.1.1 Register Description

Port A has the following register. Refer to section 23, List of Registers, for more detai

addresses and access sizes.

* Port A dataregister (PADR)
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6 PAGDT 0 R/W
5 PASDT 0 R/W
4 PA4DT 0 R/W
3 PA3DT 0 R/W
2 PA2DT 0 R/W
1 PA1DT 0 R/W
0 PAODT 0 R/W

Table18.1 Read/Write Operation of the Port A Data Register (PADR)

PANMD1 PAnMDO Pin State Read Write
0 0 Other function PADR value Value is written to PADR, but doe:
pin state.
Output PADR value Write value is output from pin.
1 0 Input (Pull-up  Pin state Value is written to PADR, but doe!
MOS on) pin state.
1 Input (Pull-up  Pin state Value is written to PADR, but doe!
MOS off) pin state.

Note: n=0to7
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Port B

«~ PTBA4 (1/0) / D28 (I/0)
«~ PTB3 (1/0) / D27 (I/O)
.~ PTB2 (1/0) / D26 (1/0)
« ~ PTB1 (/0) / D25 (I/O)
.~ PTBO (1/0) / D24 (1/0)

Figure18.2 Port B

18.2.1 Register Description

Port B hasthe following register. Refer to section 23, List of Registers, for more detai

addresses and access size.

* Port B dataregister (PBDR)
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6 PB6DT 0 R/W
5 PBSDT 0 R/W
4 PB4DT 0 RIW
3 PB3DT 0 R/W
2 PB2DT 0 R/W
1 PB1DT 0 R/W
0 PBODT 0 R/W

Table18.2 Read/Write Operation of the Port B Data Register (PBDR)

PBnMD1 PBnMDO Pin State Read Write
0 0 Other function PBDR value Value is written to PBDR, but doe:
pin state.
Output PBDR value Write value is output from pin.
1 0 Input (Pull-up  Pin state Value is written to PBDR, but doe!
MOS on) pin state.
1 Input (Pull-up  Pin state Value is written to PBDR, but doe!
MOS off) pin state.

Note: n=0to7
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Port C [« PTC4 (1/0) / CS3 (output)

. PTC3 (1/0) / TS2 (output)

l«— PTC2 (1/0) / WES (output) / DQMUU (output) / [CIOWR (output)
l«— PTC1 (1/O) / WE2 (output) / DQMUL (output) / ICIORD (output)
l«— PTCO (1/O) / BS (output)

Figure18.3 Port C

18.3.1 Register Description

Port C hasthe following register. Refer to section 23, List of Registers, for more detai
addresses and access sizes.

* Port C dataregister (PCDR)
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sleep mode, and in amanual reset.

Bit Bit Name Initial Value R/W Description

7 PC7DT 0 R/W Table 18.3 shows the function of
6 PC6DT 0 R/W

5 PC5DT 0 R/W

4 PC4DT 0 R/W

3 PC3DT 0 R/W

2 PC2DT 0 R/W

1 PC1DT 0 R/W

0 PCODT 0 R/W

Table18.3 Read/Write Operation of the Port C Data Register (PCDR)

PCnMD1 PCnMDO Pin State Read Write
0 0 Other function PCDR value Value is written to PCDR, but doe
pin state.
Output PCDR value Write value is output from pin.
1 0 Input (Pull-up  Pin state Value is written to PCDR, but doe
MOS: on) pin state.
1 Input (Pull-up  Pin state Value is written to PCDR, but doe
MOS: off) pin state.

Note: n=0to7

Rev. 5.00 May 29, 2006 page 512 of 698
REJ09B0146-0500

RENESAS



portD [ PTD4 (I/O)/ CKE (output)
«— PTD3 (I/0) / CASU (output)
«— PTD2 (1/0) / CASL (output)
l«— PTD1 (1/0) / RASU (output)
«—— PTDO (1/0) / RASL (output)

Figure18.4 Port D

18.4.1 Register Description

Port D has the following register. Refer to section 23, List of Registers, for more detai
addresses and access sizes.

* Port D dataregister (PDDR)
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Bit Name Initial Value R/W Description

7 PD7DT 0 R/W Table 18.4 shows the function of PDDF
6 PD6DT 0 R/W
5 PD5DT 0 R/W
4 PDADT 0 R/W
3 PD3DT 0 R/W
2 PD2DT 0 R/W
1 PD1DT 0 R/W
0 PDODT 0 R/W

Table18.4 Read/Write Operation of the Port D Data Register (PDDR)

PDnMD1 PDnMDO Pin State Read Write
0 0 Other function PDDR value Value is written to PDDR, but doe
pin state.
Output PDDR value Write value is output from pin.
1 0 Input (Pull-up  Pin state Value is written to PDDR, but doe
MOS: on) pin state.
1 Input (Pull-up  Pin state Value is written to PDDR, but doe
MOS: off) pin state.

Note: n=0to7
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Port E

l«— PTE4 (1/0) / STATUSO (output)
le—— PTE3 (I/0) / DRAK1 (output)
l«~ PTE2 (1/0) / DRAKO (output)
l«— PTEL1 (1/0) / DACKT (output)
l«— PTEO (1/0) / DACKO (output)

18.5.1 Register Description

Figure185 Port E

Port E has the following register. Refer to section 23, List of Registers, for more detai

addresses and access sizes.

* Port E dataregister (PEDR)
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its previous value in standby mode and sleep mode, and in amanual reset.

Bit Bit Name Initial Value R/W Description

7 PE7DT 0 R/W Table 18.5 shows the function of PEDI
6 PEGDT 0 R/W

5 PESDT 0 R/W

4 PE4DT 0 R/W

3 PE3DT 0 R/W

2 PE2DT 0 R/W

1 PE1DT 0 R/W

0 PEODT 0 R/W

Table18.5 Read/Write Operation of the Port E Data Register (PEDR)

PEnMD1 PEnMDO Pin State Read Write
0 0 Other function PEDR value Value is written to PEDR, but doe:
pin state.
Output PEDR value Write value is output from pin.
1 0 Input (Pull-up  Pin state Value is written to PEDR, but doe!
MOS: on) pin state.
1 Input (Pull-up  Pin state Value is written to PEDR, but doe!
MOS: off) pin state.

Note: n=0to7
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Port F o N
<~—— PTF3 (I/0) / AUDATAS3 (I/O)

«—~ PTF2 (1/0) / AUDATAZ (I/O)
<~ PTF1 (input) / AUDATAL1 (1/O)
<~ PTFO (I/0) / AUDATAO (1/O)

Figure18.6 Port F

18.6.1 Register Description

Port F has the following register. Refer to section 23, List of Registers, for more detai
addresses and access sizes.

* Port F dataregister (PFDR)
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previous value in standby mode and sleep mode, and in a manual reset.

Bit Bit Name Initial Value R/W Description

7 O 0 R Reserved

6 PF6DT 0 R/W Table 18.6 shows the function of PFD
5 PF5DT 0 R/W

4 PF4DT 0 R/W

3 PF3DT 0 R/W

2 PF2DT 0 R/W

1 PF1DT 0 R/W

0 PFODT 0 R/W

Table18.6 Read/Write Operation of the Port F Data Register (PFDR)

PFnMD1 PFnMDO Pin State Read Write
0 0 Other functions PFDR value Can be written to PFDR but doe:
the pin state.
Output PFDR value A value to be written is output frc
1 0 Input (Pull-up Pin state Can be written to PFDR but doe
MOS: on) the pin state.
1 Input (Pull-up Pin state Can be written to PFDR but doe
MOS: off) the pin state.

Note: n=0to6
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Port G

<~—— PTG4 (input) / AUDCK (input)
~——— PTG3 (input) / TRST (input)
<~——— PTG2 (input) / TMS (input)
<~—— PTGL1 (input) / TCK (input)
<~——— PTGO (input) / TDI (input)

18.7.1 Register Description

Figure18.7 Port G

Port G has the following register. Refer to section 23, List of Registers, for more detai

addresses and access sizes.

* Port G dataregister (PGDR)
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Bit Name Initial Value R/W Description

7 O * R Reserved

6 0 * R

5 PG5DT * R Table 18.7 shows the function of PGD
4 PG4DT * R

3 PG3DT * R

2 PG2DT * R

1 PG1DT * R

0 PGODT * R

Legend: * Undefined

Table18.7 Read/Write Operation of the Port G Data Register (PGDR)

PGnMD1 PGnMDO Pin State Read Write
0 0 Other function Low level Ignored (no affect on pin state)
1 Reserved ad Ignored (no affect on pin state)
1 0 Input (Pull-up  Pin state Ignored (no affect on pin state)
MOS: on)
1 Input (Pull-up  Pin state Ignored (no affect on pin state)
MOS: off)

Note: n=0to5
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= P 114 (1/0O) /] IRQ4 (Inpul)
PortH |[«—— PTH3 (1/0) / IRQ3 (input) / IRL3 (input)
<~—— PTH2 (1/0) / IRQ2 (input) / IRL2 (input)

<+ PTH1 (I/0) / IRQL (input) / TRLT (input)
<~ PTHO (I/0) / IRQO (input) / TRLO (input)

Figure18.8 Port H

18.8.1 Register Description

Port H has the following register. Refer to section 23, List of Registers, for more detai
addresses and access sizes.

* Port H dataregister (PHDR)
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sleep mode, and in amanual reset.

Note that the low level isread if bits 6 to O are read except in general-purpose input.

Bit Bit Name Initial Value R/W Description

7 O * R Reserved

6 PH6DT 0 R/W Table 18.8 shows the function of PHD
5 PHSDT 0 R/W

4 PHADT 0 R/W

3 PH3DT 0 R/W

2 PH2DT 0 R/W

1 PH1DT 0 R/W

0 PHODT 0 R/W

Legend: * Undefined

Table18.8 Read/Write Operation of the Port H Data Register (PHDR)

PHnMD1 PHnMDO Pin State Read Write
0 0 Other function PHDR value Value is written to PHDR, but doe
pin state.
Output PHDR value Write value is output from pin.
1 0 Input (Pull-up  Pin state Value is written to PHDR, but doe
MOS: on) pin state.
1 Input (Pull-up  Pin state Value is written to PHDR, but doe
MOS: off) pin state.

Note: n=0to6
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[<—— PTJ1 (input) / AN1 (input)
[<~—— PTJO (input) / ANO (input)

Figure18.9 PortJ

18.9.1 Register Description

Port Jhas the following register. Refer to section 23, List of Registers, for more detail
addresses and access sizes.

* Port Jdataregister (PIDR)
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6 O 0 R
5 g 0 R
4 a 0 R
3 PJ3DT 0 R Table 18.9 shows the function of PJDI
2 PJ2DT 0 R
1 PJ1DT 0 R
0 PJODT 0 R

Table18.9 Read/Write Operation of the Port J Data Register (PJDR)

PJnMD1 PJnMDO Pin State Read Write
0 0 Other function Low level Ignored (no affect on pin state)
1 Reserved ad Ignored (no affect on pin state)
(Setting
prohibited)
1 0 Input Pin state Ignored (no affect on pin state)
1 Input Pin state Ignored (no affect on pin state)

Note: n=0to 3
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<—— SCPT3 (I/0) / SCK2 (I/0)

SC Port [+—— SCPT2 (input) / RxD2 (input)
— SCPT2 (output) / TxD2 (output)
<—— SCPT1 (1/0) / SCKO (I/0)
<—— SCPTO (input) / RxDO (input)
— SCPTO (output) / TxDO (output)

Figure18.10 SC Port

18.10.1 Register Description

Port SC has the following register. Refer to section 23, List of Registers, for more det
addresses and access sizes.

» SC Port dataregister (SCPDR)
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port function (pull-up MOS on) is set as theinitial pin function, and the corresponding
areread from bits SCP5DT to SCP3DT and SCP1DT. SCPDR retainsits previous valu
standby mode and sleep mode, and in a manual reset.

Note that the low level isread if bit 7 isread except in general-purpose input.

When reading the state of the RxD2 and RxDO pins of the SCP2DT and SCPODT bitsi
without clearing the TE or RE bit in SCSCR to 0, set the RE bit in SCSCR to 1. When
isset to 1, the RxD pinisfor input and the pin state can be read before the setting of S

Bit Bit Name Initial Value R/W Description

7 ad * R Reserved

6 g * R

5 SCP5DT 0 R Table 18.10 shows the function of SCI
4 SCP4DT 0 R/W

3 SCP3DT O R/W

2 SCP2DT 0 R/W

1 SCP1DT 0 R/W

0 SCPODT O R/W

Legend: * Undefined
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1 Input (Pull-up Pin state Value is written to SCPDF
MOS: off) not affect pin state.
Note: n=0to4
* For SCP5DT
SCPnMD1 SCPnMDO Pin State Read Write
0 0 Other function  Low level Ignored (no affect on pin ¢
1 Reserved ad Ignored (no affect on pin ¢
(Setting
prohibited)
1 0 Input (Pull-up Pin state Ignored (no affect on pin ¢
MOS: on)
1 Input (Pull-up Pin state Ignored (no affect on pin ¢
MOS: off)
Note: n=5
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10-bit resolution

4 input channels

High-speed conversion

0 Conversion time: minimum 15 ps per channel (with P@ = 33-MHz peripheral ¢
Three conversion modes

O Single mode: A/D conversion of one channel

O Multi mode: A/D conversion on oneto four channels

0 Scan mode: Continuous A/D conversion on oneto four channels

Four 16-bit data registers

O A/D conversion results are transferred for storage into data registers correspon
channels.

Sample-and-hold function

A/D conversion can be externally triggered

A/D interrupt requested at the end of conversion

0 Attheend of A/D conversion, an A/D end interrupt (ADI) can be requested.
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10-bit 2 é é

©

1S

Successive ap

ADDRC
ADDRD
ADCSR

ADCR

AN,
AN, —

AN, —»

AVSS :

Analog
multi-
plexer

J

Sample-and-

Control circuit

hold circuit

ADTRG

AN, -+

Legend:

ADCR: A/D control register
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

n

Figure19.1 A/D Converter Block Diagram
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Analog power-supply pin ~ AVcc Input Analog power supply

Analog ground pin AVss Input Analog ground and referen
Analog input pin 0 ANO Input Group 0 analog inputs
Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

A/D external trigger input  ADTRG Input External trigger input for stz
pin conversion

19.3 Register Description

The A/D converter has the following registers. Refer to section 23, List of Registers, f
details of the addresses and access sizes.

A/D dataregister A (ADDRA)

The upper and lower bytes of ADDRA may be represented by ADDRAH and ADI
respectively.

A/D dataregister B(ADDRB)

The upper and lower bytes of ADDRB may be represented by ADDRBH and ADI
respectively.

A/D dataregister C (ADDRC)

The upper and lower bytes of ADDRC may be represented by ADDRCH and ADI
respectively.

A/D dataregister D (ADDRD)

The upper and lower bytes of ADDRD may be represented by ADDRDH and AD
respectively.

A/D control/status register (ADCSR)

A/D control register (ADCR)
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data, see section 19.4, Bus Master Interface, and section 19.9.3, Access Size and Read
19.2 indicates the pairings of analog input channels and A/D dataregisters.

Bit Bit Name Initial Value R/W Description
15to6 AD9to ADO AllO R Bit data (10 bits)
5t00 d AllO R Reserved

These bits are always read as 0.

Table19.2 Analog Input Channelsand A/D Data Registers

Analog Input Channel

Group O A/D Data Register
ANO ADDRA
AN1 ADDRB
AN2 ADDRC
AN3 ADDRD
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1. Cleared by reading ADF while Al
writing 0 in ADF

2. Cleared when DMAC is activatec
interrupt and ADDR is read

1: [Setting conditions]
1. Single mode: A/D conversion en
2. Multi mode: A/D conversion ends
selected channels
3. Scan mode: A/D conversion end:
selected channels.

6

ADIE

0

R/W A/D Interrupt Enable

Enables or disables the interrupt (ADI
at the end of A/D conversion. Set the .
convertion is stopped.

0: A/D end interrupt request (ADI) is d
1: A/D end interrupt request (ADI) is e
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ends.

2. Multi mode: A/D conversion stauts
automatically cleard to 0 when co
ends in all selected channels.

3. Scan mode: A/D conversion starts
continues, cycling among the sele
channels, until ADST is cleared to
software reset, or by a transition t

mode.
4 MULTI 0 R/W Multi Mode
Selects single mode, multi mode or sca
For further information on operation in
modes, see section 19.6, Operation. Tt
selected by the combination of this bit (
and bit 5 (SCN) of ADCR.
MULTI SCN
0 0 :Single mode
0 1 : Single mode
1 0 : Multi mode
1 1 : Scan mode
3 CKS 0 R/W Clock Select

Selects the A/D conversion time. Clear
bit to 0 before switching the conversion

0: Conversion time = 536 states (maxin
1: Conversion time = 266 states (maxin
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010: AN2 ANO to AN
011: AN3 ANO to AN

Notes: 1. Only O can be written to clear the flag.
2. The CKS value should be set so that the A/D conversion time is 16 us (min
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00: When an external trigger is input, the
conversion does not start

01: The same as above
10: The same as above

11: The A/D conversion starts at the falli
an input signal from the external trige
(ADTRG).

5 SCN 0 R/W  Scan Mode

Selects multi mode or scan mode when:
bit is set to 1. See the description of bit £
A/D Control/Status Register (ADCSR).

4,3 — All O R/W Reserved

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

2to0 — All 1 R Reserved

These bits are always read as 1. The wr
should always be 0.

194 BusMaster Interface

ADDRA to ADDRD are 16-hit registers, but they are connected to the bus master by tt
bits of the 16-bit peripheral data bus. Therefore, although the upper byte can be access
by the bus master, the lower byte is read through an 8-bit temporary register (TEMP).

An A/D dataregister isread as follows. When the upper byte is read, the upper-byte va
transferred directly to the bus master and the lower-byte valueis transferred into TEMT
when the lower byte isread, the TEMP contents are transferred to the bus master.

When reading an A/D data register, aways read the upper byte before the lower byte. |
to read only the upper byte, but if only the lower byteis read, the read value is not guar
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Lower byte read

Upper byte of
A/D data register
(H'AA)

Lower byte of
A/D data register
(H'40)

CPU
o) [

Bus
interface

l Module internal data bus

¢

TEMP
(H'40)

Upper byte of
A/D data register
(H'AA)

Lower byte of
A/D data register
(H'40)

Figure19.2 A/D Data Register Access Operation (Reading H'AA40Q

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



15 8 7 0
[ appraH [ invaliddata |

Figure19.3 Word Access Example

1952 Longword Access

When A/D dataregisters are read in longword, the upper byte of the A/D dataregister |
bits 31 to 24, invalid datafrom bits 23 to 16, the lower byte of the A/D dataregister frc
to 8, and invalid data from bits 7 to 0.

Figure 19.4 shows an example of reading ADDRAH.

31 24 23 16 15 8 7 0
ADDRAH | Invaliddata | ADDRAL | Invalid data

Figure19.4 Longword Access Example
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input. The ADST bit remains set to 1 during A/D conversion and is automatically clez
when conversion ends.

When conversion endsthe ADF bit isset to 1. If the ADIE bit isalso set to 1, an ADI
requested at thistime. To clear the ADF flag to O, first read ADCSR, then write O in A

When the mode or analog input channel must be switched during A/D conversion, to |
incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. A
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADS
set at the same time as the mode or channel is changed.

Typical operations when channel 1 (AN1) is selected in single mode are described ne;

Figure 19.5 shows a timing diagram for this example.

1.

N

N o g s~ ®

Single modeis selected (MULTI = 0), input channel AN1 is selected (CH2 = CH1
1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST

When A/D conversion is completed, the result is transferred into ADDRB. At the:
the ADF flag is set to 1, the ADST hit is cleared to 0, and the A/D converter becor

Since ADF =1 and ADIE =1, an ADI interrupt is requested.

The A/D interrupt processing routine starts.

The routine reads ADCSR, then writes 0 in the ADF flag.

The routine reads and processes the conversion result (ADDRB = 0).

Execution of the A/D interrupt processing routine ends. Then, when the ADST bit
A/D conversion starts to execute 2 to 7 above.
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Channel 1 (AN1)

. Waiti ] Waiti ] Waiti
operating aiting | N aiting | b aiting

N
A/D conversion 1- \ A/D conversion result 2~ \

Channel 2 (AN2) Waiing | ]

operating / /

Channel 3 (AN3)

. Waiting
operating / /
ADDRA 1 |
\ ¥ Read result \ { Read result
ADDRB 1 A/D conversion result 1 1_A/D conversion
ADDRC
ADDRD

Note: * Downward arrows (1) indicate instruction execution.

Figure19.5 Example of A/D Converter Operation (Single Mode, Channel 1 S

19.6.2 Multi Mode (MULTI =1, SCN =0)

Multi mode should be selected when performing multi channel A/D conversions on on
channels. When the ADST bit in ADCSR is set to 1 by software or external trigger inp!
conversion starts on the first channel in the group (ANO when CH2 = 0). When two or
channels are selected, after conversion of the first channel ends, conversion of the seco
(AN1) startsimmediately. When A/D conversions end on the selected channels, the AL
cleared to 0. The conversion results are transferred for storage into the A/D data registe
corresponding to the channels.

When the mode or analog input channel selection must be changed during A/D conver:
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D convet
making the necessary changes, set the ADST bit to 1. A/D conversion will start again f
first channel in the group. The ADST bit can be set at the same time as the mode or ch:
selection is changed.
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4. When conversion of al selected channels (ANO to AN2) is completed, the ADF fl.
and ADST bitiscleared to 0. If the ADIE bit isset to 1, an ADI interrupt is reque:

time.

When the ADST bit is cleared to 0, A/D conversion stops. After that, if the ADST bit
A/D conversion starts again from the first channel (ANO).

ADST

ADF

Channel 0 (ANO)
operating

Channel 1 (AN1)
operating

Channel 2 (AN2)
operating

Channel 3 (AN3)
operating

ADDRA

ADDRB

ADDRC

ADDRD

A/D conversion

Set*

Clear*

]

| Waiting |

& Waiting

/
A/D conversion 1- )\ /

| Waiting U ] « & Waiting
A/ID conversjon 2 /\ \
| Waiting ' NN Waiting
/ A/D conversion 39 \
| Waiting |

\
\il’ransfer / /

A/D conversion result 1

1 \ A/D conversion result 2

1 A/D conversion res

Note: * Downward arrows (!) indicate instruction executed by software.

Figure19.6 Example of A/D Converter Operation (Multi Mode,
Channels ANO to AN2 Selected)
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When the mode or analog input channel must be changed during analog conversion, to
incorrect operation, first clear the ADST bit to 0 to halt A/D conversion. After making
necessary changes, set the ADST hit to 1. A/D conversion will start again from the firs
the group. The ADST bit can be set at the same time as the mode or channel selection i

Typical operations when three channels (ANO to AN2) are selected in scan mode are d
next. Figure 19.7 shows atiming diagram for this example.

1. Scan modeisselected (MULTI =1, SCN = 1), channel group O is selected (CH2 =
input channels ANO to AN2 are selected (CH1 = 1, CHO = 0), and A/D conversion |
(ADST =1).

2. When A/D conversion of the first channel (ANO) is completed, the result is transfer
ADDRA. Next, conversion of the second channel (AN1) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN2).

4. When conversion of all the selected channels (ANO to AN2) is completed, the ADF
to 1 and conversion of the first channel (ANO) starts again. If the ADIE bit is set to
interrupt is requested at thistime.

5. Steps2to 4 arerepeated aslong asthe ADST bit remains set to 1. When the ADST
cleared to 0, A/D conversion stops. After that, if the ADST bitisset to 1, A/D conv
starts again from the first channel (ANO).
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A/D conversion 2 = A/D conversion o 7

AN
chamnsf)lpze ﬁ;’i\"f; I Waiting &I \ \\4&

/ AD convelr'sion 3 \ /
[

Channel 3 (AN3) I Waiting ( \
operating
\« Transfer / / \
T

ADDRA"2 A/D conversion result 1 >< A/D conver:

*2
ADDRB X { A/D conversion result
ADDRC"? X A/D conversion result
ADDRD"?

Notes: 1. Downward arrows indicate instruction executed by software.
2. Data is ignored during conversion.

Figure 19.7 Example of A/D Converter Operation (Scan Mode,
Channels ANO to AN2 Selected)

19.6.4 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples
input at atime t, after the ADST bit in ADCSR is set to 1, then starts conversion. Figt
shows the A/D conversion timing. Table 19.3 indicates the A/D conversion time.

Asindicated in figure 19.8, the A/D conversion timeincludest, and the input samplir
length of t, varies depending on the timing of the write access to ADCSR. The total ¢
time therefore varies within the ranges indicated in table 19.3.

In multi mode and scan mode, the values given in table 19.3 apply to the first convers
second and subsequent conversions the conversion timeis fixed at 512 states when Ct
256 states when CKS = 1.
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I

timing =————i

T

Iq

ADF h

tSPL

tCONV

T

Legend:

tp  : A/D conversion start delay
tgp, : Input sampling time
tcony : A/D conversion time

Notes: 1. ADCSR write cycle
2. ADCSR address

Figure19.8 A/D Conversion Timing

Table19.3 A/D Conversion Time (Single M ode)

CKS=0 CKS =
Symbol Min Typ Max Min Typ
A/D conversion start t, 17 — 28 10 —
delay
Input sampling time ton — 129 — — 65
A/D conversion time t 514 — 525 259 —

'CONV

Note: Values in the table are numbers of states (t_ ).

cyc

Rev. 5.00 May 29, 2006 page 544 of 698
REJ09B0146-0500

RENESAS



o [ 1 ] |_| [ L L]
e L

ADST

A/D conversion

Figure19.9 External Trigger Input Timing

19.7 Interrupt Requests

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The AL
request can be enabled or disabled by the ADIE bitin ADCSR.

19.8  Definitions of A/D Conversion Accuracy

The A/D converter compares an analog value input from an analog input channel to it
reference value and convertsit into 10-bit digital data. The absolute accuracy of this /£
conversion is the deviation between the input analog value and the output digital valu
the following errors:

e Offset error

* Full-scale error

e Quantization error
* Nonlinearity error

These four error quantities are explained below using figure 19.10. In the figure, the 1
A/D converter have been simplified to 3 bits.
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Digital output Digital output

(2) Full-scale

Ideal A/D

Ideal A/D

conversion —> conversion
11]— characteristics characteristics
110(—
101|—
100|—
ol erro

L

010|— (3) Quantization

/
,/ Actual AID
error

</ convertion

/ characteristics
/

001

000 | | | | | | |

(4) Nonlinearity

r

0 1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS I<—L>I
Analog input
1) Offset error
Legend: voltage @
FS: Full-scale voltage

F
Analog
volt:

Figure 19.10 Definitions of A/D Conversion Accuracy

19.9 Usage Note

When using the A/D converter, note the points listed in section 19.9.1 below.

19.9.1  Setting Analog I nput Voltage

* Anaog Input Voltage Range: During A/D conversion, the voltages input to the ana

pins ANn should bein therange AVgg < ANNn < AV e (n=0t0 3).

* AV, AVss, Input Voltage: AV cc and AV sg should be related as follows: AV ¢

0.2V and AVgs = Vs
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O-¢ . 1 Avee
SuperH microprocessor
100 Q
ANO to AN3
*

0.1 pF

H AVgg
Note: *
10 pF 0.01 pF

IT_L

Figure19.11 Example of Analog Input Protection Circuit

1.0kQ h

20 pF ! 1MQ |

Figure19.12 Analog Input Pin Equivalent Circuit

Table19.4 Analog Input Pin Ratings

Item Min Max I
Analog input capacitance — 20 |
Allowable signal-source impedance — 5 I
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Table19.5 Relationship between Access Size and Read Data

Bus Width 32 Bits (D31 to DO) 16 Bits (D15 to DO) 8 Bits

Access
Size Command Endian Big Little Big Little Big
Byte MOV. L #ADDRAH, RO
access MOV. B @9, R8 FFFFFFFF FFFFFFFF FFFF FFFF FF
MOV. L #ADDRAL, RO
MOV. B @9, R8 COCO0CO0CO cocococo coco CocCo Co
Word MOV. L #ADDRAH, RO
access MoV, W @r9, R8 FFEXxFFxx  FFxxXFFxx  FFxx FFxx FFxx
MOV. L #ADDRAL, R9
MOV. W @9, R8 COxxCOxx COxxCOxx COxx COxx COxx

Longword MOV. L #ADDRAH, R9
access MOV. L @r9, R8 FFEXXCOxx FFxxCOxx FFxxCOxx COxxFFxx FFxxCOx:
Note: #ADDRAH . EQU H A4000080

#ADDRAL . EQU H A4000082

Values are shown in hexadecimal for the case where read data is output to an e
device via R8.
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data bus

( Module data bus

)

Bus interfa

N /]

AVoe ——

DA, - |
8-bit DIA

DADRO
DADR1
DACR

DA,

AVgg — ]

Control circuit

Legend:

DACR: D/A control register
DADRO: D/A data register O
DADR1: D/A data register 1

Figure20.1 D/A Converter Block Diagram

20.1 Feature
D/A converter features are listed below.

* 8-bit resolution

»  Two output channels

» Conversion time: maximum 10 ps (with 20-pF capacitive |oad)
* OQutput voltage: 0V to AVcc
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Analog output pin 0 DAO Output Analog output, channel 0
Analog output pin 1 DAl Output Analog output, channel 1

20.3 Register Description

The D/A converter has the following registers. Refer to section 23, List of Registers, fc
details of the addresses and access sizes.

» DJ/A dataregister 0 (DADRO)
» D/A dataregister 1 (DADRL1)
» DJ/A control register (DACR)

20.3.1 DI/A Data Registers0and 1 (DADRO and DADR1)

The D/A dataregisters (DADRO and DADRL) are 8-bit read/write registers that store
be converted. When analog output is enabled, the D/A dataregister values are constant
converted and output at the analog output pins.

The D/A dataregisters areinitialized to H'00 by areset.

20.3.2 D/A Control Register (DACR)

DACR is an 8-bit read/write register that controls the operation of the D/A converter.
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Dt~ e e
0: DAO analog output is disabled

1: Channel-0 D/A conversion and DAO ana
are enabled

R/W

D/A Enable

Controls D/A conversion, together with bits
DAOE1. When the DAE bit is cleared to 0O,
conversion is controlled independently in ¢l
and 1. When this LSI enters standby mode
conversion is enabled, the D/A output is he
analog power-supply current is equivalent 1
D/A conversion. To reduce the analog pow
current in standby mode, clear the DAOEO
bits and disable the D/A output.

00x: D/A conversion is disabled in channel

010: D/A conversion is enabled in channel
D/A conversion is disabled in channel

011: D/A conversion is enabled in channels

100: D/A conversion is disabled in channel
D/A conversion is enabled in channel

101: D/A conversion is enabled in channel
11x: D/A conversion is enabled in channels

When the DAE bit is set to 1, even if bits D
DAOEL1 in DACR and the ADST bitin ADC
cleared to 0, the same current is drawn frol
power supply as during A/D and D/A conve

Reserved

These bits are always read as 1. The write
always be 1.

5 DAE 0
4t0 — All'1
0

Legend: x: Don't care
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An example of D/A conversion on channel 0 is given next. Timing isindicated in figur

1. Datato be converted iswritten in DADRO.

2. BitDAOEOissetto1in DACR. D/A conversion starts and DAO becomes an outpu
converted result is output after the conversion time. The output valueis (DADRO c
x AVcc. Output of this conversion result continues until the value in DADRO ismo
the DAOEQ bit is cleared to 0.
3. If the DADRO vaue is modified, conversion starts immediately, and the result is oL
the conversion time.

4. When the DAOEQ bit is cleared to 0, DAO becomes an input pin.

DADRO DACR DADRO DAC
write cycle write cycle write cycle write c)
L
(p —I—
Address bus
DADRO X Conversion data 1 Conversion data 2
DAOEO
. . Conversio
DA0 @ — .- Conversion | “Tte.__ result 2
High-impedance state result 1
toconv tocony
Legend:

thcony: D/A conversion time

Figure20.2 Example of D/A Converter Operation
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connection.

When using an emulator, H-UDI functions should not be used. Refer to the emulator |
the method of connecting the emulator.

Figure 21.1 shows the block diagram of the H-UDI.

™I [

2 g SDIR

a =

0 =

0

TDO [X}— MUX
TCK [
™S [<] TAP controller Decoder  — Lgﬁgl
TRST [

Figure21.1 H-UDI Block Diagram
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21.2 Input/Output Pin

Table 21.1 lists the pin configuration of the H-UDI.

Table21.1 Pin Configuraiton

Name

Description

TCK

H-UDI serial data input/output clock pin. Data is serially supplied to the |
the data input pin (TDI), and output from the data output pin (TDO), in
synchronization with this clock.

T™MS

Mode select input pin. The state of the TAP control circuit is determined
changing this signal in synchronization with TCK. The protocol conform:
JTAG standard (IEEE Std. 1149.1).

TRST

H-UDI reset input pin. Input is accepted asynchronously with respect to
when low, the H-UDI is reset. See section 21.4.2, Reset Configuration,
information.

TDI

H-UDI serial data input pin. Data transfer to the H-UDI is executed by cl
signal in synchronization with TCK.

TDO

H-UDI serial data output pin. Data output from the H-UDI is executed by
this signal in synchronization with TCK.

ASEMDO

ASE mode select pin. If a low level is input at the ASEMDO pin while the
pin is asserted, ASE mode is entered; if a high level is input, normal ope
mode is entered. ASEMDO pin should be high level when an emulator o
not used. In ASE mode, boundary scan and emulator functions can be 1
input level at the ASEMDO pin should be held for at least one cycle afte
negation.

ASEBRKAK

Dedicated emulator pin
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21.31 BypassRegister (SDBPR)

The bypass register is a 1-bit register that cannot be accessed by the CPU. When the €
the bypass mode, the SDBPR is connected between H-UDI pins TDI and TDO.

21.3.2 Instruction Register (SDIR)

The instruction register (SDIR) is a 16-bit read-only register. The register isin bypass
initial state. It isinitialized by TRST or in the TAP test-logic-reset state, and can be w
H-UDI irrespective of the CPU mode. Operation is not guaranteed when areserved cc
set to thisregister.

Bit Bit Name Initial Value R/W Description

15 TI3 1 R Test Instruction Bits

14 TI2 1 R Cannot be written by the CPU.
13 TI1 1 R 0000: EXTEST

12 TIO 1 R 0100: SAMPLE/PRELOAD

0101: Reserved (Setting prohibited)
0110: H-UDI reset negate

0111: H-UDI reset assert

100X: Reserved (Setting prohibited)
101X: H-UDI interrupt

110X: Reserved (Setting prohibited)
1110: Reserved (Setting prohibited)
1111: Bypass mode (initial value)
0001: Recovery from sleep

11to0 — All'1 R Reserved
These bits are always read as 1.

Legend: X: Don't care
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Table21.2 ThisLSI'sPinsand Boundary Scan Register Bits

Bit Pin Name 110 Bit Pin Name
From TDI 272 D6

297 D31/PTB[7] IN 271 D5

296  D30/PTB[6] IN 270 D4

295  D29/PTB[5] IN 269 D3

294 D28/PTB[4] IN 268 D2

293  D27/PTB[3] IN 267 D1

292 D26/PTB[2] IN 266 DO

291  D25/PTB[1] IN 265  D31/PTB[7]
290  D24/PTB[0] IN 264  D30/PTB[6]
280  D23/PTA[7] IN 263  D29/PTB[5]
288  D22/PTA[6] IN 262 D28/PTB[4]
287  D21/PTA[5] IN 261  D27/PTB[3]
286  D20/PTA[4] IN 260 D26/PTB[2]
285  D19/PTA[3] IN 259  D25/PTB[1]
284  DI18/PTA[2] IN 258  D24/PTB[0]
283  D17/PTA[1] IN 257  D23/IPTA[7]
282  D16/PTA[0] IN 256  D22/PTA[6]
281 D15 IN 255 D21/PTA[5]
280 D14 IN 254 D20/PTA[4]
279 D13 IN 253  D19/PTA[3]
278 D12 IN 252 D18/PTA[2]
277 D11 IN 251 D17/PTA[1]
276 D10 IN 250  DI16/PTA[0]
275 D9 IN 249 D15

274 D8 IN 248 D14

273 D7 IN 247 D13
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239 D5 ouT 205 D3

238 D4 ouT 204 D2

237 D3 ouT 203 D1

236 D2 ouT 202 DO

235 D1 ouT 201  BS/PTC[0]
234 DO ouT 200 WE2/DQMUL/ICIORD/PTC[1]
233 D31/PTB[7] Control 199 WES3/DQMUU/ICIOWR/PTC[2]
232  D30/PTB[6] Control 198  CS2/PTC[3]
231  D29/PTB[5] Control 197  CS3/PTC[4]
230 D28/PTB[4] Control 196 A0

229 D27/PTB[3] Control 195 Al

228 D26/PTB[2] Control 194 A2

227 D25/PTB[1] Control 193 A3

226 D24/PTB[0] Control 192 A4

225 D23/PTA[7] Control 191 A5

224  D22/PTA[6] Control 190 A6

223 D21/PTA[5] Control 189 A7

222 D20/PTA[4] Control 188 A8

221 D19/PTA[3] Control 187 A9

220 D18/PTA[2] Control 186 A10

219 D17/PTA[1] Control 185 All

218 D16/PTA[O] Control 184  A12

217 D15 Control 183 Al13

216 D14 Control 182 Al4

215 D13 Control 181 Al5

214 D12 Control 180 Al6

213 D11 Control 179 Al7
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171 A25 ouT 141 A19

170  BS/PTC[0] ouT 140  A20

169 RD ouT 139 A21

168  WEO/DQMLL ouT 138 A22

167  WE1/DQMLU/WE ouT 137  A23

166  WE2/DQMUL/ICIORD/PTC[1] OUT 136 A24

165  WE3/DQMUU/ICIOWR/PTC[2] OUT 135  A25

164 RD/WR ouT 134  BS/PTC[0]

163 CSO ouT 133 RD

162  CS2/PTC[3] ouT 132  WEO/DQMLL

161  CS3/PTC[4] ouT 131  WE1/DQMLU/WE
160 A0 Control 130  WE2/DQMUL/ICIORD/PTC[1]
159 Al Control 129  WE3/DQMUU/ICIOWR/PTC[2]
158 A2 Control 128  RD/WR

157 A3 Control 127  CSO

156 A4 Control 126  CS2/PTC[3]

155 A5 Control 125  CS3/PTC[4]

154 A6 Control 124  CS4/PTC[5]

153 A7 Control 123  CS5/CETA/PTCI6]
152 A8 Control 122 CS6/CE1B/PTC[7]
151 A9 Control 121  CE2A/PTDI6]

150  A10 Control 120  CE2B/PTD[7]

149  All Control 119  RASL/PTD[0]
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111  DACKO/PTE[0] IN 81 AUDATA[3)/PTF[3]
110  DACKI1/PTE[1] IN 80 AUDSYNC/PTF[4]
109  DRAKO/PTE[2] IN 79 ASEBRKAK/PTF[6]
108  DRAKI1/PTE[3] IN 78 CS4/PTC[5]

107  AUDATAI[O]/PTF[O] IN 77 CS5/CETA/PTC[6]
106  AUDATA[1)/PTF[1] IN 76 CS6/CE1B/PTC[7]
105  AUDATA[2)/PTF[2] IN 75 CE2A/PTDI6]

104  AUDATA[3)/PTF[3] IN 74 CE2B/PTDI[7]

103  AUDSYNC/PTF[4] IN 73 RASL/PTDI0]

102  ASEBRKAK/PTF[6] IN 72 RASU/PTD[1]

101  MD1 IN 71 CASL/PTD[2]

100  CS4/PTC[5] ouT 70 CASU/PTD[3]

99 CS5/CETA/PTCI6] ouT 69 CKE/PTD[4]

98 CS6/CE1B/PTC[7] ouT 68 1OIS16/PTD[5]

97 CE2A/PTDI[6] ouT 67 BACK

96 CE2B/PTDI[7] ouT 66 DACKO/PTE[0]

95 RASL/PTDI[0] ouT 65 DACK1/PTE[1]

94 RASU/PTD[1] ouT 64 DRAKO/PTE[2]

93 CASL/PTD[2] ouT 63 DRAK1/PTTE[3]
92 CASU/PTD[3] ouT 62 AUDATA[O)/PTF[0]
91 CKE/PTD[4] ouT 61 AUDATA[1]/PTF[1]
90 10IS16/PTD[5] ouT 60 AUDATA[2)/PTF[2]
89 BACK ouTt 59 AUDATA[3)/PTF[3]
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51 SCK2/SCPT[3] IN 21 IRQ1/IRL1/PTH[1]
50 RTS2/SCPT[4] IN 20 IRQ2/IRL2/PTH[2]
49 RxDO/SCPTI[0] IN 19 IRQ3/IRL3/PTH[3]
48 RxD2/SCPT[2] IN 18 IRQ4/PTHI[4]

47 CTS2/IRQ5/SCPTI[5] IN 17 DREQO/PTH[5]
46 IRQO/IRLO/PTHIO] IN 16 DREQ1/PTHI6]
45 IRQ1/IRLT/PTH[1] IN 15 STATUSO/PTE[4]
44 IRQ2/IRL2/PTH[2] IN 14 STATUS1/PTE[5]
43 IRQ3/IRL3/PTH[3] IN 13 TCLK/PTE[6]

42 IRQ4/PTH[4] IN 12 TRQOUT/PTE[7]
41 NMI IN 11 TxDO/SCPTI0]

40 AUDCK/PTG[4] IN 10 SCKO/SCPT[1]

39 DREQO/PTHI[5] IN 9 TxD2/SCPT[2]

38 DREQ1/PTH[6] IN 8 SCK2/SCPT[3]

37 ADTRG/PTG[5] IN 7 RTS2/SCPT[4]

36 MDO IN 6 IRQO/IRLO/PTHIO]
35 MD2 IN 5 IRQ1/IRLT/PTH[1]
34 MD3 IN 4 IRQ2/IRL2/PTH[2]
33 MD4 IN 3 IRQ3/IRL3/PTH[3]
32 MD5 IN 2 IRQ4/PTH[4]

31 STATUSO/PTE[4] ouT 1 DREQO/PTH[5]
30 STATUS1/PTE[5] ouT 0 DREQ1/PTHI6]
29 TCLK/PTE[6] ouT to TDO
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Figure21.2 TAP Controller State Transitions

Note: The transition condition isthe TMS value on the rising edge of TCK. The TD
sampled on the rising edge of TCK; shifting occurs on the falling edge of TC}
value changes on the TCK falling edge. The TDO is at high impedance, exce
DR (shift-SR) and shift-IR states. When TRST = 0, there is atransition to test
asynchronously with TCK.
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H Normal operation

L L L Reset hold**
H During ASE user mode™*: Normal r
During ASE break mode™*; RESET
masked
H L H-UDI reset only
H Normal operation

Notes: 1. Performs normal operation mode and ASE mode settings

ASEMDO = H, normal operation mode
ASEMDO = L, ASE mode
ASEMDO pin should be high level when an emulator or H-UDI is not used.

2. During ASE mode, reset hold is enabled by setting RESETP and TRST pins
for a constant cycle. In this state, the CPU does not start up, even if RESET
high level. When TRST is set to high level, H-UDI operation is enabled, but t
does not start up. The reset hold state is cancelled by the following:
« Boot request from H-UDI (boot sequence)
« Another RESETP assert (power-on reset)

3. ASE mode can be divided by two modes: a mode to execute the firmware pi
the emulator (ASE break mode) and a mode to execute the user program (A
mode).
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SDIR H-UDI reset assert H-UDI reset negate

Chip internal reset 3 \:

CPU state 3 3 Branch

Figure21.3 H-UDI Reset

2144 H-UDI Interrupt

The H-UDI interrupt function generates an interrupt by setting a command from the F
SDIR. An H-UDI interrupt is ageneral exception/interrupt operation, resulting in a br
address based on the VBR value plus offset, and return by the RTE instruction. Thisi
request has afixed priority level of 15.

H-UDI interrupts are not accepted in sleep mode or standby mode.

2145 Bypass

The JTAG-based bypass mode for the H-UDI pins can be selected by setting a comm
H-UDI in the SDIR.

2146 Using H-UDI to Recover from Sleep Mode

It is possible to recover from sleep mode by setting a command (0001) from the H-UL
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OANIFLE FRELUALU, diU EATEOL ).

BYPASS: The BYPASS instruction is an essential standard instruction that operates tr
register. Thisinstruction shortens the shift path to speed up serial data transfer involvir
chips on the printed circuit board. While thisinstruction is executing, the test circuit he
on the system circuits. The instruction code is 1111.

SAMPLE/PREL OAD: The SAMPLE/PRELOAD instruction inputs values from this
internal circuitry to the boundary scan register, outputs values from the scan path, and |
onto the scan path. When thisinstruction is executing, this LSI's input pin signals are tr
directly to theinternal circuitry, and internal circuit values are directly output external
output pins. This LSI's system circuits are not affected by execution of thisinstruction.
instruction code is 0100.

In a SAMPLE operation, a snapshot of avalue to be transferred from an input pin to th
circuitry, or avaueto be transferred from the internal circuitry to an output pin, is latcl
boundary scan register and read from the scan path. Snapshot latching is performed in
synchronization with the rise of TCK in the Capture-DR state. Snapshot latching doest
normal operation of thisLSl.

In a PRELOAD operation, an initial valueis set in the parallel output latch of the boun
register from the scan path prior to the EXTEST instruction. Without a PRELOAD ope
when the EXTEST instruction was executed an undefined value would be output from

pin until completion of theinitial scan sequence (transfer to the output latch) (with the

instruction, the parallel output latch value is constantly output to the output pin).

EXTEST: Thisinstruction is provided to test external circuitry when this LSl is moun
printed circuit board. When this instruction is executed, output pins are used to output 1
(previoudy set by the SAMPLE/PRELOAD instruction) from the boundary scan regist
printed circuit board, and input pins are used to latch test results into the boundary scar
from the printed circuit board. If testing is carried out by using the EXTEST instructior
the Nth test data is scanned-in when test data (N-1) is scanned out.
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Boundary scan mode does not cover reset-related signals (RESETP, RESETM, C/
Boundary scan mode does not cover H-UDI-related signals (TCK, TDI, TDO, TM
When a boundary scan test is carried out, ensure that the CK10 clock operates cor
The CKIO frequency rangeis asfollows:

Minimum: 1 MHz

Maximum: Maximum frequency for respective clock mode specified in the CPG s
Set pins MDJ[2:0] to the clock mode to be used.

After powering on, wait for the CKI0O clock to stabilize before performing a boun
test.

Fix the RESETP pin low.
Fix the CA pin high, and the ASEMDO pin low.

21.6 UsageNote

1.

An H-UDI command other than an H-UDI interrupt, once set, will not be modifie
another command is not re-issued from the H-UDI. An H-UDI interrupt command
will be changed to a bypass command once set.

Because chip operations are suspended in standby mode, H-UDI commands are nc
However, the TAP controller remainsin operation at this time.

The H-UDI isused for emulator connection. Therefore, H-UDI functions cannot b
using an emulator.

21.7 Advanced User Debugger (AUD)

The AUD isafunction exclusively for use by an emulator. Refer to the User's Manual
relevant emulator for details of the AUD.
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2. Software standby mode

3. Module standby function (TMU, RTC, SCI, UBC, DMAC, DAC, ADC, and SCIF
supporting modules)

4. Hardware standby mode

Table 22.1 shows the transition conditions for entering the modes from the program e
state, aswell asthe CPU and supporting module states in each mode and the procedur
canceling each mode.
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*1

Software Execute SLEEP Halts Halts Held Held Halts Held Self- 1.
standby instruction with refresh 2
mode STBY bitsetto 1

in STBCR
Module  Set MSTP bitof Runs Runs Held Held Specified Refresh 1.
standby STBCRto 1*° * module
function halts 2
Hardware Drive CA pinlow Halts Halts Held Held Halts™* Held Self- Po
standby refresh
mode

Notes: 1. The RTC still runs if the START bit in RCR2 is set to 1 (see section 13, Real
(RTC)). TMU still runs when output of the RTC is used as input to its countel
section 12, Timer Unit (TMU)).

2. Depends on the on-chip supporting module.
TMU external pin: Held
SCI external pin: Reset
3. The RTC still runs if the START bit in RCR2 is set to 1. TMU does not run.

When the LSI enters sleep mode, the CPU halts.

5. If the realtime clock (RTC) is set to module standby mode (bit 1 in standby c
register (STBCR) set to 1) before any register in the RTC, SCI, or TMU is ac
registers in the serial communication interface (SCI) or timer unit (TMU) may
read properly. To avoid this problem, access (read or write) any register in tt
SCI, or TMU once or more before setting the RTC to module standby mode.

»
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High-level
High-level
Low-level

Low-level

High-level
Low-level
High-level
Low-level

Reset

Sleep moc
Standby
Normal op

22.2 Register Description

These are two control registers for the power-down modes. Refer to section 23, List o

for more details of the addresses and access sizes.

» Standby control register (STBCR)
» Standby control register 2 (STBCR2)

2221  Standby Control Register (STBCR)

The standby control register (STBCR) is an 8-bit read/write register that sets the powe

mode.
Bit Bit Name Initial Value R/W Description
7 STBY 0 R/W Software Standby
Specifies transition to software standb
0: Executing SLEEP instruction puts tt
sleep mode.
1: Executing SLEEP instruction puts tt
software standby mode.
6,5 — AllO R Reserved

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

RENESAS
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Reserved

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

2 MSTP2 0 R/W

Module Stop 2

Specifies halting the clock supply to the
TMU (an on-chip supporting module). V
MSTP2 bit is set to 1, the supply of the
TMU is halted.

0: TMU runs.
1: Clock supply to TMU is halted.

1 MSTP1 0 R/W

Module Stop 1

Specifies halting the clock supply to the
clock RTC (an on-chip supporting modt
the MSTP1 bit is set to 1, the supply of
RTC is halted. When the clock halts, all
registers become inaccessible, but the «
keeps running.

0: RTC runs.
1: Clock supply to RTC is halted.

0 MSTPO 0 R/W

Module Stop 0

Specifies halting the clock supply to the
communication interface SCI (an on-chi
supporting module). When the MSTPO |
1, the supply of the clock to the SCl is h

0: SCI operates.
1: Clock supply to SCl is halted.
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MDCHG 0 R/W Pin MD5 to MDO Control
Specifies whether or not pins MD5 to |
changed in software standby mode. W
is set to 1, the MD5 to MDO pin values
when returning from software standby
means of a reset or interrupt.
0: Pins MD5 to MDO are not changed |
standby mode
1: Pins MD5 to MDO are changed in sc
standby mode
MSTPS8 0 R/W Module Stop 8
Specifies halting the clock supply to th
controller UBC (an on-chip supporting
When the MSTPS8 bit is set to 1, the sL
clock to the UBC is halted.
0: UBC runs
1: Clock supply to UBC is halted
MSTP7 0 R/W Module Stop 7

Specifies halting of clock supply to the
on-chip peripheral module). When the
is set to 1, the supply of the clock to th
halted.

0: DMAC runs
1: Clock supply to DMAC halted
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2 MSTP5 0 R/W

Module Stop 5

Specifies halting of clock supply to the /
on-chip peripheral module). When the N
is set to 1, the supply of the clock to the
halted and all registers are initialized.

0: ADC runs

1: Clock supply to ADC halted and all re
initialized

1 MSTP4 0 R/W

Module Stop 4

Specifies halting the clock supply to the
communication interface with FIFO (an
peripheral module). When the MSTP1 t
1, the supply of the clock to the SCIF is

0: SCIF runs
1: Clock supply to SCIF halted

Reserved

This bit is always read as 0. The write v
should always be 0.
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modules continue to run during sleep mode and the clock continues to be output to the
In sleep mode, the STATUSL pin is set high and the STATUSO pin low.

Canceling Sleep Mode

Sleep mode is canceled by an interrupt (NMI, IRQ, IRL, on-chip supporting module)
Interrupts are accepted during sleep mode even when the BL bit in the SR register is ]
necessary, save SPC and SSR in the stack before executing the SLEEP instruction.

Canceling with an Interrupt: When an NMI, IRQ, IRL or on-chip supporting modul
occurs, sleep mode is canceled and interrupt exception processing is executed. A code
theinterrupt sourceisset inthe INTEVT and INTEV T2 registers.

Canceling with a Reset: Sleep mode is canceled by a power-on reset or amanual res
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states of registersin software standby mode.

Table22.3 Register Statesin Software Standby Mode

Module Registers Initialized Registers Retaining L
Interrupt controller (INTC) — All registers

On-chip clock pulse generator — All registers

(CPG)

User Break controller (UBC) — All registers

Bus state controller (BSC) — All registers

Timer unit (TMU) TSTR register Registers other than T
Realtime clock (RTC) — All registers

A/D converter (ADC) All registers —

D/A converter (DAC) — All registers

The procedure for moving to software standby mode is as follows:

1. Clear the TME bit in the WDT's timer control register (WTCSR) to 0 to stop the W
WDT'stimer counter (WTCNT) and the CKS2 to CKS0 bits of the WTCSR registe
appropriate values to secure the specified oscillation settling time.

2. After the STBY bit inthe STBCR register isset to 1, a SLEEP instruction is execut

3. Software standby mode is entered and the clocks within the chip are halted. The ST
output goes low and the STATUSO pin output goes high.

Canceling Softwar e Standby M ode

Standby mode is canceled by an interrupt (NMI, IRQ**, IRL**, or on-chip supporting n
areset.
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power supply. Interrupts are accepted during software standby mode even when the B
SR register is 1. If necessary, save SPC and SSR in the stack before executing the SLI
instruction. Immediately after an interrupt is detected, the phase of the clock output of
pin may be unstable, until the processor starts interrupt processing. (The canceling col
that the IRL3 to IRLO level is higher than the mask level in the 13 to 10 bitsin the SR

Notes: 1. Software Standby mode can be canceled using IRL3 to IRLO or IRQ4 to IF
2. Software standby mode can be canceled with an RTC or TMU (only when
the RTC clock) interrupt.
3. Standby mode should be canceled by power-on resets. Operations at manu
during interrupt input are not guaranted.

Interrupt WDT overflow and branch to
request interrupt handling routine
Crystal oscillator settling Clear bit STBCR.STBY before
time and PLL synchronization WTCNT reaches H'80. When
time STBCR.STBY is cleared, WTCN
WTCNT value halts automatically.
H'FF

H'80

Time

Figure22.1 Canceling Software Standby Mode with STBCR.STBY

Canceling with a Reset: Standby mode can be canceled with areset (power-on or me
the RESETP pin and RESETM pin low until the clock oscillation settles.
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or the frequency is changed.

4. When the frequency is changed, an NMI, IRL, IRQ or on-chip supporting module (
internal timer) interrupt isinput after the change. When the clock is stopped, the sar
interrupts are input after the clock is applied.

5. After thetime set in the WDT has elapsed, the clock starts being applied internally
chip, the STATUSI and STATUSO pins both go low, interrupts are handled, and oy
resumes.

22.3.3 Module Standby Function
Transition to Module Standby Function

Setting the standby control register MSTP8 to MSTP4, MSTP2 to MSTPO bitsto 1 halt
supply of clocksto the corresponding on-chip supporting modules. This function can b
reduce the power consumption in normal mode and sleep mode. The module standby ft
holds the state prior to halt of the external pins of the on-chip supporting modules. TM!
pins hold their state prior to the halt. SCI external pins go to the reset state. With afew
all registers hold their values.

If the realtime clock (RTC) is set to module standby maode (bit 1 in standby control reg
(STBCR) set to 1) before any register in the RTC, SCI, or TMU is accessed, registersi
communication interface (SCI) or timer unit (TMU) may not be read properly. To avoil
problem, access (read or write) any register in the RTC, SCI, or TMU once or more bef
the RTC to module standby mode.
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MSTP5 0 ADC runs.

1 Supply of clock to ADC halted, and all registers initialized.
MSTP4 0 SCIF runs.

1 Supply of clock to SCIF halted.
MSTP2 0 TMU runs.

1 Supply of clock to TMU halted. Registers initialized.**
MSTP1 0 RTC runs.

1 Supply of clock to RTC halted. Register access prohibited.””
MSTPO 0 SCI runs.

1

Supply of clock to SCI halted.

Notes: 1. The registers initialized are the same as in the software standby mode (tab

2. The counter runs.

Clearing the Module Standby Function

The module standby function can be cleared by clearing the MSTP8 to MSTP4, MST!
MSTPO bitsto 0, or by a power-on reset or manual reset.
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ckio I L1 L L byt L L L bl L4 L4 L

— ' '
\ PLL settling i ,
: time : :
RESETP | | :
STATUS Normal2 1 X ! Reset'! X Norn
: 1 : 1
0to 5 Beyc™® 0to 30 Beyc™3
Notes: 1. Reset: HH (STATUSL1 high, STATUSO high)
2. Normal: LL (STATUS1 low, STATUSO low)
3. Beyc: Bus clock cycle
Figure22.2 Power-On Reset STATUS Output
Manual Reset:
RESETM'! | : |
STATUS Normal™3 ! X ' Reset'? X Normal
— : Z
0 Beyc or more™ 0to 30 Beyc™
Notes: 1. During manual reset, STATUS becomes HH (reset) and the internal reset begins after waiting
executing bus cycle to end.
2. Reset:  HH (STATUSL1 high, STATUSO high)
3. Normal: LL (STATUS1 low, STATUSO low)
4. Bcyc: Bus clock cycle

Figure22.3 Manual Reset STATUS Output
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STATUS Normal*? Standby**

><__._

Notes: 1. Standby: LH (STATUS1 low, STATUSO high)
2. Normal: LL (STATUSL1 low, STATUSO low)

Figure 22.4 Software Standby to Interrupt STATUS Output

Software Standby to Power-On Reset:

Oscillation stops Reset

ckio [ LITLI1 l E‘I‘ITI‘I'ITI’%SIII\J‘BMI‘L

RESETP'! ; | [ :
STATUS Normal*4 X Standby*® Reset'? X N

; - —

0to 10 Beyc*® 0to 30 Beyc™®

Notes: 1. When software software standby mode is cleared with a power-on reset, the WDT does not
Keep RESETP low during the PLL's oscillation settling time.

Reset:  HH (STATUSL high, STATUSO high)

Standby: LH (STATUSL1 low, STATUSO high)

Normal: LL (STATUSL1 low, STATUSO low)

Bcyc: Bus clock cycle

Undefined

ok wN

Figure22.5 Software Standby to Power-On Reset STATUS Output
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STATUS Normal™* X Standby*? X Reset"?

._><_._

|

0to 20 Beyc™S

Notes: 1. When software standby mode is cleared with a manual reset, the WDT does not count.
Keep RESETM low during the PLLs oscillation settling time.
2. Reset:  HH (STATUS1 high, STATUSO high)
3. Standby: LH (STATUSL low, STATUSO high)
4. Normal: LL (STATUSL1 low, STATUSO low)
5. Bcyc: Bus clock cycle

Figure22.6 Software Standby to Manual Reset STATUS Output
Timing for Canceling Sleep Mode

Sleep to Interrupt:

Interrupt request

STATUS Normal*2 Sleep*! Normal*2

><__._.__

_._><__._.__

Notes: 1. Sleep: HL (STATUSL1 high, STATUSO low)
2. Normal: LL (STATUSL1 low, STATUSO low)

Figure22.7 Sleep to Interrupt STATUS Output
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STATUS

Notes: 1.

o g wWN

Normal*4 X Sleep™® . Reset™® | >'<E
0to 10 Beyc™® 0to 30 Beyc™®

When the PLL1's multiplication ratio is changed by a power-on reset, keep RESETP low du
PLLs oscillation settling time.

Reset:  HH (STATUSL1 high, STATUSO high)

Sleep:  HL (STATUSL1 high, STATUSO low)

Normal: LL (STATUS1 low, STATUSO low)

Beyc: Bus clock cycle

Undefined

Figure22.8 Sleep to Power-On Reset STATUS Output

Sleep to Manual Reset:

Reset

J

exo L L L L L L L L

RESETM"* ' | : I :
STATUS  Normal™* X ! Sleep*® X ! Reset" X
0 to 80 Beyc™® 0 to 30 Beyc™S

Notes: 1. Keep RESETM low until STATUS becomes reset.

2. Reset: HH (STATUS1 high, STATUSO high)

3. Sleep:  HL (STATUSLI high, STATUSO low)

4. Normal: LL (STATUS1 low, STATUSO low)

5. Bcyc: Bus clock cycle

Figure22.9 Sleep to Manual Reset STATUS Output
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1. Interrupts and manual resets are not accepted.
2. The TMU does not operate.

Operation when alow-level signal isinput at the CA pin depends on the CPG state, as

1. In software standby mode

The clock remains stopped and the chip enters the hardware standby state. Accepta
interrupts and manual resetsis disabled, TCLK output isfixed low, and the TMU h

2. During WDT operation when software standby mode is canceled by an interrupt
The chip enters hardware standby mode after standby mode is canceled and the CP
operation.

3. Indeep mode

The chip enters hardware standby mode after sleep mode is canceled and the CPU r
operation.

Hold the CA pin low in hardware standby mode.

In hardware standby mode, the LS| can supply power only to the RTC power-supply pi
Canceling Hardwar e Standby M ode

Hardware standby mode can only be canceled by a power-on reset.

When the CA pinisdriven high while the RESETP pin islow, clock oscillation is start
the RESETP pin low until clock oscillation stabilizes. When the RESETP pin isdriven
CPU begins power-on reset processing.

If an interrupt or manual reset isinput, correct operation cannot be guaranteed.
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cA E— 5 | :
RESETP E 1 i i —
: - 5 - 5 f ————
STATUS ' Normal™3 X Standby*? XJndefinec)( Reset"!
1 1 1 L y
DU —
2 Reyc or more*® 0 to 10Bcyc* 0 to 30Bcyc”
Notes: 1. Reset: HH (STATUS1 high, STATUSO high)
2. Standby: LH (STATUSLI low, STATUSO high)
3. Normal: LL (STATUS1 low, STATUSO low)
4. Bcyc: Bus clock cycle
5. Reyc:  EXTAL2 (32.768 kHz) cycle

Figure22.10 Hardware Standby Mode
(When CA Goes Low in Normal Operation)
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Standby 2 X Normal*3 X Standby™? XUndefinedX Reset"
—

STATUS

R .
! ' »
WDT operation 0 to 10 Beyc

2 Reyc or more™®

Notes: Reset:  HH (STATUS1 high, STATUSO high)
Standby: LH (STATUSL1 low, STATUSO high)
Normal: LL (STATUS1 low, STATUSO low)
Bceyc: Bus clock cycle

Rcyc: EXTAL2 (32.768 kHz) cycle

aphwndE

Figure22.11 Hardware Standby Mode Timing
(When CA GoesLow during WDT Operation on Standby Mode Cancellat
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TTB L H'FFFFFFF8 32 32
TEA L H'FFFFFFFC 32 32
MMUCR L H'FFFFFFEO 32 32
BASRA L H'FFFFFFE4

BASRB L H'FFFFFFE8 8

CCR L H'FFFFFFEC 32 32
CCR2 I H'A40000B0 32 32
TRA L H'FFFFFFDO 32 32
EXPEVT L H'FFFFFFD4 32 32
INTEVT L H'FFFFFFD8 32 32
BARA UBC L H'FFFFFFBO 32 32
BAMRA L H'FFFFFFB4 32 32
BBRA L H'FFFFFFB8 16 16
BARB L H'FFFFFFAO 32 32
BAMRB L H'FFFFFFA4 32 32
BBRB L H'FFFFFFA8 16 16
BDRB L H'FFFFFFO0 32 32
BDMRB L H'FFFFFF94 32 32
BRCR L H'FFFFFF98 32 32
BETR L H'FFFFFFOC 16 16
BRSR L H'FFFFFFAC 32 32
BRDR L H'FFFFFFBC 32 32
FRQCR CPG I H'FFFFFF80 16 16
STBCR I H'FFFFFF82 8 8
STBCR2 I H'FFFFFF88 8 8
WTCNT I H'FFFFFF84 8 8,16
WTCSR I H'FFFFFF86 8 8,16
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| A'FFFFFFOE 10
RTCNT I HFFFFFF70 16 16
RTCOR I H'FFFFFF72 16 16
RFCR I H'FFFFFF74 16 16
SDMR I H'FFFFDOO00 to — 8
H'FFFFEFFF
RG64CNT RTC P H'FFFFFECO 8 8
RSECCNT P H'FFFFFEC2 8 8
RMINCNT P H'FFFFFEC4 8 8
RHRCNT P H'FFFFFEC6 8 8
RWKCNT P H'FFFFFEC8 8 8
RDAYCNT P H'FFFFFECA 8 8
RMONCNT P H'FFFFFECC 8 8
RYRCNT P H'FFFFFECE 8 8
RSECAR P H'FFFFFEDO 8 8
RMINAR P H'FFFFFED2 8 8
RHRAR P H'FFFFFED4 8 8
RWKAR P H'FFFFFED6 8 8
RDAYAR P H'FFFFFED8 8 8
RMONAR P H'FFFFFEDA 8 8
RCR1 P H'FFFFFEDC 8 8
RCR2 P H'FFFFFEDE 8 8
ICRO INTC I H'FFFFFEEO 16 16
IPRA I H'FFFFFEE2 16 16
IPRB I H'FFFFFEE4 16 16

Rev. 5.00 May 29, 2006 page 586 of 698
REJ09B0146-0500

RENESAS



TCNT_1 P H'FFFFFEA4 32 32
TCR_1 P H'FFFFFEA8 16 16
TCOR_2 P H'FFFFFEAC 32 32
TCNT_2 P H'FFFFFEBO 32 32
TCR_2 P H'FFFFFEB4 16 16
TCPR_2 P H'FFFFFEB8 32 32
SCSMR SCI P H'FFFFFES80 8 8
SCBRR P H'FFFFFE82 8 8
SCSCR P H'FFFFFE84 8 8
SCTDR P H'FFFFFES86 8 8
SCSSR P H'FFFFFE88 8 8
SCRDR P H'FFFFFESA 8 8
SCSCMR P H'FFFFFESC 8 8
INTEVT2 INTC I H'04000000 32 32
IRRO | H'A4000004 16 8
IRR1 | H'A4000006 16

IRR2 | H'A4000008 16

ICR1 | H'A4000010 16 16
IPRC I H'A4000016 16 16
IPRD I H'A4000018 16 16
IPRE I H'A400001A 16 16
SAR_O DMAC P H'A4000020 32 16,32
DAR_O P H'A4000024 32 16,32
DMATCR_O P H'A4000028 32 16,32
CHCR_O P H'A400002C 32 8,16,32
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DMATCR_2 P H'A4000048 32 16, 32
CHCR_2 P H'A400004C 32 8, 16, 32
SAR_3 P H'A4000050 32 16, 32
DAR_3 P H'A4000054 32 16, 32
DMATCR_3 P H'A4000058 32 16, 32
CHCR_3 P H'A400005C 32 8, 16, 32
DMAOR P H'A4000060 16 8,16
CMSTR CMT P H'A4000070 16 8, 16, 32
CMCSR P H'A4000072 16 8, 16, 32
CMCNT P H'A4000074 16 8, 16, 32
CMCOR P H'A4000076 16 8,16,32
ADDRAH A/D P H'A4000080 8 8, 16, 32***
ADDRAL P H'A4000082 8 8, 16™*
ADDRBH P H'A4000084 8 8, 16, 32***
ADDRBL P H'A4000086 8 8, 16™*
ADDRCH P H'A4000088 8 8, 16, 32***
ADDRCL P H'A400008A 8 8,16™
ADDRDH P H'A400008C 8 8, 16, 32***
ADDRDL P H'A400008E 8 8,16™
ADCSR P H'A4000090 8 8, 16, 32***
ADCR P H'A4000092 8 8,16
DADRO DIA P H'A40000A0 8 8, 16, 32***
DADR1 P H'A40000A2 8 8, 16™*
DACR P H'A40000A4 8 8, 16, 32
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PGCR P H'A400010C 16 16
PHCR P H'A400010E 16 16
PJCR P H'A4000110 16 16
SCPCR P H'A4000116 16 16
PADR P H'A4000120 8 8
PBDR P H'A4000122 8 8
PCDR P H'A4000124 8 8
PDDR P H'A4000126 8 8
PEDR P H'A4000128 8 8
PFDR P H'A400012A 8 8
PGDR P H'A400012C 8 8
PHDR P H'A400012E 8 8
PJDR P H'A4000130 8 8
SCPDR P H'A4000136 8 8
SCSMR2 SCIF P H'A4000150 8 8
SCBRR2 P H'A4000152 8 8
SCSCR2 P H'A4000154 8 8
SCFTDR2 P H'A4000156 8 8
SCSSR2 P H'A4000158 16 16
SCFRDR2 P H'A400015A 8 8
SCFCR2 P H'A400015C 8

SCFDR2 P H'A400015E 16 16
SDIR UDI I H'A4000200 16 16
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connected

3. The access size shown is for control register access (read/write). An incorre
be obtained if a different size from that shown is used for access.

4. With 16-bit access, it is not possible to read data in two registers simultaneo

5. With 32-bit access, it is not possible to read data in the register at [accessed
2] simultaneously.

Rev. 5.00 May 29, 2006 page 590 of 698
REJ09B0146-0500

RENESAS



SCTDR

SCSSR TDRE RDRF | ORER |FER/ERS| PER TEND MPB MPBT

SCRDR

SCSCMR — — — — SDIR SINV — SMIF

SCFRDR2

SCFTDR2

SCSMR2 — CHR PE OfE STOP — CKs1 CKSO0

SCSCR2 TIE RIE TE RE — — CKE1 CKEO

SCSSR2 ER TEND TDFE BRK FER PER RDF DR

SCBRR2

SCFCR2 RTRG1 | RTRGO | TTRG1 | TTRGO MCE TFRST | RFRST | LOOP

SCFDR2

TOCR — — — — — — — TCOE

TSTR — — — — — STR2 STR1 STRO

TCOR_0

TCNT_O

TCR_O — — — — — — — UNF
— — UNIE | CKEG1 | CKEGO | TPSC2 | TPSC1 | TPSCO
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TCR_1 — — — — — — — UNF
— — UNIE CKEG1 CKEGO TPSC2 TPSC1 TPSCO

TCOR_2

TCNT_2

TCR_2 — — — — — — ICPF UNF
ICPE1 ICPEO UNIE CKEG1 | CKEGO | TPSC2 | TPSCl | TPSCO

TCPR_2

R64CNT — 1Hz 2Hz 4 Hz 8 Hz 16 Hz 32 Hz 64 Hz

RSECCNT — 10 sec 1 sec

RMINCNT — 10 min 1 min

RHRCNT — — 10 hours 1 hour

RWKCNT — — — | — — day of week

RDAYCNT — — 10 days 1 day

RMONCNT — — — | 10 months 1 month
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RCR1 CF —_ —_ CIE AIE — — AF
RCR2 PEF PES2 PES1 PESO RTCEN ADJ RESET START
ICRO NML — — — — — — NMIE
IPRA TMUO TMU1

T™MU2 RTC
IPRB WDT REF

SCI —_ —_ —_ —_

BCR1 PULA PULD HIZMEM | HIZCNT | ENDIAN | AOBST1 | AOBSTO | A5BST1

A5BSTO | A6BST1 | A6BSTO |DRAMTP2 |DRAMTP1|DRAMTPO| A5PCM A6PCM

BCR2 — — AGSZ1 AGSZ0 A5S71 A5S70 A4SZ71 A4SZ70
A3SZ71 A3SZ0 A2S71 A2SZ0 —_ —_ —_ —_

WCR1 WAITSEL —_ ABIW1 ABIWO A5IW1 A5IW0 Ad4lW1 A4IW0
A3IW1 A3IW0 A2I1W1 A2IW0 — — AOIW1 AOIWO

WCR2 ABW2 A6W1 AB6WO A5W2 A5W1 A5WO0 A4W2 Ad4W1

A4WO0 A3W1 A3WO0 A2W1 A2WO0 AOW2 AOW1 AOWO
MCR TPC1 TPCO RCD1 RCDO TRWL1 | TRWLO TRAS1 TRASO
RASD AMX3 AMX2 AMX1 AMXO0 RFSH RMODE —

PCR A6W3 A5W3 — — AS5TED2 | A6TED2 | ASTHE2 | AG6THE2

ASTED1 | ASTEDO | A6TED1 | A6TEDO | ASTHEL | ASTHEO | A6THEL | A6THEO
RTCSR — — — — — — — —

CMF CMIE CKS2 CKS1 CKS0 OVF OVIE LMTS
RTCNT — — — — — — — —
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STBCR STBY —_ — STBYTL —_ MSTP2 MSTP1 MSTPO
STBCR2 — MDCHG MSTP8 MSTP7 MSTP6 MSTP5 MSTP4 —
WTCNT
WTCSR TME WTAT RSTS WOVF IOVF CKS2 CKS1 CKS0
BDRB BDB31 BDB30 BDB29 BDB28 BDB27 BDB26 BDB25 BDB24
BDB23 BDB22 BDB21 BDB20 BDB19 BDB18 BDB17 BDB16
BDB15 BDB14 BDB13 BDB12 BDB11 BDB10 BDB9 BDB8
BDB7 BDB6 BDB5 BDB4 BDB3 BDB2 BDB1 BDBO
BDMRB BDMB31 | BDMB30 | BDMB29 | BDMB28 | BDMB27 | BDMB26 | BDMB25 | BDMB24
BDMB23 | BDMB22 | BDMB21 | BDMB20 | BDMB19 | BDMB18 | BDMB17 | BDMB16
BDMB15 | BDMB14 | BDMB13 | BDMB12 | BDMB11 | BDMB10 | BDMB9 BDMB8
BDMB7 BDMB6 BDMBS5 BDMB4 BDMB3 BDMB2 BDMB1 BDMBO
BRCR —_ —_ —_ —_ —_ —_ —_ —_
— — BASMA | BASMB — — — —
SCMFCA | SCMFCB | SCMFDA | SCMFDB PCTE PCBA — —
DBEB PCBB — — SEQ —_ —_ ETBE
BARB BAB31 BAB30 BAB29 BAB28 BAB27 BAB26 BAB25 BAB24
BAB23 BAB22 BAB21 BAB20 BAB19 BAB18 BAB17 BAB16
BAB15 BAB14 BAB13 BAB12 BAB11 BAB10 BAB9 BAB8
BAB7 BAB6 BABS5 BAB4 BAB3 BAB2 BAB1 BABO
BAMRB BAMB31 | BAMB30 | BAMB29 | BAMB28 | BAMB27 | BAMB26 | BAMB25 | BAMB24
BAMB23 | BAMB22 | BAMB21 | BAMB20 | BAMB19 | BAMB18 | BAMB17 | BAMB16
BAMB15 | BAMB14 | BAMB13 | BAMB12 | BAMB11 | BAMB10 | BAMB9 BAMBS
BAMB7 BAMB6 BAMB5 BAMB4 BAMB3 BAMB2 BAMB1 BAMBO
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BAMA23 | BAMA22 | BAMA21 | BAMA20 | BAMA19 | BAMA18 | BAMAL7 | BAMA16
BAMA15 | BAMA14 | BAMA13 | BAMA12 | BAMAl1l | BAMALO | BAMA9 BAMAS
BAMA7 BAMAG BAMAS BAMA4 BAMA3 BAMA2 BAMA1 BAMAO
BBRA —_ —_ —_ —_ —_ —_ —_ —_
CDAl CDAO IDA1 IDAO RWA1 RWAO SZA1 SZAO
BETR — — — —
BRSR SVF PID2 PID1 PIDO BSA27 BSA26 BSA25 BSA24
BSA23 BSA22 BSA21 BSA20 BSA19 BSA18 BSA17 BSA16
BSA15 BSA14 BSA13 BSA12 BSAll BSA10 BSA9 BSA8
BSA7 BSA6 BSAS5 BSA4 BSA3 BSA2 BSA1l BSAO
BRDR DVF —_ — — BDA27 BDA26 BDA25 BDA24
BDA23 BDA22 BDA21 BDA20 BDA19 BDA18 BDA17 BDA16
BDA15 BDA14 BDA13 BDA12 BDA11 BDA10 BDA9 BDAS8
BDA7 BDAG6 BDA5 BDA4 BDA3 BDA2 BDA1 BDAO
BASRA BASA7 BASAG6 BASA5 BASA4 BASA3 BASA2 BASAL BASAO
BASRB BASB7 BASB6 BASB5 BASB4 BASB3 BASB2 BASB1 BASBO
TRA — — — — — — — —
— — — — — — imm
EXPEVT — — — — — — — —

RENESAS
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— — RC RC — TF IX AT
CCR — — — — _ — _ _
_ _ — — CF cB WT CE
CCR2 — — — — _ — _ _
_ _ _ — — — W3LOAD | W3LOCK
_ _ _ — — — W2LOAD | W2LOCK
PTEH VPN
ASID
PTEL PPN
— Y%
— PR PR sz c D SH —
TTB
TEA
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ICR1 MAI IRQLVL | BLMSK — IRQ51S | IRQ50S | IRQ41S | IRQ40S
IRQ31S | IRQ30S | IRQ21S | IRQ20S | IRQ11S | IRQ10S | IRQO1S | IRQO0S
IPRC IRQ3 IRQ2
IRQ1 IRQO
IPRD — — — — — — — —
IRQ5 IRQ4
IPRE DMAC — — — —
SCIF
SAR_0
DAR_O
DMATCR_0 — — — — — — — —
CHCR_0 — — — — — — — —
— — — DI RO RL AM AL
DM1 DMO SMm1 SMo RS3 RS2 RS1 RSO
— DS ™ TS1 TS0 IE TE DE
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DMATCR_1

RL AM

AL

D

RO

RSO

CHCR_1

RS3 RS2 RS1

DM1 DMO

SM1 SMO

TSO TE

DE

DS

™ TS1

SAR_2

DAR_2

DMATCR_2

AM

AL

RO RL

CHCR_2

D
RS3 RS2

RS1

RSO

DM1 DMO

SM1

SMO0

TE

DE

™

DS

TS1 TSO
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DMATCR_3

CHCR_3 — — — — — — — —
— — — DI RO RL AM AL
DM1 DMO SM1 SMO RS3 RS2 RS1 RSO
— DS ™ Ts1 TSO IE TE DE
DMAOR — — — — — — PR1 PRO
— — — — — AE NMIF DME
CMSTR — — — — — — — —
— — — — — — — STRO
CMCSR — — — — — — — —
CMF — — — — — CKs1 CKSO0
CMCNT
CMCOR
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ADDRDL AD1 ADO — — — — — —
ADCSR ADF ADIE ADST | MULTI CKS CH2 CH1 CHO
ADCR TRGE | TRGEO | SCN — — — — —
DADRO
DADR1
DACR DAOE1 | DAOEO | DAE — — — — —
PACR PA7MD1 | PA7MDO | PA6MD1 | PA6BMDO | PASMD1 | PASMDO | PA4MD1 | PA4MDO
PA3MD1 | PA3MDO | PA2MD1 | PA2MDO | PAIMD1 | PAIMDO | PAOMD1 | PAOMDO
PBCR PB7MD1 | PB7MDO | PB6MD1 | PB6MDO | PB5MD1 | PBSMDO | PB4MD1 | PB4MDO
PB3VMD1 | PB3MDO | PB2MD1 | PB2MDO | PBIMD1 | PBIMDO | PBOMD1 | PBOMDO
PCDR PC7MD1 | PC7TMDO | PC6MD1 | PC6MDO | PC5MD1 | PC5MDO | PC4AMD1 | PC4AMDO
PC3MD1 | PC3MDO | PC2MD1 | PC2MDO | PCIMD1 | PCIMDO | PCOMD1 | PCOMDO
PDCR PD7MD1 | PD7MDO | PD6MD1 | PD6MDO | PDSMD1 | PD5MDO | PD4MD1 | PDAMDO
PD3MD1 | PD3MDO | PD2MD1 | PD2D0 | PDIMD1 | PDIMDO | PDOMD1 | PDOMDO
PECR PE7MD1 | PE7MDO | PE6MD1 | PE6BMDO | PE5SMD1 | PESMDO | PE4MD1 | PE4AMDO
PE3VMD1 | PE3MDO | PE2MD1 | PE2MDO | PEIMD1 | PEIMDO | PEOMD1 | PEOMDO
PFCR — — PF6MD1 | PF6MDO | PF5MD1 | PFSMDO | PF4AMD1 | PF4MDO
PF3MD1 | PF3MDO | PF2MD1 | PF2MDO | PFIMD1 | PFIMDO | PFOMD1 | PFOMDO
PGCR — — — — PG5MD1 | PG5MDO | PG4MD1 | PGAMDO
PG3MD1 | PG3MDO | PG2MD1 | PG2MDO | PGIMD1 | PGIMDO | PGOMD1 | PGOMDO
PHCR — — PHSMD1 | PH6MDO | PH5MD1 | PHSMDO | PH4MD1 | PH4MDO
PH3MD1 | PH3MDO | PH2MD1 | PH2MDO | PHIMD1 | PHIMDO | PHOMD1 | PHOMDO
PJCR — — — — — — — —
PJ3MD1 | PJ3MDO | PJ2MD1 | PJ2MDO | PJIMD1 | PJIMDO | PJOMD1 | PJOMDO
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PFDR —_ PF6DT PF5DT PF4ADT PF3DT PF2DT PF1DT PFODT
PGDR — — PG5DT PGADT PG3DT PG2DT PG1DT PGODT
PHDR — PH6DT PH5DT PH4DT PH3DT PH2DT PH1DT PHODT
PJDR —_ —_ —_ —_ PJ3DT PJ2DT PJ1DT PJODT
SCPDR —_ —_ SCP5DT | SCP4DT | SCP3DT | SCP2DT | SCP1DT | SCPODT
SDIR TI3 TI2 TI1 TIO — — — —

RENESAS
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MMUCR Initialized™*  Initialized™*  Held Held Held Held
BASRA Undefined Undefined Held Held Held Held
BASRB Undefined Undefined Held Held Held Held
CCR Initialized Initialized Held Held Held Held
CCR2 Initialized Initialized Held Held Held Held
TRA Undefined Undefined Held Held Held Held
EXPEVT Initialized Initialized Held Held Held Held
INTEVT Undefined Undefined Held Held Held Held
BARA Initialized Initialized Held Held Held Held
BAMRA Initialized Initialized Held Held Held Held
BBRA Initialized Initialized Held Held Held Held
BARB Initialized Initialized Held Held Held Held
BAMRB Initialized Initialized Held Held Held Held
BBRB Initialized Initialized Held Held Held Held
BDRB Initialized Initialized Held Held Held Held
BDMRB Initialized Initialized Held Held Held Held
BRCR Initialized Initialized Held Held Held Held
BETR Initialized Initialized Held Held Held Held
BRSR Initialized** Initialized™*  Held Held Held Held
BRDR Initialized**  Initialized™*  Held Held Held Held
FRQCR Initialized*>  Held Held Held Held Held
STBCR Initialized Held Held Held Held Held
STBCR2 Initialized Held Held Held Held Held
WTCNT Initialized™®  Held Held Held Held Held
WTCSR Initialized*>  Held Held Held Held Held
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RTCSR Initialized Held Held Held Held Held

RTCNT Initialized Held Held Held Held Held
RTCOR Initialized Held Held Held Held Held
RFCR Initialized Held Held Held Held Held
RB4CNT Held Held Held Held Held Held
RSECCNT Held Held Held Held Held Held
RMINCNT Held Held Held Held Held Held
RHRCNT Held Held Held Held Held Held
RWKCNT Held Held Held Held Held Held
RDAYCNT Held Held Held Held Held Held
RMONCNT Held Held Held Held Held Held
RYRCNT Held Held Held Held Held Held
RSECAR Held*? Held*? Held Held Held Held
RMINAR Held*? Held*? Held Held Held Held
RHRAR Held™* Held"* Held Held Held Held
RWKAR Held"* Held"* Held Held Held Held
RDAYAR Held*? Held*? Held Held Held Held
RMONAR Held"* Held*? Held Held Held Held
RCR1 Initialized Initialized Held Held Held Held
RCR2 Initialized Initialized Held Held Held Held
ICRO Initialized Initialized Held Held Held Held
IPRA Initialized Initialized Held Held Held Held
IPRB Initialized Initialized Held Held Held Held
TOCR Initialized Initialized Held Held Held Held
TSTR Initialized Initialized Held Held Held Held
TCOR_O Initialized Initialized Held Held Held Held
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TCNT_2 Initialized Initialized Held Held Held Held
TCR_2 Initialized Initialized Held Held Held Held
TCPR_2 Undefined Undefined Held Held Held Held
SCSMR Initialized Initialized Initialized Initialized Initialized Held
SCBRR Initialized Initialized Initialized Initialized Initialized Held
SCSCR Initialized Initialized Initialized Initialized Initialized Held
SCTDR Initialized Initialized Initialized Initialized Initialized Held
SCSSR Initialized Initialized Initialized Initialized Initialized Held
SCRDR Initialized Initialized Initialized Initialized Initialized Held
SCSCMR Initialized Initialized Initialized Initialized Initialized Held
INTEVT2 Undefined Undefined  Held Held Held Held
IRRO Initialized Initialized Held Held Held Held
IRR1 Initialized Initialized Held Held Held Held
IRR2 Initialized Initialized Held Held Held Held
ICR1 Initialized Initialized Held Held Held Held
IPRC Initialized Initialized Held Held Held Held
IPRD Initialized Initialized Held Held Held Held
IPRE Initialized Initialized Held Held Held Held
SAR 0 Undefined Undefined Held Held Held Held
DAR_O Undefined Undefined Held Held Held Held
DMATCR_0  Undefined Undefined Held Held Held Held
CHCR_O Initialized Initialized Held Held Held Held
SAR_1 Undefined Undefined Held Held Held Held
DAR_1 Undefined Undefined Held Held Held Held
DMATCR_1 Undefined  Undefined Held Held Held Held
CHCR_1 Initialized Initialized Held Held Held Held
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DMATCR_3 Undefined  Undefined Held Held Held Held

CHCR_3 Initialized Initialized Held Held Held Held
DMAOR Initialized Initialized Held Held Held Held
CMSTR Initialized Initialized Held Held Held Held
CMCSR Initialized Initialized Held Held Held Held
CMCNT Initialized Initialized Held Held Held Held
CMCOR Initialized Initialized Held Held Held Held
ADDRAH Initialized Initialized Initialized Initialized Initialized Held
ADDRAL Initialized Initialized Initialized Initialized Initialized Held
ADDRBH Initialized Initialized Initialized Initialized Initialized Held
ADDRBL Initialized Initialized Initialized Initialized Initialized Held
ADDRCH Initialized Initialized Initialized Initialized Initialized Held
ADDRCL Initialized Initialized Initialized Initialized Initialized Held
ADDRDH Initialized Initialized Initialized Initialized Initialized Held
ADDRDL Initialized Initialized Initialized Initialized Initialized Held
ADCSR Initialized Initialized Initialized Initialized Initialized Held
ADCR Initialized Initialized Initialized Initialized Initialized Held
DADRO Initialized Initialized Held Held Held Held
DADR1 Initialized Initialized Held Held Held Held
DACR Initialized Initialized Held Held Held Held
PACR Initialized Held Held Held Held Held
PBCR Initialized Held Held Held Held Held
PCCR Initialized Held Held Held Held Held
PDCR Initialized Held Held Held Held Held
PECR Initialized Held Held Held Held Held
PFCR Initialized Held Held Held Held Held
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PCDR Initialized Held Held Held Held Held

PDDR Initialized Held Held Held Held Held
PEDR Initialized Held Held Held Held Held
PFDR Initialized Held Held Held Held Held
PGDR Initialized Held Held Held Held Held
PHDR Initialized Held Held Held Held Held
PJDR Initialized Held Held Held Held Held
SCPDR Initialized Held Held Held Held Held
SCSMR2 Initialized Initialized Initialized Initialized Initialized Held
SCBRR2 Initialized Initialized Initialized Initialized Initialized Held
SCSCR2 Initialized Initialized Initialized Initialized Initialized Held
SCFTDR2 Undefined Undefined  Undefined  Undefined  Undefined Held
SCSSR2 Initialized Initialized Initialized Initialized Initialized Held
SCFRDR2 Undefined  Undefined  Undefined Undefined Undefined Held
SCFCR2 Initialized Initialized Initialized Initialized Initialized Held
SCFDR2 Initialized Initialized Initialized Initialized Initialized Held
SDIR™* Held Held Held Held Held Held

Notes: 1. Some bits are not initialized.
2. These bits are not initialized at a power-on reset by the WDT.
3. Some bits are initialized.
4. Initialized on asserting state of TRST or on Test-Logic-Reset state of TAP.
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Item Symbol Rating U

Power supply voltage (1/O) VeeQ -0.3t0 +4.2
Power supply voltage (internal) Vcc -0.3t0 +2.5

Vcee — PLL1

Vce — PLL2

Vce - RTC
Input voltage (except port J) Vin -0.3to VecQ + 0.3 V
Input voltage (port J) Vin -0.3to AVcc + 0.3 V
Analog power-supply voltage  AVcc -0.3t0 4.6 V
Analog input voltage V. —0.3to Avcc + 0.3 V
Operating temperature Topr —20to +75 °
Storage temperature Tstr —551t0 +125 °f
Cautions:

» Operating the chip in excess of the absolute maximum rating may result in permar
»  Order of turning on or off 1.9V power (Vcc, Vec—PLL1, Vece—PLL2, Vec— RT
power (VccQ, AVce):

1. Thevoltage of 1.9 V power should not be higher than that of 3.3 V power.
The period when only 3.3 V power is turned on should be lessthan 1 ms. This
should be as short as possible.

2. Until voltageis applied to al power supplies, a high level isinput at the CA pi
level isinput at the RESETP pin, and CKIO clocks are equal to or below 4 clo
circuits remain unsettled, and so pin states are also undefined. The system desi
ensure that these undefined states do not cause erroneous system operation. Wi
pinisat alow level, thelow level of the RESETP pin is not accepted.
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RESETP % /

Pin states undefined

All other pins* ﬁ(

Pin states undefined Power-on reset state

Note: * Except power/GND, clock related, and analog pins

Power-On Sequence
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Power VceQ 3.0 3.3 3.6
supply vee, 175 190 2.5
voltage Vee-PLLL,
Vce-PLL2,
Vce-RTC
Current Normal lcc™? — 250 400 mA Vcc=19V,lp
dissipation operation lccQ™ — 20 40 VccQ =33V, |
In sleep lcc*? — 15 30 Bp= 33 MHz
*1 -—
mode IccQ™ — 10 20 VeeQ =33V,
In standby lcc™? — 40 125 pA  Ta=25°C (RT
mode lccQ™ _ 10 25 VeeQ =33V,
lcc*? — 35 110 Ta = 25°C (RT!
IccQ™ — 10 25 VeeQ =33V,
RTC lcc-RTC*™  — — 15 Vee-RTC = 1.9
current
Input high RESETP, V,, VeeQ  — VeeQ + V
voltage RESETM, x0.9 0.3
NMI,
IRQ5 to
IRQO, MD5
to MDO,
ASEMDO,
CA, TRST,
ADTRG,
EXTAL,
CKIO
Port J 2.0 — AVcce +
0.3
Other 2.0 — VeeQ +
input pins 0.3
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14,

EXTAL,

CKIO

Port J -0.3 — AVce x

0.2

Other -0.3 — VeeQ x

input pins 0.2
Input leak  All input Ilinl — — 1.0 MA  Vin=0.5to Vcc
current pins
Three-state /0, all I Istil — — 1.0 MA  Vin =0.5 to Vcc
leak output
current pins (off

condition)
Output All output  V, 2.4 — — \ VeeQ =3.0V, IC
high pins HA
voltage 20 —  — VeeQ = 3.0V, IC
Output All output V. — — 0.55 VeeQ =3.6 'V, IC
low pins
voltage
Pull-up Port pin Ppull 30 60 120 kQ
resistance
Pin All pins C — — 10 pF
capacity
Analog AVcc 3.0 3.3 3.6 \%
power-
supply
voltage
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VSS — FLL and vss — k1L 10 VSS.

AVcc must be under condition of VccQ — 0.3 V < AVec < VeeQ + 0.3 V. If the A
converters are not used, do not leave the AVcc and AVss pins open. Connect /
VceQ, and connect AVss to VssQ.

Current dissipation values shown are the values at which all output pins are wit
under conditions of V,min =VccQ - 0.5V, V,max=0.5 V.

1.

a ks wn

No external bus cycles except refresh cycles.
Total current of Vcc, Vec — PLL1, and Vcc — PLL2
Current of VccQ

Current of Vcc — RTC

Only in software standby mode

Table24.3 Permitted Output Current Values

Conditions. VccQ=33+0.3V,Vcc=19+£0.15V,AVcc=33+03V, Ta=-20

Item Symbol Min Typ Ma
Output low-level permissible current (per pin) lo. — — 2.0
Output low-level permissible current (total) 2o — — 12
Output high-level permissible current (per pin) —lgy, — — 2.C
Output high-level permissible current (total) 2 (o) — — 40

Caution: To ensure LSI reliability, do not exceed the value for output current given in
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Avcc=3.3+0.3V
Ta=-20t0 +75°C

Table24.4 Operating Frequency Range

Iltem Symbol  Min Typ Max Unit Ren
Operating CPU, cache, TLB f 25 — 133.34 MHz
frequency External bus 25 — 66.67

Peripheral module 6.25 — 33.34
2431 Clock Timing
Table24.5 Clock Timing
Iltem Symbol  Min Max Unit f
EXTAL clock input frequency oy 25 66.67 MHz -
(clock mode 0)
EXTAL clock input cycle time teeye 15 40 ns
(clock mode 0)
EXTAL clock input frequency oy 6.25 16.67 MHz
(clock mode 1)
EXTAL clock input cycle time teeye 60 160 ns
(clock mode 1)
EXTAL clock input low pulse width to 1.5 — ns
EXTAL clock input high pulse width to 15 — ns
EXTAL clock input rise time tom — ns
EXTAL clock input fall time — ns
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CKIO clock output frequency fop 25 66.67 MHz
CKIO clock output cycle time t. 15 40 ns
CKIO clock output low pulse width tooL 3 — ns
CKIO clock output high pulse width teon — ns
CKIO clock output rise time tocon — 5 ns
CKIO clock output fall time tecor — 5 ns
Power-on oscillation settling time tose 10 — ms
RESETP setup time (at the power-on toesps 20 — ns
or at the release from standby mode)

RESETM setup time (at the release teeous 0 — ns
from standby mode)

RESETP assert time (at the power-on toesru 20 — tcyc
or at the release from standby mode)

RESETM assert time (at the release teeomw 20 — tcyc
from standby mode)

Standby return oscillation settling time 1~ t__, 10 — ms
Standby return oscillation settling time 2 t__, 10 — ms
Standby return oscillation settling time 3 t__, 11 — ms
PLL synchronization settling time 1 t 100 — us
(at the release from standby mode)

PLL synchronization settling time 2 to, 100 — ps
(at the modification of multiplication rate)

IRQ/IRL interrupt determination time trsts 100 — s

(RTC is used in the standby mode)
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Note: * The clock input from the EXTAL pin.

Figure24.1 EXTAL Clock Input Timing

tekieye
tCKIH tCKIL
CKIO b -
(input)
V V
V IH H
12VeeQ H X 1/2 Ve eQ
/- N Vie \n pe ce
tewiF tekir
—> | —
Figure24.2 CKIO Clock Input Timing
- tcyc .
tekon P tekot
CKIO
(output) Vi
V2VecQ 7

Figure24.3 CKI1O Clock Output Timing
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RESETP ) /|

Note: Oscillation settling time in clock mode 2.
Oscillation settling time becomes tyge; = tpy 4 (Min. 100 ps) except in clock mode 2.

Figure24.4 Power-On Oscillation Settling Time

Standby Stable oscillati
—>

R A\V/AV

trespwmw tresps
tosca 4
RESETP, 5 /
RESETM ( (c (c 7_
)] )]

Note: Oscillation settling time in the Clock-mode-2 and Oscillation-halt-mode

Figure 24.5 Oscillation Settling Time at Standby Return (Return by Re
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Note: Oscillation settling time in the Clock-mode-2 and Oscillation-halt-mode

Figure24.6 Oscillation Settling Time at Standby Return (Return by NM

Standby Stable oscillz
—>

CKIO,
internal clock

tOSCA

A

(C

L 27
IRQ4 to IRQO :2
\ (C

77

Note: Oscillation settling time in the Clock-mode-2 and Oscillation-halt-mode

Figure 24.7 Oscillation Settling Time at Standby Return
(Return by IRQ or IRL)
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Internal clock /_\_/_\

D)

))

«

«

)}

STATUS 0 Normal |
STATUS 1

)
{(
Standby
b))

«

Normal
)]

«

«

Note: Oscillation settling time in the Clock-mode-0, 1, 7 and Oscillation-halt-mode

Figure24.8 PLL Synchronization Settling Time
by Reset or NM| at the Returning from Standby Mode (Return by Reset or

Stable input clock
_—

EXTAL input
or CKIO input

IRQ4 to IRQO/IRL3 to IRLO interrupt request

Stable input clock

IAVAVAVAVAVAY)

))

PLL synchronization . v Yriste | to 11 _ PLL synchron

! ) L) ! :

PLL output, E/ 1 ot W .

CKIO output i N H N |
I 1 T (S ! |

Internal clock /_\_/_\ : E : /-\_/-\f
: L ! )} : L
T (¢ T (¢ T ( !
— —

STATUS 0 . ; : :

STATUS 1 Normal X Stanaby ' N X Normal

(

Note: Oscillation settling time in the Clock-mode-0, 1, 7 and Oscillation-halt-mode

Figure24.9 PLL Synchronization Settling Time
at the Returning from Standby Mode (Return by IRQ/IRL Interrupt

RENESAS
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S T I/ — \_E_LI \.\7)<LLI \.\_E_I

Internal clock ’ \ ’ \ E E , \ , \
1 \) 1

! « !

Notes: 1. CKIO inputin clock mode 7
2. PLL output in clock mode 7

Figure24.10 PLL Synchronization Settling Time when Frequency Multipli
Rate M odified
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RESETM pulse width t s 127" — tcyc
RESETM setup time tocous 6 — ns
RESETM hold time toan 34 — ns
BREQ setup time toneas — ns
BREQ hold time toreon — ns
NMI setup time™* T 10 — ns
NMI hold time [N 4 — ns
IRQ5 to IRQO setup time™* tros 10 — ns
IRQS5 to IRQO hold time tron 4 — ns
IRQOUT delay time troon — 10 ns
BACK delay time torco — 10 ns
STATUSL1, STATUSO delay time terp — 10 ns
Bus tri-state delay time 1 toores 0 15 ns
Bus tri-state delay time 2 toores 0 15 ns
Bus buffer-on time 1 toons 0 15 ns
Bus buffer-on time 2 t 0 15 ns

BON2

Notes: 1. RESETP, NMI, and IRQ5 to IRQO are asynchronous. Changes are detecte

clock fall when the setup shown is used. When the setup cannot be used,
be delayed until the next clock falls.

. The upper limit of the external bus clock is 66 MHz.

. In the standby mode, when XTAL oscillation continues, t...., = t,.., (100us)
oscillation stops, t...., = toe, (10 ms). In the sleep mode, t.,, =t.,, (100 p
When the clock multiplication ratio is changed, t..,, = t., (100 ps).

. In the standby mode, t_,,, = t.sc, (10 ms). In the sleep mode, RESETM mu
low until STATUS (0, 1) changes to reset (HH). When the clock multiplicatic
changed, RESETM must be kept low until STATUS (0, 1) changes to reset

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



CKIO / _4/_XK_/_\
tResPHMH trespsivs
o v
RESETP, "
RESETM v,
tNMIH tNMIS
VIH
NMI
VIL
tIRQH tIRQS
Vin
IRQS to IRQO
VIL
Figure24.12 Interrupt Signal Input Timing
CKIO
tIRQOD tIRQOD
|
IRQOUT (

Figure 24.13 IRQOUT Timing
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‘ *BOFF2

RD, RD/WR, 45 X ) ‘_T/—
CAS, CA& « / ' vl !
CSn, WEn, BS )7 — taont
5 M —
A25 to AO, ((
D31 to DO ( / ” \__
Figure 24.14 BusRelease Timing
Normal mode Standby mode Normal mode
o/ _F\_F
tSTD tSTD
AR
STATUS 0,
STATUS 1
A
tBOFFZ tBONZ
RD,RDWR, ___ [*+* <>
RAS, CAS, ) ;
CSn, WEnN, \(
BS tBOFFl tBONl
A25 to AO, ) /
D31 to DO

Figure24.15 Pin Drive Timing at Standby
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BS delay time tasp — 10 ns 24.16 to 24.36, 24.40 to 2

CS delay time 1 teoon — 10 ns  24.161024.21,24.40t0 2

CS delay time 2 tecos — 10 ns  24.16t024.21

CS delay time 3 teoos 15 10 ns  24.241t024.39

Read/write delay time towo 15 10 ns 24.16 to 24.46

Read/write hold time towm 0 — ns 24.16 t0 24.21

Read strobe delay time  t_ — 10 ns 24.16 to 24.21 24.40 to 2

Read data setup time 1~ t__ 6 — ns 24.16 t0 24.21, 24.40 to 2

Read data setup time 2 t__ 5 — ns 24.22 t0 24.25, 24.30 to 2

Read data hold time 1 oo 0 — ns 24.16 t0 24.21, 24.40 to 2

Read data hold time 2 [ 2 — ns 24.22 t0 24.25,24.30 to 2

Write enable delay time  t,. — 10 ns 24.16 t0 22.18, 24.40 to 2

Write data delay time 1t — 12 ns 24.16 t0 24.18, 24.40 to 2
24.44 10 24.46

Write data delay time 2 t,, 15 12 ns 24.20t0 24.29

Write data hold time 1 ton 15 — ns 24.16 t0 24.18, 24.40 to 2
24.44 t0 24.46

Write data hold time 2 Lo 15 — ns 24.26 to 24.29

Write data hold time 3 toons — ns 24.16 t0 24.18

Write data hold time 4 tone — ns 24.40t0 24.41, 24.44 t0 2

WAIT setup time tors — ns  24.17to 24.21, 24.41, 24.
24.46

WAIT hold time [ 0 — ns  24.17to 24.21, 24.41, 24.
24.46

RAS delay time too 15 10 ns  24.22t024.39

CAS delay time torso 15 10 ns  24.221t024.39

DQMdelay time t 1.5 10 ns 24.22 t0 24.36
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DACK delay time 2 t — 10 ns 24.16 to 24.18, 24.20 to

DAKD2
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I o
< —
tesp1 tcsp2 tRwH
CSn /
trpHL
trRwD > |trRwD
RD/WR % <
ol
< —»
trsD trsD tRwH
RD \ /
(read) \ /
tRDHL
|
trpS1
D31 to DO
(read)
twep twep tRwH
WEn x
(write) N\ 7| twohs .
< >
twop1 twbH1
D31 to DO < )
(write)
tesp tesp
BS
tpAkD1L IpakD2
DACKn

Note: tRDHZ1: Stipulated from the faster negate timing of CSn or RD
tAH: Stipulated from the slower negate timing of CSn, RD, or WEn

Figure24.16 Basic BusCycle (No Wait)
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P
CSn
trRwD troH1| | tRwD
-
RD/WR <
| [taw
trsD trsp | tRwH
(reifi XK 7Z
tRDHL
e
trpS1
D31 to DO
(read)
t
twep tWED e
_ I i «> _: t
WEn _\ f— RWH
write
( ) \ / twpHs ‘
- i
twpp1 twpH1
< > >
D31 to DO
(write)
tesp tsp
BS ;
tpAkD1 tpAKD2
DACKn
twrs | twrh
— / \
WAIT 7 ‘

Figure 24.17 Basic Bus Cycle (One Wait)
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RD/WR

RD
(read)

D31 to DO
(read)

WEn

(write)

D31 to DO
(write)

DACKn

WAIT

tRwD troH1| | TRWD
AN
tAH
trsD trsD trwH
[ >
T\ /
X 7.
RDH1
-
trDS1
[
N
tan
tweD twep | trw
[ <+ + >
\
\ / twpH3 ‘
\
twop1 - twpH1
tgsp tgsp
tbAKD1 tpakD2
*
twrs |twrH twrs | twTH
| >
J& 1‘ X

Note: tRDH1: Stipulated from the faster negate timing of CSn or RD

tAH: Stipulated from the slower negate timing of CSn, RD, or WEn

Figure 24.18 Basic Bus Cycle (External Wait)
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taD taD
A31t0 AD )( ’* X
] tan
tcsp tesp2 tR\NH
CSn
tRDHL
\
trwD trRwD
<—>(
RDWR |
- tAH -
IR‘SD tR$D | tan tRiD trsp |tRwH
D ﬁx o
EEDHI f_FiDHl
trps trps1
|
D31 to DO }JE* X X X X *
tgsp tesp tssp tesp
[ [ [
R | e A e V|
tpakD1 IpAKD2
DACKn
twrs [twTh
e
WATT /N AT I\

Note: In the write cycle, the basic bus cycle, the basic bus cycle is performed.
tRDH1: Stipulated from the faster negate timing of CSn or RD
tAH: Stipulated from the slower negate timing of CSn, RD, or WEn

Figure24.19 Burst ROM BusCycle (No Wait)
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- N\ / !
tAH
tcsp1 tespz | [tRwH
CSn % *
tRDH1
il
tRWD tRWD
s —H
RD/WR >>
- tan
trsD trsp tan| | trsD trsp trsp | [tRwH
] - |
. :J[ (i a:
t !
N t.RPHl _,|iRoH | |tRorz
trps1 tros1
D31 to DO |7’ r (
- \ ))
tgsp | lBsD tgsp  |tesD
{— | [
= L [ Y
tpakD1 tDAKD2
DACKn
twrs ItwTH twrs| twTh
wn T T 2R S —

Note: In the write cycle, the basic bus cycle is performed.

Figure24.20 Burst ROM Bus Cycle (Two Waits)
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As 1o AU N |
tan
tcsp1 tcsp2 | tRwH
CSn %
tRDHL
tRwD trwD
> ™
RDWR | A tAH )L
trsp trsp1 taH | [tRsD1 trsD | tRwH
L] f—
RD j( _L jr 'L_
trRpH1 tRDH1
| || >
trps1 trDs
D31 to DO ||Z_>
tBsD tesp tgsp  |tBsD
- [ {
7 | ] |
BS L ]
tpbakDL tbakD2
DACKn
twrs [twTH twrs |twTH
twrs [twTH twrs twrH
N \ (Y |\ \ /(Y |\
WAIT N | A7 \ N | 1/ \

Note: In the write cycle, the basec bus cycle is performed.
tRDH1: Stipulated from the faster negate timing of CSn or RD
tAH: Stipulated from the slower negate timing of CSn, RD, or WEn

Figure24.21 Burst ROM Bus Cycle (External Wait)
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M AU R
A12 or A1l Row address ?;;?ng\nd V :
tap tap tap
>
Al15 to AO Row address Column address &
tcsps tcsps
CSn
trwp trwD
RD/WR _7|( 3|
tRAsD trasD
:q Py
RAS j
tcasp tcasp
<> Py
CAS
tbomp tbomp
DQMxx %&
tros2 | tron2
D31 to DO
tesp tesp
BS
CKE (High)
tpakp1 thakp1

Figure24.22 Synchronous DRAM Read Bus Cycle (RCD =0, CAS Latency =1,
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J |\ J 1 T
tap tap tap
A15 to AO Row address 4% Column address
tcsps tcsps
CSn
frwp trwD
RD/WR
trAsD trasD
tcasp | tcasp
CAS
tbomp tbomp
DQMxx %\
trps2 |troH2
D31 to DO
N/
tesp tesp
CKE (High)
tpakp1L tpakp1

- [
DACKn )k *

Figure24.23 Synchronous DRAM Read Bus Cycle (RCD =2, CAS Latency =
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tap tap tap
>
o \ / \ /

Al5 to AO address COILIm\m addrle§5 (1'4)X %

tcsps tcsps
CSn :gl\

trwD )
RD/WR _7|[ lk

trasp | [RASD
RAS ;L :;I/

tcasp tcasp

CAS N\

tbomp toomp
DQMxx *q\ ;l(

trps2| trRpH2 trps2| trRDH2
D31 to DO ﬂ
tesp tesp

BS ;lz
CKE (High)

tpakp1 tbakp1

g
DACKn *

Figure 24.24 Synchronous DRAM Read Bus Cycle
(Burst Read (SingleRead x 4), RCD =0, CASLatency =1, TPC =1)
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tao  |tap tap
]
Ro A /
Al5to AO address CoI}Jmn addres?l Q—4)
tcsps tcsps
e
CSn
trwD trwp
]
RD/WR ; *
t trasD
RASD pie
RAS M
tcasp tcasp
CAS
oMb :_'iQMD
DQMxx
trps2 tRIDHZ tRolsz tRDH2
D31 to DO = [ S—
(read) o,
tasp tesp
e
BS
CKE (High)
tpakp1 tbakp1

>
DACKn *

Figure24.25 Synchronous DRAM Read BusCycle
(Burst Read (SingleRead x 4), RCD =1, CASLatency =3, TPC =0)
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|

tap tap 7%)
L]
Al15 to AO <_%Row address,3 ggél:g'sg *%
tcsps tcsps
P
CSn T
trwo trwp trwp
<—>| > <>
RD/WR j X N4
trasD trasp
e
RAS ;l‘ +
tcasp tcasp
CAS N J[
tbomp tbomp
-] <—>|
DQMxx NN 7|(
twop2 twoHz2
e
D31 to DO A\ ﬂ—
tesp tasp
]
BS N ;L
CKE (High)
tbakp1 tpakp1

>
DACKn * *

Figure24.26 Synchronous DRAM Write BusCycle (RCD =0, TPC =0, TRV

Rev. 5.00 May 29, 2006 page 634 of 698
REJ09B0146-0500
RENESAS



Al5 to AO

CSn

RD/WR

RAS

CAS

DQMxx

D31 to DO

CKE

DACKn

| N—
tap tap
L 4‘;
Row a % Columi
address address
tesps tcsps
trwo trwp tRV-\ID
trasp | lRASD
fcasp  |tcasp
toomp  |tbomp
<> -]
\ R £
twopz  |tworz
<> -]
tesp tasp
(High)
tpakp1 tpakp1
g

X

Figure24.27 Synchronous DRAM WriteBusCycle(RCD =2, TPC =1, TR
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s |- T A\
tap tap tap
A15 to A Row Column address (1-4)
(o} address _olumn address ( - )\
tcsps tcsps
>
CSn
trwp trwo trwo
<->| >
RD/WR _}l 7\(
trasp | frRASD
RAS 1‘ }
tcasp tcasp
CAS
tbomp tbomp
DQMxx W E& ;l(
twopz  |twpp2 twpH2
D31 to DO |\|/ J< X X
tasp tesp
BS ;L
CKE (High)
tpakp1 tbakp1

> ->
DACKn * *

Figure24.28 Synchronous DRAM Write Bus Cycle
(Burst Mode (SingleWritex 4), RCD =0, TPC =1, TRWL =0)
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A15 to AO

9]
2]
=]

RD/WR

D31 to DO

CKE

DACKn

& &P | tap
Row T\ 7/ \ /
address % Calyr{m addl}e%s (]_-4)X
%j\m tcsps
:F_zZIVD tRwp :_F", o
trasp | TRASD /
tcasp tenso
bouo tbomp

BT’Q

twopz2  |twopz2

tworz

f

tpakp1

N\
tesp tasp
(High)

tbakp1

X

Figure24.29 Synchronous DRAM Write Bus Cycle

(Burst Mode (SingleWritex 4), RCD =1, TPC =0, TRWL =0)

RENESAS
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“AD
(| [t
Al12 or A1l 4‘ Read command ;Z

<j< « gﬁ
A15 to AO >< Column address ><

,_,
>
o

="

o]

tcsps tcsps
- [t
CSn ‘#
trwD trwp
4»‘ <>1
RD/WR j
trasD2

fcasp2 tcasp2
[ -
CAS L
toomp tbomp
- b
DQMxx
trpsz2 | troHz trpsz2 | trpHz2
[
D31 to DO >< >4 F
tasp tesp
|| b

CKE (High)

< IDAKDL «»| IDAKDL
DACKn % %

Figure 24.30 Synchronous DRAM Burst Read Bus Cycle
(RAS Down, Same Row Address, CAS Latency = 1)
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il -
N AYA
Al5to AO } Colluﬁm addr§s\s X &

tesps tesps

1y

Q-DI
RD/WR __%

e
s A

tcasp tcasp
CAS ] ‘}
toomp toomp
DQMxx _-* ql_
trosz| tRoH2 trosz|trRoH2
D31 to DO ﬂ—

tesp tasp

yTt

CKE (High)

toakD1 e tDAKD1

Figure 24.31 Synchronous DRAM Burst Read Bus Cycle
(RAS Down, Same Row Address, CAS Latency = 2)
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A15 to A0 ad%%vss X Columﬁ, éddress X
tesps tesps
CSn
trwp trwp trwd
_:* b
RD/WR :Il Sk
trasD trasD
RAS
teaso toasp
= fr—
CAS
toomp tbomp toown

[+
il
]

5
5]
I
N

trosz tRoH2 tros2

DQMXxx __%
== <
D31 to DO { X X

tesp
s 'S'(

CKE (HIGH)

[a»| toako1 toakp1
DACKn

LTJ_I

[
@
)'Tw
S

Y

Figure 24.32 Synchronous DRAM Burst Read Bus Cycle
(RAS Down, Different Row Address, TPC =0, RCD =0, CAS Latency =

Rev. 5.00 May 29, 2006 page 640 of 698
REJ09B0146-0500
RENESAS



A15to AD

RD/WR

O
P
2

DQMxx

D31 to DO

DACKn

/N\L . addressA\ VA V2 SRy AN N\

fesps tesps
4
trwo trwo trwo
[« = ke
trasD trasp trasD trasD
« [« « <

teasp tcasp

o
thomp thomp thomp
E ‘gﬁ

trosz| troH2 tros2 |tRoH2
>

@

tesp

T

tasp

),TL

(HIGH)

<i DAKDL

DAKDL

Figure24.33 Synchronous DRAM Burst Read Bus Cycle
(RAS Down, Different Row Address, TPC =1, RCD =0, CAS Latency -
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[

A15 to A0 —:* X COlumn:{ddress X

tcsps

s
RD/WR -4{

|

[¢]
b3
@]

DQMxx -JK

I i eV G G |

I|
>
%
~ LS T 3 ;,'; — 5 Q
sNCiS P L S E g
g H S ] S &

CKE (HIGH)

le»| 1DAKD1L
DACKn *

g
>
=
5]
2

Figure 24.34 Synchronous DRAM Burst Write Bus Cycle
(RAS Down, Same Row Address)
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Al5to A0

CSn

s/
P
[

O
P
[z

DQMxx

D31 to DO

CKE

DACKn

ind I
Row hS 4 X
w X Columr}iddress
tesps tesps
len]
trwo trwo trwo trwo
q |

tbomp tbomp

1

=
S
9
g

ry
g

ry py T = =
& £ g ‘Q
Q
] S 2 I
<] g 5 S

(HIGH)

las] (DAKD1

«»| DAKDL

al

Figure 24.35 Synchronous DRAM Burst Write Bus Cycle

(RAS Down, Different Row Address, TPC =0, RCD = 0)
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N\ COUMDREATess - A

trwo

tRasD trasp

M

teasp

A15t0 A L
tesps
L«
Csn
trwo trwo
;i i
RD/WR \
trasp trasp
L«
RAS
CAS
thomp
ke

tbomp
e

DQMxx _* V

twop2

D31 to DO

tasp

& £ s ¢
)‘Tl% Ttg )‘Ttg thg

CKE (HIGH)

«»| [DAKDL
DACKn *

<; DAKDL

Figure24.36 Synchronous DRAM Burst Write Bus Cycle
(RAS Down, Different Row Address, TPC =1, RCD =1)
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trasD trasD trasD trasD

G R

tcasp tcasp

CAS ;l‘

tRWD tRWD

- e
RD/WR _SL 7\[

Lt

Figure 24.37 Synchronous DRAM Auto-Refresh Timing (TRAS=1, TPC

Tp Tpc TRal | (TRs2) | |(TR32) | _TRs3 | (Tpc) | (Tp
“ S\
tekep teken
CKE ‘:l( / \
()()
tesps tesps

I g ((
csn D) \
t

RASD tRASD tRASD tRASD

o TR <

tCASD tCASD

tRWD tRWD tRWD

I g ] nid| ((
RDWR 5k {) {)
))

Figure24.38 Synchronous DRAM Self-Refresh Cycle (TPC =0)
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lap tap tap

Al10to A2 ‘%
(A9 to AL)* %I

tcsps tcsps
CSn

trwp trwp trwp
RD/WR

trasp | trasp trasp | frAsD

w TR L

fcasp | fcasp

CASxx jﬂ ;P

D31 to DO ——(/ 7 2—

CKE

tbakp1 (High) tbakp1
[ [
oo X e

Note: * Items in parentheses ( ) apply to 16-bit bus width connections.

Figure 24.39 Synchronous DRAM Mode Register Write Cycle
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tesp1 tcsp
CExx % *
tfrRwD trRwb
RD/WR % ;<
trsD trsD
RD ’(
(read) tRDH1
trps1
D15 to DO
(read)
tweb tweb
WEH1
(write) twpH4
|
twop1 twoH1
D15 to DO
(write) — |
tgsp tesp
BS
tpakD1 tpAKD1L

Figure24.40 PCMCIA Memory BusCycle(TED =0, TEH =0, No W«
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RD/WR

RD
(read)

D15 to DO
(read)

WEH1
(write)

D15 to DO
(write)

DACKn

Rwp RWD
trsD trsp
tRDHL
trps1| 7
!
tweb twep
twpH4
twob1 twpH1
X X
tgsp tesp
(|
tpakD1 tpAKD:
4_;{
twrs tWTH twrs| twrh
[}
7 \
JR J{ / \

Figure24.41 PCMCIA Memory BusCycle
(TED =2, TEH =1, One Wait, External Wait)

Rev. 5.00 May 29, 2006 page 648 of 698

REJ09B0146-0500

RENESAS



LoDl LoDl
CExx
—tRWD frRwD
__ [+
RD/WR
trsp  |Rsp  [tRsD trsD
(read)
tRDHL tRDHL
trDs1 trRDS1
ot
D15 to DO F — \ / \ /
(read) ) N n__/ N\
lesp |lBsp |lBsD |lBSD
s Tk S\ \_J

tpakDL .J%W

Note: Even though burst mode is set, write cycle operation is the same as in normal mode.

DACKn

Figure24.42 PCMCIA Memory Bus Cycle
(Burst Read, TED =0, TEH =0, No Wait)
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tcspr tcspa
CExx
frRwp trRwb
I e |
RD/WR f %
trsD trsp | trsD trsD
[t
RD \|
(read) ”'lRDHl _ |l [RDHL
trDS1 trps1]
D15 to DO = )=
(read) N | N
tesp | lesp tesp | tesD
[
BS U L
tpakD1 tpAKD
twrs [twrh
[
twrs [twrH twrs [twTH

WAIT ‘[%;u X

Note: Even though burst mode is set, the write cycle operation is the same as in normal mode.

Figure 24.43 PCMCIA Memory BusCycle
(Burst Read, TED =1, TEH =1, Two Waits, Burst Pitch = 3)

Rev. 5.00 May 29, 2006 page 650 of 698
REJ09B0146-0500
RENESAS



trRwp trRwp

RD/WR

ticrsp ticrsp

-«
ICIORD
(read)
trDHL

trpS1
D15 to DO {

(read) *

ticwsp ficwsp
<«
ICIOWR
(write)
twpHa
>
twop1 twpH1
[
D15 to DO
(write) _—<
tgsp tgsp
BS \
tbakDL tpakD1L
DACKn

Figure24.44 PCMCIA 1/0 BusCycle(TED =0, TEH =0, No Wait)
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RD/WR

ICIORD
(read)

D15 to DO
(read)

ICIOWR
(write)

D15 to DO

(write) — |

DACKn

WAIT

tRWD tRWD
ticrsp ticrsp
trRDHL
la—
troS1
[
ticwsp ticwsp
twpH4
I
twpb1 twpH1
tgsp tasp)
tbakDL tpakDI
twrs | twrh
twrs |twrH
7 \
/ \
tio1es | tio16H

{"}

Figure24.45 PCMCIA I/O BusCycle

(TED =2, TEH =1, One Wait, External Wait)
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lcsp1 lcspa lcso:
CExx }I
trwD tRwp
RD/WR _j *
ticrsp ticrsp |ticrsD ticrsb
ICIORD ‘;l{ :]R —
read
(read) tRDHL tRDHL
- le—
trpS1 trps1
Ft—p| [
D15 to DO
(read)
ticwsp ticwsp ticwsp ticwsp
ICIOWR —
(write)
twpHs twpHa _’l
twob1 twpb2 twoH
D15 to DO
(write)
tgsp tgsp tgsp tsp
BS
toakD1 tbak
DACKn
tWTS twTH twrs | twtH
> [
WAIT 1% £ X
tio1es |tio1eH
[blenl
101516 X

Figure24.46 PCMCIA 1/0 BusCycle

(TED =1, TEH =1, OneWait, Bus Sizing)
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puUulot vviutil

Both edge specification t,,, 25 —

Oscillation settling time teosc — 3 s
SCI Input clock  Asynchronization teove 4 — tcyc
cycle Clock synchronization 6 —
Input clock rise time teokm — 15
Input clock fall time toce — 15
Input clock pulse width tockw 0.4 0.6 tscy
Transmission data delay time to — 100 ns
Receive data setup time tors 100 —
(clock synchronization)
Receive data hold time tor 100 —
(clock synchronization)
RTS delay time torso — 100
CTS setup time toe 100 —
(clock synchronization)
CTS hold time (. 100 —
(clock synchronization)
Port Output data delay time toormo — 17 ns
Input data setup time 1 toorrer 15 —
Input data hold time 1 toorin 8 —
Input data setup time 2 toorres tcyc + 15 —
Input data hold time 2 toorria 8 —
Input data setup time 3 toorres 3xtcyc+15 —
Input data hold time 3 toorThs 8 —
DMAC DREQ setup time torco 6 — ns
DREQ hold time toreon 4 —
DRAK delay time toraro — 10
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tTCKS

wo SN S ~_J

tTCKS

TCLK / S—
(input) g
trekwL trekwh

Figure24.48 TCLK Clock Input Timing

Stable
oscillation

e N D\

Figure24.49 Oscillation Settling Timeat RTC Crystal Oscillator Powe

tsexw tsckr tsexr
SCK

tScyc

Figure 24.50 SCK Input Clock Timing
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/\

reception) ¢
RTSD

—__ s
RTS >§
N

X

X

terss | | tetsn
[
_ r Y
SE X X4 X

X

Figure24.51 SCI 1/O Timingin Clock Synchronous Mode

CKIO
k ,Z{_\_/ \
tPORTS1 | | tPORTH1
PORT 7t0 O / \
(read) >§t JK

(B:P clock ratio = 1:1)

tPORTS2 | | tPORTH2

PORT 7to 0
(read)

X

(B:P clock ratio = 2:1)

tPORTS3 | | tPORTH3

L
*

PORT 7to 0
(read)

X

(B:P clock ratio = 4:1)

tPORTD

PORT 7t0 0
(write)

Figure24.52 /O Port Timing

Rev. 5.00 May 29, 2006 page 656 of 698
REJ09B0146-0500

RENESAS



CKIO

DRAKO/1

Figure 24.54 DRAK Output Timing

Rev. 5.00 May 29, 2006 pa
REJO!

RENESAS



TCK rise/fall time (S8 — 4 ns
TRST setup time tirsrs 12 — ns 24.56
TRST hold time [ 50 — e
TDI setup time tos 10 — ns 24.57
TDI hold time tom 10 — ns
TMS setup time t s 10 — ns
TMS hold time tsh 10 — ns
TDO delay time toon — 16 ns
ASEMDO setup time (T 12 — ns 24.58
ASEMDO hold time tcuns 12 — ns
AUDCK cycle time tuneve — 66 ms 24.5¢
AUDATA delay time too — 12 ns
AUDSYNC delay time tusvo — 12 ns
trekeye
treke
L Ve Ve
fooa |

Note: When clock is input from TCK pin

Figure24.55 TCK Input Timing
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yul © £5.J0

F'Rol Hhpucl iy \ReocL 1'iuiyg)

TCK

TDI

™S

TDO

/

tTDIS

tTC Keyc

\

tTDIH

tTMSS

tTMSH

trpop

Figure 24.57 H-UDI Data Transfer Timing

RESETP

ASEMDO

v

ASEMDOS

/

tASEMDOH |

Figure24.58 ASEMDO Input Timing
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AUDSYNC yﬁ

Figure24.59 AUD Timing

24.3.10 A/D Converter Timing

Table24.10 A/D Converter Timing

Item Symbol Min Typ Max Unit

External trigger input pulse width eew 2 — — tcyc

External trigger input start delay time tines 50 — — ns

Input sampling time (CKS =0) ten, — 129 — tcyc
(CKS =1) — 65 —

A/D conversion (CKS =0) t, 17 — 28 tcyc

start delay time (CKS = 1) 10 _ 17

A/D conversion time (CKS =0) teony 514 — 525 tcyc
(CKS =1) 259 — 266

tcyc: Pocycle
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Yres
ADCR

Figure 24.60 External Trigger Input Timing

*1

Po |
Address
Write __Lli
signal
Input sampling
timing _4l—l %

P

ADF

tSPL

tcony

Legend:

tp  : A/D conversion start delay
tgp : Input sampling time

teony: A/D conversion time

Notes: 1. ADCSR write cycle
2. ADCSR address

Figure24.61 A/D Conversion Timing
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LSI output pin DUT output

C Veer

lon

Notes: 1. Cuis the total value that includes the capacitance of measurement
instruments, etc., and is set as follows for each pin.
30 pF: CKIO, RASx, CASxx, CS0, CS2 to CS6, CE2A, CE2B, BACK
50 pF: All other pins
2. loL and loH are the values shown in table 23.3.

Figure 24.62 Output Load Circuit
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Delay Time [ns]

+3

30 pF -

+2

/ o

+1

/

+0
+0

+10 +20 +30 +40 +50

Load Capacitance [pF]

Figure 24.63 Load Capacitancevs. Delay Time
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Resolution 10 10 10 bit:

Conversion time 15 — — us
Analog input capacitance — — 20 pF
Permissible signal-source (single- — — 5 kQ
source) impedance

Nonlinearity error — — +3.0 LS
Offset error — — +2.0 LS
Full-scale error — — +2.0 LS
Quantization error — — +0.5 LS
Absolute accuracy — — +4.0 LS

245 D/A Converter Characteristics
Table 24.12 lists the D/A converter characteristics.

Table24.12 D/A Converter Characteristics

Conditions. VccQ=3.3+03V,Vec=19+£0.15V,AVcc=3.3+£0.3V, Ta=-201«

Item Min Typ Max Unit Test Co

Resolution 8 8 8 bits

Conversion time — — 10.0 S 20-pF ce
load

Absolute accuracy — +2.5 4.0 LSB 2-MQ re
load
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I—D Input enable

Veco Input with enable RxDO/SCPT[0]
Pull-up with enable RxD2/SCPT[2]
p—————J Pull-up enable AUDCK/PTG[4]
Input data
Input enable

Schmitt trigger input ~ ASEMDO
b [ ] Input data MDI[5:0]
RESERM
NMI
RESETP
CA

X

Input with enable CTS2/IRQ5/SCPT

g Schmitt trigger input ADTRG/PTG[5]
p————{J Pulupenable  py|_yp with enable

O VceQ

[ ] Input data

—D Input data

| Input enable
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Input with enable ANJ[3:2]/DA[0:1)/PT

MT_}>—D Input data Analog input with
{"] Input enable enable

Analog output with

I—O(_E—H@—D Input enable enable

L[] Input analog

data
i%wm Output enable

L[] Output analog
data
VeeQ 3-state output RD
WEO/DQMLL
| Output enable WE1/DQMLU/WE
—{] Output dat S0
utput data
BACK
VssO TXDO/SCPTI[0]
TXD2/SCPT[2]
VeeQ 3-state output A[25:12]
Pull-up with enable
+—{ | Output enable
X
—{ ] Output data
VeeQ
VssQ
|:>—E| Pull-up enable
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I S

Input data

Input enable

WES/DWIVIUU/IUI
CS[4:2]/PTC[5:3]
CS5/CETA/PTCI6
CS6/CE1B/PTC[7
CE2A/PTD[6]
CE2B/PTD[7]
RASL/PTD[0]
RASU/PTD[1]
CASL/PTD[2]
CASU/PTDI[3]
CKE/PTD[4]
101S16/PTDI[5]
DACKJ[1:0)/PTE[1
DRAKJ[1:0)/PTE[3
AUDATA[3:0)/PTF
AUDSYNC/PTF[4
TDO/PTF[5]
ASEBRKAK/PTF]
STATUSI[1:0)/PTE
TCLK/PTE[6]
IRQOUT/PTE[7]
SCKO/SCPT[1]
SCK2/SCPTI[3]
RTS2/SCPT[4]
DREQI1:0]/PTHI6
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Input data
Input enable

VeeQ 3-state output TDI/PTG[O]

o " Input with enable TCKIPTG[1]

| utput enable

X Schmitt trigger input TMS/PTG[2]
L] Output data TRST/PTG[3]
Pull-up with enable
s oo VeeQ IRQ[3:0)/IRL[3:0]/P

Pull-up enable IRQ4/PTHI[4]
Input data
Input enable

—@—D Input data

- EXTAL2
Clock out 32 I.<Hz. crxstal
XTAL2 oscillation input
EXTAL2 Clock enable

Switch between EXTAL

X%L Clockout  crystal resonator and
crystal oscillator input
b1 (input from EXTAL)
Clock enable
EXTAL
Select
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Power-On Manual
Category Pin Reset Reset Standby Sleep
Clock EXTAL I | [ [
XTAL o™ o*! o*! o™
CKIO 10™* 10" lo****?  j0**
EXTAL2 I I I I
XTAL2 0 0 0 0
CAP1, CAP2 — — — —
System RESETP I I I I
control RESETM | | | |
BREQ I I I I
BACK 0 0 0 0
MDI[5:0] [ I I I
CA I I I I
STATUS[1:0)/PTE[5:4] O oP** oP** oP**
Interrupt IRQ[3:0]/IRL[3:0]/ [*® I I I
PTH[3:0]
IRQ4/ PTH[4] I I I I
NMI I I I I
IRQOUT/PTE[7] H op*? ZK*? opP™*
Address bus  A[25:0] z 0 ZL 0
Data bus D[15:0] z I z 10
D[23:16])/PTA[7:0] z IP*? ZK*? IOP*®
D[31:24]/PTB[7:0] Z [=h ZK*? IOP*®
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DOo/F 1 LlV] L LN ur
RASL/PTD[0] H opP™** ZOK**  OoP*®
RASU/PTDI[1] H oP** ZOK™ oP**
CASL/PTD[2] H opP™** ZOK**  OoP*®
CASU/PTD[3] H oP** ZOK™ oP**
WEO/DQMLL H o} ZH™ o)
WE1/DQMLU/WE H o} ZH™ o)
WE2/DQMUL/ICIORD/ H opP*® ZH*" K™ opP*®
PTC[1]
WE3/DQMUU/ICIOWR/ H op*? ZH*™MK* OP**
PTC[2]
RD/WR H o} ZH™ o)
RD H o} ZH™ o)
CKE/PTD[4] H opP*® OK™® op**
WAIT z | z [
DMAC DREQO/PTHI[5] [ zI’ z [
DACKO/PTE[0] 0 oP™* ZK*? opP**
DRAKO/PTE[2] 0 opP*® ZH*" K™ OopP*®
DREQ1/PTHI6] I zr’ z I
DACK1/PTE[1] 0 oP™*® ZK*? opP**
DRAK1/PTE[3] 0 opP*® ZH*" K™ OoP*®
Timer TCLK/PTE[6] | zr’ IOP*® IOP*®
SCl/Smart RxDO/SCPT[0] z zI*’ z 1Z*
g";‘;do""'thc’“t TXDO/SCPTIO] z 70" zK* 0z**
SCKO/SCPTI[1] \Y Zp*? ZK*? IOP*®
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UiIodIRYIIOUT 1]9] Vv 1 1

Port CE2B/PTD[7] H opP™** ZH*"K™ opP*®
CE2A/PTDI[6] H opP*® ZH*" K™ OopP*®
[OIS16/PTD[5] [ [ z [
ADTRG/PTG[5] v*e I 1z I

H-UDI TCK/PTG[1] v [ 1Z [
TDI/PTG[0] v [ 1Z [
TMS/PTG[2] \Y; I 1z |
TRST/PTGI[3] v [ 1Z [
AUDSYNC/PTF[4] oV opP*® OK™® op**
TDO/PTF[5] oV oP™** oK™ opP™**
AUDCK/PTG[4] \Y; I 1z |
AUDATA[3:0)/PTF[3:0] IV I 1z |
ASEBRKAK/PTFI6] oV oP™* opP™** opP™**
ASEMDO I I z [

Analog AN[1:0]/PTJ[1:0] z zI*’ z [
AN[3:2)/DA[0:1)/ z zr’ 0z** 10*°
PTJ[3:2]

Legend:

I Input

O: Output

H: High-level output

L: Low-level output

Z: High impedance

P: Input or output depending on register setting

K: Input pin is high impedance, output pin holds the state

V: 1/O buffer off, pullup MOS on
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8. Input Schmitt buffers of IRQ[5:0] and ADTRG are on. Input Schmitt buffers o
inputs (e.g. PTH, CTS2) that are shared with these pins are off.

9. O when DA output is enabled; otherwise depends on a register setting.
10. In the standby mode, Z or L depending on register setting.

11. In the standby mode, Z or H depending on register setting.

12. In the standby mode, CKIO may be either high or low level.
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MD1 129 ci17 | Clock mode setting
MD2 164 B7 | Clock mode setting
MD3 167 C6 | Area 0 bus width setting
MD4 168 D6 | Area 0 bus width setting
MD5 169 A5 | Endian setting
D31 to D24/ 5,6,7,8,9, 10, F4,F3,F2, F1, lfe} Data bus / input/output port B
PTB[7] to PTB[0] 12, 14 G4, G3, G1, H3
D23 to D16/ 15, 16, 17,18, H2, H1, J4,J2, 110 Data bus / input/output port A
PTA[7] to PTA[O] 20, 22, 23,24  J3,K2,K3, K4
D15 to DO 26, 28, 29,30, L2,L4,M1, M2, 1O Data bus

31, 32, 33,34, M3, M4, N1, N2,

35, 36, 38,40, N3, N4, P2,R1,

41,42, 43, 44 R2,P4,T1, T2
A25 to AO 76,75,74,72, T11,P10,T10, O Address bus

70, 69, 68,67, R9, T9, P9, U8,

66, 65, 64, 62, T8, R8, P8, U7,

60, 59, 58, 57, R7, U6, T6, R6,

56, 55, 54,53, P6, U5, T5, R5,

52,50, 48,47, P5,U4,R4,T3,

46, 45 R3, U2, Ul
BS/PTCI0] 77 R11 o/1/0 Bus cycle start signal / input/output
RD 78 P11 e} Read strobe
WEO/DQMLL 79 u12 o D7 to DO select signal / DQM (SDR
WE1/DQMLU/WE 80 T12 o] D15 to D8 select signal / DQM (SD

strobe (PCMCIA)

WE2/DQMUL/ 81 R12 o/0/ D23 to D16 select signal / DQM (SI
ICIORD/PTCI1] o/1/0 PCMCIA input/output read / input/o
WE3/DQMUU/ 82 P12 o/0/ D31 to D24 select signal / DQM (SI
ICIOWR/PTCI[2] o/1/0 PCMCIA input/output write / input/o
RD/WR 83 u13 o] Read/write
CSO0 85 P13 o Chip select
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CE2A/PTDI6] 92 R16 Oo/llo Area 5 PCMCIA CE2 / input/output p
CE2B/PTD[7] 94 P15 Oo/llo Area 6 PCMCIA CE2 / input/output p
RASL/PTD[0] 96 P17 o/1/0 Lower 32 Mbytes address RAS (SDF
input/output port D
RASU/PTD[1] 97 N14 o/1/0 Upper 32 Mbytes address RAS (SDF
input/output port D
CASL/PTD[2] 98 N15 Oo/llo Lower 32 Mbytes address CAS (SDF
input/output port D
CASU/PTD[3] 99 N16 o/1/0 Upper 32 Mbytes address CAS (SDF
input/output port D
CKE/PTD[4] 100 N17 o/1/0 CK enable (SDRAM) / input/output p
I0IS16/PTD[5] 101 M14 1/1/0 101S16 (PCMCIA) / input port D
BACK 102 M15 0 Bus acknowledge
BREQ 103 M16 I Bus request
WAIT 104 M17 | Hardware wait request
DACKO/PTE[0] 105 L14 o/1/0 DMA acknowledge 0 / input/output pt
DACK1/PTE[1] 106 L15 Oo/llo DMA acknowledge 1 / input/output p
DRAKO/PTE[2] 107 L16 Oo/llo DMA request acknowledge / input/oL
DRAK1/PTE[3] 108 L17 o/1/0 DMA request acknowledge / input/ou
AUDATAIO])/PTF[0] 109 K15 /10 AUD data / input/output port F
AUDATA[L1]/PTF[1] 110 K16 /10 AUD data / input/output port F
AUDATA[2]/PTF[2] 111 K17 /10 AUD data / input/output port F
AUDATA[3]/PTF[3] 112 Ji4 l[e} AUD data / input/output port F
AUDSYNC/PTF[4] 113 J16 o/1/0 AUD synchronous / input/output port
TDI/PTG[O] 114 Ji7 | Data input (H-UDI) / input port G
TCK/PTG[1] 116 H17 | Clock (H-UDI) / input port G
TMS/PTG[2] 118 Gl16 | Mode select (H-UDI) / input port G
TRST/PTG[3] 119 G15 | Reset (H-UDI) / input port G
TDO/PTF[5] 120 G14 O/llo Data output (H-UDI) / input/output pc
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AN AL

104

D410

LALTTHHAl LIULR 7 Ll yoldl UstLiiialul pil

XTAL 2 Cc2 (0] On-chip RTC crystal oscillator pin
EXTAL2 3 C1 | On-chip RTC crystal oscillator pin
STATUSO/PTE[4] 133 A17 Oo/llo Processor status / input/output port
STATUS1/PTE[5] 134 Al6 o/1/0 Processor status / input/output port
TCLK/PTE[6] 135 C15 lfe} TMU or RTC clock input/output / in|
IRQOUT/PTE[7] 136 B15 o/1/o Interrupt request notification / input
CKIO 138 C14 /10 System clock input/output
TxDO/SCPTI[0] 140 Al4 O SCI transmit data 0 / SC port
TxD2/SCPT[2] 142 C13 O SCIF transmit data 2 / SC port
SCKO/SCPT[1] 141 D13 110 SCl clock 0/ SC port
SCK2/SCPT[3] 143 B13 110 SCIF clock 2 / SC port
RxDO/SCPT[0] 145 D12 | SClI receive data 0 / SC port
RxD2/SCPT[2] 146 C12 | SCIF receive data 2 / SC port
RTS2/SCPT[4] 144 A13 Oo/llo SCIF transmit request 2 / SC port
CTS2/IRQ5/ 147 B12 | SCIF transmit clear / external interr
SCPT[5] SC port
RESETM 149 c11 I Manual reset request
IRQ[3:0)/IRL[3:0)/ 151, 152,153, Al1, D10, C10, I/1/1/O External interrupt request / input/ou
PTH[[3:0]] 154 B10
IRQ4/PTHI[4] 155 A10 1/1/0 External interrupt request / input/ou
NMI 157 B9 | Nonmaskable interrupt request
AUDCK/PTG[4] 159 C9 | AUD clock / input port G
RESETP 165 A6 I Power-on reset request
CA 166 B6 | Chip activate / hardware standby re
AN[0])/PTJ[0] 171 C5 | A/D converter input / input port J
AN[1]/PTI[1] 172 D5 | A/D converter input / input port J
AN2[2]/DA[1]/PTI[2] 173 A4 1/0/1 A/D converter input / D/A converter
port J
AN3[3]/DA[O]/PTI[3] 174 B4 1/07/1 A/D converter input / D/A converter

portJ
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150 H16, B11 supply
V. -RTC 1 C3 Power RTC power supply (1.9 V)
supply
V.-PLL1 123 E17 Power PLL1 power supply (1.9 V)
supply
V -PLL2 128 D16 Power PLL2 power supply (1.9 V)
supply
AV 175 B3 Power Analog power supply (3.3 V)
supply
V. Q 11, 25, 37, G2, L1, P1, Power Input/output power supply (0 V)
49, 61, 84, U3, P7, R13, supply
93, 137, 156 R17, Al15, D9
Vg 19, 71, 115, Ji1, U9, J15, Power Internal power supply (0 V)
130, 148 C16, D11 supply
V,-RTC 4 D3 Power RTC power supply (0 V)
supply
V-PLL1 125 E15 Power PLL1 power supply (0 V)
supply
V-PLL2 126 El4 Power PLL2 power supply (0 V)
supply
AV 170, 176 B5, B2 Power Analog power supply (0 V)
supply
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0 CAP1L: L eave unconnected
O V,—PLLL Power supply (1.9)

O V—PLLL: Power supply (0V)
When PLL2 isnot used

0 CAP2 L eave unconnected
O V,—PLLZ Power supply (1.9 V)
O V—PLL2: Power supply (0V)

When on-chip crystal oscillator is not used

0 XTAL: L eave unconnected
When EXTAL pinisnot used

O EXTAL: ConnecttoV_Qor V., Q
When A/D converter is not used

O AN[3:0]: L eave unconnected

O AV Power supply (3.3 V)

O AV Power supply (0 V)
When hardware standby is not used

O CA: Pull uptoV_Q
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W |High High High High
RD/WR R |High High High High
W |Low Low Low Low
BS Enabled Enabled Enabled Enabl
RASU/PTD[1] High High High High
RASL/PTDI0] High High High High
CASL/PTD[2] High High High High
CASU/PTDI[3] High High High High
WEO/DQMLL R [High High High High
W |Low Low High Low
WE1/WE/DQMLU R |High High High High
W |High High Low Low
WEZ2/ICIORD/DQMUL/ R [High High High High
PTCR W |High High High High
WE3/ICIOWR/DQMUU/ R |High High High High
PTCI2] W |High High High High
CE2A/PTDI[6] High High High High
CE2B/PTDI[7] High High High High
CKE Disabled Disabled Disabled Disabl
WAIT Enabled™* Enabled™* Enabled™* Enabl
101S16 Disabled Disabled Disabled Disab!
A25 to AO Address Address Address Addre
D7 to DO Valid data Valid data Invalid data Valid
D15 to D8 Hi-Z** Invalid data Valid data Valid
D31to D16 Hi-Z** Hi-Z** Hi-Z** Hi-Z"**
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W |Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled
RASU/PTD[1] High High High High High High
RASL/PTDI0] High High High High High High
CASL/PTDI[2] High High High High High High
CASU/PTD[3] High High High High High High
WEO/DQMLL R |High High High High High High
W |Low High High High Low High
WET1/WE/DQMLU R [High High High High High High
W |High Low High High Low High
WE2/ICIORD/DQMUL/ R |High High High High High High
PTCIL] W |High High Low High High Low
WES/ICIOWR/DQMUU/ R |High High High High High High
PTCI2] W |High High High Low High Low
CE2A/PTD[6] High High High High High High
CE2B/PTD[7] High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled*’ |Enabled** |Enabled* |Enabled*’ |Enabled** |Enabled”
10IS16 Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
A25 to AO Address Address Address Address Address Address
D7 to DO Valid Invalid Invalid Invalid Valid Invalid
data data data data data data
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid
data data data data data data
D23 to D16 Invalid Invalid Valid Invalid Invalid Valid
data data data data data data
D31 to D24 Invalid Invalid Invalid Valid Invalid Valid
data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or d
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W |Low Low Low Low
BS Enabled Enabled Enabled Enabl
RASU/PTD[1] High High High High
RASL/PTDI[0] High High High High
CASL/PTD[2] High High High High
CASU/PTD[3] High High High High
WEO/DQMLL R |High High High High

W |Low High Low Low
WET/WE/DQMLU R |High High High High

W |High Low High Low
WE2/ICIORD/DQMUL/ R |High High High High
PTCR] W |High High High High
WES/ICIOWR/DQMUU/ R |High High High High
PTCI2] W |High High High High
CE2A/PTDI6] High High High High
CE2B/PTD[7] High High High High
CKE Disabled Disabled Disabled Disabl
WAIT Enabled™* Enabled™* Enabled** Enabl
10IS16 Disabled Disabled Disabled Disab
A25 to AO Address Address Address Addre
D7 to DO Valid data Invalid data Valid data Valid
D15 to D8 Hi-Z** Valid data Invalid data Valid
D31 to D16 Hi-z** Hi-z** Hi-z** Hi-Z*?
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W |Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled
RASU/PTD[1] High High High High High High
RASL/PTDI0] High High High High High High
CASL/PTDI[2] High High High High High High
CASU/PTD[3] High High High High High High
WEO/DQMLL R |High High High High High High
W |High High High Low High Low
WET1/WE/DQMLU R [High High High High High High
W |High High Low High High Low
WE2/ICIORD/DQMUL/ R |High High High High High High
PTCIL] W |High Low High High Low High
WES/ICIOWR/DQMUU/ R |High High High High High High
PTCI2] W |Low High High High Low High
CE2A/PTD[6] High High High High High High
CE2B/PTD[7] High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled*’ |Enabled** |Enabled* |Enabled*’ |Enabled** |Enabled”
10IS16 Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
A25 to AO Address Address Address Address Address Address
D7 to DO Invalid Invalid Invalid Valid Invalid Valid
data data data data data data
D15 to D8 Invalid Invalid Valid Invalid Invalid Valid
data data data data data data
D23 to D16 Invalid Valid Invalid Invalid Valid Invalid
data data data data data data
D31 to D24 Valid Invalid Invalid Invalid Valid Invalid
data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or d
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W [— — — —
BS Enabled Enabled Enabled Enabl
RASU/PTD[1] High High High High
RASL/PTDI[0] High High High High
CASL/PTD[2] High High High High
CASU/PTD[3] High High High High
WEO/DQMLL R |High High High High

W [— — — —
WET/WE/DQMLU R |High High High High

W |— _ _ _
WE2/ICIORD/DQMUL/ R |High High High High
PTCI[1] W l— _ _ —
WES/ICIOWR/DQMUU/ R |High High High High
PTC[2] W — _ _ _
CE2A/PTD[6] High High High High
CE2B/PTD[7] High High High High
CKE Disabled Disabled Disabled Disabl
WAIT Enabled™* Enabled™* Enabled** Enabl
10IS16 Disabled Disabled Disabled Disab
A25 to AO Address Address Address Addre
D7 to DO Valid data Valid data Invalid data Valid
D15 to D8 Hi-Z** Invalid data Valid data Valid
D31 to D16 Hi-z** Hi-z** Hi-z** Hi-Z*?

Rev. 5.00 May 29, 2006 page 682 of 698

REJ09B0146-0500

RENESAS



W [— — — J— J— J—
BS Enabled Enabled Enabled Enabled Enabled Enabled
RASU/PTD[1] High High High High High High
RASL/PTDI0] High High High High High High
CASL/PTDI[2] High High High High High High
CASU/PTD[3] High High High High High High
WEO/DQMLL R |High High High High High High
W [— — — J— — —
WET1/WE/DQMLU R [High High High High High High
W |— _ _ _ _ _
WE2/ICIORD/DQMUL/ R |High High High High High High
PTC[1] W — — — — — —
WES/ICIOWR/DQMUU/ R |High High High High High High
PTC[2] W= — — — — —
CE2A/PTD[6] High High High High High High
CE2B/PTD[7] High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled*’ |Enabled** |Enabled* |Enabled*’ |Enabled** |Enabled”
10IS16 Disabled |Disabled |Disabled |Disabled |Disabled |Disabled
A25 to AO Address Address Address Address Address Address
D7 to DO Valid Invalid Invalid Invalid Valid Invalid
data data data data data data
D15 to D8 Invalid Valid Invalid Invalid Valid Invalid
data data data data data data
D23 to D16 Invalid Invalid Valid Invalid Invalid Valid
data data data data data data
D31 to D24 Invalid Invalid Invalid Valid Invalid Valid
data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or d
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W [— — — —
BS Enabled Enabled Enabled Enabl
RASU/PTD[1] High High High High
RASL/PTD[0] High High High High
CASL/PTD[2] High High High High
CASU/PTD[3] High High High High
WEO/DQMLL R |High High High High

W [— — — —
WET/WE/DQMLU R |High High High High

W |— _ _ _
WE2/ICIORD/DQMUL/ R |High High High High
PTC[1] W |— _ _ _
WES/ICIOWR/DQMUU/ R |High High High High
PTC[2] _ _ _ _
CE2A/PTD[6] High High High High
CE2B/PTD[7] High High High High
CKE Disabled Disabled Disabled Disab
WAIT Enabled™* Enabled™* Enabled™* Enabl
10IS16 Disabled Disabled Disabled Disab
A25 to AO Address Address Address Addre
D7 to DO Valid data Invalid data Valid data Valid
D15 to D8 Hi-Z** Valid data Invalid data Valid
D31to D16 Hi-Z** Hi-Z** Hi-Z** Hi-Z"**
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W |— — — — — —
BS Enabled Enabled Enabled Enabled Enabled Enabled
RASU/PTD[1] High High High High High High
RASL/PTDI0] High High High High High High
CASL/PTDI[2] High High High High High High
CASU/PTD[3] High High High High High High
WEO/DQMLL R |High High High High High High
W |— — — — — —
WET1/WE/DQMLU R [High High High High High High
W |— _ _ _ _ _

WE2/ICIORD/DQMUL/ R |High High High High High High
PTC[1] W |— — — — —_ —
WEB3/ICIOWR/DQMUU/ R |High High High High High High
PTC[2] — — — — —_ —
CE2A/PTD[6] High High High High High High
CE2B/PTD[7] High High High High High High
CKE Disabled Disabled Disabled Disabled Disabled Disabled
WAIT Enabled*’ |Enabled** |Enabled* |Enabled*’ |Enabled** |Enabled”
10IS16 Disabled |Disabled |Disabled |Disabled |[Disabled |Disabled
A25 to AO Address Address Address Address Address Address
D7 to DO Invalid Invalid Invalid Valid Invalid Valid

data data data data data data
D15 to D8 Invalid Invalid Valid Invalid Invalid Valid

data data data data data data
D23 to D16 Invalid Valid Invalid Invalid Valid Invalid

data data data data data data
D31 to D24 Valid Invalid Invalid Invalid Valid Invalid

data data data data data data

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or d
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W |High High High High High High
RD/WR R |High High High High High High

W [Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled
RASU/PTD[1] High/Low™" [High/Low™" |High/Low™" [High/Low*" [High/Low™" |High/Low™
RASL/PTD[0] Low/High** |Low/High*" |Low/High** [Low/High** |Low/High** |Low/High™
CASL/PTD[2] High/Low™" |High/Low™" |High/Low™" [High/Low*" [High/Low™" |High/Low™
CASU/PTD[3] Low/High** |Low/High*" |Low/High** [Low/High** |Low/High** |Low/High™
DQMLL/WEO R |Low High High High Low High

W |Low High High High Low High
DQMLU/WET R [High Low High High Low High

W |High Low High High Low High
DQMUL/WE2/ICIORD R [High High Low High High Low

W |High High Low High High Low
DQMUU/WEB/ICIOWR R [High High High Low High Low

W |High High High Low High Low
CE2A/PTDI6] High High High High High High
CE2B/PTD[7] High High High High High High
CKE High*? High*? High*? High*? High*? High*?
WAIT Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled |Disabled |Disabled |[Disabled |Disabled |Disabled
A25 to AO Address Address Address Address Address Address

command [command [command |command |command |command

D7 to DO Valid data |Invalid data |Invalid data |Invalid data |Valid data |Invalid dat:
D15 to D8 Invalid data |Valid data |Invalid data |Invalid data | Valid data |Invalid dat:
D23 to D16 Invalid data |Invalid data |Valid data |Invalid data |Invalid data | Valid data
D31 to D24 Invalid data |Invalid data | Invalid data | Valid data |Invalid data | Valid data

Notes: 1. Lower 32-Mbyte access/Upper 32-Mbyte access
2. Normally high. Low in self-refreshing.
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W Rign Aign Aign Aign Aign Aign
RD/WR R |High High High High High High

W |Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled
RASU/PTD[1] High/Low™" [High/Low™" |High/Low™" |High/Low*" |High/Low*" |High/Low
RASL/PTD[0] Low/High** [Low/High*" |Low/High** [Low/High** |Low/High*" |Low/High
CASL/PTD[2] High/Low™" [High/Low™" |High/Low™" [High/Low™" |High/Low*" |High/Low
CASU/PTD[3] Low/High** [Low/High*" |Low/High** [Low/High*" |Low/High*" |Low/High
DQMLL/WEO R |High High High Low High Low

W |High High High Low High Low
DQMLU/WET R [High High Low High High Low

W |High High Low High High Low
DQMUL/WE2/ICIORD R |High Low High High Low High

W |High Low High High Low High
DQMUU/WEB/ICIOWR R |Low High High High Low High

W |Low High High High Low High
CE2A/PTDI6] High High High High High High
CE2B/PTD[7] High High High High High High
CKE High™? High™* High™* High™? High™? High™?
WAIT Disabled Disabled Disabled Disabled Disabled Disabled
10IS16 Disabled |Disabled |Disabled |[Disabled |Disabled |Disabled
A25 to AO Address Address Address Address Address Address

command (command |command |command |command |commanc

D7 to DO Invalid data |Invalid data | Invalid data | Valid data |Invalid data | Valid dat:
D15to D8 Invalid data |Invalid data |Valid data |Invalid data |Invalid data | Valid dat:
D23 to D16 Invalid data |Valid data |Invalid data |Invalid data |Valid data |Invalid de
D31 to D24 Valid data |Invalid data |Invalid data |Invalid data |Valid data |Invalid de

Notes: 1. Lower 32-Mbyte access/Upper 32-Mbyte access
2. Normally high. Low in self-refreshing.
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D~

RD R |Low Low Low Low High High High
W |High High High High High High High
RD/WR R |High High High High High High High
W |Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RASU/PTD[1] High High High High High High High
RASL/PTD[0] High High High High High High High
CASL/PTD[2] High High High High High High High
CASU/PTD[3] High High High High High High High
WEO/DQMLL R |High High High High High High High
W |High High High High High High High
WE1/WE/DQMLU R |High High High High High High High
W |Low Low Low Low High High High
WE2/ICIORD/ R |High High High High Low Low Low
DAMUL/PTCIL] W |High High High High High High High
WES/ICIOWR/ R |High High High High High High High
DQMUU/PTCI2] W |High High High High Low Low Low
CE2A/PTD[6] High High Low Low High High Low
CE2B/PTD[7] High High High High High High High
CKE Disabled |Disabled Disabled Disabled |Disabled |Disabled Disablec
WAIT Enabled*’ |Enabled™ |Enabled** |Enabled*’ |Enabled”* |Enabled** |Enabled
10IS16 Disabled |Disabled Disabled Disabled |Disabled |Disabled Enabled
A25 to AO Address  |Address Address Address  [Address  [Address Address
D7 to DO Valid data |Valid data |Invalid data | Valid data |Valid data |Valid data |Invalid
data
D15 to D8 Hi-Z*? Invalid data | Valid data |Valid data |Hi-Z** Invalid data | Valid da
D31 to D16 Hi-Z** Hi-Z** Hi-Z*? Hi-Z*? Hi-Z*? Hi-Z** Hi-Z*?
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RD R [Low Low Low Low High High High
W |High High High High High High High
RD/WR R |High High High High High High High
W [Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enable
RASU/PTD[1] High High High High High High High
RASL/PTD[0] High High High High High High High
CASL/PTDI[2] High High High High High High High
CASU/PTD[3] High High High High High High High
WEO/DQMLL R |High High High High High High High
W |High High High High High High High
WET1/WE/DQMLU R |High High High High High High High
W |Low Low Low Low High High High
WE2/ICIORD/ R |High High High High Low Low Low
DQMUL/PTC[1] W |High High High High High High High
WES/ICIOWR/ R |High High High High High High High
DQMUU/PTC[2] W |High High High High Low Low Low
CE2A/PTD[6] High High High High High High High
CE2B/PTD[7] High High Low Low High High Low
CKE Disabled |Disabled |Disabled |[Disabled [Disabled |Disabled |Disabl
WAIT Enabled’ |Enabled®’ |Enabled”* |Enabled®* |Enabled®’ |Enabled™* |Enablec
10IS16 Disabled |Disabled |Disabled |[Disabled |[Disabled |Disabled |Enable
A25 to AO Address |Address |Address |Address |Address |Address |Addres
D7 to DO Valid data | Valid Invalid Valid Valid Valid Invalid
data data data data data data
D15 to D8 Hi-z*? Invalid Valid Valid Hi-Z** Invalid Valid
data data data data data
D31 to D16 Hi-Z*? Hi-Z** Hi-Z*? Hi-Z*? Hi-Z** Hi-Z*? Hi-Z*?

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or d
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RD R |Low Low Low Low High High High

W [High High High High High High High
RD/WR R [High High High High High High High

W |Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enabled
RASU/PTD[1] High High High High High High High
RASL/PTD[0] High High High High High High High
CASL/PTD[2] High High High High High High High
CASU/PTD[3] High High High High High High High
WEO/DQMLL R |High High High High High High High

W [High High High High High High High
WE1/WE/DQMLU R |High High High High High High High

W |Low Low Low Low High High High
WE2/ICIORD/ R |High High High High Low Low Low
DAMUL/PTCIL] W [High High High High High High High
WES/ICIOWR/ R |High High High High High High High
DQMUU/PTCI2] W [High High Low Low Low Low Low
CE2A/PTD[6] High High Low Low High High Low
CE2B/PTD[7] High High High High High High High
CKE Disabled |Disabled Disabled Disabled |Disabled |Disabled Disabled
WAIT Enabled*’ |Enabled™ |Enabled”* |Enabled** |Enabled”* |Enabled* |Enabled”
10IS16 Disabled |Disabled Disabled Disabled |Disabled |Disabled Disabled
A25 to AO Address  |Address Address Address  |Address |Address Address
D7 to DO Valid data |Invalid data |Valid data |Valid data |Valid data |Invalid data |Valid dat:
D15 to D8 Hi-Z** Valid data |Invalid data |Valid data |Hi-Z** Valid data | Invalid dz
D31to D16 Hi-Z* Hi-Z** Hi-Z* Hi-Z** Hi-Z* Hi-Z** Hi-Z*
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RD R |Low Low Low Low High High High

W |High High High High High High High
RD/WR R |High High High High High High High

W |Low Low Low Low Low Low Low
BS Enabled Enabled Enabled Enabled Enabled Enabled Enablec
RASU/PTD[1] High High High High High High High
RASL/PTD[0] High High High High High High High
CASL/PTDI[2] High High High High High High High
CASU/PTD[3] High High High High High High High
WEO/DQMLL R |High High High High High High High

W |High High High High High High High
WET1/WE/DQMLU R |High High High High High High High

W |Low Low Low Low High High High
WE2/ICIORD/ R |High High High High Low Low Low
DQMUL/PTC[1] W |High High High High High High High
WES/ICIOWR/ R |High High High High High High High
DQMUU/PTC[2] W |High High High High Low Low Low
CE2A**/PTDI6] High High High High High High High
CE2B**/PTD[7] High High Low Low High High Low
CKE Disabled |Disabled Disabled Disabled |Disabled |Disabled Disable
WAIT Enabled®’ |Enabled™*  |Enabled®’  |Enabled*’ |Enabled®* |Enabled®* |Enabled’
10IS16 Disabled |Disabled Disabled Disabled |Disabled |Disabled Disable
A25 to AO Address  |Address Address Address  |Address |Address Addres:
D7 to DO Valid data |Invalid data |Valid data |Valid data |Valid data |Invalid data |Invalid ¢
D15 to D8 Hi-Z** Valid data  |Invalid data | Valid data |Hi-Z** Valid data  |Invalid
D31 to D16 Hi-z** Hi-Z*? Hi-z** Hi-z** Hi-z** Hi-Z*? Hi-z**

Notes: 1. Disabled when WCR2 register wait setting is 0.
2. Unused data pins should be switched to the port function, or pulled up or d
3. The behavior of the CE pin in the big endian is the same as that in the little
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ADDRBH .........ccoccue. 531, 588, 600, 605
ADDRBL..........cvveneen. 531, 588, 600, 605
ADDRC ...t 532
ADDRCH ........coveeneen. 531, 588, 600, 605
ADDRCL.........ccuvvene. 531, 588, 600, 605
ADDRD .....oooviiiieeeeeeeeeeeeee e 532
ADDRDH..........coceue. 531, 588, 600, 605
ADDRDL.........ccvveneen. 531, 588, 600, 605
Address Array.....ccoceeeevvenieneeneenieennens 100
Address Translation.............cccceeeveeevnennen. 55
Addressing Modes ..........ccoceeverierieneenne. 23
Area 0 .ooeeeee e 202
Areal oo 202
ATCA 2 oo 202
ATea 3 i 203
ATCA 4 oo 203
ATCAS oo 203
ATCA O oo 204
Auto-Request Mode.........ccccoevveireienen. 267
Avoiding Synonym Problems................... 68
BAMRA.......ccoeovie, 142, 585, 595, 602
BAMRB.......ccocovvvee 144, 585, 594, 602
BARA ..o, 141, 585, 595, 602
BARB ....coovvieiieeee, 144, 585, 594, 602
BASRA ....c.oooeeiiie, 152, 585, 595, 602
BASRB.......ccovvieivie 153, 585, 595, 602
BBRA ... 142, 585, 595, 602
BBRB.....covveeeeeeee 145, 585, 595, 602
BCRI oo 174, 586, 593, 603
BCR2 ..o 177, 586, 593, 603
BDMRB.......cccceevviens 145, 585, 594, 602

Burst Mode.........ccoovveuuveereenennnne.

Bus Modes .......cccccevenevecnnennee.
CCRu.overeeeeeeee 101, :
CCR2...oviieieee, 102, :
Changing the Division Ratio.....
Changing the Multiplication Ra
Channel Priority .........c.cceeuneene..
CHCR ..o 256, :
CHCR 1...ccccoviriinnnn. 256, :
CHCR 2...cceviiiiiennn, 256,
CHCR 3. 256,
Clock Synchronous Operation ..
CMOCNT ..o 295, :
CMCOR ......oovevvirinn, 295, :
CMCSR....ooveveiirennn, 294, :
CMSTR..covieiiin, 293,
Control Registers.......................
Cycle-Steal Mode......................
DACR ....ccovieiiirienn, 550, !
DADRO ..ot 550, :
DADRI ..ot 550, °
DAR 0. 255,
DAR 1. 255,
DAR 2o 255, ¢
DAR 3. 255, ¢
Data Atray......ccocveevveeneeenneenne,
Delayed Branching....................
DMA Transfer Requests ...........
DMAOR......cceovirinnn. 263,
DMATCR 0.....ccoeueueee. 256, ¢
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Fixed Mode......ccccevoiniiiiiiienieceeee 269
FRQCR ..ot 310, 585, 594, 602
GBR ..o 17
General EXCeptions.........ccccveeveeveevenieennens 92
General Registers........coccoeveveenienieceennne 15
ICRO ..o 125, 586, 593, 603
ICRI o, 126, 587, 597, 604
Instruction Code Map .......ccccevveevvenrenen. 46
Instruction Formats.........ccoceveeeveeienenne. 27
Instruction Set........ccoooeevienieiineeieeeene 30
Interrupt Response Time..........ccceceeneee 135
INterrupts...coceerveeieeniiieeeeeee 95
INTEVT ..ot 87, 585, 596, 602
INTEVT2.coiiiiiiiieee 87, 587,597, 604
IPRA ..o, 124, 586, 593, 603
IPRB ..ot 124, 586, 593, 603
IPRC ..o 124, 587, 597, 604
IPRD ..o 124, 587, 597, 604
IPRE ..ot 124, 587, 597, 604
IRRO ..o 129, 587, 597, 604
IRRIT o 131, 587, 597, 604
IRR2 oo 132, 587, 597, 604
little-endian.........ccoceveerieieeenieceeeee 20
MAC . 16
MCR ..ot 186, 586, 593, 603
MMUCR.......ccoteieeenne 58, 585, 596, 602
MoOde 0. 307

PBCR...coovveveeeeeceen 490, 5¢
PBDR....coooovveeeeeceen 510, 5¢
PC oo,
PCCR ..ot 4
PCDR.....c.covvvene, 512, 589, 6(
PCMCIA........cooeeeeeeeeeeeee,
PCR....ooovveeeeceeeee 190, 5¢
PDCR....cooeeveeeeeceen 493, 5¢
PDDR....ccooovriereeee 514, 5¢
PECR ...ccoooevviciieiee 495, 5¢
PEDR ....coooovvvierieee. 516, 5¢
PFCR....covveeeeceeceen 497, 5¢
PFDR ...ccovvveeeeeeceen 518, 5¢
PGCR....cooovevveeeeceen 499, 5¢
PGDR....ccooovvvrereeeen 520, 5¢
PHCR....c..oovvievreeen. 500, 5¢
PHDR.......coviirien 522, 5¢
PICR oo 502, 5¢
PIDR....oovvreeeeeceenn 524, 5¢
PR oo,
Processor Modes...........cccoecneee..
PTEH ...ccoooeovviiieie, 57, 5¢
PTEL....covieoviiiiecieee, 57, 5¢
ROG4CNT....ccvvveeeeeene. 342, 5¢
RCRI oo 352, 5¢
RCR2 ..o 354, 5¢
RDAYAR.......covvevenn 350, 5¢
RDAYCNT ....ccoveevvee. 345, 5¢
Resets...coovviiieeiieeiciieeeeeeee,
RFECR ..coovveeeeeeecee 197, 5¢
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NOLCUUINDL it I7TI, VOV, VT4, UUD
RTCNT ..o, 196, 586, 593, 603
RTCOR......ccoeiie. 196, 586, 594, 603
RTCSR...ccocoviiiiiiiiins 193, 586, 593, 603
RWKAR ..., 349, 586, 593, 603
RWKCNT ..o 344, 586, 592, 603
RYRCNT ... 346, 586, 593, 603

SAR 0 .o, 255, 587, 597, 604
SAR 1 .o, 255, 588, 598, 604
SAR 2 i 255, 588, 598, 605
SAR 3 i 255, 588, 599, 605
SCBRR ......ccociiiiiis 383, 587, 591, 604
SCBRR2 ......ccccocviis 460, 589, 591, 606
SCFCR2......ccciiiiiies 466, 589, 591, 606
SCFDR2......ccccovvviinnenn 468, 589, 591, 606
SCFRDR2..........cceeuee. 446, 589, 591, 606
SCFTDR2 .........cccoeuenene. 446, 589, 591, 606

SCSCMR .......cccovvivnnne 424,587, 591, 604
SCSCR....cooiiiiiiies 372,587, 591, 604
SCSCR2......cooiiiiicies 449, 589, 591, 606
SCSMR ..., 369, 587, 591, 604
SCSMR2.....ccccovvviinenn 447, 589, 591, 606
SCSSR ..o 376, 425, 587, 591, 604
SCSSR2 ..o, 452, 589, 591, 606
SCTDR ....cccooiiiiiiienes 368, 587, 591, 604

TCNT 0 oo f
TCNT 1 oo :

Virtual Address Map.................
virtual memory system..............
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