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Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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




LENESAS

The revision list can be viewed directly by
clicking the title page.

The revision list summarizes the locations of
revisions and additions. Details should always
be checked by referring to the relevant text.

-
»
)
ﬁ\
»
<
)
>
-
=

H8SX/1655 Group,
H8SX/1655M Group

Hardware Manual

W
N

Renesas 32-Bit CISC Microcomputer

H8SX Family / H8SX/1600 Series

H8SX/1655 R5F61655
H8SX/1652 R5F61652
H8SX/1655M R5F61655M
H8SX/1652M R5F61652M

All information contained in these materials, including products and product
specifications, represents information on the product at the time of publication
and is subject to change by Renesas Electronics Corp. without notice. Please
review the latest information published by Renesas Electronics Corp. through
various means, including the Renesas Electronics Corp. website (http:/mwww.
renesas.com).

Renesas Electronics Rev.2.00 2009.10


tdi
The revision list can be viewed directly by 
clicking the title page.

The revision list summarizes the locations of 
revisions and additions. Details should always 
be checked by referring to the relevant text.


Rev. 2.00 Oct. 20, 2009 Page ii of xxx
RENESAS



Notes regarding these materials

1. This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.

2. Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.

3. You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.

4. Allinformation included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(1) artificial life support devices or systems

(2) surgical implantations

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

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas 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 applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.

. In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written

approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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General Precautions in the Handling of MPU/MCU Products

The following usage notes are applicable to all MPU/MCU products from Renesas. For detailed usage notes

on the products covered by this manual, refer to the relevant sections of the manual. If the descriptions under
General Precautions in the Handling of MPU/MCU Products and in the body of the manual differ from each
other, the description in the body of the manual takes precedence.

1.

Handling of Unused Pins

Handle unused pins in accord with the directions given under Handling of Unused Pins in the
manual.

— The input pins of CMOS products are generally in the high-impedance state. In operation
with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the
vicinity of LSI, an associated shoot-through current flows internally, and malfunctions occur
due to the false recognition of the pin state as an input signal become possible. Unused
pins should be handled as described under Handling of Unused Pins in the manual.

Processing at Power-on

The state of the product is undefined at the moment when power is supplied.

— The states of internal circuits in the LSI are indeterminate and the states of register
settings and pins are undefined at the moment when power is supplied.
In a finished product where the reset signal is applied to the external reset pin, the states
of pins are not guaranteed from the moment when power is supplied until the reset
process is completed.

In a similar way, the states of pins in a product that is reset by an on-chip power-on reset
function are not guaranteed from the moment when power is supplied until the power
reaches the level at which resetting has been specified.

Prohibition of Access to Reserved Addresses

Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functions. Do
not access these addresses; the correct operation of LS| is not guaranteed if they are
accessed.

Clock Signals

After applying a reset, only release the reset line after the operating clock signal has become
stable. When switching the clock signal during program execution, wait until the target clock
signal has stabilized.

— When the clock signal is generated with an external resonator (or from an external
oscillator) during a reset, ensure that the reset line is only released after full stabilization of
the clock signal. Moreover, when switching to a clock signal produced with an external
resonator (or by an external oscillator) while program execution is in progress, wait until
the target clock signal is stable.

Differences between Products

Before changing from one product to another, i.e. to one with a different type number, confirm

that the change will not lead to problems.

— The characteristics of MPU/MCU in the same group but having different type numbers may
differ because of the differences in internal memory capacity and layout pattern. When
changing to products of different type numbers, implement a system-evaluation test for
each of the products.
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1.

How to Use This Manual

Objective and Target Users

This manual was written to explain the hardware functions and electrical characteristics of this
LSI to the target users, i.e. those who will be using this LSI in the design of application
systems. Target users are expected to understand the fundamentals of electrical circuits, logic
circuits, and microcomputers.

This manual is organized in the following items: an overview of the product, descriptions of
the CPU, system control functions, and peripheral functions, electrical characteristics of the
device, and usage notes.

When designing an application system that includes this LSI, take all points to note into
account. Points to note are given in their contexts and at the final part of each section, and
in the section giving usage notes.

in the manual.

The list of revisions is a summary of major points of revision or addition for earlier versions.
It does not cover all revised items. For details on the revised points, see the actual locations

The following documents have been prepared for the H§SX/1655 Group and the H8SX/1655M
Group. Before using any of the documents, please visit our web site to verify that you have the
most up-to-date available version of the document.

Document Type

Contents Document Title Document No.

Data Sheet Overview of hardware and electrical — —
characteristics

Hardware Manual Hardware specifications (pin H8SX/1655 Group, This manual
assignments, memory maps, H8SX/1655M Group

peripheral specifications, electrical Hardware Manual
characteristics, and timing charts)
and descriptions of operation

Software Manual

Detailed descriptions of the CPU H8SX Family Software REJ09B0102

and instruction set Manual
Application Note Examples of applications and The latest versions are available from our
sample programs web site.

Renesas Technical
Update

Preliminary report on the
specifications of a product,
document, etc.
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2. Description of Numbers and Symbols
Aspects of the notations for register names, bit names, numbers, and symbolic names in this

manual are explained below.

(1) Overall notation
In descriptions involving the names of bits and bit fields within this manual, the modules and
registers to which the bits belong may be clarified by giving the names in the forms
"module name"."register name"."bit name" or "register name"."bit name".

(2) Register notation
The style "register name"_"instance number" is used in cases where there is more than one
instance of the same function or similar functions.
[Example] CMCSR_0: Indicates the CMCSR register for the compare-match timer of channel 0.

(3) Number notation
Binary numbers are given as B'nnnn (B' may be omitted if the number is obviously binary),
hexadecimal numbers are given as H'nnnn or Oxnnnn, and decimal numbers are given as nnnn.

[Examples] Binary: B'11 or 11
Hexadecimal: H'EFAO or OXEFAO
Decimal: 1234

(4) Notation for active-low
An overbar on the name indicates that a signal or pin is active-low.
[Example] WDTOVF

4) @

14.2.2 Compare Match Control/Status Register_0, _{ (CMCSR_0,)CMCSR_1)

ables interrupts, and selects the counter
itializes the TCNT value to 0.

CMCSR indicates compar

14.3.1 Interval Count Operation

When an internal clock is selected with the CKS1 and CKSO bits in CMCSR and the STR bit in
CMSTR is set to 1, CMCNT starts incrementing using the selected clock. When values in

CMCNT and the compare match constant register (CMCOR) match, CMCNT i{ cleared to H'0000)
and the CMF flag in CMCSR is set to 1. When the CKS1 and CKSO0 bits are set '01 at this tim€,
a f/4 clock is selected.

Rev. 0.50, 10/04, page 416 of 914
RENESAS
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Note: The bit names and sentences in the above figure are examples and have nothing to do
with the contents of this manual.
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3. Description of Registers
Each register description includes a bit chart, illustrating the arrangement of bits, and a table of
bits, describing the meanings of the bit settings. The standard format and notation for bit charts
and tables are described below.

[Bit Chart]
Bit:(_15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — — @2|AS|D1|A® — | — | — | — | — | — | Q |ACMP2|ACMP1|ACMPO| IFE|
Initial value: 0 0 0 0 1 0 0 0 0 0 0 0 0 0
RW: RW | RW RW R R/W ’@ RW RW RW RW RW RW RW RW RW
[Table of Bits] (1) @ © ) )
Bit Bit Name Initial Value IJKNV Description
15 - i Reserved
14 - ( These bits are always read as 0. )
13to 11 ASID2 to Al O R/W  Address Identifier
ASIDO These bits enable or disable the pin function.
10 - 0 R Reserved
This bit is always read as 0.
9 - 1 R Reserved

This bit is always read as 1.

W
Note: The bit names and sentences in the above figure are examples, and have nothing to do with the contents of this
manual.
(1) Bit
Indicates the bit number or numbers.
In the case of a 32-bit register, the bits are arranged in order from 31 to 0. In the case
of a 16-bit register, the bits are arranged in order from 15 to 0.

Bit name
Indicates the name of the bit or bit field.
When the number of bits has to be clearly indicated in the field, appropriate notation is
included (e.g., ASID[3:0]).
A reserved bit is indicated by "-".
Certain kinds of bits, such as those of timer counters, are not assigned bit names. In such
cases, the entry under Bit Name is blank.
(3) Initial value
Indicates the value of each bit immediately after a power-on reset, i.e., the initial value.
0: The initial value is 0
1: The initial value is 1
—: The initial value is undefined
(4) R'W
For each bit and bit field, this entry indicates whether the bit or field is readable or writable,
or both writing to and reading from the bit or field are impossible.
The notation is as follows:
R/W: The bit or field is readable and writable.
R/(W): The bit or field is readable and writable.
However, writing is only performed to flag clearing.
R: The bit or field is readable.
"R" is indicated for all reserved bits. When writing to the register, write
the value under Initial Value in the bit chart to reserved bits or fields.
W: The bit or field is writable.
Description
Describes the function of the bit or field and specifies the values for writing.

)

g
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4. Description of Abbreviations

The abbreviations used in this manual are listed below.

e Abbreviations specific to this product

Abbreviation

Description

BSC Bus controller

CPG Clock pulse generator

DTC Data transfer controller

INTC Interrupt controller

PPG Programmable pulse generator
SCI Serial communications interface
TMR 8-bit timer

TPU 16-bit timer pulse unit

WDT Watchdog timer

e Abbreviations other than those listed above

Abbreviation

Description

ACIA

Asynchronous communications interface adapter

bps Bits per second

CRC Cyclic redundancy check

DMA Direct memory access

DMAC Direct memory access controller

GSM Global System for Mobile Communications
Hi-Z High impedance

IEBus Inter Equipment Bus (IEBus is a trademark of NEC Electronics Corporation.)
I/0 Input/output

IrDA Infrared Data Association

LSB Least significant bit

MSB Most significant bit

NC No connection

PLL Phase-locked loop

PWM Pulse width modulation

SFR Special function register

SIM Subscriber Identity Module

UART Universal asynchronous receiver/transmitter
VvCO Voltage-controlled oscillator

All trademarks and registered trademarks are the property of their respective owners.

Rev. 2.00 Oct. 20, 2009 Page viii of xxx

RENESAS



Contents

SECION 1 OVEIVIEW ...ttt sttt ettt eb e s 1
1.1 FRALUTES ...ttt ettt ettt st sbt et b e st satesaee e 1
1.1.1 FN o] 01 (ot21 1 (0] RO 1
1.1.2 OVerview Of FUNCHONS. .....cooiiiiiiieiieieeceeee et 2
1.2 LSt Of PrOQUCES ...couiieiiieiieeiieeiiei ettt ettt ettt ettt e e st e st e seeeseenseeneesneenseenseeneens 9
1.3 BIOCK DIAGTAM ..c..uviiiiiiiiieiiiectecee ettt ettt e st e st e st esibeesabeesabeesaneens 12
1.4 Pin ASSIZNINENLS ...oeiiiiiiiiiiiieiieeite e ettt rite ettt e siteesite e bteebeeesbeeesbteebeeesseesnbaeenseessaesnseenas 13
14.1 Pin ASSIZNMENLS c..eeoutiiiiiiiiiieiieieetestt ettt ettt s 13
1.4.2 Correspondence between Pin Configuration and Operating Modes ................... 15
1.4.3 Pin FUNCHIONS ...ttt st 21
SeCtioN 2 CPU ..ot 27
2.1 FRALUTES ...ttt ettt et b ettt et be e b e ennee 27
2.2 CPU Operating MOGES .......cocueeutiruieniieiieienientesiteste ettt sttt ettt st e st e b e saeeaesaeenae 29
221 INOIMAL MOE ...ttt ettt s 29
222 MiddIe MOE......coiieniieiiieiieieeteee ettt st 31
223 AdVaANCEd MO .....couiiiiiiiiiieieeteete ettt sttt 32
224 Maximum MOE .....c..cocviriiriiriiiiiiienteeeeee ettt 33
23 INSruCtion FELCh c...cueiiiiiiiiii ettt 35
2.4 AdAIESS SPACE....coutieiiiriieiieieee ettt ettt ettt et ettt st sttt ettt et et eabes 35
0 B <1 4 1 1) 4O OO ORI 36
251 General REZISIEIS ....cueiiiiiiiieiieie ettt s 37
2.5.2 Program Counter (PC) ........ooviiiiiiiieiieeeete ettt 38
253 Condition-Code Register (CCR).....cooeiviiiiiiieiiieeiienieeeiee st 39
254 Extended Control Register (EXR) ......coooviiiiiiiniiiiniiiiiienieieeeeeseeseeeeene 40
2.5.5 Vector Base Register (VBR).....coociiiiiiiiiiiiiiiccc e 41
2.5.6 Short Address Base Register (SBR).......coociiiiiiiiiiiiieeeeeeee e, 41
2.5.7 Multiply-Accumulate Register (MAC) .....ccooveiiirienieieeeieeeeeee e 41
25.8 Initial Values of CPU Re@ISIEIS ......cc.evuererieieiiiinieneneeeeceeeeeieneese e 41
2.6 Data FOrMALS...cc.cooiiiiiiiiiciicncetee ettt sttt ettt 42
2.6.1 General Register Data FOrmats.........cccoocuieiviiiiiieniieiiieneecieeeeecieesee e 42
2.6.2 Memory Data FOImMAats .......cccuevieiirrieiiiiieniecec ettt 44
2.7 INSTIUCTION S ...ttt ettt sttt ettt et sbe et e bt e e e st e entesbeenbeeneas 45
271 Instructions and Addressing MOdes.........cccuevieriereeiiiniiiieneseeeee e 47
272 Table of Instructions Classified by FUnction ...........cecceceeeveceeciencncninincneneencn. 51
273 Basic Instruction FOrmats .........ccccecverieiieiienicnienceicee et 61

Rev. 2.00 Oct. 20, 2009 Page ix of xxx
RENESAS



2.8  Addressing Modes and Effective Address Calculation..........ccocceveevierienceneenienieneeneenen. 62
2.8.1 Register DIreCt—RIN .....occuoiiiiiiiiie e 62
2.8.2 Register Indirect—@ERN .....c..cooiiiiiiiiiiiieieeceee e e 63
2.8.3 Register Indirect with Displacement —@(d:2, ERn), @(d:16, ERn),
OF @(A:32, ERI) ..ottt e e e eeaannes 63
2.84 Index Register Indirect with Displacement—@(d:16,RnL.B),
@(d:32,RnL.B), @(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERn.L),
OF @(A:32, ERN.L) .oooiiiiiiiiee e et 63
2.8.5 Register Indirect with Post-Increment, Pre-Decrement, Pre-Increment,
or Post-Decrement— @ERn+, @—ERn, @+ERn, or @ERn—.................cceuuun. 64
2.8.6 Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32........ccccccevvvevvvevveeennnnnn. 65
2.8.7 IMMEAIALE—FEXX .eeeiniieiiieeiie et ettt ettt ebae e 66
2.8.8 Program-Counter Relative—@(d:8, PC) or @(d:16, PC) ......ccccoveivrvenicnnnnne 66
2.8.9 Program-Counter Relative with Index Register—@(RnL.B, PC),
@(Rn.W, PC), or @(ERN.L, PC).....ooouiiiiiiiieieeeeeeeese e 66
2.8.10  Memory Indirect—@ @aa:§ ..........ccceoerueeieieiiniineneneeeeeteeee e 67
2.8.11  Extended Memory Indirect—@ @VEeC:7 .......c.eevvueeriiiriieeniienieenieenieenie e 68
2.8.12  Effective Address Calculation ..........coceeevueeriiieniiiiniiienieenieenieesie e 68
2.8.13 MOV A INSITUCHON ..eeeuvieeiiieeiiesieeeieeeieesteeeieesteesareeseaeesareessseeseesssnesseesseesnsens 70
2.9 PrOCESSINZ STALES ...vevereiiuieuienietentintentt ettt ettt st ettt ettt besae bt st ebe et eebesaesbeebesaeene 71
Section 3 MCU Operating MOdES ..........ceeriiiiniiiiniieiiieeeiieeeiieeeiee et 73
3.1 Operating MoOde SEIECHION ......eevviiriiiiiieiiie ettt ettt et e st e st e et e esabeesaee e aneeneeas 73
3.2 ReZISIET DESCIIPLONS ....eiiiiiiiieiieeite ettt ettt et e st sbeesbeesabeesabeesateesabeesateesaseenaeees 75
321 Mode Control Register (MDCR) ......ccccoviriiriiniiiiiiieieniesteneeeeeee e 75
322 System Control Register (SYSCR) .....coeeiuiiiiiiiiiiiieieeeeeeeeeeeeee e 77
3.3 Operating Mode DeSCIIPONS ....c..eeueruieeeieieientinenteit ettt sttt sre e eae 79
3.3.1 IMOAE Lttt ettt ettt et e et e et e e be e s be e e baeeabeeessaesaseesasaesnseesnraannns 79
332 IMOAE 2.ttt ettt e b e e s e esaesseesseesa et e enseesseesaensaenneenns 79
333 IMOAE 3.ttt ettt st e sttt e s b e e sabe e s beesateesbaenaee 79
334 IMOAE 4 ...ttt ettt ettt et e et e st e et e e s beeenbeesbeeeabaesbaeenbaesbaennne 79
3.3.5 IMOAE 5.ttt ettt ettt e et e et e et e s be e et e e e taeesbeeeaeeeabaeeaaeensaeenbaennns 80
3.3.6 IMOAE Ottt ettt ettt et e et e et e et e s beeeabee s teeesbeeenaeeeaseeebaeenseeensaennne 80
3.3.7 IMOAE 7 ettt ettt e et e et e e b e e ba e e be e e baeeabeeebaeeabaeeraeenteaebaennns 80
3.3.8 Pin FUNCHONS ..eoiviiiiieciieeeeeeeteee ettt ettt 81
3.4 AAAIESS AP ..ottt sttt sttt e st e st sabeesabeesabeenaneas 81
34.1 AdAIESS MAP ...ttt sttt ettt 81

Rev. 2.00 Oct. 20, 2009 Page x of xxx

RENESAS



SECHION 4 RESEE. et e et e e et e e e e e e e e eeas 87

4.1 TYPES OF RESEE ...ttt ettt et et b e b e et s e saeesaeeneas 87
4.2 Input/OutPUt PN ..o..cooiiiiiiiiie e e e 89
4.3 ReZIStEr DESCTIPHONS ... .eeeeiiieeiieeiie ettt ettt et e et e et e s bt esabeesabeesabeesabeesabeesabeesaseesas 90
4.3.1 Reset Status Register (RSTSR).....uviiiiiiiiiiiiiiiieeecteeeseee e 90
432 Reset Control/Status Register (RSTCSR)....ccccovuiriiniiniiiiniinieceeicnieeee, 92
44 PN RS ..ttt ettt et ehe e bt e bt e bt ettt saee et 93
4.5 Power-on Reset (POR) (HESX/1655M GIoUP) ...ceceeeuviruieniieniieieeieeiienieeie ettt 93
4.6  Power Supply Monitoring Reset (H8SX/1655M Group)........cccceceeeeeevevenieneneneneneneene 95
4.7 Deep Software Standby RESEL.........coovuiiiiiiiiiiiiiiiiieeiee ettt 95
4.8 Watchdog Timer RESEL ....couviiiiiiiiiiieeiit ettt ettt e s esanee s 95
4.9  Determination of Reset Generation SOUICE. ..........coveeuerierienieniienierrienieneeneeneenae e sieenae 96
Section 5 Voltage Detection Circuit (LVD) ...cccooiiiiiiiiiiiiiiiiiieeeee 97
5.1 FRALUTES ..ttt ettt ettt sb e et e s bt e e bt e s beeeaeeeas 97
5.2 ReZISIET DESCIIPLONS .. .viieiiiiiiiieeiieiiie ettt ettt ettt e sttt e e st e ettt e atesbeeeaeesabeeenseesnses 98
5.2.1 Voltage Detection Control Register (LVDCR).......cocceevviiiniiinieeniienieenieeeeeene 98
52.2 Reset Status Register (RSTSR).c...ooiiiiiiiiiiiiiieneiececteeeeeeee e 99
5.3 Voltage Detection CIICUIL ......cc.eeruiiriieiieiiertietieie ettt ettt ettt st s e et eseeeeesaeesbeens 101
5.3.1 Voltage Monitoring RESEt.........cocuieiirieiiiiieieiierietee et 101
5.3.2 Voltage Monitoring INTEITUPL.........cceeeveriieriieiiiiiinieneeeee e 102

533 Release from Deep Software Standby Mode by the Voltage-Detection
CAICUIL ettt ettt ettt st sae e bt et eaneeenesanenneennes 104
534 VOItage MOMNILOT......coueiueiriiiriiiiieieeteeiteette sttt sttt et st st sbe et et 104
Section 6 Exception Handling ............cooceiiiiiiiiiiiiniiiiieeececceeceeee e 105
6.1 Exception Handling Types and Priority ..........ccccoevererenirieienieneneneseneeeeeceeeneneeeene 105
6.2  Exception Sources and Exception Handling Vector Table ........ccccccovieeviiiiiienieenieenienns 106
6.3 RESEE ..ttt ettt et et et st st a ettt s sieens 108
6.3.1 Reset Exception Handling..........c..cooueeieniiniiniiiiniiiieniececeecteseeeeceeae 108
6.3.2 Interrupts after RESEL........couevuiriiniriiiiiciciccesee e 109
6.3.3 On-Chip Peripheral Functions after Reset Release...........ccocceevevecvecienincncnnns 109
T v 17T SRR PRSP 111
6.5  AdAIess EITOT..c.coiiiiiiiiiiieiiieete ettt ettt sttt 112
6.5.1 Address ErTor SOUICE.........coouiiiiriiiiinieiteieetertcseeret ettt 112
6.5.2 Address Error Exception Handling ..........cccccocevieniiniininninniiinceneeceicene 114
L3 O £ 11530 111 o] £SO OO OO P R UTUSRRSRRPSRRPRRPRON 116
6.6.1 INEEITUPE SOUICES ...ttt ettt ettt et st e ettt eateeaee e 116
6.6.2 Interrupt Exception Handling ..........ccccoevininininiieiienieninencneseceeeeecienie s 117

Rev. 2.00 Oct. 20, 2009 Page xi of xxx
RENESAS



6.7  Instruction Exception Handling ...........ccccooeeviiiiiiiiniiniiniiiinicteeecceee e 118
6.7.1 Trap INSLUCHON ..ottt ettt s 118
6.7.2 Sleep Instruction Exception Handling ..........ccccecevevienininicninienneieicicieneennen 119
6.7.3 Exception Handling by Illegal InStruction ...........ccccceveeerenenereneeneeienicnennenn 120
6.8 Stack Status after Exception Handling ...........ccoceeeviiiiiiiniiiniiinieeiececcieeee e 121
0.9 USAZE NNOLE ..eeeeniiieiieeite ettt sttt st e st e st e e st e e sabeesateesabeensteessseensaeensaeennee 122
Section 7 Interrupt COntroller...........covviiiiiiiiiiiiiiiieeeiie e 123
7.1 FRALUIES ...ttt ettt ettt b e bttt et st s aeesae e e e 123
7.2 INpUut/OULPUL PINS....oiiiiiiiiiiiee e 125
7.3 RegISter DESCTIPONS .....eeuiiiiiiieiieeiieerie ettt ettt ettt e st et eesiteesabeesabeesabeesabeesaneens 125
7.3.1 Interrupt Control Register (INTCR) ...ccceevviiiiiiiiiiiiiiieeeeeee e 126
7.3.2 CPU Priority Control Register (CPUPCR) ........ccoceevieriiiniiniiniiciicnieneeene 127

7.3.3 Interrupt Priority Registers A to C, Eto O, Q, and R
(IPRA to IPRC, IPRE to IPRO, IPRQ, and IPRR)..........ccccccceemenininininennns 129
7.3.4 IRQ Enable Register (IER) .......ccceiiiiiniiiiiiiniienieeieeieeeeeseeeeee e 131
7.3.5 IRQ Sense Control Registers H and L (ISCRH, ISCRL).......c.ccccecvevvienuennnnn. 133
7.3.6 IRQ Status Register (ISR)....ccuiiriiiiiiiiiieriieniteeeeee et 138
7.3.7 Software Standby Release IRQ Enable Register (SSIER)........ccccveevienieneenne. 140
T4 INECTTUPE SOUICES ....eeutiiuiieiieiiieettertt ettt ettt et e bt et e e eat e s b tesbe e bt e beeneesatesatesaeenaeeneeeneeennens 141
74.1 External INEITUPLS ....cccueviiiiieiieiieie ettt ettt st e 141
7.4.2 Internal INTEITUPLS .o...eeviiieiiiiiieeee ettt 142
7.5 Interrupt Exception Handling Vector Table...........coccvviiiiiiiiiiiiiiiiiieeeesceeiee e 143
7.6 Interrupt Control Modes and Interrupt Operation............covcveerveereernieeneeenieeieessieesiee s 149
7.6.1 Interrupt Control Mode 0.........cooveiieriiniiiinienieeeeeesteeeeee et 149
7.6.2 Interrupt Control MOde 2.........ooviiiiiiiiieiieieeieee et 151
7.6.3 Interrupt Exception Handling SEqUence ............coceevueriinienieneencie e 153
7.6.4 Interrupt ReSponse Times ......c.cccvevveruerinerinenieieieteneneseesie ettt 154
7.6.5 DTC and DMAC Activation by INerrupt.........ceecveevvieeriieniieeniiienieenieenveenenen 155
7.7 CPU Priority Control Function Over DTC, DMAC, and EXDMAC ........cccccovvvvevieennenn. 158
T8 USAZE NOTES ...eeutieniieiteeiieeite ettt ettt ettt ettt et s e st b e e e et satesatesbeenbe e bt e bt eanesaaens 161
7.8.1 Conflict between Interrupt Generation and Disabling ..........ccccceeeeverencennenne. 161
7.8.2 Instructions that Disable INterrupts.........ceoueeierienieieeiecteeeee e 162
7.8.3 Times when Interrupts are Disabled ...........coceeeeeiecienininininineieecceeen 162
7.84 Interrupts during Execution of EEPMOV Instruction ..........ccocceeevvevneennieennen. 162
7.8.5 Interrupts during Execution of MOVMD and MOVSD Instructions................ 162
7.8.6 Interrupts of Peripheral Modules ............cooeviirieniininiiniinieniececee e 163

Rev. 2.00 Oct. 20, 2009 Page xii of xxx

RENESAS



Section 8 User Break Controller (UBC) ......cooooeiiiiiiiiiiiieeieeeeeeeeeeeeeeeeeeeeeeeeee 165

8.1 FALUTES ..ttt ettt et e et e et e et e e e be e s teeesbeessbaeesbaessseessseenssaessseesseensseenssens 165
8.2 BIOCK DIaGram.......cceoiiiiiiiiiiiiiieiiecce et 166
8.3 ReZIStEr DESCTIPHONS .....veeriiieiiieeiie ettt ettt ettt ettt e st e ebaeebeesbaeenbeessaeenseas 167
8.3.1 Break Address Register n (BARA, BARB, BARC, BARD) ......cccccccvecvvevennen. 168
8.3.2 Break Address Mask Register n (BAMRA, BAMRB, BAMRC, BAMRD) .... 169
8.3.3 Break Control Register n (BRCRA, BRCRB, BRCRC, BRCRD) ................... 170
T N © 1<) 1 (o) KOO USSP 172
8.4.1 Setting of Break Control CONditions........c..ceeeeeeevienieneneneneneeeeeeeeneeneennene 172
8.4.2 o O 5 (T 1 SR TP 172
8.4.3 Condition Match Flag ......c.ccooiiiiiiiiiiiiii ettt 173
8.5 USAZE INOLES ..ottt ettt ettt et ettt sbt e b e bttt sate e e i enee 174
Section 9 Bus Controller (BSC).....uuviviiiiiiiiiiiiieieeee e 177
9.1 FRALUTES ...ttt et e et e et e e e ettt e e e ntaee e ssseeeessseaeesnseeesassseeeensseeens 177
0.2 RegISter DESCTIPOMNS .....vverutiiiiieeiie ettt ettt ettt et et e s btesbee s beesabeesbeesnsees 180
9.2.1 Bus Width Control Register (ABWCR).....ccccooviiiniiiiiiieeicceeeeeeeeee e 181
9.2.2 Access State Control Register (ASTCR) .....cocueiiiniiniiniiiiiiineenceiceicneeee 182
9.2.3 Wait Control Registers A and B (WTCRA, WTCRB) ......ccccccevieiiiniiieneen. 183
9.24 Read Strobe Timing Control Register (RDNCR) .....c.ccocoeevirircienieciinieniencnnns 188
9.2.5 CS Assertion Period Control Registers (CSACR) ..cooeeviiiiiiiniiiiiiceieeeee, 189
9.2.6 Idle Control Register (IDLCR) ......ccooiiiviiiiiiiiiiiiieete ettt 192
9.2.7 Bus Control Register 1 (BCRI) .ccueiiiiiiiiiiiieiieiieete ettt 194
9.2.8 Bus Control Register 2 (BCR2) ....cc.cooiiiiiiiiiiiiiiiniienicicetcsteeeceeeeeeeeiene 196
9.2.9 Endian Control Register (ENDIANCR).......cccceioiiiiiniiiiiceneeceeeeeeeeae 197
9.2.10  SRAM Mode Control Register (SRAMCR) ........ccceiieiiiiiiiinieieeeeeeeens 198
9.2.11  Burst ROM Interface Control Register (BROMCR).........cccccevirriieniiniinienenns 199
9.2.12  Address/Data Multiplexed I/O Control Register (MPXCR).......ccccccecveerueenneen. 201
9.3 BUsS CONfIGUIATION ... .eeiiiiriieiiteriieeie ettt ettt ettt e st e sate e s be e bt eesabeebeeesnesseeen 202
9.4 Multi-Clock Function and Number of Access CYCIeS ......cocueriimiinirneniienienienieeicnienene. 203
9.5 EXLEINAL BUS.....iiiiiiiiiieie ettt ettt ettt et e et e e te e ebeeebaeenbeeenbaeesseeeaseesnsaesnsens 207
9.5.1 INPUut/OULPUL PINS ...coviiiiiiiiiiiiiierieccceesteese ettt 207
9.5.2 ATEA DIVISION ..eiiivieciiieiieeiie ettt et et e et e e te e ebeeeaeeebeeeseeeabaeenbeeennes 210
953 Chip Select STZNAlS .....ccceeviiiiiiieiiie ettt 211
9.54 External Bus INterface...........oovieeiiiiiiiiiiiiiieeec et 212
9.5.5 Area and External Bus INterface ..........ccocvvevieeeiiiniienieciecie e 216
9.5.6 Endian and Data AZNMENL.......c.ccceruiriininininieieeeieieiene e 221
9.6 Basic BUS INEITACE ......ccueeeiiieiiiciie ettt sttt ettt s e et e e s abe e sbeessaeenneas 224
9.6.1 Daata BUS...cceeiiieiiiieeeie ettt e e ee e e e e e rraeeenreaeas 224

Rev. 2.00 Oct. 20, 2009 Page xiii of xxx
RENESAS



9.7

9.8

9.9

9.10

9.11

9.6.2 1/0 Pins Used for Basic Bus INterface ...........ccccoovvvuveviiiiiiiiiieiieec e 224

9.6.3 Basic TIMINZ...c.eoerieieieieientiene ettt ettt sttt e ae e e 225
9.6.4 A LA 0031 11 o) AU USSP 231
9.6.5 Read Strobe (RD) TIMINGZ ...ttt ettt 233
9.6.6 Extension of Chip Select (@) Assertion Period.........ccooovvveiiiieiiiiieiieeeeeeeinns 234
9.6.7 DACK and EDACK Signal Output Timings ........ccceeceervueerveeniieensieenieenieenenen 236
Byte Control SRAM INtEIfacCe .....cceeveiriiiiiiiiiiiiiiteceieeeeet et 237
9.7.1 Byte Control SRAM Space SEtting.......c.cccevererieeeienienienineneeeeeeeennenrennene 237
9.7.2 Daata BUS ...eeeiieiiiee et e et e s e e saaeeeenas 237
9.7.3 1/0 Pins Used for Byte Control SRAM Interface ..........ccccevevereeieneeciencnennenn 238
9.74 Basic TIMING.......eeeriiiiiiiieeie ettt ettt e sbeesateesabeenaeees 239
9.7.5 WALt CONLIOL ...ttt s st 241
9.7.6  REAd SITODE (RD) ..eevveeeeeeeeeeeeeeeeeeeee e eee e s se e ereseees s seeseeees e eeenae 243
9.7.7 Extension of Chip Select (CS) Assertion Period..............cooeeeeveveereeeeeeeeean. 243
9.7.8 DACK and EDACK Signal Output Timings ........ccccoceeveremenereeeeneeruenenennen. 243
Burst ROM INEITACE .....ccvviiiiieiiieiieeie ettt ettt e e ve e s e e s be e sebeesasae e 245
9.8.1 Burst ROM Space SEttNg........ceevueeriiieirieiiieeiienieeeiee sttt svee st e e es 245
9.8.2 Data BUS ..coiiiiieiiieteeee ettt s 245
9.8.3 I/0 Pins Used for Burst ROM Interface..........coceeeevervienienienenncnncnieneeene 246
9.8.4 Basic TIMINZ...c.eoerieieieieientieenteee ettt ettt sttt e e 247
9.8.5 A LA 0031 11 o) A USSP 249
9.8.6 Read Strobe (RD) TIMINGZ ...ttt ettt 249
9.8.7 Extension of Chip Select (@) Assertion Period.........cccovvvviiiiieiiiiieiieeieeeeinnns 249
Address/Data Multiplexed I/O Interface...........coocueeviieniiiiiiinieeiceteeee e 250
9.9.1 Address/Data Multiplexed I/O Space Setting ...........cceceveereenernienrieneeneeneenn 250
9.9.2 Address/Data MUItPIEX ......c..ccuevueriiririnirieieieiene sttt 250
993 Daata BUS ...ttt et st e e sbaeeeena 250
994 I/0 Pins Used for Address/Data Multiplexed I/O Interface..........ccccccuevvenuenene. 251
9.9.5 Basic TIMING...c...eeerieiiiiiieiiieee ettt ettt et e st st e e it e e sabeenaeees 252
9.9.6 Address Cycle CONIOL........ooiiieriiiniieiieerieesieeseeete ettt sre e s 254
9.9.7 Wit CONLIOL ..cuiiniiiiiiiieiicce ettt sttt 255
9.9.8  Read Strobe (RD) TIMING..........oeevevererieeeeeeeeseeesessessesseesessessessessesses s sessnees 255
9.9.9 Extension of Chip Select (CS) Assertion Period..............cooeeeeeveeeeeeeeeerseeean. 257
9.9.10 DACK and EDACK Signal Output Timings ........ccccoceevererererereeneeneenenennene 259
TAIE CYCL@ .ttt ettt et ettt et e bt e s e et e s baeebeesbaeebaeeas 260
Q10,1 OPETALION ..ottt ettt ettt e st et e e st esateesabeesabeesabeesabeessseesaseensseenaneens 260
9.10.2  Pin States in Idle CyCle......ccoouiriiniiiniiiiiieieiecceeteeeeeee e 269
BUS REICASE.....eeiuiieeiiieiiiecie ettt ettt ettt e e tte et e et e e tee e beeesbeessbaeesbeesnbaeenbeesnseennsaeans 270
O.11.1  OPCTALION vttt ettt st ettt sa b s sae et eae 270
9.11.2  Pin States in External Bus Released State .............cccceeevvieviieniieiieecie e, 271

Rev. 2.00 Oct. 20, 2009 Page xiv of xxx

RENESAS



9.11.3  Transition TIMING .....cooveeviiriiiieniiiceie ettt s 272

.12 INEEINAl BUS.....iiiiiiiiiiee ettt st b et 273
9.12.1  Access to Internal Address SPace ......c..coevereeuieieienienienenineneeeeeeeesne e 273
9.13  Write Data Buffer FUNCHON ........ccoeiiiiiieieeecetee et 274
9.13.1  Write Data Buffer Function for External Data Bus...........cccoccooveeviniiniinncnnns 274
9.13.2  Write Data Buffer Function for Peripheral Modules ............cccccevvieniieiniennnen. 275
.14 BUS AIDITIAtION ..eotiiiiiiiiiiiieiteieeeee ettt sttt ettt 276
O.14.1  OPLIALION «..ouniniiiiriietieiteie ettt sttt ettt ettt sae bttt et e e besaesnesbesaeeaeene 276
9.14.2  Bus Transfer TImMINg........cccecveviiviiniinininineeieeeeeteecstese et e 277
9.15 Bus Controller Operation in RESEt........cocovereririeniiiieniiiineneeeeceteteteeneese e 280
.16 USAZE INOLES .ttt ettt ettt ettt et ete e s bt e et esabeesabe e sabeesabeesabaesabeesabeesaseesabeennseas 280
Section 10 DMA Controller (DMAQC) ......cooovieeeiiieiiiieeeeeeeeeeeeeeeeeee e 283
LO. T FOALUIES ..ottt ettt ettt st b e bt ettt s a e s bt et e et e eat e e st e eb e e bt ebeenbeenaeeanas 283
10.2  INPUt/OULPUL PINS ..ottt sttt et st 286
10.3  RegiSter DESCIIPLIONS ...c..couvitiieiiniiniieieeitetetesteet ettt ettt et sttt aesae e eae 287
10.3.1  DMA Source Address Register (DSAR).......cooceeviiiriiiiiiiniiiniierieeieeeeee 288
10.3.2  DMA Destination Address Register (DDAR)........ccoccevviiiiiiiiniiiniiiniienieeen 289
10.3.3  DMA Offset Register (DOFR)........cocuiriiriiniiiiinienienieiteeeeecee e 290
10.3.4  DMA Transfer Count Register (DTCR) ......ccoooiiiiiiiiiiiiiiieeeee e 291
10.3.5 DMA Block Size Register (DBSR) .....cccooiiiiiiiiiiiiiieieeeee e 292
10.3.6  DMA Mode Control Register (DMDR)........ccccceerieriieiieierieeeeeee e 293
10.3.7 DMA Address Control Register (DACR) ......cccceevuiiiiiiiiiiiniieniienieenieeneeeeeen 302
10.3.8  DMA Module Request Select Register (DMRSR) ......ccccevviiiiiiiiviiniiinieeen. 308
104 TransSfer MOAES ......cooueeieiriiiieiiertecet ettt sttt sa ettt st s et et e 309
10.5  OPETAIONS....cueieietieitete ettt et e bt e et e tesate st e e sbe e bt e mteeateeatesbee bt enteenteentesateabeenbeenbeensesnnas 310
10.5.1  AdAress MOAES .....cc.oovuieiuieiiiiieeieneest ettt sttt et 310
10.5.2  Transfer MOAES ......ccueeieiuieiieieeie sttt ettt sne e 314
10.5.3  ACHVALION SOUICES ....cuvveiiiiieiieriiiriententeete ettt ettt sene s sbee e esae e e ne 319
1054 BUS AcCCeSS MOAES ....c..eeiiiiiiiiniiiiienitcicetcete ettt ettt et s 321
10.5.5 Extended Repeat Area FUNCHON .........coceevieiiieiiiniiniiieiececee e 323
10.5.6  Address Update Function using OffSet ..........cccceevieriieiiniinienieeee e 326
10.5.7  Register during DMA Transfer.......cccceoceeoiirienienieieeieeieeeeee et 330
10.5.8  Priority of Channels .........ccccevierinininininceieicccreese et 335
10.5.9 DMA Basic BUS CYCle....cocuiiiiiiiiiiiiieeiieniteeiteetteeeese ettt 337
10.5.10 Bus Cycles in Dual Address Mode .........coocvieriiiriieniieeniienieenieesieesieesveenieees 338
10.5.11 Bus Cycles in Single Address Mode...........cccerieniinernienicnieneenceieeeeneenenne 347
10.6  DMA Transfer End .......c.ooioiiiiee et 352
10.7 Relationship among DMAC and Other Bus Masters ...........ccoceeveerieeriinienienieneeeee e 355
10.7.1  CPU Priority Control Function Over DMAC .......c.ccocovvininiinininicieienenene 355

Rev. 2.00 Oct. 20, 2009 Page xv of xxx
RENESAS



10.7.2  Bus Arbitration among DMAC and Other Bus Masters ..........cccccecveveencennennne. 356

10.8  INEITUPE SOUICES ....eutiiieiiieitieetiett ettt ettt et et et e e este st e e s bt e sbe e bt e tesatesaeesaeenbeeneeeneeeneens 357
1O.9  USAZE INOLES ...ttt sttt ettt ettt sa et ettt be st bt sae bt et esnenesaenesaeas 360
Section 11 EXDMA Controller (EXDMAGQC) .....c.coooiimiiiiiieeiieeeeieccrreeeeeeeeeeenns 361
T1.1 FEALUIES ...ttt 361
11.2 TnpUt/OULPUL PINS..cueiiiiiiiiiiiieiieieetecte ettt et sttt st 364
11.3  RegiSters DESCIIPLIONS ...ccueeiuiiriiiriieniieiteieeiteetie ettt et et et saee st e sbeeseeeatesaeesaeesaeeneeenteeneeas 365
11.3.1 EXDMA Source Address Register (EDSAR).....ccccooiiiiiiiiiinieceeeeeee 367
11.3.2 EXDMA Destination Address Register (EDDAR).........cccccvviivienencierieeenne. 368
11.3.3 EXDMA Offset Register (EDOFR).......cccccoviiiiiiiiniiniiiiiieeiie ittt 369
11.3.4 EXDMA Transfer Count Register (EDTCR).......ccccceevuiiiniiniiiniiienieenieenieene 370
11.3.5 EXDMA Block Size Register (EDBSR)....c..cccccoviriiniiniiiniinienieieeeeeeee, 371
11.3.6  EXDMA Mode Control Register (EDMDR) ........ccccceoiriiiiiiniiieienieieeeee, 372
11.3.7 EXDMA Address Control Register (EDACR) ......ccccoeviiiiiiiniiiiicieee 381
11.3.8  Cluster Buffer Registers 0 to 7 (CLSBRO to CLSBR7)......cccccvvvieiiieiirieennee. 387
11.4  Transfer MOdEs........cccoouiviiiiiiiiiiiiiici e 388
11.4.1  Ordinary MOGES ...ccuveeeuiiiiiieiiie ittt sttt ettt site e site et e e sbeeeaneens 388
11.4.2  Cluster Transfer MOdEs .......c.cccoviviiiiiiiiiiiiiiiene e 389
11.5 MO OPEIAtION ......eouviniiiiientieiieiteeteteteete sttt sttt ettt et sae bt ettt e e b e saesne st saeeaeeneen 390
L1151 AdAress MOAES ....ccc.oeuieiiiiiiiieiiee ettt st 390
11.5.2  Transfer MOAES .....cc.eeiueeiierieiieieeie ettt st sae e 394
11.5.3  ACHVALON SOUICES......ocuiiiiiiiiiiiiiiiiiiciieicetee et 399
11.5:4  BUSMOAE....ccuiiiiiiiiiiiiiiicicicicee s 400
11.5.5 Extended Repeat Area FUNCHON ........coceeviiiiiiiiiiiniiniiiiciciceceeeeeee e 401
11.5.6  Address Update Function Using OffSet ..........ccceeveeririeniinienieceiecereeee 404
11.5.7  Registers during EXDMA Transfer Operation ..........c.ccecceeeereeneeneeieneeneenn 408
11.5.8  Channel Priority OIder.........ccceouevierininininieeeieienene ettt 413
11.5.9  Basic BUS CYCIES ...uuiviiiiiieiiieiiieeiec ettt sttt ettt 414
11.5.10 Bus Cycles in Dual Address Mode ........coccvierieeniiinieniiiiiieeieeeieeeiee s 415
11.5.11 Bus Cycles in Single Address Mode..........coceveeviiriienienienienienienieneeneeeeee 424
11.5.12 Operation Timing in Each Mode ..........cccccevinininininiiiiicicnenecnceeeeee 429
11.6  Operation in Cluster Transfer MOde..........ocovieiiieiiiiiinierieeeee e 440
11.6.1  Address MOde......cccueeieiieiieiieieeie ettt st sae e e 440
11.6.2  Setting of Address Update MOde...........eevuierieiniiiniiinieenieenieeniieesee e 445
11.6.3  Caution for Combining with Extended Repeat Area Function .........c..cccc.c..... 446
11.6.4  Bus Cycles in Cluster Transfer Dual Address Mode ........c..ccccceverieneencencnnee. 446
11.6.5  Operation Timing in Cluster Transfer Mode .......c..ccccoceverveeeeieniencnenencnenne. 449
11.7  Ending EXDMA Transfer.........ccocoiierieiieiieieeeseeieee ettt 457
11.8 Relationship among EXDMAC and Other Bus Masters........c..cccceeverereneeeenienenenennens 460

Rev. 2.00 Oct. 20, 2009 Page xvi of xxx
RENESAS



11.8.1  CPU Priority Control Function Over EXDMAC .......cccccoceniinirninnieniineenenn 460

11.8.2  Bus Arbitration with Another Bus Master ...........ccceeeveeeiiieerieeeciiecieeeiee e 461
11.9  INEETTUPE SOUICES ...c.viuiuieiieiiiententerie ettt ettt sttt ettt saesae et eaesne st b s eve 462
L1100 USAZE NOLES ..ottt ettt e sttt e e e b e enesanesanes 465
Section 12 Data Transfer Controller (DTC) ......uvvvviiiiiiiiiiiiiieieeeeeeieeeeeeeeen 467
I2.1  FRALUIES ... veeeieeeiieeeiiee et et e st e ettt e st e e sttt e s tbeetee e sbeeseeestaeesseesssaeenseesnsaeensaesnsaesnseesnsaesnseenns 467
12,2 RegiSter DESCIIPLIONS .....couviuriiiiinriniieiteiteteteteete sttt ettt st sre ettt saesae b eae 469
12.2.1  DTC Mode Register A (IMRA) ....cooiiiiiiiieeeeeeeeee e 470
12.2.2  DTC Mode Register B (MRB)........cccooieiiieieieieieieiee e 471
12.2.3  DTC Source Address Register (SAR)......cocuveviiriiiiniiiniieiiieeieeeicesieeseeeen 472
12.2.4  DTC Destination Address Register (DAR).....cccoecueeviiiriiiniiiiniienieenieenieeeen 473
12.2.5 DTC Transfer Count Register A (CRA) ....cooceeviriiniiniiiiieniceeeeceeeee 473
12.2.6  DTC Transfer Count Register B (CRB).........ccoceiiiiiieiiiiiiieeeee e 474
12.2.7  DTC enable registers A to F (DTCERA to DTCERF).........ccccccoviiniiiininne 474
12.2.8  DTC Control Register (DTCCR) .......cooveiriiiriiniiinieenieeeeeieeseee e 475
12.2.9  DTC Vector Base Register (DTCVBR).......coooiiviiiiiiiiiiiiiiiiiienieeieeeeen 477
123 ACHVALION SOUICES ...uveeiueieeiieeiieeiieeteeeteeeteesteesbeesabeesbeesateesbeesateesaseesnseessseessseesseenssens 477
12.4  Location of Transfer Information and DTC Vector Table..........cccccoevveevviriiencieniieenneenns 478
| B T 00153 ¢ 15 10 s B OO PO STUSTORURRRRRR 483
12.5.1  BUS CYCle DIVISION ...ouiiiiiiiiieeie ittt sttt 485
12.5.2  Transfer Information Read Skip Function ...........ccccooevenininininiiincncnenennenn 487
12.5.3  Transfer Information Writeback Skip Function..........cccccceevevviiiiniiiniinnieennnen. 488
12.5.4  Normal TransSfer MOAE ........coccueeviiiiiienieiiieeieeieeteete et 488
12.5.5 Repeat Transfer MOde.........coceeuiriiniiniiniinieiienceeec ettt 489
12.5.6  Block Transfer MOAE .......cccuieiuiieeiieiiiecieeiieesee et esreesee e siaeeeveesaaeeeveeseae e e 491
12.5.7  Chain Transfer ......ccoviiciieeiiecieeeieeciee ettt ae e e e s beessbeessaeessbeessseensseas 492
12.5.8  Operation TIMINZ......ccceeceeteriirieninineneeieetetetesteste sttt ettt een e seesre e eaeeanens 493
12.5.9  Number of DTC Execution CYCIES .......cccevvvierieiniiinieiniienieenieenieeniie e 495
12.5.10 DTC Bus Release TimMing ........ccoceerieeriieeniieriiieniiesieesieesieesieesieesveesveesanees 496
12.5.11 DTC Priority Level Control to the CPU .........cc.ccccevviiiiiniiniiiiicieneeeec 496
12.6  DTC Activation by INTEITUPL. ......ccerieieieiiieniieercceeteeeteeetese ettt s 497
12.7  Examples of Use of the DTC .......cccociiiiiiiiiiiiiieneecccteestese e 498
12.7.1  Normal TransSfer MOde .........cccuveeiiiiiiiiiieciieeie ettt et 498
12.7.2 Chain Transfer .....coocuiiiiieiieeeieeeeeeeeeee ettt ettt et e saee s 498
12.7.3  Chain Transfer when Counter = O.........cccoecuieriiieriieniieiniienieeie e 499
12,8 TNLEITUPE SOUICES ....eeuteiteiieiieteeie ettt et ett et et et et sbtesbte bt e bt esbesatesbeesaeesbeebeenteeanesanens 501
12,9 USAZE INOLES ...ttt sttt ettt sttt ettt et sae bt st e aeaenaenes 501
12.9.1  Module Stop State SEttNG .....cccoerrererirerieieieieenenese et 501
1292 On-Chip RAM ..ottt ettt ae e s ne 501

Rev. 2.00 Oct. 20, 2009 Page xvii of xxx
RENESAS



12.9.3  DMAC Transfer End INterrupt...........coceveeneeniiniiniiniinieneeieeieeieseeseeneenes 501
12.9.4  DTCE Bit SEHHNE.....ecuteuieieieieeieee ettt see ettt ettt et saestesbeseeeneeneens 501
12.9.5  Chain Transfer .....cc..oi oottt 502
12.9.6  Transfer Information Start Address, Source Address, and Destination
AATESS ..ottt ettt et ettt s b e st e sttt e sbe e ateesbaenaee 502
12.9.7  Transfer Information Modification ............ccceeeeeiiiiiiiiiee e 502
12.9.8  Endian FOIMAL ........cccviiiiiiiiieeiieeiee ettt sttt saeesiteesaaesereeene e 502
12.9.9  Points for Caution when Overwriting DTCER ..........cccocvvieviiieniniininencnenne. 503
SeCtion 13 T/O POItS...cciiiiiiiieeeiiie ettt et e et e e e e vae e e s eseaaeeeeennns 505
13,1 RegiSter DeSCIIPOMNS ... .eevuiiiiiiieiiieiieerie ettt ettt ettt site et e e siteesateesabeesaaeesaseenaseens 512
13.1.1  Data Direction Register (PnDDR)
m=1,2,6,A,B,DtoF, HtoK,and M) ............cccvviimiiiriiiieeeieceeee e, 513
13.1.2  Data Register (PnDR) (n=1,2,6,A,B,Dto F,Hto K, and M).................... 514
13.1.3  Port Register (PORTn) (n=1,2,5,6,A,B,DtoF,Hto K, and M) ............... 514
13.1.4  Input Buffer Control Register (PnICR)
n=1,2,5,6,A,B,DtoF,Hto K, and M) .........cc.ccevrevrrirrierreee e 515
13.1.5  Pull-Up MOS Control Register (PnPCR) (n=D to F, and H to K).................. 516
13.1.6  Open-Drain Control Register (PnODR) (n =2 and F).....cccccecevvviniinicncnncnnne. 517
13.2  Output Buffer CONIOL........coiiiiiiiii ettt sttt et naens 518
13.2.1  POTE Lottt ettt ettt ettt e et e eraeereeereesaeenreenns 518
13.2.2  POTE 2ottt et ettt ettt et ettt et e et ete et e e taeereeeneereeans 522
13.2.3  POTE Sttt ettt ettt et e b e e re e e b e e e beeeabeeebeeeareeans 526
1324 POTT Oueeeeeeeeeeeeee ettt ettt ettt et e e vt e e ae e eabeeebeeeabeeebaeeabeeebeeeareeans 527
13.2.5  POIt Aottt ettt ettt e e ettt e ba et e ebeenresneas 530
13.2.6  POTEB oottt ettt e re e aeereenns 534
13.2.7  POIE D e et 536
13.2.8  POILE (oot ettt et et e reeeae s 537
13.2.9  POTEF oot ettt et et e eve e e te e e beeeabe e ebaeeareeens 538
13.2.10 0 POTt Houuoooneeieieece ettt ettt et et et e eabee e baeeabeeebaeeavee e 540
I3.2. 11 POIt Lottt ettt et ettt et e e s e esbeetaessaebeesseessesneas 541
13202 POIE T oot e e e et e eneas 542
13.2.13  POIt Koo e e e e ettt e 546
13.2.14  POTE M ettt ettt ettt et et e eteeaeeereeereeeaeeans 550
13.3  Port FUNCHON CONLIOIIET ........vviieiiiieieiiiie et e ecitee ettt et e e tr e e e eta e e e estveeeeaseeeenennas 559
13.3.1  Port Function Control Register O (PFCRO).......c.ccccoviiriiiiiiiniiiiiiniieieeeee 560
13.3.2  Port Function Control Register I (PFCR1).......cccccooeiviiniiniiniiiiiicnicnicneene, 561
13.3.3  Port Function Control Register 2 (PFCR2).........cccoociiiiiiiiiniiieieecceee, 562
13.3.4  Port Function Control Register 4 (PFCR4)..........cccoceiiiiiiiiniiiieieeceeeeee, 564
13.3.5  Port Function Control Register 6 (PFCRO)..........cccoceevieiieiiinieieeeeeie e 565

Rev. 2.00 Oct. 20, 2009 Page xviii of xxx

RENESAS



13.3.6  Port Function Control Register 7 (PFCR7) .....c.cccccovvieriiviniiiniinieienicnieneene 566

13.3.7  Port Function Control Register 8 (PFCRS).........cccceeviiiiniiiiiiieniececeeee 567
13.3.8  Port Function Control Register 9 (PFCRY).........ccccovviiiiiiiiiiiieececeeee 568
13.3.9  Port Function Control Register A (PFCRA) .......cccevieiieiieeeeeeeee 569
13.3.10 Port Function Control Register B (PFCRB).......c.cccccocteviiiiniiniiiiiieiceeeeen, 571
13.3.11 Port Function Control Register C (PFCRC)........c.ccccocieriiiiniinniiiieeieeeeeen, 573
13.3.12 Port Function Control Register D (PFCRD) .......cc.ccoceeviiniiniininniiienicnceene 574
13.4  USAZE NOLES ....eeueieieeie ettt ettt ettt e b e b ettt et e et e sb e e s bt et e en b e eateeseesb e e beenbeeneeeaaesanas 575
13.4.1  Notes on Input Buffer Control Register (ICR) Setting ..........ccccceceereererreenuenne 575
13.4.2  Notes on Port Function Control Register (PFCR) Settings.........ccccocceverereruenne 575
Section 14 16-Bit Timer Pulse Unit (TPU) .....oovvveiiiiiiiiiiiiiiieeeeiieeeeeeee, 577
T4.T  FRALUIES...c..eitieiieiieeieeite ettt ettt ettt ettt b ettt et sae e satesbeenbe et e eatesbaesbaenbeens 577
14.2  INpUt/OULPUL PINS ..ottt ettt st 584
14.3  RegiSter DESCIIPHIONS .....eeutieiieiieeitieiieit ettt ettt ettt et st sb e b et et sate et e b enteeneeas 586
14.3.1  Timer Control Register (TCR).......ccooieiiriiirieieieeeeeeeeee e 591
14.3.2  Timer Mode Register (TMDR) ......cccccovvuiiniiiniiiiniiinieenieeeieesieeseese e 596
14.3.3  Timer I/O Control Register (TIOR) ........ccocuvtriiiiniiiiriiiniiinieenieerieeie e 598
14.3.4  Timer Interrupt Enable Register (TIER) ........cccceverviiiiniiniiniiiicnienceee 632
14.3.5  Timer Status Register (TSR)....cooiiiiiiiiiiieeeee e 633
14.3.6  Timer Counter (TCNT) ......ooiiiiiii e e e 637
14.3.7  Timer General Register (TGR) .......ccccoeiieiiriirieieieeeeeeee e 637
14.3.8  Timer Start Register (TSTR) ...ccocceiriiiriiiriiieeteeteeeeee e 638
14.3.9  Timer Synchronous Register (TSYR) .....ccocvvvviiiiniiiiniiiiiiiieeeeeeeeeen 639
[4.4  OPETALION ...ttt sttt ettt ettt ettt bt e bt e s bt et e bt satesbtesbe e bt ebeesnesanenbaens 640
14.4.1  BasiC FUNCHOMNS. ....ccouiiitieeiieciieeieeciee ettt ae et esae e veesaeesaeessneensaeesnaenseean 640
14.4.2  Synchronous OPeration............ceceecueriereerieeieeieniienteeteetesetesiee e eeeseesaeeneeenee 646
14.4.3  BUffer OPeration ..........cocceeeeeierienienenenienieeieeetetetesteste st sttt senaesne e 648
14.4.4  Cascaded OPEration ........ccceeerieeeruieriiieeniienieeeieeeieesieeeieessieesbeesbeesseesbaesnees 652
14.4.5  PWM MOUGES ...cueouiiiiiiieniieieeeeitetet ettt ettt sttt 654
14.4.6  Phase Counting MOdE..........cocuerieriirniiniinieniieieeieeieete sttt 660
14.5  TNECITUPE SOUICES ... eeeueetietieteeieeite ettt e sttt et seteste et e e e estesbtesbeenbe e bt emeesaeesaeesbeenseeneeeneens 667
14,6 DTC ACHVALION....utiiiiriieieesiieeteesteesteestteesteessreessaeessseessseessseessseesseesssseessesssssesssesenseesssens 670
147  DMAGQC ACHVALION......eeciuiiiiiieitieetieeiteeeiteeeteeereesseesveesseessseesseessseessseessseessseessseesseesssees 670
14.8  A/D ConVerter ACHIVALION........cocueruteruieiieienieenteeteereeeenieesteetesreseeesaeesseeseesaeesseesseeseennens 670
14.9  Operation TIMINE........eeveueeriierieiiieerte ettt ettt ettt este et e esbbeebteessaeebeessseesbeesnseesnsens 671
14.9.1  Input/Output TIMING ....cooveriirieiiiiieiieieet ettt st st 671
14.9.2  Interrupt Signal TIMING.......cceecvevierieriinininieeeieeeteeene e e 675
14,10 USAZE INOLES ...euveviriiieiieireteteteterte sttt ettt sttt sttt et ea et saeebe st e ene e enenaenes 679
14.10.1 Module Stop Function Setting ..........ccocceeeereeienienienenineneeteeetenesene e 679

Rev. 2.00 Oct. 20, 2009 Page xix of xxx
RENESAS



14.10.2  Input Clock RESIIICIONS ....eooveeuieriiiiiiiinieriieieetcete ettt 679

14.10.3  Caution on Cycle SEHNE .....ccceevuiirieiiieieeieetieeee ettt 680
14.10.4 Conflict between TCNT Write and Clear Operations...........cc.cceeeeveerieneennenne 680
14.10.5 Conflict between TCNT Write and Increment Operations ...........c.ccoeeeevenuenne. 681
14.10.6  Conflict between TGR Write and Compare Match.........cc.ccceveveevieiniiienieennene 681
14.10.7 Conlflict between Buffer Register Write and Compare Match...........c.ccceeuuene. 682
14.10.8 Conflict between TGR Read and Input Capture ..........ccccceeevcvenieneenenncnnnennee. 682
14.10.9 Conflict between TGR Write and Input Capture ..........cocceceveeereeeeveeeeennenne. 683
14.10.10 Conflict between Buffer Register Write and Input Capture............ccceceeveenenne. 684
14.10.11 Conflict between Overflow/Underflow and Counter Clearing ...........cc.cc.cu.e... 685
14.10.12 Conflict between TCNT Write and Overflow/Underflow ...........cccccecveneenncene. 685
14.10.13 Interrupts and Module Stop MOde ........ccecueiriieriiiiiniieniieiiieeiee sttt 686
Section 15 Programmable Pulse Generator (PPG).........ccccccoovieiiiiinniiinninnns 687
I5.1  FRALUIES....c.ueitieiieieeeee ettt ettt ettt ettt e s bt bt e bt et e et e satesaeesaeeteenteeseeeneenbeans 687
152 Input/Output PiNS....c..cooiiiiiiiiiieiicie ettt e 690
153 RegiSter DESCIIPOMNS ... .eevuviiiiieiiieiieesie ettt ettt ettt et e steesateesibeesaaeesaseenaneens 691
15.3.1 Next Data Enable Registers H, L (NDERH, NDERL) .........cccccevviiniiiinniennnen. 692
15.3.2  Output Data Registers H, L (PODRH, PODRL).......cc.ccccccocevviiniiiniiniinencnne. 694
15.3.3  Next Data Registers H, L (NDRH, NDRL) .......cccceeiiiiiiiiiiiiececeeeee 697
15.3.4  PPG Output Control Register (PCR) .........cceeiieiiiiiieiieieee e 701
15.3.5  PPG Output Mode Register (PMR) ........cccceoeviinininininininencecieeeneene e 703
154 OPETALION ..eeeiiieiiiieeitie ettt sttt st et e sat e et e e st e e sat e e s ab e e ate e baeesseesbaeenseesbaeenseesbaesnseesas 707
1541 OUPUL TIMING ..eveeiviiiiieriieeiie ettt ettt st e et e sbeesabeesbeesabeesabeesaseenns 707
15.4.2  Sample Setup Procedure for Normal Pulse Output..........ccccceveeviercienicneencenne. 708
15.4.3  Example of Normal Pulse Output (Example of 5-Phase Pulse Output)............ 710
15.4.4  Non-Overlapping Pulse OUtput..........ccceerieiiieiiinienieniesieeee e 711
15.4.5  Sample Setup Procedure for Non-Overlapping Pulse Output...........ccccceuennenne. 713

15.4.6  Example of Non-Overlapping Pulse Output
(Example of 4-Phase Complementary Non-Overlapping Pulse Output)........... 715
15.47  Inverted PulSe OULPUL .....cc.eeruiiiiiriiiiieiientercecec ettt 717
15.4.8  Pulse Output Triggered by Input Capture ..........cccceevveeienieneeneeneie e 718
15.5  USAZE INOLES ..ottt sttt ettt ettt sttt ettt be st be et ebt et esn s esaenesae e 719
15.5.1  Module Stop State SEtNE .......covevteruirirereriieieretenene ettt 719
15.5.2  Operation of Pulse Output Pins........ccocceeeviiiiiiiniiiiiieniiciieeiee e 719
15.5.3  TPU Setting when PPG1 1S 1 USE.....ccceeviiiriiiniiinieeieenieeniieeiieeee e 719
Section 16 8-Bit Timers (TIMR) ... 721
LO.1  FRALUIES. ...ttt ettt et ettt et b e bt e bt et e et e satesaeesaeeteenteeneesaeenbeans 721
162 Input/OUtput PiNS....c.cooiiiiiiiiiiiiici ettt e s 726

Rev. 2.00 Oct. 20, 2009 Page xx of xxx
RENESAS



16.3  RegiSter DeSCIIPLIONS .....cc.eeriieriiiiiiieiteeteettet ettt ettt st e et 727
16.3.1  Timer Counter (TCNT)....cccieiiieeiieiiieeie et eete et esveeeeesereetee e areebeeeeaeeaveas 729
16.3.2  Time Constant Register A (TCORA)......cccieiiriiiieiieeeie e 729
16.3.3  Time Constant Register B (TCORB) .......ccccceeviiriiiiniiiiiiiiiienieeeieeieeeeeen 730
16.3.4  Timer Control Register (TCR).......ccceerviiiriiiniiiniienieeiteeeeee e 730
16.3.5  Timer Counter Control Register (TCCR) ......cccceevuiiriiiiiiiniiiiierieeieeeeeen 732
16.3.6  Timer Control/Status Register (TCSR).......cccceverviriiniiniiniiiiicieeeeece 737
160.4  OPETALION ...ttt ettt ettt ettt st e s bt e bt et e et e e et e eateebe e bt et e enteenteestesbeenbeebeenseeanas 742
16.4.1  PUlSE OULPUL.....eiiiiiieieeieeieet ettt ettt et b e b ettt esaeenae e 742
16.4.2  ReSELINPUL....coiiiiiiiiiicieee ettt s e 743
16.5  Operation TIMINE........eeveueeriierieiiieerie et erte et ste ettt esteebteesibeesbteessteebeessasesbeesnseesnseas 744
16.5.1  TCNT Count TIMING .....eeevueiriiieiieeiieeiieeieeeiteeieeeitesteessieeebeesbeesbeesbeesaseas 744
16.5.2  Timing of CMFA and CMFB Setting at Compare Match.........c.ccccceeveereenncene 745
16.5.3  Timing of Timer Output at Compare Match ..........ccceeverririinienenneeiereee 745
16.5.4  Timing of Counter Clear by Compare Match .........ccceoeerieiiniiiieneenieiceeee 746
16.5.5  Timing of TCNT External RESet........ccccecueruerieniininirinineeieieiereneeiene e 746
16.5.6  Timing of Overflow Flag (OVF) Setting ........ccccocvvevviiriiiinieniieeieenieeeieeenn 747
16.6  Operation with Cascaded CONNECHON .......ccocuieruiiirieiriiieieete e ettt eiee st esreesbeesaeees 748
16.6.1  16-Bit Counter MOE .......cc.eerueeriiiiiiiiniiniieieeieeteeteste sttt 748
16.6.2  Compare Match Count MOde..........ccoierieiiiiiinieniieieeee et 748
16.7  INLETTUPE SOUICES ...c.veeiuieurenietenientenie ettt ettt sttt ettt saesae b st e seaennestesbesaeenie 749
16.7.1  Interrupt Sources and DTC ACHVAON .....c.ceceevirierierininereeieeerenenene e 749
16.7.2  A/D Converter ACHVAION . ...c...cocuereerierierierieneenieeteeteereeeeseesieesreeneseeesaeenne 750
16.8  USAZE INOLES ..ttt ettt ettt ettt st et e st e st esabeesab e e sabaesabeesabaesabeesabeesaseesabeenaneas 751
16.8.1  Notes on Setting CYCIe.....coouiriiriiniiiiieiirieteeeeeteete sttt 751
16.8.2  Conflict between TCNT Write and Counter Clear............ccocueveeneenerieneenennne 751
16.8.3  Conflict between TCNT Write and Increment............cccoeoeveeneenennenceneeneene 752
16.8.4  Conflict between TCOR Write and Compare Match ........ccccceevevvenienenenennenn 752
16.8.5  Conlflict between Compare Matches A and B.........cccccoovviviviiniiinniiciniienieenenn 753
16.8.6  Switching of Internal Clocks and TCNT Operation...........ccceeeveeerieerrieernneennnen. 753
16.8.7  Mode Setting with Cascaded CONNECtion ..........ccceecuereerieneenennenienieneenieenn 755
16.8.8  Module Stop State SEttiNG .......ccceereeriiereriieeierieseete ettt 755
16.8.9  Interrupts in Module StOp State .........coceeerieieierienieniineneneeeeeereecree e 755
Section 17 Watchdog Timer (WDT).....ccoooiiiiiiiiiiiieiieeeeeeeeeeeee e 757
L7 FRATUIES ...eeeeiiiiieeieeie ettt ettt sttt ettt ettt sbe ettt e b e e s e sbe e be e beesneeaneeanes 757
17.2 INpUt/OULPUL PIN c.oeeiiiiiiiiiiiiiciieeece ettt sttt 758
17.3  RegiSter DESCIIPLIONS .....couveiiiiriintiniiriteieetetenteetes ettt ettt sre et a et sbe b sre e eae 759
17.3.1  Timer Counter (TCNT)...cccoieiiieeiieiieeeie et eete ettt esee e sere et eeaaeebeeevaeeneeas 759
17.3.2  Timer Control/Status Register (TCSR).......ccccovierieiieiieiecieceeeee e 759

Rev. 2.00 Oct. 20, 2009 Page xxi of xxx
RENESAS



17.3.3  Reset Control/Status Register (RSTCSR).....cccceeviriiriiniiniiiiiiinienicneeeene, 761
17.4  OPETALION ...ttt ettt ettt ettt e bt et et e et esate s bt e sbe e bt eneesaeesaeesaeabeenteenteeneenneans 762
17.4.1  Watchdog Timer MOde........cccoiuiiiiiiiiiiniieieeeeeee et 762
17.4.2  Interval Timer MOde........coeiviiiiieiiiecieeciieeeee ettt et e ste e v e e vaeereeens 764
175 TNEETTUPL SOUTCE ...eeuevieiiieiiieiiteeeitt ettt et ettt ettt et e et eesbte et eesbteebee s beeebeesabaeebaesnbaesnseenas 764
17.6  USAZE INOLES c.eeeitieiieeiiieeeite ettt ettt ettt ettt et e et e bt e e bt e e bt e s bt eeste s beesnbeesabaeensaesabaesnseenns 765
17.6.1  Notes 0N RIS ACCESS ...cveeiiriirieniieniienieeieete ettt ettt s e e enaes 765
17.6.2  Conflict between Timer Counter (TCNT) Write and Increment....................... 766
17.6.3  Changing Values of Bits CKS2 to CKSO........ccceiiriiriiniiniieee e 766
17.6.4  Switching between Watchdog Timer Mode and Interval Timer Mode............. 766
17.6.5 Internal Reset in Watchdog Timer Mode.........cccceevieriiiinieniiiiiieeieeeieeeieee 767
17.6.6  System Reset by WDTOVF Signal........ccccovviiniiiiiiiniiiiiienicieeeiec e 767
17.6.7  Transition to Watchdog Timer Mode or Software Standby Mode.................... 767
Section 18 Serial Communication Interface (SCI, IrDA, CRC) .........cceeeenn.. 769
DT B e 1 RS PRS 769
18.2  INPUH/OULPUL PiNS.couiiiiiiiiiiiiiieiiee ettt ettt et et et sbte e e ebaeeaaeens 774
18.3  RegiSter DESCIIPOMNS ... .eevuiiiiiieiiieiieerte ettt ettt ettt et et esteesabeesabeesaaeesabeensneens 775
18.3.1  Receive Shift Register (RSR) ....cccooviiiiiniiniiiiiiiiesceeeee 777
18.3.2  Receive Data Register (RDR)......ccccocuiiiiiiiiiiiiieieceeeeee e 777
18.3.3  Transmit Data Register (TDR)........cccooiiriiiiiiieiceieeeee e 778
18.3.4  Transmit Shift Register (TSR) .....cccveviiriirieieeeeeeeeee e 778
18.3.5  Serial Mode Register (SMR) .......covouiiiiiiiiiiiiiienieenieeeeereete e 778
18.3.6  Serial Control Register (SCR) .....cociiiiiiiiiiiiieeiceiteete ettt 782
18.3.7  Serial Status Register (SSR) ...cc.coviiriiiiiiiiniiieteeeeeeeeseesee e 787
18.3.8  Smart Card Mode Register (SCMR).......cccoiiiiiiiiiiiieeeeee e 796
18.3.9  Bit Rate Register (BRR) ......cocooiiiiiiiiiiiiieeeeeeee e 797
18.3.10  Serial Extended Mode Register (SEMR_2)........ccceviiriiiiiiiieieeeeeeeeen 804
18.3.11 Serial Extended Mode Register 5 and 6 (SEMR_5 and SEMR_6)................... 806
18.3.12 IrDA Control Register (ITCR)......cccceeviiiriiiniieiienieeieeseeste e 813
18.4  Operation in Asynchronous MOdE ...........cocceveeviiiiniiniinieieeerteeeeee et 814
18.4.1  Data Transfer FOIMAL.........ccccvieiiieiiiiiieeie ettt eveeeve e e e ens 815

18.4.2  Receive Data Sampling Timing and Reception Margin in Asynchronous
1LY £ 6 PSR 816
18.4.3  CLOCK .c.utiuteitiiteietet ettt ettt sttt et ettt 817
18.4.4  SCI Initialization (Asynchronous Mode) ..........cccceeveeeruieriieeneeiiiieeneeeniieeeeens 818
18.4.5  Serial Data Transmission (Asynchronous Mode) .........c..cceceeveevierrienicneeneenne 819
18.4.6  Serial Data Reception (Asynchronous Mode) ..........cccceiieniininnenienieneeneene 821
18.5 Multiprocessor Communication FUNCHON ........c.ceiiiiiiiiiiiiieniet e 825
18.5.1  Multiprocessor Serial Data TransSmiSSion .........ccccoceeererererereeneeieneeneneneenes 827

Rev. 2.00 Oct. 20, 2009 Page xxii of xxx

RENESAS



18.5.2  Multiprocessor Serial Data Reception ...........cccceeceeverviiriiinienienieniienieneeneene 828
18.6  Operation in Clocked Synchronous Mode (SCI_0, 1, 2, and 4 only)......ccccceceeienieneennene 831
L8.0.1  CLOCK .. ittt ettt b ettt sae e 831
18.6.2  SCI Initialization (Clocked Synchronous Mode) (SCI_O, 1, 2, and 4 only)...... 832
18.6.3  Serial Data Transmission (Clocked Synchronous Mode)
(SCI_0, 1,2, and 4 ONLY) c.eoveiiieiieiiienierieeeeeetetetee ettt s 833
18.6.4  Serial Data Reception (Clocked Synchronous Mode)
(SCI_0, 1,2, and 4 ONLY) cuveiiieiieiieeiieeeseee ettt 835
18.6.5  Simultaneous Serial Data Transmission and Reception
(Clocked Synchronous Mode) (SCI_0, 1, 2, and 4 only) .....ccccevveeveerneeenecnnnn. 836
18.7  Operation in Smart Card Interface MOde...........covuieriiiriiiniienieenieeseeee e 838
18.7.1  Sample CONNECION ....covieriieiiieeiieeiteeitesite et e st e sreesibeesbeesieeesabeessseesaseenseees 838
18.7.2  Data Format (Except in Block Transfer Mode) ........cccccecerieniiniencniicnieneene. 839
18.7.3  Block Transfer MOdE ..........ccoiuieiiiiiiiiiieriee ettt 840
18.7.4  Receive Data Sampling Timing and Reception Margin............cccceeeereercennnnne 841
18.7.5  INItIAlZATON .eoueeeieeieieeieeie ettt sttt ettt ste s e e seesneesesneesneenee 842
18.7.6  Data Transmission (Except in Block Transfer Mode) ..........ccccceeeveerieerueennen. 843
18.7.7  Serial Data Reception (Except in Block Transfer Mode).........ccccocvevvuvienueennnen. 846
18.7.8  Clock Output Control (Only SCI_0, 1,2, and 4) ......cccceevviriinenninienienieneenne. 847
18.8  ITDA OPEIAtiON .....coueeuiiuiiiiiiniiniieiieiteietetente sttt ettt sttt st eae et et a et b bt et eae 849
18.9  INEITUPE SOUICES . ..c.veueuieutenieientinteete ettt ettt sttt ettt esaesae bttt aesnesae b s enee 852
18.9.1  Interrupts in Normal Serial Communication Interface Mode ...........ccceceeueeneee 852
18.9.2  Interrupts in Smart Card Interface Mode ..........coocveereiiniiiniiiiniiinieeic e 853
1810 TUSAZE INOLES ..ttt et ettt ettt ettt eb e st e st e sabeesabeesabaesabeesabaesabeesabeesaseesabeesaneas 855
18.10.1 Module Stop FUnction SEtting ........c.ccecueeuerienienernieiieneencenieeieetesere e 855
18.10.2 Break Detection and ProCesSing .........cc.ceeeeeiieieneeniiesienienieneerie et 855
18.10.3 Mark State and Break Detection ............cceveeruieiiieienieniieieeieeee e 855
18.10.4 Receive Error Flags and Transmit Operations
(Clocked Synchronous Mode Only).......c.ceeveeerieriieinieniieneenieesieesieesveenane 855
18.10.5 Relation between Writing to TDR and TDRE Flag .........ccccccovcvivviiiniiinnennnen. 856
18.10.6 Restrictions on Using DTC of DMAC ........ccccooiiiiiiriiniinieneeienecneeneenieeeeae 856
18.10.7 SCI Operations during Power-Down State ............cccceeveriiiienienennenieneeneene 857
18.11 CRC OPEration CAICUIL «..c..eeuuieuiereieitierteenteeteetesttesteesteenteestesttesbeesbeesbeeeesatesaeesseenseeseennens 860
TE.LT.T  FRALUIES .c.uvieeueieiiieeiiee ettt ettt ettt e s et e st e sabe e sabeesateesabeenaeeas 860
18.11.2  RegiSter DEeSCIIPHONS .....eevuiiiriiieriieniitesieesiie ettt ettt sre et sbe et esiveenaee s 861
18.11.3 CRC Operation Circuit Operation...........ceecveerrueerieerrieeriieeriieeniieesreesseeessveessnens 863
18.11.4 Note on CRC Operation CirCUit.........cecueeueriereeneenierieneeneenieeieeresireseenieenees 866

Rev. 2.00 Oct. 20, 2009 Page xxiii of xxx
RENESAS



Section 19 USB Function Module (USB) .......ooviiiiiiiiiiiiieieeeeeceeeeee e, 867

LR B e 1| USROS 867
19.2  Input/OUtPUt PiNS....c..oiiiiiiiiiiieice et 868
19.3  RegiSter DESCIIPOMNS ... .eevuviiiiieiiteiieeste ettt ettt ettt e st e s e e sateesabeesaneesaaeenaneens 869
19.3.1  Interrupt Flag Register 0 (IFRO) .......coovuiiriiiniiiiiiiecieeeeeeieeee e 870
19.3.2  Interrupt Flag Register 1 (IFR1) ....coceiiiiiiniiniiiiiiiiiceceeeesceeeee 872
19.3.3  Interrupt Flag Register 2 (IFR2) ....cccooviiiiieiiiininincectcecieeenie e 873
19.3.4  Interrupt Select Register O (ISRO).....cccoceririririiiiiiinineneeceececeeeen 875
19.3.5  Interrupt Select Register 1 (ISR1)..c..ccceviririreriiieienenincneeeceeecceee e 876
19.3.6  Interrupt Select Register 2 (ISR2).....cccueviiiiiiiniiiiiieeiceiteec e 877
19.3.7  Interrupt Enable Register O (IERO) ......c.covvuiiriiiniiiniieiienieeieeieeee e 878
19.3.8  Interrupt Enable Register 1 (IER1) ....cccccoceeiiiniiniiiiiiiiiiicicieeecneeeeeene 879
19.3.9  Interrupt Enable Register 2 (IER2) .......cccceevieviininininininicecieicneneeeee e 879
19.3.10 EPOi Data Register (EPDRO1).......ccocuiiiiiiiiieiieieiececeeee e 880
19.3.11 EPOo Data Register (EPDROO) .......cceeiuieiiirieiierierieeie e 881
19.3.12 EPOs Data Register (EPDROS) .........ccortiriiiiiiieniieiiieeiee sttt sieesvee e 881
19.3.13 EPI Data Register (EPDRI) .......coocuiiiiiiiiiiiiieniieiiteeite sttt 882
19.3.14 EP2 Data Register (EPDR2) ......cc.coceiiiiiiiiiiiiienieteieeesteeteeeeee e 882
19.3.15 EP3 Data Register (EPDR3) .......cocoiiiiiiiiieeeeeeeee e 883
19.3.16 EPOo Receive Data Size Register (EPSZ00) ......ccceevieveriiiiinienieeeeeeeeen 883
19.3.17 EP1 Receive Data Size Register (EPSZ1) ......cccoecieieiieiieieeee e 884
19.3.18  Trigger RegiSter (TRG) .....coviiiiiiiiiiiieieceee ettt 884
19.3.19 Data Status Register (DASTS)....ccoouiiiiiiiiiieete ettt 886
19.3.20 FIFO Clear Register (FCLR) .....cccccoouiiiiniiniiiiiiinieneieeieeesitesieeieeie e 887
19.3.21 DMA Transfer Setting Register (DMA) .....c..ccceevevenenininrinineneeeerereeeneennen 888
19.3.22 Endpoint Stall Register (EPSTL)......ccccocovieieiiiiiniiininincneeeceeeceeeeie e 891
19.3.23 Configuration Value Register (CVR) .....cccoeoveiiviininininininerieeeiciceneneee 892
19.3.24  Control Register (CTLR) ....cccceoiiiiiiiiiieeiieiieeite ettt 892
19.3.25 Endpoint Information Register (EPIR) ........cccccoviiiniiiiiiiniiniiieeieeeieeieee 894
19.3.26 Transceiver Test Register 0 (TRNTREGO) ......cccccoceevieniiiiniieniiniiniccneeene, 898
19.3.27 Transceiver Test Register 1 (TRNTREGI1) ....ccccooiiiiiiiiiiiiiiceeeeee 900
19.4  INLETTUPE SOUICES......eoueiuiiiiieiintenieetteitet ettt sttt et ettt sae st bt bt eae et eaenesaenesaeenesaeen 902
1O.5  OPETALION «..euveiiiiiteitectete sttt ettt ettt ettt be bt be ettt eae e e saenbesaea 904
19.5.1  Cable CONNECHOMN. ....cc.eereerieeieeieiientenitenttete ettt sttt eeresaaesaeesreeaeenaeeae 904
19.5.2  Cable DiSCONNECION ....c..covuieiiriiiniieniieieeieetesteneete ettt et 905
19.5.3  Suspend and Resume Operations...........c.cceveeveereeneeniienienienienieenieeienreneennees 905
19.5.4  CONLIOl TTANSTET.....uvietiiiiieeciieeteeite et eeeeee et e s te e et e e sbeeebeesbeessbeessseessseens 914
19.5.5  EPI1 Bulk-Out Transfer (Dual FIFOS)..........cccceeeiiiiieeiieiieeeieecieeeiee e 920
19.5.6  EP2 Bulk-In Transfer (Dual FIFOS) .......ccccoviieiiiiiieeiie e 921

Rev. 2.00 Oct. 20, 2009 Page xxiv of xxx

RENESAS



19.5.7  EP3 Interrupt-In Transfer..........cccoceeriiiiiriiiiiinienienceiceesteeeeeese e 923

19.6  Processing of USB Standard Commands and Class/Vendor Commands ..............c.c....... 924
19.6.1  Processing of Commands Transmitted by Control Transfer .............cccccceeueunee. 924
19.7  Stall OPErations........cc.cecuieiiriiiieiieiteie ettt ettt e eanes 925
L1971 OVEIVIBW ..ottt 925
19.7.2  Forcible Stall by ApPliCaAtioN ........covcueerieeriieriieniie ittt eiee st 925
19.7.3  Automatic Stall by USB Function Module .........c..ccocevvieriiniinenncnneniencenenn 927
19.8  DIMA TIANSTET ... ceouiiiiiitieiieeee ettt ettt ettt sb e s b e b e e e e tesateeaeenbeeteeneeas 928
LO.8.1  OVEIVIEW ..ottt ettt ettt ettt sttt ettt et bt e b et e e teestesbeesbeenbeeneeenes 928
19.8.2  DMA Transfer for ENdpoint 1 .....c..ccccoceeiiiieiiirininienininceeeicreeneeee e 928
19.8.3  DMA Transfer for ENdpoint 2 .........cceovieiiiiiinieniieeiieeiee ettt 929
19.9  Example of USB EXternal CirCUILTY ........coevveeriieeriieeniienieenieenieenieesteesiteesiveesieeesineenane s 930
LO.10  USAZGE INNOLES ..eonveentieiieeiteeite sttt et ettt st ettt et eb e sbte s bt e b e e bt e bt satesbeesbeenaeenbeeneeenaenaaens 932
19.10.1 Receiving Setup Data.........ccceeeeieiiiiiininininieieeeecetee sttt 932
19.10.2  Clearing the FIFO ........cccooiiiiiiiiiiniiiininneceeeetetesie st 932
19.10.3 Opverreading and Overwriting the Data RegiSters .......c..ccccoevvereeieneenicncnennenn 932
19.10.4  Assigning Interrupt Sources to EPO .........coovvvriiiiiiiniiiiiieeeceeeee e, 933
19.10.5 Clearing the FIFO When DMA Transfer is Enabled .........c...c.cccoccovininennne 933
19.10.6 Notes on TR INEITUPL ......cocveriiriiiniiiieienteeeeeeeee et 933
19.10.7 Restrictions on Peripheral Module Clock (P¢) Operating Frequency............... 934
19.10.8 Notes on Deep Software Standby Mode when USB is Used.........ccccccceuenuenene 934
Section 20 I'C Bus INterface 2 (TIC2) .....ueeveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeseene 935
20,1 FEALUIES ....cviiiiiiiiiiiiccte e e s 935
20.2  INPU/OULPUL PINS...cotiiiiiiiiiiiieiteeec ettt et sttt 937
20.3  RegiSter DESCIIPLONS .....cuvevviiiriiriiiiieiietetetenteste ettt ettt ettt sae b 938
20.3.1  I’C Bus Control Register A (ICCRA) .........ccoruevemeieeceeeeeeeeeeeeeeere e, 939
20.3.2  I’C Bus Control Register B (ICCRB)......ccoceeriiiiiiiiiiiieieeeieeeeeeeee 941
20.3.3  I’C Bus Mode Register (ICMR).........c.ccoovururrerereeeieireseerenesesessessesesesessenenns 943
20.3.4  I’C Bus Interrupt Enable Register (ICIER)...........cccovvueereverrereeeeeereeennennns 944
20.3.5 I’C Bus Status Register (ICSR).........ccceevrurviirreieieieeceeesesieeee e 947
20.3.6  Slave Address Register (SAR) ....cccioiiiiiiiirieieeeeeeee e 950
20.3.7  I’C Bus Transmit Data Register (ICDRT)............cccoevrurvemruereeeieeeeeeeeenenann. 951
20.3.8  I'C Bus Receive Data Register ICDRR).....ccccceeviiiniiiiiiiieeiceeeeceeeeen 951
20.3.9 I’C Bus Shift Register (ICDRS) .....coooiiiiiiiniieiiieeeeee et 951
20,4 OPETALION ..eeeeuvieiiiieeiieeiteeite st e et e st e stbeesteesateesabeesateessteesaaeessteesteensseeseessaessaessaesseesas 952
20.4.1  TC BUS FOMAL.......oviieieiiieeiseieiie ittt snee 952
20.4.2  Master TransSmit OPeration .........cocceceeveeriererenereeieneeienienreseneereeeeeesneseenne e 953
20.4.3  Master Receive OPEration...........coceverirerieieieienienienienieeeeteeeressenieseesresneenes 955
20.4.4  Slave Transmit OPEration ........c.cceceeeeeeeerienientenereneneeeeeeetereneensenseseessesneenes 957

Rev. 2.00 Oct. 20, 2009 Page xxv of xxx
RENESAS



20.4.5  Slave Receive OPeration.........c.ccoeerueerierierieneeneeienteeitenieenieeie s sresieenieenaes 960
20.4.6  NOISE CANCEIET .....cuiiiieiieiieeiieitieie ettt st b e 961
20.4.7  EXamPIe Of USC.....cceeviiiiriiiiniiniieieetetetetesie sttt st 962
20.5  INterrupt REQUESE ...c..coouiiiiiiiieeeeeeee et e e 966
20.6  Bit SYNChronous CiICUIt......cccueeriieeriieriieeniienieenie et esteesiteesiteebeeebeesbeesseesabeesseesane 967
20,7 USAZE NOLES ..eeeuereeiieeiieesiteeniteeite ettt et e et e et eebtesbeesabeesabeesabeesaseesateesabeessseesaseensseesssesnnee 968
Section 21 A/D CONVEITET .....eeouieiiiieeeiieeeiee ettt ettt ettt esree e 971
211 FEALUIES. ... eitietieieete ettt ettt ettt ettt ettt ettt e st e bt enteeateeseeab e e b e ebeembesaeesaeenaeeneeenee 971
21.2  Input/Outpul PINS......cccoiiiiiiiiiiiiiiiciecieneececee et s e 974
21.3  ReZIStEr DESCIIPLOMNS ...eeiviieiiieiieeiie ettt ettt et e ettt e st e st e sabaesabeesnbaesabeesnaesnne 975
21.3.1  A/D Data Registers A to H (ADDRA to ADDRH) ......ccccccovvviiviiinieiieeieenne 976
21.3.2  A/D Control/Status Register_0 (ADCSR_0) for Unit O.......ccccevvervineerenncnnee. 977
21.3.3  A/D Control/Status Register 1 (ADCSR_1) for Unit 1.......ccccevveniininnennenen. 980
21.3.4  A/D Control Register_0 (ADCR_0) for Unit O.........cccevienieienienieneeeeenee. 982
21.3.5 A/D Control Register_1 (ADCR_1) for Unit 1.......cceceviirieiiniinieeieeeeee, 984
21.3.6  A/D Mode Selection Register_0 (ADMOSEL_O0) for Unit O.........ccceevvveeneennne 986
21.3.7  A/D Mode Selection Register_1 (ADMOSEL_1) for Unit 1........ccccceevuvveneenne 987
21.3.8  A/D Sampling State Register_0 (ADSSTR_0) for Unit O.........cccceverreruenenee. 988
21.3.9  A/D Sampling State Register_1 (ADSSTR_1) for Unit ©......cccccocevinininennenne 989
214 OPCTALION ...ttt ittt ettt sttt ettt et sa e s b st bt ettt e aesa e s bt sbe st et enneaensennesaeas 990
2141 SINGIE MOE.......couiiiiiiiiiiitinitettetetet ettt st 990
2142 SCAN MOGEL ..ottt sttt 991
21.4.3  Input Sampling and A/D Conversion Time ........ccccceeveeriienrieenieeniieenieeneeennes 996
21.4.4  Timing of External Trigger INPut .......ccccoceriiriiniininiiiieneeeceeeeeeneeiene 1001
21.4.5  Setting the System Clock Mode.........ccceiieiiiiiiiiiiiiiieeeee e 1002
21.5  TOEEITUPE SOUICE c.ueeeueieuiieiieetieetteteet ettt et e bt e bt ettt esaeesbe e be et e enteeatesbeenbeenbeenbeennesaeas 1003
21.6  A/D Conversion Accuracy Definitions .........ccccoeveririniererienienieneneneneeeeceeeeeneenne e 1004
217 USAZE NNOLES ..eeuvieeitieeiee ettt e sttt e st e sttt e sate e s bt e st e e st e e sabeessteesaseensbeesaseenseeesasesnseeas 1006
21.7.1  Module Stop Function SEHNG .........eeveerriierrieriiieeiieeiie ettt eiee s 1006
21.7.2  A/D Input Hold Function in Software Standby Mode .........cc.ccceevviirienicnnenn. 1006
21.7.3  Notes on Stopping the A/D CONVEITEr .......ccceereereerieiieienienieeie e sieenieene 1006
21.7.4  Notes in System Clock MOde .........ccceeriiriiiiiiiinieiec e 1008
21.7.5  Permissible Signal Source Impedance..........cc.cecuevuevuerenenieneniereeieneenieniennens 1009
21.7.6  Influences on AbSOIULE ACCUTACY .....ccceerruriereeriiieniieeiie e eiteeiteeieesiee e 1010
21.7.7  Setting Range of Analog Power Supply and Other Pins..........c.ccceecueevieennnnn. 1010
21.7.8  Notes on Board DeSiZI......cooeevuieiiriinieniieiieeniestesteseereeee ettt 1011
21.7.9  Notes on Noise COUNEIMEASULES ......cc.eerueerreeruerruerienierieenieeneeeeeseesseesseenseans 1011

Rev. 2.00 Oct. 20, 2009 Page xxvi of xxx

RENESAS



SECHION 22 DA CONVEILET .. e e e eeee e e e eeeeeeeeaenaaes 1013

22,1 FEALUIES....ueeutietieteeie ettt ettt ettt et e et e s bt e bt et e et e sat e satenae e te et e eaeeeb e e beebeenaeeneas 1013
222 Input/Outpult PINS....c..cooiiiiiiiiiiiiiiciieieeee ettt e e e 1014
22.3  RegIStEr DESCIIPLONS .. uviiiiiieeiieiiieeite ettt ettt etee sttt e st e ebeesbeesbeesabeesnsaesanas 1014
22.3.1  D/A Data Registers 0 and 1 (DADRO, DADRI) ...cccceeviviiiniiiiiiieniienieeen 1015
22.3.2  D/A Data Registers OH and 1H (DADROH and DADRIH) ........cccccecveneennene 1015
22.3.3  D/A Data Registers OL and 1L (DADROL and DADRIL) ......cccccccceeienirennenn. 1016
22.3.4  D/A Data Register O1T (DADROIT) ..c.eeiiiiiiiiiiieiieiiee e 1016
22.3.5 D/A Control Register 01 (DACROL) c..co.eeuieiiiiiiniineneneneeeeieeeeeieneenie e 1017
22.3.6  Usage as an 8-Bit D/A CONVEILET ......cccuevvuiiiriiiiieiiieeiteeieeeiee et eiee s 1018
224 OPETALION ..eeeeniieeiieeiteeitie et ettt e site ettt e site ettt e ssbe ettt esate e bteessbeensteesseessseesteensseensseensaesnses 1019
22,5 USAZE INOLES c..eeuteeiieiiesiterteete ettt ettt ettt et sb e b e b e bt st saeesbt e ae et e eateeuaenbe e beenbeeanesaees 1021
22.5.1  Module Stop State SELtING ......ceoverieruieriieieeiieitieneee ettt see sttt eee e niens 1021
22.5.2  D/A Output Hold Function in Software Standby Mode...........cccccevieieninnncne 1021
22.5.3  Notes on Deep Software Standby Mode ..........cccevevenenineneninceeiiieneniennens 1021
22.5.4  Limitations on EMUlators........c.cccocenieniiniiiniiiniienieieciecneenicecete e 1021
Section 23 RAM ... 1023
Section 24 Flash MEeMOTY .......coouiiiiiiiiiiiiiiiieeieeeee et 1025
24T FRALUTES ..cuvtiiniieiiieeit ettt ettt ettt ettt ettt et e et e bt e ettt s bt e e bt e e bt e e bt e sbt e e bt e e baeebeesabes 1025
24.2  Mode Transition DIia@rami..........ccceeevueiriiieriiieiiiieeiie ettt ettt e s e sbee s 1028
24.3  Memory MAT Configuration ..........cceeveeereeriiieniiieniieeieesiteeieesieesieesieesseesabeessneesanes 1030
244 BIOCK SHUCKUIE ....c.eeviiiiniiiiiiiiciteetet ettt sttt 1031
24.4.1  Block Diagram of HESX/16052.......cooiiiiiiiiiiiiieeieseet et 1031
24.42  Block Diagram of HESX/1655......cooiiiiiiiieeieeieseee et 1032
24.5 Programming/Erasing INterface ..........c.cceceeveeviiiiiniinininineneeicectetetcse e 1033
24.6  INPUH/OULPUL PINS .couiiiiiiiiiiieiiieeiee ettt sttt sttt st st e s be et eesabeenaeas 1035
2477  RegIStEr DESCIIPIONS ....viiiiiieiiie ittt ettt ettt ettt st e e st e e beesabaessbeesabaesnseesars 1036
2477.1  Programming/Erasing Interface RegiSters .........ccccevverviirviereinenneniiiniencenienne 1037
2472  Programming/Erasing Interface Parameters ...........ccccceeverieeneenieneniiencennenne 1044
2473  RAM Emulation Register (RAMER).........ccccoiiiiiiiiiniiieieceeeeeee 1056
24.8  On-Board Programming MoOde ...........cccocueriiiiiiiiiiiiieniiieccc e 1057
24.8.1  SCIBOOt MOME.....cc.coiiuiiiiiiiiiiiiiiiiiiiicrcce e 1057
24.8.2  USB BOOt MOdE.......ccoouiiiiiiiiiiiiiiiiiiicni e 1061
24.8.3  User Programming MoOde...........ccoceeruiiiiiiiniinieiieenieseeneenieete et 1065
24.8.4  User BOOt MOME.......cceiiiiiiiiiiiieeieeee ettt 1075
24.8.5  On-Chip Program and Storable Area for Program Data ............cccccccvenenenens 1079
P R (0] 15101 5 [0) | O OO TR P OO PROTOPRROPRTON 1085

Rev. 2.00 Oct. 20, 2009 Page xxvii of xxx
RENESAS



24.9.1 Hardware ProteCtiON .........eeiiiiiiiiuiieiiieeiieieeeee et e eeeaar e e e en 1085

24.9.2  SOftWare ProteCtion.......c.ceuieiirtieniieieeie ettt et 1086
24.9.3  Er1Or PrOtECHION ..couviiuiiiiiiieiiiietieie ettt sttt ettt e b e 1086
24.10 Flash Memory Emulation Using RAM........cccceceviirininiinininicicicsteseneeeseeeeeeeeaene 1088
24.11 Switching between User MAT and User Boot MAT .......ccccoovviiiiiiinieiniiiniececeeeeen 1091
24.12 Programmer MOE ........cccuieriiiiiiinieeiiienie ettt ettt siteesbteesite e bt e e saaeebeesasesnbee s 1092
24.13 Standard Serial Communications Interface Specifications for Boot Mode .................... 1092
24,14 USAZE INOLES ...euveeueienteeieeiteetteste et et et eeete st te s bt e bt e bt e aeesatesaeesae e bt enteenteesseebeebeenbeenbesneesneas 1121
Section 25 Boundary SCan...........coviieiiiiiiniiiiiieeite et 1123
25,1 FEALUIES.....eeiueiiieiieiieit ettt ettt ettt ettt et st sbe et ettt e s e s be e be e b e e b eanesanes 1123
25.2 Block Diagram of Boundary Scan FUNCHON .........coviiiriiiiiiiieiicceecec e 1124
25.3  INPUt/OULPUL PINS..cutiiiiiiiiiiiiieieeieete ettt sttt et 1124
25.4  RegiSter DeSCIIPLIONS.......eiiuietieiieieeieeiieet ettt ettt sttt ettt et e b et et eaeeeeeeaeas 1125
25.4.1  Instruction Register (JTIR) .....ccooiiiiiiiiiieiieieee e 1126
25.4.2  Bypass Register (JTBPR) ....coccooiiiiiiiiiiniiniininincecccee et 1127
25.4.3  Boundary Scan Register (JTBSR) ....ccccovviiiniiiniiiieiiteiecteeeeeee e 1127
2544 IDCODE Register (JTID) ....ccccoeeirieiiiinienienienienceiteteeie et 1132
25.5  OPCTALIONS.....eiuiiiieiieiieiteeiteett ettt ettt b et e bt ettt satesbe et e et e et e easeebaesbeenbeenbeenaeeaees 1133
25.5.1  TAP CONLIOIILT «..coutiiniieiiieiiieiieteeteee ettt sttt ettt e e e e ens 1133
25.5.2  COMMANGS ..cutiiiiiiiiiiieitieeete ettt ettt st sttt ettt ae e bt en 1134
25.0  USAZE INOLES ..c.ueureiitertietieie ettt ettt sttt ettt ettt ettt st ettt et e st besbe e bt et eatebenaenenee 1136
Section 26 Clock Pulse GEnerator............cooveeieerieniieenienieenieeeesee e 1137
26.1  RegiSter DeSCIIPLION .....co.eiruieiiiiieiiieiteitet ettt ettt sttt nrees 1139
26.1.1  System Clock Control Register (SCKCR).......ccccecerererieeecieniniinineneneeene 1139
20.2  OSCIIALOT ..ttt ettt ettt et ettt ea e sb et e et e e eate e st e sbeesbeenbeenaeeneas 1142
26.2.1  Connecting Crystal ReSONALOT .........cccuevieriirierininirieieetenenene e eeenenens 1142
26.2.2  External CloCK INPUL........cooiiiiriiiiiiiiiecite ettt s 1143
26.3  PLL CIICUIL c..euteiieieiesteeiest ettt sttt ettt st ettt et sa b sbe b b eaeenee 1144
26.4  Frequency DIVIET ......ccociiiiiiiniieiirierienteieecee ettt sttt 1144
20.5  USAZE INNOLES ...euveetieniieiie et ette et te it e et et e et e st e bt et e et e st e saeesbe e bt enteeateeaeeebeebeenbeenbeeaeesneas 1145
26.5.1  Notes on Clock Pulse Generator ............ccceveereereriieniineeneeie et 1145
26.5.2  NOtes 0N RESONALOT......cccueiiiiirieiiiierie ettt ettt 1146
26.5.3  Notes on Board Desi@n .......c.ceevuiiiiiiiiniiiiiiiiieeiieeeete ettt 1146
Section 27 Power-Down Modes...........cooeiiiiiiiiiniiiiiiniieeeeeeeee e 1149
271 FEALUIES......eeueeiietteie ettt ettt ettt ettt h e bt e bt e bt e et e s aeesbe e bt e et en b e eaeeebeenbe e beenbeeneesneas 1149
27.2  RegiSter DeSCIIPLIONS.......eeiuiertietieieeieeiie ettt ettt ettt ettt et s e b e b et enaeeeaesaeas 1153
27.2.1  Standby Control Register (SBYCR) ....cccoceririririiiiiiininiininenceceeeeeieaens 1153

Rev. 2.00 Oct. 20, 2009 Page xxviii of xxx
RENESAS



27.3
274
27.5

27.6
27.7

27.8

27.9

27.10
27.11
27.12

27.2.2  Module Stop Control Registers A and B (MSTPCRA and MSTPCRB)) ........ 1156

27.2.3  Module Stop Control Register C (MSTPCRC).......cccccccvvininininvieieieiciennens 1159
27.2.4  Deep Standby Control Register (DPSBYCR)........cccceviiiiiiiniiiiicieceee 1160
27.2.5  Deep Standby Wait Control Register (DPSWCR).....c..ccccocevirinveneniencniennens 1163
27.2.6  Deep Standby Interrupt Enable Register (DPSIER) .......cccccovviiviiiiniiinienneen. 1165
27.2.7  Deep Standby Interrupt Flag Register (DPSIFR).......c.ccccoeeiviiiiniinniiiienneen. 1167
27.2.8  Deep Standby Interrupt Edge Register (DPSIEGR) ........ccccccvceeniiiiiniinicnens 1169
27.2.9  Reset Status Register (RSTSR)......cooiiiiiiiiiiiiiieiete e 1170
27.2.10 Deep Standby Backup Register (DPSBKRD) ........ccccoociiiiiiiiniiiiieieceee 1171
Multi-CIOCK FUNCHON ...eouiiiiiiiiiceieieeeee ettt sneas 1172
MOAUIE STOP STALE.....veerurieiiieeiieetieeteertee ettt ettt ettt et e et eesaeesbaeesbeeebeeeaeesanes 1172
SIEEP MOME ..ottt ettt ettt ettt et e sttt e bb e e bt e e bt e ebte e sbeenaeas 1173
27.5.1  Entry to S1Eep MO ......ooiiiiiiiiiiiiiieieeieeitesteeeeeete ettt 1173
27.5.2  EXit from Sleep MOde.........coouiiiiiiiiiiiieieeieseeeee ettt 1173
All-Module-Clock-Stop MOde......cc.eovuiiiiiiiiiieeieeie ettt 1174
Software Standby MOdE........cc.cocerireriiiiieieientieneere ettt 1175
27.7.1  Entry to Software Standby Mode...........coccivrviiriiiinieniieeieneeseese e 1175
27.7.2  Exit from Software Standby Mode ..........cccovvuiiriiiinieiniiiiniicicceeec e 1175
27.7.3  Setting Oscillation Settling Time after Exit from Software Standby Mode.... 1176
27.7.4  Software Standby Mode Application Example.........cccccoccereiinieninniniencennene 1178
Deep Software Standby MOdE .........cc.ooeriririniriieiiieiceneeeseeeee et 1179
27.8.1  Entry to Deep Software Standby Mode .........cccccevveveneninieninineeeeieieiennens 1179
27.8.2  Exit from Deep Software Standby Mode.........ccccevvieriiiiniiieniiiinieeieeieeenn 1180
27.8.3  Pin State on Exit from Deep Software Standby Mode........c.cccevveeririnurennnen. 1181
27.8.4 B0 Operation after Exit from Deep Software Standby Mode ..........cc.ceeeneee. 1182
27.8.5  Setting Oscillation Settling Time after Exit from Deep Software Standby

IMOGE ...ttt ettt s 1183
27.8.6  Deep Software Standby Mode Application Example .........cccceceeceeeevenenicnncns 1185
27.8.7  Flowchart of Deep Software Standby Mode Operation............cccceevuveenuvennnee. 1189
Hardware Standby MOAE ..........cooiuiiiiiiiiiieiiieeieeeieeseeeee sttt ettt e 1191
27.9.1 Transition to Hardware Standby Mode..........cccovievirniniiiniinenniniineeneeiene 1191
27.9.2  Clearing Hardware Standby Mode..........ccccevereruirienienieniniinenineeeereeeienens 1191
27.9.3  Hardware Standby Mode Timing.........cccceceeereeuenienienenineneeeeeeeereeeniennens 1191
27.9.4  Timing Sequence at POWer-On ...........cc.coccevviiiiiiiiiiniiiicccceeceeeeee 1192
Sleep Instruction Exception Handling ...........cc.eovveeriiinieiiiiiniieeiiecieeeiee et 1193
B¢ Clock OUtput CONIIOL.....cuviiiiieiieeiieeiteeite ettt ettt sttt s e st eesteesabeesareeaee s 1196
USAZE INOLES ..ottt ettt ettt ettt sttt et et st sae e st et e et e eateebeenbeenbeenbeeabesaees 1197
27.12.1  T/O POTt STALUS. ....eeiuieiiietieieeie ettt ettt ettt ettt sae et et eseesaeenbeans 1197
27.12.2  Current Consumption during Oscillation Settling Standby Period ................. 1197
27.12.3 Module Stop State of EXDMAC, DMAC, or DTC ......cccoceviviiiiiiiiicienns 1197

Rev. 2.00 Oct. 20, 2009 Page xxix of xxx
RENESAS



27.12.4 On-Chip Peripheral Module INteIrupts .........ccoceeveererriireenieeneeieeieneenieeienne 1197
27.12.5 Writing to MSTPCRA, MSTPCRB, and MSTPCRC .........ccccveiieiiinirennene 1197
27.12.6  Control of Input Buffers by DIRQnE (n =3 t0 0).....coceeveeviieniiiiiiinieeeee 1198
27.12.7 Conflict between a transition to deep software standby mode and
TIEEITUDES +eeeuveeetieeieeeteeette et e e tte et e e bt e e beeebeesabeesbtesabeesnbeesnbeesbeesaseesbaeenseesn 1198
27.12.8 B0 OULIPUL STALE ...evvieniiieiieeiieeiteeiie ettt ettt ettt e sbeeebeesbaesanee s 1198
Section 28  LiSt Of REGISIETS. ...cccuviiiiiiiieiieiiciieeeeeeeee e 1199
28.1 Register Addresses (Address OTder)........oouereereerieiiiieniere et 1200
28.2  REZISEI BILS ..ceeeiiiiiiiiiiieieeeeeee et e 1219
28.3  Register States in Each Operating MoOde ..........coceeviieriiiniiinieeniecieeie et 1250
Section 29 Electrical CharacteriStiCs .........ooueerueerieeneenienieenieeieenie e 1271
29.1  Absolute Maximum Ratings ......c.ccceriririeiiiieniinienintineeeeeeeetetestese st 1271
29.2  DC Characteristics (H8SX/1655 GIOUP) ....cevveeruiriiiiiiiieniierieeie et 1272
29.3 DC Characteristics (H8SX/1655M GIoUD)......ccueeurrueeruiesiieiesiesieseeneeeeeeeesneesseeeeeneens 1275
294 AC CRAraCteriSTICS «...eeuverureniiereeierierteritenttete et eteesteeteeateeetesanesbeesaeesaesaeesaeesueenseenseennens 1278
2041 CIOCK TIMINE c.c.uviiriiieiiieriieiieenieesie ettt ettt e sete et e te s bt e esateebeesbaesnseeen 1279
29.42  Control Signal Timing .......ccoceerieriieiinienienteneee ettt nieeas 1281
29.4.3  BUS TIMING cuviiiriiiiiieicieeereeeet ettt st 1282
29.44  DMAC/EXDMACQC TIMING ..cvtevietienieiieieniesieeieeeeeeesiesiesieseesseetesseeseensesensessens 1298
29.4.5 Timing of On-Chip Peripheral Modules ..........cccceceevuenienenininienenieieieiennens 1302
29.5  USB CharaCteriStiCS .....ueruerueeruirtirienieniieniteieeieetesieesieesteete et eaeesseesseeteeseeesesenesanennees 1309
29.6  A/D Conversion CharaCteriStICS ........ceeuereereeruerrieruereenieenieeteereeeesieenseenreeseenesenennees 1310
29.7 D/A Conversion CharacCteriStICS ........cueeuerriereererrierierienieenieete et eitesieenieesbeeteeresaeesiees 1312
29.8  Flash Memory CharaCteriStiCs ........coeririririrteieienientenieereeieeeeeretetesse e s ennene 1313
29.9  Power-On Reset Circuit and Voltage-Detection Circuit Characteristics
(HESX/TOS55M GIOUP) ...couveueenierieieeteeieeitenietetessessessessessessseseassessessessesseesesssassessessessessens 1314
F N 0] 1S3 116 QUSSR 1317
A. Port States in Each Pin State........c..coocioviiiiiiiniiiiiiniceceececeeee e 1317
B. Product LANEUP. ... .ceeieiieiieitiee ettt sttt ettt sb e 1322
C. Package DIMENSIONS ........oouiiuiiiiieiieie ittt et sbeete st e st e sbeenteens 1323
D. Treatment of Unused Pins...........cooieiiiiiiiiiiiei et 1325
Main Revisions and Additions in this Edition...........cc.cccocciiiiiiiniiniincnnen, 1327
INAEX ettt 1333

Rev. 2.00 Oct. 20, 2009 Page xxx of xxx
RENESAS



Section 1 Overview

Section 1 Overview

1.1 Features

The core of each product in the H8SX/1655 Group and the H8SX/1655M Group of CISC
(complex instruction set computer) microcontrollers is an H8SX CPU, which has an internal 32-
bit architecture. The H8SX CPU provides upward-compatibility with the CPUs of other Renesas
Technology-original microcontrollers; H8/300, H8/300H, and HSS.

As peripheral functions, each LSI of the Group includes a DMA controller and an EXDMA
controller, which enable high-speed data transfer, and a bus-state controller, which enables direct
connection to different kinds of memory. The LSI of the Group also includes serial
communication interfaces, A/D and D/A converters, and a multi-function timer that makes motor
control easy. Together, the modules realize low-cost configurations for end systems. The power
consumption of these modules is kept down dynamically by an on-chip power-management
function. The on-chip ROM is a flash memory (F-ZTAT™*) with a capacity of 512 Kbytes
(H8SX/1655 and H8SX/1655M) or 384 Kbytes (H8SX/1652 and H8SX/1652M).

Note: * F-ZTAT™ is a trademark of Renesas Technology Corp.

1.1.1  Applications

Examples of the applications of this LSI include PC peripheral equipment, optical storage devices,
office automation equipment, and industrial equipment.
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1.1.2  Overview of Functions

Table 1.1 lists the functions of this LSI in outline. Table 1.2 shows the comparison of support

functions in each group.

Table 1.1  Overview of Functions

Module/

Classification Function Description

Memory ROM ¢ ROM capacity: 512 Kbytes or 384 Kbytes
RAM o RAM capacity: 40 Kbytes
CPU CPU e 32-bit high-speed H8SX CPU (CISC type)

Upwardly compatible for H8/300, H8/300H, and H8S CPUs at
object level

General-register architecture (sixteen 16-bit general registers)
11 addressing modes

4-Gbyte address space

Program: 4 Gbytes available

Data: 4 Gbytes available

87 basic instructions, classifiable as bit arithmetic and logic
instructions, multiply and divide instructions, bit manipulation
instructions, multiply-and-accumulate instructions, and others
Minimum instruction execution time: 20.0 ns (for an ADD
instruction while system clock ¢ = 50 MHz and

V., =3.0t03.6V)

On-chip multiplier (16 x 16 — 32 bits)

Supports multiply-and-accumulate instructions

(16 x 16 + 42 — 42 bits)

Operating
mode

Advanced mode
Normal, middle, or maximum mode is not supported.
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Module/

Classification Function Description

CPU MCU Mode 1: User boot mode
operating (selected by driving the MD2 and MD1 pins low and
mode driving the MDO pin high)

Mode 2: Boot mode
(selected by driving the MD2 and MDO pins low and
driving the MD1 pin high)

Mode 3: Boundary scan enabled single-chip mode
(selected by driving the MD2 pin low and driving the MD1
and MDO pins high)

Mode 4: On-chip ROM disabled external extended mode, 16-bit
bus (selected by driving the MD1 and MDO pins low and
driving the MD2 pin high)

Mode 5: On-chip ROM disabled external extended mode, 8-bit bus
(selected by driving the MD1 pin low and driving the MD2
and MDO pins high)

Mode 6: On-chip ROM enabled external extended mode
(selected by driving the MDO pin low and driving the MD2
and MD1 pins high)

Mode 7: Single-chip mode (can be externally extended)

(selected by driving the MD2, MD1, and MDO pins high)

e Low power consumption state (transition driven by the SLEEP
instruction)

Power on reset (POR)*

e At power-on or low power supply voltage, an internal reset
signal is generated

Voltage detection circuit
(LVD)*

e At low power supply voltage, an internal reset signal and an
interrupt are generated

Interrupt Interrupt
(source) controller
(INTC)

e 13 external interrupt pins (NMI, and TRQ11 to IRQO)

¢ Internal interrupt sources
H8SX/1655 Group: 119 pins
H8SX/1655M Group: 120 pins

e 2 interrupt control modes (specified by the interrupt control
register)

e 8 priority orders specifiable (by setting the interrupt priority
register)

¢ Independent vector addresses

Rev. 2.00 Oct. 20, 2009 Page 3 of 1340
RENESAS REJ09B0499-0200



Section 1 Overview

Module/

Classification Function Description

Interrupt Break e Break point can be set for four channels
(source) i(chtgrcr:l;pt Address break can be set for CPU instruction fetch cycles
DMA EXDMA e 4-channel DMA transfer available
?g;tlir)cl)\ll:er) 2 activation methods (auto-request, external request)
e 4 transfer modes (normal transfer, repeat transfer, block
transfer, cluster transfer)
e Dual or single address mode selectable
o Extended repeat-area function
DMA e 4-channel DMA transfer available
?Smfg?r 3 activation methods (auto-request, on-chip module interrupt,
external request)
¢ 3 transfer modes (normal transfer, repeat transfer, block
transfer)
e Dual or single address mode selectable
o Extended repeat-area function
Data ¢ Allows DMA transfer over 78 channels (number of DTC
transfer activation sources)
controller . . .
(DTC) e Activated by interrupt sources (chain transfer enabled)
¢ 3 transfer modes (normal transfer, repeat transfer, block
transfer mode)
¢ Short-address mode or full-address mode selectable
External bus Bus ¢ 16-Mbyte external address space
extension ?é)gtcr:?ller The external address space can be divided into 8 areas, each

of which is independently controllable

— Chip-select signals (CS0 to CS7) can be output

— Access in 2 or 3 states can be selected for each area
— Program wait cycles can be inserted

— The period of CS assertion can be extended

— Idle cycles can be inserted

Bus arbitration function (arbitrates bus mastership among the
internal CPU, DMAC, EXDMAC, and DTC, and external bus
masters)
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Module/
Classification Function Description
External bus Bus Bus formats
extension ((:I(B)gtcr;c))ller External memory interfaces (for the connection of ROM, burst
ROM, SRAM, and byte control SRAM)
e Address/data bus format: Support for both separate and
multiplexed buses (8-bit access or 16-bit access)
¢ Endian conversion function for connecting devices in little-
endian format
Clock Clock pulse e 1 clock generation circuit available
?g;g;ator Separate clock signals are provided for each of functional

modules (detailed below) and each is independently specifiable
(multi-clock function)
— System-intended data transfer modules, i.e. the CPU, runs
in synchronization with the system clock (l9): 8 to 50 MHz
— Internal peripheral functions run in synchronization with the
peripheral module clock (P¢): 8 to 35 MHz
— Modules in the external space are supplied with the external
bus clock (Bo): 8 to 50 MHz
e Includes a PLL frequency multiplication circuit and frequency
divider, so the operating frequency is selectable
e 5 low-power-consumption modes: Sleep mode, all-module-
clock-stop mode, software standby mode, deep software
standby mode, and hardware standby mode
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Module/

Classification Function Description

A/D converter  A/D ¢ 10-bit resolution x 2 units
converter e Selectable input channel and unit configuration
(ADC) 4 channels x 2 units (units 0 and 1)
8 channels x one unit (unit 0)
e Sample and hold function included
e Conversion time: 1.0 us per channel (with peripheral module
clock (P¢) at 25-MHz operation)
e 2 operating modes: single mode and scan mode
e 3 ways to start A/D conversion:
Unit 0: Software, timer (TPU (unit 0) /TMR (units 0 and 1))
trigger, and external trigger
Unit 1: Software, TMR (units 2 and 3) trigger, and external
trigger
¢ Activation of DTC and DMAC by ADI interrupt:
Unit 0: DTC and DMAC can be activated by an ADI interrupt.
Unit 1: DMAC can be activated by an ADI1 interrupt.
D/A converter  D/A e 10-bit resolution x 2 output channels
converter e Qutput voltage: 0 V to Vref, maximum conversion time: 10 us
(DAC) (with 20-pF load)
Timer 8-bit timer ¢ 8 bits x 8 channels (can be used as 16 bits x four channels)
(TMR) e Select from among 7 clock sources (6 internal clocks and 1
external clock)
¢ Allows the output of pulse trains with a desired duty cycle or
PWM signals
16-bit timer e 16 bits x 12 channels (unit 0, unit 1%*)
pulse unit e Select from among 8 counter-input clocks for each channel
(TPU) e Upto 24 pulse inputs and outputs

Counter clear operation, simultaneous writing to multiple timer
counters (TCNT), simultaneous clearing by compare match and
input capture possible, simultaneous input/output for registers
possible by counter synchronous operation, and up to 15-phase
PWM output possible by combination with synchronous
operation

Buffered operation, cascaded operation (32 bits x two
channels), and phase counting mode (two-phase encoder
input) settable for each channel

Input capture function supported

Output compare function (by the output of compare match
waveform) supported

Note: * Pin function of unit 1 cannot be used in the external bus

extended mode.
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Module/
Classification Function

Description

Timer Program-
mable pulse
generator
(PPG)

24-bit*"** pulse output
4 output groups, non-overlapping mode, and inverted output
can be set

Selectable output trigger signals; the PPG can operate in
conjunction with the data transfer controller (DTC) and the
DMA controller (DMAC)

Notes: 1. Pulse output pins PO31 to PO16 cannot be activated

by input capture.
2. Pulse of unit 1 cannot be output in the external bus
extended mode.

Watchdog timer Watchdog
timer
(WDT)

8 bits x one channel (selectable from eight counter input
clocks)

Switchable between watchdog timer mode and interval timer
mode

Serial interface  Serial
communi-
cations
interface
(SCI)

Smart card/SIM

6 channels (select asynchronous or clock synchronous serial
communications mode)

Full-duplex communications capability
Select the desired bit rate and LSB-first or MSB-first transfer
Average transfer rate clock input from TMR (SCI_5, SCI_6)

IrDA transmission and reception conformant with the IrDA
Specifications version 1.0

On-chip cyclic redundancy check (CRC) calculator for
improved reliability in data transfer

The SCI module supports a smart card (SIM) interface.

I°C bus interface I°C bus
interface 2
(IIC2)

2 channels

Bus can be directly driven (the SCL and SDA pins are NMOS
open drains).

Universal serial Universal

bus interface serial bus
interface
(USB)

On-chip UDC (USB Device Controller) supporting USB 2.0 and
transceiver

Transfer speed: full-speed (12 Mbps)
Bulk transfer by DMA
Self-power mode and bus power mode selectable

1/0O ports

9 CMOS input-only pins

75 CMOS input/output pins

8 large-current drive pins (port 3)
40 pull-up resistors

16 open drains

Package

LQFP-120 package
LGA-145 package
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Module/
Classification Function Description

Emulator e Full-spec emulator (E6000H)*
e On-chip emulator (E10A-USB)
Note: * E6000H of the H8SX/1668 Group can be used excluding
a part of function of A/D and D/A though the H8SX/1655
Group is not supporting E6000H. For details on functions
for which E6000H cannot be used, see section 21, A/D
Converter and section 22, D/A Converter.

Operating frequency/ e Operating frequency: 8 to 50 MHz

Power supply voltage e Power supply voltage: V., = PLLV_,=DrV_=3.0t0 3.6 V,
AV__ =3.0t036V

e Flash programming/erasure voltage: 3.0 to 3.6 V
e Supply current:
— 50 mA (typ.) (V,, =PLLV,=Drv,=3.0V,AV_=3.0V, ¢
=P¢o=B¢=35MHz)

Operating peripheral e 20 to +75°C (regular specifications)
temperature (°C) e —40 to +85°C (wide-range specifications)

Note: * Supported only by the H8SX/1655M Group.

Table 1.2  Comparison of Support Functions in the H8SX/1655 and H8SX/1655M Groups

Function H8SX/1655 Group H8SX/1655M Group

DMAC

DTC

PPG

UBC

SCI

lcz

TMR

WDT

10-bit ADC

10-bit DAC

O|0|0|0O|0O|0O|O|O|0O|0O|O

EXDMAC

POR/LVD —

Package LQFP-120 (0]

(elNelNelNolNolNolNolNolNolNolNo) RO RO NO)

LGA-145 o}
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1.2 List of Products
Table 1.3 is the list of products, and figure 1.1 shows how to read the product name code.

Table 1.3  List of Products

Group Part No. ROM Capacity RAM Capacity Package Remarks

H8SX/1655 R5F61655N50FPV 512 Kbytes 40 Kbytes LQFP-120 Regular
R5F61652N50FPV 384 Kbytes 40 Kbytes LQFP-120  specifications
R5F61655N50LGY 512 Kbytes 40 Kbytes LGA-145
R5F61652N50LGV 384 Kbytes 40 Kbytes LGA-145
R5F61655D50FPV 512 Kbytes 40 Kbytes LQFP-120 Wide range
R5F61652D50FPV 384 Kbytes 40 Kbytes LQFP-120  specifications
R5F61655D50LGV 512 Kbytes 40 Kbytes LGA-145
R5F61652D50LGV 384 Kbytes 40 Kbytes LGA-145

H8SX/1655M R5F61655MN50FPV 512 Kbytes 40 Kbytes LQFP-120 Regular
R5F61652MNS0FPV 384 Kbytes 40 Kbytes LQFP-120  SPecifications
R5F61655MN50LGY 512 Kbytes 40 Kbytes LGA-145
R5F61652MN50LGY 384 Kbytes 40 Kbytes LGA-145
R5F61655MD50FPV 512 Kbytes 40 Kbytes LQFP-120 Wide range
R5F61652MD50FPV 384 Kbytes 40 Kbytes LQFP-120  specifications
R5F61655MD50LGY 512 Kbytes 40 Kbytes LGA-145
R5F61652MD50LGV 384 Kbytes 40 Kbytes LGA-145
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PartNo. R 5 F 61655N50 LG V

L Indicates the Pb-free version.

Indicates the package.

FP: LQFP

LG: LGA

Indicates the product-specific number.
N : Regular specifications

D :Wide range specifications
Indicates the type of ROM device.

F: On-chip flash memory

Product classification
Microcontroller

Indicates a Renesas semiconductor product.

Figure 1.1 How to Read the Product Name Code
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e Small Package

Package Package Code Body Size Pin Pitch

LQFP-120 PLQPO120LA-A 14.0x 140 mm  0.40 mm
(FP-120BV)*

LGA-145 PTLG0145JB-A 9.0 x 9.0 mm 0.65 mm

(TLP-145V)*

Note: * Pb-free version
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1.3

Block Diagram

AN AN
WDT
] TMR x 2 channels
(unit 0)
TMR x 2 channels
Interrupt ] (unit 1)
_—
RAM controller — TMR X 2 channels
TMR x 2 channels
(unit 3)
BSC — TPU x 6 channels
ROM K ﬁ — (unit 0)
2 S [— TPU x 6 channels
2 unit 1
g P
3 &
@ 2|—| PPG x8 channels
§ o (unit 0)
= 9] Port B
H8SX k3] 2 — PPG x 16 channels
CPU = = (unit 1)
<:>| SCI x 6 channels | | EP(t))rrttJD*/‘ |
DTC [ 4D'\r/1IAC X| [—
channels
v | e
port Kx!
1IC2 x 2 channels
=
4 channels ——| 10-bitAD x4
Clock pulse channels (unit 0
generator ®
-— .
IS channels (unit 1
[}
> 10-bit DA x
I 2 channels
j=
8 )
POR/LVD*? < NS
External bus
N7
[Legend]
CPU: Central processing unit TMR: 8-bit timer
DTC: Data transfer controller TPU: 16-bit timer pulse unit
BSC: Bus controller PPG: Programmable pulse generator
DMAC: DMA controller SCl: Serial communications interface
EXDMAC: EXDMA controller USB: Universal serial bus interface
WDT: Watchdog timer lica: 1IC bus interface 2

POR/LVD*2:  Power-on reset / Low voltage detection circuit

Notes: 1. In single-chip mode, the port D and port E functions can be used in the initial state.

Pin functions are selectable by setting the PCJKE bit in PFCRD. Ports D and E are enabled
when PCJKE = 0 (initial value) and ports J and K are enabled when PCJKE = 1. In external
extended mode, only ports D and E can be used.

2. Supported only by the H8SX/1655M Group.

Figure 1.2 Block Diagram
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Section 1 Overview

14

1.4.1  Pin Assignments

Pin Assignments
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Notes: 1. In single-chip mode ports D and E can be used (initial state).
Pin functions are selectable by setting the PCJKE bit in PFCRD. Ports D and E are enabled when PCJKE = 0 (initial value)
and ports J and K are enabled when PCJKE = 1. In external extended mode, only ports D and E can be used.
2.This pin is an on-chip emulator enable pin. Drive this pin low for the connection in normal operating mode.
The on-chip emulator function is enabled by driving this pin high. When the on-chip emulator is in use, the P62, P63,
P64, P65, and WDTOVF pins are dedicated pins for the on-chip emulator. For details on a connection example with the E10A,
see E10A Emulator User's Manual.

Figure 1.3 Pin Assignments (LQFP-120: H8SX/1655 Group and H8SX/1655M Group)
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Section 1 Overview

A PB1 PA7 Vce PA4 PA1 NC*3 P57 Vref P50 P65 PLLVss | PLLVcc P61

B PB2 PBO Vss PA2 NC#*3 MD1 P54 AVce P52 NC#3 P64 P62 P60

C| PB3 | NC*3 [ Vss PA6 PA5 | NC*3 | NC*3 | Avss [ p51 | NCx3 | P63 [ NC*3 | NC*3

D MD2 PM1 PMO Vee PA3 PAO P56 P55 P53 MDO NC*3 Vss STBY

E| PM2 [ Nc#3 | NC*3 | NC*3 | NC*3 P17 P16 XTAL | EXTAL
F PF4 PF2 Vss PF3 Vce P15 Vss | WDTOVF
LGA-145
PE6 PE7 i )
G| PF1 | oxget | pryst | VS (Perspective top view) P14 P13 Vss RES

PE5 | PE4 | PES ‘ )
H [ PKs+t | pkast | prast | PFO VoL | P11 NG*S | NG

PE1 PD7 PE2

JfoVee | piqst | pgzet | ket

P17 P10 P12 P16

PE0 | Pos | Pp4 | PDe
%3
K| /Ko | jpust | /puast | pupst | Ve© | P21 | P25 | P26 | NC:3 | PH2 | Pl4 ) PI5 ) Vss

L /|:PJ221 Vss |EMLE*2| VBUS |vD_CLK| P24 NC*3 NC*3 NMI PH1 PI2 PI3 Pl

PD2 PD1
M | jpyost PU1#1 DrVcc uUsD- Vss P20 P23 NC*3 PHO Vss PH4 PH7 PIO

N /§J%21 PM3 | PM4 | USD+ | Drvss [ P22 | NC*3 | P27 Vee PH3 PH5 | PH6 Vee

Notes: 1. In single-chip mode ports D and E can be used (initial state).
Pin functions are selectable by setting the PCJKE bit in PFCRD.
Ports D and E are enabled when PCJKE = 0 (initial value)
and ports J and K are enabled when PCJKE = 1.

In external extended mode, only ports D and E can be used.

2. This pin is an on-chip emulator enable pin. Drive this pin low for the connection in normal operating mode.
The on-chip emulator function is enabled by driving this pin high. When the on-chip emulator is in use,
the P62, P63, P64, P65, and WDTOVF pins are dedicated pins for the on-chip emulator.

For details on a connection example with the E10A, see E10A Emulator User's Manual.

3. Leave NC pin open.

Figure 1.4 Pin Assignments (LGA-145: H8SX/1655 Group and H8SX/1655M Group)
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Section 1 Overview

14.2  Correspondence between Pin Configuration and Operating Modes

Table 1.4  Pin Configuration in Each Operating Mode (H8SX/1655 Group and

H8SX/1655M Group)
Pin No. Pin Name
LQFP-120 LGA-145 Modes 1,2, and 6 Modes 3 and 7 Modes 4 and 5
1 Al PB1/CS1/CS2-B/ PB1/CS1/CS2-B/ PB1/CS1/CS2-B/
CS5-A/CS6-B/CS7-B CS5-A/CS6-B/CS7-B CS5-A/CS6-B/CS7-B
2 B1 PB2/CS2-A/CS6-A PB2/CS2-A/CS6-A PB2/CS2-A/CS6-A
3 C1 PB3/CS3/CS7-A PB3/CS3/CS7-A PB3/CS3/CS7-A
4 D1 MD2 MD2 MD2
5 D3 PMO0/TxD6 PM0/TxD6 PMO0/TxD6
6 D2 PM1/RxD6 PM1/RxD6 PM1/RxD6
7 E1 PM2 PM2 PM2
8 F1 PF4/A20 PF4/A20 PF4/A20
9 F4 PF3/A19 PF3/A19 PF3/A19
10 F3 Vss Vss Vss
11 F2 PF2/A18 PF2/A18 PF2/A18
12 G1 PF1/A17 PF1/A17 PF1/A17
13 H4 PFO/A16 PFO/A16 PFO/A16
14 G3 PE7/A15 e PE7/A15 A15
e  PK7/PO31/TIOCA11/TIOCB11*'
15 G2 PE6/A14 e PE6/A14 Al4
e  PK6/PO30/TIOCA11*
16 H1 PE5/A13 e PE5/A13 A13
e PK5/PO29/TIOCA10/TIOCB10*'
17 G4 Vss Vss Vss
18 H2 PE4/A12 e PE4/A12 Al12
e PK4/PO28/TIOCA10*'
19 J1 Vee Vcee Vce
20 H3 PE3/A11 e PE3/AN1 A1
e PK3/PO27/TIOCC9/TIOCD9*'
21 J4 PE2/A10 e PE2/A10 A10

e PK2/PO26/TIOCCY*'
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Pin No. Pin Name
LQFP-120 LGA-145 Modes 1,2, and 6 Modes 3 and 7 Modes 4 and 5
22 J2 PE1/A9 e PE1/A9 A9
e PK1/PO25/TIOCA9/TIOCBY*'
23 K1 PEO/A8 e PEO/A8 A8
e PKO/PO24/TIOCA9*'
24 J3 PD7/A7 e PD7/A7 A7
e PJ7/PO23/TIOCA8/TIOCBS/
TCLKH*'
25 K4 PD6/A6 e PD6/A6 A6
e PJB/PO22/TIOCAS8*'
26 L2 Vss Vss Vss
27 K2 PD5/A5 e PD5/A5 A5
e PJ5/PO21/TIOCA7/TIOCB7/
TCLKG*'
28 K3 PD4/A4 o PD4/A4 A4
e PJ4/PO20/TIOCA7*'
29 L1 PD3/A3 e PD3/A3 A3
e PJ3/PO19/TIOCC6/TIOCDS6/
TCLKF*'
30 M1 PD2/A2 e PD2/A2 A2
e PJ2/PO18/TIOCC6/TCLKE*'
31 M2 PD1/A1 e PD1/A1 A1
e PJ1/PO17/TIOCA6/TIOCB6*'
32 N1 PDO/AO e PDO/AO AO
e PJO/PO16/TIOCAG*'
33 L3 EMLE EMLE EMLE
34 N2 PM3 PM3 PM3
35 N3 PM4 PM4 PM4
36 M3 DrVce DrVce DrVcc
37 N4 USD+ USD+ USD+
38 M4 USD- USD- USD-
39 N5 DrVss DrVss DrVss
40 L4 VBUS VBUS VBUS
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Pin No. Pin Name

LQFP-120 LGA-145 Modes 1,2, and 6 Modes 3 and 7 Modes 4 and 5

41 L5 MD_CLK MD_CLK MD_CLK

42 M5 Vss Vss Vss

43 M6 P20/POO/TIOCAS3/TIOCB3/  P20/POO/TIOCA3/TIOCB3/ P20/POO/TIOCAS3/TIOCB3/
TMRIO/SCKO/IRQ8-A TMRIO/SCKO/IRQ8-A TMRIO/SCKO/IRQ8-A

44 K5 Vce Vce Vce

45 K6 P21/PO1/TIOCA3/TMCI0/ P21/PO1/TIOCA3/TMCI0/RxDO/ P21/PO1/TIOCA3/TMCI0/
RxDO/IRQ9-A IRQ9-A RxDO/IRQ9-A

46 N6 P22/PO2/TIOCC3/TMO0/ P22/PO2/TIOCC3/TMO0/TxD0/ P22/PO2/TIOCC3/TMO0/TxD0/
TxDO/IRQT0-A IRQ10-A TRQ10-A

47 M7 P23/PO3/TIOCC3/TIOCD3/  P23/PO3/TIOCC3/TIOCD3/ P23/PO3/TIOCC3/TIOCD3/
IRQTT-A IRQTT-A IRQTT-A

48 L6 P24/PO4/TIOCA4/TIOCB4/  P24/PO4/TIOCA4/TIOCB4/ P24/PO4/TIOCA4/TIOCB4/
TMRI1/SCK1 TMRI1/SCK1 TMRI1/SCK1

49 K7 P25/PO5/TIOCA4/TMCI1/ P25/PO5/TIOCA4/TMCI1/ P25/PO5/TIOCA4/TMCI1/
RxD1 RxD1 RxD1

50 K8 P26/PO6/TIOCA5/TMO1/ P26/PO6/TIOCA5/TMO1/ P26/PO6/TIOCA5/TMO1/
TxD1 TxD1 TxD1

51 N8 P27/PO7/TIOCA5/TIOCB5  P27/PO7/TIOCA5/TIOCB5 P27/PO7/TIOCA5/TIOCB5

52 L9 NMI NMI NMI

53 M9 PHO/DO PHO/DO DO

54 L10 PH1/D1 PH1/D1 D1

55 K10 PH2/D2 PH2/D2 D2

56 N10 PH3/D3 PH3/D3 D3

57 M10 Vss Vss Vss

58 M11 PH4/D4 PH4/D4 D4

59 N11 PH5/D5 PH5/D5 D5

60 N12 PH6/D6 PH6/D6 D6

61 M12 PH7/D7 PH7/D7 D7

62 N9 Vece Vce Vece

63 M13 P10/D8 PI0/D8 PI0/D8

64 L13 PI1/D9 PI1/D9 PI1/D9

65 L11 PI2/D10 PI2/D10 PI2/D10

66 L12 PI3/D11 PI3/D11 PI3/D11
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Pin No. Pin Name

LQFP-120 LGA-145 Modes 1,2, and 6 Modes 3 and 7 Modes 4 and 5

67 K13 Vss Vss Vss

68 K11 PI4/D12 Pl4/D12 Pl4/D12

69 K12 PI5/D13 PI5/D13 PI5/D13

70 J13 Pl6/D14 PI16/D14 PI6/D14

71 J10 PI7/D15 PI7/D15 PI7/D15

72 J11 P10/TxD2/DREQU/ P10/TxD2/DREQO/IRQ0-A/ P10/TxD2/DREQO/IRQ0-A/
IRQO0-A/EDREQO-A EDREQO-A EDREQO-A

73 H11 P11/RxD2/TENDO/IRQ1- P11/RxD2/TENDO/IRQ1-A/ P11/RxD2/TENDO/IRQ1-A/
A/ETENDO-A ETENDO-A ETENDO-A

74 Ji12 P12/SCK2/DACKO0/ P12/SCK2/DACKO0/IRQ2-A/ P12/SCK2/DACKO0/IRQ2-A/
IRQ2-A/EDACKO-A EDACKO-A EDACKO-A

75 G11 P13/ADTRGO/ P13/ADTRGO0/IRQ3-A/EDRAKO P13/ADTRGO0/IRQ3-A/EDRAKO
IRQ3-A/EDRAKO

76 G12 Vss Vss Vss

77 G13 RES RES RES

78 H10 Ve Ve Vo,

79 G10 P14/TCLKA/TxD5/IrTxD/ P14/TCLKA/TxD5/IrTxD/ P14/TCLKA/TxD5/IrTxD/
SDA1/DREQ1/IRQ4-A/ SDA1/DREQ1/IRQ4-A/ SDA1/DREQ1/IRQ4-A/
EDREQT-A EDREQT-A EDREQT-A

80 F11 P15/TCLKB/RxD5/IrRxD/ P15/TCLKB/RxD5/IrRxD/ P15/TCLKB/RxD5/IrRxD/
SCL1/TEND1/IRQ5-A/ SCL1/TEND1/IRQ5-A/ SCL1/TEND1/IRQ5-A/
ETEND1-A ETEND1-A ETEND1-A

81 F13 WDTOVF WDTOVF/TDO** WDTOVF

82 F12 Vss Vss Vss

83 E12 XTAL XTAL XTAL

84 E13 EXTAL EXTAL EXTAL

85 F10 Vce Vce Vce

86 E11 P16/TCLKC/SDAO/ P16/TCLKC/SDA0/ P16/TCLKC/SDAO/
DACK1/IRQ6-A/EDACK1-A  DACK1/IRQ6-A/EDACK1-A DACK1/IRQ6-A/EDACK1-A

87 E10 P17/TCLKD/SCLO/ P17/TCLKD/SCLO/ P17/TCLKD/SCLO0/
ADTRG1/IRQ7-A/EDRAK1 ADTRG1/IRQ7-A/EDRAK1 ADTRG1/IRQ7-A/EDRAK1

88 D13 STBY STBY STBY

89 B13 P60/TMRI2/TxD4/DREQ2/ P60/TMRI2/TxD4/DREQ2/ P60/TMRI2/TxD4/DREQ2/

IRQ8-B/EDREQO-B

IRQ8-B/EDREQO-B

IRQ8-B/EDREQO-B
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Pin No. Pin Name

LQFP-120 LGA-145 Modes 1,2, and 6 Modes 3 and 7 Modes 4 and 5

90 A13 P61/TMCI2/RxD4/ P61/TMCI2/RxD4/ P61/TMCI2/RxD4/
TEND2/IRQ9-B/ETENDO-B  TEND2/IRQ9-B/ETENDO-B TEND2/IRQ9-B/ETENDO-B

91 B12 P62/TMO2/SCK4/DACK2/  P62/TMO2/SCK4/DACK2/ P62/TMO2/SCK4/DACK2/
TRQ10-B/EDACKO-B TRQ10-B/TRST*/EDACKO-B TRQ10-B/EDACKO-B

92 A12 PLLVce PLLVce PLLVce

93 ci P63/TMRI3/DREQ3/ P63/TMRI3/DREQ3/IRQT1-B/ P63/TMRI3/DREQ3/IRQ11-B/
TRQ11-B/EDREQ1-B TMS*/EDREQ1-B EDREQ1-B

94 A1l PLLVss PLLVss PLLVss

95 B11 P64/TMCI3/TEND3/ P64/TMCI3/TEND3/TDI**/ P64/TMCI3/TEND3/ETEND1-B
ETEND1-B ETEND1-B

96 A10 P65/TMO3/DACK3/ P65/TMO3/DACKS3/TCK**/ P65/TMO3/DACK3/EDACK1-B
EDACK1-B EDACK1-B

97 D10 MDO MDO MDO

98 A9 P50/ANO/IRQO-B P50/ANO/IRQO-B P50/ANO/IRQO-B

99 c9 P51/AN1/IRQT-B P51/AN1/IRQT-B P51/AN1/IRQ1-B

100 B9 P52/AN2/IRQ2-B P52/AN2/IRQ2-B P52/AN2/IRQ2-B

101 B8 AVcc AVcc AVcc

102 D9 P53/AN3/IRQ3-B P53/AN3/IRQ3-B P53/AN3/IRQ3-B

103 Cc8 AVss AVss AVss

104 B7 P54/AN4/IRQ4-B P54/AN4/IRQ4-B P54/AN4/IRQ4-B

105 A8 Vref Vref Vref

106 D8 P55/AN5/IRQ5-B P55/AN5/IRQ5-B P55/AN5/IRQ5-B

107 D7 P56/AN6/DAO/IRQE-B P56/AN6/DAO/IRQE-B P56/AN6/DA0/IRQ6-B

108 A7 P57/AN7/DA1/IRQ7-B P57/AN7/DA1/RQ7-B P57/AN7/DA1/RQ7-B

109 B6 MD1 MD1 MD1

110 D6 PAO/BREQO/BS-A PAO/BREQO/BS-A PAO/BREQO/BS-A

111 A5 PA1/BACK/(RD/WR) PA1/BACK/(RD/WR) PA1/BACK/(RD/WR)

112 B4 PA2/BREQ/WAIT PA2/BREQ/WAIT PA2/BREQ/WAIT

113 D5 PA3/LLWR/LLB PA3/LLWR/LLB LLWR/LLB

114 A4 PA4/LHWR/LUB PA4/LHWR/LUB PA4/LHWR/LUB

115 c5 PA5/RD PA5/RD RD

116 C4 PA6/AS/AH/BS-B PA6/AS/AH/BS-B PA6/AS/AH/BS-B

117 C3 Vss Vss Vss

Rev. 2.00 Oct. 20, 2009 Page 19 of 1340
RENESAS REJ09B0499-0200



Section 1 Overview

Pin No. Pin Name
LQFP-120 LGA-145 Modes 1,2, and 6 Modes 3 and 7 Modes 4 and 5
118 A2 PA7/B¢ PA7/B¢ PA7/B¢
119 A3 Vce Vce Vce
120 B2 PB0/CS0/CS4/CS5-B PB0/CS0/CS4/CS5-B PB0/CS0/CS4/CS5-B

Pin No. LGA-145: C2, E2, ES, E4, E5, B5, C6, A6, C7, B10, C10, C12, C13, D11, H12, H13, K9, L7, L8, M8, N7

NC NC NC

Pin No. LGA-145: B3, D12

Vss Vss Vss

Pin No. LGA-145: D4, N13

Vce Vce Vce

Notes: 1. These pins can be used when the PCJKE bit in PFCRD is set to 1 in single-chip mode.
2. Pins TDO, TRST, TMS, TDI, and TCK are enabled in mode 3.

Rev. 2.00 Oct. 20, 2009 Page 20 of 1340
REJ09B0499-0200 RENESAS



Section 1 Overview

1.4.3 Pin Functions

Table 1.5 Pin Functions

Classification  Pin Name 110 Description
Power supply Vo Input Power supply pins. Connect them to the system power supply.

' Input Connect this pin to V via a 0.1-uF capacitor (The capacitor should
be placed close to the pin).

Vg Input Ground pins. Connect them to the system power supply (0 V).

PLLV, Input Power supply pin for the PLL circuit. Connect it to the system power
supply.

PLLV Input Ground pin for the PLL circuit.

DrV, Input Power supply pin for the transceiver with on-chip USB. Connect it to
the system power supply.

DrVg Input Ground pin for the transceiver with on-chip USB.

Clock XTAL Input Pins for a crystal resonator. An external clock signal can be input

EXTAL Input '[hI’Ol.Jgh the EXTAL pin. For an example of this connection, see
section 26, Clock Pulse Generator.

B¢ Output  Outputs the system clock for external devices.

Operating mode MD2 to MDO Input Pins for setting the operating mode. The signal levels on these pins
control must not be changed during operation.

MD_CLK Input Pins for switching the multiplication ratio of the clock pulse
generator. The signal levels on these pins must not be changed
during operation.

System control  RE Input Reset signal input pin. This LS| enters the reset state when this
signal goes low.

STBY Input This LSI enters hardware standby mode when this signal goes low.

EMLE Input Input pin for the on-chip emulator enable signal. If the on-chip
emulator is used, the signal level should be fixed high. If the on-chip
emulator is not used, the signal level should be fixed low.

On-chip TRST Input On-chip emulator pins or boundary scan pins. When the EMLE pin
emulator ™S Input is driven high, these pins are dedicated for the on-chip emulator.
When the EMLE pin is driven low and to mode 3, these pins are

TDI Input dedicated for the boundary scan.

TCK Input

TDO Output

Address bus A20 to AO Output  Output pins for the address bits.
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Classification  Pin Name 110 Description
Data bus D15 to DO Input/ Input and output for the bidirectional data bus. These pins
output also output addresses when accessing an address—data
multiplexed /O interface space.
Bus control BREQ Input External bus-master modules assert this signal to request
the bus.

BREQO Output Internal bus-master modules assert this signal to request
access to the external space via the bus in the external bus
released state.

BACK Output Bus acknowledge signal, which indicates that the bus has
been released.

BS-A/BS-B Qutput Indicates the start of a bus cycle.

AS Output Strobe signal which indicates that the output address on
the address bus is valid in access to the basic bus interface
or byte control SRAM interface space.

AH Output  This signal is used to hold the address when accessing the
address-data multiplexed /O interface space.

RD Output Strobe signal which indicates that reading from the basic
bus interface space is in progress.

RD/WR Output Indicates the direction (input or output) of the data bus.

LHWR Output Strobe signal which indicates that the higher-order byte
(D15 to D8) is valid in access to the basic bus interface
space.

LLWR Output Strobe signal which indicates that the lower-order byte (D7
to DO) is valid in access to the basic bus interface space.

LUB Output Strobe signal which indicates that the higher-order byte
(D15 to D8) is valid in access to the byte control SRAM
interface space.

LLB Output  Strobe signal which indicates that the lower-order byte (D7
to DO) is valid in access to the byte control SRAM interface
space.

CSo Output Select signals for areas 0 to 7.

CSt

CS2-A/CS2-B

CS3

Cs4

CS5-A/CS5-B

CS6-A/CS6-B

CS7-A/CS7-B

WAIT Input Requests wait cycles in access to the external space.
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Classification

Pin Name 110

Description

Interrupt

P4

Mi Input

Non-maskable interrupt request signal. When this pin is not
in use, this signal must be fixed high.

TRQT1-AIRQT1-B
TRQ10-A/IRQ10-B
TRQ9-A/IRQ9-B
TRQ8-A/IRQ8-B
TRQ7-ARQ7-B
IRQ6-A/IRQ6-B
IRQ5-A/IRQ5-B
IRQ4-A/IRQ4-B
TRQ3-A/IRQ3-B
IRQ2-A/IRQ2-B
IRQ1-A/IRQ1-B
TRQO-A/IRQO-B

Input

Maskable interrupt request signal.

DMA controller
(DMAC)

DREQO-A/DREQO-B Input
DREQ1-A/DREQ1-B
DREQ2

DREQS3

Requests DMAC activation.

DACKO0-A/DACKO-B
DACK1-A/DACK1-B
DACK2
DACK3

Output

DMAC single address-transfer acknowledge signal.

TENDO-A/TENDO-B
TEND1-A/TEND1-B
TEND2
TEND3

Output

Indicates end of data transfer by the DMAC.

EXDMA
controller
(EXDMAC)

EDREQO-
A/EDREQO-B
EDREQ1-
A/EDREQ1-B

Input

Requests EXDMAC activation.

EDACKO-
A/EDACKO-B
EDACKI-
A/EDACK1-B

Output

EXDMAC single address-transfer acknowledge signal.

ETENDO-
A/ETENDO-B
ETEND1-
A/ETEND1-B

Output

Indicates end of data transfer by the EXDMAC.

EDRAKO
EDRAK1

Output

Notification to external device of EXDMAC request
acceptance and start of execution

RENESAS
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Classification  Pin Name 1/0 Description
16-bit timer TCLKA Input Input pins for the external clock signals.
pulse unit (TPU) TCLKB
TCLKC
TCLKD
TIOCA3 Input/  Signals for TGRA_3 to TGRD_3. These pins are used as
TIOCB3 output  input capture inputs, output compare outputs, or PWM
TIOCC3 outputs.
TIOCD3
TIOCA4 Input/ Signals for TGRA_4 and TGRB_4. These pins are used as
TIOCB4 output  input capture inputs, output compare outputs, or PWM
outputs.
TIOCA5 Input/  Signals for TGRA_5 and TGRB_5. These pins are used as
TIOCB5 output  input capture inputs, output compare outputs, or PWM
outputs.
TCLKE Input Input pins for external clock signals.
TCLKF
TCLKG
TCLKH
TIOCA6 Input/ Signals for TGRA_6 to TGRD_6. These pins are used as
TIOCB6 output  input capture inputs, output compare outputs, or PWM
TIOCC6 outputs.
TIOCD6
TIOCA7 Input/ Signals for TGRA_7 and TGRB_7. These pins are used as
TIOCB7 output  input capture inputs, output compare outputs, or PWM
outputs.
TIOCA8 Input/  Signals for TGRA_8 and TGRB_8. These pins are used as
TIOCB8 output  input capture inputs, output compare outputs, or PWM
outputs.
TIOCA9 Input/  Signals for TGRA_9 to TGRD_9. These pins are used as
TIOCB9 output  input capture inputs, output compare outputs, or PWM
TIOCC9 outputs.
TIOCD9
TIOCA10 Input/  Signals for TGRA_10 and TGRB_10. These pins are used
TIOCB10 output  as input capture inputs, output compare outputs, or PWM
outputs.
TIOCA11 Input/ Signals for TGRA_11 and TGRB_11. These pins are used
TIOCB11 output  as input capture inputs, output compare outputs, or PWM
outputs.
Programmable  PO31 to PO16, Output  Output pins for the pulse signals.

pulse generator pQ7 to POO
(PPG)
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Classification  Pin Name 1/0 Description
8-bit timer TMOO to TMO7 Output  Output pins for the compare match signals.
(TMR) TMCIO to TMCI3 Input Input pins for the external clock signals that drive for the
counters.
TMRIO to TMRI3 Input Input pins for the counter-reset signals.
Watchdog timer WDTOVF Output  Output pin for the counter-overflow signal in watchdog-timer
(WDT) mode.
Serial TxDO Output  Output pins for data transmission.
communications TxD1
interface (SCI)  TxD2
TxD4
TxD5
TxD6
RxDO Input Input pins for data reception.
RxD1
RxD2
RxD4
RxD5
RxD6
SCKO Input/ Input/output pins for clock signals.
SCKA1 output
SCK2
SCK4
SCI with IrDA IrTxD Output  Output pin that outputs encoded data for IrDA.
(SCh IrRxD Input Input pin that inputs encoded data for IrDA.
I°C bus interface SCLO, SCL1 Input/ Input/output pin for 1IC clock. Bus can be directly driven by
2 (lIc2) output  the NMOS open drain output.
SDAO, SDA1 Input/ Input/output pin for IIC data. Bus can be directly driven by
output  the NMOS open drain output.
Universal serial USD+ Input/ Input/output pin for USB data.
bus interface USD- output
(USB)
VBUS Input Input/output pin to connect/disconnect USB cable.
A/D converter ~ AN7 to ANO Input Input pins for the analog signals to be processed by the A/D
converter.
ADTRGO, ADTRG1 Input Input pins for the external trigger signal that starts A/D
conversion.
D/A converter DA1, DAO Output  Output pins for the analog signals from the D/A converter.
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Classification  Pin Name /0 Description
A/D converter, AV, Input Analog power supply pin for the A/D and D/A converters. When
D/A converter the A/D and D/A converters are not in use, connect this pin to the

system power supply.

AV Input Ground pin for the A/D and D/A converters. Connect this pin to the
system power supply (0 V).

Vref Input Reference power supply pin for the A/D and D/A converters. When
the A/D and D/A converters are not in use, connect this pin to the
system power supply.

1/O ports P17 to P10 Input/  8-bit input/output pins.
output

P27 to P20 Input/ 8-bit input/output pins.
output

P57 to P50 Input 8-bit input/output pins.

P65 to P60 Input/  6-bit input/output pins.

output

PA7 Input Input-only pin

PAG6 to PAO Input/ 7-bit input/output pins.
output

PB3 to PBO Input/ 4-bit input/output pins.
output

PD7 to PDO Input/ 8-bit input/output pins.
output

PE7 to PEO Input/ 8-bit input/output pins.
output

PF4 to PFO Input/  5-bit input/output pins.
output

PH7 to PHO  Input/  8-bit input/output pins.
output

P17 to P10 Input/  8-bit input/output pins.
output

PM4 to PMO  Input/  5-bit input/output pins.
output

PJ7 to PJO*  Input/ 8-bit input/output pins.
output

PK7 to PKO* Input/  8-bit input/output pins.
output

Note: * These pins can be used when the PCJKE bit in PFCRD is set to 1 in single-chip mode.
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Section 2 CPU

The H8SX CPU is a high-speed CPU with an internal 32-bit architecture that is upward
compatible with the H8/300, H8/300H, and H8S CPUs.

The H8SX CPU has sixteen 16-bit general registers, can handle a 4-Gbyte linear address space,
and is ideal for a realtime control system.

2.1 Features

e Upward-compatible with H8/300, H8/300H, and H8S CPUs
— Can execute object programs of these CPUs
e Sixteen 16-bit general registers
— Also usable as sixteen 8-bit registers or eight 32-bit registers
e 87 basic instructions
— 8/16/32-bit arithmetic and logic instructions
— Multiply and divide instructions
— Bit field transfer instructions
— Powerful bit-manipulation instructions
— Bit condition branch instructions
— Multiply-and-accumulate instruction
e Eleven addressing modes
— Register direct [Rn]
— Register indirect [@ERn]
— Register indirect with displacement [@(d:2,ERn), @(d:16,ERn), or @(d:32,ERn)]
— Index register indirect with displacement [@(d:16,RnL.B), @(d:32,RnL.B),
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)]
— Register indirect with pre-/post-increment or pre-/post-decrement [@+ERn, @—ERn,
@ERn+, or @ERn—]
— Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
— Immediate [#xx:3, #xx:4, #xx:8, #xx:16, or #xx:32]
— Program-counter relative [@(d:8,PC) or @(d:16,PC)]

— Program-counter relative with index register [@(RnL.B,PC), @(Rn.W,PC), or
@(ERn.L,PO)]

— Memory indirect [@ @aa:8§]
— Extended memory indirect [@ @vec:7]
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e Two base registers
— Vector base register
— Short address base register
e 4-Gbyte address space
— Program: 4 Gbytes
— Data: 4 Gbytes
e High-speed operation
— All frequently-used instructions executed in one or two states
— 8/16/32-bit register-register add/subtract: 1 state

— 8 x 8-bit register-register multiply: 1 state (when the multiplier is available.)
— 16 + 8-bit register-register divide: 10 states (when the divider is available.)
— 16 x 16-bit register-register multiply: 1 state (when the multiplier is available.)
— 32 + 16-bit register-register divide: 18 states (when the divider is available.)
— 32 x 32-bit register-register multiply: 5 states (when the multiplier is available.)
— 32 + 32-bit register-register divide: 18 states (when the divider is available.)

e Four CPU operating modes
— Normal mode
— Middle mode
— Advanced mode
— Maximum mode
e Power-down modes
— Transition is made by execution of SLEEP instruction
— Choice of CPU operating clocks

Notes: 1. Advanced mode is only supported as the CPU operating mode of the H8SX/1655
Group and H8SX/1655M Group. Normal, middle, and maximum modes are not
supported.

2. The multiplier and divider are supported by the H8SX/1655 Group and H8SX/1655M
Group.
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2.2

CPU Operating Modes

The H8SX CPU has four operating modes: normal, middle, advanced and maximum modes. These
modes can be selected by the mode pins of this LSI.

Maximum 64 kbytes for program
and data areas combined

Normal mode

Maximum 16-Mbyte program
area and 64-kbyte data area,

Middle mode .
maximum 16 Mbytes for program
CPU operating modes and data areas combined
Maximum 16-Mbyte program
Advanced mode area and 4-Gbyte data area,

maximum 4 Gbytes for program
and data areas combined

Maximum 4 Gbytes for program
and data areas combined

Maximum mode

Figure 2.1 CPU Operating Modes

2.2.1 Normal Mode

The exception vector table and stack have the same structure as in the H8/300 CPU.

Address Space

The maximum address space of 64 Kbytes can be accessed.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers. When the extended register En is used as a 16-bit register it can
contain any value, even when the corresponding general register Rn is used as an address
register. (If the general register Rn is referenced in the register indirect addressing mode with
pre-/post-increment or pre-/post-decrement and a carry or borrow occurs, however, the value in
the corresponding extended register En will be affected.)

Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.
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e Exception Vector Table and Memory Indirect Branch Addresses
In normal mode, the top area starting at H'0000 is allocated to the exception vector table. One
branch address is stored per 16 bits. The structure of the exception vector table is shown in
figure 2.2.

H00001 Reset exception vector --

H'0001 P

H'0002 ] Exception
Hooos [~ Reset exception vector -- vector table

"

Figure 2.2 Exception Vector Table (Normal Mode)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes

are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction

code specifies a memory location. Execution branches to the contents of the memory location.
e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception

handling are shown in figure 2.3. The PC contents are saved or restored in 16-bit units.

\/\\/\

SP—>| PC . SP > EXR*1
(16 bits) Reserved1, 3
(SP*2 —) CCR
\_/\ coR”
. PC -
(16 bits)
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure 2.3 Stack Structure (Normal Mode)
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2.2.2 Middle Mode

The program area in middle mode is extended to 16 Mbytes as compared with that in normal
mode.

e Address Space

The maximum address space of 16 Mbytes can be accessed as a total of the program and data
areas. For individual areas, up to 16 Mbytes of the program area or up to 64 Kbytes of the data
area can be allocated.

e Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers. When the extended register En is used as a 16-bit register (in
other than the JMP and JSR instructions), it can contain any value even when the
corresponding general register Rn is used as an address register. (If the general register Rn is
referenced in the register indirect addressing mode with pre-/post-increment or pre-/post-
decrement and a carry or borrow occurs, however, the value in the corresponding extended
register En will be affected.)

e Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid and the upper eight bits are sign-extended.

e Exception Vector Table and Memory Indirect Branch Addresses
In middle mode, the top area starting at H'000000 is allocated to the exception vector table.
One branch address is stored per 32 bits. The upper eight bits are ignored and the lower 24 bits
are stored. The structure of the exception vector table is shown in figure 2.4.
The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes
are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.
In middle mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch address.
The upper eight bits are reserved and assumed to be H'00.

e Stack Structure
The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.5. The PC contents are saved or restored in 24-bit units.
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2.2.3 Advanced Mode

The data area is extended to 4 Gbytes as compared with that in middle mode.

Address Space

The maximum address space of 4 Gbytes can be linearly accessed. For individual areas, up to
16 Mbytes of the program area and up to 4 Gbytes of the data area can be allocated.

Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit
segments of 32-bit registers or address registers.

Instruction Set
All instructions and addressing modes can be used.
Exception Vector Table and Memory Indirect Branch Addresses

In advanced mode, the top area starting at H'00000000 is allocated to the exception vector
table. One branch address is stored per 32 bits. The upper eight bits are ignored and the lower
24 bits are stored. The structure of the exception vector table is shown in figure 2.4.

H'00000000 Reserved

HOOO000O1 [T TTTTTTITTTII T
H'00000002 | Reset exception vector
H'00000003 |
H'00000004 e emmmmm———. f!'!_e_s_e_n_lgc! ............. >~ Exception vector table
H'00000005 |

H'00000006 |
H'00000007

Figure 2.4 Exception Vector Table (Middle and Advanced Modes)

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes
are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.

In advanced mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch
address. The upper eight bits are reserved and assumed to be H'00.
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e Stack Structure
The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.5. The PC contents are saved or restored in 24-bit units.

\/\\/\

SP - EXR*!
SP Reserved Reserved!; *3
| PC o (SP*2p) CCR
L. (24 bits) - L - PC -
| . (24 bits) .
(a) Subroutine Branch (b) Exception Handling

Notes: 1. When EXR is not used it is not stored on the stack.
2. SP when EXR is not used.
3. Ignored on return.

Figure 2.5 Stack Structure (Middle and Advanced Modes)

224 Maximum Mode
The program area is extended to 4 Gbytes as compared with that in advanced mode.

e Address Space
The maximum address space of 4 Gbytes can be linearly accessed.
e Extended Registers (En)
The extended registers (EO to E7) can be used as 16-bit registers or as the upper 16-bit
segments of 32-bit registers or address registers.
e Instruction Set
All instructions and addressing modes can be used.
e Exception Vector Table and Memory Indirect Branch Addresses

In maximum mode, the top area starting at H'00000000 is allocated to the exception vector
table. One branch address is stored per 32 bits. The structure of the exception vector table is
shown in figure 2.6.

Rev. 2.00 Oct. 20, 2009 Page 33 of 1340
RENESAS REJ09B0499-0200




Section2 CPU

H'00000000
H'00000001 |
H'00000002 |
H'00000003
H'00000004
H'00000005
H'00000006
H'00000007

--|  Exception vector table

The memory indirect (@ @aa:8) and extended memory indirect (@ @vec:7) addressing modes
are used in the JMP and JSR instructions. An 8-bit absolute address included in the instruction
code specifies a memory location. Execution branches to the contents of the memory location.

In maximum mode, an operand is a 32-bit (longword) operand, providing a 32-bit branch

address.

e Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an exception
handling are shown in figure 2.7. The PC contents are saved or restored in 32-bit units. The

Figure 2.6 Exception Vector Table (Maximum Modes)

EXR contents are saved or restored regardless of whether or not EXR is in use.

sP—~|

PC
(32 bits)

(a) Subroutine Branch

SP—

\/\

EXR

CCR

PC
(32 bits)

(b) Exception Handling

Figure 2.7 Stack Structure (Maximum Mode)
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2.3 Instruction Fetch

The H8SX CPU has two modes for instruction fetch: 16-bit and 32-bit modes. It is recommended
that the mode be set according to the bus width of the memory in which a program is stored. The
instruction-fetch mode setting does not affect operation other than instruction fetch such as data
accesses. Whether an instruction is fetched in 16- or 32-bit mode is selected by the FETCHMD bit
in SYSCR. For details, see section 3.2.2, System Control Register (SYSCR).

24 Address Space

Figure 2.8 shows a memory map of the HSSX CPU. The address space differs depending on the
CPU operating mode.

Normal mode Middle mode Advanced mode Maximum mode
H'0000 H'000000 H'00000000 H'00000000
HOO7FFF f====== ===
Program area
Data area
" (64 kbytes) | Program area
HFFFF (16 Mbytes)
Program area
| | Dataarea | (16 Mbytes)
(64 kbytes)
HFF8000 Program area
Data area
HFFFFFF i HOOFFFFFF[" === """ """ i (4 Gbytes)
|__ Data area
(4 Gbytes)
HFFFFFFFF] i HFFFFFFFF]

Figure 2.8 Memory Map
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2.5 Registers

The H8SX CPU has the internal registers shown in figure 2.9. There are two types of registers:
general registers and control registers. The control registers are the 32-bit program counter (PC),
8-bit extended control register (EXR), 8-bit condition-code register (CCR), 32-bit vector base
register (VBR), 32-bit short address base register (SBR), and 64-bit multiply-accumulate register
(MAC).

General Registers and Extended Registers

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H RiL
ER2 E2 R2H RoL
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers

31 0
PC [
76543210
cer [1|ufr]uln|z[v]c
76543210
exr [1]-|-[-[-iefii[n]
31 12 0
VBR | : (Reserved) |
31 8 0
SBR | H (Reserved) |
63 41 32
Sign extension H MACH
MAC -
MACL
31 0
[Legend]
SP:  Stack pointer U: User bit T: Trace bit
PC: Program counter N: Negative flag 12 to 10: Interrupt mask bits
CCR: Condition-code register Z: Zero flag VBR: Vector base register
I: Interrupt mask bit V: Overflow flag SBR:  Short address base register
Ul:  User bit or interrupt mask bit C: Carry flag MAC: Multiply-accumulate register
H: Half-carry flag EXR: Extended control register

Figure 2.9 CPU Registers
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2.5.1 General Registers

The H8SX CPU has eight 32-bit general registers. These general registers are all functionally alike
and can be used as both address registers and data registers. When a general register is used as a
data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. Figure 2.10 illustrates the
usage of the general registers.

When the general registers are used as 32-bit registers or address registers, they are designated by
the letters ER (ERO to ER7).

When the general registers are used as 16-bit registers, the ER registers are divided into 16-bit
general registers designated by the letters E (EO to E7) and R (RO to R7). These registers are
functionally equivalent, providing a maximum sixteen 16-bit registers. The E registers (EO to E7)
are also referred to as extended registers.

When the general registers are used as 8-bit registers, the R registers are divided into 8-bit general
registers designated by the letters RH (ROH to R7H) and RL (ROL to R7L). These registers are
functionally equivalent, providing a maximum sixteen 8-bit registers.

The general registers ER (ERO to ER7), R (RO to R7), and RL (ROL to R7L) are also used as index
registers. The size in the operand field determines which register is selected.

The usage of each register can be selected independently.

* 16-bit registers

o Address registers

o 32-bit registers General registers E

¢ 32-bit index registers (EO to E7)

General registers ER « 8-bit registers

ERO to ER7
(EROto ) * 16-bit registers General registers RH
* 16-bit index registers (ROH to R7H)

General registers R
(RO to R7) o 8-bit registers

e 8-bit index registers

General registers RL
(ROL to R7L)

Figure 2.10 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine branches. Figure 2.11 shows
the stack.

/\_/u

Free area

SP (ER7) —» A

Stack area

/\/

Figure 2.11 Stack

2.5.2 Program Counter (PC)

PC is a 32-bit counter that indicates the address of the next instruction the CPU will execute. The
length of all CPU instructions is 16 bits (one word) or a multiple of 16 bits, so the least significant
bit is ignored. (When the instruction code is fetched, the least significant bit is regarded as 0.
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253

Condition-Code Register (CCR)

CCR is an 8-bit register that contains internal CPU status information, including an interrupt mask
(D and user (UI, U) bits and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C)

flags.

Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branch conditions for conditional branch (Bcc)

instructions.

Bit

Bit Name

Initial
Value R/W

Description

7

1 R/W

Interrupt Mask Bit

Masks interrupts when set to 1. This bit is setto 1 at
the start of an exception handling.

ul

Undefined R/W

User Bit/Interrupt Mask Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

Undefined R/W

Half-Carry Flag

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B,
or NEG.B instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or
NEG.W instruction is executed, this flag is set to 1 if
there is a carry or borrow at bit 11, and cleared to O
otherwise. When the ADD.L, SUB.L, CMP.L, or NEG.L
instruction is executed, this flag is set to 1 if there is a
carry or borrow at bit 27, and cleared to 0 otherwise.

Undefined R/W

User Bit

Can be written to and read from by software using the
LDC, STC, ANDC, ORC, and XORC instructions.

Undefined R/W

Negative Flag

Stores the value of the most significant bit (regarded as
sign bit) of data.
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Initial
Bit Bit Name Value R/W Description
2 4 Undefined R/W  Zero Flag
Set to 1 to indicate zero data, and cleared to 0 to
indicate non-zero data.
1 \ Undefined R/W  Overflow Flag
Set to 1 when an arithmetic overflow occurs, and
cleared to 0 otherwise.
0 C Undefined R/W  Carry Flag
Set to 1 when a carry occurs, and cleared to 0
otherwise. A carry has the following types:
e Carry from the result of addition
e Borrow from the result of subtraction
e Carry from the result of shift or rotation
The carry flag is also used as a bit accumulator by bit
manipulation instructions.
254 Extended Control Register (EXR)

EXR is an 8-bit register that contains the trace bit (T) and three interrupt mask bits (I2 to 10).

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC
instructions.

For details, see the corresponding section.

Initial
Bit Bit Name Value R/W  Description
7 T 0 R/W  Trace Bit
When this bit is set to 1, a trace exception is generated
each time an instruction is executed. When this bit is
cleared to 0, instructions are executed in sequence.
6to3 — All 1 R/W  Reserved
These bits are always read as 1.
2 12 1 R/W  Interrupt Mask Bits
1 1 R/W  These bits designate the interrupt mask level (0 to 7).
0 10 1 R/W
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2.5.5 Vector Base Register (VBR)

VBR is a 32-bit register in which the upper 20 bits are valid. The lower 12 bits of this register are
read as 0s. This register is a base address of the vector area for exception handlings other than a
reset and a CPU address error (extended memory indirect is also out of the target). The initial
value is H'00000000. The VBR contents are changed with the LDC and STC instructions.

2.5.6 Short Address Base Register (SBR)

SBR is a 32-bit register in which the upper 24 bits are valid. The lower eight bits are read as Os. In
8-bit absolute address addressing mode (@aa:8), this register is used as the upper address. The
initial value is H'FFFFFF00. The SBR contents are changed with the LDC and STC instructions.

2.5.7 Multiply-Accumulate Register (MAC)

MAC is a 64-bit register that stores the results of multiply-and-accumulate operations. It consists
of two 32-bit registers denoted MACH and MACL. The lower 10 bits of MACH are valid; the
upper bits are sign extended. The MAC contents are changed with the MAC, CLRMAC, LDMAC,
and STMAC instructions.

2.5.8 Initial Values of CPU Registers

Reset exception handling loads the start address from the vector table into the PC, clears the T bit
in EXR to 0, and sets the I bits in CCR and EXR to 1. The general registers, MAC, and the other
bits in CCR are not initialized. In particular, the initial value of the stack pointer (ER7) is
undefined. The SP should therefore be initialized using an MOV L instruction executed
immediately after a reset.
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2.6 Data Formats

The H8SX CPU can process 1-bit, 4-bit BCD, 8-bit (byte), 16-bit (word), and 32-bit (longword)
data.

Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=0, 1, 2, ..., 7) of byte
operand data. The DAA and DAS decimal-adjust instructions treat byte data as two digits of 4-bit
BCD data.

2.6.1 General Register Data Formats

Figure 2.12 shows the data formats in general registers.
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7 0

1-bit data RnH Eﬂ Don't care '
________________ 7 0

1-bit data RnL ' Don't care EE
7 43 0

4-bit BCD data RnH Don't care
________________ 7 43 0

4-bit BCD data RnL :  Don'tcare
7 0

Byte data RnH Don't care '
MSB LSB
________________ 7 0

Byte data RnL ' Don't care
"""""""" MSB LSB
15 0

Word data Rn :::::::::::::::l
MSB LSB

Word data En

15 0

MSB LSB

Longword data ERn

31 1615 0

MSB En Rn LSB

[Legend]

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH

RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure 2.12 General Register Data Formats
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2.6.2 Memory Data Formats

Figure 2.13 shows the data formats in memory.

The H8SX CPU can access word data and longword data which are stored at any addresses in
memory. When word data begins at an odd address or longword data begins at an address other
than a multiple of 4, a bus cycle is divided into two or more accesses. For example, when
longword data begins at an odd address, the bus cycle is divided into byte, word, and byte
accesses. In this case, these accesses are assumed to be individual bus cycles.

However, instructions to be fetched, word and longword data to be accessed during execution of
the stack manipulation, branch table manipulation, block transfer instructions, and MAC
instruction should be located to even addresses.

When SP (ER7) is used as an address register to access the stack, the operand size should be word

size or longword size.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M

Address 2M + 1

Address 2N

Address 2N + 1

Address 2N + 2

Address 2N + 3

Data Format

7 0
716|543 |2|1]O0
rEEEEEET
"EEEEEE
BEEEEET
*EEEEEE
T T =

Figure 2.13 Memory Data Formats
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2.7 Instruction Set

The H8SX CPU has 87 types of instructions. The instructions are classified by function as shown
in table 2.1. The arithmetic operation, logic operation, shift, and bit manipulation instructions are
called operation instruction in this manual.

Table 2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV B/W/L 6
MOVFPE, MOVTPE B
POP, PUSH*' Wi/L
LDM, STM L
MOVA B/W3#
Block transfer EEPMOV B 3
MOVMD B/W/L
MOVSD B
Arithmetic ADD, ADDX, SUB, SUBX, CMP, NEG, INC, DEC B/W/L 27
operations DAA, DAS B
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
MULU, DIVU, MULS, DIVS Wi/L
MULU/U*®, MULS/U*® L
EXTU, EXTS Wi/L
TAS B
MAC*® —
LDMAC*®, STMAC*® —
CLRMAC*® —
Logic operations  AND, OR, XOR, NOT B/WI/L
Shift SHLL, SHLR, SHAL, SHAR, ROTL, ROTR, ROTXL, ROTXR B/W/L
Bit manipulation ~ BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, B 20

BXOR, BIXOR, BLD, BILD, BST, BIST

BSET/EQ, BSET/NE, BCLR/EQ, BCLR/NE, BSTZ, BISTZ B

BFLD, BFST B
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Function Instructions Size Types
Branch BRA/BS, BRA/BC, BSR/BS, BSR/BC B*° 9
Bce*, JMP, BSR, JSR, RTS —
RTS/L L#®
BRA/S —
System control TRAPA, RTE, SLEEP, NOP — 10
RTE/L L#
LDC, STC, ANDC, ORC, XORC B/W/L
Total 87
[Legend]
B: Byte size
W: Word size
L: Longword size
Notes: 1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn,
@-SP.
POP.L ERn and PUSH.L ERn are identical to MOV.L @ SP+, ERn and MOV.L ERn,
@-SP.
2. Size of data to be added with a displacement
3. Size of data to specify a branch condition
4. Bcc is the generic designation of a conditional branch instruction.
5. Size of general register to be restored
6. Only when the multiplier is available.
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271

Instructions and Addressing Modes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8SX CPU can

use.
Table 2.2  Combinations of Instructions and Addressing Modes (1)
Addressing Mode
@(d, @ERn/
RnL.B/ @ERn/
Classifi- Rn.W/ @ERn/ @aa:16/
cation Instruction  Size #xx Rn @ERn @(d,ERn) ERn.L) @ERn @aa:8 @aa:32 —
Data MOV BWL S SD SD SD SD SD SD
transfer B s/D s/D
MOVFPE, B S/D S/D*'
MOVTPE
POP, PUSH WIL S/D S/D**
LDM,STM L S/D S/D**
MOVA** B/W S S S S S S
Block EEPMOV B SD*°
transfer  MovMD B/WI/L SD*?
MOVSD B SD*®
Arithmetic ADD, CMP B S D D D D D D D
operations B ) D D D D D D
B D S S S S S S
B SD SD SD SD SD
WIL S SD SD SD SD SD SD
SuB B S D D D D D D
B S D D D D D D
B D S S S S S S
B SD SD SD SD SD
W/L S SD SD SD SD SD SD
ADDX, SUBX BW/L S SD
BW/L S SD
BWL S SD*°
INC, DEC B/WI/L D
ADDS, SUBS L D
DAA,DAS B D
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Addressing Mode

@(d, @ERn/
RnL.B/ @ERrJ/
Classifi- Rn.W/  @ERn/ @aa:16/
cation Instruction Size #xx Rn @ERn @(d,ERn) ERn.L) @ERn @aa:8 @aa:32 —
Arithmetic MULXU, B/W S:4 SD
operations DIVXU
MULU, DIVU ~ W/L S:4 SD
MULXS, B/W S:4 SD
DIVXS
MULS, DIVS  W/L S:4 SD
NEG B D D D D D D D
W/L D D D D D D
EXTU, EXTS WIL D D D D D D
TAS B D
MAC*" —
CLRMAC*®  — o
LDMAC*" — S
STMAC*™ — D
Logic AND, OR, XOR B S D D D D D D
operations B D S ) S S s )
B SD SD SD SD SD
W/L S SD SD SD SD SD SD
NOT B D D D D D D D
W/L D D D D D D
Shift SHLL, SHLR B D D D D D D D
WL D D D D D D
B/W/L* D
SHAL, SHAR B D D D D D D D
ROTL, ROTR "y D D D D D D
ROTXL,
ROTXR
Bit BSET,BCLR, B D D D D
manipu- BNOT, BTST,
lation BSET/cc,
BCLR/cc
BAND, BIAND, B D D D D
BOR, BIOR,
BXOR, BIXOR,
BLD, BILD,
BST, BIST,
BSTZ, BISTZ
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Addressing Mode

@(d, @ERn/
RnL.B/ @ERrJ/

Classifi- Rn.W/  @ERn/ @aa:16/
cation  Instruction Size #xx Rn @ERn @(d,ERn) ERn.L) @ERn @aa:8 @aa:32 —
Bit BFLD B D S S S
manipu-  BFST B S D D D
lation
Branch BRA/BS, BRA/BC*® B S S S

BSR/BS, BSR/BC*® B S S S
System LDC B/W*° S S S S S S
control  (CCR, EXR)

LDC L S

(VBR, SBR)

STC B/W:° D D D D" D

(CCR, EXR)

STC L D

(VBR, SBR)

ANDC, ORC, B S

XORC

SLEEP — (o]

NOP — (0]
[Legend]
d: d:16 or d:32
S: Can be specified as a source operand.
D: Can be specified as a destination operand.

SD: Can be specified as either a source or destination operand or both.
S/D:  Can be specified as either a source or destination operand.
S:4: 4-bit immediate data can be specified as a source operand.
Notes: 1. Only @aa:16 is available.
2. @ERnNn+ as a source operand and @—-ERn as a destination operand

3. Specified by ERS5 as a source address and ERG6 as a destination address for data
transfer.

4. Size of data to be added with a displacement

5. Only @ERn- is available

6. When the number of bits to be shifted is 1, 2, 4, 8, or 16

7. When the number of bits to be shifted is specified by 5-bit immediate data or a general
register

8. Size of data to specify a branch condition

9. Byte when immediate or register direct, otherwise, word

10.Only @ERnN+ is available

11.Only @-ERn is available

12. Only when the multiplier is available.
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Table 2.2  Combinations of Instructions and Addressing Modes (2)

Addressing Mode

@(RnL.B
/Rn.W/

Classifi- ERn.L,
cation Instruction Size @ERn @(d,PC) PC) @aa:24 @aa:32 @@aa:8 @@vec:7 —
Branch BRA/BS, — (0]

BRA/BC

BSR/BS, — o

BSR/BC

Bcc — (0]

BRA — o o]

BRA/S — O*

JMP — 0} (0] (0] O O

BSR — O

JSR — 0} (0] (0] O O

RTS, RTS/L — o]
System TRAPA — (0]
control“mre RTEL — 5
[Legend]
d: d:8 ord:16

Note: * Only @(d:8, PC) is available.
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2.7.2 Table of Instructions Classified by Function

Tables 2.4 to 2.11 summarize the instructions in each functional category. The notation used in
these tables is defined in table 2.3.

Table 2.3  Operation Notation

Operation Notation Description

Rd General register (destination)*
Rs General register (source)*

Rn General register*

ERn General register (32-bit register)
(EAd) Destination operand

(EASs) Source operand

EXR Extended control register
CCR Condition-code register

VBR Vector base register

SBR Short address base register

N N (negative) flag in CCR

Zz Z (zero) flag in CCR
\Y V (overflow) flag in CCR
C C (carry) flag in CCR
PC Program counter
SP Stack pointer
#MM Immediate data
disp Displacement
+ Addition
Subtraction
X Multiplication
= Division
A Logical AND
v Logical OR
@ Logical exclusive OR
- Move
~ Logical not (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table 2.4 Data Transfer Instructions

Instruction  Size Function

MOV B/W/L  #IMM — (EAd), (EAs) — (EAd)
Transfers data between immediate data, general registers, and memory.

MOVFPE B (EAs) — Rd

MOVTPE B Rs — (EAs)

POP WI/L @SP+ — Rn
Restores the data from the stack to a general register.

PUSH WI/L Rn - @-SP
Saves general register contents on the stack.

LDM L @SP+ — Rn (register list)
Restores the data from the stack to multiple general registers. Two, three,
or four general registers which have serial register numbers can be
specified.

ST™M L Rn (register list) - @-SP
Saves the contents of multiple general registers on the stack. Two, three,
or four general registers which have serial register numbers can be
specified.

MOVA B/W EA — Rd

Zero-extends and shifts the contents of a specified general register or
memory data and adds them with a displacement. The result is stored in a
general register.
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Table 2.5  Block Transfer Instructions

Instruction  Size Function

EEPMOV.B B Transfers a data block.

EEPMOV.W Transfers byte data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of byte data to be
transferred is specified by R4 or R4L.

MOVMD.B B Transfers a data block.

Transfers byte data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of byte data to be
transferred is specified by R4.

MOVMD.W W Transfers a data block.

Transfers word data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of word data to be
transferred is specified by R4.

MOVMD.L L Transfers a data block.

Transfers longword data which begins at a memory location specified by
ER5 to a memory location specified by ER6. The number of longword
data to be transferred is specified by R4.

MOVSD.B B Transfers a data block with zero data detection.

Transfers byte data which begins at a memory location specified by ER5
to a memory location specified by ER6. The number of byte data to be
transferred is specified by R4. When zero data is detected during transfer,
the transfer stops and execution branches to a specified address.
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Table 2.6  Arithmetic Operation Instructions

Instruction  Size Function

ADD B/W/L (EAd) t #IMM — (EAd), (EAd) = (EAs) — (EAd)

SUB Performs addition or subtraction on data between immediate data,
general registers, and memory. Immediate byte data cannot be
subtracted from byte data in a general register.

ADDX B/W/L (EAd) £ #IMM + C — (EAd), (EAd) z (EAs) + C — (EAd)

SUBX Performs addition or subtraction with carry on data between immediate
data, general registers, and memory. The addressing mode which
specifies a memory location can be specified as register indirect with
post-decrement or register indirect.

INC B/W/L Rd+1—->Rd, Rd+2 > Rd

DEC Increments or decrements a general register by 1 or 2. (Byte operands
can be incremented or decremented by 1 only.)

ADDS L Rd+1—-Rd, Rd+t2 - Rd, Rd+4 — Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a general register.

DAA B Rd (decimal adjust) - Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to the CCR to produce 2-digit 4-bit BCD data.

MULXU B/W Rd x Rs — Rd

Performs unsigned multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULU Wi/L Rd x Rs — Rd

Performs unsigned multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULU/U= L Rd x Rs — Rd

Performs unsigned multiplication on data in two general registers (32 bits
x 32 bits — upper 32 bits).

MULXS B/W Rd x Rs — Rd

Performs signed multiplication on data in two general registers: either 8
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULS WiL Rd x Rs — Rd

Performs signed multiplication on data in two general registers: either 16
bits x 16 bits — 16 bits, or 32 bits x 32 bits — 32 bits.

MULS/U: L Rd x Rs — Rd

Performs signed multiplication on data in two general registers (32 bits x
32 bits — upper 32 bits).

DIVXU B/W Rd +Rs — Rd

Performs unsigned division on data in two general registers: either 16 bits
+ 8 bits — 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

Rev. 2.00 Oct. 20, 2009 Page 54 of 1340
REJ09B0499-0200 RENESAS



Section2 CPU

Instruction  Size Function

DIVU Wi/L Rd + Rs — Rd
Performs unsigned division on data in two general registers: either 16 bits
+ 16 bits — 16-bit quotient, or 32 bits + 32 bits — 32-bit quotient.

DIVXS B/W Rd + Rs — Rd
Performs signed division on data in two general registers: either 16 bits +
8 bits — 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits — 16-bit
quotient and 16-bit remainder.

DIVS WI/L Rd + Rs — Rd
Performs signed division on data in two general registers: either 16 bits +
16 bits — 16-bit quotient, or 32 bits + 32 bits — 32-bit quotient.

CMP B/W/L (EAd) — #IMM, (EAd) — (EAs)
Compares data between immediate data, general registers, and memory
and stores the result in CCR.

NEG B/W/L 0 - (EAd) — (EAd)
Takes the two's complement (arithmetic complement) of data in a general
register or the contents of a memory location.

EXTU WI/L (EAd) (zero extension) — (EAd)
Performs zero-extension on the lower 8 or 16 bits of data in a general
register or memory to word or longword size.
The lower 8 bits to word or longword, or the lower 16 bits to longword can
be zero-extended.

EXTS WI/L (EAd) (sign extension) — (EAd)
Performs sign-extension on the lower 8 or 16 bits of data in a general
register or memory to word or longword size.
The lower 8 bits to word or longword, or the lower 16 bits to longword can
be sign-extended.

TAS B @ERd -0, 1 — (<bit 7> of @EAd)
Tests memory contents, and sets the most significant bit (bit 7) to 1.

MAC: — (EAs) x (EAd) + MAC — MAC
Performs signed multiplication on memory contents and adds the result to
MAC.

CLRMAC — 0 - MAC
Clears MAC to zero.

LDMAC: — Rs — MAC
Loads data from a general register to MAC.

STMAC: — MAC — Rd

Stores data from MAC to a general register.

Note: Only when the multiplier is available.
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Table 2.7  Logic Operation Instructions

Instruction Size Function

AND B/W/L (EAd) A #IMM — (EAd), (EAd) A (EAS) — (EAd)

Performs a logical AND operation on data between immediate data,
general registers, and memory.

OR BW/L (EAd)v #IMM — (EAd), (EAd) v (EAs) — (EAd)

Performs a logical OR operation on data between immediate data,
general registers, and memory.

XOR BW/L (EAd) @ #IMM — (EAd), (EAd) @ (EAs) — (EAd)

Performs a logical exclusive OR operation on data between immediate
data, general registers, and memory.

NOT B/W/L -~ (EAd) — (EAd)

Takes the one's complement of the contents of a general register or a
memory location.

Table 2.8  Shift Operation Instructions

Instruction  Size Function

SHLL B/W/L  (EAd) (shift) — (EAd)
SHLR Performs a logical shift on the contents of a general register or a memory
location.

The contents of a general register or a memory location can be shifted by
1, 2, 4, 8, or 16 bits. The contents of a general register can be shifted by
any bits. In this case, the number of bits is specified by 5-bit immediate
data or the lower 5 bits of the contents of a general register.

SHAL B/W/L  (EAd) (shift) — (EAd)

SHAR Performs an arithmetic shift on the contents of a general register or a
memory location.

1-bit or 2-bit shift is possible.

ROTL B/W/L (EAd) (rotate) — (EAd)

ROTR Rotates the contents of a general register or a memory location.
1-bit or 2-bit rotation is possible.

ROTXL B/W/L (EAd) (rotate) — (EAd)

ROTXR Rotates the contents of a general register or a memory location with the
carry bit.

1-bit or 2-bit rotation is possible.
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Table 2.9  Bit Manipulation Instructions

Instruction  Size Function
BSET B 1 — (<bit-No.> of <EAd>)

Sets a specified bit in the contents of a general register or a memory
location to 1. The bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BSET/cc B if cc, 1 — (<bit-No.> of <EAd>)

If the specified condition is satisfied, this instruction sets a specified bit in
a memory location to 1. The bit number can be specified by 3-bit
immediate data, or by the lower three bits of a general register. The Z flag
status can be specified as a condition.

BCLR B 0 — (<bit-No.> of <EAd>)

Clears a specified bit in the contents of a general register or a memory
location to 0. The bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BCLR/cc B if cc, 0 — (<bit-No.> of <EAd>)

If the specified condition is satisfied, this instruction clears a specified bit
in a memory location to 0. The bit number can be specified by 3-bit
immediate data, or by the lower three bits of a general register. The Z flag
status can be specified as a condition.

BNOT B ~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)
Inverts a specified bit in the contents of a general register or a memory

location. The bit number is specified by 3-bit immediate data or the lower
three bits of a general register.

BTST B ~ (<bit-No.> of <EAd>) —» Z
Tests a specified bit in the contents of a general register or a memory
location and sets or clears the Z flag accordingly. The bit number is
specified by 3-bit immediate data or the lower three bits of a general
register.

BAND B C A (<bit-No.> of <EAd>) —» C
ANDs the carry flag with a specified bit in the contents of a general
register or a memory location and stores the result in the carry flag. The
bit number is specified by 3-bit immediate data.

BIAND B C A [~ (<bit-No.> of <EAd>)] —» C

ANDs the carry flag with the inverse of a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BOR B C v (<bit-No.> of <EAd>) —» C

ORs the carry flag with a specified bit in the contents of a general register
or a memory location and stores the result in the carry flag. The bit
number is specified by 3-bit immediate data.
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Instruction

Size

Function

BIOR

B

C v [~ (<bit-No.> of <EAd>)] — C

ORs the carry flag with the inverse of a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BXOR

C @ (<bit-No.> of <EAd>) —» C

Exclusive-ORs the carry flag with a specified bit in the contents of a
general register or a memory location and stores the result in the carry
flag. The bit number is specified by 3-bit immediate data.

BIXOR

C ® [~ (<bit-No.> of <EAd>)] — C

Exclusive-ORs the carry flag with the inverse of a specified bit in the
contents of a general register or a memory location and stores the result
in the carry flag. The bit number is specified by 3-bit immediate data.

BLD

(<bit-No.> of <EAd>) — C

Transfers a specified bit in the contents of a general register or a memory
location to the carry flag. The bit number is specified by 3-bit immediate
data.

BILD

~ (<bit-No.> of <EAd>) —» C

Transfers the inverse of a specified bit in the contents of a general
register or a memory location to the carry flag. The bit number is specified
by 3-bit immediate data.

BST

C — (<bit-No.> of <EAd>)

Transfers the carry flag value to a specified bit in the contents of a
general register or a memory location. The bit number is specified by 3-bit
immediate data.

BSTZ

Z — (<bit-No.> of <EAd>)

Transfers the zero flag value to a specified bit in the contents of a
memory location. The bit number is specified by 3-bit immediate data.

BIST

~ C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in the
contents of a general register or a memory location. The bit number is
specified by 3-bit immediate data.
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Instruction

Size

Function

BISTZ

B

~ Z — (<bit-No.> of <EAd>)

Transfers the inverse of the zero flag value to a specified bit in the
contents of a memory location. The bit number is specified by 3-bit
immediate data.

BFLD

(EAs) (bit field) — Rd

Transfers a specified bit field in memory location contents to the lower bits
of a specified general register.

BFST

B

Rs — (EAd) (bit field)

Transfers the lower bits of a specified general register to a specified bit
field in memory location contents.

Table 2.10 Branch Instructions

Instruction  Size Function

BRA/BS B Tests a specified bit in memory location contents. If the specified

BRA/BC condition is satisfied, execution branches to a specified address.

BSR/BS B Tests a specified bit in memory location contents. If the specified

BSR/BC condition is satisfied, execution branches to a subroutine at a specified
address.

Bcc — Branches to a specified address if the specified condition is satisfied.

BRA/S — Branches unconditionally to a specified address after executing the next
instruction. The next instruction should be a 1-word instruction except for
the block transfer and branch instructions.

JMP — Branches unconditionally to a specified address.

BSR — Branches to a subroutine at a specified address.

JSR — Branches to a subroutine at a specified address.

RTS — Returns from a subroutine.

RTS/L — Returns from a subroutine, restoring data from the stack to multiple

general registers.
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Table 2.11 System Control Instructions

Instruction  Size Function
TRAPA — Starts trap-instruction exception handling.
RTE — Returns from an exception-handling routine.
RTE/L — Returns from an exception-handling routine, restoring data from the stack
to multiple general registers.
SLEEP — Causes a transition to a power-down state.
LDC B/W #IMM — CCR, (EAs) — CCR, #IMM — EXR, (EAs) —» EXR
Loads immediate data or the contents of a general register or a memory
location to CCR or EXR.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
L Rs — VBR, Rs — SBR
Transfers the general register contents to VBR or SBR.
STC B/W CCR — (EAd), EXR — (EAd)
Transfers the contents of CCR or EXR to a general register or memory.
Although CCR and EXR are 8-bit registers, word-size transfers are
performed between them and memory. The upper 8 bits are valid.
L VBR — Rd, SBR — Rd
Transfers the contents of VBR or SBR to a general register.
ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.
ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.
XORC B CCR @ #IMM — CCR, EXR @ #IMM — EXR
Logically exclusive-ORs the CCR or EXR contents with immediate data.
NOP — PC+2 - PC

Only increments the program counter.
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2.7.3 Basic Instruction Formats

The H8SX CPU instructions consist of 2-byte (1-word) units. An instruction consists of an
operation field (op field), a register field (r field), an effective address extension (EA field), and a
condition field (cc).

Figure 2.14 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op m m ADD.B Rn, Rm, etc.

(3) Operation field, register fields, and effective address extension

op m m

MOV.B @(d:16, Rn), Rm, etc.

EA (disp)

(4) Operation field, effective address extension, and condition field

op cc EA (disp) BRA d:16, etc

Figure 2.14 Instruction Formats

e Operation Field

Indicates the function of the instruction, and specifies the addressing mode and operation to be
carried out on the operand. The operation field always includes the first four bits of the
instruction. Some instructions have two operation fields.

e Register Field

Specifies a general register. Address registers are specified by 3 bits, data registers by 3 bits or
4 bits. Some instructions have two register fields. Some have no register field.

e Effective Address Extension

8, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.
e Condition Field

Specifies the branch condition of Bcce instructions.
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2.8 Addressing Modes and Effective Address Calculation

The H8SX CPU supports the 11 addressing modes listed in table 2.12. Each instruction uses a

subset of these addressing modes.

Bit manipulation instructions use register direct, register indirect, or absolute addressing mode to
specify an operand, and register direct (BSET, BCLR, BNOT, and BTST instructions) or
immediate (3-bit) addressing mode to specify a bit number in the operand.

Table 2.12 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
Register indirect @ERN

@(d:2,ERn)/@(d:16,ERn)/@(d:32,ERn)

2
3 Register indirect with displacement
4

Index register indirect with displacement

@(d:16, RnL.B)/@(d:16,Rn.W)/@(d:16,ERn.L)
@(d:32, RnL.B)/@(d:32,Rn.W)/@(d:32,ERn.L)

5 Register indirect with post-increment

@ERN+

Register indirect with pre-decrement @-ERn
Register indirect with pre-increment @+ERn
Register indirect with post-decrement @ERN-

6  Absolute address @aa:8/@aa:16/@aa:24/@aa:32

7 Immediate #XX:3/H#xX:4/#xX:8/#xX:16/#xx:32

8  Program-counter relative @(d:8,PC)/@(d:16,PC)

9 Program-counter relative with index register @ (RnL.B,PC)/@(Rn.W,PC)/@ (ERn.L,PC)
10 Memory indirect @ @aa:8

11 Extended memory indirect @ @vec:7

2.8.1 Register Direct—Rn

The operand value is the contents of an 8-, 16-, or 32-bit general register which is specified by the

register field in the instruction code.

ROH to R7H and ROL to R7L can be specified as 8-bit registers.

RO to R7 and EO to E7 can be specified as 16-bit registers.

ERO to ER7 can be specified as 32-bit registers.
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2.8.2 Register Indirect—@ERn

The operand value is the contents of the memory location which is pointed to by the contents of an
address register (ERn). ERn is specified by the register field of the instruction code.

In advanced mode, if this addressing mode is used in a branch instruction, the lower 24 bits are
valid and the upper 8 bits are all assumed to be 0 (H'00).

2.8.3 Register Indirect with Displacement —@(d:2, ERn), @(d:16, ERn),
or @(d:32, ERn)

The operand value is the contents of a memory location which is pointed to by the sum of the
contents of an address register (ERn) and a 16- or 32-bit displacement. ERn is specified by the
register field of the instruction code. The displacement is included in the instruction code and the
16-bit displacement is sign-extended when added to ERn.

This addressing mode has a short format (@(d:2, ERn)). The short format can be used when the
displacement is 1, 2, or 3 and the operand is byte data, when the displacement is 2, 4, or 6 and the
operand is word data, or when the displacement is 4, 8, or 12 and the operand is longword data.

2.84 Index Register Indirect with Displacement—@(d:16,RnL.B), @(d:32,RnL.B),
@(d:16,Rn.W), @(d:32,Rn.W), @(d:16,ERn.L), or @(d:32,ERn.L)

The operand value is the contents of a memory location which is pointed to by the sum of the
following operation result and a 16- or 32-bit displacement: a specified bits of the contents of an
address register (RnL, Rn, ERn) specified by the register field in the instruction code are zero-
extended to 32-bit data and multiplied by 1, 2, or 4. The displacement is included in the instruction
code and the 16-bit displacement is sign-extended when added to ERn. If the operand is byte data,
ERn is multiplied by 1. If the operand is word or longword data, ERn is multiplied by 2 or 4,
respectively.

Rev. 2.00 Oct. 20, 2009 Page 63 of 1340
RENESAS REJ09B0499-0200



Section2 CPU

2.8.5 Register Indirect with Post-Increment, Pre-Decrement, Pre-Increment,
or Post-Decrement—@ERn+, @—ERn, @+ERn, or @ERn—

e Register indirect with post-increment—@ERn+

The operand value is the contents of a memory location which is pointed to by the contents of
an address register (ERn). ERn is specified by the register field of the instruction code. After
the memory location is accessed, 1, 2, or 4 is added to the address register contents and the
sum is stored in the address register. The value added is 1 for byte access, 2 for word access, or
4 for longword access.

e Register indirect with pre-decrement—@—-ERn

The operand value is the contents of a memory location which is pointed to by the following
operation result: the value 1, 2, or 4 is subtracted from the contents of an address register
(ERn). ERn is specified by the register field of the instruction code. After that, the operand
value is stored in the address register. The value subtracted is 1 for byte access, 2 for word
access, or 4 for longword access.

e Register indirect with pre-increment—@+ERn

The operand value is the contents of a memory location which is pointed to by the following
operation result: the value 1, 2, or 4 is added to the contents of an address register (ERn). ERn
is specified by the register field of the instruction code. After that, the operand value is stored
in the address register. The value added is 1 for byte access, 2 for word access, or 4 for
longword access.

e Register indirect with post-decrement—@ERn—

The operand value is the contents of a memory location which is pointed to by the contents of
an address register (ERn). ERn is specified by the register field of the instruction code. After
the memory location is accessed, 1, 2, or 4 is subtracted from the address register contents and
the remainder is stored in the address register. The value subtracted is 1 for byte access, 2 for
word access, or 4 for longword access.

using this addressing mode, data to be written is the contents of the general register after
calculating an effective address. If the same general register is specified in an instruction and two
effective addresses are calculated, the contents of the general register after the first calculation of
an effective address is used in the second calculation of an effective address.

Example 1:

MOV.W RO, @ERO+
When ERO before execution is H'12345678, H'S67A is written at H'12345678.
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Example 2:

MOV.B @ER0+, @ERO+

When ERO before execution is H'00001000, H'00001000 is read and the contents is written at
H'00001001.

After execution, ERO is H'00001002.

2.8.6 Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32

The operand value is the contents of a memory location which is pointed to by an absolute address
included in the instruction code.

There are 8-bit (@aa:8), 16-bit (@aa:16), 24-bit (@aa:24), and 32-bit (@aa:32) absolute
addresses.

To access the data area, the absolute address of 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits
(@aa:32) is used. For an 8-bit absolute address, the upper 24 bits are specified by SBR. For a 16-
bit absolute address, the upper 16 bits are sign-extended. A 32-bit absolute address can access the
entire address space.

To access the program area, the absolute address of 24 bits (@aa:24) or 32 bits (@aa:32) is used.
For a 24-bit absolute address, the upper 8 bits are all assumed to be 0 (H'00).

Table 2.13 shows the accessible absolute address ranges.

Table 2.13 Absolute Address Access Ranges

Absolute Normal Middle Advanced Maximum

Address Mode Mode Mode Mode

Data area 8 bits A consecutive 256-byte area (the upper address is set in SBR)
(@aa:8)
16 bits H'0000 to H'000000 to H'00000000 to H'00007FFF,
(@aa:16) HFFFF H'007FFF, H'FFFF8000 to H'FFFFFFFF
32 bits H'FF8000 to H'00000000 to H'FFFFFFFF
(@aa:32) H'FFFFFF

Program area 24 bits H'000000 to H'00000000 to H'00OFFFFFF
(@aa:24) H'FFFFFF
32 bits H'00000000 to  H'00000000 to
(@aa:32) H'O0OFFFFFF H'FFFFFFFF
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2.8.7 Immediate—#xx

The operand value is 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) data included in the
instruction code.

This addressing mode has short formats in which 3- or 4-bit immediate data can be used.

When the size of immediate data is less than that of the destination operand value (byte, word, or
longword) the immediate data is zero-extended.

The ADDS, SUBS, INC, and DEC instructions contain immediate data implicitly. Some bit
manipulation instructions contain 3-bit immediate data in the instruction code, for specifying a bit
number. The BFLD and BFST instructions contain 8-bit immediate data in the instruction code,
for specifying a bit field. The TRAPA instruction contains 2-bit immediate data in the instruction
code, for specifying a vector address.

2.8.8 Program-Counter Relative—@(d:8, PC) or @(d:16, PC)

This mode is used in the Bcc and BSR instructions. The operand value is a 32-bit branch address,
which is the sum of an 8- or 16-bit displacement in the instruction code and the 32-bit address of
the PC contents. The 8-bit or 16-bit displacement is sign-extended to 32 bits when added to the PC
contents. The PC contents to which the displacement is added is the address of the first byte of the
next instruction, so the possible branching range is —126 to +128 bytes (—63 to +64 words) or
—32766 to +32768 bytes (—16383 to +16384 words) from the branch instruction. The resulting
value should be an even number. In advanced mode, only the lower 24 bits of this branch address
are valid; the upper 8 bits are all assumed to be 0 (H'00).

2.8.9 Program-Counter Relative with Index Register—@ (RnL.B, PC), @(Rn.W, PC),
or @(ERn.L, PC)

This mode is used in the Bce and BSR instructions. The operand value is a 32-bit branch address,
which is the sum of the following operation result and the 32-bit address of the PC contents: the
contents of an address register specified by the register field in the instruction code (RnL, Rn, or
ERn) is zero-extended and multiplied by 2. The PC contents to which the displacement is added is
the address of the first byte of the next instruction. In advanced mode, only the lower 24 bits of
this branch address are valid; the upper 8 bits are all assumed to be 0 (H'00).
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2.8.10 Memory Indirect— @ @aa:8

This mode can be used by the JMP and JSR instructions. The operand value is a branch address,
which is the contents of a memory location pointed to by an 8-bit absolute address in the
instruction code.

The upper bits of an 8-bit absolute address are all assumed to be 0, so the address range is 0 to 255
(H'0000 to H'0OOFF in normal mode, H'000000 to H'OOOOFF in other modes).

In normal mode, the memory location is pointed to by word-size data and the branch address is 16
bits long. In other modes, the memory location is pointed to by longword-size data. In middle or
advanced mode, the first byte of the longword-size data is assumed to be all 0 (H'00).

Note that the top part of the address range is also used as the exception handling vector area. A
vector address of an exception handling other than a reset or a CPU address error can be changed
by VBR.

Figure 2.15 shows an example of specification of a branch address using this addressing mode.

\/_\\/_\

" Specified
Specified —> 8 T hocaaoot Reserved |
by @aa:8 Branch address ---{ by @aa:8
Branch address
(a) Normal Mode (b) Advanced Mode

Figure 2.15 Branch Address Specification in Memory Indirect Mode
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2.8.11 Extended Memory Indirect—@ @vec:7

This mode can be used by the JMP and JSR instructions. The operand value is a branch address,
which is the contents of a memory location pointed to by the following operation result: the sum
of 7-bit data in the instruction code and the value of H'80 is multiplied by 2 or 4.

The address range to store a branch address is H'0100 to H'O1FF in normal mode and H'000200 to
H'0003FF in other modes. In assembler notation, an address to store a branch address is specified.

In normal mode, the memory location is pointed to by word-size data and the branch address is 16
bits long. In other modes, the memory location is pointed to by longword-size data. In middle or
advanced mode, the first byte of the longword-size data is assumed to be all 0 (H'00).

2.8.12 Effective Address Calculation

Tables 2.14 and 2.15 show how effective addresses are calculated in each addressing mode. The
lower bits of the effective address are valid and the upper bits are ignored (zero extended or sign
extended) according to the CPU operating mode.

The valid bits in middle mode are as follows:

e The lower 16 bits of the effective address are valid and the upper 16 bits are sign-extended for
the transfer and operation instructions.

e The lower 24 bits of the effective address are valid and the upper eight bits are zero-extended
for the branch instructions.
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Table 2.14 Effective Address Calculation for Transfer and Operation Instructions

No.| Addressing Mode and Instruction Format Effective Address Calculation Effective Address (EA)
1 | Immediate
2 | Register direct
3 31 0 31 0
| General register contents —-= |
4 31 0
'. General register contents 31 0
31 15 0 1 |
Sign extension
Register indirect with 32-bit displacement 31 0
L General register contents 31 0
I 1 ]
| g\'ag | [ %EE
5 | Index register indirect with 16-bit displacement 31 0
1 Zero extension
Contents of general register (RL, R, or ER) 1,2, 04
31 0
31 15 1 |
Sign extension
Index register indirect with 32-bit displacement
0
o 3 |
L tﬂ'S_E |
6 | Register indirect with post-increment or post-decrement 31 0
31 0
[_op | | 1 |
1,2,0r4
Register indirect with pre-increment or pre-decrement 31 0
I General register contents 31 0
[ op | | -- 1 |
1,2,0r4
7 | 8-bit absolute address
31 7 0 31 0
n —— ]
16-bit absolute address
o> | 31 15 0 31 [
| _aa | | Sign extension | aa ——-—= |
.
32-bit absolute address
[ op | ] 31 0 31 0
| aa | [ aa F—" |
T T
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Table 2.15

Effective Address Calculation for Branch Instructions

No.| Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

1 Register indirect

31

31

1 General register contents

1

2 | Program-counter relative with 8-bit displacement

31

0
'—
0
1 PC contents 31
31 7 0 |
oo | L Sign extension | dis;
4
Program-counter relative with 16-bit displacement
31 0
I PC contents 31
R 31 15 0 o
I [ Swnexenson disp
4
3 | Program-counter relative with index register 31 0
1 Zero extension |
Contents of general register (RL, R, or ER) 0%,
| oo 1] | 31
31 o @
1 PC contents
4 | 24-bit absolute address Zero
31extension 23 0 31
Lo 1 aa aa — ]
1 ¥
32-bit absolute address
[ op ] 31 0 31
| aa [ aa F—"1
T T
5 [ Memory indirect
31 7_ ¥ o
o T = ] Zoro oxtension =]
31 0 31
| Memory contents —-=
6 | Extended memory indirect
31 7 ¥ o
| oo | vec I Zero extension T vec
2or4
31 0
|
31 0 31
| Memory contents | .|
2.8.13 MOVA Instruction

The MOVA instruction stores the effective address in a general register.

Firstly, data is obtained by the addressing mode shown in item 2 of table 2.14.

2. Next, the effective address is calculated using the obtained data as the index by the addressing
mode shown in item 5 of table 2.14. The obtained data is used instead of the general register.
The result is stored in a general register. For details, see H8SX Family Software Manual.
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2.9 Processing States

The H8SX CPU has five main processing states: the reset state, exception-handling state, program
execution state, bus-released state, and program stop state. Figure 2.16 indicates the state
transitions.

e Reset state

In this state the CPU and internal peripheral modules are all initialized and stopped. When the
RES input goes low, all current processing stops and the CPU enters the reset state. All
interrupts are masked in the reset state. Reset exception handling starts when the RES signal
changes from low to high. For details, see section 6, Exception Handling.

The reset state can also be entered by a watchdog timer overflow when available.
e Exception-handling state

The exception-handling state is a transient state that occurs when the CPU alters the normal

processing flow due to activation of an exception source, such as, a reset, trace, interrupt, or
trap instruction. The CPU fetches a start address (vector) from the exception handling vector
table and branches to that address. For further details, see section 6, Exception Handling.

e Program execution state
In this state the CPU executes program instructions in sequence.
e Bus-released state

The bus-released state occurs when the bus has been released in response to a bus request from
a bus master other than the CPU. While the bus is released, the CPU halts operations.

e Program stop state
This is a power-down state in which the CPU stops operating. The program stop state occurs
when a SLEEP instruction is executed or the CPU enters hardware standby mode. For details,
see section 27, Power-Down Modes.
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Reset state*

Exception-handling
state
A
Request for exception| |End of exception

handling handling

Interrupt

Bus request| | End of bus request

bus request

Program execution
Cﬁ/ »(_ Program stop state

SLEEP instruction

Note: A transition to hardware standby mode occurs whenever the STBY signal goes low.

* A transition to the reset state occurs when the RES signal goes low in all states except

hardware standby mode. A transition can also be made to the reset state when the watchdog
timer overflows.

Figure 2.16 State Transitions
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Section 3 MCU Operating Modes

3.1 Operating Mode Selection

This LSI has seven operating modes (modes 1, 2, 3, 4, 5, 6, and 7). The operating mode is selected
by the setting of mode pins MD2 to MDO. Table 3.1 lists MCU operating mode settings.

Table 3.1 MCU Operating Mode Settings

MCU CcPU B
Operating Operating Address LSl Initiation On-Chip _pus Width
Mode MD2 MD1 MDO Mode Space Mode ROM Default Max.
1 0 0 1 Advanced 16 Mbytes User boot mode Enabled — 16 bits
mode
2 0 1 0 Boot mode Enabled — 16 bits
3 0 1 1 Boundary scan Enabled — 16 bits
enabled single-chip
mode
4 1 0 0 On-chip ROM Disabled 16 bits 16 bits
5 1 0 1 disabled extended “pigabled 8 bits 16 bits
mode
6 1 1 0 On-chip ROM Enabled 8bits 16 bits
enabled extended
mode
7 1 1 1 Single-chip mode  Enabled — 16 bits

In this LSI, an advanced mode as the CPU operating mode and a 16-Mbyte address space are
available. The initial external bus widths are 8 bits or 16 bits. As the LSI initiation mode, the
external extended mode, on-chip ROM initiation mode, or single-chip initiation mode can be
selected.

Modes 1 and 2 are the user boot mode and the boot mode, respectively, in which the flash memory
can be programmed and erased. For details on the user boot mode and boot mode, see section 24,
Flash Memory.
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Mode 3 is the boundary scan function enabled single-chip mode. For details on the boundary scan
function, see section 25, Boundary Scan.

Mode 7 is a single-chip initiation mode. All I/O ports can be used as general input/output ports.
The external address space cannot be accessed in the initial state, but setting the EXPE bit in the
system control register (SYSCR) to 1 enables to use the external address space. After the external
address space is enabled, ports H and I can be used as a data bus and ports D, E, and F as an
address output bus by specifying the data direction register (DDR) for each port. When the
external address space is not in use, ports J and K can be used by setting the PCJKE bit in the port
function control register D (PFCRD) to 1.

Modes 4 to 6 are external extended modes, in which the external memory and devices can be
accessed. In the external extended modes, the external address space can be designated as 8-bit or
16-bit address space for each area by the bus controller after starting program execution.

If 16-bit address space is designated for any one area, it is called the 16-bit bus widths mode. If 8-
bit address space is designated for all areas, it is called the 8-bit bus width mode.
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3.2

Register Descriptions

The following registers are related to the operating mode setting.

e Mode control register (MDCR)

e System control register (SYSCR)

3.2.1

Mode Control Register (MDCR)

MDCR indicates the current operating mode. When MDCR is read from, the states of signals
MD3 to MDO are latched. Latching is released by a reset.

Bit 15 14 13 12 11 10 9 8
Bit Name — — — — MDS3 MDS2 MDSH1 MDSO0
Initial Value 0 1 0 1 Undefined* Undefined* Undefined* Undefined*
R/W R R R R R R R R
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — — _
Initial Value 0 1 0 1 Undefined* Undefined* Undefined* Undefined*
R/W R R R R R R R R
Note: * Determined by pins MD2 to MDO.

Bit Bit Name Initial Value R/W Descriptions

15 — 0 R Reserved

14 — 1 R These are read-only bits and cannot be modified.

13 — 0 R

12 — 1 R

11 MDS3 Undefined* R Mode Select 3to 0

10 MDS2 Undefined* R These bits indicate the operating mode selected by

9 MDS1 Undefined* R the mode pins (MD2 to MDO) (see table 3.2).

8 MDSO Undefined* R When MDCR is read, the signal levels input on pins

MD2 to MDO are latched into these bits. These
latches are released by a reset.

Rev. 2.00 Oct. 20, 2009 Page 75 of 1340
RENESAS REJ09B0499-0200



Section 3 MCU Operating Modes

Bit Bit Name Initial Value R/W Descriptions

7 — 0 R Reserved

6 — 1 R These are read-only bits and cannot be modified.
5 — 0 R

4 — 1 R

3 — Undefined* R

2 — Undefined* R

1 — Undefined* R

0 — Undefined* R

Note: * Determined by pins MD2 to MDO.

Table 3.2  Settings of Bits MDS3 to MDS0

MCU Operating Mode Pins MDCR

Mode MD2 MD1 MDO MDS3 MDS2 MDS1 MDSO0
1 0 0 1 1 1 0 1
2 0 1 0 1 1 0 0
3 0 1 1 0 1 0 0
4 1 0 0 0 0 1 0
5 1 0 1 0 0 0 1
6 1 1 0 0 1 0 1
7 1 1 1 0 1 0 0
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3.2.2 System Control Register (SYSCR)

SYSCR controls MAC saturation operation, selects bus width mode for instruction fetch, sets
external bus mode, enables/disables the on-chip RAM, and selects the DTC address mode.

Bit 15 14 13 12 11 10 9 8
Bit Name — — MACS — FETCHMD — EXPE RAME
Initial Value 1 1 0 1 0 Undefined* Undefined* 1
R/W R/W R/W R/W R/W R/W R R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — DTCMD —
Initial Value 0 0 0 0 0 0 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * The initial value depends on the startup mode.

Initial

Bit Bit Name Value R/W Descriptions

15 — 1 R/W Reserved

14 — 1 R/W These bits are always read as 1. The write value should
always be 1.

13 MACS 0 R/W MAC Saturation Operation Control
Selects either saturation operation or non-saturation
operation for the MAC instruction.
0: MAC instruction is non-saturation operation
1: MAC instruction is saturation operation

12 — 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.

11 FETCHMD 0 R/W Instruction Fetch Mode Select

This LSI can prefetch an instruction in units of 16 bits or
32 bits. Select the bus width for instruction fetch
depending on the used memory for the storage of
programs.

0: 32-bit mode

1: 16-bit mode
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Initial
Bit Bit Name Value R/W

Descriptions

10 — Undefined*' R

Reserved

This bit is fixed at 1 in on-chip ROM enabled mode, and
0 in on-chip ROM disabled mode. This bit cannot be
changed.

9 EXPE Undefined*' R/W

External Bus Mode Enable

Selects external bus mode. In external extended mode,
this bit is fixed 1 and cannot be changed. In single-chip
mode, the initial value of this bit is 0, and can be read
from or written to when PCKJE = 0. Do not write to this
bit when PCKJE = 1#*,

When writing 0 to this bit after reading EXPE =1, an
external bus cycle should not be executed.

The external bus cycle may be carried out in parallel
with the internal bus cycle depending on the setting of
the write data buffer function and the state the
EXDMAC releases the bus mastership.

0: External bus disabled

1: External bus enabled

8 RAME 1 R/W

RAM Enable

Enables or disables the on-chip RAM. This bit is
initialized when the reset state is released. Do not write
0 during access to the on-chip RAM.

0: On-chip RAM disabled
1: On-chip RAM enabled

7t02 — AllO R/W

Reserved

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

1 DTCMD 1 R/W

DTC Mode Select

Selects DTC operating mode.

0: DTC is in full-address mode
1: DTC is in short address mode

Reserved

This bit is always read as 1. The write value should
always be 1.

Notes: 1. The initial value depends on the LSI initiation mode.

2. For details on the settings of the EXPE and PCJKE bits when the external address
space is in use, see section 13.3.12, Port Function Control Register D (PFCRD).
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33 Operating Mode Descriptions

3.3.1 Mode 1

This is the user boot mode for the flash memory. The LSI operates in the same way as in mode 7
except for programming and erasing of the flash memory. For details, see section 24, Flash
Memory.

3.3.2 Mode 2

This is the boot mode for the flash memory. The LSI operates in the same way as in mode 7
except for programming and erasing of the flash memory. For details, see section 24, Flash
Memory.

3.3.3 Mode 3

This is the boundary scan function enabled single-chip activation mode. The operation is the same
as mode 7 except for the boundary scan function. For details on the boundary scan function, see
section 25, Boundary Scan.

3.34 Mode 4

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is disabled.

The initial bus width mode immediately after a reset is 16 bits, with 16-bit access to all areas.
Ports D, E, and F function as an address bus, ports H and I function as a data bus, and parts of
ports A and B function as bus control signals. However, if all areas are designated as an 8-bit
access space by the bus controller, the bus mode switches to 8 bits, and only port H functions as a
data bus.
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3.35 Mode 5

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is disabled.

The initial bus width mode immediately after a reset is eight bits, with 8-bit access to all areas.
Ports D, E, and F function as an address bus, port H functions as a data bus, and parts of ports A
and B function as bus control signals. However, if any area is designated as a 16-bit access space
by the bus controller, the bus width mode switches to 16 bits, and ports H and I function as a data
bus.

3.3.6 Mode 6

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is enabled.

The initial bus width mode immediately after a reset is eight bits, with 8-bit access to all areas.
Ports D, E, and F function as input ports, but they can be used as an address bus by specifying the
data direction register (DDR) for each port. For details, see section 13, I/O Ports. Port H functions
as a data bus, and parts of ports A and B function as bus control signals. However, if any area is
designated as a 16-bit access space by the bus controller, the bus width mode switches to 16 bits,
and ports H and I function as a data bus.

3.3.7 Mode 7

The CPU operating mode is advanced mode in which the address space is 16 Mbytes, and the on-
chip ROM is enabled.

All I/0O ports can be used as general input/output ports. The external address space cannot be
accessed in the initial state, but setting the EXPE bit in the system control register (SYSCR) to 1
enables the external address space. After the external address space is enabled, ports H and I can
be used as a data bus and ports D, E, and F as an address output bus by specifying the data
direction register (DDR) for each port. When the external address space is not in use, ports J and
K can be used by setting the PCJKE bit in the port function control register D (PFCRD) to 1. For
details, see section 13, I/O Ports.
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3.3.8

Pin Functions

Table 3.3 lists the pin functions in each operating mode.

Table 3.3  Pin Functions in Each Operating Mode (Advanced Mode)

MCU Port A Port B Port F

Operating PAG6 to PA2 to PB3 to PF4 to

Mode PA7 PA3 PAO PB1 PBO PortD  PortE  PFO PortH  Portl
1 P*/C P*/C P*/C P*/C P*/C P*/A P*/A P*/A P*/D P*/D
2 P*/C P*/C P*/C P*/C P*/C P*/A P*/A P*/A P*/D P*/D
3 P*/C P*/C P*/C P*/C P*/C P*/A P*/A P*/A P*/D P*/D
4 P/C* P/C* P*/C P*/C p/C* A A A D P/D*
5 P/C P/C* P*/C P*/C P/C* A A A D P*/D
6 P/C* P/C P*/C P*/C P*/C P*/A P*/A P*/A D P*/D
7 P*/C P*/C P*/C P*/C P*/C P*/A P*/A P*/A P*/D P*/D
[Legend]

P: 1/O port

A:  Address bus output

D: Data bus input/output

C: Control signals, clock input/output

e

34

341

Immediately after a reset

Address Map

Address Map

Figures 3.1 and 3.2 show the address map in each operating mode.
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Modes 1 and 2
User boot mode,
boot mode
(Advanced mode)

H'000000
On-chip ROM
H'080000
Access prohibited area
H'100000
External address space/
reserved area*1#3
H'FD9000
Reserved area*®
H'FDCO00 |external address space/
reserved area*1+*3
H'FEC000
Reserved area*s
H'FF2000
On-chip RAM:2
H'FFC000
External address space/
reserved area* 13
H'FFEAQO
On-chip I/O registers
H'FFFFOO0 | External address space/
reserved area*1#3
H'FFFF20
On-chip /O registers
H'FFFFFF

Modes 3 and 7

Boundary scan enabled single-chip mode,

single-chip mode
(Advanced mode)

H'000000

On-chip ROM

H'080000

Access prohibited area

H'100000

)

External address space/
reserved area*1*3

P
_ g
—

(«

H'FD9000

Reserved area*®

H'FDC000

External address space/
reserved area*1#3

H'FEC000

Reserved areac

H'FF2000

On-chip RAM/
External address space*4

H'FFC000

External address space/
reserved area*1#3

H'FFEA00

On-chip I/O registers

HFFFF00

External address space/
reserved area* 13

HFFFF20

On-chip I/O registers

HFFFFFF

Modes 4 and 5
On-chip ROM disabled
extended mode
(Advanced mode)

H'000000

)
«

External address space

)
«

H'FD9000

Reserved area*®

H'FDCO000

External address space

H'FEC000

Reserved area*®

H'FF2000

On-chip RAM/
External address space*“

H'FFC000

External address space

H'FFEA00

On-chip 1/O registers

H'FFFFO0

External address space

H'FFFF20

On-chip I/O registers

H'FFFFFF

Notes:1. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.
2. The on-chip RAM is used for flash memory programming. Do not clear the RAME bit in SYSCR to 0.

3. Do not access the reserved areas.

4. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

Figure 3.1 Address Map in Each Operating Mode of H8SX/1655 and H8SX/1655M (1)
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Mode 6
On-chip ROM enabled
extended mode
(Advanced mode)

H'000000

On-chip ROM

H'080000
H'100000

Access prohibited area

External address space

)

-
— —~

«

H'FD9000
Access prohibited area

H'FDC000
External address space

HFEC000 Reserved area*!

H'FF2000
On-chip RAM/

External address space*?

H'FFC000

External address space

H'FFEA0Q
On-chip I/O registers

H'FFFFO0
External address space

H'FFFF20
H'FFFFFF

On-chip I/O registers

Notes: 1. Do not access the reserved area.
2.This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

Figure 3.1 Address Map in Each Operating Mode of H8SX/1655 and H8SX/1655M (2)
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Modes 1 and 2 Modes 3 and 7 Modes 4 and 5
User boot mode, Boundary scan enabled single-chip mode, On-chip ROM disabled
boot mode single-chip mode extended mode
(Advanced mode) (Advanced mode) (Advanced mode)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
H' '
060000 Access prohibited area H'060000 Access prohibited area
H'100000 H'100000 External address space
External address space/ External address space/
reserved area*'#3 reserved area*®'*3
= = ANA = = ==
H'FD9000 H'FD9000 H'FD9000
Access prohibited area Access prohibited area Access prohibited area
H'FDCO00 |External address space/ H'FDCO00 | External address space/ H'FDC000
External address space
reserved area*'*3 reserved area*'*3
H'FEC000 H'FEC000 H'FEC000
Reserved area*® Reserved area*? Reserved area*?
H'FF2000 H'FF2000 H'FF2000
On-chip RAM*2 On-chip RAM/ On-chip RAM/
External address space™®* External address space®*
H'FFC000 H'FFC000 H'FFC000
External address space/ External address space/
reserved area*!*3 reserved area* 13 External address space
H'FFEA00 H'FFEA00 H'FFEA00
On-chip I/O registers On-chip I/O registers On-chip I/O registers
H'FFFFO0 | External address space/ H'FFFFOO0 | External address space/ H'FFFF00
reserved area* '3 reserved area®!#3 External address space
H'FFFF20 . . H'FFFF20 . . H'FFFF20
On-chip 1/O registers On-chip I/O registers On-chip I/O registers
H'FFFFFF H'FFFFFF H'FFFFFF

Notes: 1. This area is specified as the external address space when EXPE = 1 and the reserved area when EXPE = 0.
2. The on-chip RAM is used for flash memory programming. Do not clear the RAME bit in SYSCR to 0.

3. Do not access the reserved areas.
4. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

Figure 3.2 Address Map in Each Operating Mode of H8SX/1652 and H8SX/1652M (1)
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Mode 6
On-chip ROM enabled
extended mode
(Advanced mode)

H'000000

On-chip ROM

H'060000

Access prohibited area

H'100000

)

External address space

-
— —~

§

H'FD9000

Access prohibited area

H'FDC000

External address space

H'FEC000

Access prohibited area

H'FF2000

On-chip RAM/
External address space*?

H'FFC000

Reserved area*!

H'FFEA0O

On-chip I/O registers

HFFFFO0

External address space

HFFFF20

On-chip I/O registers

H'FFFFFF

Notes: 1. Do not access the reserved area.
2. This area is specified as the external address space by clearing the RAME bit in SYSCR to 0.

Figure 3.2 Address Map in Each Operating Mode of H8SX/1652 and H8SX/1652M (2)
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Section 4 Reset

Section 4 Reset

4.1 Types of Reset

There are three types of reset: a pin reset, power-on reset*, voltage-monitoring reset*, deep
software standby reset, and watchdog timer reset. Table 4.1 shows the reset names and sources.

The internal state and pins are initialized by a reset. Figure 4.1 shows the reset targets to be
initialized.

When using power-on reset* and voltage monitoring reset*, RES pin must be fixed high.

Table 4.1 Reset Names And Sources

Reset Name Source

Pin reset Voltage input to the RES pin is driven low.

Power-on reset* Vcc rises or lowers

Voltage-monitoring reset* Vcc falls (voltage-detection: Vdet)

Deep software standby reset Deep software standby mode is canceled by an
interrupt.

Watchdog timer reset The watchdog timer overflows.

Note: * Supported only by the H8SX/1655M Group.
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Pin reset

Vece

Power-on reset
circuit*

Voltage
detection circuit*

L
Power-on reset ®—>

Voltage-monitoring
reset I_:\D

Deep software
standby reset
generation circuit

Power-on rest circuit registers*
(RSTSR.PORF)

Registers for voltage-monitoring*

RSTSR.LVDF
LVDCR.LVDE
LVDRI

Registers related to power-down mode

RSTSR.DPSRSTF
DPSBYCR, DPSWCR
DPSIER, DPSIFR
DPSIEGR, DPSBKRn

Deep software standby
o D_, RSTCSR for WDT

Watchdog
timer

Watchdog timer reset

Note: * Supported only by the H8SX/1655M Group.

Internal state other than above,
and pin states.

Figure 4.1 Block Diagram of Reset Circuit
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Note that some registers are not initialized by any of the reset. The following describes the CPU
internal registers.

The PC, one of the CPU internal registers, is initialized by loading the start address from vector
addresses with the reset exception handling. At this time, the T bit in EXR is cleared to 0 and the I
bits in EXR and CCR are set to 1. The general registers, MAC, and other bits in CCR are not
initialized.

The initial value of the SP (ER7) is undefined. The SP should be initialized using the MOV.L
instruction immediately after a reset. For details, see section 2, CPU. For other registers that are
not initialized by a reset, see register descriptions in each section.

When a reset is canceled, the reset exception handling is started. For the reset exception handling,
see section 6.3, Reset.

4.2 Input/Output Pin

Table 4.2 shows the pin related to reset.

Table 4.2  Pin Configuration

Pin Name Symbol /0 Function

Reset RES Input Reset input
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4.3 Register Descriptions
This LSI has the following registers for reset.

e Reset status register (RSTSR)
e Reset control/status register (RSTCSR)

4.3.1 Reset Status Register (RSTSR)

RSTSR indicates a source for generating an internal reset and voltage monitoring interrupt.

Bit 7 6 5 4 3 2 1 0
Bitname | DPSRSTF — — LVDF*2 — PORF2
Initial value: 0 0 0 0 0 0+3 0+3 0+38
R/W: R/(W)*1 R/W R/W R/W R/W R/W4 R/W R/W:5
Notes: 1. Only 0 can be written to clear the flag.
2. Supported only by the H8SX/1655M Group.
3. Initial value is undefined in the H8SX/1655M Group.
4. Only 0 can be written to clear the flag in the H8SX/1655M Group.
5. Only read is possible in the H8SX/1655M Group.
Initial
Bit Bit Name Value R/W Description
7 DPSRSTF 0 R/(W)*' Deep Software Standby Reset Flag
Indicates that deep software standby mode is canceled
by an interrupt source specified with DPSIER or
DPSIEGR and an internal reset is generated.
[Setting condition]
When deep software standby mode is canceled by an
interrupt source.
[Clearing conditions]
e When this bit is read as 1 and then written by 0.
e When a pin reset, power-on reset*’ and voltage-
monitoring reset*” is generated.
6t03 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.
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e  H8SX/1655 Group
Initial

Bit Bit Name Value R/W Description

2to0 — AllO R/W Reserved
These bits are always read as 0. The write value should
always be 0.

e  H8SX/1655M Group

Initial

Bit Bit Name Value R/W Description

2 LVDF Undefined R/(W)*' LVD Flag
This bit indicates that the voltage detection circuit has
detected a low voltage (Vcc at or below Vdet).
[Setting condition]
Vcc falling to or below Vdet.
[Clearing condition]
e After Vcc has exceeded Vdet and the specified

stabilization period has elapsed, writing 0 to the bit
after reading it as 1.

e Generation of a pin reset or power-on reset.

1 — Undefined R/W Reserved
The write value should always be 0.

0 PORF Undefined R Power-on Reset Flag

This bit indicates that a power-on reset has been
generated.

[Setting condition]

Generation of a power-on reset
[Clearing condition]

Generation of a pin reset

Notes: 1. Only 0 can be written to clear the flag.
2. Supported only by the H8SX/1655M Group.
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4.3.2 Reset Control/Status Register (RSTCSR)

RSTCSR controls an internal reset signal generated by the watchdog timer and selects the internal
reset signal type. RSTCSR is initialized to H'lF by a pin reset or a deep software standby reset,
but not by the internal reset signal generated by a WDT overflow.

Bit 7 6 5 4 3 2 1 0
Bit name WOVF RSTE — — - — — _
Initial value: 0 0 0 1 1 1 1 1

R/W: R/(W)* R/W R/W R R R R R

Note: * Only 0 can be written to clear the flag.

Bit Initial
Bit Name Value R/W Description
7 WOVF 0 R/(W)* Watchdog Timer Overflow Flag

This bit is set when TCNT overflows in watchdog timer mode,
but not set in interval timer mode. Only 0 can be written to.

[Setting condition]

When TCNT overflows (H'FF — H'00) in watchdog timer mode.
[Clearing condition]

When this bit is read as 1 and then written by 0.

(The flag must be read after writing of 0, when this bit is cleared
by the CPU using an interrupt.)

6 RSTE O R/W Reset Enable

Selects whether or not the LSl internal state is reset by a TCNT
overflow in watchdog timer mode.

0: Internal state is not reset when TCNT overflows. (Although
this LSl internal state is not reset, TCNT and TCSR of the
WDT are reset.)

1: Internal state is reset when TCNT overflows.

5 — 0 R/W Reserved
Although this bit is readable/writable, operation is not affected
by this bit.

4100 — 1 R Reserved

These are read-only bits but cannot be modified.

Note: * Only 0 can be written to clear the flag.
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4.4 Pin Reset

This is a reset generated by the RES pin.

When the RES pin is driven low, all the processing in progress is aborted and the LSI enters a
reset state. In order to firmly reset the LSI, the STBY pin should be set to high and the RES pin
should be held low at least for 20 ms at a power-on. During operation, the RES pin should be held
low at least for 20 states.

4.5 Power-on Reset (POR) (H8SX/1655M Group)

This is an internal reset generated by the power-on reset circuit.

If RES is in the high-level state when power is supplied, a power-on reset is generated. After Vce
has exceeded Vpor and the specified period (power-on reset time) has elapsed, the chip is released
from the power-on reset state. The power-on reset time is a period for stabilization of the external
power supply and the LSI circuit.

If RES is at the high-level when the power-supply voltage (Vcc) falls to or below Vpor, a power-
on reset is generated. The chip is released after Vcc has risen above Vpor and the power-on reset
time has elapsed.

After a power-on reset has been generated, the PORF bit in RSTSR is set to 1. The PORF bit is in
a read-only register and is only initialized by a pin reset. Figure 4.2 shows the operation of a
power-on reset.
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External
power supply Vcc

'
'
'
'
'
'
'
'
'
'
'
'
—_—_— e _ _ et — = = — = == = — — — -

Reset state Reset state

R B

j
] . .
' ! >
H 'I « 'I
. ; I :
RES pin Vee 1 , i :
: . !
- .
i
POR signal '
(L'isvaly ~_Ve° I o
, ! , \
- i
Reset signal ,
('L" is valid) Vee I l
Pin reset and —> j >
OR signal for POR " tpor*2 | ' "toor*2 |
Set Set
Vee
PORF © I

Notes: For details of the electrical characteristics, see section 29, Electrical Characteristics.
1. Vpog shows a level of power-on reset detection level.
2. Tpog shows a time for power-on reset.

Figure 4.2 Operation of a Power on Reset

Rev. 2.00 Oct. 20, 2009 Page 94 of 1340
REJ09B0499-0200 RENESAS




Section 4 Reset

4.6 Power Supply Monitoring Reset (H8SX/1655M Group)
This is an internal reset generated by the power-supply detection circuit.

When Vcec falls below Vdet in the state where the LVDE bit in LVDCR has been set to 1 and the
LVDRI bit has been cleared to 0, a voltage-monitoring reset is generated. When Vcc subsequently
rises above Vdet, release from the voltage-monitoring reset proceeds after a specified time has
elapsed.

For details of the voltage-monitoring reset, see section 5, Voltage Detection Circuit (LVD), and
section 29, Electrical Characteristics.

4.7 Deep Software Standby Reset
This is an internal reset generated when deep software standby mode is canceled by an interrupt.

When deep software standby mode is canceled, a deep software standby reset is generated, and
simultaneously, clock oscillation starts. After the time specified with DPSWCR has elapsed, the
deep software standby reset is canceled.

For details of the deep software standby reset, see section 27, Power-Down Modes.

4.8 Watchdog Timer Reset
This is an internal reset generated by the watchdog timer.

When the RSTE bit in RSTCSR is set to 1, a watchdog timer reset is generated by a TCNT
overflow. After a certain time, the watchdog timer reset is canceled.

For details of the watchdog timer reset, see section 17, Watchdog Timer (WDT).
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4.9 Determination of Reset Generation Source

Reading RSTCSR, RSTSR, and LVDCR¥* of the voltage detection circuit determines which reset
was used to execute the reset exception handling. Figure 4.2 shows an example the flow to
identify a reset generation source.

Note: * Supported only by the H8SX/1655M Group.

Reset exception
handling

No

RSTCSR.RSTE=1
and RSTCSR.WOVF=1

RSTSR.
DPSRSTF=1

LVDCR.LVDE=1 No
& LVDCR.LCDRI=0

& RSTSR.LVDF=1,

Watchdog timer Deep software Voltage monitoring Power-on reset* Pin reset
reset standby reset reset*

Note: * Supported only by the H8SX/1655M Group.

Figure 4.3 Example of Reset Generation Source Determination Flow
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Section 5 Voltage Detection Circuit (LVD)

The voltage detection circuit (LVD) is only supported by the H§SX/1655M Group.

This circuit is used to monitor Vce. The LVD is capable of internally resetting the LSI when Vcc
falls and crosses the voltage detection level. An interrupt can also be generated.

5.1 Features

e  Voltage-detection circuit

Capable of detecting the power-supply voltage (Vcc) becoming less than or equal to Vdet.
Capable of generating an internal reset or interrupt when a low voltage is detected.

A block diagram of the voltage detection circuit is shown in figure 5.1.

Vce
I+
On-chip reference L 4 =i LVDMON |
VOIt_age o Power-supply
(for sensing Vdet) stabilization
time
generation >
it Voltage-monitoring
Reset/ | — -
LVDF interrupt reset
control o
LVDE circuit Voltage-monitoring
interrupt
LVDRI
[Legend]
LVDE: LVD enable
LVDRI: LVD reset / interrupt select
LVDMON: LVD monitor
LVDF: LVD flag

Figure 5.1 Block Diagram of Voltage-Detection Circuit
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5.2 Register Descriptions
The registers of the voltage detection circuit are listed below.

e  Voltage detection control register (LVDCR)
e Reset status register (RSTSR)

5.2.1 Voltage Detection Control Register (LVDCR)
The LVDCR controls the voltage-detection circuit.

LVDE, LVDRI, and LVDMON are initialized by a pin reset or power-on reset

Bit 7 6 5 4 3 2 1 0
Bit name LVDE LVDRI — LVDMON — — — —
Initial value: 0 0 0 0 0 0 0 0
RIW: RIW RIW R/W R RIW RIW R/W R/W
Bit Bit Name Initial Value R/W Description
7 LVDE 0 R/W LVD Enable

This bit enables or disables issuing of a reset or
interrupt by the voltage-detection circuit.

0: Disabled
1: Enabled

6 LVDRI 0 R/W LVD Reset/Interrupt Select

This bit selects whether an internal reset or
interrupt is generated when the voltage detection
circuit detects a low voltage. When modifying the
LVDRI bit, ensure that low-voltage detection is in
the disabled state (the LVDE bit is cleared to 0).

0: A reset is generated when a voltage is
detected.

1: An interrupt is generated when a low voltage is
detected.

5 — 0 R/W Reserved

This bit is always read as 0 and the write value
should always be 0.
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Bit Bit Name Initial Value R/W Description
4 LVDMON O R LVD Monitor

This bit monitors the voltage level. This bit is valid
when the LVDE bit is 1 and read as 0 when the
LVDE bit is 0. Writing to this bit is ineffective.

0: Vce must fall below Vdet.

1: Vece must rise above Vdet.
3to0 — 0 R/W Reserved

These bits are always read as 0 and the write
value should always be 0.

5.2.2 Reset Status Register (RSTSR)

RSTSR indicates the source of an internal reset or voltage monitoring interrupt.

Bit 7 6 5 4 3 2 1 0

Bit name DPSRSTF —_ —_ —_ —_ LVDF —_ PORF
Initial value: 0 0 0 0 0 Undefined  Undefined  Undefined
R/W: R/I(W)* R/W R/W R/W R/W R/(W)* R/W R

Note: *  To clear the flag, only 0 should be written to.

Bit Bit Name Initial Value R/W Description
7 DPSRSTF 0 R/W:* Deep Software Standby Reset Flag

This bit indicates release from deep software
standby mode due to the interrupt source
selected by DPSIER and DPSIEGR, and
generation of an internal reset.

[Setting condition]

Release from deep software standby mode due to
an interrupt source.

[Clearing condition]
e  Writing 0 to the bit after reading it as1.

e Generation of a pin reset, power on reset, or
voltage monitoring reset.
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Bit Bit Name Initial Value R/W Description

6to3 — AllO R/W Reserved

These bits are always read as 0 and the write
value should always be 0.

2 LVDF Undefined  R/(W)* LVD Flag

This bit indicates that the voltage detection circuit
has detected a low voltage (Vcc at or below
Vdet).

[Setting condition]
Vcc falling to or below Vdet.
[Clearing condition]

e  After Vcc has exceeded Vdet and the
specified stabilization period has elapsed,
writing 0 to the bit after reading it as 1.

e Generation of a pin reset or power-on reset.

1 — Undefined R/W Reserved
The write value should always be 0.

0 PORF Undefined R Power-on Reset Flag
This bit indicates that a power-on reset has been
generated.

[Setting condition]
Generation of a power-on reset
[Clearing condition]

Generation of a pin reset

Note: * To clear the flag, only 0 should be written to.
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53 Voltage Detection Circuit

5.3.1 Voltage Monitoring Reset
Figure 5.2 shows the timing of a voltage monitoring reset by the voltage-detection circuit.

When Vcc falls below Vdet in the state where the LVDE bit in LVDCR has been set to 1 and the
LVDRI bit has been cleared to 0, the LVDF bit is set to 1 and the voltage-detection circuit
generates a voltage monitoring reset.

Next, after Vcc has risen above Vdet, release from the voltage-monitoring reset takes place after a
period for stabilization (t,) has elapsed. The period for stabilization (t ) is a time that is generated

por

by the voltage detection circuit in order to stabilize the Vcc and the internal circuit of the LSI.
When a voltage-monitoring reset is generated, the LVDF bit is set to 1.

For details, see section 29, Electrical Characteristics.

Vce . .
Vet ———N A
Vpor ] T
Iwrite 1 ; ;
LVDE 1 '
TWrite 0 | H
LVDRI | | |
! \ Stabilization time (tpog)
. —>
Internal . | 1
reset signal
(Low)

Figure 5.2 Timing of the Voltage-Monitoring Reset
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53.2 Voltage Monitoring Interrupt
Figure 5.3 shows the timing of a voltage monitoring interrupt by the voltage-detection circuit.

When Vcc falls below the Vdet in a state where the LVDE and LVDRI bits in LVDCR are both
set to 1, the LVDF bit is set to 1 and a voltage monitoring interrupt is requested.

The voltage monitoring interrupt signal is internally connected to IRQ14-B, so the IRQ14F bit in
the ISR is set to 1 when the interrupt is generated.

As for the IRQ14 setting, set both the ITS14 bit in PFCRB and the IRQ14E bit in the IER to 1, and
the IRQ14SR and IRQ14SF bits in the ISCR to 01 (interrupt request on falling edge).

Figure 5.4 shows the procedure for setting the voltage-monitoring interrupt.

Vee . )
Vdet E\/E

Vpor 0 T

Iwrite 1 | \

LVDE 1 '
Write 1 . .

LVDRI i i

: 1 Stabilization time (tpog)

N , —>
Voltage-monitoring | !
signal
E é Set Write 0 after
' reading as 1
LVDF !
Voltage-monitoring
interrupt signal |
(IRQ14) Set
IRQ14F

Figure 5.3 Timing of the Voltage-Monitoring Interrupt
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Start program

Y

Voltage monitoring interrupt | IER.IRQ14E = write 0 |
(IRQ14) disabled

Y
[ LvDCRLVDRI=write1 |

:

[ LvbcRLVDE=write1 |

Voltage detection and l
IRQ register settings

[ PrcrBUTSI4=wite1 |

!

ISCR setting
(IRQ14SR = 0, IRQ14SF = 1)

If the flag has been setto 1 Y
before the voltage-monitoring ISR.IRQ14F = clear
interrupt is enabled, clear it
by writing 0 after having read
itas 1.

Processing
for lowered Vcc

[ clearrsTsrRLvDF* |

-

IERIRQIE =write 1 |

!

Interrupt generation
when a low voltage is
detected

Processing for lowered Vcc

(IRQ14) enabled

Voltage-monitoring interrupt { |

Note: * When the LVDF cannot be cleared despite Vcc being at a higher electrical potential than
Vdet (LVDMON = 1), the voltage-detection circuit is in the state of waiting for stabilization.
Clear the bit again after the stabilization time (tpog) has elapsed.

Figure 5.4 Example of the Procedure for Setting the Voltage-Monitoring Interrupt
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533 Release from Deep Software Standby Mode by the Voltage-Detection Circuit

If the LVDE and LVDRI bits in LVDCR and the DLVDIE bit in DPSIER have all been set to 1
during a period in deep software standby mode, the voltage-detection circuit requests release from
deep software standby mode when Vcc falls to or below Vdet. This sets the DLVDIF bit in
DPSIFR to 1, thus producing release from the deep software standby mode. For the deep software
standby mode, see section 27, Power-Down Modes.

534 Voltage Monitor

The result of voltage detection by the voltage-detection circuit can be monitored by checking the
value of the LVDMON bit in LVDCR. When the LVDMON bit has been enabled by setting the
LVDE bit, 0 indicates that Vcc is at or below Vdet and 1 indicates that Vcc is above Vdet. This
bit should be read while the voltage-monitoring reset has been disabled by setting the LVDRI bit
to 1.

Before clearing the LVDF bit in RSTSR to 0, confirm that the LVDMON bit is set to 1 (indicating
that Vcc is above Vdet). When it is impossible to clear the LVDF bit despite the LVDMON bit
being 1, the voltage-detection circuit is in the state of waiting for stabilization. In such cases, clear
the bit again after the stabilization time (t_) has elapsed.

por
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Section 6 Exception Handling

6.1 Exception Handling Types and Priority

As table 6.1 indicates, exception handling is caused by a reset, a trace, an address error, an
interrupt, a trap instruction, a sleep instruction, and an illegal instruction (general illegal
instruction or slot illegal instruction). Exception handling is prioritized as shown in table 6.1. If
two or more exceptions occur simultaneously, they are accepted and processed in order of priority.
Exception sources, the stack structure, and operation of the CPU vary depending on the interrupt
control mode. For details on the interrupt control mode, see section 7, Interrupt Controller.

Table 6.1 Exception Types and Priority

Priority Exception Type Exception Handling Start Timing

High Reset Exception handling starts at the timing of level change from
low to high on the RES pin, when deep software standby
mode is canceled, or when the watchdog timer overflows.
The CPU enters the reset state when the RES pin is low.

lllegal instruction Exception handling starts when an undefined code is
executed.

Trace*' Exception handling starts after execution of the current
instruction or exception handling, if the trace (T) bit in EXR
issetto 1.

Address error After an address error has occurred, exception handling

starts on completion of instruction execution.

Interrupt Exception handling starts after execution of the current
instruction or exception handling, if an interrupt request has
occurred.*’

Sleep instruction Exception handling starts by execution of a sleep instruction
(SLEEP), if the SSBY bit in SBYCR is set to 0 and the
SLPIE bit in SBYCR is set to 1.

Trap instruction** Exception handling starts by execution of a trap instruction
Low (TRAPA).

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not
executed after execution of an RTE instruction.

2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC
instruction execution, or on completion of reset exception handling.

3. Trap instruction exception handling requests and sleep instruction exception handling
requests are accepted at all times in program execution state.
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6.2 Exception Sources and Exception Handling Vector Table

Different vector table address offsets are assigned to different exception sources. The vector table

addresses are calculated from the contents of the vector base register (VBR) and vector table
address offset of the vector number. The start address of the exception service routine is fetched
from the exception handling vector table indicated by this vector table address.

Table 6.2 shows the correspondence between the exception sources and vector table address
offsets. Table 6.3 shows the calculation method of exception handling vector table addresses.

Table 6.2

Exception Source

Exception Handling Vector Table

Vector Number

Vector Table Address Offset*'

Normal Mode**

Advanced, Middle**,
Maximum®** Modes

Reset

H'0000 to H'0001

H'0000 to H'0003

Reserved for system use

H'0002 to H'0003

H'0004 to H'0007

H'0004 to H'0005

H'0008 to H'000B

H'0006 to H'0007

H'000C to H'000F

lllegal instruction

H'0008 to H'0009

H'0010 to H'0013

Trace

H'000A to H'000B

H'0014 to H'0017

Reserved for system use

H'000C to H'000D

H'0018 to H'001B

Interrupt (NMI)

H'000E to H'000F

H'001C to H'001F

Trap instruction ~ (#0)
(#1)
(#2)
(#3)

N[O~ W[N| =[O

H'0010 to H'0011

H'0020 to H'0023

©

H'0012 to H'0013

H'0024 to H'0027

-
o

H'0014 to H'0015

H'0028 to H'002B

—_
—_

H'0016 to H'0017

H'002C to H'002F

CPU address error

—
N

H'0018 to H'0019

H'0030 to H'0033

DMA address error*®

-
w

H'001A to H'001B

H'0034 to H'0037

UBC break interrupt

—
N

H'001C to H'001D

H'0038 to H'003B

Reserved for system use

-
(&)

—_
~

H'001E to H'001F

H'0022 to H'0023

H'003C to H'003F

H'0044 to H'0047

Sleep interrupt

—
(o]

H'0024 to H'0025

H'0048 to H'004B

Rev. 2.00 Oct. 20, 2009 Page 106 of 1340

REJ09B0499-0200

RENESAS



Section 6 Exception Handling

Exception Source

Vector Number

Vector Table Address Offset*'

Normal Mode**

Advanced, Middle*?,

Maximum®** Modes

Reserved for system use

19

23

H'0026 to H'0027

H'002E to H'002F

H'004C to H'004F

H'005C to H'005F

User area (not used)

24

63

H'0030 to H'0031

H'007E to H'007F

H'0060 to H'0063

H'00FC to H'0OOFF

External interrupt

IRQO

64

H'0080 to H'0081

H'0100 to H'0103

IRQ1

65

H'0082 to H'0083

H'0104 to H'0107

IRQ2

66

H'0084 to H'0085

H'0108 to H'010B

IRQ3

67

H'0086 to H'0087

H'010C to H'010F

IRQ4

68

H'0088 to H'0089

H'0110 to H'0113

IRQ5

69

H'008A to H'008B

H'0114 to H'0117

IRQ6

70

H'008C to H'008D

H'0118 to H'011B

IRQ7

71

H'008E to H'008F

H'011C to H'O11F

IRQ8

72

H'0090 to H'0091

H'0120 to H'0123

IRQ9

73

H'0092 to H'0093

H'0124 to H'0127

IRQ10

74

H'0094 to H'0095

H'0128 to H'012B

IRQ11

75

H'0096 to H'0097

H'012C to H'012F

Reserved for system use

76

79

H'0098 to| H'0099

H'009E to H'009F

H'0130 to|H'O133

H'013C to H'013F

Internal interrupt**

80
|
255

H'00AO to H'00A1
|
H'01FE to H'O1FF

H'0140 to H'0143

H'03FC to H'03FF

Notes: 1. Lower 16 bits of the address.
2. Not available in this LSI.
3. A DMA address error is generated by the DTC, DMAC, and EXDMAC.

4. For details of internal interrupt vectors, see section 7.5, Interrupt Exception Handling
Vector Table.
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Table 6.3  Calculation Method of Exception Handling Vector Table Address

Exception Source Calculation Method of Vector Table Address

Reset, CPU address error Vector table address = (vector table address offset)

Other than above Vector table address = VBR + (vector table address offset)

[Legend]
VBR: Vector base register
Vector table address offset: See table 6.2.

6.3 Reset

A reset has priority over any other exception. When the RES pin goes low, all processing halts and
this LSI enters the reset state. To ensure that this LSI is reset, hold the RES pin low for at least 20
ms with the STBY pin driven high when the power is turned on. When operation is in progress,
hold the RES pin low for at least 20 cycles.

The chip can be reset by the overflow that is generated in watchdog timer mode of the watchdog
timer. For details, see section 17, Watchdog Timer (WDT).

The chip can also be reset by the exit from deep software standby mode. For details, see section
27, Power-Down Modes.

A reset initializes the internal state of the CPU and the registers of the on-chip peripheral modules.
The interrupt control mode is 0 immediately after a reset.

6.3.1 Reset Exception Handling

When the RES pin goes high after being held low for the necessary time, this LSI starts reset
exception handling as follows:

1. The internal state of the CPU and the registers of the on-chip peripheral modules are
initialized, VBR is cleared to H'00000000, the T bit is cleared to 0 in EXR, and the I bits are
set to 1 in EXR and CCR.

2. The reset exception handling vector address is read and transferred to the PC, and program
execution starts from the address indicated by the PC.

Figures 6.1 and 6.2 show examples of the reset sequence.
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6.3.2 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, the PC and
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after a reset. Since the first instruction of a program is
always executed immediately after the reset state ends, make sure that this instruction initializes
the stack pointer (example: MOV.L #xx: 32, SP).

6.3.3 On-Chip Peripheral Functions after Reset Release

After the reset state is released, MSTPCRA and MSTPCRB are initialized to H'OFFF and H'FFFF,
respectively, and all modules except the EXDMAC, DTC, and DMAC enter module stop mode.

Consequently, on-chip peripheral module registers cannot be read or written to. Register reading
and writing is enabled when module stop mode is canceled.

First
Vector Internal  instruction
fetch operation  prefetch

RES /

Internal
address bus

Internal read E
signal !

c

Internal write

signal : ; Hioh :
Internal data : / @) :\ : (4):
bus , \—/ H .

(1): Reset exception handling vector address (when reset, (1) = H'000000)
(2): Start address (contents of reset exception handling vector address)
(3) Start address ((3) = (2))

(4) Firstinstruction in the exception handling routine

Figure 6.1 Reset Sequence (On-chip ROM Enabled Advanced Mode)
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Internal First instruction
Vector fetch operation prefetch

_.__“_

'
'
* '

_/

ns]
m
]

Address bus (1) 3) (5) X:
RD | |_
AWR, LWR ; ! High P ;

E [\ I\ \
D15 to DO T 2) . 4). T 6) .

: { @ ., L ( )I, : (6) .
(1)(8) Reset exception handling vector address (when reset, (1) = H'000000, (3) = H'000002)
(2)(4) Start address (contents of reset exception handling vector address)
(5) Start address ((5) = (2)(4))
(6) First instruction in the exception handling routine

Note: * Seven program wait cycles are inserted.

Figure 6.2 Reset Sequence
(16-Bit External Access in On-chip ROM Disabled Advanced Mode)

Rev. 2.00 Oct. 20,2009 Page 110 of 1340
REJ09B0499-0200 RENESAS




Section 6 Exception Handling

6.4 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control
mode 0, irrespective of the state of the T bit. Before changing interrupt control modes, the T bit
must be cleared. For details on interrupt control modes, see section 7, Interrupt Controller.

If the T bit in EXR is set to 1, trace mode is activated. In trace mode, a trace exception occurs on
completion of each instruction. Trace mode is not affected by interrupt masking by CCR. Table
6.4 shows the state of CCR and EXR after execution of trace exception handling. Trace mode is
canceled by clearing the T bit in EXR to 0 during the trace exception handling. However, the T bit
saved on the stack retains its value of 1, and when control is returned from the trace exception
handling routine by the RTE instruction, trace mode resumes. Trace exception handling is not
carried out after execution of the RTE instruction.

Interrupts are accepted even within the trace exception handling routine.

Table 6.4  Status of CCR and EXR after Trace Exception Handling

CCR EXR
Interrupt Control Mode | ul 12to 10 T
0 Trace exception handling cannot be used.
2 1 — — 0
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.
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6.5 Address Error

6.5.1 Address Error Source

Instruction fetch, stack operation, or data read/write shown in table 6.5 may cause an address

€rror.

Table 6.5 Bus Cycle and Address Error

Bus Cycle
Type Bus Master Description Address Error
Instruction CPU Fetches instructions from even addresses No (normal)
fetch Fetches instructions from odd addresses Occurs
Fetches instructions from areas other than on- No (normal)
chip peripheral module space*’
Fetches instructions from on-chip peripheral Occurs
module space*’
Fetches instructions from external memory space Occurs
in single-chip mode
Fetches instructions from access prohibited Occurs
area.*?
Stack CPU Accesses stack when the stack pointer value is No (normal)
operation even address
Accesses stack when the stack pointer value is Occurs
odd address.
Data read/write CPU Accesses word data from even addresses No (normal)
Accesses word data from odd addresses No (normal)
Accesses external memory space in single-chip  Occurs
mode
Accesses to access prohibited area** Occurs
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Bus Cycle
Type Bus Master Description Address Error
Data read/write DTC or Accesses word data from even addresses No (normal)
DMAC Accesses word data from odd addresses No (normal)

Accesses external memory space in single-chip  Occurs
mode
Accesses to access prohibited area** Occurs

Data read/write EXDMAC Accesses word data from even addresses No (normal)
Accesses word data from odd addresses No (normal)
Accesses external memory space in single-chip  Occurs
mode
Accesses access prohibited area** Occurs
Accesses external memory space No (normal)
Accesses areas other than external memory Occurs
space

Single address DMAC/ Address access space is the external memory No (normal)

transfer

EXDMAC

space for single address transfer

Address access space is not the external memory Occurs

space for single address transfer

Notes: 1. For on-chip peripheral module space, see section 9, Bus Controller (BSC).

2. For the access prohibited area, refer to figures 3.1 and 3.2 in section 3.4, Address Map.
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6.5.2 Address Error Exception Handling

When an address error occurs, address error exception handling starts after the bus cycle causing
the address error ends and current instruction execution completes. The address error exception
handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to 0.

3. An exception handling vector table address corresponding to the address error is generated, the
start address of the exception service routine is loaded from the vector table to PC, and
program execution starts from that address.

Even though an address error occurs during a transition to an address error exception handling, the
address error is not accepted. This prevents an address error from occurring due to stacking for
exception handling, thereby preventing infinitive stacking.

If the SP contents are not a multiple of 2 when an address error exception handling occurs, the
stacked values (PC, CCR, and EXR) are undefined.

When an address error occurs, the following is performed to halt the DTC, DMAC, and
EXDMAC.

e The ERR bit of DTCCR in the DTC is set to 1.
e The ERRF bit of DMDR_O0 in the DMAC is set to 1.
e The ERRF bit of EDMDR_0 in the EXDMAC is set to 1.

e The DTE bits of DMDRs for all channels in the DMAC are cleared to 0 to forcibly terminate
transfer.

e The DTE bits of EDMDR for all channels in the EXDMAC are cleared to 0 to forcibly
terminate transfer.
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Table 6.6 shows the state of CCR and EXR after execution of the address error exception

handling.
Table 6.6  Status of CCR and EXR after Address Error Exception Handling
CCR EXR

Interrupt Control Mode | ul T 12to 10
0 1 — — —
2 1 — 0 7
[Legend]
1: Set to 1

0: Cleared to 0
Retains the previous value.
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6.6 Interrupts

6.6.1 Interrupt Sources

Interrupt sources are NMI, UBC break interrupt, IRQO to IRQ11, and on-chip peripheral modules,
as shown in table 6.7.

Table 6.7 Interrupt Sources

Type Source Number of Sources
NMI NMI pin (external input) 1
UBC break interrupt User break controller (UBC) 1
IRQO to IRQ11 Pins IRQO to IRQ11 (external input) 12
Voltage-detection circuit Voltage-detection circuit (LVD)* 1
On-chip peripheral DMA controller (DMAC) 8
module EXDMA controller (EXDMAC) 8
Watchdog timer (WDT) 1
A/D converter 2
16-bit timer pulse unit (TPU) 52
8-bit timer (TMR) 16
Serial communications interface (SCI) 24

I’C bus interface 2 (I1C2)

USB function module (USB)

Note: * Supported only by the H8SX/1655M Group.

Different vector numbers and vector table offsets are assigned to different interrupt sources. For
vector number and vector table offset, refer to table 7.2, Interrupt Sources, Vector Address
Offsets, and Interrupt Priority in section 7, Interrupt Controller.

Rev. 2.00 Oct. 20, 2009 Page 116 of 1340
REJ09B0499-0200 RENESAS



Section 6 Exception Handling

6.6.2 Interrupt Exception Handling

Interrupts are controlled by the interrupt controller. The interrupt controller has two interrupt
control modes and can assign interrupts other than NMI or sleep interrupt to eight priority/mask
levels to enable multiple-interrupt control. The source to start interrupt exception handling and the
vector address differ depending on the product. For details, refer to section 7, Interrupt Controller.

The interrupt exception handling is as follows:

The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to 0.

An exception handling vector table address corresponding to the interrupt source is generated,
the start address of the exception service routine is loaded from the vector table to PC, and
program execution starts from that address.
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6.7 Instruction Exception Handling

There are three instructions that cause exception handling: trap instruction, sleep instruction, and
illegal instruction.

6.7.1 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction
exception handling can be executed at all times in the program execution state. The trap
instruction exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the vector number specified in
the TRAPA instruction is generated, the start address of the exception service routine is loaded
from the vector table to PC, and program execution starts from that address.

A start address is read from the vector table corresponding to a vector number from O to 3, as
specified in the instruction code.

Table 6.8 shows the state of CCR and EXR after execution of trap instruction exception handling.

Table 6.8  Status of CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode | Ul T 12to 10
0 1 — — —
2 1 — 0 —
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.

Rev. 2.00 Oct. 20, 2009 Page 118 of 1340
REJ09B0499-0200 RENESAS



Section 6 Exception Handling

6.7.2 Sleep Instruction Exception Handling

The sleep instruction exception handling starts when a sleep instruction is executed with the SSBY
bit in SBYCR set to 0 and the SLPIE bit in SBYCR set to 1. The sleep instruction exception
handling can always be executed in the program execution state. In the exception handling, the
CPU operates as follows.

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the vector number specified in
the SLEEP instruction is generated, the start address of the exception service routine is loaded
from the vector table to PC, and program execution starts from that address.

Bus masters other than the CPU may gain the bus mastership after a sleep instruction has been
executed. In such cases the sleep instruction will be started when the transactions of a bus master
other than the CPU has been completed and the CPU has gained the bus mastership.

Table 6.9 shows the state of CCR and EXR after execution of sleep instruction exception
handling. For the detail, see section 27.10, Sleep Instruction Exception Handling.

Table 6.9  Status of CCR and EXR after Sleep Instruction Exception Handling

CCR EXR
Interrupt Control Mode | Ul T 12to 10
0 1 — — —
2 1 — 0 7
[Legend]
1: Setto 1

0: Clearedto 0
— Retains the previous value.
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6.7.3 Exception Handling by Illegal Instruction

The illegal instructions are general illegal instructions and slot illegal instructions. The exception
handling by the general illegal instruction starts when an undefined code is executed. The
exception handling by the slot illegal instruction starts when a particular instruction (e.g. its code
length is two words or more, or it changes the PC contents) at a delay slot (immediately after a
delayed branch instruction) is executed. The exception handling by the general illegal instruction

and slot illegal instruction is always executable in the program execution state.

The exception handling is as follows:

1. The contents of PC, CCR, and EXR are saved in the stack.
2. The interrupt mask bit is updated and the T bit is cleared to O.

3. An exception handling vector table address corresponding to the occurred exception is
generated, the start address of the exception service routine is loaded from the vector table to

PC, and program execution starts from that address.

Table 6.10 shows the state of CCR and EXR after execution of illegal instruction exception

handling.

Table 6.10 Status of CCR and EXR after Illegal Instruction Exception Handling

CCR EXR
Interrupt Control Mode | Ul 12to 10
0 1 — —
2 1 — —
[Legend]
1: Setto 1

0: Clearedto 0
— Retains the previous value.
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6.8 Stack Status after Exception Handling

Figure 6.3 shows the stack after completion of exception handling.

Advanced mode

SP —»

CCR

PC (24 bits)

Interrupt control mode 0

Note: * Ignored on return.

SP—»

EXR

Reserved*

CCR

PC (24 bits)

Interrupt control mode 2

Figure 6.3 Stack Status after Exception Handling

RENESAS
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6.9 Usage Note

When performing stack-manipulating access, this LSI assumes that the lowest address bit is 0. The
stack should always be accessed by a word transfer instruction or a longword transfer instruction,
and the value of the stack pointer (SP: ER7) should always be kept even. Use the following
instructions to save registers:

PUSH.W Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERn)

Performing stack manipulation while SP is set to an odd value leads to an address error. Figure 6.4
shows an example of operation when the SP value is odd.

Address

CCR SP—> RIL HFFFEFA
SP= H'FFFEFB
RC PC H'FFFEFC
~ |wrrrerD
------------------------------------ HFFFEFE
P HFFFEFF

TRAPA instruction executed MOV.B R1L, @-ER7 executed
—_— —_—
SP set to HFFFEFF T Data saved above SP Contents of CCR lost

(Address error occurred)

[Legend]

CCR : Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode is 0, in advanced mode.

Figure 6.4 Operation when SP Value is Odd
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Section 7 Interrupt Controller

7.1 Features

e Two interrupt control modes

Any of two interrupt control modes can be set by means of bits INTM1 and INTMO in the
interrupt control register (INTCR).

e Priority can be assigned by the interrupt priority register (IPR)
IPR provides for setting interrupt priory. Eight levels can be set for each module for all

interrupts except for the interrupt requests listed below. The following seven interrupt requests
are given priority of 8, therefore they are accepted at all times.

— NMI

— Illegal instructions

— Trace

— Trap instructions

— CPU address error

— DMA address error (occurred in the DTC, DMAC, and EXDMAC)

— Sleep instruction

e Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecessary for the
source to be identified in the interrupt handling routine.

e Thirteen external interrupts

NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or falling edge
detection can be selected for NMI. Falling edge, rising edge, or both edges detection, or level
sensing, can be selected for IRQ11 to IRQO.

e DTC and DMAC control
DTC and DMAC can be activated by means of interrupts.

e CPU priority control function

The priority levels can be assigned to the CPU, DTC, and DMAC, EXDMAC. The priority
level of the CPU can be automatically assigned on an exception generation. Priority can be
given to the CPU interrupt exception handling over that of the DTC, DMAC, and EXDMAC
transfer.
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A block diagram of the interrupt controller is shown in figure 7.1.

INTM1, INTMO
[iNTcR}
NMIEG
Y
NMI input 4>
npu NMI input unit

IRQ11 to IRQO input =i~}
LVD*

IRQ input unit | ISR

IRQ14 input

|1scr || IER | SSIER|

|

Internal interrupt
sources
WOVI to RESUME

Source selector

CPU

12t0 10

- CPU
interrupt request

CPU
vector

Priority
determination

DMAC
activation

DMAC

DMAC priority
control

DTC priority

Interrupt controller

CPU priority

permission

| DMDR I

control

[pTcER|[DTCCR :CPUPECR DTC priority

DTC activation
request

DTC vector

Activation
request

[Legend]
INTCR: Interrupt control register
CPUPCR: CPU priority control register

ISCR: IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register

SSIER:
IPR:
DTCER:
DTCCR:

Note: * Supported only by the H8SX/1655M Group.

_ clear signal

Software standby release IRQ enable register
Interrupt priority register
DTC enable register
DTC control register

DTC

Figure 7.1 Block Diagram of Interrupt Controller
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7.2 Input/Output Pins

Table 7.1 shows the pin configuration of the interrupt controller.

Table 7.1 Pin Configuration

Name 1/0 Function

NMI Input Nonmaskable External Interrupt

Rising or falling edge can be selected.

IRQ11 to IRQO Input Maskable External Interrupts

Rising, falling, or both edges, or level sensing, can be
independently selected.

7.3 Register Descriptions

The interrupt controller has the following registers.

Interrupt control register (INTCR)
CPU priority control register (CPUPCR)

Interrupt priority registers A to C, E to O, Q, and R
(IPRA to IPRC, IPRE to IPRO, IPRQ, and IPRR)

IRQ enable register (IER)

IRQ sense control registers H and L (ISCRH, ISCRL)
IRQ status register (ISR)

Software standby release IRQ enable register (SSIER)
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7.3.1 Interrupt Control Register (INTCR)

INTCR selects the interrupt control mode, and the edge to detect NML.

Bit 7

5

4 3 2 1 0

Bit Name —

INTM1

INTMO NMIEG — — —

Initial Value 0

R/W R

Bit Bit Name

Initial
Value

0
R/W

R/W

0 0 0 0 0
R/W R/W R R R

Description

0

Reserved
These are read-only bits and cannot be modified.

INTMA1
INTMO

A~ | N

0
0
0

R/W
R/W

Interrupt Control Select Mode 1 and 0

These bits select either of two interrupt control modes for
the interrupt controller.

00: Interrupt control mode 0

Interrupts are controlled by | bit in CCR.
01: Setting prohibited.
10: Interrupt control mode 2

Interrupts are controlled by bits 12 to 10 in EXR, and
IPR.

11: Setting prohibited.

3 NMIEG

R/W

NMI Edge Select

Selects the input edge for the NMI pin.

0: Interrupt request generated at falling edge of NMI input
1: Interrupt request generated at rising edge of NMI input

2to0 —

AllO

R

Reserved
These are read-only bits and cannot be modified.
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7.3.2 CPU Priority Control Register (CPUPCR)

CPUPCR sets whether or not the CPU has priority over the DTC, DMAC, and EXDMAC. The
interrupt exception handling by the CPU can be given priority over that of the DTC, DMAC, and
EXDMAC transfer. The priority level of the DTC is set by bits DTCP2 to DTCPO in CPUPCR.
The priority level of the DMAC and EXDMAC are set by the DMAC and EXDMAC control
registers for each channel.

Bit 7 6 5 4 3 2 1 0
Bit Name CPUPCE DTCP2 DTCP1 DTCPO IPSETE CPUP2 CPUP1 CPUPO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/(W)* R/(W)* R/(W)*

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits cannot be modified.

Initial
Bit Bit Name Value R/W Description
7 CPUPCE 0 R/W CPU Priority Control Enable
Controls the CPU priority control function. Setting this bit
to 1 enables the CPU priority control over the DTC,
DMAC, and EXDMAC.
0: CPU always has the lowest priority
1: CPU priority control enabled
DTCP2 0 R/W DTC Priority Level 2 to 0
DTCP1 0 R/W These bits set the DTC priority level.
4 DTCPO 0 R/W 000: Priority level O (lowest)

001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)
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Initial
Bit Bit Name Value R/W Description
3 IPSETE 0 R/W Interrupt Priority Set Enable
Controls the function which automatically assigns the
interrupt priority level of the CPU. Setting this bit to 1
automatically sets bits CPUP2 to CPUPO by the CPU
interrupt mask bit (I bit in CCR or bits 12 to 10 in EXR).
0: Bits CPUP2 to CPUPO are not updated automatically
1: The interrupt mask bit value is reflected in bits CPUP2
to CPUPO
2 CPUP2 0 R/(W)* CPU Priority Level 2 to 0
1 CPUPH1 0 R/(W)* These bits set the CPU priority level. When the CPUPCE
0 CPUPO 0 R/(W)* is set to 1, the CPU priority control function over the DTC,

DMAC, and EXDMAC becomes valid and the priority of
CPU processing is assigned in accordance with the
settings of bits CPUP2 to CPUPO.

000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so these bits

cannot be modified.
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7.3.3 Interrupt Priority Registers A to C, E to O, Q, and R
(IPRA to IPRC, IPRE to IPRO, IPRQ, and IPRR)

IPR sets priory (levels 7 to 0) for interrupts other than NMI.

Setting a value in the range from B'000 to B'111 in the 3-bit groups of bits 14 to 12, 10 to 8, 6 to 4,
and 2 to 0 assigns a priority level to the corresponding interrupt. For the correspondence between
the interrupt sources and the IPR settings, see table 7.2.

Bit 15 14 13 12 11 10 9 8
Bit Name — IPR14 IPR13 IPR12 — IPR10 IPR9 IPR8
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — IPR6 IPR5 IPR4 — IPR2 IPR1 IPRO
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W RW

Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This is a read-only bit and cannot be modified.

14 IPR14 1 R/W Sets the priority level of the corresponding interrupt

13 IPR13 1 R/w  Source.

12 IPR12 1 R/W 000: Priority level 0 (lowest)

001: Priority level 1

010: Priority level 2

011: Priority level 3

100: Priority level 4

101: Priority level 5

110: Priority level 6

111: Priority level 7 (highest)

11 — 0 R Reserved
This is a read-only bit and cannot be modified.
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Bit Bit Name

Initial
Value

R/W

Description

10 IPR10
9 IPR9
8 IPR8

1
1
1

R/W
R/W

W 000:

001:
010:
011:
100:
101:
110:
111:

Sets the priority level of the corresponding interrupt
source.

Priority level O (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6

Priority level 7 (highest)

R Reserved

This

is a read-only bit and cannot be modified.

IPR6
IPR5
IPR4

R/W
R/W

Rw  000:

001:
010:
011:
100:
101:
110:

Sets the priority level of the corresponding interrupt
source.

Priority level O (lowest)

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5

Priority level 6

111: Priority level 7 (highest)

Reserved
This is a read-only bit and cannot be modified.

2 IPR2 1
IPR1 1
0 IPRO 1

R/W
R/W
R/W

Sets the priority level of the corresponding interrupt
source.

000: Priority level 0 (lowest)

001:
010:
011:
100:
101:
110:
111:

Priority level 1
Priority level 2
Priority level 3
Priority level 4
Priority level 5
Priority level 6

Priority level 7 (highest)
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734 IRQ Enable Register (IER)

IER enables interrupt requests IRQ14, and IRQ11 to IRQO.

Bit 15 14 13 12 11 10 9 8
Bit Name — mateer [ — | — | matie | iratoe IRQ9E IRQSE
Initial Value 0 0 0 0 0 0 0 0
RW RIW RIW RW RIW RIW RIW RIW RW
Bit 7 6 5 4 3 2 1 0
BitName | IRQ7E IRQ6E IRQSE IRQ4E IRQ3E IRQ2E IRQ1E IRQOE
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RW RIW RIW RIW RIW RIW RW

Note: * Supported only by the H8SX/1655M Group.

Initial
Bit Bit Name Value R/W  Description
15 — AllO R/W  Reserved
These bits are always read as 0. The write value should
always be 0.
14 IRQ14E* 0 R/W  IRQ14 Enable
The IRQ14 interrupt request is enabled when this bit is
1.The IRQ14 is internally connected to the voltage-
detection interrupt.
13to12 — AllO R/W  Reserved
These bits are always read as 0. The write value should
always be 0.
11 IRQ11E 0 R/W  IRQ11 Enable
The IRQ10 interrupt request is enabled when this bit is 1.
10 IRQ10E 0 R/W  IRQ10 Enable
The IRQ11 interrupt request is enabled when this bit is 1.
9 IRQ9E 0 R/W  IRQ9 Enable
The IRQ9 interrupt request is enabled when this bit is 1.
8 IRQ8E 0 R/W  IRQ8 Enable

The IRQS8 interrupt request is enabled when this bit is 1.
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Initial

Bit Bit Name Value R/W  Description
7 IRQ7E 0 R/W  IRQ7 Enable

The IRQY7 interrupt request is enabled when this bit is 1.
6 IRQ6E 0 R/W  IRQ6 Enable

The IRQ6 interrupt request is enabled when this bit is 1.
5 IRQ5E 0 R/W  IRQ5 Enable

The IRQS5 interrupt request is enabled when this bit is 1.
4 IRQ4E 0 R/W  IRQ4 Enable

The IRQ4 interrupt request is enabled when this bit is 1.
3 IRQ3E 0 R/W  IRQ3 Enable

The IRQ3 interrupt request is enabled when this bit is 1.
2 IRQ2E 0 R/W  IRQ2 Enable

The IRQ2 interrupt request is enabled when this bit is 1.
1 IRQ1E 0 R/W  IRQ1 Enable

The IRQ1 interrupt request is enabled when this bit is 1.
0 IRQOE 0 R/W  IRQO Enable

The IRQO interrupt request is enabled when this bit is 1.

Note: * Supported only by the H8SX/1655M Group.
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7.3.5 IRQ Sense Control Registers H and L. ISCRH, ISCRL)

ISCR selects the source that generates an interrupt request from IRQ14 and IRQ11 to IRQO input.

Upon changing the setting of ISCR, IRQnF (n =0to 11, 14) in ISR is often set to 1 accidentally
through an internal operation. In this case, an interrupt exception handling is executed if an IRQn
interrupt request is enabled. In order to prevent such an accidental interrupt from occurring, the
setting of ISCR should be changed while the IRQn interrupt is disabled, and then the IRQnF in
ISR should be cleared to 0.

e ISCRH
Bit 15 14 13 12 11 10 9 8
Bit Name — — IRQ14SR* | IRQ14SF* — — — —
Initial Value 0 0 0 0 0 0 0 0
RIW RIW R/W RIW RIW RIW RIW RIW R/W
Bit 7 6 5 4 3 2 1 0

Bit Name IRQ11SR IRQ11SF IRQ10SR IRQ10SF IRQ9SR IRQ9SF IRQ8SR IRQ8SF

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W RIW RIW RW R/W R/W R/W
e [SCRL
Bit 15 14 13 12 11 10 9 8

Bit Name IRQ7SR IRQ7SF IRQ6SR IRQ6SF IRQ5SR IRQ5SF IRQ4SR IRQ4SF

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name IRQ3SR IRQ3SF IRQ2SR IRQ2SF IRQ1SR IRQ1SF IRQOSR IRQOSF

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Supported only by the H8SX/1655M Group.
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e ISCRH

Bit

Bit Name

Initial
Value

R/W

Description

1510 14

AllO

R/W

Reserved

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

13
12

IRQ14SR*
IRQ14SF*

o

R/W
R/W

IRQ14 Sense Control Rise
IRQ14 Sense Control Fall
IRQ14 is used as the LVD voltage-monitoring interrupt*.

When used as IRQ14, set the interrupt request at falling
edge.

00: Initial value

01: Interrupt request generated at falling edge of IRQ14
10: Setting prohibited

11: Setting prohibited

11t08

AllO

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

IRQ11SR
IRQ11SF

R/W
R/W

IRQ11 Sense Control Rise
IRQ11 Sense Control Fall

00: Interrupt request generated by low level of IRQ11
01: Interrupt request generated at falling edge of IRQ11
10: Interrupt request generated at rising edge of IRQ11

11: Interrupt request generated at both falling and rising
edges of IRQ11

IRQ10SR
IRQ10SF

R/W
R/W

IRQ10 Sense Control Rise
IRQ10 Sense Control Fall

00: Interrupt request generated by low level of IRQ10
01: Interrupt request generated at falling edge of IRQ10
10: Interrupt request generated at rising edge of IRQ10

11: Interrupt request generated at both falling and rising
edges of IRQ10
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Initial
Bit Bit Name Value R/W Description
3 IRQ9SR 0 R/W IRQ9 Sense Control Rise
2 IRQOSF 0 r/w  IRQ9 Sense Control Fall
00: Interrupt request generated by low level of IRQ9
01: Interrupt request generated at falling edge of IRQ9
10: Interrupt request generated at rising edge of IRQ9
11: Interrupt request generated at both falling and rising
edges of IRQ9
1 IRQ8SR 0 R/W IRQ8 Sense Control Rise
0 IRQ8SE 0 r/w  IRQ8 Sense Control Fall
00: Interrupt request generated by low level of IRQ8
01: Interrupt request generated at falling edge of IRQ8
10: Interrupt request generated at rising edge of IRQ8
11: Interrupt request generated at both falling and rising
edges of IRQ8
Note: Supported only by the H8SX/1655M Group.
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e ISCRL
Initial
Bit Bit Name Value R/W Description
15 IRQ7SR 0 R/W IRQ7 Sense Control Rise
14 IRQ7SF 0 R/W IRQ7 Sense Control Fall
00: Interrupt request generated by low level of IRQ7
01: Interrupt request generated at falling edge of IRQ7
10: Interrupt request generated at rising edge of IRQ7
11: Interrupt request generated at both falling and rising
edges of IRQ7
13 IRQ6SR 0 R/W IRQ6 Sense Control Rise
12 IRQ6SF 0 R/W IRQ6 Sense Control Fall
00: Interrupt request generated by low level of IRQ6
01: Interrupt request generated at falling edge of IRQ6
10: Interrupt request generated at rising edge of IRQ6
11: Interrupt request generated at both falling and rising
edges of IRQ6
11 IRQ5SR 0 R/W IRQ5 Sense Control Rise
10 IRQ5SE 0 R/W IRQ5 Sense Control Fall
00: Interrupt request generated by low level of IRQ5
01: Interrupt request generated at falling edge of IRQ5
10: Interrupt request generated at rising edge of IRQ5
11: Interrupt request generated at both falling and rising
edges of IRQ5
9 IRQ4SR O R/W IRQ4 Sense Control Rise
8 IRQ4SF 0 R/W IRQ4 Sense Control Fall
00: Interrupt request generated by low level of IRQ4
01: Interrupt request generated at falling edge of IRQ4
10: Interrupt request generated at rising edge of IRQ4
11: Interrupt request generated at both falling and rising
edges of IRQ4
7 IRQ3SR 0 R/W IRQ3 Sense Control Rise
6 IRQ3SF 0 R/W IRQ3 Sense Control Fall

00: Interrupt request generated by low level of IRQ3
01: Interrupt request generated at falling edge of IRQ3
10: Interrupt request generated at rising edge of IRQ3

11: Interrupt request generated at both falling and rising
edges of IRQ3
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Initial
Bit Bit Name Value R/W Description
5 IRQ2SR O R/W IRQ2 Sense Control Rise
4 IRQ2SF 0 r/w  IRQ2 Sense Control Fall
00: Interrupt request generated by low level of IRQ2
01: Interrupt request generated at falling edge of IRQ2
10: Interrupt request generated at rising edge of IRQ2
11: Interrupt request generated at both falling and rising
edges of IRQ2
3 IRQISR 0 R/W IRQ1 Sense Control Rise
2 IRQ1SF 0 R/W IRQ1 Sense Control Fall
00: Interrupt request generated by low level of IRQ1
01: Interrupt request generated at falling edge of IRQ1
10: Interrupt request generated at rising edge of IRQ1
11: Interrupt request generated at both falling and rising
edges of IRQ1
IRQOSR ©0 R/W IRQO Sense Control Rise
0 IRQOSF 0 R/W IRQO Sense Control Fall

00: Interrupt request generated by low level of IRQ0

01: Interrupt request generated at falling edge of IRQ0

10: Interrupt request generated at rising edge of IRQ0O

11: Interrupt request generated at both falling and rising
edges of IRQ0
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7.3.6 IRQ Status Register (ISR)

ISR is an IRQ14 and IRQ11 to IRQO int

errupt request register.

Bit 15 14 13 12 11 10 9 8
BitName [ — [maurz [ — | — IRQ11F | IRQ10F | IRQ9F IRQSF
Initial Value 0 0 0 0 0 0 0 0
R/W R/(W)1 R/(W)1 R/(W)1 R/(W)*1 R/(W)*1 R/(W)*1 R/(W)*1 R/(W):t
Bit 7 6 5 4 3 2 1 0
Bit Name IRQ7F IRQ6F IRQSF IRQ4F IRQ3F IRQ2F IRQ1F IRQOF
Initial Value 0 0 0 0 0 0 0 0
R/W R/(W)*1 R/(W)1 R/(W)*1 R/(W)*1 R/(W)*1 R/(W)*1 R/(W)*1 R/(W):!
Notes: 1. Only 0 can be written, to clear the flag. The bit manipulation instructions or memory operation instructions should

be used to clear the flag.
2. Supported only by the H8SX/1655M Group.
Initial
Bit Bit Name Value R/W Description
15 — AllO R/(W)*' Reserved
These bits are always read as 0. The write value should
always be 0.

14 IRQ14F** 0 R/(W)*' [Setting condition]

e When the interrupt selected by ISCR occurs

[Clearing conditions]

e Writing O after reading IRQ14F = 1

¢ When IRQ14 interrupt exception handling is
executed while falling edge sensing is selected.

13,12 — AllO R/(W)*' Reserved

These bits are always read as 0. The write value should
always be 0.
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Initial
Bit Bit Name Value R/W Description
11 IRQ11F 0 R/(W)*'  [Setting condition]
10 IRQ10F 0 R/(W)*' e When the interrupt selected by ISCR occurs
9 IRQ9F 0 R/(W)*'  [Clearing conditions]
8 IRQ8F 0 R/(W)*' e Writing O after reading IRQNF = 1
7 IRQ7F 0 R/(W)*' e When interrupt exception handling is executed while
6 IRQ6F 0 R/(W)*" low-level sensing is selected and IRQn input is high
5 IRQ5F 0 R/(wW)x'  (n=11100).
4 IRQ4F 0 RI(W)' When IRQn interrupt exception handling is executed
3 IRQ3F 0 R/(W)*' while falling-, rising-, or both-edge sensing is

selected.

2 IRQ2F 0 R/(W)*' . ) .
. IRQAF RAWY e When the DTC is activated by an IRQn interrupt,

0 (W) and the DISEL bit in MRB of the DTC is cleared to 0.
0 IRQOF 0 R/(W)*'

Notes: 1. Only 0 can be written, to clear the flag.
2. Supported only by the H8SX/1655M Group.
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7.3.7 Software Standby Release IRQ Enable Register (SSIER)

SSIER selects the IRQ interrupt used to leave software standby mode.

The IRQ interrupt used to leave software standby mode should not be set as the DTC activation

source.
Bit 15 14 13 12 1 10 9 8
Bit Name — — — — SSi11 ssi10 Ssl9 Ssl8
Initial Value 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RIW RW RW
Bit 7 6 5 4 3 2 1 0
Bit Name ssI7 Ssle SSIs Ssl4 SsI3 SSI2 Ssi1 sslo
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W RIW
Initial
Bit Bit Name Value R/W Description
15to 12 — All0 R/W Reserved
These bits are always read as 0. The write value should
always be 0.
11 SSI11 0 R/W Software Standby Release IRQ Setting
10 SSI10 0 R/W These bits select the IRQn interrupt used to leave
9 SSI19 0 R/W software standby mode (n = 11 to 0).
8 ssI8 0 r/wW 0 AnIRQn request is not sampled in software standby
7 ssI7 0 R/W mode .
oSS o mw TWenenROnewest oo soare sancty
5 SSI5 0 R/W the oscillation settling time has elapsed
4 SSi4 0 R/W
3 SSI3 0 R/W
2 SSI2 0 R/W
1 SSH 0 R/W
0 SSio 0 R/W
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7.4 Interrupt Sources

7.4.1 External Interrupts

There are thirteen external interrupts: NMI and IRQ11 to IRQO. These interrupts can be used to
leave software standby mode.

(1) NMI Interrupts

Nonmaskable interrupt request (NMI) is the highest-priority interrupt, and is always accepted by
the CPU regardless of the interrupt control mode or the settings of the CPU interrupt mask bits.
The NMIEG bit in INTCR selects whether an interrupt is requested at the rising or falling edge on
the NMI pin.

When an NMI interrupt is generated, the interrupt controller determines that an error has occurred,
and performs the following procedure.

e Sets the ERR bit of DTCCR in the DTC to 1.
e Sets the ERRF bit of DMDR_0 in DMAC to 1.
e Sets the ERRF bit of EDMDR_0 in the EXDMAC to 1

e (lears the DTE bits of DMDRs for all channels in the DMAC to O to forcibly terminate
transfer

e C(Clears the DTE bits of EDMDRs for all channels in the EXDMAC to 0 to forcibly terminate
transfer

(2) IRQn Interrupts

An IRQn interrupt is requested by a signal input on pins IRQ11 to IRQO. IRQn (n = 11 to 0) have
the following features:

e Using ISCR, it is possible to select whether an interrupt is generated by a low level, falling
edge, rising edge, or both edges, on pins IRQn.

¢ Enabling or disabling of interrupt requests IRQn can be selected by IER.
e The interrupt priority can be set by IPR.

e The status of interrupt requests IRQn is indicated in ISR. ISR flags can be cleared to 0 by
software. The bit manipulation instructions and memory operation instructions should be used
to clear the flag.

Rev. 2.00 Oct. 20, 2009 Page 141 of 1340
RENESAS REJ09B0499-0200



Section 7 Interrupt Controller

Detection of IRQn interrupts is enabled through the P1ICR, P2ICR, P5ICR, and P6ICR register
settings, and does not change regardless of the output setting. However, when a pin is used as an
external interrupt input pin, the pin must not be used as an I/O pin for another function by clearing
the corresponding DDR bit to 0.

A block diagram of interrupts IRQn is shown in figure 7.2.

Corresponding bit IRQNSF, IRQNSR

in ICR
l l IRQNF
— |RQn interrupt request
Edge/level -
. Input buffer '> detection circuit s Q
IRQn input |—> R

Clear signal

[Legend]
n=11t00

Figure 7.2 Block Diagram of Interrupts IRQn

When the IRQ sensing control in ISCR is set to a low level of signal IRQn, the level of IRQn
should be held low until an interrupt handling starts. Then set the corresponding input signal IRQn
to high in the interrupt handling routine and clear the IRQnF to 0. Interrupts may not be executed
when the corresponding input signal IRQn is set to high before the interrupt handling begins.

7.4.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following features:

e For each on-chip peripheral module there are flags that indicate the interrupt request status,
and enable bits that enable or disable these interrupts. They can be controlled independently.
When the enable bit is set to 1, an interrupt request is issued to the interrupt controller.

e The interrupt priority can be set by means of IPR.
e The DTC and DMAC can be activated by a TPU, SCI, or other interrupt request.

e The priority levels of DTC and DMAC activation can be controlled by the DTC and DMAC
priority control functions.
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7.5

Interrupt Exception Handling Vector Table

Table 7.2 lists interrupt exception handling sources, vector address offsets, and interrupt priority.

In the default priority order, a lower vector number corresponds to a higher priority. When
interrupt control mode 2 is set, priority levels can be changed by setting the IPR contents. The
priority for interrupt sources allocated to the same level in IPR follows the default priority, that is,

they are fixed.

Table 7.2

Vector Address
Offset*'

Advanced Mode,

Interrupt Sources, Vector Address Offsets, and Interrupt Priority

Vector Middle Mode, DTC DMAC
Classification Interrupt Source Number  Maximum Mode IPR Priority Activation Activation
External pin NMI 7 H'001C — High — —
UBC UBC break 14 H'0038 — A — —
interrupt
External pin IRQO 64 H'0100 IPRA14 to IPRA12 o —
IRQ1 65 H'0104 IPRA10 to IPRA8 (6] —
IRQ2 66 H'0108 IPRAG6 to IPRA4 o —
IRQ3 67 H'010C IPRA2 to IPRAO (0] —
IRQ4 68 H'0110 IPRB14 to IPRB12 o —
IRQ5 69 H'0114 IPRB10 to IPRB8 o —
IRQ6 70 H'0118 IPRB6 to IPRB4 O —
IRQ7 71 H'011C IPRB2 to IPRBO o —
IRQ8 72 H'0120 IPRC14 to IPRC12 o —
IRQ9 73 H'0124 IPRC10 to IPRC8 o —
IRQ10 74 H'0128 IPRCS6 to IPRC4 o —
IRQ11 75 H'012C IPRC2 to IPRCO (¢] —
— Reserved for 76 H'0130 — — —
system use 77 HO134 - -
LVD#** Voltage- 78 H'0138 IPRD6 to IPRD4 — —
monitoring
interrupt (IRQ14)
— Reserved for 79 H'013C — — —
system use 80 HO140 — —
WDT WOVI 81 H'0144 IPRE10 to IPRE8 Low — —
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Vector Address
Offset*'

Advanced Mode,

Vector Middle Mode, DTC DMAC
Classification Interrupt Source Number  Maximum Mode IPR Priority Activation Activation
— Reserved for 82 H'0148 — High — —
system use 84 H'0150 A — —
85 H'0154 — —
A/D_0 ADIO 86 H'0158 IPRF10 to IPRF8 o o
— Reserved for 87 H'015C — — —
system use
TPU_O TGIOA 88 H'0160 IPRF6 to IPRF4 (o) (o)
TGIOB 89 H'0164 o —
TGIOC 90 H'0168 (0] —
TGIOD 91 H'016C (o) —
TCIoV 92 H'0170 — —
TPU_1 TGIA 93 H'0174 IPRF2 to IPRFO (o) (o)
TGIB 94 H'0178 —
TCHHV 95 H'017C — —
TCIHU 96 H'0180 — —
TPU_2 TGI2A 97 H'0184 IPRG14 to IPRG12 o
TGI2B 98 H'0188 —
TCl2V 99 H'018C — —
TCI2U 100 H'0190 — —
TPU_3 TGI3A 101 H'0194 IPRG10 to IPRG8 (o) (o)
TGI3B 102 H'0198 o —
TGI3C 103 H'019C (o) —
TGI3D 104 H'01A0 (0] —
TCI3V 105 H'01A4 — —
TPU_4 TGI4A 106 H'01A8 IPRG6 to IPRG4 (0] (0]
TGI4B 107 H'01AC —
TCl4V 108 H'01B0 — —
TCl4U 109 H'01B4 Low — -
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Vector Address
Offset*'

Advanced Mode,

Vector Middle Mode, DTC DMAC
Classification Interrupt Source Number  Maximum Mode IPR Priority Activation Activation
TPU_5 TGI5A 110 H'01B8 IPRG2 to IPRGO High (@) o
TGI5B 111 H'01BC A O —
TCI5V 112 H'01CO — —
TCI5U 113 H'01C4 — —
— Reserved for 114 H'01C8 — — —
system use 115 H01CC — —
TMR_0 CMIOA 116 H'01D0 IPRH14 to IPRH12 —
CMIOB 117 H'01D4 —
ovol 118 H'01D8 — —
TMR_1 CMI1A 119 H'01DC IPRH10 to IPRH8 [¢) —
CMI1B 120 H'01E0 O —
ovil 121 H'01E4 —_ —_
TMR_2 CMI2A 122 H'0O1E8 IPRH6 to IPRH4 [¢) —
CMI2B 1238 H'01EC o —
oval 124 H'01FO0 — —
TMR_3 CMI3A 125 H'01F4 IPRH2 to IPRHO (0] —
CMI3B 126 H'01F8 o} —
ovsl 127 H'O1FC — —
DMAC DMTENDO 128 H'0200 IPRI14 to IPRI12 O —
DMTEND1 129 H'0204 IPRI10 to IPRI8 (@) —
DMTEND2 130 H'0208 IPRI6 to IPRI4 O —
DMTEND3 131 H'020C IPRI2 to IPRIO o —
EXDMAC EXDMTENDO 132 H'0210 IPRJ14 to IPRJ12 (0] —
EXDMTEND1 133 H'0214 IPRJ10 to IPRJ8 (0] —
EXDMTEND2 134 H'0218 IPRJ6 to IPRJ4 [¢) —
EXDMTEND3 135 H'021C IPRJ2 to IPRJO o —
DMAC DMEENDO 136 H'0220 IPRK14 to IPRK12 (0] —
DMEEND1 137 H'0224 (0] —
DMEEND2 138 H'0228 o} —
DMEEND3 139 H'022C Low (0] —
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Vector Address
Offset*'

Advance Mode,

Vector Middle Mode, DTC DMAC
Classification Interrupt Source Number  Maximum Mode IPR Priority Activation Activation
EXDMAC EXDMEENDO 140 H'0230 IPRK10 to IPRK8 High o —
EXDMEEND1 141 H'0234 A (0] —
EXDMEEND2 142 H'0238 (0] —
EXDMEEND3 143 H'023C (0] —
SCI_0 ERIO 144 H'0240 IPRK6 to IPRK4 — —
RXI0 145 H'0244 (0] o
TXIO 146 H'0248 (0] O
TEIO 147 H'024C — _
SCI_1 ERI 148 H'0250 IPRK2 to IPRKO — —
RXI1 149 H'0254 (0] (o)
XN 150 H'0258 (0] (0]
TEN 151 H'025C — —
SCI_2 ERI2 152 H'0260 IPRL14 to IPRL12 — —
RXI2 153 H'0264 (0] o
TXI2 154 H'0268 (0] o
TEI2 155 H'026C — —
— Reserved for 156 H'0270 — — —
system use 157 H'0274 — —
158 H'0278 — —
159 H'027C — —
SCI_4 ERI4 160 H'0280 IPRL6 to IPRL4 — —
RX14 161 H'0284 (0] (o)
TXI4 162 H'0288 (0] (0]
TEI4 163 H'028C — _
TPU_6 TGI6A 164 H'0290 IPRL2 to IPRLO o o
TGl6B 165 H'0294 (0] —
TGI6C 166 H'0298 (o) —
TGI6D 167 H'029C (0] —
TGI6V 168 H'02A0 IPRM14 to IPRM12 Low — —
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Vector Address
Offset*'

Advance Mode,

Vector Middle Mode, DTC DMAC
Classification Interrupt Source Number  Maximum Mode IPR Priority Activation Activation
TPU_7 TGI7A 169 H'02A4 IRPM10 to IRPM8 High o o
TGI7B 170 H'02A8 A (0] —
TGI7V 171 H'02AC IRPM6 to IRPM4 — —
TCI7U 172 H'02B0 — —
TPU_8 TGISA 173 H'02B4 IRPM2 to IRPMO (0] O
TGI8B 174 H'02B8 (0] —
TCI8V 175 H'02BC IPRN14 to IPRN12 — —
TCI8U 176 H'02C0 — —
TPU_9 TGI9A 177 H'02C4 IPRN10 to IPRN8 (0] (0]
TGI9B 178 H'02C8 (0] —
TGI9C 179 H'02CC (0] —
TGI9D 180 H'02D0 (6] —
TCIoV 181 H'02D4 IPRNG6 to IPRN4 — —
TPU_10 TGI10A 182 H'02D8 IPRN2 to IPRNO (0] o
TGI10B 183 H'02DC o —
Reserved for 184 H'02E0 — — —
system use
Reserved for 185 H'02E4 — —
system use
TClHOV 186 H'02E8 IPRO14 to IPRO12 (0] —
TCI10U 187 H'02EC — —
TPU_11 TGIM1A 188 H'02F0 IPRO10 to IPRO8 (0] (0]
TGI11B 189 H'02F4 (6] —
TCH1V 190 H'02F8 IPRO6 to IPRO4 — —
TCH1U 191 H'02FC — —
— Reserved for 192 H'0300 — — —
system use | | |
215 H'035C Low — —
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Vector Address
Offset*'

Advanced Mode,

Vector Middle Mode, DTC DMAC
Classification Interrupt Source Number  Maximum Mode IPR Priority Activation Activation
1IC2_0 liclo 216 H'0360 IPRQ6 to IPRQ4 High — —
— Reserved for 217 H'0364 A - —_
system use
lc2_1 ncn 218 H'0368 — —
— Reserved for 219 H'036C - —_
system use
SCI_5 RXI15 220 H'0370 IPRQ2 to IPRQO — o
TXI5 221 H'0374 —_ (@)
ERI5 222 H'0378 — —
TEI5 223 H'037C — —
SCI_6 RXI16 224 H'0380 IPRR14 to IPRR12 — (0]
TXI6 225 H'0384 — o
ERI6 226 H'0388 —_ —
TEI6 227 H'038C — —
TMR_4 CMIA4 or CMIB4 228 H'0390 IPRR10 to IPRR8 — —
TMR_5 CMIA5 or CMIB5 229 H'0394 — —
TMR_6 CMIA6 or CMIB6 230 H'0398 — —
TMR_7 CMIA7 or CMIB7 231 H'039C — —
usB USBINTNO 232 H'03A0 IPRR6 to IPRR4 — (@)
USBINTN1 233 H'03A4 — (o)
USBINTN2 234 H'03A8 — —
USBINTN3 235 H'03AC — —
— Reserved for 236 H'03BO IPRR2 to IPRRO — —
system use
A/D_1 ADI1 237 H'03B4 — (0]
usB resume 238 H'03B8 — —
— Reserved for 239 H'03BC — — —
system use | | |
255 H'03FC Low — —

Notes: 1. Lower 16 bits of the start address in advanced, middle, and maximum modes.
2. Supported only by the H8SX/1655M Group.
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7.6 Interrupt Control Modes and Interrupt Operation

The interrupt controller has two interrupt control modes: interrupt control mode 0 and interrupt
control mode 2. Interrupt operations differ depending on the interrupt control mode. The interrupt
control mode is selected by INTCR. Table 7.3 shows the differences between interrupt control
mode 0 and interrupt control mode 2.

Table 7.3  Interrupt Control Modes

Interrupt Priority

Control Setting Interrupt
Mode Register Mask Bit Description
0 Default | The priority levels of the interrupt sources are fixed
default settings.
The interrupts except for NMI is masked by the | bit.
2 IPR 12to 10 Eight priority levels can be set for interrupt sources

except for NMI with IPR.
8-level interrupt mask control is performed by bits 12 to
10.

7.6.1 Interrupt Control Mode 0

In interrupt control mode 0, interrupt requests except for NMI are masked by the I bit in CCR of
the CPU. Figure 7.3 shows a flowchart of the interrupt acceptance operation in this case.

1. If an interrupt request occurs when the corresponding interrupt enable bit is set to 1, the
interrupt request is sent to the interrupt controller.

2. If the I bitin CCR is set to 1, NMI is accepted, and other interrupt requests are held pending. If
the I bit is cleared to 0, an interrupt request is accepted.

3. For multiple interrupt requests, the interrupt controller selects the interrupt request with the
highest priority, sends the request to the CPU, and holds other interrupt requests pending.

4. When the CPU accepts the interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

5. The PC and CCR contents are saved to the stack area during the interrupt exception handling.
The PC contents saved on the stack is the address of the first instruction to be executed after
returning from the interrupt handling routine.

6. Next, the I bit in CCR is set to 1. This masks all interrupts except NMI.
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7. The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in the
vector table.

Program execution state

>

No

Interrupt generated?

Yes

No

\

Pending

<

Yy

A
| Save PC and CCR |

1

| |1 |

1

| Read vector address |

1

| Branch to interrupt handling routine |

Figure 7.3 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 0
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7.6.2 Interrupt Control Mode 2

In interrupt control mode 2, interrupt requests except for NMI are masked by comparing the
interrupt mask level (I2 to 10 bits) in EXR of the CPU and the IPR setting. There are eight levels
in mask control. Figure 7.4 shows a flowchart of the interrupt acceptance operation in this case.

1.

If an interrupt request occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

For multiple interrupt requests, the interrupt controller selects the interrupt request with the
highest priority according to the IPR setting, and holds other interrupt requests pending. If
multiple interrupt requests have the same priority, an interrupt request is selected according to
the default setting shown in table 7.2.

Next, the priority of the selected interrupt request is compared with the interrupt mask level set
in EXR. When the interrupt request does not have priority over the mask level set, it is held
pending, and only an interrupt request with a priority over the interrupt mask level is accepted.
When the CPU accepts an interrupt request, it starts interrupt exception handling after
execution of the current instruction has been completed.

The PC, CCR, and EXR contents are saved to the stack area during interrupt exception
handling. The PC saved on the stack is the address of the first instruction to be executed after
returning from the interrupt handling routine.

The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the priority of the
accepted interrupt. If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

The CPU generates a vector address for the accepted interrupt and starts execution of the
interrupt handling routine at the address indicated by the contents of the vector address in the
vector table.
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Y

Program execution state

No

Interrupt generated?

Mask level 07 Jlo

Yes

Y 4
[ save PC, CCR, and EXR | Pending

| +—

| Clear T bit to 0

.

| Update mask level |

!

| Read vector address |

|Branch to interrupt handling routinel

Figure 7.4 Flowchart of Procedure Up to Interrupt Acceptance
in Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

7.6.3

Figure 7.5 shows the interrupt exception handling sequence. The example is for the case where

interrupt control mode O is set in maximum mode, and the program area and stack area are in on-

chip memory.
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Figure 7.5 Interrupt Exception Handling
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7.6.4 Interrupt Response Times

Table 7.4 shows interrupt response times — the interval between generation of an interrupt request
and execution of the first instruction in the interrupt handling routine. The symbols for execution

states used

in table 7.4 are explained in table 7.5.

This LSI is capable of fast word transfer to on-chip memory, so allocating the program area in on-
chip ROM and the stack area in on-chip RAM enables high-speed processing.

Table 7.4  Interrupt Response Times
Normal Mode** Advanced Mode Maximum Mode*°
Interrupt Interrupt Interrupt Interrupt Interrupt  Interrupt
Control Control Control Control Control Control
Execution State Mode 0 Mode 2 Mode 0 Mode 2 Mode 0 Mode 2
Interrupt priority determination*’ 3
Number of states until executing 1t019+2.S,
instruction ends**
PC, CCR, EXR stacking S.t02.8.*° 2.5, S, t02.8%° 2.5, 2.5, 2.5,
Vector fetch S,
Instruction fetch*® 2.5,
Internal processing** 2
Total (using on-chip memory) 10 to 31 11 to 31 10 to 31 11 to 31 11 to 31 11 to 31
Notes: 1. Two states for an internal interrupt.
2. Inthe case of the MULXS or DIVXS instruction
3. Prefetch after interrupt acceptance or for an instruction in the interrupt handling routine.
4. Internal operation after interrupt acceptance or after vector fetch
5. Not available in this LSI.
6. When setting the SP value to 4n, the interrupt response time is S,; when setting to 4n +

2, the interrupt response time is 2-S,.
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Table 7.5 Number of Execution States in Interrupt Handling Routine

Object of Access

External Device

8-Bit Bus 16-Bit Bus

On-Chip 2-State 3-State 2-State 3-State
Symbol Memory Access Access Access Access
Vector fetch S, 1 8 12 +4m 4 6 +2m
Instruction fetch S, 1 4 6+2m 2 3+m
Stack manipulation S, 1 8 12 +4m 4 6 +2m
[Legend]
m: Number of wait cycles in an external device access.

7.6.5 DTC and DMAC Activation by Interrupt

The DTC and DMAC can be activated by an interrupt. In this case, the following options are

available:

e Interrupt request to the CPU
e Activation request to the DTC
e Activation request to the DMAC

e Combination of the above

For details on interrupt requests that can be used to activate the DTC and DMAC, see table 7.2,
section 10, DMA Controller (DMAC), and section 12, Data Transfer Controller (DTC).

Figure 7.6 shows a block diagram of the DTC, DMAC, and interrupt controller.
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Select signal
:' DMRSR_0 to DMRSR_3 |
P Control signal
Interrupt request ivati i
ptreq DMAC activation request signal - DMAC
X ‘ Clear signal
On-chip | DMAC <
peripheral select Clear signal
module Interrupt rlequest circuit DTCER
clear S|gnal
! ' Select signal
Interrupt request DTC activation request
——————— vector number
Clear signal DTC control :;: DTC
| — | pTc/cpu circuit -< Clelarsignal
nterrupt request
- s.eleclt CPU interrupt request
IRQ nt \ tol anal circuit vector number
interrupt nterrupt request clear signa Priorit >
—] ey CPU
determination | | 12010
Interrupt controller -

Figure 7.6 Block Diagram of DTC, DMAC, and Interrupt Controller
(1) Selection of Interrupt Sources

The activation source for each DMAC channel is selected by DMRSR. The selected activation
source is input to the DMAC through the select circuit. When transfer by an on-chip module
interrupt is enabled (DTF1 = 1, DTFO = 0, and DTE = 1 in DMDR) and the DTA bit in DMDR is
set to 1, the interrupt source selected for the DMAC activation source is controlled by the DMAC
and cannot be used as a DTC activation source or CPU interrupt source.

Interrupt sources that are not controlled by the DMAC are set for DTC activation sources or CPU
interrupt sources by the DTCE bit in DTCERA to DTCERF of the DTC.

Specifying the DISEL bit in MRB of the DTC generates an interrupt request to the CPU by
clearing the DTCE bit to O after the individual DTC data transfer.

Note that when the DTC performs a predetermined number of data transfers and the transfer
counter indicates 0, an interrupt request is made to the CPU by clearing the DTCE bit to O after the
DTC data transfer.

When the same interrupt source is set as both the DTC and DMAC activation source and CPU
interrupt source, the DTC and DMAC must be given priority over the CPU. If the IPSETE bit in
CPUPCR is set to 1, the priority is determined according to the IPR setting. Therefore, the CPUP
setting or the IPR setting corresponding to the interrupt source must be set to lower than or equal
to the DTCP and DMAP setting. If the CPU is given priority over the DTC or DMAC, the DTC or
DMAC may not be activated, and the data transfer may not be performed.
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(2) Priority Determination

The DTC activation source is selected according to the default priority, and the selection is not
affected by its mask level or priority level. For respective priority levels, see table 12.1, Interrupt
Sources, DTC Vector Addresses, and Corresponding DTCEs.

(3) Operation Order

If the same interrupt is selected as both the DTC activation source and CPU interrupt source, the
CPU interrupt exception handling is performed after the DTC data transfer. If the same interrupt is
selected as the DTC or DMAC activation source or CPU interrupt source, respective operations
are performed independently.

Table 7.6 lists the selection of interrupt sources and interrupt source clear control by setting the
DTA bit in DMDR of the DMAC, the DTCE bit in DTCERA to DTCERF of the DTC, and the
DISEL bit in MRB of the DTC.

Table 7.6  Interrupt Source Selection and Clear Control

DMAC Setting DTC Setting Interrupt Source Selection/Clear Control
DTA DTCE DISEL DMAC DTC CPU
0 0 * o) X ol
1 0 o) V X
1 o) 0 ol
1 * * J X X
[Legend]

V: The corresponding interrupt is used. The interrupt source is cleared.
(The interrupt source flag must be cleared in the CPU interrupt handling routine.)
O: The corresponding interrupt is used. The interrupt source is not cleared.
X: The corresponding interrupt is not available.
*: Don't care.

(4) Usage Note

The interrupt sources of the SCI, and A/D converter are cleared according to the setting shown in
table 7.6, when the DTC or DMAC reads/writes the prescribed register.

To initiate multiple channels for the DTC with the same interrupt, the same priority (DTCP =
DMAP) should be assigned.
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7.7 CPU Priority Control Function Over DTC, DMAC, and EXDMAC

The interrupt controller has a function to control the priority among the DTC, DMAC, EXDMAC,
and the CPU by assigning different priority levels to the DTC, DMAC, EXDMAC, and the CPU.
Since the priority level can automatically be assigned to the CPU on an interrupt occurrence, it is
possible to execute the CPU interrupt exception handling prior to the DTC, DMAC, or EXDMAC
transfer.

The priority level of the CPU is assigned by bits CPUP2 to CPUPO in CPUPCR. The priority level
of the DTC is assigned by bits DTCP2 to DTCPO in CPUPCR. The priority level of the DMAC is
assigned by bits DMAP2 to DMAPO in DMDR for each channel. The priority level of the
EXDMAC is assigned by bits EDMAP2 to EDMAPO in the EXDMA mode control register
(EDMDR_0 to EDMDE_3) for each channel.

The priority control function over the DTC and DMAC is enabled by setting the CPUPCE bit in
CPUPCR to 1. When the CPUPCE bit is 1, the DTC, DMAC, and EXDMAC activation sources
are controlled according to the respective priority levels.

The DTC activation source is controlled according to the priority level of the CPU indicated by
bits CPUP2 to CPUPO and the priority level of the DTC indicated by bits DTCP2 to DTCPO. If the
CPU has priority, the DTC activation source is held. The DTC is activated when the condition by
which the activation source is held is cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPO
is greater than that of bits DTCP2 to DTCPO). The priority level of the DTC is assigned by the
DTCP2 to DTCPO bits regardless of the activation source.

For the DMAC, the priority level can be specified for each channel. The DMAC activation source
is controlled according to the priority level of each DMAC channel indicated by bits DMAP2 to
DMAPO and the priority level of the CPU. If the CPU has priority, the DMAC activation source is
held. The DMAC is activated when the condition by which the activation source is held is
cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPO is greater than that of bits DMAP2 to
DMAPO). If different priority levels are specified for channels, the channels of the higher priority
levels continue transfer and the activation sources for the channels of lower priority levels than
that of the CPU are held.

For the EXDMAC, the priority level can be specified for each channel. The EXDMAC activation
source is controlled according to the priority level of each EXDMAC channel indicated by bits
EDMAP2 to EDMAPO and the priority level of the CPU. If the CPU has priority, the EXDMAC
activation source is held. The EXDMAC is activated when the condition by which the activation
source is held is cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPO is greater than that of
bits DMAP2 to EDMAPO). If different priority levels are specified for channels, the channels of
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the higher priority levels continue transfer and the activation sources for the channels of lower
priority levels than that of the CPU are held.

There are two methods for assigning the priority level to the CPU by the IPSETE bit in CPUPCR.
Setting the IPSETE bit to 1 enables a function to automatically assign the value of the interrupt
mask bit of the CPU to the CPU priority level. Clearing the IPSETE bit to O disables the function
to automatically assign the priority level. Therefore, the priority level is assigned directly by
software rewriting bits CPUP2 to CPUPOQ. Even if the IPSETE bit is 1, the priority level of the
CPU is software assignable by rewriting the interrupt mask bit of the CPU (I bit in CCR or 12 to 10
bits in EXR).

The priority level that is automatically assigned when the IPSETE bit is 1 differs according to the
interrupt control mode.

In interrupt control mode O, the I bit in CCR of the CPU is reflected in bit CPUP2. Bits CPUP1
and CPUPO are fixed 0. In interrupt control mode 2, the values of bits 12 to I0 in EXR of the CPU
are reflected in bits CPUP2 to CPUPO.

Table 7.7 shows the CPU priority control.
Table 7.7  CPU Priority Control

Control Status

Interrupt
Control Interrupt Interrupt IPSETE in Updating of CPUP2
Mode Priority Mask Bit CPUPCR CPUP2 to CPUPO to CPUPO
0 Default | =any 0 B'111 to B'000 Enabled

I1=0 1 B'000 Disabled

=1 B'100
2 IPR setting 12to 10 0 B'111 to B'000 Enabled

12to 10 Disabled

Rev. 2.00 Oct. 20, 2009 Page 159 of 1340
RENESAS REJ09B0499-0200



Section 7 Interrupt Controller

Table 7.8 shows a setting example of the priority control function over the DTC, DMAC, and
EXDMAC, and the transfer request control state. A priority level can be independently set to each
channel of DMAC and EXDMAC, but the table only shows one channel for example. Transfers
through the DMAC and EXDMAC channels can be separately controlled by assigning different
priority levels for channels.

Table 7.8  Example of Priority Control Function Setting and Control State

Interrupt CPUPCE CPUP2 DTCP2 DMAP2 EDMAP2 Transfer Request Control State

Control in to to to to

Mode CPUPCE CPUPO DTCPO DMAPO EDMAPO DTC DMAC EXDMAC

0 0 Any Any Any Any Enabled Enabled Enabled
1 B'000 B'000 B'000  B'000 Enabled Enabled Enabled

B'100 B'000 B'000  B'000 Masked Masked Masked

B'100 B'000 B'011 B'100 Masked Masked Enabled

B'100 B'111 B'101  B'000 Enabled Enabled Masked

B'000 B'111 B'101  B'000 Enabled Enabled Enabled

2 0 Any Any Any Any Enabled Enabled Enabled

1 B'000 B'000 B'000  B'000 Enabled Enabled Enabled

B'000 B'011 B'101 B'110 Enabled Enabled Enabled

B'011 B'011 B'101  B'110 Enabled Enabled Enabled

B'100 B'011 B'101 B'110 Masked Enabled Enabled

B'101 B'011 B'101 B'110 Masked Enabled Enabled

B'110 B'011 B'101  B'110 Masked Masked Enabled

B'111 B'011 B'101 B'110 Masked Masked Masked

B'101 B'011 B'101  B'011 Masked Enabled Masked

B'101 B'110 B'101 B'011 Enabled Enabled Masked
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7.8 Usage Notes

7.8.1 Conflict between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to mask the interrupt, the masking becomes effective
after execution of the instruction.

When an interrupt enable bit is cleared to O by an instruction such as BCLR or MOV, if an
interrupt is generated during execution of the instruction, the interrupt concerned will still be
enabled on completion of the instruction, and so interrupt exception handling for that interrupt will
be executed on completion of the instruction. However, if there is an interrupt request with priority
over that interrupt, interrupt exception handling will be executed for the interrupt with priority,
and another interrupt will be ignored. The same also applies when an interrupt source flag is
cleared to 0. Figure 7.7 shows an example in which the TCIEV bit in TIER of the TPU is cleared
to 0. The above conflict will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.

TIER_O write cycle by CPU ) TCIV exception handling

A
Y
A

Po

Internal ! |
address bus X TIER_O address X

Internal
write signal

TCIEV

roRy ]\

TCIV
interrupt signal

Figure 7.7 Conflict between Interrupt Generation and Disabling

Similarly, when an interrupt is requested immediately before the DTC enable bit is changed to
activate the DTC, DTC activation and the interrupt exception handling by the CPU are both
executed. When changing the DTC enable bit, make sure that an interrupt is not requested.
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7.8.2 Instructions that Disable Interrupts

Instructions that disable interrupts immediately after execution are LDC, ANDC, ORC, and
XORC. After any of these instructions is executed, all interrupts including NMI are disabled and
the next instruction is always executed. When the I bit is set by one of these instructions, the new
value becomes valid two states after execution of the instruction ends.

7.8.3 Times when Interrupts are Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

The interrupt controller disables interrupt acceptance for a 3-state period after the CPU has
updated the mask level with an LDC, ANDC, ORC, or XORC instruction, and for a period of
writing to the registers of the interrupt controller.

7.8.4 Interrupts during Execution of EEPMOY Instruction
Interrupt operation differs between the EEPMOV.B and the EEPMOV.W instructions.

With the EEPMOV B instruction, an interrupt request (including NMI) issued during the transfer
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, interrupt
exception handling starts at the end of the individual transfer cycle. The PC value saved on the
stack in this case is the address of the next instruction. Therefore, if an interrupt is generated
during execution of an EEPMOV.W instruction, the following coding should be used.

Ll: EEPMOV.W
MOV.W R4,R4
BNE Ll

7.8.5 Interrupts during Execution of MOVMD and MOVSD Instructions

With the MOVMD or MOVSD instruction, if an interrupt request is issued during the transfer,
interrupt exception handling starts at the end of the individual transfer cycle. The PC value saved
on the stack in this case is the address of the MOVMD or MOVSD instruction. The transfer of the
remaining data is resumed after returning from the interrupt handling routine.
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7.8.6 Interrupts of Peripheral Modules

To clear an interrupt source flag by the CPU using an interrupt function of a peripheral module,
the flag must be read from after clearing within the interrupt processing routine. This makes the
request signal synchronized with the peripheral module clock. For details, refer to section 26.5.1,
Notes on Clock Pulse Generator.
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Section 8 User Break Controller (UBC)

The user break controller (UBC) generates a UBC break interrupt request each time the state of
the program counter matches a specified break condition. The UBC break interrupt is a non-
maskable interrupt and is always accepted, regardless of the interrupt control mode and the state of
the interrupt mask bit of the CPU.

For each channel, the break control register (BRCR) and break address register (BAR) are used to
specify the break condition as a combination of address bits and type of bus cycle.

Four break conditions are independently specifiable on four channels, A to D.

8.1 Features

o Number of break channels: four (channels A, B, C, and D)
e Break comparison conditions (each channel)

— Address

— Bus master (CPU cycle)

— Bus cycle (instruction execution (PC break))

e UBC break interrupt exception handling is executed immediately before execution of the
instruction fetched from the specified address (PC break).

e Module stop state can be set
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8.2

Block Diagram

Internal bus (input side)

Internal bus (output side)

N

Instruction execution pointer

\/

A ch PC

Condition match

Break control

Sequential control

* Flag set control

UBC break
interrupt request

———

A A A A

B ch PC

Condition match

C ch PC
Condition match

D ch PC
Condition match

Instruction
Mode control execution pointer
PC break control
BARAH | BARAL | |Break
address
Break Condition
- rea comparator |4
DARBH | BARBL control d
BARCH BARCL Address Condition
e
BARDH | BARDL
Address Condition
comparator |4e ml_ "
| BRCRA | BRCRB |
_ || Dch
g Address | Oondion
atcl
BRCRC | BRCRD comparator |determinatio
CPU status

Figure 8.1 Block Diagram of UBC

Rev. 2.00 Oct. 20, 2009 Page 166 of 1340
REJ09B0499-0200

RENESAS




Section 8 User Break Controller (UBC)

8.3 Register Descriptions
Table 8.1 lists the register configuration of the UBC.

Table 8.1 Register Configuration

Access
Register Name Abbreviation R/W Initial Value  Address Size
Break address register A BARAH R/W H'0000 H'FFA00 16
BARAL R/W H'0000 H'FFA02 16
Break address mask register A BAMRAH R/W H'0000 H'FFA04 16
BAMRAL R/W H'0000 H'FFA06 16
Break address register B BARBH R/W H'0000 H'FFA08 16
BARBL R/W H'0000 H'FFAOA 16
Break address mask register B BAMRBH R/W H'0000 H'FFAOC 16
BAMRBL R/W H'0000 H'FFAQE 16
Break address register C BARCH R/W H'0000 H'FFA10 16
BARCL R/W H'0000 H'FFA12 16
Break address mask register C BAMRCH R/W H'0000 H'FFA14 16
BAMRCL R/W H'0000 H'FFA16 16
Break address register D BARDH R/W H'0000 H'FFA18 16
BARDL R/W H'0000 H'FFA1A 16
Break address mask register D BAMRDH R/W H'0000 H'FFA1C 16
BAMRDL R/W H'0000 H'FFA1E 16
Break control register A BRCRA R/W H'0000 H'FFA28 8/16
Break control register B BRCRB R/W H'0000 H'FFA2C 8/16
Break control register C BRCRC R/W H'0000 H'FFA30 8/16
Break control register D BRCRD R/W H'0000 H'FFA34 8/16
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8.3.1 Break Address Register n (BARA, BARB, BARC, BARD)

Each break address register n (BARn) consists of break address register nH (BARnH) and break
address register nL. (BARnL). Together, BARnH and BARnL specify the address used as a break
condition on channel n of the UBC.

BARnH
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IBARn31 | BARN30 | BARN29 | BARN28 | BARn27 | BARN26 | BARN25 | BARn24 | BARn23 | BARN22 | BARn21 | BARN20 | BARN19 | BARN18 | BARN17 | BARn16I
Initial Value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

BARnL
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
IBARn15|BARn14|BARn13|BARn12|BAHn11 |BAFln10| BARN9 | BARn8 | BARN7 | BARN6 | BARN5 | BARn4 | BARN3 | BARN2 | BARn1 | BARNO |
Initial Value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

BARnH

Initial

Bit Bit Name Value R/W  Description

31to 16 BARn31to AllO R/W  Break Address n31 to 16

BARn16 These bits hold the upper bit values (bits 31 to 16) for
the address break-condition on channel n.

[Legend]
n = Channels Ato D

BARnL

Initial

Bit Bit Name Value R/W  Description

15t0 0 BARn15t0 AllO R/W  Break Address n15to 0

BARNO These bits hold the lower bit values (bits 15 to 0) for
the address break-condition on channel n.

[Legend]
n = Channels Ato D
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8.3.2 Break Address Mask Register n (BAMRA, BAMRB, BAMRC, BAMRD)

Be sure to write H'FF00 0000 to break address mask register n (BAMRn). Operation is not
guaranteed if another value is written here.

BAMRnH
Bit: 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
bAMHnm|BAMRn30|BAMHn29|BAMRn28|BAMRn27|BAMRn26|BAMHn25|BAMRn24|BAMHn23|BAMRn22|BAMRn21 |BAMHn20|BAMRn19|BAMRn18|BAMRm 7|BAMHmeI
Initial Value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

BAMRNnL
Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
[pAMRn15[BAMRN14[BAMRN13[BAMRN12[BAMRN11[BAMRR10] BAMRNS | BAMRNS | BAMRN7 | BAMRNG | BAMANS | BAMRN4 | BAMAN3 | BAMRN2 | BAMRN1 | BAMRNO|
Initial Value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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

¢ BAMRnH
Initial
Bit Bit Name Value R/W  Description
31to 16 BAMRNn31to AllO R/W  Break Address Mask n31 to 16
BAMRn16 Be sure to write H'FFOO here before setting a break
condition in the break control register.
[Legend]
n=Channels Ato D
e BAMRnL
Initial
Bit Bit Name Value R/W  Description
15to0 BAMRn15to AllO R/W  Break Address Mask n15to 0
BAMRNO Be sure to write H'0000 here before setting a break
condition in the break control register.
[Legend]

n = Channels Ato D
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8.3.3

Break Control Register n (BRCRA, BRCRB, BRCRC, BRCRD)

BRCRA, BRCRB, BRCRC, and BRCRD are used to specify and control conditions for channels

A, B, C, and D of the UBC.

Bit: 15 14 13 12

1 10

9 8 7 6 5 4 3 2 1 0

[cmrcen|

— | CPn2 | CPn1 | CPn0 | — | — | —

| IDn1 | 1Dn0 | RWn1 | RWnOl —

Initial Value: 0 0 0 0 0 0 [} 0 0 0 0 0 0 ] ]
R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
[Legend]
n = Channels A to D
Initial
Bit Bit Name Value R/W  Description
15 — 0 R/W  Reserved
14 — 0 R/W  These bits are always read as 0. The write value
should always be 0.
13 CMFCPn 0 R/W  Condition Match CPU Flag
UBC break source flag that indicates satisfaction of a
specified CPU bus cycle condition.
0: The CPU cycle condition for channel n break
requests has not been satisfied.
1: The CPU cycle condition for channel n break
requests has been satisfied.
12 — 0 R/W  Reserved
These bits are always read as 0. The write value
should always be 0.
11 CPn2 R/W  CPU Cycle Select
10 CPn1 R/W  These bits select CPU cycles as the bus cycle break
9 CPno R/W condition for the given channel.
000: Break requests will not be generated.
001: The bus cycle break condition is CPU cycles.
01x: Setting prohibited
1xx: Setting prohibited
8 — R/W  Reserved
— R/W  These bits are always read as 0. The write value
o Rr/w  should always be 0.
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Initial

Bit Bit Name Value R/W  Description

5 IDn1 0 R/W  Break Condition Select

4 IDn0O 0 R/W  These bits select the PC break as the source of UBC
break interrupt requests for the given channel.
00: Break requests will not be generated.
01: UBC break condition is the PC break.
1x: Setting prohibited

3 RWn1 0 R/W  Read Select

2 RWnO 0 R/W  These bits select read cycles as the bus cycle break
condition for the given channel.
00: Break requests will not be generated.
01: The bus cycle break condition is read cycles.
1x: Setting prohibited

— R/W  Reserved

0 — R/W  These bits are always read as 0. The write value
should always be 0.

[Legend]

n = Channels Ato D
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8.4 Operation

The UBC does not detect condition matches in standby states (sleep mode, all module clock stop
mode, software standby mode, deep software standby, and hardware standby mode).

8.4.1 Setting of Break Control Conditions

1.

The address condition for the break is set in break address register n (BARn). A mask for the
address is set in break address mask register n (BAMRn).

The bus and break conditions are set in break control register n (BRCRn). Bus conditions
consist of CPU cycle, PC break, and reading. Condition comparison is not performed when the
CPU cycle setting is CPn = B'000, the PC break setting is IDn = B'00, or the read setting is
RWn =B'00.

The condition match CPU flag (CMFCPn) is set in the event of a break condition match on the
corresponding channel. These flags are set when the break condition matches but are not
cleared when it no longer does. To confirm setting of the same flag again, read the flag once
from the break interrupt handling routine, and then write O to it (the flag is cleared by writing 0
to it after reading it as 1).

[Legend]
n = Channels A to D

8.4.2 PC Break

1.

When specifying a PC break, specify the address as the first address of the required instruction.
If the address for a PC break condition is not the first address of an instruction, a break will
never be generated.

The break occurs after fetching and execution of the target instruction have been confirmed. In
cases of contention between a break before instruction execution and a user maskable interrupt,
priority is given to the break before instruction execution.

A break will not be generated even if a break before instruction execution is set in a delay slot.

4. The PC break condition is generated by specifying CPU cycles as the bus condition in break

control register n (BRCRn.CPn0 = 1), PC break as the break condition (IDn0 = 1), and read
cycles as the bus-cycle condition (RWn0 = 1).

[Legend]
n = Channels A to D
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843 Condition Match Flag

Condition match flags are set when the break conditions match. The condition match flags of the
UBC are listed in table 8.2.

Table 8.2  List of Condition Match Flags

Register Flag Bit Source

BRCRA CMFCPA (bit 13) Indicates that the condition matches in the CPU cycle
for channel A

BRCRB CMFCPB (bit 13) Indicates that the condition matches in the CPU cycle
for channel B

BRCRC CMFCPC (bit 13) Indicates that the condition matches in the CPU cycle
for channel C

BRCRD CMFCPD (bit 13) Indicates that the condition matches in the CPU cycle

for channel D
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8.5 Usage Notes

1. PC break usage note

— Contention between a SLEEP instruction (to place the chip in the sleep state or on software
standby) and PC break
If a break before a PC break instruction is set for the instruction after a SLEEP instruction
and the SLEEP instruction is executed with the SSBY bit cleared to 0, break interrupt
exception handling is executed without sleep mode being entered. In this case, the
instruction after the SLEEP instruction is executed after the RTE instruction.
When the SSBY bit is set to 1, break interrupt exception handling is executed after the
oscillation settling time has elapsed subsequent to the transition to software standby mode.
When an interrupt is the canceling source, interrupt exception handling is executed after the
RTE instruction, and the instruction following the SLEEP instruction is then executed.

Break interrupt Interrupt
SLEEP { Software standby X exception harF\)dIinq X except%n handling

(PC break source) (Cancelling source)
Cancelling source (( l \ (( ((
) ) )

Figure 8.2 Contention between SLEEP Instruction (Software Standby) and PC Break

2. Prohibition on Setting of PC Break
— Setting of a UBC break interrupt for program within the UBC break interrupt handling
routine is prohibited.
3. The procedure for clearing a UBC flag bit (condition match flag) is shown below. A flag bit is

cleared by writing 0 to it after reading it as 1. As the register that contains the flag bits is
accessible in byte units, bit manipulation instructions can be used.
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CKS

Register read

The value read as 1
is retained

Register write

Flag bit X Fiag bitis cleared to 0

Flag bit is set to 1

Figure 8.3 Flag Bit Clearing Sequence (Condition Match Flag)

4. After setting break conditions for the UBC, an unexpected UBC break interrupt may occur
after the execution of an illegal instruction. This depends on the value of the program counter
and the internal bus cycle.
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Section 9 Bus Controller (BSC)

This LSI has an on-chip bus controller (BSC) that manages the external address space divided into
eight areas.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus
masters; CPU, DMAC, EXDMAC, and DTC.

9.1 Features

e Manages external address space in area units
Manages the external address space divided into eight areas
Chip select signals (CSO to CS7) can be output for each area
Bus specifications can be set independently for each area
8-bit access or 16-bit access can be selected for each area
Burst ROM, byte control SRAM, or address/data multiplexed I/O interface can be set
An endian conversion function is provided to connect a device of little endian
e Basic bus interface
This interface can be connected to the SRAM and ROM
2-state access or 3-state access can be selected for each area
Program wait cycles can be inserted for each area
Wait cycles can be inserted by the WAIT pin.
Extension cycles can be inserted while CSn is asserted for each area (n = 0 to 7)
The negation timing of the read strobe signal (RD) can be modified
e Byte control SRAM interface
Byte control SRAM interface can be set for areas 0 to 7
The SRAM that has a byte control pin can be directly connected
e Burst ROM interface
Burst ROM interface can be set for areas 0 and 1
Burst ROM interface parameters can be set independently for areas 0 and 1
e Address/data multiplexed I/O interface

Address/data multiplexed 1I/O interface can be set for areas 3 to 7
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e Idle cycle insertion
Idle cycles can be inserted between external read accesses to different areas
Idle cycles can be inserted before the external write access after an external read access
Idle cycles can be inserted before the external read access after an external write access

Idle cycles can be inserted before the external access after a DMAC/EXDMAC single address
transfer (write access)

e Write buffer function
External write cycles and internal accesses can be executed in parallel

Write accesses to the on-chip peripheral module and on-chip memory accesses can be executed
in parallel

DMAC single address transfers and internal accesses can be executed in parallel
¢ External bus release function
e Bus arbitration function

Includes a bus arbiter that arbitrates bus mastership among the CPU, DMAC, EXDMAC,
DTC, and external bus master

o EXDMALC transfers to the external buses and internal accesses can be executed in parallel
e Multi-clock function

The internal peripheral functions can be operated in synchronization with the peripheral
module clock (P¢). Accesses to the external address space can be operated in synchronization
with the external bus clock (B¢).

e The bus start (BS) and read/write (RD/WR) signals can be output.
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A block diagram of the bus controller is shown in figure 9.1.

CPU address bus[——
DMAC address busT___{ Address Area decoder » CS7 to CSO

DTC address bus C—— selector
EXDMAC address busC——

Internal bus
Internal bus control unit N External bus
control signals C — External bus [ control signals
control unit
CPU bus mastership acknowledge signal—~+—] ~<—— WAIT
DTC bus mastership acknowledge signal-— Internal
DMAC bus mastership acknowledge signal<—{ ps
CPU bus mastership request signat— arbiter _
DTC bus mastership request signat—> < <— BREQ
DMAC bus mastership request signat—>1 Extertr;al bus > BACK
arbiter -
— BRE
EXDMAC bus mastership acknowledge signal Qo
EXDMAC bus mastership request signal >
Control register
Internal data bus{ | ABWCR | I IDLCR I
| ASTCR | | BCR1 |
| WTCRA | | BCR2| ENDIANCR|
| WTCRB | | SRAMCR |
| RDNCR | | BROMCR |
[ CSACR | [ MPXCR |
[Legend]
ABWCR: Bus width control register BCR1: Bus control register 1
ASTCR: Access state control register BCR2: Bus control register 2
WTCRA: Wait control register A ENDIANCR: Endian control register
WTCRB: Wait control register B SRAMCR: SRAM mode control register
RDNCR: Read strobe timing control register BROMCR: Burst ROM interface control register
CSACR: CS assertion period control register MPXCR: Address/data multiplexed /O control register

IDLCD: Idle control register

Figure 9.1 Block Diagram of Bus Controller
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9.2 Register Descriptions
The bus controller has the following registers.

e Bus width control register (ABWCR)

e Access state control register (ASTCR)

e Wait control register A (WTCRA)

e Wait control register B (WTCRB)

e Read strobe timing control register (RDNCR)

e CS assertion period control register (CSACR)

e Idle control register IDLCR)

e Bus control register 1 (BCR1)

e Bus control register 2 (BCR2)

e Endian control register (ENDIANCR)

e SRAM mode control register (SRAMCR)

e Burst ROM interface control register (BROMCR)
e Address/data multiplexed I/O control register (MPXCR)
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9.2.1 Bus Width Control Register (ABWCR)
ABWCR specifies the data bus width for each area in the external address space.

Bit 15 14 13 12 11 10 9 8

Bit Name ABWH7 ABWH6 ABWH5 ABWH4 ABWHS3 ABWH2 ABWH1 ABWHO

Initial Value 1 1 1 1 1 1 1 1/0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name ABWL7 ABWL6 ABWL5 ABWL4 ABWL3 ABWL2 ABWLA ABWLO
Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: * Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is H'FFFF.

Initial
Bit Bit Name Value* R/W  Description
15 ABWH7 1 R/W Area 7 to 0 Bus Width Control
14 ABWHG6 1 R/W These bits select whether the corresponding area is to be
13 ABWH5 1 R/W designated as 8-bit access space or 16-bit access space.
12 ABWHA4 1 R/W ABWHn ABWLn (n=71t00)
11 ABWHS3 1 R/W X 0: Setting prohibited
10 ABWH?2 1 R/W 0 1: Area n is designated as 16-bit
9 ABWH1 1 R/W access space
8 ABWLO 10 R/W 1 1: éggien* 2|s designated as 8-bit access
7 ABWL7 1 R/W
6 ABWL6 1 R/W
5 ABWL5 1 R/W
4 ABWL4 1 R/W
3 ABWL3 1 R/W
2 ABWL2 1 R/W
1 ABWLA1 1 R/W
0 ABWLO 1 R/W
[Legend]
x: Don't care

Notes: 1. Initial value at 16-bit bus initiation is H'FEFF, and that at 8-bit bus initiation is H'FFFF.

2. An address space specified as byte control SRAM interface must not be specified as 8-
bit access space.
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9.2.2

Access State Control Register (ASTCR)

ASTCR designates each area in the external address space as either 2-state access space or 3-state
access space and enables/disables wait cycle insertion.

Bit 15 14 12 11 10 9 8
Bit Name AST7 AST6 ASTS AST4 AST3 AST2 AST1 ASTO
Initial Value 1 1 1 1 1 1 1
RW RW RW RW RW R/W R/W R/W RW
Bit 7 6 4 3 2 1 0
Bit Name — — — — — — —
Initial Value 0 0 0 0 0 0 0
R/W R R R R R R R
Initial
Bit Bit Name Value R/W Description
15 AST7 1 R/W Area 7 to 0 Access State Control
14 AST6 1 R/W These bits select whether the corresponding area is to be
13 AST5 1 R/W designated_ as 2-st_ate access space or S-S_tate access
space. Wait cycle insertion is enabled or disabled at the
12 AST4 1 R/W same time.
1 AST3 1 R/W 0: Area n is designated as 2-state access space
10 AST2 1 R/W Wait cycle insertion in area n access is disabled
9 AST1 1 R/W " 1: Area n is designated as 3-state access space
8 ASTO 1 R/W Wait cycle insertion in area n access is enabled
(n=7100)
7t0o0 — AllO R Reserved

These are read-only bits and cannot be modified.
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9.2.3 Wait Control Registers A and B (WTCRA, WTCRB)

WTCRA and WTCRB select the number of program wait cycles for each area in the external
address space.

*WTCRA
Bit 15 14 13 12 11 10 9 8
Bit Name — W72 W71 W70 — W62 w61 W60
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — W52 W51 W50 — W42 W41 W40
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W

*WTCRB
Bit 15 14 13 12 11 10 9 8
Bit Name — W32 W31 W30 — w22 wa1 W20
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — W12 W11 W10 — Wo2 WO1 W00
Initial Value 0 1 1 1 0 1 1 1
R/W R R/W R/W R/W R R/W R/W R/W
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e WTCRA
Initial
Bit Bit Name Value R/W Description
15 — 0 R Reserved
This is a read-only bit and cannot be modified.
14 W72 1 R/W Area 7 Wait Control 2 to 0
13 W71 1 R/W These bits select the number of program wait cycles
12 W70 1 R/W when accessing area 7 while bit AST7 in ASTCR is 1.
000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
11 — 0 R Reserved
This is a read-only bit and cannot be modified.
10 W62 1 R/W Area 6 Wait Control 2 to 0
We1 1 R/W These bits select the number of program wait cycles
W60 1 R/W when accessing area 6 while bit AST6 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted

111: 7 program wait cycles inserted

7 — 0 R Reserved
This is a read-only bit and cannot be modified.
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Initial
Bit Bit Name Value R/W Description
W52 1 R/W Area 5 Wait Control 2 to 0
W51 1 R/W These bits select the number of program wait cycles
W50 1 R/W when accessing area 5 while bit AST5 in ASTCR is 1.
000: Program cycle wait not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
3 — 0 R Reserved
This is a read-only bit and cannot be modified.
2 w42 1 R/W Area 4 Wait Control 2 to 0
W41 1 R/W These bits select the number of program wait cycles
0 W40 1 R/W when accessing area 4 while bit AST4 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
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e WTCRB
Initial
Bit Bit Name  Value R/W Description
15 — 0 R Reserved
This is a read-only bit and cannot be modified.
14 W32 1 R/W Area 3 Wait Control 2 to 0
13 W31 1 R/W These bits select the number of program wait cycles
12 W30 1 R/W when accessing area 3 while bit AST3 in ASTCR is 1.
000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
11 — 0 R Reserved
This is a read-only bit and cannot be modified.
10 w22 1 R/W Area 2 Wait Control 2 to 0
w21 1 R/W These bits select the number of program wait cycles
W20 1 R/W when accessing area 2 while bit AST2 in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

7 — 0 R Reserved
This is a read-only bit and cannot be modified.
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Initial
Bit Bit Name  Value R/W Description
W12 1 R/W Area 1 Wait Control 2 to 0
W11 1 R/W These bits select the number of program wait cycles
W10 1 R/W when accessing area 1 while bit AST1 in ASTCR is 1.
000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
3 — 0 R Reserved
This is a read-only bit and cannot be modified.
2 wo2 1 R/W Area 0 Wait Control 2 to 0
W01 1 R/W These bits select the number of program wait cycles
0 W00 1 R/W when accessing area 0 while bit ASTO in ASTCR is 1.

000: Program wait cycle not inserted
001: 1 program wait cycle inserted
010: 2 program wait cycles inserted
011: 3 program wait cycles inserted
100: 4 program wait cycles inserted
101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted
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9.24 Read Strobe Timing Control Register (RDNCR)

RDNCR selects the negation timing of the read strobe signal (RD) when reading the external
address spaces specified as a basic bus interface or the address/data multiplexed I/O interface.

Bit 15 14 13 12 11 10 9 8
Bit Name RDN7 RDN6 RDN5 RDN4 RDN3 RDN2 RDN1 RDNO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W RIW
Bit 7 6 5 4 3 2 1 0
Bit Name — — — —_ — — — _
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Initial
Bit Bit Name Value R/W Description
15 RDN7 0 R/W Read Strobe Timing Control
14 RDN6 0 R/W RDN7 to RDNO set the negation timing of the read
13 RDN5 0 R/W strobe in a corresponding area read access.
12 RDN4 0 R/W As shown in figure 9.2, the read strobe for an area for
which the RDNn bit is set to 1 is negated one half-
" RDN3 0 R/W cycle earlier than that for an area for which the RDNn
10 RDN2 0 R/W bit is cleared to 0. The read data setup and hold time
9 RDN1 0 R/W are also given one half-cycle earlier.
8 RDNO 0 R/W 0: In an area n read access, the RD signal is negated
at the end of the read cycle
1: In an area n read access, the RD signal is negated
one half-cycle before the end of the read cycle
(n=7100)
7t00 — All O R Reserved

These are read-only bits and cannot be modified.

Notes: 1. In an external address space which is specified as byte control SRAM interface, the
RDNCR setting is ignored and the same operation when RDNn = 1 is performed.
2. In an external address space which is specified as burst ROM interface, the RDNCR
setting is ignored during read accesses by the CPU and EXDMAC cluster transfer, and
the same operation when RDNn = 0 is performed.
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Bus cycle

Tz : Ts :

RDNn =0 o

RDNn =1 4

Data

Bo |
S

(n=71t00)

Figure 9.2 Read Strobe Negation Timing (Example of 3-State Access Space)

9.2.5 CS Assertion Period Control Registers (CSACR)

CSACR selects whether or not the assertion periods of the chip select signals (CSn) and address
signals for the basic bus, byte-control SRAM, burst ROM, and address/data multiplexed I/O
interface are to be extended. Extending the assertion period of the CSn and address signals allows
the setup time and hold time of read strobe (E) and write strobe (LHWR/LLWR) to be assured
and to make the write data setup time and hold time for the write strobe become flexible.

Bit 15 14 13 12 11 10 9 8

Bit Name CSXH7 CSXH6 CSXH5 CSXH4 CSXH3 CSXH2 CSXH1 CSXHO

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name CSXT7 CSXT6 CSXT5 CSXT4 CSXT3 CSXT2 CSXT1 CSXTO0
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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Initial
Bit Bit Name Value R/W Description
15 CSXH7 0 R/W  CS and Address Signal Assertion Period Control 1
14 CSXH6 0 R/W These bits specify whether or not the Th cycle is to be
13 CSXH5 0 R/W inserted (see figure 9.3). When an area for which bit
CSXHn is set to 1 is accessed, one Th cycle, in which
12 CSXH4 0 R/W the CSn and address signals are asserted, is inserted
11 CSXH3 0 R/W before the normal access cycle.
10 CSXH2 0 R/W 0: In access to area n, the CSn and address assertion
9 CSXH1 0 R/W period (Th) is not extended
8 CSXHO 0 R/W 1: In access to area n, the CSn and address assetrtion
period (Th) is extended
(n=71t00)
7 CSXT7 0 R/W  CS and Address Signal Assertion Period Control 2
6 CSXT6 0 R/W These bits specify whether or not the Tt cycle is to be
5 CSXT5 0 R/W inserted (see figure 9.3). When an area for which bit
CSXTn is set to 1 is accessed, one Tt cycle, in which
4 CSXT4 0 R/W the CSn and address signals are retained, is inserted
3 CSXT3 0 R/W after the normal access cycle.
2 CSXT2 0 R/W 0: In access to area n, the CSn and address assertion
1 CSXT1 0 R/W period (Tt) is not extended
0 CSXTO0 0 R/W 1: In access to area n, the CSn and address assertion
period (Tt) is extended
(n=71t00)
Note: In burst ROM interface, the CSXTn settings are ignored during read accesses by the

CPU and EXDMAC cluster transfer
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Bus cycle ] |
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Data bus : : Read data :
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Write ] . i ]

Write data )—

Data bus

Figure 9.3 CS and Address Assertion Period Extension
(Example of Basic Bus Interface, 3-State Access Space, and RDNn = 0)
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9.2.6 Idle Control Register (IDLCR)

IDLCR specifies the idle cycle insertion conditions and the number of idle cycles.

Bit 15 14 13 12 11 10 9 8

Bit Name IDLS3 IDLS2 IDLSH IDLSO IDLCB1 IDLCBO IDLCA1 IDLCAO
Initial Value 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name IDLSEL7 IDLSEL6 IDLSEL5 IDLSEL4 IDLSEL3 IDLSEL2 IDLSELA1 IDLSELO

Initial Value 0 0 0 0 0 0 0 0
RW RW RW RW R/W R/W R/W R/W RIW
Initial
Bit Bit Name Value R/W Description
15 IDLS3 1 R/W Idle Cycle Insertion 3

Inserts an idle cycle between the bus cycles when the
DMAC/EXDMAC single address transfer (write cycle) is
followed by external access.

0: No idle cycle is inserted
1: An idle cycle is inserted

14 IDLS2 1 R/W Idle Cycle Insertion 2

Inserts an idle cycle between the bus cycles when the
external write cycle is followed by external read cycle.

0: No idle cycle is inserted
1: An idle cycle is inserted

13 IDLSH 1 R/W Idle Cycle Insertion 1

Inserts an idle cycle between the bus cycles when the
external read cycles of different areas continue.

0: No idle cycle is inserted
1: An idle cycle is inserted
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Initial
Bit Bit Name  Value R/W Description
12 IDLSO 1 R/W Idle Cycle Insertion 0
Inserts an idle cycle between the bus cycles when the
external read cycle is followed by external write cycle.
0: No idle cycle is inserted
1: An idle cycle is inserted
11 IDLCB1 1 R/W Idle Cycle State Number Select B
10 IDLCBO 1 R/W Specifies the number of idle cycles to be inserted for
the idle condition specified by IDLS1 and IDLSO.
00: No idle cycle is inserted
01: 2 idle cycles are inserted
00: 3 idle cycles are inserted
01: 4 idle cycles are inserted
IDLCA1 1 R/W Idle Cycle State Number Select A
8 IDLCAO 1 R/W Specifies the number of idle cycles to be inserted for
the idle condition specified by IDLS3 to IDLSO.
00: 1 idle cycle is inserted
01: 2 idle cycles are inserted
10: 3 idle cycles are inserted
11: 4 idle cycles are inserted
7 IDLSEL7 0 R/W Idle Cycle Number Select
6 IDLSEL6 0 R/W Specifies the number of idle cycles to be inserted for
5 IDLSEL5 0 R/W each area for the idle insertion condition specified by
IDLS1 and IDLSO.
4 IDLSEL4 0 R/W
3 IDLSELS 0 AW 0: NumF).er of idle cycles to be inserted for area n is
specified by IDLCA1 and IDLCAO.
2 IDLSEL2 0 RIW 1: Number of idle cycles to be inserted for area n is
1 IDLSEL1 0 R/W specified by IDLCB1 and IDLCBO.
0 IDLSELO 0 R/W (n=7100)
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9.2.7 Bus Control Register 1 (BCR1)

BCRI is used for selection of the external bus released state protocol, enabling/disabling of the
write data buffer function, and enabling/disabling of the WAIT pin input.

Bit 15 14 13 12 11 10 9 8
Bit Name BRLE BREQOE — — — — WDBE WAITE
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R R R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name DKC EDKC — — — — — —
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R R R R R R
Initial
Bit Bit Name Value R/W Description
15 BRLE 0 R/W External Bus Release Enable

Enables/disables external bus release.
0: External bus release disabled

BREQ, BACK, and BREQO pins can be used as I/O
ports
1: External bus release enabled*

For details, see section 13, /O Ports.

14 BREQOE 0 R/W BREQO Pin Enable

Controls outputting the bus request signal (BREQO) to
the external bus master in the external bus released
state when an internal bus master performs an
external address space access.

0: BREQO output disabled
BREQO pin can be used as I/O port
1: BREQO output enabled
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Bit Bit Name

Initial
Value

R/W

Description

13,12 —

AllO

Reserved
These are read-only bits and cannot be modified.

11,10 —

AllO

R/W

Reserved

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

9 WDBE

R/wW

Write Data Buffer Enable

The write data buffer function can be used for an
external write cycle and a DMAC single address
transfer cycle.

The changed setting may not affect an external access
immediately after the change.

0: Write data buffer function not used
1: Write data buffer function used

8 WAITE

R/W

WAIT Pin Enable
Selects enabling/disabling of wait input by the WAIT
pin.
0: Wait input by WAIT pin disabled
WAIT pin can be used as I/O port
1: Wait input by WAIT pin enabled
For details, see section 13, I/O Ports.

7 DKC

R/W

DACK Control

Selects the timing of DMAC transfer acknowledge
signal assertion.

0: DACK signal is asserted at the B¢ falling edge
1: DACK signal is asserted at the B¢ rising edge

6 EDKC

R/W

EDACK Control

Selects the timing of EXDMAC transfer acknowledge
signal assertion.

0: EDACK signal is asserted at the B¢ falling edge
1: EDACK signal is asserted at the B¢ rising edge

5to0 —

AllO

Reserved
These are read-only bits and cannot be modified.

Note: When external bus release is enabled or input by the WAIT pin is enabled, make sure to set
the ICR bit to 1. For details, see section 13, /0O Ports.
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9.2.8

Bus Control Register 2 (BCR2)

BCR2 is used for bus arbitration control of the CPU, DMAC, EXDMAC, and DTC, and
enabling/disabling of the write data buffer function to the peripheral modules.

Bit 7 6 5 4 3 2 1 0
Bit Name — — EBCCS IBCCS — — — PWDBE
Initial Value 0 0 0 0 0 0 1 0
R/W R R R/W R/W R R R/W RIW

Initial
Bit Bit Name Value R/W Description
7,6 — All O R Reserved
These are read-only bits and cannot be modified.
5 EBCCS 0 R/W External Bus Cycle Control Select
Selects the external bus arbiter function.
0: Releases the bus mastership according to the priority
1: Executes the bus cycles alternatively when an
EXDMAC or external bus master conflict with a CPU,
DMAC, or DTC external space access request
4 IBCCS 0 R/W Internal Bus Cycle Control Select
Selects the internal bus arbiter function.
0: Releases the bus mastership according to the priority
1: Executes the bus cycles alternatively when a CPU
bus mastership request conflicts with a DMAC or
DTC bus mastership request
3,2 — All O R Reserved
These are read-only bits and cannot be modified.
1 — 1 R/W Reserved
This bit is always read as 1. The write value should
always be 1.
0 PWDBE 0 R/W Peripheral Module Write Data Buffer Enable

Specifies whether or not to use the write data buffer
function for the peripheral module write cycles.

0: Write data buffer function not used
1: Write data buffer function used
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9.2.9 Endian Control Register (ENDIANCR)

ENDIANCR selects the endian format for each area of the external address space. Though the data
format of this LSI is big endian, data can be transferred in the little endian format during external

address space access.

Note that the data format for the areas used as a program area or a stack area should be big endian.

Bit 7 6 5 4 3 2 1 0
Bit Name LE7 LE6 LE5 LE4 LE3 LE2 — —
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R R

Initial

Bit Bit Name  Value R/W Description

7 LE7 0 R/W Little Endian Select

6 LE6 0 R/W Selects the endian for the corresponding area.

5 LE5S 0 R/W 0: Data format of area n is specified as big endian

4 LE4 0 R/W 1: Data format of area n is specified as little endian

3 LE3 0 R/W (n=7t02)

2 LE2 0 R/W

1,0 — AllO R Reserved

These are read-only bits and cannot be modified.
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9.2.10 SRAM Mode Control Register (SRAMCR)

SRAMCR specifies the bus interface of each area in the external address space as a basic bus
interface or a byte control SRAM interface.

In areas specified as 8-bit access space by ABWCR, the SRAMCR setting is ignored and the byte
control SRAM interface cannot be specified.

Bit 15 14 13 12 11 10 9 8

Bit Name BCSEL7 BCSEL6 BCSEL5 BCSEL4 BCSEL3 BCSEL2 BCSEL1 BCSELO

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — — _
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R R R R
Initial
Bit Bit Name Value R/W Description
15 BCSEL7 0 R/W Byte Control SRAM Interface Select

14 BCSEL6 0 R/W Selects the bus interface for the corresponding area.
13 BCSEL5 0 R/W When setting a bit to 1, the bus interface select bits in
12 BCSEL4 0 R/W BROMCR and MPXCR must be cleared to 0.

11 BCSEL3 0 R/W 0: Area n is basic bus interface

10 BCSEL2 0 R/W 1: Area n is byte control SRAM interface

9 BCSEL1 0 rw (=710

8 BCSELO 0 R/W

7to0 — AllO R Reserved

These are read-only bits and cannot be modified.
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9.2.11 Burst ROM Interface Control Register (BROMCR)

BROMCR specifies the burst ROM interface.

Bit 15 14 13 12 11 10 9 8
Bit Name BSRMO BSTS02 BSTSO1 BSTS00 — — BSWDO1 | BSWDO00O
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R R R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name BSRMH BSTS12 BSTS11 BSTS10 — — BSWD11 | BSWD10
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R R R/W R/W

Initial
Bit Bit Name Value R/W Description
15 BSRMO 0 R/W Area 0 Burst ROM Interface Select

Specifies the area 0 bus interface. To set this bit to 1,
clear bit BCSELO in SRAMCR to 0.

0: Basic bus interface or byte-control SRAM interface
1: Burst ROM interface

14 BSTS02 0 R/W Area 0 Burst Cycle Select

13 BSTSO1 0 R/W Specifies the number of burst cycles of area 0

12 BSTS00 0 R/W 000: 1 cycle
001: 2 cycles

010: 3 cycles
011: 4 cycles
100: 5 cycles
101: 6 cycles
110: 7 cycles
111: 8 cycles
11,10 — AllO R Reserved
These are read-only bits and cannot be modified.
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Initial
Bit Bit Name  Value R/W Description
9 BSWDO1 0 R/W Area 0 Burst Word Number Select
8 BSWDO0O 0 R/W Selects the number of words in burst access to the area

0 burst ROM interface

00: Up to 4 words (8 bytes)
01: Up to 8 words (16 bytes)
10: Up to 16 words (32 bytes)
11: Up to 32 words (64 bytes)

7 BSRM1 0 R/W Area 1 Burst ROM Interface Select

Specifies the area 1 bus interface as a basic interface
or a burst ROM interface. To set this bit to 1, clear bit
BCSEL1 in SRAMCR to 0.

0: Basic bus interface or byte-control SRAM interface
1: Burst ROM interface

BSTS12 0 R/W Area 1 Burst Cycle Select
BSTS11 0 R/W Specifies the number of cycles of area 1 burst cycle
BSTS10 0 R/W 000: 1 cycle

001: 2 cycles

010: 3 cycles

011: 4 cycles

100: 5 cycles

101: 6 cycles

110: 7 cycles

111: 8 cycles

— AllO R Reserved
These are read-only bits and cannot be modified.

BSWD11 0 R/W Area 1 Burst Word Number Select

BSWD10 0 R/W Selects the number of words in burst access to the area
1 burst ROM interface

00: Up to 4 words (8 bytes)
01: Up to 8 words (16 bytes)
10: Up to 16 words (32 bytes)
11: Up to 32 words (64 bytes)

o =</ N W
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9.2.12

Address/Data Multiplexed 1/0 Control Register (MPXCR)

MPXCR specifies the address/data multiplexed I/O interface.

Bit 15 14 13 12 11 10 9 8
Bit Name MPXE7 MPXE6 MPXE5 MPXE4 MPXE3 — — —
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R R R
Bit 7 6 5 4 3 2 1 0
Bit Name — — — — — — — ADDEX
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R R R R RIW
Initial
Bit Bit Name Value R/W Description
15 MPXE7 0 R/W Address/Data Multiplexed I/O Interface Select
14 MPXE6 0 R/W Specifies the bus interface for the corresponding area.
13 MPXES5 0 R/W To set this bit to 1, clear the BCSELn bit in SRAMCR to
12 MPXE4 0 rw O
11 MPXE3 0 R/W 0: Area n is specified as a basic interface or a byte
control SRAM interface.
1: Area n is specified as an address/data multiplexed
I/O interface
(n=71t03)
10to1 — All O R Reserved
These are read-only bits and cannot be modified.
0 ADDEX 0 R/W Address Output Cycle Extension

Specifies whether a wait cycle is inserted for the
address output cycle of address/data multiplexed 1/0O
interface.

0: No wait cycle is inserted for the address output cycle

1: One wait cycle is inserted for the address output
cycle

RENESAS
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9.3 Bus Configuration

Figure 9.4 shows the internal bus configuration of this LSI. The internal bus of this LSI consists of
the following three types.

e Internal system bus 1
A bus that connects the CPU, DTC, DMAC, on-chip RAM, on-chip ROM, internal peripheral
bus, and external access bus.

e Internal system bus 2
A bus that connects the EXDMAC and external access bus.

e Internal peripheral bus
A bus that accesses registers in the bus controller, interrupt controller, DMAC, and EXDMAC,
and registers of peripheral modules such as SCI and timer.

e External access bus
A bus that accesses external devices via the external bus interface.

Io
synchronization

_ g

Internal system bus 1

Internal system bus 2

Bus controller,
interrupt controller,
power-down controller | DMAC | |ExDMAC|

Internal peripheral bus >

Write data
' buffer

Write data
buffer 771!
L [ (]

External access bus,

____________________________________________ -
Po i Bo
synchronization \ synchronization
Peripheral ' External bus
functions ; interface

Figure 9.4 Internal Bus Configuration
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9.4 Multi-Clock Function and Number of Access Cycles

The internal functions of this LSI operate synchronously with the system clock (1), the peripheral
module clock (Pd), or the external bus clock (B¢). Table 9.1 shows the synchronization clock and
their corresponding functions.

Table 9.1 Synchronization Clocks and Their Corresponding Functions

Synchronization Clock Function Name

1) MCU operating mode
Interrupt controller
Bus controller
CPU
DTC
DMAC
EXDMAC
Internal memory
Clock pulse generator
Power down control

Po I/O ports
TPU
PPG
TMR
WDT
SCI
A/D
D/A
lIc2
usB

Bo External bus interface

The frequency of each synchronization clock (I9, P¢, and B¢) is specified by the system clock
control register (SCKCR) independently. For further details, see section 26, Clock Pulse
Generator.

There will be cases when P¢ and B¢ are equal to I¢p and when P¢ and B¢ are different from Id
according to the SCKCR specifications. In any case, access cycles for internal peripheral functions
and external space is performed synchronously with P¢ and B¢, respectively.
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For example, in an external address space access where the frequency rate of I¢p and B isn : 1,
the operation is performed in synchronization with B¢. In this case, external 2-state access space is
2n cycles and external 3-state access space is 3n cycles (no wait cycles is inserted) if the number
of access cycles is counted based on 1¢.

If the frequencies of 1, Pd and B¢ are different, the start of bus cycle may not synchronize with
P¢ or B according to the bus cycle initiation timing. In this case, clock synchronization cycle
(Tsy) is inserted at the beginning of each bus cycle.

For example, if an external address space access occurs when the frequency rate of 1¢p and B¢ is
n: 1, 0 to n-1 cycles of Tsy may be inserted. If an internal peripheral module access occurs when
the frequency rate of I¢p and Pdp is m : 1, 0 to m-1 cycles of Tsy may be inserted.

Figure 9.5 shows the external 2-state access timing when the frequency rate of I¢p and B is 4 : 1.
Figure 9.6 shows the external 3-state access timing when the frequency rate of I¢ and Bdpis 2 : 1.
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9.5 External Bus

9.5.1 Input/Output Pins

Table 9.2 shows the pin configuration of the bus controller and table 9.3 shows the pin functions

on each interface.

Table 9.2  Pin Configuration

Name Symbol 1/0 Function
Bus cycle start BS Output Signal indicating that the bus cycle has started
Address strobe/ AS/AH Output e Strobe signal indicating that the basic bus, byte
address hold control SRAM, or burst ROM space is accessed
and address output on address bus is enabled
¢ Signal to hold the address during access to the
address/data multiplexed I/O interface
Read strobe RD Output Strobe signal indicating that the basic bus, byte
control SRAM, burst ROM, or address/data
multiplexed I/O space is being read
Read/write RD/WR Output ¢ Signal indicating the input or output direction
e Write enable signal of the SRAM during access
to the byte control SRAM space
Low-high write/ LHWR/LUB Output e Strobe signal indicating that the basic bus, burst
lower-upper byte ROM, or address/data multiplexed 1/O space is
select written to, and the upper byte (D15 to D8) of
data bus is enabled
e Strobe signal indicating that the byte control
SRAM space is accessed, and the upper byte
(D15 to D8) of data bus is enabled
Low-low write/ LLWR/LLB Output e Strobe signal indicating that the basic bus, burst

lower-lower byte
select

ROM, or address/data multiplexed I/O space is
written to, and the lower byte (D7 to DO) of data
bus is enabled

e Strobe signal indicating that the byte control
SRAM space is accessed, and the lower byte
(D7 to DO) of data bus is enabled
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Name Symbol /0 Function

Chip select 0 CSOo Output Strobe signal indicating that area 0 is selected

Chip select 1 CSt Output Strobe signal indicating that area 1 is selected

Chip select 2 CSs2 Output Strobe signal indicating that area 2 is selected

Chip select 3 CS3 Output Strobe signal indicating that area 3 is selected

Chip select 4 CS4 Output Strobe signal indicating that area 4 is selected

Chip select 5 CS5 Output Strobe signal indicating that area 5 is selected

Chip select 6 CS6 Output Strobe signal indicating that area 6 is selected

Chip select 7 CS7 Output Strobe signal indicating that area 7 is selected

Wait WAIT Input Wait request signal when accessing external
address space.

Bus request BREQ Input Request signal for release of bus to external bus
master

Bus request BACK Output Acknowledge signal indicating that bus has been

acknowledge released to external bus master

Bus request output BREQO Output External bus request signal used when internal bus
master accesses external address space in the
external-bus released state

Data transfer DACK3 Output Data transfer acknowledge signal for DMAC_3

acknowledge 3 single address transfer

(DMAC_3)

Data transfer DACK2 Output Data transfer acknowledge signal for DMAC_2

acknowledge 2 single address transfer

(DMAC_2)

Data transfer DACK1 Output Data transfer acknowledge signal for DMAC_1

acknowledge 1 single address transfer

(DMAC_1)

Data transfer DACKO Output Data transfer acknowledge signal for DMAC_0

acknowledge 0 single address transfer

(DMAC_0)

Data transfer EDACK1 Output Data transfer acknowledge signal for EXDMAC_1

acknowledge 1 single address transfer

(EXDMAC_1)

Data transfer EDACKO Output Data transfer acknowledge signal for EXDMAC_0

acknowledge 0 single address transfer

(EXDMAC_0)

External bus clock B¢ Output External bus clock
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Table 9.3 Pin Functions in Each Interface

Byte Address/Data
Control Burst Multiplexed
Initial State Basic Bus SRAM ROM o
Single-
Pin Name 16 8 Chip 16 8 16 16 8 16 8 Remarks
Bo Output Output — (0] (0] (0] (0] (0] (0] (0]
CSo0 Output Output — o] 0 o] 0 o — —
CSs1 — — — o) (0] o) (0] o — —
CSs2 — — — o) (0] o) - - = —
CS3 — — — o) (0] o) — — 0 o)
Cs4 — — — o) (0] o) — — O o)
CS5 — — — o) (0] o) — — O (o)
Cs6 — — — o) (0] o) — — O o)
CSs7 — — — o) (0] o) — — O o)
BS — — — o) (0] o) (0] o) (0] (o)
RD/WR — — — o) (0] o) (0] o) (0] o)
AS Output Output — o] 0 o] 0 o — —
AH — — — - - = — — O o)
RD Output Output — 0] 0 0] 0 o) (0] o)
LHWR/LUB Output Output — o — 0 o — o —
LLWR/ALB Output Output — o 0 0] 0 (o] 0 (o]
WAIT — — — o 0 o] O O © 0 Controlled by
WAITE

[Legend]

O: Used as a bus control signal
—: Not used as a bus control signal (used as a port input when initialized)
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95.2 Area Division

The bus controller divides the 16-Mbyte address space into eight areas, and performs bus control
for the external address space in area units. Chip select signals (CSO to CS7) can be output for
each area.

Figure 9.7 shows an area division of the 16-Mbyte address space. For details on address map, see
section 3, MCU Operating Modes.

" "H'000000
Area 0
(2 Mbytes)
. _HIFFFFF
H'200000
Area 1
(2 Mbytes)
.. HFFFEFF
H'400000
Area 2
(8 Mbytes)
.. _HBFFFFE
H'C00000
Area 3
(2 Mbytes)
.. .HDFEFFFF
H'E00000
Area 4
(1 Mbyte)
.. HEFFFFF
H'FO0000
Area 5
(1 Mbyte — 8 kbytes)
. HFFDFFF
H'FFE000 Area 6
H'FFFEFF | (8 kbytes — 256 bytes)
H'FFFFO0 Area 7
H'FFFFFF (256 bytes)

16-Mbyte space

Figure 9.7 Address Space Area Division
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953 Chip Select Signals

This LSI can output chip select signals (CSO to CS7) for areas 0 to 7. The signal outputs low when
the corresponding external address space area is accessed. Figure 9.8 shows an example of CSn (n
=0 to 7) signal output timing.

Enabling or disabling of CSn signal output is set by the port function control register (PFCR). For
details, see section 13.3, Port Function Controller.

In on-chip ROM disabled extended mode, pin CSO is placed in the output state after a reset. Pins
CS1 to CS7 are placed in the input state after a reset and so the corresponding PFCR bits should
be set to 1 when outputting signals CS1 to CS7.

In on-chip ROM enabled extended mode, pins CSO to CS7 are all placed in the input state after a
reset and so the corresponding PFCR bits should be set to 1 when outputting signals CSO to CS7.

The PFECR can specify multiple CS outputs for a pin. If multiple CSn outputs are specified for a
single pin by the PFCR, CS to be output are generated by mixing all the CS signals. In this case,
the settings for the external bus interface areas in which the CSn signals are output to a single pin
should be the same.

Figure 9.9 shows the signal output timing when the CS signals to be output to areas 5 and 6 are
output to the same pin.

} Bus cycle E
Ty Ts Ts

Bo [ 1 L L[

Address bus x External address of area n x

o | i_

Figure 9.8 CSn Signal Output Timing (n = 0 to 7)
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Area 5 access Area 6 access
B IR EREREEERERN
CS5
CS6
Output waveform
Address bus X Area 5 access Area 6 access

Figure 9.9 Timing When CS Signal is Output to the Same Pin

954 External Bus Interface

The type of the external bus interfaces, bus width, endian format, number of access cycles, and
strobe assert/negate timings can be set for each area in the external address space. The bus width
and the number of access cycles for both on-chip memory and internal I/O registers are fixed, and
are not affected by the external bus settings.

(1) Type of External Bus Interface

Four types of external bus interfaces are provided and can be selected in area units. Table 9.4
shows each interface name, description, area name to be set for each interface. Table 9.5 shows the
areas that can be specified for each interface. The initial state of each area is a basic bus interface.

Table 9.4 Interface Names and Area Names

Interface Description Area Name
Basic interface Directly connected to ROM and  Basic bus space
RAM
Byte control SRAM interface Directly connected to byte Byte control SRAM space
SRAM with byte control pin
Burst ROM interface Directly connected to the ROM  Burst ROM space
that allows page access
Address/data multiplexed /O Directly connected to the Address/data multiplexed I/O
interface peripheral LSI that requires space

address and data multiplexing
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Table 9.5  Areas Specifiable for Each Interface

Related Areas
Interface Registers 0 1 2 3 4 5 6 7
Basic interface SRAMCR (0] (0] (0] o o o (0] (0]
Byte control SRAM interface @) 0] (0] (0] (0] (0] @) (0]
Burst ROM interface BROMCR 0] 0] —_ = = = = —
Address/data multiplexed I/O MPXCR —_ — — 0 (0] (0] O O
interface

(2) Bus Width

A bus width of 8 or 16 bits can be selected with ABWCR. An area for which an 8-bit bus is
selected functions as an 8-bit access space and an area for which a 16-bit bus is selected functions
as a 16-bit access space. In addition, the bus width of address/data multiplexed I/O space is 8 bits
or 16 bits, and the bus width for the byte control SRAM space is 16 bits.

The initial state of the bus width is specified by the operating mode.

If all areas are designated as 8-bit access space, 8-bit bus mode is set; if any area is designated as
16-bit access space, 16-bit bus mode is set.

(3) Endian Format

Though the endian format of this LSI is big endian, data can be converted into little endian format
when reading or writing to the external address space.

Areas 7 to 2 can be specified as either big endian or little endian format by the LE7 to LE2 bits in
ENDIANCR.

The initial state of each area is the big endian format.

Note that the data format for the areas used as a program area or a stack area should be big endian.
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(4) Number of Access Cycles

(a) Basic Bus Interface

The number of access cycles in the basic bus interface can be specified as two or three cycles by
the ASTCR. An area specified as 2-state access is specified as 2-state access space; an area
specified as 3-state access is specified as 3-state access space.

For the 2-state access space, a wait cycle insertion is disabled. For the 3-state access space, a
program wait (0 to 7 cycles) specified by WTCRA and WTCRB or an external wait by WAIT can
be inserted.

Assertion period of the chip select signal can be extended by CSACR.

Number of access cycles in the basic bus interface
= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)

+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]

(b) Byte Control SRAM Interface

The number of access cycles in the byte control SRAM interface is the same as that in the basic
bus interface.

Number of access cycles in byte control SRAM interface
= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)

+ number of CS extension cycles (0, 1, 2)
[+ number of external wait cycles by the WAIT pin]

(¢c) Burst ROM Interface

The number of access cycles at full access in the burst ROM interface is the same as that in the
basic bus interface. The number of access cycles in the burst access can be specified as one to
eight cycles by the BSTS bit in BROMCR.

Number of access cycles in the burst ROM interface
= number of basic cycles (2, 3) + number of program wait cycles (0 to 7)

+ number of CS extension cycles (0, 1)
[+number of external wait cycles by the WAIT pin]
+ number of burst access cycles (1 to 8) x number of burst accesses (0 to 63)
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(d) Address/data multiplexed I/O interface

The number of access cycles in data cycle of the address/data multiplexed I/O interface is the
same as that in the basic bus interface. The number of access cycles in address cycle can be
specified as two or three cycles by the ADDEX bit in MPXCR.

Number of access cycles in the address/data multiplexed 1/O interface

= number of address output cycles (2, 3) + number of data output cycles (2, 3)
+ number of program wait cycles (0 to 7)
+ number of CS extension cycles (0, 1, 2)

[+number of external wait cycles by the WAIT pin]

Table 9.6 lists the number of access cycles for each interface.

Table 9.6 Number of Access Cycles

Basic bus interface = Th +T1 +T2 +Tt
________ oy o ..o _______ln_ . _[2W4]
= Th +T1 +T2 +Tpw +Ttw  +T3 +Tt
[0,1] [1] [1] [0to7] [n] [1] [0,1] [3to 12 + n]
Byte control SRAM interface = Th +T1 +T2 +Tt
________ on__m_ _.m_ . _______ou_ . _[24]
= Th +T1 +T2 +Tpw +Ttw  +T3 +Tt
o1 M (1] [0to7] [n] ] [0.1] [3to 12 +n]
Burst ROM interface = Th +T1 +T2 +Tb
[0,1] [1] [1] [(1 to 8) x m] [(2t0 3) + (1 to 8) x m]
I Th  #T1 412 iTpw  +Ttw  +T3 T Tt
[0,1] [1] [1] [0to7] [n] [1] [(1to8)xm] [(2to11+n)+ (1to8)xm]
Address/data multiplexed /O =Tma +Th  +T1 +T2 +Tt
interface [2,3] [0,11 [1] [1] [0,1] [4t0 7]
T=Tma” #Th AT T T2 T A Tpw  STtw 4T3 4Tt T T
[2,3] [0,1] [1] [1] [0to7] [n] [1] [0,1] [5to 15+ n]
[Legend]
Numbers: Number of access cycles
n: Pin wait (0 to )
m: Number of burst accesses (0 to 63)
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(5) Strobe Assert/Negate Timings

The assert and negate timings of the strobe signals can be modified as well as number of access
cycles.

e Read strobe (RD) in the basic bus interface
e Chip select assertion period extension cycles in the basic bus interface
e Data transfer acknowledge (DACK3 to DACKO) output for DMAC single address transfers

e Data transfer acknowledge (EDACK1 and EDACKO) output for EXDMAC single address
transfers

9.5.5 Area and External Bus Interface
(1) Area0

Area 0 includes on-chip ROM. All of area 0O is used as external address space in on-chip ROM
disabled extended mode, and the space excluding on-chip ROM is external address space in on-
chip ROM enabled extended mode.

When area 0 external address space is accessed, the CSO signal can be output.

Either of the basic bus interface, byte control SRAM interface, or burst ROM interface can be
selected for area 0 by bit BSRMO in BROMCR and bit BCSELO in SRAMCR. Table 9.7 shows
the external interface of area 0.

Table 9.7 Area 0 External Interface

Register Setting

Interface BSRMO0 of BROMCR BCSELO of SRAMCR
Basic bus interface 0 0
Byte control SRAM interface 0 1
Burst ROM interface 1 0
Setting prohibited 1 1
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(2) Areal

In externally extended mode, all of area 1 is external address space. In on-chip ROM enabled
extended mode, the space excluding on-chip ROM is external address space.

When area 1 external address space is accessed, the CS1 signal can be output.

Either of the basic bus interface, byte control SRAM, or burst ROM interface can be selected for
area 1 by bit BSRM1 in BROMCR and bit BCSEL1 in SRAMCR. Table 9.8 shows the external
interface of area 1.

Table 9.8  Area 1 External Interface

Register Setting

Interface BSRM1 of BROMCR BCSEL1 of SRAMCR
Basic bus interface 0 0
Byte control SRAM interface 0 1
Burst ROM interface 1 0
Setting prohibited 1 1

(3) Area2
In externally extended mode, all of area 2 is external address space.
When area 2 external address space is accessed, the CS2 signal can be output.

Either the basic bus interface or byte control SRAM interface can be selected for area 2 by bit
BCSEL2 in SRAMCR. Table 9.9 shows the external interface of area 2.

Table 9.9 Area 2 External Interface

Register Setting

Interface BCSEL2 of SRAMCR
Basic bus interface 0
Byte control SRAM interface 1
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4) Areal
In externally extended mode, all of area 3 is external address space.
When area 3 external address space is accessed, the CS3 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 3 by bit MPXE3 in MPXCR and bit BCSEL3 in SRAMCR.
Table 9.10 shows the external interface of area 3.

Table 9.10 Area 3 External Interface

Register Setting

Interface MPXE3 of MPXCR BCSEL3 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed /O 1 0

interface

Setting prohibited 1 1

(5) Aread

In externally extended mode, all of area 4 is external address space.
When area 4 external address space is accessed, the CS4 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 4 by bit MPXE4 in MPXCR and bit BCSEL4 in SRAMCR.
Table 9.11 shows the external interface of area 4.

Table 9.11 Area 4 External Interface

Register Setting

Interface MPXE4 of MPXCR BCSEL4 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/O 1 0

interface

Setting prohibited 1 1
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(6) Areas

Area 5 includes the on-chip RAM and access prohibited spaces. In external extended mode, area
5, other than the on-chip RAM and access prohibited spaces, is external address space. Note that
the on-chip RAM is enabled when the RAME bit in SYSCR are set to 1. If the RAME bit in
SYSCR is cleared to 0, the on-chip RAM is disabled and the corresponding addresses are an
external address space. For details, see section 3, MCU Operating Modes.

When area 5 external address space is accessed, the CS5 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 5 by the MPXES bit in MPXCR and the BCSELS bit in
SRAMCR. Table 9.12 shows the external interface of area 5.

Table 9.12 Area 5 External Interface

Register Setting

Interface MPXE5 of MPXCR BCSEL5 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed /O 1 0

interface

Setting prohibited 1 1
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(7) Area6

Area 6 includes internal I/O registers. In external extended mode, area 6 other than on-chip I/O
register area is external address space.

When area 6 external address space is accessed, the CS6 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 6 by the MPXES6 bit in MPXCR and the BCSELS6 bit in
SRAMCR. Table 9.13 shows the external interface of area 6.

Table 9.13 Area 6 External Interface

Register Setting

Interface MPXE6 of MPXCR BCSEL6 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1

(8) Area?7

Area 7 includes internal I/O registers. In external extended mode, area 7 other than internal /O
register area is external address space.

When area 7 external address space is accessed, the CS7 signal can be output.

Either of the basic bus interface, byte control SRAM interface, or address/data multiplexed I/O
interface can be selected for area 7 by the MPXE?7 bit in MPXCR and the BCSEL7 bit in
SRAMCR. Table 9.14 shows the external interface of area 7.

Table 9.14 Area 7 External Interface

Register Setting

Interface MPXE7 of MPXCR BCSEL7 of SRAMCR
Basic bus interface 0 0

Byte control SRAM interface 0 1

Address/data multiplexed 1/0 1 0

interface

Setting prohibited 1 1
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9.5.6 Endian and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and controls whether the upper byte data bus (D15 to DS)
or lower data bus (D7 to DO) is used according to the bus specifications for the area being
accessed (8-bit access space or 16-bit access space), the data size, and endian format when
accessing external address space.

(1) 8-Bit Access Space

With the 8-bit access space, the lower byte data bus (D7 to DO) is always used for access. The
amount of data that can be accessed at one time is one byte: a word access is performed as two
byte accesses, and a longword access, as four byte accesses.

Figures 9.10 and 9.11 illustrate data alignment control for the 8-bit access space. Figure 9.10
shows the data alignment when the data endian format is specified as big endian. Figure 9.11
shows the data alignment when the data endian format is specified as little endian.

Strobe signal
: LHWR/LUBI LLWR/LLB

RD
L |
Data bus
Data Access Access Bus
Size Address Count Cycle Data Size L — —
Byte n 1 st Bye
st Byte

Word n 2 e e

Longword n 4 1st Byte

Figure 9.10 Access Sizes and Data Alignment Control for 8-Bit Access Space (Big Endian)
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Strobe signal
1 LHWR/LUBI LLWR/LLB

RD
L |
Data Access Access Bus Data bus
Size Address Count Cycle Data Size P15 D8|D7 DO|

1st Byte Zir g
Word n - et e

Longword n 4 1st Byte

Figure 9.11 Access Sizes and Data Alignment Control for 8-Bit Access Space
(Little Endian)

(2) 16-Bit Access Space

With the 16-bit access space, the upper byte data bus (D15 to D8) and lower byte data bus (D7 to
DO) are used for accesses. The amount of data that can be accessed at one time is one byte or one
word.

Figures 9.12 and 9.13 illustrate data alignment control for the 16-bit access space. Figure 9.12
shows the data alignment when the data endian format is specified as big endian. Figure 9.13
shows the data alignment when the data endian format is specified as little endian.

In big endian, byte access for an even address is performed by using the upper byte data bus and
byte access for an odd address is performed by using the lower byte data bus.

In little endian, byte access for an even address is performed by using the lower byte data bus, and
byte access for an odd address is performed by using the third byte data bus.
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Figure 9.12 Access Sizes and Data Alignment Control for 16-Bit Access Space (Big Endian)
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Figure 9.13 Access Sizes and Data Alignment Control for 16-Bit Access Space
(Little Endian)
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9.6 Basic Bus Interface

The basic bus interface can be connected directly to the ROM and SRAM. The bus specifications
can be specified by the ABWCR, ASTCR, WTCRA, WTCRB, RDNCR, CSACR, and
ENDIANCR.

9.6.1 Data Bus

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and controls whether the upper byte data bus (D15 to D8)
or lower byte data bus (D7 to DO) is used according to the bus specifications for the area being
accessed (8-bit access space or 16-bit access space), the data size, and endian format when
accessing external address space,. For details, see section 9.5.6, Endian and Data Alignment.

9.6.2 I/0 Pins Used for Basic Bus Interface
Table 9.15 shows the pins used for basic bus interface.

Table 9.15 1/0O Pins for Basic Bus Interface

Name Symbol /0 Function

Bus cycle start BS Output  Signal indicating that the bus cycle has started

Address strobe ASH* Output  Strobe signal indicating that an address output on the
address bus is valid during access

Read strobe RD Output  Strobe signal indicating the read access

Read/write RD/WR Output  Signal indicating the data bus input or output
direction

Low-high write LHWR Output  Strobe signal indicating that the upper byte (D15 to

D8) is valid during write access

Low-low write LLWR Output  Strobe signal indicating that the lower byte (D7 to
DO) is valid during write access

Chipselect0to7 CSO0to CS7 Output Strobe signal indicating that the area is selected

Wait WAIT Input Wait request signal used when an external address
space is accessed

Note: * When the address/data multiplexed I/O is selected, this pin only functions as the AH
output and does not function as the AS output.
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9.6.3 Basic Timing

This section describes the basic timing when the data is specified as big endian.
(1) 16-Bit 2-State Access Space

Figures 9.14 to 9.16 show the bus timing of 16-bit 2-state access space.

When accessing 16-bit access space, the upper byte data bus (D15 to D8) is used for even
addresses access, and the lower byte data bus (D7 to DO0) is used for odd addresses. No wait cycles
can be inserted.

- Bus cycle -

: T, T, :
Bo I o A e A
Address :}( E :X:
AS i !

Valid

Read < D15to D8

il

' < Invalid >—
L D7 to DO ! nvall .
( TAWR E | ! | E
[LWR ! ' High level
Write < E ' i
D15 to D8 — | Valid —
\_ D7 to DO ! E High-Z !

BS | l :
RD/WR }( '
DACK or EDACK | E

LK

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC, EDKC =0

Figure 9.14 16-Bit 2-State Access Space Bus Timing (Byte Access for Even Address)
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Figure 9.15 16-Bit 2-State Access Space Bus Timing (Byte Access for Odd Address)
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Figure 9.16 16-Bit 2-State Access Space Bus Timing (Word Access for Even Address)
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(2) 16-Bit 3-State Access Space
Figures 9.17 to 9.19 show the bus timing of 16-bit 3-state access space.

When accessing 16-bit access space, the upper byte data bus (D15 to D8) is used for even
addresses, and the lower byte data bus (D7 to DO) is used for odd addresses. Wait cycles can be
inserted.

Bus cycle
T, \ T, !

-

3

LI
Bl

L]

Read <

D15to D8 Valid

D7 to DO

Invalid

( LHWR

LLWR

Write < \ High level
i |
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L D7to DO ' i

! | Highz
BS ' | i
RD/WR X ! :
DACK or EDACK | : :

|
ISR

Notes: 1. n=0to7
2. When RDNn =0
3. When DKC, EDKC= 0

Figure 9.17 16-Bit 3-State Access Space Bus Timing (Byte Access for Even Address)
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Figure 9.18 16-Bit 3-State Access Space Bus Timing (Word Access for Odd Address)
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Figure 9.19 16-Bit 3-State Access Space Bus Timing (Word Access for Even Address)
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9.6.4 Wait Control

This LSI can extend the bus cycle by inserting wait cycles (Tw) when the external address space is
accessed. There are two ways of inserting wait cycles: program wait (Tpw) insertion and pin wait
(Ttw) insertion using the WAIT pin.

(1) Program Wait Insertion

From 0 to 7 wait cycles can be inserted automatically between the T, state and T, state for 3-state
access space, according to the settings in WTCRA and WTCRB.

(2) Pin Wait Insertion

For 3-state access space, when the WAITE bit in BCR1 is set to 1 and the corresponding ICR bit
is set to 1, wait input by means of the WAIT pin is enabled. When the external address space is
accessed in this state, a program wait (Tpw) is first inserted according to the WTCRA and
WTCRB settings. If the WAIT pin is low at the falling edge of B¢ in the last T2 or Tpw cycle,
another Ttw cycle is inserted until the WAIT pin is brought high. The pin wait insertion is
effective when the Tw cycles are inserted to seven cycles or more, or when the number of Tw
cycles to be inserted is changed according to the external devices. The WAITE bit is common to
all areas. For details on ICR, see section 13, I/O Ports.
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Figure 9.20 shows an example of wait cycle insertion timing. After a reset, the 3-state access is
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Figure 9.20 Example of Wait Cycle Insertion Timing
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9.6.5  Read Strobe (RD) Timing

The read strobe timing can be modified in area units by setting bits RDN7 to RDNO in RDNCR to

1.

Note that the RD timing with respect to the DACK or EDACK rising edge will change if the read
strobe timing is modified by setting RDNn to 1 when the DMAC or EXDMAC is used in the
single address mode.

Figure 9.21 shows an example of timing when the read strobe timing is changed in the basic bus 3-
State access space.

RDNn =0

RDNn =1

Bo

Address bus

Data bus

RD

Data bus

BS

RD/WR

DACK or EDACK

Notes:

Bus cycle

To

y
)\

i

1. n=0to7
2. When DKC, EDKC =0

Figure 9.21 Example of Read Strobe Timing
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9.6.6 Extension of Chip Select (@) Assertion Period

Some external I/O devices require a setup time and hold time between address and CS signals and
strobe signals such as RD, LHWR, and LLWR.

Settings can be made in CSACR to insert cycles in which only the CS, AS, and address signals are
asserted before and after a basic bus space access cycle. Extension of the CS assertion period can
be set in area units. With the CS assertion extension period in write access, the data setup and hold
times are less stringent since the write data is output to the data bus.

Figure 9.22 shows an example of the timing when the CS assertion period is extended in basic bus
3-state access space.

Both extension cycle Th inserted before the basic bus cycle and extension cycle Tt inserted after
the basic bus cycle, or only one of these, can be specified for individual areas. Insertion or non-
insertion can be specified for the Th cycle with the upper eight bits (CSXH7 to CSXHO) in
CSACR, and for the Tt cycle with the lower eight bits (CSXT7 to CSXTO0).
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9.6.7 DACK and EDACK Signal Output Timings

For DMAC or EXDMAC single address transfers, the DACK or EDACK signal assert timing can
be modified by using the DKC or EDKC bit in BCR1.

Figure 9.23 shows the DACK and EDACK signal output timings. Setting the DKC or EDKC bit to
1 asserts the DACK or EDACK signal a half cycle earlier.
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Figure 9.23 DACK and EDACK Signal Output Timings
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9.7 Byte Control SRAM Interface

The byte control SRAM interface is a memory interface for outputting a byte select strobe during
a read or a write bus cycle. This interface has 16-bit data input/output pins and can be connected to
the SRAM that has the upper byte select and the lower byte select strobes such as UB and LB.

The operation of the byte control SRAM interface is the same as the basic bus interface except
that: the byte select strobes (LUB and LLB) are output from the write strobe output pins (LHWR
and LLWR), respectively; the read strobe (RD) negation timing is a half cycle earlier than that in
the case where RDNn = 0 in the basic bus interface regardless of the RDNCR settings; and the
RD/WR signal is used as write enable.

9.7.1 Byte Control SRAM Space Setting

Byte control SRAM interface can be specified for areas O to 7. Each area can be specified as byte
control SRAM interface by setting bits BCSELn (n = 0 to 7) in SRAMCR. For the area specified
as burst ROM interface or address/data multiplexed I/O interface, the SRAMCR setting is invalid
and byte control SRAM interface cannot be used.

9.7.2 Data Bus

The bus width of the byte control SRAM space can be specified as 16-bit byte control SRAM
space according to bits ABWHn and ABWLn (n =0 to 7) in ABWCR. The area specified as 8-bit
access space cannot be specified as the byte control SRAM space.

For the 16-bit byte control SRAM space, data bus (D15 to DO) is valid.

Access size and data alignment are the same as the basic bus interface. For details, see section
9.5.6, Endian and Data Alignment.
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9.7.3 I/0 Pins Used for Byte Control SRAM Interface

Table 9.16 shows the pins used for the byte control SRAM interface.

In the byte control SRAM interface, write strobe signals (LHWR and LLWR) are output from the
byte select strobes. The RD/WR signal is used as a write enable signal.

Table 9.16 1/0 Pins for Byte Control SRAM Interface

When Byte Control

Pin SRAM is Specified Name 110 Function
AS/AH AS Address Output  Strobe signal indicating that the address
strobe output on the address bus is valid when a

basic bus interface space or byte control
SRAM space is accessed

CSn CSn Chip select Output  Strobe signal indicating that area n is
selected
RD RD Read strobe  Output  Output enable for the SRAM when the byte

control SRAM space is accessed

RD/WR RD/WR Read/write Output  Write enable signal for the SRAM when the
byte control SRAM space is accessed
LHWR/LUB LUB Lower-upper  Output  Upper byte select when the 16-bit byte
byte select control SRAM space is accessed
LLWRALB LLB Lower-lower  Output Lower byte select when the 16-bit byte
byte select control SRAM space is accessed
WAIT WAIT Wait Input Wait request signal used when an external
address space is accessed
A20 to AO A20 to AO Address pin Output  Address output pin
D15 to DO D15 to DO Data pin Input/ Data input/output pin
output
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9.74 Basic Timing
(1) 2-State Access Space

Figure 9.24 shows the bus timing when the byte control SRAM space is specified as a 2-state
access space.

Data buses used for 16-bit access space is the same as those in basic bus interface. No wait cycles
can be inserted.
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Figure 9.24 16-Bit 2-State Access Space Bus Timing
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(2) 3-State Access Space

Figure 9.25 shows the bus timing when the byte control SRAM space is specified as a 3-state
access space.

Data buses used for 16-bit access space is the same as those in the basic bus interface. Wait cycles
can be inserted.
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Figure 9.25 16-Bit 3-State Access Space Bus Timing
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9.7.5 Wait Control

The bus cycle can be extended for the byte control SRAM interface by inserting wait cycles (Tw)
in the same way as the basic bus interface.

(1) Program Wait Insertion

From 0 to 7 wait cycles can be inserted automatically between T2 cycle and T3 cycle for the 3-
state access space in area units, according to the settings in WTCRA and WTCRB.

(2) Pin Wait Insertion

For 3-state access space, when the WAITE bit in BCRI is set to 1, the corresponding DDR bit is
cleared to 0, and the ICR bit is set to 1, wait input by means of the WAIT pin is enabled. For
details on DDR and ICR, see section 13, I/O Ports.

Figure 9.26 shows an example of wait cycle insertion timing.
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9.7.6 Read Strobe (RD)

When the byte control SRAM space is specified, the RDNCR setting for the corresponding space
is invalid.

The read strobe negation timing is the same timing as when RDNn = 1 in the basic bus interface.
Note that the RD timing with respect to the DACK or EDACK rising edge becomes different.

9.7.7 Extension of Chip Select (CS) Assertion Period

In the byte control SRAM interface, the extension cycles can be inserted before and after the bus
cycle in the same way as the basic bus interface. For details, see section 9.6.6, Extension of Chip
Select (CS) Assertion Period.

9.7.8 DACK and EDACK Signal Output Timings

For DMAC or EXDMAC single address transfers, the DACK or EDACK signal assert timing can
be modified by using the DKC or EDKC bit in BCRI1.

Figure 9.27 shows the DACK and EDACK signal output timings. Setting the DKC or EDKC bit to
1 asserts the DACK or EDACK signal a half cycle earlier.
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9.8 Burst ROM Interface

In this LSI, external address space areas 0 and 1 can be designated as burst ROM space, and burst
ROM interfacing performed. The burst ROM interface enables ROM with page access capability
to be accessed at high speed.

Areas 1 and 0 can be designated as burst ROM space by means of bits BSRM1 and BSRMO in
BROMCR. Consecutive burst accesses of up to 32 words can be performed, according to the
setting of bits BSWDn1 and BSWDn0 (n =0, 1) in BROMCR. From one to eight cycles can be
selected for burst access.

Settings can be made independently for area 0 and area 1.

In the burst ROM interface, the burst access covers only CPU read accesses and cluster transfer
read accesses of EXDMAC. Other accesses are performed with the similar method to the basic bus
interface.

9.8.1 Burst ROM Space Setting

Burst ROM interface can be specified for areas O and 1. Areas 0 and 1 can be specified as burst
ROM space by setting bits BSRMn (n =0, 1) in BROMCR.

98.2 Data Bus

The bus width of the burst ROM space can be specified as 8-bit or 16-bit burst ROM interface
space according to the ABWHn and ABWLn bits (n=0, 1) in ABWCR.

For the 8-bit bus width, data bus (D7 to DO0) is valid. For the 16-bit bus width, data bus (D15 to
DO0) is valid.

Access size and data alignment are the same as the basic bus interface. For details, see section
9.5.6, Endian and Data Alignment.
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9.8.3 I/0 Pins Used for Burst ROM Interface

Table 9.17 shows the pins used for the burst ROM interface.

Table 9.17 1/0 Pins Used for Burst ROM Interface

Name Symbol /0 Function

Bus cycle start BS Output  Signal indicating that the bus cycle has
started.

Address strobe AS Output  Strobe signal indicating that an address output on
the address bus is valid during access

Read strobe RD Output  Strobe signal indicating the read access

Read/write RD/WR Output  Signal indicating the data bus input or output
direction

Low-high write LHWR Output  Strobe signal indicating that the upper byte (D15 to
D8) is valid during write access

Low-low write LLWR Output  Strobe signal indicating that the lower byte (D7 to
DO) is valid during write access

Chipselect0to7 CSOto CS7 Output Strobe signal indicating that the area is selected

Wait WAIT Input Wait request signal used when an external address

space is accessed
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9.84 Basic Timing

The number of access cycles in the initial cycle (full access) on the burst ROM interface is
determined by the basic bus interface settings in ABWCR, ASTCR, WTCRA, WTCRB, and bits
CSXHn in CSACR (n =0 to 7). When area O or area 1 designated as burst ROM space, the
settings in RDNCR and bits CSXTn in CSACR (n = 0 to 7) are ignored during read accesses by
the CPU and EXDMAC cluster transfer.

From one to eight cycles can be selected for the burst cycle, according to the settings of bits
BSTSO02 to BSTS00 and BSTS12 to BSTS10 in BROMCR. Wait cycles cannot be inserted. In
addition, 4-word, 8-word, 16-word, or 32-word consecutive burst access can be performed
according to the settings of BSTS01, BSTS00, BSTS11, and BSTS10 bits in BROMCR.

The basic access timing for burst ROM space is shown in figures 9.28 and 9.29.

Full access Burst access

Bo

Upper ! ! ] E . : ' )
adress bus | >< 1 1 ' \ ] | :><:
Lower ' : . h ! I H \
address bus | X : | x : X | ><:

Note:n=1,0

Figure 9.28 Example of Burst ROM Access Timing (ASTn = 1, Two Burst Cycles)
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Burst access

Full access

Bo

|

Upper address bus

Data bus

RD/WR

Note:n=1,0

0, One Burst Cycle)

Figure 9.29 Example of Burst ROM Access Timing (ASTn
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9.8.5 Wait Control

As with the basic bus interface, either program wait insertion or pin wait insertion by the WAIT
pin can be used in the initial cycle (full access) on the burst ROM interface. See section 9.6.4,
Wait Control. Wait cycles cannot be inserted in a burst cycle.

9.8.6  Read Strobe (RD) Timing

In the burst ROM space, the RDNCR setting for the corresponding space is invalid during read
accesses by the CPU or EXDMAUC cluster transfer.

The read strobe negation timing is the same timing as when RDNn = 0 in the basic bus interface.

9.8.7 Extension of Chip Select (CS) Assertion Period

In the burst ROM interface, the extension cycles can be inserted in the same way as the basic bus
interface.

For the burst ROM space, the burst access can be enabled only during read accesses by the CPU or
EXDMAC cluster transfer. In this case, the setting of the corresponding CSXTn bit in CSACR is
ignored and an extension cycle can be inserted only before the full access cycle. Note that no
extension cycle can be inserted before or after the burst access cycles.

For accesses except read accesses by the CPU or EXDMAC cluster transfer, the burst ROM space
is equivalent to the basic bus interface space. Accordingly, extension cycles can be inserted before
and after the burst access cycles.
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9.9 Address/Data Multiplexed I/0 Interface

If areas 3 to 7 of external address space are specified as address/data multiplexed I/O space in this
LSI, the address/data multiplexed I/O interface can be performed. In the address/data multiplexed
I/O interface, peripheral LSIs that require the multiplexed address/data can be connected directly
to this LSI.

9.9.1 Address/Data Multiplexed I/0 Space Setting

Address/data multiplexed I/O interface can be specified for areas 3 to 7. Each area can be
specified as the address/data multiplexed I/O space by setting bits MPXEn (n =3 to 7) in
MPXCR.

9.9.2 Address/Data Multiplex

In the address/data multiplexed I/O space, data bus is multiplexed with address bus. Table 9.18
shows the relationship between the bus width and address output.

Table 9.18 Address/Data Multiplex

Data Pins

Bus Width| Cycle | PI7 | PI6 | PI5 | Pl4 | PI3 | PI2 | PI1 | PIO | PH7 | PH6 | PH5 | PH4 | PH3 | PH2 | PH1 | PHO

8 bits Address - - - - - - - - | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AO

Data - - - - - - - - D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO

16 bits Address | A15 | A14 | A13 | A12 |A11 |A10| A9 | A8 | A7 | A6 | A5 | A4 | A3 | A2 | A1 | AD

Data D15 | D14 | D13 |D12 D11 |D10| D9 | D8 | D7 | D6 | D5 | D4 | D3 | b2 | D1 | DO

99.3 Data Bus

The bus width of the address/data multiplexed I/O space can be specified for either 8-bit access
space or 16-bit access space by the ABWHn and ABWLn bits (n =3 to 7) in ABWCR.

For the 8-bit access space, D7 to DO are valid for both address and data. For 16-bit access space,
D15 to DO are valid for both address and data. If the address/data multiplexed I/O space is
accessed, the corresponding address will be output to the address bus.

For details on access size and data alignment, see section 9.5.6, Endian and Data Alignment.
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994 I/0 Pins Used for Address/Data Multiplexed I/O Interface

Table 9.19 shows the pins used for the address/data multiplexed I/O Interface.

Table 9.19 1/0O Pins for Address/Data Multiplexed I/O Interface

When Byte
Control
SRAM is
Pin Specified  Name 1/0 Function
CSn CSn Chip select Output  Chip select (n = 3 to 7) when area n is specified as the
address/data multiplexed 1/0 space
AS/AH AH* Address hold Output  Signal to hold an address when the address/data
multiplexed I/O space is specified
RD RD Read strobe  Output  Signal indicating that the address/data multiplexed I/0
space is being read
LHWR/LUB LHWR Low-high write Output  Strobe signal indicating that the upper byte (D15 to
D8) is valid when the address/data multiplexed /O
space is written
LLWR/LLB LLWR Low-low write  Output  Strobe signal indicating that the lower byte (D7 to DO)
is valid when the address/data multiplexed I/O space is
written
D15 to DO D15to DO  Address/data Input/ Address and data multiplexed pins for the
output  address/data multiplexed I/O space.
Only D7 to DO are valid when the 8-bit space is
specified. D15 to DO are valid when the 16-bit space is
specified.
A20 to AO A20to AO  Address Output  Address output pin
WAIT WAIT Wait Input Wait request signal used when the external address
space is accessed
BS BS Bus cycle start Output  Signal to indicate the bus cycle start
RD/WR RD/WR Read/write Output  Signal indicating the data bus input or output direction

Note: * The AH output is multiplexed with the AS output. At the timing that an area is specified
as address/data multiplexed I/O, this pin starts to function as the AH output meaning
that this pin cannot be used as the AS output. At this time, when other areas set to the
basic bus interface is accessed, this pin does not function as the AS output. Until an
area is specified as address/data multiplexed I/O, be aware that this pin functions as

the AS output.
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9.9.5 Basic Timing

The bus cycle in the address/data multiplexed I/O interface consists of an address cycle and a data
cycle. The data cycle is based on the basic bus interface timing specified by the ABWCR,
ASTCR, WTCRA, WTCRB, RDNCR, and CSACR.

Figures 9.30 and 9.31 show the basic access timings.

Address cycle

T

mail | ma2

Bo

Address bus E ><

Read <

D7 to DO

LLWR

Write <

RD/WR X

DACK or EDACK

Note:n=3t07

Figure 9.30 8-Bit Access Space Access Timing (ABWHn =1, ABWLn=1)

Rev. 2.00 Oct. 20,2009 Page 252 of 1340
REJ09B0499-0200 RENESAS




Section 9 Bus Controller (BSC)

Bus cycle

Write data

Address

D15 to DO

DACK or EDACK

_I ........ _| ......... _l.. Sttty Y _l R
©
©
©
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[
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1]
[%]
<
e}
©
<
[2]
=)
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7] [a]
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o < 18] iz T o 5 =

Read
Write

=3to7

Note: n

0, ABWLn=1)

Figure 9.31 16-Bit Access Space Access Timing (ABWHn
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9.9.6

Address Cycle Control

An extension cycle (Tmaw) can be inserted between Tmal and Tma2 cycles to extend the AH
signal output period by setting the ADDEX bit in MPXCR. By inserting the Tmaw cycle, the
address setup for AH and the AH minimum pulse width can be assured.

Figure 9.32 shows the access timing when the address cycle is three cycles.

Read

Write

Bo

Address bus

CSn

g
O

D15 to DO

LHWR

LLWR

D15 to DO

BS

RD/WR

Address cycle

Data cycle

T

'
T
matl : maw
T
'

—

ma2

Y

T,

. IE<IL__

—

Address

Read data'

4

—

Address

Write data

X

DACK or EDACK

Note:n=3t0 7

Figure 9.32 Access Timing of 3 Address Cycles (ADDEX =1)
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9.9.7 Wait Control

In the data cycle of the address/data multiplexed I/O interface, program wait insertion and pin wait
insertion by the WAIT pin are enabled in the same way as in the basic bus interface. For details,
see section 9.6.4, Wait Control.

Wait control settings do not affect the address cycles.

9.9.8  Read Strobe (RD) Timing

In the address/data multiplexed I/O interface, the read strobe timing of data cycles can be modified
in the same way as in basic bus interface. For details, see section 9.6.5, Read Strobe (RD) Timing.

Figure 9.33 shows an example when the read strobe timing is modified.
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Data cycle

Bo

Address bus

c
(@]

Read data

Address
Address

D15 to DO

Read
data

DACK or EDACK

D15 to DO
RD/WR

=0

RDNn

RDNn =1

=3to7

Note: n

Figure 9.33 Read Strobe Timing
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9.9.9 Extension of Chip Select (CS) Assertion Period

In the address/data multiplexed interface, the extension cycles can be inserted before and after the
bus cycle. For details, see section 9.6.6, Extension of Chip Select (CS) Assertion Period.

Figure 9.34 shows an example of the chip select (CS) assertion period extension timing.

! Bus cycle !

o Address cycle Data cycle ' o

5 Trmat : Trmaz Th T E T, \ T 5
o H | | | L[ L
Address bus ! >< : E X
Csn —I : E I

RD | | :
Read i 5 ' . i
D15 to DO _E_GE} @@72
- o
Write LLWR ; E ; | E | ; ;
D15 to DO _._< Address >_< Write data >—
. —
DACK or EDACK | |_

Note:n=3to 7

Figure 9.34 Chip Select (CS) Assertion Period Extension Timing in Data Cycle
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When consecutively reading from the same area connected to a peripheral LSI whose data hold
time is long, data outputs from the peripheral LSI and this LSI may conflict. Inserting the chip
select assertion period extension cycle after the access cycle can avoid the data conflict.

Figure 9.35 shows an example of the operation. In the figure, both bus cycles A and B are read
access cycles to the address/data multiplexed I/O space. An example of the data conflict is shown
in (a), and an example of avoiding the data conflict by the CS assertion period extension cycle in

(b).

Bus cycle A

S aininipinininininl

Bus cycle B

Data bus

Data conflict

(a) Without CS assertion period extension cycle (CSXTn = 0)

Data hold time is long.

Bus cycle A Bus cycle B

>
Q
Q
=
[0)
7]
%]
o
c
[

1
T

)

Data bus { /

N
N

"
N

(b) With CS assertion period extension cycle (CSXTn = 1)

Figure 9.35 Consecutive Read Accesses to Same Area
(Address/Data Multiplexed I/0 Space)
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9.9.10 DACK and EDACK Signal Output Timings

For DMAC or EXDMAC single address transfers, the DACK and EDACK signals assert timing

can be modified by using the DKC and EDKC bits in BCR1.

Figure 9.36 shows the DACK and EDACK signal output timings. Setting the DKC or EDKC bit to

1 asserts the DACK or EDACK signal a half cycle earlier.

Address cycle

> '@ >
>

Data cycle

Tma1 : T

ma2

T, ! T,

Bo

Address bus

%

RD : :
RDNn =0
RDNn = 1 : : 5
BS i E :
RD/WR ;>< E ' : ><:
DKC, EDKC =0 : ! | I_
DACK or | l ; : .
EDACK . . ' '
DKC, EDKC =1 | : ' |
Note:n=3t07

Figure 9.36 DACK and EDACK Signal Output Timings
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9.10 Idle Cycle

In this LSI, idle cycles can be inserted between the consecutive external accesses. By inserting the
idle cycle, data conflicts between ROM read cycle whose output floating time is long and an
access cycle from/to high-speed memory or I/O interface can be prevented.

9.10.1 Operation

When this LSI consecutively accesses external address space, it can insert an idle cycle between
bus cycles in the following four cases. These conditions are determined by the sequence of read
and write and previously accessed area.

When read cycles of different areas in the external address space occur consecutively
When an external write cycle occurs immediately after an external read cycle

When an external read cycle occurs immediately after an external write cycle

el S

When an external access occurs immediately after a DMAC or EXDMAC single address
transfer (write cycle)

Up to four idle cycles can be inserted under the conditions shown above. The number of idle
cycles to be inserted should be specified to prevent data conflicts between the output data from a
previously accessed device and data from a subsequently accessed device.

Under conditions 1 and 2, which are the conditions to insert idle cycles after read, the number of
idle cycles can be selected from setting A specified by bits IDLCA1 and IDLCAQO in IDLCR or
setting B specified by bits IDLCB1 and IDLCBO in IDLCR: Setting A can be selected from one to
four cycles, and setting B can be selected from one or two to four cycles. Setting A or B can be
specified for each area by setting bits IDLSEL7 to IDLSELO in IDLCR. Note that bits IDLSEL7
to IDLSELO correspond to the previously accessed area of the consecutive accesses.

The number of idle cycles to be inserted under conditions 3 and 4, which are conditions to insert
idle cycles after write, can be determined by setting A as described above.

After the reset release, IDLCR is initialized to four idle cycle insertion under all conditions 1 to 4
shown above.

Table 9.20 shows the correspondence between conditions 1 to 4 and number of idle cycles to be
inserted for each area. Table 9.21 shows the correspondence between the number of idle cycles to
be inserted specified by settings A and B, and number of cycles to be inserted.
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Table 9.20 Number of Idle Cycle Insertion Selection in Each Area

Bit Settings
IDLSn IDLSELn Area for Previous Access
Insertion Condition n Setting n=0to 7 01 2 3 45 6 7
Consecutive reads in different 1 0 — Invalid
areas 1 0 A AAAAAAA
B B B B B B B B
Write after read 0 0 — Invalid
1 0 A AAAAAAA
B B B B B B B B
Read after write 2 0 — Invalid
1 A
External access after single 3 0 — Invalid
address transfer 1 A

[Legend]
A: Number of idle cycle insertion A is selected.
B: Number of idle cycle insertion B is selected.

Invalid: No idle cycle is inserted for the corresponding condition.

Table 9.21 Number of Idle Cycle Insertions

Bit Settings
A B
IDLCA1 IDLCAO IDLCB1 IDLCBO Number of Cycles
— — 0 0 0
0 0 — — 1
0 1 0 1 2
1 0 1 0 3
1 1 1 4
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(1) Consecutive Reads in Different Areas

If consecutive reads in different areas occur while bit IDLS1 in IDLCR is set to 1, idle cycles
specified by bits IDLCA1 and IDLCAO when bit IDLSELn in IDLCR is cleared to 0, or bits
IDLCB1 and IDLCBO when bit IDLSELn is set to 1 are inserted at the start of the second read
cycle (n=0to 7).

Figure 9.37 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle for ROM with a long output floating time, and bus cycle B is a read cycle for SRAM, each
being located in a different area. In (a), an idle cycle is not inserted, and a conflict occurs in bus
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycle is inserted,
and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

LT, T, Ta T, T, LT, T, Tai T T, T,

« Uuuuy JuUuuy UL
Address bus :X x X: :X X X:

CS (area A) | |
CS (area B) ! | : é I

RD

Data bus

-
-

' '
Data hold

time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS1 = 0) (IDLS1 =1, IDLSELn =0, IDLCA1 =0, IDLCAO = 0)

Figure 9.37 Example of Idle Cycle Operation (Consecutive Reads in Different Areas)
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(2) Write after Read

If an external write occurs after an external read while bit IDLSO in IDLCR is set to 1, idle cycles
specified by bits IDLCA1 and IDLCAO when bit IDLSELn in IDLCR is cleared to 0 when
IDLSELn = 0, or bits IDLCB1 and IDLCBO when IDLSELn is set to 1 are inserted at the start of
the write cycle (n=0to 7).

Figure 9.38 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle for ROM with a long output floating time, and bus cycle B is a CPU write cycle. In (a), an
idle cycle is not inserted, and a conflict occurs in bus cycle B between the read data from ROM
and the CPU write data. In (b), an idle cycle is inserted, and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

T T, Tg Ty Ty v Ty T, T, T, T, T, |

Address bus :EX EX EX: :EX X ? EX:
CS (area A) —l—,—i_ | | E E
CS (area B) é I |I é i i |I

Data bus

Data hold *

time is long. ' '
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLSO = 0) (IDLSO = 1, IDLSELn = 0, IDLCA1 = 0, IDLCAO = 0)

Figure 9.38 Example of Idle Cycle Operation (Write after Read)
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(3) Read after Write

If an external read occurs after an external write while bit IDLS2 in IDLCR is set to 1, idle cycles
specified by bits IDLCA1 and IDLCAO are inserted at the start of the read cycle (n =0 to 7).

Figure 9.39 shows an example of the operation in this case. In this example, bus cycle A is a CPU
write cycle and bus cycle B is a read cycle from the SRAM. In (a), an idle cycle is not inserted,
and a conflict occurs in bus cycle B between the CPU write data and read data from an SRAM
device. In (b), an idle cycle is inserted, and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

' T T, T, T, T, T,

§ LT, T, T Ty T, ; | [ [ 2
Address bus :;X :X ;X: :EX :X é :x:

CS (area A) | | ' | : :
CS (area B) : | :

RD

LLWR

Data bus

time is long.

(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS2 = 0) (IDLS2 =1, IDLCA1 = 0, IDLCAO = 0)

Figure 9.39 Example of Idle Cycle Operation (Read after Write)
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(4) External Access after Single Address Transfer Write

If an external access occurs after a single address transfer write while bit IDLS3 in IDLCR is set
to 1, idle cycles specified by bits IDLCA1 and IDLCAQ are inserted at the start of the external
access (n=0to 7).

Figure 9.40 shows an example of the operation in this case. In this example, bus cycle A is a
single address transfer (write cycle) and bus cycle B is a CPU write cycle. In (a), an idle cycle is
not inserted, and a conflict occurs in bus cycle B between the external device write data and this
LSI write data. In (b), an idle cycle is inserted, and a data conflict is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

: T, 5
a0 UL T
Address bus :ix :X :X: :iX :X E :X:
CS (area A) |' | ; |' i ; ;
CS (area B) . | .
IWR R | L] L |
DACKorEDACK | | - ] [

e B

-

1 -~ Data conflict |

Output floating ' ' ! '
time is long.
(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS3 = 0) (IDLS3 =1, IDLCA1 =0, IDLCAO = 0)

Figure 9.40 Example of Idle Cycle Operation (Write after Single Address Transfer Write)
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(5) External NOP Cycles and Idle Cycles

A cycle in which an external space is not accessed due to internal operations is called an external
NOP cycle. Even when an external NOP cycle occurs between consecutive external bus cycles, an
idle cycle can be inserted. In this case, the number of external NOP cycles is included in the
number of idle cycles to be inserted.

Figure 9.41 shows an example of external NOP and idle cycle insertion.

No external access Idle cycle

L Precedingbuscycle ~ ~ (NOP) , (remaining) , Following bus cycle
[ L Ll T L]
LTy T, Tow Ty ! T T | T T, Tow Ty |

G I I I I I O I
1 1
: H h :

Address bus | X

CS (area A) -l

S (area B)

RD

Data bus

——

< >

' 1
Specified number of idle cycles or more
including no external access cycles (NOP)

(Condition: Number of idle cycles to be inserted when different reads continue: 4 cycles)

Figure 9.41 Idle Cycle Insertion Example
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(6) Relationship between Chip Select (CS) Signal and Read (RD) Signal

Depending on the system's load conditions, the RD signal may lag behind the CS signal. An
example is shown in figure 9.42. In this case, with the setting for no idle cycle insertion (a), there
may be a period of overlap between the RD signal in bus cycle A and the CS signal in bus cycle B.
Setting idle cycle insertion, as in (b), however, will prevent any overlap between the RD and CS
signals. In the initial state after reset release, idle cycle indicated in (b) is set.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

LT, T, Ta T, Ty LTy T T b T T, T,

Bo

Address bus :;X :X ;X: :;X EX ; Ex:

CS (area A) —l—’—i |: | i i

Overlap time may occur between the
CS (area B) and RD

CS (area B)

(a) No idle cycle inserted (b) Idle cycle inserted
(IDLS1 =0) (IDLS1 =1, IDLSELn = 0, IDLCA1 = 0, IDLCAQ = 0)

Figure 9.42 Relationship between Chip Select (CS) and Read (RD)
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Table 9.22 Idle Cycles in Mixed Accesses to Normal Space

Previous Next IDLS IDLSEL

IDLCA

IDLCB

Access Access 3 2 1 0 7to0

1

0

0

Idle Cycle

Normal space Normal — — 0 — —

Disabled

read space read —_ 1 _— o

gy Nl )

- |Oo|=|O

1 cycle inserted

2 cycles inserted

3 cycles inserted

4 cycles inserted

0 cycle inserted

2 cycle inserted

3 cycles inserted

| |l O] O

-1 OoO|=| 0O

4 cycles inserted

Normal space Normal —_ — — 0 —

Disabled

read spacewrite T i

- | 2|l O] O

= Oo| =| O

1 cycle inserted

2 cycles inserted

3 cycles inserted

4 cycles inserted

0 cycle inserted

2 cycle inserted

3 cycles inserted

ey Ne l )

-1 Oo|=| 0O

4 cycles inserted

Normal space Normal — 0 - — —

Disabled

write space read

- |lOo| =] O

1 cycle inserted

2 cycles inserted

3 cycles inserted

4 cycles inserted

Single Normal o — — — —

Disabled

address space read
transfer write

1 cycle inserted

2 cycles inserted

3 cycles inserted

4 cycles inserted
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9.10.2 Pin States in Idle Cycle
Table 9.23 shows the pin states in an idle cycle.

Table 9.23 Pin States in Idle Cycle

Pins Pin State

A20 to AO Contents of following bus cycle
D15 to DO High impedance
CSn(n=71t00) High

AS High

RD High

BS High

RD/WR High

AH low

LHWR, LLWR High

DACKn (n =310 0) High

EDACKn (n=1100) High
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9.11 Bus Release

This LSI can release the external bus in response to a bus request from an external device. In the
external bus released state, internal bus masters except the EXDMAC continue to operate as long
as there is no external access.

In addition, in the external bus released state, the BREQO signal can be driven low to output a bus
request externally.

9.11.1 Operation

In external extended mode, when the BRLE bit in BCR1 is set to 1 and the ICR bits for the
corresponding pin are set to 1, the bus can be released to the external. Driving the BREQ pin low
issues an external bus request to this LSI. When the BREQ pin is sampled, at the prescribed
timing, the BACK pin is driven low, and the address bus, data bus, and bus control signals are
placed in the high-impedance state, establishing the external bus released state. For details on
DDR and ICR, see section 13, I/O Ports.

In the external bus released state, the CPU, DTC, and DMAC can access the internal space using
the internal bus. When the CPU, DTC, DMAC, or EXDMAC attempts to access the external
address space, it temporarily defers initiation of the bus cycle, and waits for the bus request from
the external bus master to be canceled.

If the BREQOE bit in BCR1 is set to 1, the BREQO pin can be driven low when any of the
following requests are issued, to request cancellation of the bus request externally.

e When the CPU, DTC, DMAC, or EXDMAC attempts to access the external address space

e  When a SLEEP instruction is executed to place the chip in software standby mode or all-
module-clock-stop mode

e  When SCKCR is written to for setting the clock frequency

If an external bus release request and external access occur simultaneously, the priority is as
follows:

(High) EXDMAC > External bus release > External access by CPU, DTC, or DMAC (Low)

When the BREQ pin is driven high, the BACK pin is driven high at the prescribed timing and the
external bus released state is terminated.

Rev. 2.00 Oct. 20, 2009 Page 270 of 1340
REJ09B0499-0200 RENESAS



Section 9 Bus Controller (BSC)

9.11.2  Pin States in External Bus Released State
Table 9.24 shows pin states in the external bus released state.

Table 9.24 Pin States in Bus Released State

Pins Pin State

A20 to AO High impedance
D15 to DO High impedance
BS High impedance
CSn(n=7to00) High impedance
AS High impedance
AH High impedance
RD/WR High impedance
RD High impedance
LUB, LLB High impedance
LHWR, LLWR High impedance
DACKn (n=3100) High level

EDACKn (n=1100) High level
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9.11.3 Transition Timing

Figure 9.43 shows the timing for transition to the bus released state.

External space
access cycle External bus released state CPU cycle

Address bus x !
Databus ~  ===---- 'E"D'.‘""‘:""

N A N
L hz e
csn I e e FR I S A
AS L[ N T e
: oWz
A T e e M a A
TAWR, LLWR : T M M
sea N\, L [T
. R A
BACK 5 P : P b
BREQO 5 A — Lo
(1] @ B 4 [ 5] 6 6]

[1] Alow level of the BREQ signal is sampled at the rising edge of the B¢ signal.

[2] The bus control signals are driven high at the end of the external space access cycle. It takes two cycles or
more after the low level of the BREQ signal is sampled.

[3] The BACK signal is driven low, releasing bus to the external bus master.

[4] The BREQ signal state sampling is continued in the external bus released state.

[5] A high level of the BREQ signal is sampled.

[

[

6] The external bus released cycles are ended one cycle after the BREQ signal is driven high.

7] When the external space is accessed by an internal bus master during external bus released while the BREQOE
bit is set to 1, the BREQO signal goes low.

[8] Normally the BREQO signal goes high at the rising edge of the BACK signal.

Figure 9.43 Bus Released State Transition Timing
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9.12 Internal Bus

9.12.1  Access to Internal Address Space

The internal address spaces of this LSI are the on-chip ROM space, on-chip RAM space, and
register space for the on-chip peripheral modules. The number of cycles necessary for access
differs according the space.

Table 9.25 shows the number of access cycles for each on-chip memory space.

Table 9.25 Number of Access Cycles for On-Chip Memory Spaces

Access Space Access Number of Access Cycles
On-chip ROM space Read One l¢ cycle

Write Three 1 cycles
On-chip RAM space Read One l¢ cycle

Write One l¢ cycle

In access to the registers for on-chip peripheral modules, the number of access cycles differs
according to the register to be accessed. When the dividing ratio of the operating clock of a bus
master and that of a peripheral module is 1 : n, synchronization cycles using a clock divided by 0
to n-1 are inserted for register access in the same way as for external bus clock division.

Table 9.26 lists the number of access cycles for registers of on-chip peripheral modules.

Table 9.26 Number of Access Cycles for Registers of On-Chip Peripheral Modules

Number of Cycles

Module to be Accessed Read Write Write Data Buffer Function
DMAC and EXDMAC registers Two lo Two lo Disabled
MCU operating mode, clock pulse generator, Two lo Three ¢ Disabled

power-down control registers, interrupt controller,
bus controller, and DTC registers

I/O port registers of PFCR and WDT Two Po Three P¢ Disabled

I/O port registers other than PFCR and PORTM, Two P¢ Two P¢ Enabled
PPGO, TPU, TMRO, TMR1, SCIO to SCI2, SCl4,
1IC2, D/A, and A/D_0 registers

I/O port registers of PORTM, TMR2, TMR3, USB, Three P¢  Three P Enabled
SCI5, SCI6, A/D_1, and PPG1 registers
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9.13  Write Data Buffer Function

9.13.1 Write Data Buffer Function for External Data Bus

This LSI has a write data buffer function for the external data bus. Using the write data buffer
function enables internal accesses in parallel with external writes or DMAC single address
transfers. The write data buffer function is made available by setting the WDBE bit to 1 in BCR1.

Figure 9.44 shows an example of the timing when the write data buffer function is used. When this
function is used, if an external address space write or a DMAC single address transfer continues
for two cycles or longer, and there is an internal access next, an external write only is executed in
the first two cycles. However, from the next cycle onward, internal accesses (on-chip memory or
internal I/O register read/write) and the external address space write rather than waiting until it
ends are executed in parallel.

| | |
\~¢— On-chip memory read —<&— Peripheral module read —p>;
| |

External write cycle >

IIIIIIIIIII!_

Internal X %gnclg'@ 1 X moenrﬁ%hri)?z X Peripheral module addresx:

address bus |
T ; To : Ty E

\

Bo

Address bus :x

External — l
space A Csn :

write

LHWR, LLWR

_ D15to DO _._< 5

L

Figure 9.44 Example of Timing when Write Data Buffer Function is Used
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9.13.2  Write Data Buffer Function for Peripheral Modules

This LSI has a write data buffer function for the peripheral module access. Using the write data
buffer function enables peripheral module writes and on-chip memory or external access to be
executed in parallel. The write data buffer function is made available by setting the PWDBE bit in
BCR?2 to 1. For details on the on-chip peripheral module registers, see table 9.26, Number of
Access Cycles for Registers of On-Chip Peripheral Modules in section 9.12, Internal Bus.

Figure 9.45 shows an example of the timing when the write data buffer function is used. When this
function is used, if an internal I/O register write continues for two cycles or longer and then there
is an on-chip RAM, an on-chip ROM, or an external access, internal I/O register write only is
performed in the first two cycles. However, from the next cycle onward an internal memory or an
external access and internal I/O register write are executed in parallel rather than waiting until it
ends.

On-chip
| _memory .
~— —
i+ read '

~—Peripheral module write—s:

o LU
aressbus__ X XX
Po _I |

Y
Internal 1/0
address bus x Peripheral module address

Internal 1/O i
data bus '

Figure 9.45 Example of Timing when Peripheral Module
Write Data Buffer Function is Used
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9.14 Bus Arbitration

This LSI has bus arbiters that arbitrate bus mastership operations (bus arbitration). This LSI
incorporates internal access and external access bus arbiters that can be used and controlled
independently. The internal bus arbiter handles the CPU, DTC, and DMAC accesses. The external
bus arbiter handles the external access by the CPU, DTC, and DMAC, external access by the
EXDMAUC, and external bus release request (external bus master).

The bus arbiters determine priorities at the prescribed timing, and permit use of the bus by means
of the bus request acknowledge signal.

9.14.1 Operation

The bus arbiter detects the bus masters' bus request signals, and if the bus is requested, sends a bus
request acknowledge signal to the bus master. If there are bus requests from more than one bus
master, the bus request acknowledge signal is sent to the one with the highest priority. When a bus
master receives the bus request acknowledge signal, it takes possession of the bus until that signal
is canceled.

The priority of the internal bus arbitration:

(High) DMAC > DTC > CPU (Low)

The priority of the external bus arbitration:

(High) EXDMAC > External bus release request > External access by the CPU, DTC, and
DMAC (Low)

If the DMAC or DTC accesses continue, the CPU can be given priority over the DMAC or DTC
to execute the bus cycles alternatively between them by setting the IBCCS bit in BCR2. In this
case, the priority between the DMAC and DTC does not change. If the external bus release request
or EXDMAC accesses continue, the external access by the CPU, DTC, and DMAC can be given
priority over the EXDMAC or external bus release request to execute the bus cycles alternatively
between them by setting the EBCCS bit in BCR2. In this case, the priority between the EXDMAC
and external bus release request does not change.

An internal bus access by the CPU, DTC, or DMAC, an external bus access by an external bus
release request, and an external bus access by the EXDMAC can be executed in parallel.
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9.14.2  Bus Transfer Timing

Even if a bus request is received from a bus master with a higher priority over that of the bus
master that has taken control of the bus and is currently operating, the bus is not necessarily
transferred immediately. There are specific timings at which each bus master can release the bus.

1) CPU

The CPU is the lowest-priority bus master, and if a bus request is received from the DTC or
DMAUQ, the internal bus arbiter transfers the bus to the bus master that issued the request. If an
external bus cycle is executed by the CPU, the external bus arbiter transfers the bus to the
EXDMAC that issued the request.

The timing for transfer of the bus is at the end of the bus cycle. In sleep mode, the bus is
transferred synchronously with the clock.

Note, however, that the bus cannot be transferred in the following cases.

e The word or longword access is performed in some divisions.

e Stack handling is performed in multiple bus cycles.

e Transfer data read or write by memory transfer instructions, block transfer instructions, or TAS
instruction.
(In the block transfer instructions, the bus can be transferred in the write cycle and the
following transfer data read cycle.)

e From the target read to write in the bit manipulation instructions or memory operation
instructions.
(In an instruction that performs no write operation according to the instruction condition, up to
a cycle corresponding the write cycle)

(2) DTC

The DTC sends the internal bus arbiter a request for the bus when an activation request is
generated. When the DTC accesses an external bus space, the DTC first takes control of the bus
from the internal bus arbiter and then requests a bus to the external bus arbiter.

Once the DTC takes control of the bus, the DTC continues the transfer processing cycles. If a bus
master whose priority is higher than the DTC requests the bus, the DTC transfers the bus to the
higher priority bus master. If the IBCCS bit in BCR2 is set to 1, the DTC transfers the bus to the
CPU.

Note, however, that the bus cannot be transferred in the following cases.
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e During transfer information read
e During the first data transfer

e During transfer information write back
The DTC releases the bus when the consecutive transfer cycles completed.
(3) DMAC

The DMAC sends the internal bus arbiter a request for the bus when an activation request is
generated. When the DMAC accesses an external bus space, the DMAC first takes control of the
bus from the internal bus arbiter and then requests a bus to the external bus arbiter.

After the DMAC takes control of the bus, it may continue the transfer processing cycles or release
the bus at the end of every bus cycle depending on the conditions.

The DMAC continues transfers without releasing the bus in the following case:

e Between the read cycle in the dual-address mode and the write cycle corresponding to the read
cycle

If no bus master of a higher priority than the DMAC requests the bus and the IBCCS bit in BCR2
is cleared to 0, the DMAC continues transfers without releasing the bus in the following cases:

e During 1-block transfers in the block transfer mode

e During transfers in the burst mode
In other cases, the DMAC transfers the bus at the end of the bus cycle.
4) EXDMAC

The EXDMAC sends the external bus arbiter a request for the bus when an activation request is
generated. During external access by the internal bus master, the bus is transferred to the
EXDMAC at the timing the bus can be transferred.

After the EXDMAC takes control of the bus, it may continue the transfer processing cycles or
release the bus at the end of every bus cycle depending on the conditions.

The EXDMAC continues transfers without releasing the bus in the following case:

e Between the read cycle in the dual-address mode and the write cycle corresponding to the read
cycle

e During transfers in the cluster transfer mode
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If no bus master of a higher priority than the EXDMAC requests the bus and the EBCCS bit in
BCR2 is cleared to 0, the EXDMAC continues transfers without releasing the bus in the following
cases:

e During 1-block transfers in the block transfer mode

e During transfers in the burst mode

In other cases, the EXDMAC transfers the bus at the end of the bus cycle. If startup requests are
issued to the multiple EXDMAC channels when other bus masters do not request the bus, the
EXDMAC takes control of the bus and continues to transfer processing cycles.

(5) External Bus Release

When the BREQ pin goes low and an external bus release request is issued while the BRLE bit in
BCRI1 is set to 1 with the corresponding ICR bit set to 1, a bus request is sent to the bus arbiter.

External bus release can be performed on completion of an external bus cycle.
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9.15  Bus Controller Operation in Reset

In a reset, this LSI, including the bus controller, enters the reset state immediately, and any
executing bus cycle is aborted.

9.16 Usage Notes

(1) Setting Registers

The BSC registers must be specified before accessing the external address space. In on-chip ROM
disabled mode, the BSC registers must be specified before accessing the external address space for
other than an instruction fetch access.

(2) External Bus Release Function and All-Module-Clock-Stop Mode

In this LSI, if the ACSE bit in MSTPCRA is set to 1, and then a SLEEP instruction is executed
with the setting for all peripheral module clocks to be stopped (MSTPCRA and MSTPCRB =
H'FFFFFFFF) or for operation of the 8-bit timer module alone (MSTPCRA and MSTPCRB =
H'F[F to C]JFFFFFF), and a transition is made to the sleep state, the all-module-clock-stop mode is
entered in which the clock is also stopped for the bus controller and I/O ports. For details, see
section 27, Power-Down Modes.

In this state, the external bus release function is halted. To use the external bus release function in
sleep mode, the ACSE bit in MSTPCRA must be cleared to 0. Conversely, if a SLEEP instruction
to place the chip in all-module-clock-stop mode is executed in the external bus released state, the
transition to all-module-clock-stop mode is deferred and performed until after the bus is
recovered.

(3) External Bus Release Function and Software Standby

In this LSI, internal bus master operation does not stop even while the bus is released, as long as
the program is running in on-chip ROM, etc., and no external access occurs. If a SLEEP
instruction to place the chip in software standby mode is executed while the external bus is
released, the transition to software standby mode is deferred and performed after the bus is
recovered.

Also, since clock oscillation halts in software standby mode, if the BREQ signal goes low in this
mode, indicating an external bus release request, the request cannot be answered until the chip has
recovered from the software standby mode.

Note that the BACK and BREQO pins are both in the high-impedance state in software standby
mode.
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(4) BREQO Output Timing

When the BREQOE bit is set to 1 and the BREQO signal is output, both the BREQO and BACK
signals may go low simultaneously.

This will occur if the next external access request occurs while internal bus arbitration is in
progress after the chip samples a low level of the BREQ signal.
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Section 10 DMA Controller (DMAC)

This LSI includes a 4-channel DMA controller (DMAC).

10.1 Features

e Maximum of 4-G byte address space can be accessed

e Byte, word, or longword can be set as data transfer unit

e Maximum of 4-G bytes (4,294,967,295 bytes) can be set as total transfer size
Supports free-running mode in which total transfer size setting is not needed

e DMAC activation methods are auto-request, on-chip module interrupt, and external request.
Auto request: CPU activates (cycle stealing or burst access can be selected)

On-chip module interrupt: Interrupt requests from on-chip peripheral modules can be selected
as an activation source

External request: Low level or falling edge detection of the DREQ signal can be
selected. External request is available for all four channels.

e Dual or single address mode can be selected as address mode
Dual address mode: Both source and destination are specified by addresses

Single address mode: Either source or destination is specified by the DACK signal and the
other is specified by address

e Normal, repeat, or block transfer can be selected as transfer mode

Normal transfer mode: One byte, one word, or one longword data is transferred at a
single transfer request

Repeat transfer mode: One byte, one word, or one longword data is transferred at a
single transfer request

Repeat size of data is transferred and then a transfer address
returns to the transfer start address

Up to 65536 transfers (65,536 bytes/words/longwords) can be set
as repeat size

Block transfer mode: One block data is transferred at a single transfer request

Up to 65,536 bytes/words/longwords can be set as block size
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e Extended repeat area function which repeats the addressees within a specified area using the
transfer address with the fixed upper bits (ring buffer transfer can be performed, as an
example) is available
One bit (two bytes) to 27 bits (128 Mbytes) for transfer source and destination can be set as
extended repeat areas

e Address update can be selected from fixed address, offset addition, and increment or
decrement by 1, 2, or 4
Address update by offset addition enables to transfer data at addresses which are not placed
continuously

e  Word or longword data can be transferred to an address which is not aligned with the
respective boundary
Data is divided according to its address (byte or word) when it is transferred

e Two types of interrupts can be requested to the CPU
A transfer end interrupt is generated after the number of data specified by the transfer counter
is transferred. A transfer escape end interrupt is generated when the remaining total transfer
size is less than the transfer data size at a single transfer request, when the repeat size of data
transfer is completed, or when the extended repeat area overflows.

e Module stop state can be set.

Rev. 2.00 Oct. 20, 2009 Page 284 of 1340
REJ09B0499-0200 RENESAS



Section 10 DMA Controller (DMAC)

A block diagram of the DMAC is shown in figure 10.1.
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DSAR_n: DMA source address register
DDAR_n: DMA destination address register
DOFR_n: DMA offset register

DTCR_n: DMA transfer count register
DBSR_n: DMA block size register
DMDR_n: DMA mode control register
DACR_n: DMA address control register

DMRSR_n: DMA module request select register

O

REQn: DMA transfer request

DACKn: DMA transfer acknowledge
TENDnN: DMA transfer end

n=0to3

Figure 10.1 Block Diagram of DMAC
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10.2  Input/Output Pins
Table 10.1 shows the pin configuration of the DMAC.

Table 10.1 Pin Configuration

Channel Pin Name Abbr. /0 Function
0 DMA transfer request 0 DREQO Input Channel 0 external request
DMA transfer acknowledge 0 DACKO Output  Channel 0 single address transfer
acknowledge
DMA transfer end 0 TENDO Output Channel 0 transfer end
1 DMA transfer request 1 DREQ1 Input Channel 1 external request
DMA transfer acknowledge 1 DACK1  Output  Channel 1 single address transfer
acknowledge
DMA transfer end 1 TEND1  Output Channel 1 transfer end
2 DMA transfer request 2 DREQ2 Input Channel 2 external request
DMA transfer acknowledge 2 DACK2  Output  Channel 2 single address transfer
acknowledge
DMA transfer end 2 TEND2 Output Channel 2 transfer end
3 DMA transfer request 3 DREQ3 Input Channel 3 external request
DMA transfer acknowledge 3 DACK3  Output  Channel 3 single address transfer
acknowledge
DMA transfer end 3 TEND3  Output Channel 3 transfer end
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10.3  Register Descriptions
The DMAC has the following registers.
Channel 0:

e DMA source address register_0 (DSAR_0)

e DMA destination address register_0 (DDAR_0)

e DMA offset register_0 (DOFR_0)

e DMA transfer count register_0 (DTCR_0)

e DMA block size register_0 (DBSR_0)

e DMA mode control register_0 (DMDR_0)

e DMA address control register_0 (DACR_0)

e DMA module request select register_0 (DMRSR_0)

Channel 1:

e DMA source address register_1 (DSAR_1)

e DMA destination address register_1 (DDAR_1)

e DMA offset register_1 (DOFR_1)

e DMA transfer count register_1 (DTCR_1)

e DMA block size register_1 (DBSR_1)

e DMA mode control register_1 (DMDR_1)

e DMA address control register_1 (DACR_1)

e DMA module request select register_1 (DMRSR_1)

Channel 2:

e DMA source address register_2 (DSAR_2)

e DMA destination address register_2 (DDAR_2)

e DMA offset register_2 (DOFR_2)

e DMA transfer count register_2 (DTCR_2)

e DMA block size register_2 (DBSR_2)

e DMA mode control register_2 (DMDR_2)

e DMA address control register_2 (DACR_2)

e  DMA module request select register_2 (DMRSR_2)

Rev. 2.00 Oct. 20, 2009 Page 287 of 1340
RENESAS REJ09B0499-0200



Section 10 DMA Controller (DMAC)

Channel 3:

e DMA source address register_3 (DSAR_3)

e DMA destination address register_3 (DDAR_3)

e DMA offset register_3 (DOFR_3)

e DMA transfer count register_3 (DTCR_3)

e DMA block size register_3 (DBSR_3)

e DMA mode control register_3 (DMDR_3)

e DMA address control register_3 (DACR_3)

e DMA module request select register_3 (DMRSR_3)

10.3.1 DMA Source Address Register (DSAR)

DSAR is a 32-bit readable/writable register that specifies the transfer source address. DSAR
updates the transfer source address every time data is transferred. When DDAR is specified as the
destination address (the DIRS bit in DACR is 1) in single address mode, DSAR is ignored.

Although DSAR can always be read from by the CPU, it must be read from in longwords and
must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 27 26 25 24
BitName | [ [ [ [ [ [

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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10.3.2 DMA Destination Address Register (DDAR)

DDAR is a 32-bit readable/writable register that specifies the transfer destination address. DDAR
updates the transfer destination address every time data is transferred. When DSAR is specified as
the source address (the DIRS bit in DACR is 0) in single address mode, DDAR is ignored.

Although DDAR can always be read from by the CPU, it must be read from in longwords and
must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 27 26 25 24
BitName | I I I I I I

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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10.3.3 DMA Offset Register (DOFR)

DOFR is a 32-bit readable/writable register that specifies the offset to update the source and
destination addresses. Although different values are specified for individual channels, the same
values must be specified for the source and destination sides of a single channel.

Bit 31 30 29 28 27 26 25 24
BitName | I I I I I I I

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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10.3.4 DMA Transfer Count Register (DTCR)

DTCR is a 32-bit readable/writable register that specifies the size of data to be transferred (total
transfer size).

To transfer 1-byte data in total, set H'00000001 in DTCR. When H'00000000 is set in this register,
it means that the total transfer size is not specified and data is transferred with the transfer counter
stopped (free running mode). When H'FFFFFFFF is set, the total transfer size is 4 Gbytes
(4,294,967,295), which is the maximum size. While data is being transferred, this register
indicates the remaining transfer size. The value corresponding to its data access size is subtracted
every time data is transferred (byte: —1, word: —2, and longword: —4).

Although DTCR can always be read from by the CPU, it must be read from in longwords and
must not be written to while data for the channel is being transferred.

Bit 31 30 29 28 27 26 25 24
Bit Name I I I I I I I

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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10.3.5 DMA Block Size Register (DBSR)

DBSR specifies the repeat size or block size. DBSR is enabled in repeat transfer mode and block
transfer mode and is disabled in normal transfer mode.

Bit 31 30 29 28 27 26 25 24
BitName | BKSZH31 | BKSZH30 | BkszH29 | BkszH28 | BKszH27 | BkszH26 | BKszH25 | BkSZH24
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW R/W RIW
Bit 23 22 21 20 19 18 17 16
Bit Name BKSZH23 | BKszH22 | BkszH21 | BkszH20 | BKszH19 | BkszH18 | BkszH17 | BKszH16
Initial Value 0 0 0 0 0 0 0 0
RW RW RW RIW RIW RIW RIW RIW RIW
Bit 15 14 13 12 11 10 9 8
Bit Name Bksz15 | Bkszi4 | Bkszia | Bkszi2 | Bkszi1 | Bkszio | Bkszo | Bkszs
Initial Value 0 0 0 0 0 0 0 0
RW RIW RW RIW RW RIW RW RIW RW
Bit 7 6 5 4 3 2 1 0
Bit Name Bkszz | Bksze | Bkszs | Bksz4 | BKksza | Bksz2 [ Bkszi | BKszo
Initial Value 0 0 0 0 0 0 0 0
RW RIW RW RW RIW RIW RW RIW RIW
Initial
Bit Bit Name Value R/W Description
31to 16 BKSZH31to AllO R/W  Specify the repeat size or block size.
BKSZH16

When H'0001 is set, the repeat or block size is one byte,
one word, or one longword. When H'0000 is set, it
means the maximum value (refer to table 10.1). While
the DMA is in operation, the setting is fixed.

15to 0 BKSZ15to AllO R/W Indicate the remaining repeat or block size while the
BKSZ0 DMA is in operation. The value is decremented by 1
every time data is transferred. When the remaining size
becomes 0, the value of the BKSZH bits is loaded. Set
the same value as the BKSZH bits.
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Table 10.2 Data Access Size, Valid Bits, and Settable Size

Settable Size

Mode Data Access Size BKSZH Valid Bits BKSZ Valid Bits (Byte)

Repeat transfer Byte 311016 15t00 1 to 65,536

and block transfer Word 210 131,072

Longword 410 262,144

10.3.6 DMA Mode Control Register (DMDR)

DMDR controls the DMAC operation.

e DMDR_0
Bit 31 30 29 28 27 26 25 24
BitName | DTE DACKE | TENDE — DREQS NRD — —
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R R
Bit 23 22 21 20 19 18 17 16
Bit Name ACT — — — | errr | — | EsF | bmF |
Initial Value 0 0 0 0 0 0 0 0
R/W R R R R/(W)* R R/(W)* R/(W)*
Bit 15 14 13 12 11 10 9 8
Bit Name DTSZ1 DTSz0 | MDSt mpso [ Tsee | — | EsEe | bpmE |
Initial Value 0 0 0 0 0 0 0 0
R/W RIW R/W R/W R/W R/W R R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name DTF1 DTFO DTA — — DMAP2 DMAP1 DMAPO
Initial Value 0 0 0 0 0 0 0 0
R/W RIW RIW RW R R R/W R/W R/W
Note: * Only 0 can be written to this bit after having been read as 1, to clear the flag.
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e DMDR_1 to DMDR_3

Bit 30 29 28 27 26 25 24
BitName | | packe [ TENDE — DREQS NRD — —
Initial Value 0 0 0 0 0 0 0

RIW RIW RIW RIW R/W RIW R R

Bit 22 21 20 19 18 17 16

Bit Name — — — — — | EsF | bmF |
Initial Value 0 0 0 0 0 0 0

RIW R R R R RIW)*  RIAW)*
Bit 14 13 12 11 10 9 8

Bit Name DTSZ0 | MDST MDS0 TSEIE — | Ese | prmE |
Initial Value 0 0 0 0 0 0 0

RIW RIW RIW RIW RIW R R/W RIW

Bit 6 5 4 3 2 1 0

Bit Name DTFO DTA — — DMAP2 | DMAP1 | DMAPO
Initial Value 0 0 0 0 0 0 0

R/W RIW RIW R R RIW RIW RIW
Note: * Only 0 can be written to this bit after having been read as 1, to clear the flag.
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Bit

Bit Name

Initial
Value

R/W

Description

31

DTE

0

R/W

Data Transfer Enable

Enables/disables a data transfer for the corresponding
channel. When this bit is set to 1, it indicates that the
DMAC is in operation.

Setting this bit to 1 starts a transfer when the auto-
request is selected. When the on-chip module interrupt
or external request is selected, a transfer request after
setting this bit to 1 starts the transfer. While data is
being transferred, clearing this bit to O stops the
transfer.

In block transfer mode, if writing 0 to this bit while data is
being transferred, this bit is cleared to 0 after the current
1-block size data transfer.

If an event which stops (sustains) a transfer occurs
externally, this bit is automatically cleared to 0 to stop
the transfer.

Operating modes and transfer methods must not be
changed while this bit is set to 1.

0: Disables a data transfer

1: Enables a data transfer (DMA is in operation)

[Clearing conditions]

o When the specified total transfer size of transfers is
completed

o When a transfer is stopped by an overflow interrupt
by a repeat size end

e When a transfer is stopped by an overflow interrupt
by an extended repeat size end

o When a transfer is stopped by a transfer size error
interrupt

e When clearing this bit to 0 to stop a transfer

In block transfer mode, this bit changes after the current
block transfer.

e When an address error or an NMI interrupt is
requested

¢ In the reset state or hardware standby mode
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Initial
Bit Bit Name Value R/W  Description
30 DACKE 0 R/W  DACK Signal Output Enable

Enables/disables the DACK signal output in single
address mode. This bit is ignored in dual address mode.

0: Disables DACK signal output
1: Enables DACK signal output

29 TENDE 0 R/W  TEND Signal Output Enable
Enables/disables the TEND signal output.
0: Disables TEND signal output
1: Enables TEND signal output

28 — 0 R/W  Reserved
Initial value should not be changed.
27 DREQS 0 R/W  DREQ Select

Selects whether a low level or the falling edge of the
DREQ signal used in external request mode is detected.

0: Low level detection

1: Falling edge detection (the first transfer after a
transfer enabled is detected on a low level)

26 NRD 0 R/W  Next Request Delay
Selects the accepting timing of the next transfer request.

0: Starts accepting the next transfer request after
completion of the current transfer

1: Starts accepting the next transfer request one cycle
of B¢ after completion of the current transfer

25,24 — AllO R Reserved
These bits are always read as 0 and cannot be
modified.

23 ACT 0 R Active State

Indicates the operating state for the channel.

0: Waiting for a transfer request or a transfer disabled
state by clearing the DTE bitto O

1: Active state

221020 — AllO R Reserved

These bits are always read as 0 and cannot be
modified.

Rev. 2.00 Oct. 20, 2009 Page 296 of 1340
REJ09B0499-0200 RENESAS



Section 10 DMA Controller (DMAC)

Bit

Bit Name

Initial
Value

R/W

Description

19

ERRF

0

R/(W)*

System Error Flag

Indicates that an address error or an NMI interrupt has
been generated. This bit is available only in DMDR_O.
Setting this bit to 1 prohibits writing to the DTE bit for all
the channels. This bit is reserved in DMDR_1 to
DMDR_3. It is always read as 0 and cannot be modified.

0: An address error or an NMI interrupt has not been
generated

1: An address error or an NMI interrupt has been
generated

[Clearing condition]

¢ When clearing to 0 after reading ERRF = 1

[Setting condition]

e When an address error or an NMI interrupt has been
generated

However, when an address error or an NMI interrupt has
been generated in DMAC module stop mode, this bit is
not set to 1.

18

Reserved
This bit is always read as 0 and cannot be modified.

17

ESIF

0

R/(W)*

Transfer Escape Interrupt Flag

Indicates that a transfer escape end interrupt has been
requested. A transfer escape end means that a transfer
is terminated before the transfer counter reaches 0.

0: A transfer escape end interrupt has not been
requested

1: A transfer escape end interrupt has been requested
[Clearing conditions]

o When setting the DTE bit to 1

e When clearing to 0 before reading ESIF = 1
[Setting conditions]

o When a transfer size error interrupt is requested

o When a repeat size end interrupt is requested

o When a transfer end interrupt by an extended repeat
area overflow is requested
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Bit

Bit Name

Initial
Value

R/W

Description

16

DTIF

0

R/(W)*

Data Transfer Interrupt Flag

Indicates that a transfer end interrupt by the transfer
counter has been requested.

0: A transfer end interrupt by the transfer counter has
not been requested

1: A transfer end interrupt by the transfer counter has
been requested

[Clearing conditions]

¢ When setting the DTE bit to 1

e When clearing to 0 after reading DTIF = 1

[Setting condition]

e When DTCR reaches 0 and the transfer is
completed

15
14

DTSZz1
DTSZ0

R/W
R/W

Data Access Size 1 and 0

Select the data access size for a transfer.
00: Byte size (eight bits)

01: Word size (16 bits)

10: Longword size (32 bits)

11: Setting prohibited

13
12

MDS1
MDSO

R/W
R/W

Transfer Mode Select 1 and 0
Select the transfer mode.

00: Normal transfer mode

01: Block transfer mode

10: Repeat transfer mode

11: Setting prohibited
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Bit

Bit Name

Initial
Value

R/W

Description

11

TSEIE

0

R/W

Transfer Size Error Interrupt Enable
Enables/disables a transfer size error interrupt.

When the next transfer is requested while this bit is set
to 1 and the contents of the transfer counter is less than
the size of data to be transferred at a single transfer
request, the DTE bit is cleared to 0. At this time, the
ESIF bit is set to 1 to indicate that a transfer size error
interrupt has been requested.

The sources of a transfer size error are as follows:

e In normal or repeat transfer mode, the total transfer
size set in DTCR is less than the data access size

e In block transfer mode, the total transfer size set in
DTCR is less than the block size

0: Disables a transfer size error interrupt request
1: Enables a transfer size error interrupt request

10

Reserved
This bit is always read as 0 and cannot be modified.

9

ESIE

0

R/W

Transfer Escape Interrupt Enable

Enables/disables a transfer escape end interrupt
request. When the ESIF bit is set to 1 with this bit set to
1, a transfer escape end interrupt is requested to the
CPU or DTC. The transfer end interrupt request is
cleared by clearing this bit or the ESIF bit to 0.

0: Disables a transfer escape end interrupt
1: Enables a transfer escape end interrupt

8

DTIE

0

R/W

Data Transfer End Interrupt Enable

Enables/disables a transfer end interrupt request by the
transfer counter. When the DTIF bit is set to 1 with this
bit set to 1, a transfer end interrupt is requested to the
CPU or DTC. The transfer end interrupt request is
cleared by clearing this bit or the DTIF bit to 0.

0: Disables a transfer end interrupt
1: Enables a transfer end interrupt
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Initial
Bit Bit Name Value R/W  Description
7 DTFA 0 R/W  Data Transfer Factor 1 and 0
6 DTFO 0 R/W  Select a DMAC activation source. When the on-chip
peripheral module setting is selected, the interrupt
source should be selected by DMRSR. When the
external request setting is selected, the sampling
method should be selected by the DREQS bit.
00: Auto request (cycle stealing)
01: Auto request (burst access)
10: On-chip module interrupt
11: External request
5 DTA 0 R/W Data Transfer Acknowledge
This bit is valid in DMA transfer by the on-chip module
interrupt source. This bit enables or disables to clear the
source flag selected by DMRSR.
0: To clear the source in DMA transfer is disabled.
Since the on-chip module interrupt source is not
cleared in DMA transfer, it should be cleared by the
CPU or DTC transfer.
1: To clear the source in DMA transfer is enabled.
Since the on-chip module interrupt source is cleared
in DMA transfer, it does not require an interrupt by the
CPU or DTC transfer.
4,3 — AllO R Reserved

These bits are always read as 0 and cannot be
modified.
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Initial
Bit Bit Name Value R/W  Description
2 DMAP2 0 R/W  DMA Priority Level 2 to 0
1 DMAP1 0 R/W  Select the priority level of the DMAC when using the
0 DMAPO 0 R/W CPU priority control function over DMAC. When the

CPU has priority over the DMAC, the DMAC masks a
transfer request and waits for the timing when the CPU
priority becomes lower than the DMAC priority. The
priority levels can be set to the individual channels. This
bit is valid when the CPUPCE bit in CPUPCR is set to 1.

000: Priority level 0 (low)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (high)
Note: * Only 0 can be written to, to clear the flag.
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10.3.7

DMA Address Control Register (DACR)

DACR specifies the operating mode and transfer method.

Bit 31 30 29 28 27 26 25 24
BitName | Ams [ bms | — | — [ — RPTIE ARS1 ARSO
Initial Value 0 0 0 0 0 0 0 0
RW R/W R/W R R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name — — SAT1 SATO — — DAT1 DATO
Initial Value 0 0 0 0 0 0 0 0
RIW R/W RW R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name SARIE — — SARA4 | SARA3 | SsARA2 SARA1 SARAO
Initial Value 0 0 0 0 0 0 0 0
RW RW R RW RW RW R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name DARIE — — DARA4 | DARA3 DARA2 DARA1 DARAO
Initial Value 0 0 0 0 0 0 0 0
RIW R/W R RW R/W RW R/W R/W
Initial
Bit Bit Name Value R/W  Description
31 AMS 0 R/W  Address Mode Select
Selects address mode from single or dual address
mode. In single address mode, the DACK pin is enabled
according to the DACKE bit.
0: Dual address mode
1: Single address mode
30 DIRS 0 R/W  Single Address Direction Select
Specifies the data transfer direction in single address
mode. This bit s ignored in dual address mode.
0: Specifies DSAR as source address
1: Specifies DDAR as destination address
291027 — 0 R/W  Reserved

These bits are always read as 0 and cannot be
modified.
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Bit

Bit Name

Initial
Value

R/W

Description

26

RPTIE

0

RW

Repeat Size End Interrupt Enable
Enables/disables a repeat size end interrupt request.

In repeat transfer mode, when the next transfer is
requested after completion of a 1-repeat-size data
transfer while this bit is set to 1, the DTE bit in DMDR is
cleared to 0. At this time, the ESIF bit in DMDR is set to
1 to indicate that a repeat size end interrupt is
requested. Even when the repeat area is not specified
(ARS1 =1 and ARSO = 0), a repeat size end interrupt
after a 1-block data transfer can be requested.

In addition, in block transfer mode, when the next
transfer is requested after 1-block data transfer while
this bit is set to 1, the DTE bit in DMDR is cleared to 0.
At this time, the ESIF bit in DMDR is set to 1 to indicate
that a repeat size end interrupt is requested.

0: Disables a repeat size end interrupt
1: Enables a repeat size end interrupt

25
24

ARSH1
ARSO

R/W
R/W

Area Select 1 and 0

Specify the block area or repeat area in block or repeat
transfer mode.

00: Specify the block area or repeat area on the source
address

01: Specify the block area or repeat area on the
destination address

10: Do not specify the block area or repeat area
11: Setting prohibited

23, 22

AllO

Reserved

These bits are always read as 0 and cannot be
modified.

21
20

SAT1
SATO

R/W
R/W

Source Address Update Mode 1 and 0

Select the update method of the source address
(DSAR). When DSAR is not specified as the transfer
source in single address mode, this bit is ignored.

00: Source address is fixed

01: Source address is updated by adding the offset

10: Source address is updated by adding 1, 2, or 4
according to the data access size

11: Source address is updated by subtracting 1, 2, or 4
according to the data access size
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Initial
Bit Bit Name Value R/W  Description

19,18 — AllO R Reserved

These bits are always read as 0 and cannot be
modified.

17 DAT1 0 R/W  Destination Address Update Mode 1 and 0

16 DATO 0 R/W  Select the update method of the destination address
(DDAR). When DDAR is not specified as the transfer
destination in single address mode, this bit is ignored.

00: Destination address is fixed
01: Destination address is updated by adding the offset

10: Destination address is updated by adding 1, 2, or 4
according to the data access size

11: Destination address is updated by subtracting 1, 2,
or 4 according to the data access size

15 SARIE 0 R/W Interrupt Enable for Source Address Extended Area
Overflow

Enables/disables an interrupt request for an extended
area overflow on the source address.

When an extended repeat area overflow on the source
address occurs while this bit is set to 1, the DTE bit in
DMDR is cleared to 0. At this time, the ESIF bit in
DMDR is set to 1 to indicate an interrupt by an extended
repeat area overflow on the source address is
requested.

When block transfer mode is used with the extended
repeat area function, an interrupt is requested after
completion of a 1-block size transfer. When setting the
DTE bit in DMDR of the channel for which a transfer has
been stopped to 1, the transfer is resumed from the
state when the transfer is stopped.

When the extended repeat area is not specified, this bit
is ignored.

0: Disables an interrupt request for an extended area
overflow on the source address

1: Enables an interrupt request for an extended area
overflow on the source address

14,13 — AllO R Reserved

These bits are always read as 0 and cannot be
modified.
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Bit

Bit Name

Initial
Value

R/W

Description

12
11
10

SARA4
SARA3
SARA2
SARAT
SARAO

0

o O O o

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

Source Address Extended Repeat Area

Specify the extended repeat area on the source address
(DSAR). With the extended repeat area, the specified
lower address bits are updated and the remaining upper
address bits are fixed. The extended repeat area size is
specified from four bytes to 128 Mbytes in units of byte
and a power of 2.

When the lower address is overflowed from the
extended repeat area by address update, the address
becomes the start address and the end address of the
area for address addition and subtraction, respectively.

When an overflow in the extended repeat area occurs
with the SARIE bit set to 1, an interrupt can be
requested. Table 10.3 shows the settings and areas of
the extended repeat area.

DARIE

0

R/W

Destination Address Extended Repeat Area Overflow
Interrupt Enable

Enables/disables an interrupt request for an extended
area overflow on the destination address.

When an extended repeat area overflow on the
destination address occurs while this bit is set to 1, the
DTE bit in DMDR is cleared to 0. At this time, the ESIF
bit in DMDR is set to 1 to indicate an interrupt by an
extended repeat area overflow on the destination
address is requested.

When block transfer mode is used with the extended
repeat area function, an interrupt is requested after
completion of a 1-block size transfer. When setting the
DTE bit in DMDR of the channel for which the transfer
has been stopped to 1, the transfer is resumed from the
state when the transfer is stopped.

When the extended repeat area is not specified, this bit
is ignored.

0: Disables an interrupt request for an extended area
overflow on the destination address

1: Enables an interrupt request for an extended area
overflow on the destination address

6,5

AllO

R

Reserved

These bits are always read as 0 and cannot be
modified.

RENESAS

Rev. 2.00 Oct. 20, 2009 Page 305 of 1340
REJ09B0499-0200



Section 10 DMA Controller (DMAC)

Initial
Bit Bit Name Value R/W  Description
4 DARA4 0 R/W  Destination Address Extended Repeat Area
3 DARA3 0 R/W  Specify the extended repeat area on the destination
2 DARA2 0 R/W address (DDAR). With the extended repeat area, the

specified lower address bits are updated and the

1 DARA1 0 R/W remaining upper address bits are fixed. The extended
0 DARAO 0 R/W repeat area size is specified from four bytes to 128

Mbytes in units of byte and a power of 2.

When the lower address is overflowed from the
extended repeat area by address update, the address
becomes the start address and the end address of the
area for address addition and subtraction, respectively.

When an overflow in the extended repeat area occurs
with the DARIE bit set to 1, an interrupt can be
requested. Table 10.3 shows the settings and areas of
the extended repeat area.
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Table 10.3 Settings and Areas of Extended Repeat Area

SARA4 to

SARAO or

DARAA4 to

DARAO Extended Repeat Area

00000 Not specified

00001 2 bytes specified as extended repeat area by the lower 1 bit of the address
00010 4 bytes specified as extended repeat area by the lower 2 bits of the address
00011 8 bytes specified as extended repeat area by the lower 3 bits of the address
00100 16 bytes specified as extended repeat area by the lower 4 bits of the address
00101 32 bytes specified as extended repeat area by the lower 5 bits of the address
00110 64 bytes specified as extended repeat area by the lower 6 bits of the address
00111 128 bytes specified as extended repeat area by the lower 7 bits of the address
01000 256 bytes specified as extended repeat area by the lower 8 bits of the address
01001 512 bytes specified as extended repeat area by the lower 9 bits of the address
01010 1 Kbyte specified as extended repeat area by the lower 10 bits of the address
01011 2 Kbytes specified as extended repeat area by the lower 11 bits of the address
01100 4 Kbytes specified as extended repeat area by the lower 12 bits of the address
01101 8 Kbytes specified as extended repeat area by the lower 13 bits of the address
01110 16 Kbytes specified as extended repeat area by the lower 14 bits of the address
01111 32 Kbytes specified as extended repeat area by the lower 15 bits of the address
10000 64 Kbytes specified as extended repeat area by the lower 16 bits of the address
10001 128 Kbytes specified as extended repeat area by the lower 17 bits of the address
10010 256 Kbytes specified as extended repeat area by the lower 18 bits of the address
10011 512 Kbytes specified as extended repeat area by the lower 19 bits of the address
10100 1 Mbyte specified as extended repeat area by the lower 20 bits of the address
10101 2 Mbytes specified as extended repeat area by the lower 21 bits of the address
10110 4 Mbytes specified as extended repeat area by the lower 22 bits of the address
10111 8 Mbytes specified as extended repeat area by the lower 23 bits of the address
11000 16 Mbytes specified as extended repeat area by the lower 24 bits of the address
11001 32 Mbytes specified as extended repeat area by the lower 25 bits of the address
11010 64 Mbytes specified as extended repeat area by the lower 26 bits of the address
11011 128 Mbytes specified as extended repeat area by the lower 27 bits of the address
111xx Setting prohibited

[Legend]

x: Don't care
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10.3.8 DMA Module Request Select Register (DMRSR)

DMRSR is an 8-bit readable/writable register that specifies the on-chip module interrupt source.
The vector number of the interrupt source is specified in eight bits. However, O is regarded as no
interrupt source. For the vector numbers of the interrupt sources, refer to table 10.5.

Bit 7 6 5 4 3 2 1 0
BeName | | | | | | | | |
Initial Value 0 0 0 0 0 0 0 0

RW RIW RW RW RW RW RW RW RIW
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10.4 Transfer Modes

Table 10.4 shows the DMAC transfer modes. The transfer modes can be specified to the
individual channels.

Table 10.4 Transfer Modes

Address Register

Address Destina-
Mode Transfer mode Activation Source Common Function Source tion
Dual e Normal transfer e Auto request e Total transfer DSAR DDAR
address e Repeat transfer (activated by size: 1to 4

¢ Block transfer CPU) Gbyt.e.s or not

Repeat or block size ® ©On-chip module specified

=1 to 65,536 bytes, interrupt e Offset addition

110 65,536 words, or o External request o Extended repeat

110 65,536 area function

longwords
Single ¢ Instead of specifying the source or destination address DSAR/  DACK/
address registers, data is directly transferred from/to the external DACK  DDAR

device using the DACK pin
e The same settings as above are available other than address
register setting (e.g., above transfer modes can be specified)
e One transfer can be performed in one bus cycle (the types of
transfer modes are the same as those of dual address modes)

When the auto request setting is selected as the activation source, the cycle stealing or burst access
can be selected. When the total transfer size is not specified (DTCR = H'00000000), the transfer
counter is stopped and the transfer is continued without the limitation of the transfer count.
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10.5  Operations

10.5.1 Address Modes
(1) Dual Address Mode

In dual address mode, the transfer source address is specified in DSAR and the transfer destination
address is specified in DDAR. A transfer at a time is performed in two bus cycles (when the data
bus width is less than the data access size or the access address is not aligned with the boundary of
the data access size, the number of bus cycles are needed more than two because one bus cycle is
divided into multiple bus cycles).

In the first bus cycle, data at the transfer source address is read and in the next cycle, the read data
is written to the transfer destination address.

The read and write cycles are not separated. Other bus cycles (bus cycle by other bus masters,
refresh cycle, and external bus release cycle) are not generated between read and write cycles.

The TEND signal output is enabled or disabled by the TENDE bit in DMDR. The TEND signal is
output in two bus cycles. When an idle cycle is inserted before the bus cycle, the TEND signal is
also output in the idle cycle. The DACK signal is not output.

Figure 10.2 shows an example of the signal timing in dual address mode and figure 10.3 shows the
operation in dual address mode.

DMAread i DMA write
' cycle ' cycle !
B N I o I B
Address bus X DsAR X DDAR X

TEND i é i_

Figure 10.2 Example of Signal Timing in Dual Address Mode
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/\/ /\/

Address Ta —> Transfer > ~— Address Ts

Address BA —» Address update setting is as follows:

Source address increment

Fixed destination address
Figure 10.3 Operations in Dual Address Mode
(2) Single Address Mode

In single address mode, data between an external device and an external memory is directly
transferred using the DACK pin instead of DSAR or DDAR. A transfer at a time is performed in
one bus cycle. In this mode, the data bus width must be the same as the data access size. For
details on the data bus width, see section 9, Bus Controller (BSC).

The DMAC accesses an external device as the transfer source or destination by outputting the
strobe signal (DACK) to the external device with DACK and accesses the other transfer target by
outputting the address. Accordingly, the DMA transfer is performed in one bus cycle. Figure 10.4
shows an example of a transfer between an external memory and an external device with the
DACK pin. In this example, the external device outputs data on the data bus and the data is written
to the external memory in the same bus cycle.

The transfer direction is decided by the DIRS bit in DACR which specifies an external device with
the DACK pin as the transfer source or destination. When DIRS = 0, data is transferred from an
external memory (DSAR) to an external device with the DACK pin. When DIRS = 1, data is
transferred from an external device with the DACK pin to an external memory (DDAR). The
settings of registers which are not used as the transfer source or destination are ignored.

The DACK signal output is enabled in single address mode by the DACKE bit in DMDR. The
DACK signal is low active.

The TEND signal output is enabled or disabled by the TENDE bit in DMDR. The TEND signal is
output in one bus cycle. When an idle cycle is inserted before the bus cycle, the TEND signal is
also output in the idle cycle.
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Figure 10.5 shows an example of timing charts in single address mode and figure 10.6 shows an
example of operation in single address mode.

External External

address data

bus bus

LSI
External
- memory
DMAC LG 3| External device
U with DACK
A A
DACK
--- % Data flow DREQ

Figure 10.4 Data Flow in Single Address Mode
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Transfer from external memory to external device with DACK
+ DMAcycle .
-

S pigligligh

Address bus X DSAR :x --——— Address for external memory space
RD 1 ~—— RD signal for external memory space
WR High | 5

DACK ' | I

Data bus : -+«—— Data output by external memory

TEND l I

Transfer from external device with DACK to external memory
 DMAcycle .
)

o LT LT LI

Address bus X DDAR :x ~+——— Address for external memory space

RD High
WR

DACK T I_

-«—— WR signal for external memory space

Data bus

TEND

Figure 10.5 Example of Signal Timing in Single Address Mode

Address T ——- { Transfer >I |<— DACK

Address B—p

/\/

Figure 10.6 Operations in Single Address Mode
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10.5.2 Transfer Modes
(1) Normal Transfer Mode

In normal transfer mode, one data access size of data is transferred at a single transfer request. Up
to 4 Gbytes can be specified as a total transfer size by DTCR. DBSR is ignored in normal transfer
mode.

The TEND signal is output only in the last DMA transfer.

Figure 10.7 shows an example of the signal timing in normal transfer mode and figure 10.8 shows
the operation in normal transfer mode.

Auto request transfer in dual address mode:

. DMA transfer ! i Last DMA .
1 cycle ! 1 transfer cycle !

Bus cycle  ———Y Read X Write \—— Read X Write }———————
TEND | |

External request transfer in single address mode:

DREQ | [

DACK | I | I

Figure 10.7 Example of Signal Timing in Normal Transfer Mode

~
Address Tn —> Transfer > -<— Address Ts

\ Total transfer
size (DTCR)

Address Bn —» <— Address Bs

/\//\/

Figure 10.8 Operations in Normal Transfer Mode
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(2) Repeat Transfer Mode

In repeat transfer mode, one data access size of data is transferred at a single transfer request. Up
to 4 Gbytes can be specified as a total transfer size by DTCR. The repeat size can be specified in
DBSR up to 65536 x data access size.

The repeat area can be specified for the source or destination address side by bits ARS1 and ARSO
in DACR. The address specified as the repeat area returns to the transfer start address when the
repeat size of transfers is completed. This operation is repeated until the total transfer size
specified in DTCR is completed. When H'00000000 is specified in DTCR, it is regarded as the
free running mode and repeat transfer is continued until the DTE bit in DMDR is cleared to O.

In addition, a DMA transfer can be stopped and a repeat size end interrupt can be requested to the
CPU or DTC when the repeat size of transfers is completed. When the next transfer is requested
after completion of a 1-repeat size data transfer while the RPTIE bit is set to 1, the DTE bit in
DMDR is cleared to 0 and the ESIF bit in DMDR is set to 1 to complete the transfer. At this time,
an interrupt is requested to the CPU or DTC when the ESIE bit in DMDR is set to 1.

The timing of the TEND signal is the same as in normal transfer mode.
Figure 10.9 shows the operation in repeat transfer mode while dual address mode is set.

When the repeat area is specified as neither source nor destination address side, the operation is
the same as the normal transfer mode operation shown in figure 10.8. In this case, a repeat size
end interrupt can also be requested to the CPU when the repeat size of transfers is completed.
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/\/ /\/

~
Address Ta —» | Transfer> ~«¢—Address Tp

Repeat size =
BKSZH x
data access size

Address By —p > Total transfer

size (DTCR)

Y

Operation when the repeat area is specified ~+— Address BB/

to the source side

Figure 10.9 Operations in Repeat Transfer Mode
(3) Block Transfer Mode

In block transfer mode, one block size of data is transferred at a single transfer request. Up to 4
Gbytes can be specified as total transfer size by DTCR. The block size can be specified in DBSR
up to 64 k data access size.

While one block of data is being transferred, transfer requests from other channels are suspended.
When the transfer is completed, the bus is released to the other bus master.

The block area can be specified for the source or destination address side by bits ARS1 and ARSO
in DACR. The address specified as the block area returns to the transfer start address when the
block size of data is completed. When the block area is specified as neither source nor destination
address side, the operation continues without returning the address to the transfer start address. A
repeat size end interrupt can be requested.

The TEND signal is output every time 1-block data is transferred in the last DMA transfer cycle.

When an interrupt request by an extended repeat area overflow is used in block transfer mode,
settings should be selected carefully. For details, see section 10.5.5, Extended Repeat Area
Function.
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Figure 10.10 shows an example of the DMA transfer timing in block transfer mode. The transfer
conditions are as follows:

e Address mode: single address mode
e Data access size: byte
e 1-block size: three bytes

The block transfer mode operations in single address mode and in dual address mode are shown in
figures 10.11 and 10.12, respectively.

omea | |

Transfer cycles for one block

Bus cycle X_cPU X CPU X DMAC X DMAC X DMAC X cpu X
: —_

No CPU cycle generated

TEND E |—l

Figure 10.10 Operations in Block Transfer Mode

Address T —>|__
Transfer I ~<— DACK
( l Block

|~/ BKSZH x N
data access size _L

AddressB  —»

/\/

Figure 10.11 Operation in Single Address Mode in Block Transfer Mode
(Block Area Specified)

Rev. 2.00 Oct. 20, 2009 Page 317 of 1340
RENESAS REJ09B0499-0200




Section 10 DMA Controller (DMAC)

Address Ta

Address B,

E——

First block

BKSZH x
data access size

Y

—_—

Second block

Nth block

/_\/

First block

> Total transfer
size (DTCR)

Second block ——

Nth block

/_\/

<— Address Tg

\

~<— Address Bg

Figure 10.12 Operation in Dual Address Mode in Block Transfer Mode
(Block Area Not Specified)
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10.5.3  Activation Sources

The DMAC is activated by an auto request, an on-chip module interrupt, and an external request.
The activation source is specified by bits DTF1 and DTFO in DMDR.

(1) Activation by Auto Request

The auto request activation is used when a transfer request from an external device or an on-chip
peripheral module is not generated such as a transfer between memory and memory or between
memory and an on-chip peripheral module which does not request a transfer. A transfer request is
automatically generated inside the DMAC. In auto request activation, setting the DTE bit in
DMDR starts a transfer. The bus mode can be selected from cycle stealing and burst modes.

(2) Activation by On-Chip Module Interrupt

An interrupt request from an on-chip peripheral module (on-chip peripheral module interrupt) is
used as a transfer request. When a DMA transfer is enabled (DTE = 1), the DMA transfer is
started by an on-chip module interrupt.

The activation source of the on-chip module interrupt is selected by the DMA module request
select register (DMRSR). The activation sources are specified to the individual channels. Table
10.5 is a list of on-chip module interrupts for the DMAC. The interrupt request selected as the
activation source can generate an interrupt request simultaneously to the CPU or DTC. For details,
refer to section 7, Interrupt Controller.

The DMAC receives interrupt requests by on-chip peripheral modules independent of the interrupt
controller. Therefore, the DMAC is not affected by priority given in the interrupt controller.

When the DMAC is activated while DTA = 1, the interrupt request flag is automatically cleared by
a DMA transfer. If multiple channels use a single transfer request as an activation source, when
the channel having priority is activated, the interrupt request flag is cleared. In this case, other
channels may not be activated because the transfer request is not held in the DMAC.

When the DMAC is activated while DTA = 0, the interrupt request flag is not cleared by the
DMAC and should be cleared by the CPU or DTC transfer.

When an activation source is selected while DTE = 0, the activation source does not request a
transfer to the DMAC. It requests an interrupt to the CPU or DTC.

In addition, make sure that an interrupt request flag as an on-chip module interrupt source is
cleared to 0 before writing 1 to the DTE bit.
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Table 10.5 List of On-chip module interrupts to DMAC

DMRSR
On-Chip  (Vector

On-Chip Module Interrupt Source Module Number)
ADIO (conversion end interrupt for A/D_0 converter unit 0) A/D_0O 86
TGIOA (TGIOA input capture/compare match) TPU_O 88
TGI1A (TGI1A input capture/compare match) TPU_1 93
TGI2A (TGI2A input capture/compare match) TPU_2 97
TGI3A (TGI3A input capture/compare match) TPU_3 101
TGI4A (TGI4A input capture/compare match) TPU_4 106
TGI5A (TGI5A input capture/compare match) TPU_5 110
RXI0 (receive data full interrupt for SCI channel 0) SCI_0 145
TXIO (transmit data empty interrupt for SCI channel 0) SCI_0 146
RXI1 (receive data full interrupt for SCI channel 1) SCI_1 149
TXI1 (transmit data empty interrupt for SCI channel 1) SCI_1 150
RXI2 (receive data full interrupt for SCI channel 2) SCI_2 153
TXI2 (transmit data empty interrupt for SCI channel 2) SClI_2 154
RXI4 (receive data full interrupt for SCI channel 4) SCl_4 161
TXI4 (transmit data empty interrupt for SCI channel 4) SCI_4 162
TGI6A (TGI6A input capture/compare match) TPU_6 164
TGI7A (TGI7A input capture/compare match) TPU_7 169
TGIBA (TGI8A input capture/compare match) TPU_8 173
TGI9A (TGI9A input capture/compare match) TPU_9 177
TGI10A (TGI10A input capture/compare match) TPU_10 182
TGI11A (TGI11A input capture/compare match) TPU_11 188
RXI5 (receive data full interrupt for SCI channel 5) SCI_5 220
TXI5 (transmit data empty interrupt for SCI channel 5) SCI_5 221
RXI6 (receive data full interrupt for SCI channel 6) SCI_6 224
TXI6 (transmit data empty interrupt for SCI channel 6) SCI_6 225
USBINTNO (EP1FIFO full interrupt) uSB 232
USBINTN1 (EP2FIFO empty interrupt) uSB 233
ADI1 (conversion end interrupt for A/D converter unit 1) A/D_1 237
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(3) Activation by External Request

A transfer is started by a transfer request signal (DREQ) from an external device. When a DMA
transfer is enabled (DTE = 1), the DMA transfer is started by the DREQ assertion. When a DMA
transfer between on-chip peripheral modules is performed, select an activation source from the
auto request and on-chip module interrupt (the external request cannot be used).

A transfer request signal is input to the DREQ pin. The DREQ signal is detected on the falling
edge or low level. Whether the falling edge or low level detection is used is selected by the
DREQS bit in DMDR.

When an external request is selected as an activation source, clear the DDR bit to 0 and set the
ICR bit to 1 for the corresponding pin. For details, see section 13, I/O Ports.

10.5.4 Bus Access Modes
There are two types of bus access modes: cycle stealing and burst.

When an activation source is the auto request, the cycle stealing or burst mode is selected by bit
DTFO in DMDR. When an activation source is the on-chip module interrupt or external request,
the cycle stealing mode is selected.

(1) Cycle Stealing Mode

In cycle stealing mode, the DMAC releases the bus every time one unit of transfers (byte, word,
longword, or 1-block size) is completed. After that, when a transfer is requested, the DMAC
obtains the bus to transfer 1-unit data and then releases the bus on completion of the transfer. This
operation is continued until the transfer end condition is satisfied.

When a transfer is requested to another channel during a DMA transfer, the DMAC releases the
bus and then transfers data for the requested channel. For details on operations when a transfer is
requested to multiple channels, see section 10.5.8, Priority of Channels.
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Figure 10.13 shows an example of timing in cycle stealing mode. The transfer conditions are as
follows:

e Address mode: Single address mode
e Sampling method of the DREQ signal: Low level detection

Buscycle X cpu X_cpu X bmAac_X_cpu X DMAC X GPU X
]

Bus released temporarily for the CPU

Figure 10.13 Example of Timing in Cycle Stealing Mode
(2) Burst Access Mode

In burst mode, once it takes the bus, the DMAC continues a transfer without releasing the bus until
the transfer end condition is satisfied. Even if a transfer is requested from another channel having
priority, the transfer is not stopped once it is started. The DMAC releases the bus in the next cycle
after the transfer for the channel in burst mode is completed. This is similarly to operation in cycle
stealing mode. However, setting the IBCCS bit in BCR2 of the bus controller makes the DMAC
release the bus to pass the bus to another bus master.

In block transfer mode, the burst mode setting is ignored (operation is the same as that in burst
mode during one block of transfers). The DMAC is always operated in cycle stealing mode.

Clearing the DTE bit in DMDR stops a DMA transfer. A transfer requested before the DTE bit is
cleared to 0 by the DMAC is executed. When an interrupt by a transfer size error, a repeat size
end, or an extended repeat area overflow occurs, the DTE bit is cleared to 0 and the transfer ends.

Figure 10.14 shows an example of timing in burst mode.

Busoydle X cPu X cpu X pmac X pmac X pmac X cpu X cru X
N
No CPU cycle generated

Figure 10.14 Example of Timing in Burst Mode

Rev. 2.00 Oct. 20, 2009 Page 322 of 1340
REJ09B0499-0200 RENESAS



Section 10 DMA Controller (DMAC)

10.5.5 Extended Repeat Area Function

The source and destination address sides can be specified as the extended repeat area. The contents
of the address register repeat addresses within the area specified as the extended repeat area. For
example, to use a ring buffer as the transfer target, the contents of the address register should
return to the start address of the buffer every time the contents reach the end address of the buffer
(overflow on the ring buffer address). This operation can automatically be performed using the
extended repeat area function of the DMAC.

The extended repeat areas can be specified independently to the source address register (DSAR)
and destination address register (DDAR).

The extended repeat area on the source address is specified by bits SARA4 to SARAO in DACR.
The extended repeat area on the destination address is specified by bits DARA4 to DARAO in
DACR. The extended repeat area sizes for each side can be specified independently.

A DMA transfer is stopped and an interrupt by an extended repeat area overflow can be requested
to the CPU when the contents of the address register reach the end address of the extended repeat
area. When an overflow on the extended repeat area set in DSAR occurs while the SARIE bit in
DACR is set to 1, the ESIF bit in DMDR is set to 1 and the DTE bit in DMDR is cleared to O to
stop the transfer. At this time, if the ESIE bit in DMDR is set to 1, an interrupt by an extended
repeat area overflow is requested to the CPU. When the DARIE bit in DACR is set to 1, an
overflow on the extended repeat area set in DDAR occurs, meaning that the destination side is a
target. During the interrupt handling, setting the DTE bit in DMDR resumes the transfer.
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Figure 10.15 shows an example of the extended repeat area operation.

When the area represented by the lower three bits of DSAR (eight bytes)
is specified as the extended repeat area (SARA4 to SARAQO = B'00011)

External memory

Repeat

— An interrupt request by extended repeat area
overflow can be generated.

: Area specified
H23FFFE by DSAR
H'23FFFF
H'240000 |  [H240000
H'240001 H'240001
H'240002 H240002
H'240003 H240003
H'240004 H'240004
H'240005 H'240005
H'240006 H240006
H'240007 H'240007
H'240008 |
H'240009

Figure 10.15 Example of Extended Repeat Area Operation

When an interrupt by an extended repeat area overflow is used in block transfer mode, the
following should be taken into consideration.

When a transfer is stopped by an interrupt by an extended repeat area overflow, the address
register must be set so that the block size is a power of 2 or the block size boundary is aligned with
the extended repeat area boundary. When an overflow on the extended repeat area occurs during a
transfer of one block, the interrupt by the overflow is suspended and the transfer overruns.
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Figure 10.16 shows examples when the extended repeat area function is used in block transfer

mode.

When the are represented by the lower three bits (eight bytes) of DSAR are specified as the extended
repeat area (SARA4 to SARAO = 3) and the block size in block transfer mode is specified to 5 (bits 23

to 16 in DTCR = 5).

External memory Area specified 1st block 2nd block
: by DSAR transfer transfer
H'23FFFE
H'23FFFF
H'240000 H'240000 H'240000 H'240000
H'240001 H'240001 H'240001 H'240001
H240002 H240002 H240002 Interrupt
request
H'240003 H'240003 H'240003 generated
H'240004 H'240004 H'240004
H'240005 H'240005 H'240005
H'240006 H'240006 H'240006
H'240007 H'240007 H'240007
1240008 Bloc!( transfer
continued
H'240009

Figure 10.16 Example of Extended Repeat Area Function in Block Transfer Mode
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10.5.6  Address Update Function using Offset

The source and destination addresses are updated by fixing, increment/decrement by 1, 2, or 4, or
offset addition. When the offset addition is selected, the offset specified by the offset register
(DOFR) is added to the address every time the DMAC transfers the data access size of data. This
function realizes a data transfer where addresses are allocated to separated areas.

Figure 10.17 shows the address update method.

External memory External memory External memory
@ *° o th2ord ~
D + offset
< <
< R
< <
< R
< <
Address not Data access size Offset is added to address
updated added to or subtracted (addresses are not
from address (addresses continuous)
are continuous)
(a) Address fixed (b) Increment or decrement (c) Offset addition
by 1,2,0r4

Figure 10.17 Address Update Method

In item (a), Address fixed, the transfer source or destination address is not updated indicating the
same address.

In item (b), Increment or decrement by 1, 2, or 4, the transfer source or destination address is
incremented or decremented by the value according to the data access size at each transfer. Byte,
word, or longword can be specified as the data access size. The value of 1 for byte, 2 for word, and
4 for longword is used for updating the address. This operation realizes the data transfer placed in
consecutive areas.

In item (c), Offset addition, the address update does not depend on the data access size. The offset
specified by DOFR is added to the address every time the DMAC transfers data of the data access
size.
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The address is calculated by the offset set in DOFR and the contents of DSAR and DDAR.
Although the DMAC calculates only addition, an offset subtraction can be realized by setting the
negative value in DOFR. In this case, the negative value must be 2's complement.

(1) Basic Transfer Using Offset

Figure 10.18 shows a basic operation of a transfer using the offset addition.

,\/ ,\/
- Data 1 Address A1 Data 1 Address B1
| Transfer> Data 2 Address B2 = Address B1 + 4
Data 3 Address B3 = Address B2 + 4

Offset < F —— Data4 | Address B4 = Address B3 + 4
Data 5 Address B5 = Address B4 + 4

Y4
O
o]
=3
@
N

Address A2 e
= Address A1 + Offset

Offset < F —=

N7

Data 3 Address A3
= Address A2 + Offset

Offset < [ ==

Transfer source:  Offset addition
Transfer destination: Increment by 4 (longword)

Data 4 Address A4
= Address A3 + Offset

Y4

Offset < [ =4

~ Data 5 Address A5
= Address A4 + Offset

—

Figure 10.18 Operation of Offset Addition

In figure 10.18, the offset addition is selected as the transfer source address update and increment
or decrement by 1, 2, or 4 is selected as the transfer destination address. The address update means
that data at the address which is away from the previous transfer source address by the offset is
read from. The data read from the address away from the previous address is written to the
consecutive area in the destination side.
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(2) XY Conversion Using Offset

Figure 10.19 shows the XY conversion using the offset addition in repeat transfer mode.

Datal | Data5 |Data9 |Data 13 1sttransfer —»| Data1 [Data2 | Data3 Data 4
Data 2 Data6 |Data 10 |Data 14 2nd transfer—p-| Data 5 Data 6 Data 7 Data 8
Data3 | Data7 |Data11 |Data 15 3rd transfer —»| Data9 | Data 10 | Data 11 | Data 12
Data4 | Data8 |Data12 |Data 16 4th transfer —| Data 13 | Data 14 | Data 15 | Data 16

1st transfer 2nd transfer Tyansfer source 3'd transfer
addresses
,\/ ,\./ changed ’\./ ’\./
___________ by CPU -
Data 1 _ | Data 1 ] Data 1 Transfer » Data 1
Offset Data 5 Address | Datas — [ Raas :l Data 2 1st transfer
Data 9 initialized | Data 9 Address | Data 9 Data 3
Data13 | | . _____ Data 13 initialized | Data 13 | Transfer sourcel | Data4 |/
Data 2 Data2 | | Data 2 addresses Data 5
offsct 4 | Datab | [ Data 6| [Datas | oh4087Y [ Datac |
Data 10 Data 10 Data 10 Data 7 2nd transfer
Data14 | | Data 14 Data 14 Data 8 I
Data 3 Data3 | [ ______ Data 3 Data 9
Data 7 Data 7 Data 7 Data 10
Offset Data 11 Data 11 Data 11 : Data 11 | | o' transfer
Datai5 | | Data 15 Data 15 5 Data 12 |
Data4 F——» Data4 | | Data 4 ! Data 13
Data 8 Interrupt Data8 |—— , Data 8 Data 14 4
th transfer
Data 12 request Data 12 Data 12 |—— Data 15
generated Interrupt
Data 16 Data 16 request Data 16 Interrupt Y| Data16 | |
generated request
—~_ T~ — generated —_

Figure 10.19 XY Conversion Operation Using Offset Addition in Repeat Transfer Mode

In figure 10.19, the source address side is specified to the repeat area by DACR and the offset
addition is selected. The offset value is set to 4 X data access size (when the data access size is
longword, H'00000010 is set in DOFR, as an example). The repeat size is set to 4 X data access
size (when the data access size is longword, the repeat size is set to 4 X 4 = 16 bytes, as an
example). The increment or decrement by 1, 2, or 4 is specified as the transfer destination address.
A repeat size end interrupt is requested when the RPTIE bit in DACR is set to 1 and the repeat
size of transfers is completed.
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When a transfer starts, the transfer source address is added to the offset every time data is
transferred. The transfer data is written to the destination continuous addresses. When data 4 is
transferred meaning that the repeat size of transfers is completed, the transfer source address
returns to the transfer start address (address of data 1 on the transfer source) and a repeat size end
interrupt is requested. While this interrupt stops the transfer temporarily, the contents of DSAR are
written to the address of data 5 by the CPU (when the data access size is longword, write the data

1 address + 4). When the DTE bit in DMDR is set to 1, the transfer is resumed from the state when
the transfer is stopped. Accordingly, operations are repeated and the transfer source data is
transposed to the destination area (XY conversion).

Figure 10.20 shows a flowchart of the XY conversion.

|| Set address and transfer count ||
Il

|| Set repeat transfer mode ||
|

|| Enable repeat escape interrupt ||

|| Set DTE bitto 1 ||

<

| Receives transfer request |
I
| Transfers data |
|
Decrements transfer count
and repeat size

No
Transfer count = 0?

Yes

N
Repeat size = 0?

Yes

| Initializes transfer source addressl
Il

Generates repeat size end
interrupt request
I

|| Set transfer source address + 4 Il

(Longword transfer)

End

Izl : User operation I:l : DMAC operation

Figure 10.20 XY Conversion Flowchart Using Offset Addition in Repeat Transfer Mode
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(3) Offset Subtraction

When setting the negative value in DOFR, the offset value must be 2's complement. The 2's
complement is obtained by the following formula.

2's complement of offset = 1 + ~offset (~: bit inversion)

Example: 2's complement of H'0001FFFF
= H'FFFE0000 + H'00000001
= H'FFFE0001

The value of 2's complement can be obtained by the NEG.L instruction.

10.5.7  Register during DMA Transfer

The DMAC registers are updated by a DMA transfer. The value to be updated differs according to
the other settings and transfer state. The registers to be updated are DSAR, DDAR, DTCR, bits
BKSZH and BKSZ in DBSR, and the DTE, ACT, ERRF, ESIF, and DTIF bits in DMDR.

(1) DMA Source Address Register

When the transfer source address set in DSAR is accessed, the contents of DSAR are output and
then are updated to the next address.

The increment or decrement can be specified by bits SAT1 and SATO in DACR. When SAT1 and
SATO = B'00, the address is fixed. When SAT1 and SATO = B'01, the address is added with the
offset. When SAT1 and SATO = B'10, the address is incremented. When SAT1 and SATO =B'11,
the address is decremented. The size of increment or decrement depends on the data access size.

The data access size is specified by bits DTSZ1 and DTSZ0 in DMDR. When DTSZ1 and DTSZ0
= B'00, the data access size is byte and the address is incremented or decremented by 1. When
DTSZ1 and DTSZ0 = B'01, the data access size is word and the address is incremented or
decremented by 2. When DTSZ1 and DTSZ0 = B'10, the data access size is longword and the
address is incremented or decremented by 4. Even if the access data size of the source address is
word or longword, when the source address is not aligned with the word or longword boundary,
the read bus cycle is divided into byte or word cycles. While data of one word or one longword is
being read, the size of increment or decrement is changing according to the actual data access size,
for example, +1 or +2 for byte or word data. After one word or one longword of data is read, the
address when the read cycle is started is incremented or decremented by the value according to
bits SAT1 and SATO.
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In block or repeat transfer mode, when the block or repeat size of data transfers is completed while
the block or repeat area is specified to the source address side, the source address returns to the
transfer start address and is not affected by the address update.

When the extended repeat area is specified to the source address side, operation follows the
setting. The upper address bits are fixed and is not affected by the address update.

While data is being transferred, DSAR must be accessed in longwords. If the upper word and
lower word are read separately, incorrect data may be read from since the contents of DSAR
during the transfer may be updated regardless of the access by the CPU. Moreover, DSAR for the
channel being transferred must not be written to.

(2) DMA Destination Address Register

When the transfer destination address set in DDAR is accessed, the contents of DDAR are output
and then are updated to the next address.

The increment or decrement can be specified by bits DAT1 and DATO in DACR. When DAT1
and DATO = B'00, the address is fixed. When DAT1 and DATO = B'01, the address is added with
the offset. When DATI1 and DATO = B'10, the address is incremented. When DAT1 and DATO =
B'l1, the address is decremented. The incrementing or decrementing size depends on the data
access size.

The data access size is specified by bits DTSZ1 and DTSZ0 in DMDR. When DTSZ1 and DTSZ0
= B'00, the data access size is byte and the address is incremented or decremented by 1. When
DTSZ1 and DTSZ0 = B'01, the data access size is word and the address is incremented or
decremented by 2. When DTSZ1 and DTSZ0 = B'10, the data access size is longword and the
address is incremented or decremented by 4. Even if the access data size of the destination address
is word or longword, when the destination address is not aligned with the word or longword
boundary, the write bus cycle is divided into byte and word cycles. While one word or one
longword of data is being written, the incrementing or decrementing size is changing according to
the actual data access size, for example, +1 or +2 for byte or word data. After the one word or one
longword of data is written, the address when the write cycle is started is incremented or
decremented by the value according to bits SAT1 and SATO.

In block or repeat transfer mode, when the block or repeat size of data transfers is completed while
the block or repeat area is specified to the destination address side, the destination address returns
to the transfer start address and is not affected by the address update.

When the extended repeat area is specified to the destination address side, operation follows the
setting. The upper address bits are fixed and is not affected by the address update.
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While data is being transferred, DDAR must be accessed in longwords. If the upper word and
lower word are read separately, incorrect data may be read from since the contents of DDAR
during the transfer may be updated regardless of the access by the CPU. Moreover, DDAR for the
channel being transferred must not be written to.

(3) DMA Transfer Count Register (DTCR)

A DMA transfer decrements the contents of DTCR by the transferred bytes. When byte data is
transferred, DTCR is decremented by 1. When word data is transferred, DTCR is decremented by
2. When longword data is transferred, DTCR is decremented by 4. However, when DTCR = 0, the
contents of DTCR are not changed since the number of transfers is not counted.

While data is being transferred, all the bits of DTCR may be changed. DTCR must be accessed in
longwords. If the upper word and lower word are read separately, incorrect data may be read from
since the contents of DTCR during the transfer may be updated regardless of the access by the
CPU. Moreover, DTCR for the channel being transferred must not be written to.

When a conflict occurs between the address update by DMA transfer and write access by the CPU,
the CPU has priority. When a conflict occurs between change from 1, 2, or 4 to 0 in DTCR and
write access by the CPU (other than 0), the CPU has priority in writing to DTCR. However, the
transfer is stopped.

(4) DMA Block Size Register (DBSR)

DBSR is enabled in block or repeat transfer mode. Bits 31 to 16 in DBSR function as BKSZH and
bits 15 to 0 in DBSR function as BKSZ. The BKSZH bits (16 bits) store the block size and repeat
size and its value is not changed. The BKSZ bits (16 bits) function as a counter for the block size
and repeat size and its value is decremented every transfer by 1. When the BKSZ value is to
change from 1 to 0 by a DMA transfer, O is not stored but the BKSZH value is loaded into the
BKSZ bits.

Since the upper 16 bits of DBSR are not updated, DBSR can be accessed in words.

DBSR for the channel being transferred must not be written to.
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(5) DTE Bitin DMDR

Although the DTE bit in DMDR enables or disables data transfer by the CPU write access, it is
automatically cleared to 0 according to the DMA transfer state by the DMAC.

The conditions for clearing the DTE bit by the DMAC are as follows:

e  When the total size of transfers is completed

e When a transfer is completed by a transfer size error interrupt

e When a transfer is completed by a repeat size end interrupt

e  When a transfer is completed by an extended repeat area overflow interrupt
e  When a transfer is stopped by an NMI interrupt

e  When a transfer is stopped by and address error

e Reset state

e Hardware standby mode

e When a transfer is stopped by writing O to the DTE bit

Writing to the registers for the channels when the corresponding DTE bit is set to 1 is prohibited
(except for the DTE bit). When changing the register settings after writing O to the DTE bit,
confirm that the DTE bit has been cleared to 0.

Figure 10.21 show the procedure for changing the register settings for the channel being
transferred.

Changing register settings [1] Write 0 to the DTE bit in DVMDR.
of channel during operation

| [2] Read the DTE bit.
| Write 0 to DTE bit |[1]

| Read DTE bit |[2]

[3] Confirm that DTE = 0. DTE =1
indicates that DMA is transferring.

[4] Write the desired values to the
registers.

| Change register settings |[4]

End of changing
register settings

Figure 10.21 Procedure for Changing Register Setting For Channel being Transferred
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(6) ACT Bit in DMDR

The ACT bit in DMDR indicates whether the DMAC is in the idle or active state. When DTE =0
or DTE =1 and the DMAC is waiting for a transfer request, the ACT bit is 0. Otherwise (the
DMALC is in the active state), the ACT bit is 1. When individual transfers are stopped by writing O
and the transfer is not completed, the ACT bit retains 1.

In block transfer mode, even if individual transfers are stopped by writing O to the DTE bit, the 1-
block size of transfers is not stopped. The ACT bit retains 1 from writing O to the DTE bit to
completion of a 1-block size transfer.

In burst mode, up to three times of DMA transfer are performed from the cycle in which the DTE
bit is written to 0. The ACT bit retains 1 from writing O to the DTE bit to completion of DMA
transfer.

(7) ERREF Bit in DMDR

When an address error or an NMI interrupt occur, the DMAC clears the DTE bits for all the
channels to stop a transfer. In addition, it sets the ERRF bit in DMDR_0 to 1 to indicate that an
address error or an NMI interrupt has occurred regardless of whether or not the DMAC is in
operation.

However, when the DMAC is in the module stop state, the ERRF bit is not set to 1 for address
errors or the NMIL.

(8) ESIF Bit in DMDR

When an interrupt by an transfer size error, a repeat size end, or an extended repeat area overflow
is requested, the ESIF bit in DMDR is set to 1. When both the ESIF and ESIE bits are setto 1, a
transfer escape interrupt is requested to the CPU or DTC.

The ESIF bit is set to 1 when the ACT bit in DMDR is cleared to 0 to stop a transfer after the bus
cycle of the interrupt source is completed.

The ESIF bit is automatically cleared to 0 and a transfer request is cleared if the transfer is
resumed by setting the DTE bit to 1 during interrupt handling.

For details on interrupts, see section 10.8, Interrupt Sources.
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(9 DTIF Bit in DMDR

The DTIF bit in DMDR is set to 1 after the total transfer size of transfers is completed. When both
the DTIF and DTIE bits in DMDR are set to 1, a transfer end interrupt by the transfer counter is
requested to the CPU or DTC.

The DTIF bit is set to 1 when the ACT bit in DMDR is cleared to O to stop a transfer after the bus
cycle is completed.

The DTIF bit is automatically cleared to 0 and a transfer request is cleared if the transfer is
resumed by setting the DTE bit to 1 during interrupt handling.

For details on interrupts, see section 10.8, Interrupt Sources.

10.5.8  Priority of Channels

The channels of the DMAC are given following priority levels: channel 0 > channel 1 >
channel 2 > channel3. Table 10.6 shows the priority levels among the DMAC channels.

Table 10.6 Priority among DMAC Channels

Channel Priority
Channel 0 High
Channel 1

Channel 2

Channel 3 Low

The channel having highest priority other than the channel being transferred is selected when a
transfer is requested from other channels. The selected channel starts the transfer after the channel
being transferred releases the bus. At this time, when a bus master other than the DMAC requests
the bus, the cycle for the bus master is inserted.

In a burst transfer or a block transfer, channels are not switched.
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Figure 10.22 shows a transfer example when multiple transfer requests from channels O to 2.

Bo

Address bus ):(

DMAC
operation

Channel 0

Channel 1

Channel 2

Channel 0 transfer

Channel 1 transfer

Channel 2 transfer

/:

/

| 1 1 > | | - I T -
X Channel 0 x%fgased x Channel 1 x l?elfgased x Channel 2

. ; 7 ) T \ \ T ) | - - d
N A I R R
X wait X Channelo X Channel 1 X Channel 2 X Wait ;
: ' Requeét clearedi / E E E E E E E E E
I E E T\ Request clearedi E \ E E E E E
' 1Request :Selected: - " " " T T T J
' \retained ' ' ' / ' I . 1 I |
! ! ! i ! \Reques} clearedi E E E E

. iRequest 1 Not 1Request | :Selected;\ T T t 0 T ]
! Iretained Eselectediretained : : : ' E | i E E

Figure 10.22 Example of Timing for Channel Priority

Rev. 2.00 Oct. 20, 2009 Page 336 of 1340

REJ09B0499-0200

RENESAS




Section 10 DMA Controller (DMAC)

10.5.9 DMA Basic Bus Cycle

Figure 10.23 shows an example of signal timing of a basic bus cycle. In figure 10.23, data is
transferred in words from the 16-bit 2-state access space to the 8-bit 3-state access space. When
the bus mastership is passed from the DMAC to the CPU, data is read from the source address and
it is written to the destination address. The bus is not released between the read and write cycles
by other bus requests. DMAC bus cycles follows the bus controller settings.

CPU cycle DMAC cycle (one word transfer) |CPU cycle
—> | > |<—
T T, T, T, Ty T, T, Ty \
B _ L L L e
1 1
1 Source address Destination address '

Address bus X X X X

LHWR High

Figure 10.23 Example of Bus Timing of DMA Transfer
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10.5.10 Bus Cycles in Dual Address Mode
(1) Normal Transfer Mode (Cycle Stealing Mode)

In cycle stealing mode, the bus is released every time one transfer size of data (one byte, one
word, or one longword) is completed. One bus cycle or more by the CPU or DTC are executed in
the bus released cycles.

In figure 10.24, the TEND signal output is enabled and data is transferred in words from the
external 16-bit 2-state access space to the external 16-bit 2-state access space in normal transfer
mode by cycle stealing.

DMAread , DMA write DMA read DMA write | , DMAread = DMA write
1 cycle ! cycle i . cycle . cycle ' 1 cycle 1 cycle .
< —————>

5 - >
us
Bus Bus Last transfer cycle Bus
released
released released released

Figure 10.24 Example of Transfer in Normal Transfer Mode by Cycle Stealing

In figures 10.25 and 10.26, the TEND signal output is enabled and data is transferred in longwords
from the external 16-bit 2-state access space to the 16-bit 2-state access space in normal transfer
mode by cycle stealing.

In figure 10.25, the transfer source (DSAR) is not aligned with a longword boundary and the
transfer destination (DDAR) is aligned with a longword boundary.

In figure 10.26, the transfer source (DSAR) is aligned with a longword boundary and the transfer
destination (DDAR) is not aligned with a longword boundary.
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DMA byte DMA word DMA byte DMA word  DMA word DMA byte DMA word DMA byte DMA word ~ DMA word

1+ read cycle 1 readcycle  readcycle , write cycle , write cycle | 1 readcycle | readcycle , readcycle , write cycle | write cycle
1 L 1. 1.

Bo |—||—|' |—||‘|' |—|'|—||—|'|—||—|'|—||—||'?'?]|—|' |—||—|' |—||—|' |—||—|' |—||—|' |—||—|'

Address X4m+1X4m+2 X4m+4x 4n X4n+2 X“ x4m+5x4m+6x4m+8x4n+4x4n+6x

o = — LN 1|

CAWR 5 : 5 5 : : 5 I_,——l_r—
i : : : - 3 : : : ,
LLWR ' ' ' ! | I——lI I—"I (¢ - " : I_I_:—|_,_—
TEND : " —
— E E : = e : —
Bus Bus Last transfer cycle Bus
released released released

m and n are integers.

Figure 10.25 Example of Transfer in Normal Transfer Mode by Cycle Stealing
(Transfer Source DSAR = Odd Address and Source Address Increment)

DMA word DMA word ~ DMA byte DMA word DMA byte DMA word DMA word  DMA byte DMA word DMA byte

1 read cycle | read cycle | write cycle , write cycle , write cycle | 1 read cycle , read cycle , write cycle , write cycle | write cycle |
' L i

Address )\ 4m X4m+2X4n+5X4n+6X4n+8X“ x4m+4x4m+6x4n+1 X4n+2X4n+4x

bus ' ! I ! L I i i
. ' ' H ; '\\ . \ H ; ;
RD _|_|_|_ : : R | | I ! : ;
CAWR | I—‘—l I—‘-.e(‘ : : | I—‘—l I—‘—
' ' ' ' ' Ly ' ' i , '
LLWR ' ' ' | I ' | I | o ' | | I ' | I | '
TEND — 5 5 : : Z(‘HI' i i 5 i |—
— E H | H — ! —
Bus ' Bus ' Last transfer cycle Bus
released released released

m and n are integers.

Figure 10.26 Example of Transfer in Normal Transfer Mode by Cycle Stealing
(Transfer Destination DDAR = Odd Address and Destination Address Decrement)
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(2) Normal Transfer Mode (Burst Mode)

In burst mode, one byte, one word, or one longword of data continues to be transferred until the
transfer end condition is satisfied.

When a burst transfer starts, a transfer request from a channel having priority is suspended until
the burst transfer is completed.

In figure 10.27, the TEND signal output is enabled and data is transferred in words from the
external 16-bit 2-state access space to the external 16-bit 2-state access space in normal transfer
mode by burst access.

) DMA read cycle 1DMA write cycle + DMA read cycle + DMA write cycle, DMA read cycle ) DMA write cyclel
‘<—>'<—N<—N<—>:<—>‘<—>‘
I ' | | | ' '

TS I R S S S SR

i i 1 1 i |
CHWR, [LWR | | | |
, h | I | I
H | | I \ \
| , | ' —
TEND ! - i ; | :
| | | | M
— : : : < ? -
Bus ! . . Last transfer cycle 1Bus
|
| 1 released
|

Burst transfer

Figure 10.27 Example of Transfer in Normal Transfer Mode by Burst Access
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(3) Block Transfer Mode

In block transfer mode, the bus is released every time a 1-block size of transfers at a single transfer
request is completed.

In figure 10.28, the TEND signal output is enabled and data is transferred in words from the
external 16-bit 2-state access space to the external 16-bit 2-state access space in block transfer

mode.

+ DMAread , DMA write . DMAread , DMA write
1 cycle ' cycle 1 cycle ' cycle '

:
:<—>:<—>:<—>:<—>:

DMA read,

cycle 1 cycle 1 cycle

Bo

AR LA UL L L

DMA write , DMA read ! DMA write,

1+ cycle '
I

< > ' > '
< .I‘ >,

Address bus

\

LHWR, LLWR . ' | I " | _"I()(\ | | | I
TEND ; . : )) . |

C
i_

—p + > ' —rt—
Bus Block transfer Bus Last block transfer cycle Bus
released released released

Figure 10.28 Example of Transfer in Block Transfer Mode
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(4) Activation Timing by DREQ Falling Edge

Figure 10.29 shows an example of normal transfer mode activated by the DREQ signal falling
edge.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared and starts detecting a high level of the DREQ signal for falling edge detection. If
a high level of the DREQ signal has been detected until completion of the DMA write cycle,
receiving the next transfer request resumes and then a low level of the DREQ signal is detected.
This operation is repeated until the transfer is completed.

DMA read DMA write DMA read DMA write

Bus released cycle cycle Bus released cycle ' cycle Bus released
;

o LI s WL
d " | |

DREQ \ N : [
. : :

Address bus x y Transfer sourceXl’ransler desﬂnallox
|
'
y

'
DMA Wait! X Read X Wrne X Wait K Read X Write X Wait
operation

on

!

]

}
T T v T T
i I I i i
' ' ] ' ' / '
i i i I ] i
i I | I | !

Channel JRequest 1 Duration of transfer /Requeg < Duration of transfer -

e | |

: I

i

!

P

< request alsaﬁ ed > request disabled g

=
=1
o
e
W
Q
<
o
@®
»

i

i i !

Min. of 3 cycles ! | ' '
! i ' i

i i !

E---
E4
E...

[71

Transfer request enable resumed Transfer request enable resumed

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level of the
DREQ signal.

[4][7]1 When a high level of the DREQ signal has been detected, transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 10.29 Example of Transfer in Normal Transfer Mode Activated
by DREQ Falling Edge
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Figure 10.30 shows an example of block transfer mode activated by the DREQ signal falling edge.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared and starts detecting a high level of the DREQ signal for falling edge detection. If
a high level of the DREQ signal has been detected until completion of the DMA write cycle,
receiving the next transfer request resumes and then a low level of the DREQ signal is detected.
This operation is repeated until the transfer is completed.

1-block transfer 1-block transfer

DMA read DMA write

Bus released cycle cycle Bus released cycle ! cycle Bus released

\
\
DMAread DMA write |
|

o rm_l—l_mmru—l_llmﬂmru—u—m_

'
e

! ! ' ' ! ' ' !
! ' ' ' ' ' ' '
_EEA 1 ' N
DREQ . [ - NI A : : [
T T | N | T € o N i
[ ] 1 ' ] ' 1
! . I Y ' ' 0 ' ' '
Address bus X Transf for d ! X:::X Transf for destinat
- . m ransfer sourc?XTrans fer destination X I 3 A ransfer sourceIXI'rans ler destinal IOX
H H ' 5! ' ! ' ' '
DMA Wait write X Wait write X Wait
operation H T N T T v T
P : : b ! : :
: : : ' : ! : ' :
Channel / 3 , Duration of trgnsfer ) / Request Quration of transfer . /_\_
' ' | request dlsapled ! ' rrequest disableld g
' '
N ' ' ' ' ' ' ' !
I Min.of 3cycles ! E ' Mini. of 3cycles E :
i — P ' i
b : : b : : :
! ! ' ' - . ' .
nr 2 [3] [ o 6] [7]
Transfer request enable resumed Transfer request enable resumed

[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3](6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level of the
DREQ signal.

[4][7] When a high level of the DREQ signal has been detected, transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 10.30 Example of Transfer in Block Transfer Mode Activated
by DREQ Falling Edge
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(5) Activation Timing by DREQ low Level
Figure 10.31 shows an example of normal transfer mode activated by the DREQ signal low level.

The DREQ signal is sampled every cycle from the next rising edge of the B signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the write cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is
completed.

DMAread =~ DMA write DMA read DMA write

Bus released E cycle | cycle ! Busreleased E cycle i cycle E Bus released

% I_LFI_I_I_I_LJ_LI_I_l_I_I_I_FI_I_L,J_LJ_I_I_I_l_LI_I_I_LI_I_
' 1 N 1 N 1
i : : i : : '
DREQ : / : A : : : :
1 O 1 ] R 1 '
. ' i ) ' i '

DMA
operation _ Wait !

ID

ead Write ' X Wait

' 1
Duration of transfer
request disabled

5 IEEE.H%

Duration of transfer
request disabled

Channel

Min. of 3 cycles

P 11—»-
1 1 !
' ' '
@ [3] [41 8 [6] [7]
Transfer request enable resumed Transfer request enable resumed

[1]1  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 10.31 Example of Transfer in Normal Transfer Mode Activated
by DREQ Low Level
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Figure 10.32 shows an example of block transfer mode activated by the DREQ signal low level.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the write cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is

completed.

1-block transfer

'
| DMA read DMA write
Bus released B cycle
0
'
'
'

' [

!

i i

| Busreleased ' cycle
| |

i i

i i
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DMA read DMA write
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' '
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[6]

Transfer request enable resumed

[11  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer

request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 10.32 Example of Transfer in Block Transfer Mode Activated
by DREQ Low Level
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(6) Activation Timing by DREQ Low Level with NRD =1

When the NRD bit in DMDR is set to 1, the timing of receiving the next transfer request is
delayed for one cycle.

Figure 10.33 shows an example of normal transfer mode activated by the DREQ signal low level
with NRD = 1.

The DREQ signal is sampled every cycle from the next rising edge of the B signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the write cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is
completed.
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Min. of 3 cycles

B e e — ] -
B T | ' T |
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Mm@ 3] 4 (8] (6] 7]
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[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed one cycle after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 10.33 Example of Transfer in Normal Transfer Mode Activated
by DREQ Low Level with NRD = 1
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10.5.11 Bus Cycles in Single Address Mode
(1) Single Address Mode (Read and Cycle Stealing)

In single address mode, one byte, one word, or one longword of data is transferred at a single
transfer request and after the transfer the bus is released temporarily. One bus cycle or more by the
CPU or DTC are executed in the bus released cycles.

In figure 10.34, the TEND signal output is enabled and data is transferred in bytes from the
external 8-bit 2-state access space to the external device in single address mode (read).

DMA read DMA read DMA read DMA read
cycle __ cycle cycle cycle

- nir AT
Address bus x ﬁE'X_I %’:x é‘:x E

O I [ I o B
DACK | :FSS o f”—_l |-$9—‘—| '_

[ Ve \ \
TEND ' R R R | I

- -

— - -~
Bus Bus Bus Bus Lasttransfer Bus
rel d rel d released released cycle released

Figure 10.34 Example of Transfer in Single Address Mode (Byte Read)
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(2) Single Address Mode (Write and Cycle Stealing)

In single address mode, data of one byte, one word, or one longword is transferred at a single
transfer request and after the transfer the bus is released temporarily. One bus cycle or more by the
CPU or DTC are executed in the bus released cycles.

In figure 10.35, the TEND signal output is enabled and data is transferred in bytes from the
external 8-bit 2-state access space to the external device in single address mode (write).

DMA write DMA write DMA write DMA write
' cycle | ! cycle ! ' cycle . cycle

AU A AT,

X

Bus Bus Bus Bus Last transfer Bus
released released released released cycle released

Figure 10.35 Example of Transfer in Single Address Mode (Byte Write)
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(3) Activation Timing by DREQ Falling Edge
Figure 10.36 shows an example of single address mode activated by the DREQ signal falling edge.

The DREQ signal is sampled every cycle from the next rising edge of the B signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared and starts detecting a high level of the DREQ signal for falling edge detection. If
a high level of the DREQ signal has been detected until completion of the single cycle, receiving
the next transfer request resumes and then a low level of the DREQ signal is detected. This
operation is repeated until the transfer is completed.
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[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started and sampling the DREQ signal at the rising edge of the B¢ signal is started to detect a high level of the
DREQ signal.

[4][7] When a high level of the DREQ signal has been detected, transfer enable is resumed after completion of the write cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 10.36 Example of Transfer in Single Address Mode Activated
by DREQ Falling Edge
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(4) Activation Timing by DREQ Low Level
Figure 10.37 shows an example of normal transfer mode activated by the DREQ signal low level.

The DREQ signal is sampled every cycle from the next rising edge of the B signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after completion of the single cycle
and then a low level of the DREQ signal is detected. This operation is repeated until the transfer is
completed.
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[1]  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3](6] A DMA cycle is started.

[4][7] Transfer request enable is resumed after completion of the single cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 10.37 Example of Transfer in Single Address Mode Activated
by DREQ Low Level
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(5) Activation Timing by DREQ Low Level with NRD =1

When the NRD bit in DMDR is set to 1, the timing of receiving the next transfer request is
delayed for one cycle.

Figure 10.38 shows an example of single address mode activated by the DREQ signal low level
with NRD = 1.

The DREQ signal is sampled every cycle from the next rising edge of the B¢ signal immediately
after the DTE bit write cycle.

When a low level of the DREQ signal is detected while a transfer request by the DREQ signal is
enabled, a transfer request is held in the DMAC. When the DMAC is activated, the transfer
request is cleared. Receiving the next transfer request resumes after one cycle of the transfer
request duration inserted by NRD = 1 on completion of the single cycle and then a low level of the
DREQ signal is detected. This operation is repeated until the transfer is completed.
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[1]1  After DMA transfer request is enabled, a low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer
request is held.

[2][5] The DMAC is activated and the transfer request is cleared.

[3][6] A DMA cycle is started.

[4][7] Transfer request enable is resumed one cycle after completion of the single cycle.
(A low level of the DREQ signal is detected at the rising edge of the B¢ signal and a transfer request is held. This is the same as [1].)

Figure 10.38 Example of Transfer in Single Address Mode Activated
by DREQ Low Level with NRD = 1
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10.6 DMA Transfer End

Operations on completion of a transfer differ according to the transfer end condition. DMA
transfer completion is indicated that the DTE and ACT bits in DMDR are changed from 1 to 0.

(1) Transfer End by DTCR Change from 1, 2, or 4, to 0

When DTCR is changed from 1, 2, or 4 to 0, a DMA transfer for the channel is completed. The
DTE bit in DMDR is cleared to 0 and the DTIF bit in DMDR is set to 1. At this time, when the
DTIE bit in DMDR s set to 1, a transfer end interrupt by the transfer counter is requested. When
the DTCR value is 0 before the transfer, the transfer is not stopped.

(2) Transfer End by Transfer Size Error Interrupt

When the following conditions are satisfied while the TSEIE bit in DMDR is set to 1, a transfer
size error occurs and a DMA transfer is terminated. At this time, the DTE bit in DMDR is cleared
to 0 and the ESIF bit in DMDR is set to 1.

e In normal transfer mode and repeat transfer mode, when the next transfer is requested while a
transfer is disabled due to the DTCR value less than the data access size

e In block transfer mode, when the next transfer is requested while a transfer is disabled due to
the DTCR value less than the block size

When the TSEIE bit in DMDR is cleared to 0, data is transferred until the DTCR value reaches 0.
A transfer size error is not generated. Operation in each transfer mode is shown below.

e In normal transfer mode and repeat transfer mode, when the DTCR value is less than the data
access size, data is transferred in bytes

e In block transfer mode, when the DTCR value is less than the block size, the specified size of
data in DTCR is transferred instead of transferring the block size of data. The transfer is
performed in bytes.
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(3) Transfer End by Repeat Size End Interrupt

In repeat transfer mode, when the next transfer is requested after completion of a 1-repeat size data
transfer while the RPTIE bit in DACR is set to 1, a repeat size end interrupt is requested. When
the interrupt is requested to complete DMA transfer, the DTE bit in DMDR is cleared to 0 and the
ESIF bit in DMDR is set to 1. Under this condition, setting the DTE bit to 1 resumes the transfer.

In block transfer mode, when the next transfer is requested after completion of a 1-block size data
transfer, a repeat size end interrupt can be requested.

(4) Transfer End by Interrupt on Extended Repeat Area Overflow

When an overflow on the extended repeat area occurs while the extended repeat area is specified
and the SARIE or DARIE bit in DACR s set to 1, an interrupt by an extended repeat area
overflow is requested. When the interrupt is requested, the DMA transfer is terminated, the DTE
bit in DMDR is cleared to 0, and the ESIF bit in DMDR is set to 1.

In dual address mode, even if an interrupt by an extended repeat area overflow occurs during a
read cycle, the following write cycle is performed.

In block transfer mode, even if an interrupt by an extended repeat area overflow occurs during a 1-
block transfer, the remaining data is transferred. The transfer is not terminated by an extended
repeat area overflow interrupt unless the current transfer is complete.

(5) Transfer End by Clearing DTE Bit in DMDR

When the DTE bit in DMDR is cleared to 0 by the CPU, a transfer is completed after the current
DMA cycle and a DMA cycle in which the transfer request is accepted are completed.

In block transfer mode, a DMA transfer is completed after 1-block data is transferred.
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(6) Transfer End by NMI Interrupt

When an NMI interrupt is requested, the DTE bits for all the channels are cleared to 0 and the
ERREF bit in DMDR_0 is set to 1. When an NMI interrupt is requested during a DMA transfer, the
transfer is forced to stop. To perform DMA transfer after an NMI interrupt is requested, clear the
ERREF bit to 0 and then set the DTE bits for the channels to 1.

The transfer end timings after an NMI interrupt is requested are shown below.

(a) Normal Transfer Mode and Repeat Transfer Mode

In dual address mode, a DMA transfer is completed after completion of the write cycle for one
transfer unit.

In single address mode, a DMA transfer is completed after completion of the bus cycle for one
transfer unit.

(b) Block Transfer Mode

A DMA transfer is forced to stop. Since a 1-block size of transfers is not completed, operation is
not guaranteed.

In dual address mode, the write cycle corresponding to the read cycle is performed. This is similar
in normal transfer mode.

(7) Transfer End by Address Error

When an address error occurs, the DTE bits for all the channels are cleared to O and the ERRF bit
in DMDR_0 is set to 1. When an address error occurs during a DMA transfer, the transfer is
forced to stop. To perform a DMA transfer after an address error occurs, clear the ERRF bit to 0
and then set the DTE bits for the channels.

The transfer end timing after an address error is the same as that after an NMI interrupt.
(8) Transfer End by Hardware Standby Mode or Reset

The DMAC is initialized by a reset and a transition to the hardware standby mode. A DMA
transfer is not guaranteed.
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10.7  Relationship among DMAC and Other Bus Masters

10.7.1  CPU Priority Control Function Over DMAC

The CPU priority control function over DMAC can be used according to the CPU priority control
register (CPUPCR) setting. For details, see section 7.7, CPU Priority Control Function Over DTC,
DMAC, and EXDMAC.

The priority level of the DMAC is specified by bits DMAP2 to DMAPO and can be specified for
each channel.

The priority level of the CPU is specified by bits CPUP2 to CPUPO. The value of bits CPUP2 to
CPUPO is updated according to the exception handling priority.

If the CPU priority control is enabled by the CPUPCE bit in CPUPCR, when the CPU has priority
over the DMAC, a transfer request for the corresponding channel is masked and the transfer is not
activated. When another channel has priority over or the same as the CPU, a transfer request is
received regardless of the priority between channels and the transfer is activated.

The transfer request masked by the CPU priority control function is suspended. When the transfer
channel is given priority over the CPU by changing priority levels of the CPU or channel, the
transfer request is received and the transfer is resumed. Writing O to the DTE bit clears the
suspended transfer request.

When the CPUPCE bit is cleared to 0, it is regarded as the lowest priority.
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10.7.2  Bus Arbitration among DMAC and Other Bus Masters

When DMA transfer cycles are consecutively performed, bus cycles of other bus masters may be
inserted between the transfer cycles. The DMAC can release the bus temporarily to pass the bus to
other bus masters.

The consecutive DMA transfer cycles may not be divided according to the transfer mode settings
to achieve high-speed access.

The read and write cycles of a DMA transfer are not separated. External bus release and on-chip
bus master (CPU, DTC, or EXDMAC) cycles are not inserted between the read and write cycles
of a DMA transfer.

In block transfer mode and an auto request transfer by burst access, bus cycles of the DMA
transfer are consecutively performed. For this duration, since the DMAC has priority over the
CPU and DTC, accesses to the external space is suspended (the IBCCS bit in the bus control
register 2 (BCR2) is cleared to 0).

When the bus is passed to another channel or an auto request transfer by cycle stealing, bus cycles
of the DMAC and on-chip bus master are performed alternatively.

When the arbitration function among the DMAC and on-chip bus masters is enabled by setting the
IBCCS bit in BCR2, the bus is used alternatively except the bus cycles which are not separated.
For details, see section 9, Bus Controller (BSC).

A conflict may occur between external space access of the DMAC, and the EXDMAC cycle or
external bus release cycle. Even if a burst or block transfer is performed by the DMAC, the
transfer is stopped temporarily and the EXDMAC cycle or external bus release cycle is inserted by
the BSC according to the external bus priority (when the CPU external access and the DTC
external access do not have priority over a DMAC transfer, the transfers are not operated until the
DMAC releases the bus).

In dual address mode, the DMAC releases the external bus after the external space write cycle.
Since the read and write cycles are not separated, the bus is not released.

An internal space (on-chip memory and internal I/O registers) access of the DMAC, and the
EXDMAC cycle or external bus release cycle may be performed at the same time.
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10.8 Interrupt Sources

The DMAC interrupt sources are a transfer end interrupt by the transfer counter and a transfer
escape end interrupt which is generated when a transfer is terminated before the transfer counter
reaches 0. Table 10.7 shows interrupt sources and priority.

Table 10.7 Interrupt Sources and Priority

Abbr. Interrupt Sources Priority

DMTENDO Transfer end interrupt by channel 0 transfer counter High

DMTEND1  Transfer end interrupt by channel 1 transfer counter

DMTEND2 Transfer end interrupt by channel 2 transfer counter

DMTEND3 Transfer end interrupt by channel 3 transfer counter

DMEENDO Interrupt by channel 0 transfer size error
Interrupt by channel O repeat size end
Interrupt by channel 0 extended repeat area overflow on source address

Interrupt by channel 0 extended repeat area overflow on destination address

DMEEND1 Interrupt by channel 1 transfer size error
Interrupt by channel 1 repeat size end
Interrupt by channel 1 extended repeat area overflow on source address
Interrupt by channel 1 extended repeat area overflow on destination address

DMEEND2 Interrupt by channel 2 transfer size error
Interrupt by channel 2 repeat size end
Interrupt by channel 2 extended repeat area overflow on source address

Interrupt by channel 2 extended repeat area overflow on destination address

DMEENDS Interrupt by channel 3 transfer size error
Interrupt by channel 3 repeat size end

Interrupt by channel 3 extended repeat area overflow on source address

Interrupt by channel 3 extended repeat area overflow on destination address  Low

Each interrupt is enabled or disabled by the DTIE and ESIE bits in DMDR for the corresponding
channel. A DMTEND interrupt is generated by the combination of the DTIF and DTIE bits in
DMDR. A DMEEND interrupt is generated by the combination of the ESIF and ESIE bits in
DMDR. The DMEEND interrupt sources are not distinguished. The priority among channels is
decided by the interrupt controller and it is shown in table 10.7. For details, see section 7, Interrupt
Controller.
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Each interrupt source is specified by the interrupt enable bit in the register for the corresponding
channel. A transfer end interrupt by the transfer counter, a transfer size error interrupt, a repeat
size end interrupt, an interrupt by an extended repeat area overflow on the source address, and an
interrupt by an extended repeat area overflow on the destination address are enabled or disabled by
the DTIE bit in DMDR, the TSEIE bit in DMDR, the RPTIE bit in DACR, SARIE bit in DACR,
and the DARIE bit in DACR, respectively.

A transfer end interrupt by the transfer counter is generated when the DTIF bit in DMDR is set to
1. The DTIF bit is set to 1 when DTCR becomes 0 by a transfer while the DTIE bit in DMDR is
setto 1.

An interrupt other than the transfer end interrupt by the transfer counter is generated when the
ESIF bit in DMDR is set to 1. The ESIF bit is set to 1 when the conditions are satisfied by a
transfer while the enable bit is set to 1.

A transfer size error interrupt is generated when the next transfer cannot be performed because the
DTCR value is less than the data access size, meaning that the data access size of transfers cannot
be performed. In block transfer mode, the block size is compared with the DTCR value for
transfer error decision.

A repeat size end interrupt is generated when the next transfer is requested after completion of the
repeat size of transfers in repeat transfer mode. Even when the repeat area is not specified in the
address register, the transfer can be stopped periodically according to the repeat size. At this time,
when a transfer end interrupt by the transfer counter is generated, the ESIF bit is set to 1.

An interrupt by an extended repeat area overflow on the source and destination addresses is
generated when the address exceeds the extended repeat area (overflow). At this time, when a
transfer end interrupt by the transfer counter, the ESIF bit is set to 1.

Figure 10.39 is a block diagram of interrupts and interrupt flags. To clear an interrupt, clear the
DTIF or ESIF bit in DMDR to 0 in the interrupt handling routine or continue the transfer by
setting the DTE bit in DMDR after setting the register. Figure 10.40 shows procedure to resume
the transfer by clearing an interrupt.
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Figure 10.39 Interrupt and Interrupt Sources
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[1] Specify the values in the registers such as transfer counter and address register.
[2] Set the DTE bit in DMDR to 1 to resume DMA operation. Setting the DTE bit to 1 automatically clears the DTIF or

ESIF bit in DMDR to 0 and an interrupt source is cleared.
[8] End the interrupt handling routine by the RTE instruction.

[4] Read that the DTIF or the ESIF bit in DMDR = 1 and then write 0 to the bit.
[5] Complete the interrupt handling routine and clear the interrupt mask.
[6] Specify the values in the registers such as transfer counter and address register.

[7] Set the DTE bit to 1 to resume DMA operation.

Figure 10.40 Procedure Example of Resuming Transfer by Clearing Interrupt Source
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10.9  Usage Notes

1.

DMAC Register Access During Operation

Except for clearing the DTE bit in DMDR, the settings for channels being transferred
(including waiting state) must not be changed. The register settings must be changed during
the transfer prohibited state.

Settings of Module Stop Function

The DMAC operation can be enabled or disabled by the module stop control register. The
DMAC is enabled by the initial value.

Setting bit MSTPA13 in MSTPCRA stops the clock supplied to the DMAC and the DMAC
enters the module stop state. However, when a transfer for a channel is enabled or when an
interrupt is being requested, bit MSTPA13 cannot be set to 1. Clear the DTE bit to 0, clear the
DTIF or DTIE bit in DMDR to 0, and then set bit MSTPA13.

When the clock is stopped, the DMAC registers cannot be accessed. However, the following
register settings are valid in the module stop state. Disable them before entering the module
stop state, if necessary.

— TENDE bit in DMDR is 1 (the TEND signal output enabled)

— DACKE bit in DMDR is 1 (the DACK signal output enabled)

Activation by DREQ Falling Edge

The DREQ falling edge detection is synchronized with the DMAC internal operation.

A. Activation request waiting state: Waiting for detecting the DREQ low level. A transition to
2. is made.

B. Transfer waiting state: Waiting for a DMAC transfer. A transition to 3. is made.

C. Transfer prohibited state: Waiting for detecting the DREQ high level. A transition to 1. is
made.

After a DMAC transfer enabled, a transition to 1. is made. Therefore, the DREQ signal is
sampled by low level detection at the first activation after a DMAC transfer enabled.
Acceptation of Activation Source

At the beginning of an activation source reception, a low level is detected regardless of the
setting of DREQ falling edge or low level detection. Therefore, if the DREQ signal is driven
low before setting DMDR, the low level is received as a transfer request.

When the DMAC is activated, clear the DREQ signal of the previous transfer.
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Section 11 EXDMA Controller (EXDMAC)

This LSI has an on-chip four-channel external bus transfer DMA controller (EXDMAC). The
EXDMAC can carry out high-speed data transfer, in place of the CPU, to and from external
devices and external memory. Also, the EXDMAC allows external bus transfer in parallel with the
internal CPU operation when there is no external bus request from a controller other than the
EXDMAC.

11.1 Features

e Up to 4-Gbyte address space accessible
e Selection of byte, word, or longword transfer data length

e Total transfer size of up to 4 Gbytes (4,294,967,295 bytes)
Selection of free-running mode (with no total transfer size specified)

e Selection of auto-requests or external requests for activating the EXDMAC
Auto-request: Activation from the CPU (Cycle steal mode or burst mode can be selected.)
External request: Low level sensing or falling edge sensing for the EDREQ signal can be
selected.
Only channel O or 1 can accept external requests.

e Selection of dual address mode or single address mode
Dual address mode: Both the transfer source and destination addresses are specified to transfer
data.
Single address mode: The EDACK signal is used to access the transfer source or destination
peripheral device and the address of the other device is specified to transfer data.
Only channel 0 or 1 can be selected for single address mode.

e Normal, repeat, block, or cluster transfer (only for the EXDMAC) can be selected as transfer

mode

Normal transfer mode: One byte, one word, or one longword data is transferred at a single
transfer request

Repeat transfer mode: One byte, one word, or one longword data is transferred at a single
transfer request
Repeat size of data is transferred and then a transfer address returns to
the transfer start address
Up to 64-Kbyte transfers can be set as repeat size (65,536
bytes/words/longwords)
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Block transfer mode: ~ One block data is transferred at a single transfer request

Up to 64-Kbyte data can be set as block size (65,536
bytes/words/longwords)

Cluster transfer mode: One cluster data is transferred at a single transfer request
Up to 32-byte data can be set as cluster size

e Selection of extended repeat area function (to transfer data such as ring buffer data by fixing
the upper bit value in the transfer address register and repeating the address values in a
specified range)
For the extended repeat area, 1 bit (2 bytes) to 27 bits (128 Mbytes) can be set independently
for the transfer source or destination.

e Selection of address update methods: Increment/decrement by 1, 2 or 4, fixed, or offset
addition
When offset addition is used to update addresses, the mid-addresses can be skipped during data
transfer.

e Transfer of word or longword data to addresses beyond each data boundary
Data can be divided into an optimal data size (byte or word) according to addresses when
transferring data.

e Two kinds of interrupts requested to the CPU
Transfer end interrupt: Requested after the number of data set by the transfer counter has been
completely transferred
Transfer escape end interrupt: Requested when the remaining transfer size is smaller than the
size set for a single transfer request, after a repeat-size transfer is completed, or when an
extended repeat area overflow occurs.

e Acceptance of a transfer request can be reported to an external device via the EDRAK pin
(only for the EXDMAC).

e Operation of EXDMAC, connected to a dedicated bus, in parallel with a bus master such as the
CPU, DTC, or DMAC (only for the EXDMAC).

e Module stop state can be set.
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Figure 11.1 shows a block diagram of the EXDMAC.

< Internal address bus

> < Internal data bus >

External pins

EDREQmM—» Data buffer
EDACKm<—]
ETENDmM<¢— PN
N Control unit M
EDRAKm<—]| (O|_CLsBRO [
Address buffer
Interrupt request ¢ (] cCLsBR1 [ )
ignals to CPU
sinas ooy 7 | [P\
or Individual channels () CLSBR2 a8
] | [P\
EDOFR.n [ ) .
EDSARn [ ) [ cserR7 [
EDDAR.n [ ) ~
EDMDR_n EDTCR_n )
EDACR_n EDBSR_n )
~

[

[

< Module data bus >
[Legend]
EDSAR_n: EXDMA source address register EDREQm: EXDMA transfer request
EDDAR_nN: EXDMA destination address register EDACKm: EXDMA transfer acknowledge
EDOFR_n: EXDMA offset register ETENDm: EXDMA transfer end
EDTCR_n: EXDMA transfer count register EDRAKm: EDREQ acceptance acknowledge
EDBSR_n: EXDMA block size register (n: 0to 3)
EDMDR_n: EXDMA mode control register (m:0or1)
EDACR_n: EXDMA address control register

CLSBRO to CLSBR7: Cluster buffer registers 0 to 7

Figure 11.1 Block Diagram of EXDMAC
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11.2

Input/Output Pins

Table 11.1 shows the EXDMAC pin configuration.

Table 11.1 Pin Configuration

Channel Name Abbr. /0 Function
0 EXDMA transfer request 0 EDREQO  Input Channel 0 external request
EXDMA transfer EDACKO Output Channel 0 single address transfer
acknowledge 0 acknowledge
EXDMA transfer end 0 ETENDO Output Channel 0 transfer end
EDREQO acceptance EDRAKO Output Notification to external device of
acknowledge channel 0 external request
acceptance and start of execution
1 EXDMA transfer request 1 EDREQ1 Input Channel 1 external request
EXDMA transfer EDACK1  Output Channel 1 single address transfer
acknowledge 1 acknowledge
EXDMA transfer end 1 ETEND1  Output Channel 1 transfer end
EDREQ1 acceptance EDRAK1  Output Notification to external device of
acknowledge channel 1 external request
acceptance and start of execution
Rev. 2.00 Oct. 20, 2009 Page 364 of 1340
REJ09B0499-0200 RENESAS



Section 11 EXDMA Controller (EXDMAC)

11.3  Registers Descriptions
The EXDMAC has the following registers.
Channel 0

e EXDMA source address register_0 (EDSAR_O0)

e EXDMA destination address register_0 (EDDAR_0)
e EXDMA offset register_0 (EDOFR_0)

e EXDMA transfer count register_0 (EDTCR_0)

e EXDMA block size register_0 (EDBSR_0)

e EXDMA mode control register_0 (EDMDR_0)

e EXDMA address control register_0 (EDACR_0)

Channel 1

e EXDMA source address register_1 (EDSAR_1)

e EXDMA destination address register_1 (EDDAR_1)
e EXDMA offset register_1 (EDOFR_1)

e EXDMA transfer count register_1 (EDTCR_1)

e EXDMA block size register_1 (EDBSR_1)

e EXDMA mode control register_1 (EDMDR_1)

e EXDMA address control register_1 (EDACR_1)

Channel 2

e EXDMA source address register_2 (EDSAR_2)

e EXDMA destination address register_2 (EDDAR_2)
o EXDMA offset register_2 (EDOFR_2)

e EXDMA transfer count register_2 (EDTCR_2)

e EXDMA block size register_2 (EDBSR_2)

e EXDMA mode control register_2 (EDMDR_2)

e EXDMA address control register_2 (EDACR_2)
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Channel 3

e EXDMA source address register_3 (EDSAR_3)

e EXDMA destination address register_3 (EDDAR_3)
o EXDMA offset register_3 (EDOFR_3)

e EXDMA transfer count register_3 (EDTCR_3)

e EXDMA block size register_3 (EDBSR_3)

e EXDMA mode control register_3 (EDMDR_3)

e EXDMA address control register_3 (EDACR_3)

Common register

e (luster buffer registers 0 to 7 (CLSBRO to CLSBR7)
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11.3.1

EXDMA Source Address Register (EDSAR)

EDSAR is a 32-bit readable/writable register that specifies the transfer source address. An address
update function is provided that updates the register contents to the next transfer source address
each time transfer processing is performed. In single address mode, the EDSAR value is ignored
when the address specified by EDDAR is transferred as a destination address (DIRS =1 in

EDACR).

EDSAR can be read at all times by the CPU. When reading EDSAR for a channel on which
EXDMA transfer processing is in progress, a longword-size read must be executed. Do not write

to EDSAR for a channel on which EXDMA transfer is in progress.

Bit 31 30 29 28 27 26 25 24
Bit Name I
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Bit 23 22 21 20 19 18 17 16
Bit Name
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Rev. 2.00 Oct. 20, 2009 Page 367 of 1340
RENESAS REJ09B0499-0200



Section 11  EXDMA Controller (EXDMAC)

11.3.2 EXDMA Destination Address Register (EDDAR)

EDDAR is a 32-bit readable/writable register that specifies the transfer destination address. An
address update function is provided that updates the register contents to the next transfer
destination address each time transfer processing is performed. In single address mode, the
EDDAR value is ignored when the address specified by EDSAR is transferred as a source address
(DIRS =0 in EDACR).

EDDAR can be read at all times by the CPU. When reading EDDAR for a channel on which
EXDMA transfer processing is in progress, a longword-size read must be executed. Do not write
to EDDAR for a channel on which EXDMA transfer is in progress.

Bit 31 30 29 28 27 26 25 24
Bit Name I I I I I I

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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11.3.3

EXDMA Offset Register (EDOFR)

EDORFR is a 32-bit readable/writable register that sets the offset value when offset addition is
selected for updating source or destination addresses. This register can be set independently for
each channel, but the same offset value must be used for the source and destination addresses on

the same channel.

Bit 31 30 29 28 27 26 25 24
Bit Name |
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Bit 7 6 5 4 3 2 1 0
Bit Name
Initial Value 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
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11.3.4 EXDMA Transfer Count Register (EDTCR)

EDTCR is a 32-bit readable/writable register that specifies the size of data to be transferred (total
transfer size).

When EDTCR is set to H'00000001, the total transfer size is 1 byte. When EDTCR is set to
H'00000000, the total transfer size is not specified and the transfer counter is halted (free-running
mode). In this case, no transfer end interrupt by the transfer counter is generated. When EDTCR is
set to H'FFFFFFFF, up to 4 Gbytes (4,294,967,295 bytes) of the total transfer size is set. When the
EXDMA is active, EDTCR indicates the remaining transfer size. The value according to the data
access size (byte: —1, word: —2, longword: —4) is decremented each time of a data transfer.

EDTCR can be read at all times by the CPU. When reading EDTCR for a channel on which
EXDMA transfer processing is in progress, a longword-size read must be executed. Do not write
to EDTCR for a channel on which EXDMA transfer is in progress.

Bit 31 30 29 28 27 26 25 24
Bit Name I I I I I I

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name

Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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11.3.5 EXDMA Block Size Register (EDBSR)

EDBSR sets the repeat size, block size, or cluster size. EDBSR is enabled in repeat transfer, block
transfer, and cluster transfer modes. EDBSR is disabled in normal transfer mode.

When BKSZH and BKSZ are set to H'0001 in cluster transfer mode (dual address mode), the
EXDMAC operates in block transfer mode (dual address mode).

Bit 31 30 29 28 27 26 25 24
BitName | BKSZH31 | BKSZH30 | BkSZH29 | BkszH28 | BKSZH27 | BkSzH26 | BkszH25 | BKSZH24
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W RW RIW RW RIW RW R/W
Bit 23 22 21 20 19 18 17 16
Bit Name BKSZH23 | BKSZH22 | BKSZH21 | BKSZH20 | BKSZH19 | BKSZH18 | BKSZH17 | BKSZH16
Initial Value 0 0 0 0 0 0 0 0
RIW R/W R/W RW R/W RW R/W RW RIW
Bit 15 14 13 12 11 10 9 8
Bit Name BKSz15 | BKSz14 | BKsz13 [ Bksz12 | Bksz11 | Bkszio | Bkszo9 | BKkSzs
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W RW R/W RW R/W RW R/W
Bit 7 6 5 4 3 2 1 0
Bit Name BKSZ7 BKSZz6 | BKSz5 | BKSz4 | Bksza | Bksz2 BKSZ1 BKSZ0
Initial Value 0 0 0 0 0 0 0 0
RIW R/W RIW RIW RIW RIW RIW RIW R/W
Initial
Bit Bit Name value R/W Description
31to16 BKSZH31to AlO R/W  Sets the repeat size, block size, or cluster size.
BKSZH16

When these bits are set to H'0001, one byte-, one
word-, or one longword-size is set. When these bits are
set to H'0000, the maximum values are set (see table
11.2). These bits are always fixed during an EXDMA

operation.
15t00 BKSZ15+to AllO R/W In an EXDMA operation, the remaining repeat size,
BKSZ0 block size, or cluster size is indicated. The value is

decremented by one each time of a data transfer. When
the remaining size becomes zero, the BKSZH value is
loaded. Set the same initial value as for the BKSZH bit
when writing.
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Table 11.2 Data Access Size, Enable Bit, and Allowable Size

Data BKSZH BKSZzZ
Mode Access Size enable bit enable bit  Allowable size (in bytes)
Repeat transfer mode Byte 311016 15t00 1 t0 65,536
Block transfer mode Word 2to 131,072
Longword 4 t0 262,144
Cluster transfer mode Byte 20to 16 4100 1to 32
Word 19to 16 3t00 2to 32
Longword 1810 16 2t00 4 to 32
11.3.6 EXDMA Mode Control Register (EDMDR)
EDMDR controls EXDMAC operations.
e EDMDR_0
Bit 31 30 29 28 27 26 25 24
BitName | DTE EDACKE | ETENDE | EDRAKE | EDREQS NRD — —
Initial Value 0 0 0 0 0 0 0 0
RIW R/W RIW R/W R/W R/W R/W R
Bit 23 22 21 20 19 18 17 16
Bit Name ACT — — — | errr | — | EsF DTIF |
Initial Value 0 0 0 0 0 0 0 0
RIW R R R/(W)* R R/(W)* R/(W)*
Bit 15 14 13 12 11 10 9 8
Bit Name DTSZ1 DTSz0 | MDSt mpso | TsEE | — [ EsE DTIE |
Initial Value 0 0 0 0 0 0 0 0
R/W R/W RW R/W RIW R/W R R/W R/W
Bit 7 6 5 4 3 2 1 0
Bit Name DTF1 DTFO — — — EDMAP2 | EDMAP1 | EDMAPO
Initial Value 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R R R/W R/W R/W
Note: * Only 0 can be written to this bit after having been read as 1, to clear the flag.
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e EDMDR 1 to EDMDR_3

Bit 31 30 29 28 27 26 25 24
BtName | DTE | EDACKE | ETENDE | EDRAKE [ DREQS NRD — —
Initial Value 0 0 0 0 0 0 0 0

RW RW RIW RW RIW RIW RIW R R

Bit 23 22 21 20 19 18 17 16

Bit Name ACT — — — — — | EesF | bomF |
Initial Value 0 0 0 0 0 0 0 0

RIW R R R R R R RIW)*  RAW)*
Bit 15 14 13 12 11 10 9 8

Bit Name DTSZ1 DTSZ0 | MDSt MDSO | TSEIE — | Eese | prmE |
Initial Value 0 0 0 0 0 0 0 0

RIW RIW RIW RW RIW RW R RIW RIW
Bit 7 6 5 4 3 2 1 0

Bit Name DTF1 DTFO — — — EDMAP2 | EDMAP1 | EDMAPO
Initial Value 0 0 0 0 0 0 0 0

RIW RW RW RW R R RW RW RIW

Note: * Only 0 can be written to this bit after having been read as 1, to clear the flag.
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Initial
Bit Bit Name value R/W Description
31 DTE 0 R/W Data Transfer Enable

Enables or disables data transfer on the corresponding
channel. When this bit is set to 1, this indicates that an
EXDMA operation is in progress.

When auto-request mode is specified, transfer
processing begins when this bit is set to 1. With
external requests, transfer processing begins when a
transfer request is issued after this bit has been set to
1. When this bit is cleared to 0 during an EXDMA
operation, transfer is halted.

If this bit is cleared to 0 during an EXDMA operation in
block transfer mode, this bit is cleared to 0 on
completion of the currently executing one-block
transfer. When this bit is cleared to 0 during an EXDMA
operation in cluster transfer mode, this bit is cleared to
0 on completion of the currently executing one-cluster
transfer.

If an external source that ends (aborts) transfer occurs,
this bit is automatically cleared to 0 and transfer is
terminated.

Do not change the operating mode, transfer method, or

other parameters while this bit is set to 1.

0: Data transfer disabled

1: Data transfer enabled (during an EXDMA operation)

[Clearing conditions]

o When transfer of the total transfer size specified
ends

o When operation is halted by a repeat size end
interrupt

o When operation is halted by an extended repeat
area overflow interrupt

e When operation is halted by a transfer size error
interrupt

e When 0 is written to terminate transfer

In block transfer mode, the value written is effective
after one-block transfer ends.

In cluster transfer mode, the value written is
effective after one-cluster transfer ends.

e When an address error or NMI interrupt occurs
e Reset, hardware standby mode
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Initial
Bit Bit Name value R/W Description
30 EDACKE 0 R/W EDACK Pin Output Enable

In single address mode, enables or disables output

from the EDACK pin. In dual address mode, the

specification by this bit is ignored.

This bit should be set to 0 for EDMDR_2 or EDMDR_3.

0: EDACK pin output disabled

1: EDACK pin output enabled

29 ETENDE O R/W ETEND Pin Output Enable

Enables or disables output from the ETEND pin.

This bit should be set to 0 for EDMDR_2 or EDMDR_3.

0: ETEND pin output disabled

1: ETEND pin output enabled

28 EDRAKE 0 R/W EDRAK Pin Output Enable

Enables or disables output from the EDRAK pin.

This bit should be set to 0 for EDMDR_2 or EDMDR_3.

0: EDRAK pin output disabled

1: EDRAK pin output enabled

27 EDREQS 0 R/W EDREQ Select

Selects whether a low level or the falling edge of the

EDREQ signal used in external request mode is

detected.

This bit should be set to 0 for EDMDR_2 or EDMDR_3.

0: Low-level detection

1: Falling edge detection (the first transfer is detected
on a low level after a transfer is enabled.)

26 NRD 0 R/W Next Request Delay

Selects the timing of the next transfer request to be

accepted.

0: Next transfer request starts to be accepted after
transfer of the bus cycle in progress ends.

1: Next transfer request starts to be accepted after one
cycle of B¢ from the completion of the bus cycle in
progress.

25,24 — All O R Reserved

They are always read as 0 and cannot be modified.
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Bit

Initial

Bit Name value

R/W

Description

23

ACT

0

R

Active State

Indicates the operation state of the corresponding
channel.

0: Transfer request wait state or transfer disabled state
(DTE =0)

1: Active state

220 20

AllO

R

Reserved
They are always read as 0 and cannot be modified.

19

ERRF

0

R/(W)*

System Error Flag

Flag that indicates the occurrence of an address error
or NMI interrupt. This bit is only enabled in EDMDR_O.
When this bit is set to 1, write to the DTE bit for all
channels is disabled. This bit is reserved in EDMDR_1
to EDMDR_S3. They are always read as 0 and cannot
be modified.

0: Address error or NMI interrupt is not generated

1: Address error or NMI interrupt is generated
[Clearing condition]

e Writing 0 to ERRF after reading ERRF = 1
[Setting condition]

e When an address error or NMI interrupt occurred

However, when an address error or an NMI interrupt
has been generated in EXDMAC module stop mode,
this bit is not set to 1.

18

Reserved
They are always read as 0 and cannot be modified.
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Initial
Bit Bit Name value R/W Description
17 ESIF 0 R/(W)*  Transfer Escape Interrupt Flag
Flag indicating that a transfer escape end interrupt
request has occurred before the transfer counter
becomes 0 and transfer escape has ended.
0: Transfer escape end interrupt request is not
generated
1: Transfer escape end interrupt request is generated
[Clearing conditions]
e Writing 1 to the DTE bit
e Writing 0 to ESIF while reading ESIF = 1
[Setting conditions]
e Transfer size error interrupt request is generated
e Repeat size end interrupt request is generated
o Extended repeat area overflow end interrupt request
is generated
16 DTIF 0 R/(W)*  Data Transfer Interrupt Flag
Flag indicating that a transfer end interrupt request has
occurred by the transfer counter.
0: Transfer end interrupt request is not generated by
the transfer counter
1: Transfer end interrupt request is generated by the
transfer counter
[Clearing conditions]
e Writing 1 to the DTE bit
e Writing 0 to DTIF while reading DTIF =1
[Setting condition]
e When EDTCR becomes 0 and transfer has ended
15 DTSZ1 0 R/W Data Access Size 1 and 0
14 DTSZ0 0 R/W Selects the data access size.

00: Byte-size (8 bits)

01: Word-size (16 bits)

10: Longword-size (32 bits)
11: Setting prohibited
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Initial
Bit Bit Name value R/W

Description

13 MDS1 0 R/W
12 MDSO0 0 R/W

Transfer Mode Select 1 and 0
Selects the transfer mode.
00: Normal transfer mode

01: Block transfer mode

10: Repeat transfer mode

11: Cluster transfer mode

11 TSEIE 0 R/W

Transfer Size Error Interrupt Enable

Enables or disables a transfer size error interrupt
request.

When this bit is set to 1 and the transfer counter value
becomes smaller than the data access size for one
transfer request by EXDMAC transfer, the DTE bit is
cleared to 0 by the next transfer request. At the same
time, the ESIF bit is set to 1 to indicate that a transfer
size error interrupt request is generated.

When cluster transfer read/write address mode is
specified, this bit should be set to 1.

Transfer size error interrupt request occurs in the
following conditions:

¢ In normal transfer and repeat transfer modes, the
total transfer size set in EDTCR is smaller than the
data access size

e In block transfer mode, the total transfer size set in
EDTCR is smaller than the block size

e In cluster transfer mode, the total transfer size set in
EDTCR is smaller than the cluster size

0: Transfer size error interrupt request disabled

1: Transfer size error interrupt request enabled

Reserved

They are always read as 0 and cannot be modified.
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Bit

Initial

Bit Name value

R/W

Description

9

ESIE

0

R/W

Transfer Escape Interrupt Enable

Enables or disables a transfer escape end interrupt
request occurred during EXDMA transfer. When this bit
is set to 1, and the ESIF bit is set to 1, a transfer
escape end interrupt is requested to the CPU or DTC.
The transfer escape end interrupt request is canceled
by clearing this bit or the ESIF bit to 0.

0: Transfer escape interrupt request disabled
1: Transfer escape interrupt request enabled

8

DTIE

0

R/W

Data Transfer Interrupt Enable

Enables or disables a transfer end interrupt request by
the transfer counter. When this bit is set to 1 and the
DTIF bit is set to 1, a transfer end interrupt is requested
to the CPU or DTC. The transfer end interrupt request
is canceled by clearing this bit or the DTIF bit to 0.

0: Transfer end interrupt request disabled

1: Transfer end interrupt request enabled

DTF1
DTFO

0
0

R/W
R/W

Data Transfer Factor 1 and O

Selects a source to activate EXDMAC. For external
requests, a sampling method is selected by the
EDREQS bit.

External requests should not be selected for EDMDR_2
or EDMDR_3.

00: Auto-request (cycle steal mode)
01: Auto-request (burst mode)
10: Setting prohibited

11: External request

RW

Reserved
The initial value should not be changed.

RENESAS

Rev. 2.00 Oct. 20, 2009 Page 379 of 1340
REJ09B0499-0200



Section 11  EXDMA Controller (EXDMAC)

Initial
Bit Bit Name value R/W Description
4,3 — AllO R Reserved
They are always read as 0 and cannot be modified.
2 EDMAP2 O R/W EXDMA Priority Levels 2to 0
EDMAP1 0 R/W Selects the EXDMAC priority level when using the CPU
0 EDMAPO 0O R/W priority control function over DTC and EXDMAC. When

the EXDMAC priority level is lower than the CPU
priority level, EXDMAC masks the acceptance of
transfer source and waits until the CPU priority level
becomes low. The priority level can be set
independently for each channel. This bit is enabled
when the CPUPCE bit in CPUPCR is 1.

000: Priority level 0 (lowest)
001: Priority level 1
010: Priority level 2
011: Priority level 3
100: Priority level 4
101: Priority level 5
110: Priority level 6
111: Priority level 7 (highest)

Note: * Only 0 can be written to these bits after 1 is read to clear the flag.
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11.3.7

EXDMA Address Control Register (EDACR)

EDACR sets the operating modes and transfer methods.

31 30 29 28 27 26 25 24
BitName | Avs [ bms | — | — [ — RPTIE ARS1 ARSO
Initial Value 0 0 0 0 0 0 0 0

R/W R/W R R/W R/W R/W
Bit 23 22 21 20 19 18 17 16
Bit Name — — SAT1 SATO — — DAT1 DATO
Initial Value 0 0 0 0 0 0 0 0
RIW R/W R/IW RW R/W
Bit 15 14 13 12 11 10 9 8
Bit Name SARIE — — SARA4 | SARA3 | SsARA2 SARA1 SARAO
Initial Value 0 0 0 0 0 0 0 0
RW RW RW RW RW RIW R/W
Bit 7 6 5 4 3 2 1 0
Bit Name DARIE — — DARA4 | DARA3 DARA2 DARA1 DARAO
Initial Value 0 0 0 0 0 0 0 0
RIW R/W RW R/W RW R/W R/W
Initial
Bit Bit Name value R/W Description
31 AMS 0 R/W Address Mode Select
Selects single address mode or dual address mode.
When single address mode is selected, EDACK pin is
valid due to the EDACKE bit setting in EDMDR.
0: Dual address mode
1: Single address mode
30 DIRS 0 R/W Single Address Direction Select

Specifies the data transfer direction in single address
mode. In dual address mode, the specification by this
bit is ignored.

In cluster transfer mode, the internal cluster buffer will
be the source or destination in place of the external
device with DACK.

0: EDSAR transferred as a source address

1: EDDAR transferred as a destination address
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Bit

Initial

Bit Name value

R/W

Description

29to 27

AllO

R

Reserved
They are always read as 0 and cannot be modified.

26

RPTIE

0

R/W

Repeat Size End Interrupt Enable
Enables or disables a repeat size end interrupt request.

When this bit is set to 1 and the next transfer source is
generated at the end of a repeat-size transfer in repeat
transfer mode, the DTE bit in EDMDR is cleared to 0. At
the same time, the ESIF bit in EDMDR is set to 1 to
indicate that a repeat size end interrupt is requested.
Even if the repeat area is not specified (ARS1, ARSO =
B'10), the repeat size end interrupt can be requested at
the end of a repeat-size transfer.

When this bit is set to 1 and the next transfer source is
generated at the end of a block- or cluster-size transfer
in block transfer or cluster transfer mode, the DTE bit in
EDMDR is cleared to 0. At the same time, the ESIF bit
in EDMDR is set to 1 to indicate that the repeat size
end interrupt is requested.

0: Repeat size end interrupt request disabled
1: Repeat size end interrupt request enabled

25
24

ARSH1
ARSO

0
0

R/W
R/W

Area Select 1 and 0

Select the block area or repeat area in block transfer,
repeat transfer or cluster transfer mode.

00: Block area/repeat area on the source address side

01: Block area/repeat area on the destination address
side

10: Block area/repeat area not specified

11: Setting prohibited

23, 22

AllO

R

Reserved
They are always read as 0 and cannot be modified.
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Initial
Bit Bit Name value R/W Description
21 SAT1 0 R/W Source Address Update Mode 1 and 0
20 SATO 0 R/W These bits specify incrementing/decrementing of the
transfer source address (EDSAR). When the transfer
source is not specified in EDSAR in single address
mode, the specification by these bits is ignored.
00: Fixed
01: Offset added
10: Incremented (+1, +2, or +4 according to the data
access size)
11: Decremented (-1, —2, or —4 according to the data
access size)
19, 18 — All O R Reserved
They are always read as 0 and cannot be modified.
17 DAT1 0 R/W Destination Address Update Mode 1 and O
16 DATO 0 R/W These bits specify incrementing/decrementing of the

transfer destination address (EDDAR). When the
transfer source is not specified in EDDAR in single
address mode, the specification by these bits is
ignored.

00: Fixed
01: Offset added

10: Incremented (+1, +2, or +4 according to the data
access size)

11: Decremented (-1, —2, or —4 according to the data
access size)
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Initial
Bit Bit Name value R/W Description
15 SARIE 0 R/W Source Address Extended Repeat Area Overflow

Interrupt Enable

Enables or disables the source address extended
repeat area overflow interrupt request.

When this bit is set to 1, in the event of source address
extended repeat area overflow, the DTE bit is cleared to
0 in EDMDR. At the same time, the ESIF bit is set to 1
in EDMDR to indicate that the source address extended
repeat area overflow interrupt is requested.

When used together with block transfer mode, an
interrupt is requested at the end of a block-size transfer.
If the DTE bit is set to 1 in EDMDR for the channel on
which transfer is terminated by an interrupt, transfer can
be resumed from the state in which it ended.

If a source address extended repeat area is not
designated, the specification by this bit is ignored.

0: Source address extended repeat area overflow
interrupt request disabled

1: Source address extended repeat area overflow
interrupt request enabled

14,13 — All O R Reserved
They are always read as 0 and cannot be modified.

12 SARA4 0 R/W Source Address Extended Repeat Area

11 SARA3 0 R/W These bits specify the source address (EDSAR)

10 SARA2 0 R/W extended repeat area. The extended repeat area
function updates the specified lower address bits,

9 SARA1 0 R/W leaving the remaining upper address bits always the

8 SARAOQ 0 R/W same. An extended repeat area size of 4 bytes to 128

Mbytes can be specified. The setting interval is a
power-of-two number of bytes.

When extended repeat area overflow results from
incrementing or decrementing an address, the lower
address is the start address of the extended repeat
area in the case of address incrementing, or the last
address of the extended repeat area in the case of
address decrementing.

If SARIE bit is set to 1, an interrupt can be requested
when an extended repeat area overflow occurs.

Table 11.3 shows the settings and ranges of the
extended repeat area.
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Bit

Initial

Bit Name value

R/W

Description

7

DARIE

0

R/W

Destination Address Extended Repeat Area Overflow
Interrupt Enable

Enables or disables a destination address extended
repeat area overflow interrupt request.

When this bit is set to 1, in the event of destination
address extended repeat area overflow, the DTE bit in
EDMDR is cleared to 0. At the same time, the ESIF bit
in EDMDR is set to 1 to indicate that a destination
address extended repeat area overflow interrupt is
requested.

When used together with block transfer mode, an
interrupt is requested at the end of a block-size transfer.
If DTE bit is set to 1 in EDMDR for the channel on
which transfer is terminated by an interrupt, transfer can
be resumed from the state in which it ended. If a
destination address extended repeat area is not
designated, the specification by this bit is ignored.

0: Destination address extended repeat area overflow
interrupt request disabled

1: Destination address extended repeat area overflow
interrupt request enabled

AllO

R

Reserved
They are always read as 0 and cannot be modified.

o == N W >

DARA4
DARA3
DARA2
DARA1
DARAO

o O O O o

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

Destination Address Extended Repeat Area

These bits specify the destination address (EDDAR)
extended repeat area.

The extended repeat area function updates the
specified lower address bits, leaving the remaining
upper address bits always the same. An extended
repeat area size of 4 bytes to 128 Mbytes can be
specified. The setting interval is a power-of-two number
of bytes.

When extended repeat area overflow results from
incrementing or decrementing an address, the lower
address is the start address of the extended repeat
area in the case of address incrementing, or the last
address of the extended repeat area in the case of
address decrementing.

If the DARIE bit is set to 1, an interrupt can be
requested when an extended repeat area overflow
occurs.

Table 11.3 shows the settings and ranges of the
extended repeat area.
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Table 11.3 Settings and Ranges of Extended Repeat Area

Value of SARA4 to SARA0/
DARA4 to DARAO

Range of Extended Repeat Area

00000 Not designated as extended repeat area

00001 Lower 1 bit (2-byte area) designated as extended repeat area
00010 Lower 2 bit (4-byte area) designated as extended repeat area
00011 Lower 3 bit (8-byte area) designated as extended repeat area
00100 Lower 4 bit (16-byte area) designated as extended repeat area
00101 Lower 5 bit (32-byte area) designated as extended repeat area
00110 Lower 6 bit (64-byte area) designated as extended repeat area
00111 Lower 7 bit (128-byte area) designated as extended repeat area
01000 Lower 8 bit (256-byte area) designated as extended repeat area
01001 Lower 9 bit (512-byte area) designated as extended repeat area
01010 Lower 10 bit (1-Kbyte area) designated as extended repeat area
01011 Lower 11 bit (2-Kbyte area) designated as extended repeat area
01100 Lower 12 bit (4-Kbyte area) designated as extended repeat area
01101 Lower 13 bit (8-Kbyte area) designated as extended repeat area
01110 Lower 14 bit (16-Kbyte area) designated as extended repeat area
01111 Lower 15 bit (32-Kbyte area) designated as extended repeat area
10000 Lower 16 bit (64-Kbyte area) designated as extended repeat area
10001 Lower 17 bit (128-Kbyte area) designated as extended repeat area
10010 Lower 18 bit (256-Kbyte area) designated as extended repeat area
10011 Lower 19 bit (512-Kbyte area) designated as extended repeat area
10100 Lower 20 bit (1-Mbyte area) designated as extended repeat area
10101 Lower 21 bit (2-Mbyte area) designated as extended repeat area
10110 Lower 22 bit (4-Mbyte area) designated as extended repeat area
10111 Lower 23 bit (8-Mbyte area) designated as extended repeat area
11000 Lower 24 bit (16-Mbyte area) designated as extended repeat area
11001 Lower 25 bit (32-Mbyte area) designated as extended repeat area
11010 Lower 26 bit (64-Mbyte area) designated as extended repeat area
11011 Lower 27 bit (128-Mbyte area) designated as extended repeat area
111XX Setting prohibited

[Legend] X: Don't care
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11.3.8  Cluster Buffer Registers 0 to 7 (CLSBRO0 to CLSBR?7)

CLSBRO to CLSBR?7 are 32-bit readable/writable registers that store the transfer data. The transfer
data is stored in order from CLSBRO to CLSBR7 in cluster transfer mode. The data stored in
cluster transfer mode or by the CPU write operation is held until the next cluster transfer or CPU
write operation is performed.

When reading the data stored in cluster transfer mode by the CPU, check the completion of cluster
transfer and then perform only a cluster-size read specified for the cluster transfer. Data with
another size is undefined.

In cluster transfer mode, the same CLSBR is used for all channels. When the CPU write operation
to CLSBR conflicts with cluster transfer, the contents of transferred data are not guaranteed. When
cluster transfer read/write address mode is specified and if another channel is set for cluster
transfer, the transferred data may be overwritten.

Bit 31 30 29 28 27 26 25 24

Bit Name I I I

Initial Value Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 23 22 21 20 19 18 17 16

Bit Name

Initial Value Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8

Bit Name

Initial Value Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1 0

Bit Name

Initial Value Undefined Undefined Undefined Undefined Undefined Undefined Undefined Undefined
R/W R/W R/W R/W R/W R/W R/W R/W R/W
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11.4  Transfer Modes

114.1 Ordinary Modes

The ordinary modes of EXDMAC are summarized in table 11.4. The transfer mode can be set
independently for each channel.

Table 11.4 Ordinary Modes

Address Register

Address
Mode Transfer Mode Activation Source  Common Function Source Destination
Dual e Normal transfer e  Auto-request e Total transfer size: EDSAR EDDAR
address mode (activated by the 1 to 4 Gbytes,
mode e Repeat transfer CPU) or no specification
mode e External request* e Offset addition
e Block transfer e Extended repeat
mode area function
(Repeat size/
block size
=1 to 65,536 bytes/
word/longword)
Single o Direct data transfer to/from external devices using EDACK pin EDSAR/ EDACK/
adddreis instead of source or destination address register EDACK EDDAR
mode

e Above transfer mode can be specified in addition to address
register setting
e One transfer possible in one bus cycle

(Transfer mode variations are the same as in dual address mode.)

Note # Only channel 0 or 1 can be selected.

When the activation source is an auto-request, cycle steal mode or burst mode can be selected.

When the total transfer size is not specified (EDTCR = H'00000000), the transfer counter is halted
and the transfer count is not restricted, allowing continuous transfer.
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11.4.2  Cluster Transfer Modes

Table 11.5 shows cluster transfer modes. Cluster transfer mode can be set independently for each
channel. The cluster buffer is common to all channels.

Table 11.5 Cluster Transfer Mode

Cluster
Transfer Buffer Transfer
Address Mode Activation Source Common Function Source Function Destination
Cluster transfer e Auto-request o Cluster size EDSAR Readfrom EDDAR
Dual address mode (activated by One access size the transfer
the CPU) (byte/word/longword) source and
written to
e External to 32 bytes the transfer
request* e Total transfer size destination
Cluster transfer 1to4 Gbytes,orno  gpsaAR  Read from —
Read address mode specification the transfer
e Offset addition source

(DIRS = 0)

o Extended repeat
area function

Written to EDDAR
the transfer
destination

Cluster transfer
Write address mode
(DIRS = 1)

Note * Only channel 0 or 1 can be selected.

In cluster transfer mode, the specified cluster size is transferred in response to a single transfer
request. The cluster size can be from one access size (byte, word, or longword) to 32 bytes. Within
a cluster, a cluster-size transfer is performed in burst transfer mode. With a cluster-size access in
cluster transfer mode (dual address mode), block transfer mode (dual address mode) is used.

With auto-requests, cycle steal mode is set.
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11.5 Mode Operation

11.5.1 Address Modes
(1) Dual Address Mode

In dual address mode, the transfer source address is set in EDSAR, and the transfer destination
address is set in EDDAR. One transfer operation is executed in two bus cycles. (When the data
bus width is smaller than the data access size or when the address to be accessed is not at the data
boundary of the data access size, the bus cycle is divided, resulting more than two bus cycles.)

In a transfer operation, the data on the transfer source address is read in the first bus cycle, and is
written to the transfer destination address in the next bus cycle.

These consecutive read and write cycles are indivisible: another bus cycle (external access by
another bus master, refresh cycle, or external bus release cycle) does not occur between these two
cycles.

ETEND pin output can be enabled or disabled by means of the ETENDE bit in EDMDR. ETEND
is output for two consecutive bus cycles. When an idle cycle is inserted before the bus cycle, the
ETEND signal is also output in the idle cycle. The EDACK signal is not output.

Figure 11.2 shows an example of the timing in dual address mode and figure 11.3 shows the dual
address mode operation.

\ EXDMAread | EXDMA write |

, cycle , cycle ,
e e ]
Bo I S I 6 A I
Address bus X EDSAR X EDDAR X

Figure 11.2 Example of Timing in Dual Address Mode
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Address T, — | [ Transfer> ~—Address T
Address By —— Address update setting
The source address incremented
L T~/ The destination adderss is fixed

Figure 11.3 Dual Address Mode Operation
(2) Single Address Mode

In single address mode, the EDACK pin is used instead of EDSAR or EDDAR to transfer data
directly between an external device and external memory. One transfer operation is executed in
one bus cycle.

Only channel 0 or 1 can be selected for single address mode. In this mode, the data bus width must
be the same as the data access size. For details on the data bus width, see section 9, Bus Controller
(BSO).

In this mode, the EXDMAC accesses the transfer source or transfer destination external device by
outputting the strobe signal (EDACK) for the external device with DACK, and at the same time
accesses the other external device in the transfer by outputting an address. In this way, EXDMA
transfer can be executed in one bus cycle. In the example of transfer between external memory and
an external device with DACK shown in figure 11.4, data is output to the data bus by the external
device and written to external memory in the same bus cycle.

The transfer direction, that is whether the external device with DACK is the transfer source or
transfer destination, can be specified with the DIRS bit in EDACR. Transfer is performed from the
external memory (EDSAR) to the external device with DACK when DIRS = 0, and from the
external device with DACK to the external memory (EDDAR) when DIRS = 1. The setting in the
source or destination add