To our customers,

Old Company Name in Catalogs and Other Documents

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

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

April 1%, 2010
Renesas Electronics Corporation

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

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

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

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

(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 purcha:s
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless
Technology Corp., its affiliated companies and their officers, directors, and employees against any ar
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiatic
characteristics, installation and other product characteristics. Renesas shall have no liability for malf
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have s
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 or damage caused by fire in the event of the failure of a Renesas product, such as safety desic
hardware and software including but not limited to redundancy, fire control and malfunction preventio
appropriate treatment for aging degradation or any other applicable measures. Among others, since
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final prc
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Rene:
products are attached or affixed, the risk of accident such as swallowing by infants and small childrer
high. You should implement safety measures so that Renesas products may not be easily detached |
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior w
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained
document, Renesas semiconductor products, or if you have any other inquiries.
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due to the false recognition of the pin state as an input signal become possible.
pins should be handled as described under Handling of Unused Pins in the mant
2. 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 LS| are indeterminate and the states of regist
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, th
of pins are not guaranteed from the moment when power is supplied until the res
process is completed.
In a similar way, the states of pins in a product that is reset by an on-chip power-
function are not guaranteed from the moment when power is supplied until the pc
reaches the level at which resetting has been specified.
3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

— The reserved addresses are provided for the possible future expansion of functio
not access these addresses; the correct operation of LSl is not guaranteed if the!
accessed.

4. Clock Signals

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

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

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type numbe
that the change will not lead to problems.

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

Rev. 2.00 Oct. 20, 2009 Page iv of xxx
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When designing an application system that includes this LSI, take all points to note
account. Points to note are given in their contexts and at the final part of each sect
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
It does not cover all revised items. For details on the revised points, see the actual

The following documents have been prepared for the H8SX/1655 Group and the H8
Group. Before using any of the documents, please visit our web site to verify that yo
most up-to-date available version of the document.

Document Type

Contents Document Title Docu

Data Sheet Overview of hardware and electrical — —
characteristics

Hardware Manual Hardware specifications (pin H8SX/1655 Group, This r
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 REJO

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

Renesas Technical
Update

Preliminary report on the
specifications of a product,
document, etc.

Rev. 2.00 Oct. 20, 2009 F
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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)
CMCSR indicates compar ation, enables or disables interrupts, and selects the counter

t clock. Generation ofla WDTOVE di; itializes the TCNT value to 0. I
W

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 ghe 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 tip€,
a f/4 clock is selected.

Rev. 0.0, 10/04, page 416 of 914
RENESAS

®)
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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Bit| Bit Name Initial Value R/W Description |

15 - i Reserved |
14 - ( These bits are always read as 0. )

13to 11 ASID2 to All 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.

e
Note: The bit names and sentences in the above figure are examples, and have nothing to do with the conte!
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) RIW
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

Rev. 2.00 Oct. 20, 2009 P«
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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 Corpc
I/O 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
VCO Voltage-controlled oscillator

All trademarks and registered trademarks are the property of their respective owners.
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1.4.2 Correspondence between Pin Configuration and Operating Modes ......
1.4.3 Pin FUNCHONS ..ottt
Section 2 CPU ..ot e
2.1 FRALUTES ...ttt e st
2.2 CPU Operating MOAES........ceeruiiriienieeiieeniieeiteeiteeitesieesteesbeesbeesseesaseesseenaseas
221 NOIMAl MOE.....ceiiiiiiiiiiiiiiiieeeeteee ettt
222 MiddIe MOE.......eeiiiiiieiieieeieee ettt
223 AdVanced MO ......c..ueeeiieiiieeiieciee ettt ettt ae e e
224 Maximum MOdE ........cocuooiiriiriieiiiiinieneeeeeee e
2.3 InStruction FetCh c...c...ooiiiiiiiiiii et
2.4 AdAIESS SPACE..c..tiirtieiiierieeiiiterte ettt ettt ettt sttt e st esbeesbeesabeesabaeeateens
2.5 REZISEIS weuiieiiiiieiteteee ettt ettt et st bttt et st s e e ens
251 General REZISIEIS ....o.uiiuiiiiiiieiiiieeitetteceeete sttt
252 Program Counter (PC) .......ccoooiiiiiiiiieieeeeetes e
253 Condition-Code Register (CCR)......cocueeviiiriiiniiinieinieenieeie e
254 Extended Control Register (EXR) .......cooviivieiniiiiniiiiiiiniccieeieeies
2.5.5 Vector Base Register (VBR)......oooviiiiiiiiiiiiiiiieeeceeeeeeee e
2.5.6 Short Address Base Register (SBR)........coccooviiiiiniininiiniiiiincee
2.5.7 Multiply-Accumulate Register (MAC) .....cccovervienieniinieneeieeieneeeens
258 Initial Values of CPU RegISters .......ccceeruieierienienieeieeie e
2.6 Data FOrMAtS.......coviiiiiiiiiiiiceeeet ettt s
2.6.1 General Register Data Formats.........c..ccccooeeiiiiiniininiiniiiicnecens
2.6.2 Memory Data FOrmMats .......ccveevieiiiieiiieiiieeieciee et siee e
2.7 INSTIUCTION S ....iiuiiiiiiiieiiiertee ettt sttt et st e b e eas
271 Instructions and Addressing Modes..........cceeuerieneeneenennenienieneeieens
2.7.2 Table of Instructions Classified by Function ..............cocceeiiiiiniinennenn,
273 Basic Instruction FOrmats ..........ccccecvevieiieiienienienenieeeeeeeeeecieenens
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2.8.7 IMMEdIAte—FXX .ooiieiiieiiirieeee e e e e

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

2.8.9 Program-Counter Relative with Index Register—@(RnL.B, PC),
@(Rn. W, PC), or @(ERN.L, PC) ..cceoviriiiiiiiiiiiieeeeeeeee e
2.8.10  Memory Indirect—@ @aa:8 ...........cceecuerieriierieeieeieeeeee e
2.8.11  Extended Memory Indirect—@ @Vec:7 .........ceevueerieenieenieinieniieeeeene
2.8.12  Effective Address Calculation ..........coceeevveeriieriieenieenieenieeneeeieeee e
2.8.13  MOVA INSTUCHON ..c..eerutiniieieeiieiceitentenieete ettt ettt sie e enee e
2.9 ProcCesSiNG STALES ...c..cevueeriiriirieniientienieeie ettt st et ettt et bt et e bt ettt st sbaenbean
Section 3 MCU Operating Modes .........cccceovueevieriiinieniieeenieeieeneeeneenes
3.1 Operating Mode SELECION ......ccouviiriiiriiiiiieieeie ettt
3.2 RegIStEr DESCIIPLIONS ....eiuiieiiiiiteiiie ettt ettt ettt sttt sttt e st e st eesaneenaees
3.2.1 Mode Control Register (MDCR) ........coocuiiiiiiniiiniieiecieeieeieeeeeen
322 System Control Register (SYSCR) .....ccceeiieririeniiniiniinieceeeeieeiee
3.3 Operating Mode DeSCIIPHOIS .......eouveruteriierierieiie ettt ettt sttt et saee i
3.3.1 LY (0T L TSRS
332 IMOE 2.ttt
333 IMOAE 3.ttt et
334 IMOAE 4 ...ttt sttt
335 IMOAE 5.ttt sttt et st
3.3.6 IMOAE 6.ttt sttt et
3.3.7 LY (0T L USRS
3.3.8 Pin FUNCHONS ....covviiiiiiiieiceeecce e e
34 AdAIESS MAP ..ottt ettt et et
34.1 AdATESS MAP ...ciuiiieiiiieiiieeieeeitee ettt sttt ettt s saee s
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4.8 Watchdog Timer RESEt ........eevuiiiiiiiiiiiiiiieieeteete ettt

4.9  Determination of Reset Generation SOUICE...........ccoveerueerrirriinieneeneenieenienreneenaees
Section 5 Voltage Detection Circuit (LVD) ....occooviiiiiniiiiiiiiiieee
5.1 FOATUTES ..ttt ettt ettt e
5.2 RegiSter DESCIIPLONS .. ..eiruiiiiiiiriieiriieeite ettt ettt ettt ettt sbe e s sbeesaeee s
5.2.1 Voltage Detection Control Register (LVDCR)........cooceiviiiniiiiniennneenns

52.2 Reset Status Register (RSTSR)..cccvivviiiniiiniiiiiiniieieeeeseesieeieee

5.3 Voltage Detection CiICUIL ......c..cevuieriiriiriiniieniieieeieeesite ettt
5.3.1 Voltage Monitoring ReSet.........coceeiirieiiirienienienienciicee e

532 Voltage Monitoring INterrupt.........oceeeeeruierirrienieiieseeie e

533 Release from Deep Software Standby Mode by the Voltage-Detection
CAICUIL .ttt ettt e s st e e

5.3.4 VOltage MONILOT ... .ceitieriieriiieeieeniiesteesieesteesteesbeesareesaeesiaeessseenaneenns
Section 6 Exception Handling ..........ccocceeiieeiiiiiiniiiniccececceee
6.1 Exception Handling Types and Priority..........ccecceeeerieiieneeneeeeeeeeeseeeee e
6.2  Exception Sources and Exception Handling Vector Table.........c.ccccooveeeirniiennnee.
6.3 RESEE ..t et s s sttt e
6.3.1 Reset Exception Handling..........coocvevviieriiiniiiiniiiinieenieenieesee e

6.3.2 Interrupts after ReSet......c..covuiiiiiiiiiiiiiiicieeececee e

6.3.3 On-Chip Peripheral Functions after Reset Release.........cc.ccocceveeneennns

0.4 TTACES .ottt ettt ettt et ettt e ettt e s e e h e e bt e bt e bt e te et eatesaeenae e teenteens
6.5 AdAIess EITOT .....coiiiiiiiiiiiiietc et e
6.5.1 Address Error SOUICE........coouieiieiiriinieieeieereeeeseescere e

6.5.2 Address Error Exception Handling ..........cccccevviieiiinniiinieiniecieeees

0.0 INEEITUPLS ettt st st bt e bt et et e saeesbe et ens
6.6.1 INEEITUPE SOUICES ..ottt ettt et st

6.6.2 Interrupt Exception Handling ............ccooieiiriiniinienieeee e
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7.3.2 CPU Priority Control Register (CPUPCR) ........ccccevviiiviiiinieniieiieeeeenn
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7.6.5 DTC and DMAC Activation by INterrupt.........cceceevveerveennienseennieenneenn
CPU Priority Control Function Over DTC, DMAC, and EXDMAC ............cc..c....
USAZE INOLES ..ttt ettt ettt ettt ettt et e ettt e e ettt e e sttt e e sabbeeseanreeesbneeeaas
7.8.1 Conflict between Interrupt Generation and Disabling ...........cccccecveveenen.
7.8.2 Instructions that Disable INterrupts.........ccoeeveevierieniieneenieienieneeneeees
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Section 9 Bus Controller (BSC)

9.1
9.2

9.3
94
9.5

9.6

8.4.3

Features

Register Descriptions
Bus Width Control Register (ABWCR)
Access State Control Register (ASTCR)

9.2.1
9.22
923
9.24
9.2.5
9.2.6
9.2.7
9.2.8
9.29
9.2.10
9.2.11
9.2.12

Bus Configuration
Multi-Clock Function and Number of Access Cycles
External Bus
Input/Output Pins
Area Division
Chip Select Signals
External Bus Interface
External Bus Interface..................
Endian and Data Alignment
Basic Bus Interface

9.5.1
952
953
954
9.5.5
9.5.6

9.6.1

Condition Match Flag
Usage Notes

Wait Control Registers A and B (WTCRA, WTCRB) ........ccccceveueenen.
Read Strobe Timing Control Register (RDNCR) .......cccccevveiiniineannens
CS Assertion Period Control Registers (CSACR) ..c..ooveeeevienieeee

Idle Control Register IDLCR)
Bus Control Register 1 (BCR1)
Bus Control Register 2 (BCR2)
ontrol Register (ENDIANCR)......
SRAM Mode Control Register (SRAMCR)

Endian C
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controller, which enable high-speed data transter, and a bus-state controller, which enab
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 mal
control easy. Together, the modules realize low-cost configurations for end systems. Th
consumption of these modules is kept down dynamically by an on-chip power-managen
function. The on-chip ROM is a flash memory (F-ZTAT™*) with a capacity of 512 Kby
(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 stora;
office automation equipment, and industrial equipment.
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CPU

CPU e 32-bit high-speed H8SX CPU (CISC type)
Upwardly compatible for H8/300, H8/300H, and H8S CF
object level
o General-register architecture (sixteen 16-bit general rec
e 11 addressing modes
e 4-Gbyte address space
Program: 4 Gbytes available
Data: 4 Gbytes available
e 87 basic instructions, classifiable as bit arithmetic and I
instructions, multiply and divide instructions, bit manipul
instructions, multiply-and-accumulate instructions, and ¢
e Minimum instruction execution time: 20.0 ns (for an ADI
instruction while system clock I¢ = 50 MHz and
V., =3.0t03.6V)
e On-chip multiplier (16 x 16 — 32 bits)
e Supports multiply-and-accumulate instructions
(16 x 16 + 42 — 42 bits)
Operating e Advanced mode
mode

Normal, middle, or maximum mode is not supported.
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VIOUC 4. UTN=CTHIP RUIVE dlisablcd cxlciTial exierdea moduc,
bus (selected by driving the MD1 and MDO pins I
driving the MD2 pin high)

Mode 5: On-chip ROM disabled external extended mode,
(selected by driving the MD1 pin low and driving 1
and MDO pins high)

Mode 6: On-chip ROM enabled external extended mode
(selected by driving the MDO pin low and driving 1
and MD1 pins high)

Mode 7: Single-chip mode (can be externally extended)
(selected by driving the MD2, MD1, and MDO pin:

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

Power on reset (POR)*

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

Voltage detection circuit
(LVD)*

e At low power supply voltage, an internal reset signal al
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 co
register)

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

e |ndependent vector addresses
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cXxwernded repedi-area urncuori

DMA
controller
(DMAC)

4-channel DMA transfer available

3 activation methods (auto-request, on-chip module inte
external request)

3 transfer modes (normal transfer, repeat transfer, blocl
transfer)

Dual or single address mode selectable
Extended repeat-area function

Data
transfer
controller
(DTC)

Allows DMA transfer over 78 channels (number of DTC
activation sources)

Activated by interrupt sources (chain transfer enabled)

3 transfer modes (normal transfer, repeat transfer, blocl
transfer mode)

Short-address mode or full-address mode selectable

External bus
extension

Bus
controller
(BSC)

16-Mbyte external address space

The external address space can be divided into 8 areas
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 are
— Program wait cycles can be inserted

— The period of CS assertion can be extended

— lIdle cycles can be inserted

Bus arbitration function (arbitrates bus mastership amor
internal CPU, DMAC, EXDMAC, and DTC, and externa
masters)
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ycliclialor

(CPG)

Separate clock signals are provided for each of functio

modules (detailed below) and each is independently sj

(multi-clock function)

— System-intended data transfer modules, i.e. the CF
in synchronization with the system clock (l$): 8 to 5

— Internal peripheral functions run in synchronization
peripheral module clock (P¢): 8 to 35 MHz

— Modules in the external space are supplied with the
bus clock (B¢): 8 to 50 MHz

Includes a PLL frequency multiplication circuit and frec

divider, so the operating frequency is selectable

5 low-power-consumption modes: Sleep mode, all-mo

clock-stop mode, software standby mode, deep softwa

standby mode, and hardware standby mode

Rev. 2.00 Oct. 20, 2009 Pa
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Unit O0: sottware, timer (1PU (unit 0) /TMR (units O and
trigger, and external trigger

Unit 1: Software, TMR (units 2 and 3) trigger, and exter
trigger

Activation of DTC and DMAC by ADI interrupt:
Unit 0: DTC and DMAC can be activated by an ADI inte
Unit 1: DMAC can be activated by an ADI1 interrupt.

D/A converter D/A o 10-bit resolution x 2 output channels
converter e OQutput voltage: 0 V to Vref, maximum conversion time:
(DAC) (with 20-pF load)
Timer 8-bit timer ® 8 bits x 8 channels (can be used as 16 bits x four chanr
(TMR) ¢ Select from among 7 clock sources (6 internal clocks ar
external clock)
o Allows the output of pulse trains with a desired duty cyc
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 char
(TPU) e Up to 24 pulse inputs and outputs

Counter clear operation, simultaneous writing to multipl
counters (TCNT), simultaneous clearing by compare m:
input capture possible, simultaneous input/output for re
possible by counter synchronous operation, and up to 1
PWM output possible by combination with synchronous
operation

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

Input capture function supported

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

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

extended mode.
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Watchdog timer Watchdog
timer
(WDT)

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

Switchable between watchdog timer mode and interva
mode

Serial interface  Serial
communi-
cations
interface
(SCI)

Smart card/SIM

6 channels (select asynchronous or clock synchronou:s
communications mode)

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

IrDA transmission and reception conformant with the |
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
(IC2)

2 channels

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

Universal serial Universal

bus interface serial bus
interface
(USB)

On-chip UDC (USB Device Controller) supporting USE
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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¢ Flash programming/erasure voltage: 3.0 to 3.6 V
e Supply current:
— 50 mA (typ.) (V. =PLLV ,=DrV,=3.0V, AV =<
=P¢=B¢p=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

Function H8SX/1655 Group H8SX/1655M Group

DMAC

DTC

PPG

uBC

SCI

lc2

TMR

WDT

10-bit ADC

10-bit DAC

EXDMAC

POR/LVD —

Package LQFP-120 (0]
LGA-145 O

O|O0|0|0O|0O|0O|O|0O|0O|0O|O

(eJNelNelNolNol ol ol ol ol NolNo)NOINOING)
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MNOroiIovcINVOUL OV VO9 r\uyu-.'s “aV r\uyu—.'s LUOAT 199
R5F61655D50FPV 512 Kbytes 40 Kbytes LQFP-120 Wi
R5F61652D50FPV 384 Kbytes 40 Kbytes LQFP-120 SP
R5F61655D50LGY 512 Kbytes 40 Kbytes LGA-145
R5F61652D50LGY 384 Kbytes 40 Kbytes LGA-145
H8SX/1655M R5F61655MN50FPV 512 Kbytes 40 Kbytes LQFP-120 Re
R5F61652MN50FPV 384 Kbytes 40 Kbytes LQFP-120 SP
R5F61655MN50LGY 512 Kbytes 40 Kbytes LGA-145
R5F61652MN50LGY 384 Kbytes 40 Kbytes LGA-145
R5F61655MD50FPV 512 Kbytes 40 Kbytes LQFP-120 Wi
R5F61652MD50FPV 384 Kbytes 40 Kbytes LQFP-120 SP
R5F61655MD50LGY 512 Kbytes 40 Kbytes LGA-145
R5F61652MD50LGYV 384 Kbytes 40 Kbytes LGA-145
Rev. 2.00 Oct. 20, 2009 Pa
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Product classification
Microcontroller

Indicates a Renesas semiconductor |

Figure 1.1 How to Read the Product Name Code
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(unit 0)
TPU x 6 channels
(unit 1)

| Ruivt I( /) | B I—

PPG x 8 channels

(unit 0)
PPG x 16 channels

(unit 1)

SCI x 6 channels | Epgrrttﬁ/| |
uss | Port E/ |
port Kx!

1IC2 x 2 channels

Internal peripheral bus

010 01

H8SX
K
CPU

Internal system bus

DMACx ||
prc = [ 4channels [—]

|

EXDMAC x ||

4 channels 10-bit AD x 4
Clock pulse channels (unit 0)
generator @
2 10-bit AD x 4
-— .
IS channels (unit 1
Q
® -
> 10-bit DA x
(2] K )
3 2 channels
£
2 )
POR/LVD*2 < 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 lic2: 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

Rev. 2.00 Oct. 20, 2009 Page 12 of 1340
REJ09B0499-0200 RENESAS



EE <9 == &= |TIE
5o Ss B }c, Siole
38 32 o885  EZE8
EZ 22 sgE SISE(E
daa 80 Ed (o} S S =}
5 XX X X o I
oo 53 g - g=Fa=]
S5 00 4 300 QRERRICY 20w &
EEREE E2 . E55 »w,=s8E50000 o000 §
FoEreskigeeigigr rorenssen-ost
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P62/TMO2/SCK4/DACK2/IRQ10-B/TRST/EDACKO-B [ 91 60[1 PH6/D6
PLLVce O] 92 5917 PH5/D5
P63/TMRI3/DREQ3/RQT1-B/TMS/EDREQT-B [} 93 5801 PH4/D4
PLLVss []94 57 Vss
P64/TMCI3/TEND3/TDI/ETENDT-B [} 95 56[3 PH3/D3
P65/TMO3/DACK3/TCK/EDACK1-B [} 96 55(1 PH2/D2
MDO [ 97 5417 PH1/D1
P50/ANO/RQO-B [ 98 53F7 PHO/DO
P51/AN1/RQI-B [} 99 5217 NMI
P52/AN2/IRQ2-B [}100 513 P27/PO7/TIOCAS/TIOCBS
Avee C}i01 50[0 P26/PO6/TIOCAS/TMO1/TxD1
P53/AN3/RQ3-B 102 490 P25/PO5/TIOCA4/TMCI1/RxD1
ss C}103 LQFP-120 481 P24/PO4/TIOCA4/TIOCB4/TMRI1/S
P54/AN4/RQ4-B [}104 - 471 P23/PO3/TIOCCI/TIOCD/IRQT1-A
vref C}105 (Top View) 46[0 P22/P0O2/TIOCC3/TMOO/TXDO/IRQ
P55/ANS/RQ5-B 106 45[1 P21/PO1/TIOCA3/TMCIO/RXDO/IRQ
P56/AN6/DAO/IRQ6-B 107 448 Voo
P57/AN7/DA1/IRQ7-8 [}108 433 P20/POO/TIOCA3/TIOCB3/TMRIO/S
MD1 J109 42[7 Vss
PAO/BREQO/BS-A 110 410 MD_CLK
PA1/BACK/RDWR) 111 40[0 VBUS
PA2/BREQWAIT [}112 3900 DrVss
PA3ILLWRLLLB [}113 383 USD-
PA4/LHWR/LUB }114 373 usD+
___PASRD 415 36[d DrVee
PA6/AS/AHBS-B 116 35[0 PM4
Vss 117 3403 PM3
PA7Bo C}i1s 330 EMLE#
~ vee g 32f PDO/AO } P PJO/PO16/TIOCH
PB -
0/CS0/CS4/CS5-8 20 4 15O 1 D 0 O v g 10 © 1o 0 0y 31| PDVAT PJ1/POI7TIOCE
—aosvorooort X 22228l aacaas #1
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@ 2%k T 0683%3 3355
@ 8§88 § gsgsps gege
Q 282 B EEEELE E£EGH
= EEE E 525383 hos8
2 tse & 88238y 2888
&) 38x o 828L£ck gkRoo
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SEfF & §%§%3% 3%35
8 8 £ 2 ¢ ¢© og
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g E e =38 85
Lo £ 4 g
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S 2 o

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.

see E10A Emulator User's Manual.

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,

Figure 1.3 Pin Assignments (LQFP-120: H8SX/1655 Group and H8SX/1655M

RENESAS
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LGA-145
PE6 | PE7 / )
G| PPl | pkget | oyt | VSS (Perspective top view) P14 P13 Vss
PES | PE4 | PE3 ;
H [ Prs+t | prast | past | PFO Ver [ P11 | NC#3
PE1 PD7 | PE2
S| Ve | pkast | pazet | pias PI7 | P10 | P12
PEO | PD5 | PD4 | PDe
*3
K | ipkost | jpusst | puast | puest | Vee© P21 P25 P26 | NC* PH2 P14 PI5
PD3 )
L | jpyget | Vss |EMLE*2| VBUS [MD_CLK| P24 [ NC*3 | NC*3 | NmI [ PH1 PI2 PI3
PD2 | PD1
M | jpgost | pyq=t | Prvee | USD- | vss P20 P23 NC*3 | PHO Vss PH4 | PH7
PDO
N | /pyot PM3 PM4 USD+ DrVss P22 NC*3 P27 Vee PH3 PH5 PH6

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 = O (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 operati

The on-chip emulator function is enabled by driving this pin high. When the on-chip emulator is ir
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 G
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4 D1 MD2 MD2 MD2
5 D3 PMO/TxD6 PMO/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 o PE4/A12 A12

e PK4/PO28/TIOCA10%'
19 J1 Vcee Vee Vce
20 H3 PE3/A11 e PE3/A11 A1

e PK3/PO27/TIOCC9/TIOCD9*'
21 J4 PE2/A10 e PE2/A10 A10

e PK2/PO26/TIOCCY*'
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=J

HUJO/A0

rUO/AC

PJ6/PO22/TIOCA8*'

26 L2 Vss Vss Vss
27 K2 PD5/A5 e PD5/A5 A5

e PJ5/PO21/TIOCA7/TIOCB7/

TCLKG*'

28 K3 PD4/A4 e PD4/A4 A4

e PJ4/PO20/TIOCA7*'
29 L1 PD3/A3 e PD3/A3 A3

e PJ3/PO19/TIOCCE/TIOCDS6/

TCLKF*'

30 M1 PD2/A2 e PD2/A2 A2

e PJ2/PO18/TIOCC6/TCLKE*'
31 M2 PD1/A1 e PD1/A1 A1l

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 DrVcec
37 N4 USD+ USD+ USD+
38 M4 USD- USD- UsD-
39 N5 DrVss DrVss DrVss
40 L4 VBUS VBUS VBUS
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TxDO/IRQ10-A IRQ10-A IRQ10-A
47 M7 P23/PO3/TIOCC3/TIOCD3/  P23/PO3/TIOCC3/TIOCD3/ P23/PO3/TIOCC3/TI
IRQT1-A IRQT1-A IRQT1-A
48 L6 P24/PO4/TIOCA4/TIOCB4/  P24/PO4/TIOCA4/TIOCB4/ P24/PO4/TIOCA4/TI(
TMRI1/SCK1 TMRI1/SCK1 TMRI1/SCK1
49 K7 P25/PO5/TIOCA4/TMCI1/ P25/PO5/TIOCA4/TMCI1/ P25/PO5/TIOCA4/TN
RxD1 RxD1 RxD1
50 K8 P26/PO6/TIOCA5/TMO1/ P26/PO6/TIOCA5/TMO1/ P26/PO6/TIOCAS/TN
TxD1 TxD1 TxD1
51 N8 P27/PO7/TIOCA5/TIOCB5  P27/PO7/TIOCA5/TIOCB5 P27/PO7/TIOCAS5/TI(
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 Vce Vce Vce
63 M13 P10/D8 P10/D8 P10/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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rJ LRI T HTIAUG T LINUUZTTT I T P HTIAVG T ILINUUTT T Y T HHTIAUGL T ILITNUUVTTT e
A/ETENDO-A ETENDO-A ETENDO-A

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

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

76 G12 Vss Vss Vss

77 G13 RES RES RES

78 H10 Ve, Ve, '

79 G10 P14/TCLKA/TxD5/IrTxD/ P14/TCLKA/TxD5/IrTxD/ P14/TCLKA/TxD5/IrTx
SDA1/DREQ1/IRQ4-A/ SDA1/DREQ1/IRQ4-A/ SDA1/DREQ1/IRQ4-A
EDREQ1-A EDREQ1-A EDREQ1-A

80 F11 P15/TCLKB/RxD5/IrRxD/ P15/TCLKB/RxD5/IrRxD/ P15/TCLKB/RxD5/IrR»
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/SDA0/ P16/TCLKC/SDA0/ P16/TCLKC/SDA0O/
DACK1/IRQ6-A/EDACK1-A  DACK1/IRQ6-A/EDACK1-A DACK1/IRQ6-A/EDAC

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

88 D13 STBY STBY STBY

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

IRQ8-B/EDREQO-B

IRQ8-B/EDREQO-B

IRQ8-B/EDREQO-B
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95 B11 P64/TMCI3/TEND3/ P64/TMCI3/TEND3/TDI**/ P64/TMCI3/TEND3/E
ETEND1-B ETEND1-B
96 A10 P65/TMO3/DACK3/ P65/TMO3/DACK3/TCK*?/ P65/TMO3/DACKS/E
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/IRQ1-B P51/AN1/IRQ1-B P51/AN1/IRQ1-B
100 B9 P52/AN2/IRQ2-B P52/AN2/IRQ2-B P52/AN2/IRQ2-B
101 B8 AVce AVce 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/IRQ6-B P56/AN6/DA0/IRQ6-B P56/AN6/DAO/IRQ6-
108 A7 P57/AN7/DA1/IRQ7-B P57/AN7/DA1/RQ7-B P57/AN7/DA1/RQ7-
109 B6 MD1 MD1 MDA
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 PAG6/AS/AH/BS-B
117 C3 Vss Vss Vss
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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-ch
2. Pins TDO, TRST, TMS, TDI, and TCK are enabled in mode 3.
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PLLV Input Ground pin for the PLL circuit.

DrV, Input Power supply pin for the transceiver with on-chip USB. C
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

EXTAL Input throygh the EXTAL pin. For an example of this connectic
section 26, Clock Pulse Generator.

Bo Output  Outputs the system clock for external devices.

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

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

System control ES Input Reset signal input pin. This LSI enters the reset state wh
signal goes low.

STBY Input This LSI enters hardware standby mode when this signal

EMLE Input Input pin for the on-chip emulator enable signal. If the on
emulator is used, the signal level should be fixed high. If
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
emulator ™S Input is driven high, these pins are dedicated for the on-chip el
When the EMLE pin is driven low and to mode 3, these ¢

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

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

AH Output This signal is used to hold the address when acce
address-data multiplexed 1/O interface space.

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

RD/WR Output Indicates the direction (input or output) of the date

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

LLWR Output Strobe signal which indicates that the lower-order

to DO) is valid in access to the basic bus interface

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

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

CSo Output Select signals for areas 0 to 7.

cst1

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 sp
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IRQ0-A/IRQO-B

DMA controller DREQO-A/DREQO-B Input  Requests DMAC activation.
(DMAC) DREQ1-A/DREQ1-B

DREQ2

DREQ3

DACKO-A/DACKO-B Output DMAC single address-transfer acknowledge sign
DACK1-A/DACK1-B

DACK2

DACK3

TENDO-A/TENDO-B Output Indicates end of data transfer by the DMAC.
TEND1-A/TEND1-B

TEND2

TEND3

EXDMA EDREQO- Input Requests EXDMAC activation.
controller A/EDREQO-B
(EXDMAC) EDREQ1-

A/EDREQ1-B

EDACKO- Output EXDMAC single address-transfer acknowledge s
A/EDACKO-B

EDACK1-

A/EDACK1-B

ETENDO- Output Indicates end of data transfer by the EXDMAC.
A/ETENDO-B

ETEND1-

A/ETEND1-B

EDRAKO Output  Notification to external device of EXDMAC reque
EDRAK1 acceptance and start of execution
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Dt pdatbadil

TIOCAS5 Input/ Signals for TGRA_5 and TGRB_5. These pins are

TIOCB5 output  input capture inputs, output compare outputs, or P
outputs.

TCLKE Input Input pins for external clock signals.

TCLKF

TCLKG

TCLKH

TIOCA6 Input/ Signals for TGRA_6 to TGRD_6. These pins are u

TIOCB6 output  input capture inputs, output compare outputs, or P

TIOCC6 outputs.

TIOCD6

TIOCA7 Input/ Signals for TGRA_7 and TGRB_7. These pins are

TIOCB7 output  input capture inputs, output compare outputs, or P
outputs.

TIOCAS8 Input/ Signals for TGRA_8 and TGRB_8. These pins are

TIOCB8 output  input capture inputs, output compare outputs, or P
outputs.

TIOCA9 Input/ Signals for TGRA_9 to TGRD_9. These pins are u

TIOCB9 output  input capture inputs, output compare outputs, or P

TIOCC9 outputs.

TIOCD9

TIOCA10 Input/ Signals for TGRA_10 and TGRB_10. These pins ¢

TIOCB10 output  as input capture inputs, output compare outputs, o
outputs.

TIOCA11 Input/ Signals for TGRA_11 and TGRB_11. These pins ¢

TIOCB11 output  as input capture inputs, output compare outputs, o
outputs.

Programmable  PO31 to PO16, Output  Output pins for the pulse signals.

pulse generator pPQO7 to POO
(PPG)
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TxD5

TxD6

RxDO Input Input pins for data reception.

RxD1

RxD2

RxD4

RxD5

RxD6

SCKO Input/ Input/output pins for clock signals.

SCK1 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 IIC clock. Bus can be directly
2 (lIc2) output  the NMOS open drain output.

SDAO, SDA1 Input/ Input/output pin for IIC data. Bus can be directly ¢

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

converter.
ADTRGO, ADTRG1 Input Input pins for the external trigger signal that start:
conversion.

D/A converter DA1, DAO Output  Output pins for the analog signals from the D/A c
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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-ch
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Upwalu-colpdauvlic widl 116/0UV, 116/0UVI1, alll 1100 LI US

— Can execute object programs of these CPUs

Sixteen 16-bit general registers

— Also usable as sixteen 8-bit registers or eight 32-bit registers

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

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, @1
@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,PC)]

— Memory indirect [@ @aa:8]

— Extended memory indirect [@ @vec:7]
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— 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 availabls
— 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 H§SX/1¢
Group and H8SX/1655M Group. Normal, middle, and maximum modes are n
supported.

2. The multiplier and divider are supported by the H8SX/1655 Group and H8SX
Group.
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LFU operating modes |

Maximum 16-Mbyte progran
Advanced mode area and 4-Gbyte data area,
maximum 4 Gbytes for prog
and data areas combined

Maximum 4 Gbytes for prog

Maximum mode

and data areas combined

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-
segments of 32-bit registers. When the extended register En is used as a 16-bit regist
contain any value, even when the corresponding general register Rn is used as an ad
register. (If the general register Rn is referenced in the register indirect addressing m
pre-/post-increment or pre-/post-decrement and a carry or borrow occurs, however, t
the corresponding extended register En will be affected.)

Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effecti
addresses (EA) are valid.
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Figure 2.2 Exception Vector Table (Normal Mode)

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

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

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

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

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

\/\\/\

SP—>| PC . SP EXR*!
(16 bits) Reserved:! 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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1ne extended registers (EVU 10 /) Call DC USCd as 10-DIU ICZISICTS, O aS UIC upper 10-
segments of 32-bit registers. When the extended register En is used as a 16-bit regist
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 regis
referenced in the register indirect addressing mode with pre-/post-increment or pre-/
decrement and a carry or borrow occurs, however, the value in the corresponding ex
register En will be affected.)

Instruction Set

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

Exception Vector Table and Memory Indirect Branch Addresses

In middle mode, the top area starting at H'000000 is allocated to the exception vecto
One branch address is stored per 32 bits. The upper eight bits are ignored and the 1o
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) addressi
are used in the JMP and JSR instructions. An 8-bit absolute address included in the i
code specifies a memory location. Execution branches to the contents of the memors
In middle mode, an operand is a 32-bit (longword) operand, providing a 32-bit branc
The upper eight bits are reserved and assumed to be H'00.

Stack Structure

The stack structure of PC at a subroutine branch and that of PC and CCR at an excej
handling are shown in figure 2.5. The PC contents are saved or restored in 24-bit un:
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e Instruction Set

All instructions and addressing modes can be used.

e Exception Vector Table and Memory Indirect Branch Addresses

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

H'00000000
H'00000001

H'00000002 |
H'00000003

H'00000004
H'00000005

H00000006 |
H'00000007

Reserved

>~ Exception vector table

Figure 2.4 Exception Vector Table (Middle and Advanced Modes)

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

In advanced mode, an operand is a 32-bit (longword) operand, providing a 32-bit brar
address. The upper eight bits are reserved and assumed to be H'00.
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I 1 [

(4 DIS) |

(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)

2.24 Maximum Mode

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

Address Space
The maximum address space of 4 Gbytes can be linearly accessed.
Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers or as the upper 16-1
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 maximum mode, the top area starting at H'00000000 is allocated to the exception
table. One branch address is stored per 32 bits. The structure of the exception vector
shown in figure 2.6.
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Figure 2.6 Exception Vector Table (Maximum Modes)

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

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

address.

e Stack Structure

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

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

\/_\

SP—~>|

PC
(32 bits)

J\

(a) Subroutine Branch

\/\

SP—

EXR

CCR

PC
(32 bits)

\/\

(b) Exception Handling

Figure 2.7 Stack Structure (Maximum Mode)
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igulc 2.0 S1IOWS a HHTILOLy Hlap U1 UIC T100A L U. 11O dUUlTsSs

Spatc uliicls dcpoliulil

CPU operating mode.
Normal mode Middle mode Advanced mode Maximum mode
H'0000 H'000000 H'00000000 H'00000000
HOO7FFE fm=mmm====-
Program area
Data area
" (64 kbytes) | Program area
HFFFF (16 Mbytes)
Program area
|| Data area | (16 Mbytes)
(64 kbytes)
HEFsoo0 F=========1
HFFFFFF HOOFFFFFF[ === "=""""
|__ Data area
(4 Gbytes)
HFFFFFFFF] HFFFFFFFF]

Figure 2.8 Memory Map
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cRyv cu nur nUL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers
31 0
PC [
76543210
cer [1Jufr]uln|z[v]c
76543210
ex [1]-|-[-[-Jiefu[n]
31 12 0
VBR | : (Reserved) |
31 8 0
SBR | H (Reserved) |
63 41 32
Sign extension H MACH
MAC -
MACL
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 re
Ul:  User bit or interrupt mask bit C: Carry flag MAC: Multiply-accumulate re
H: Half-carry flag EXR: Extended control register

Figure 2.9 CPU Registers
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general registers designated by the letters E (EO to E7) and R (RO to R7). These register:
functionally equivalent, providing a maximum sixteen 16-bit registers. The E registers (
are also referred to as extended registers.

When the general registers are used as 8-bit registers, the R registers are divided into 8-
registers designated by the letters RH (ROH to R7H) and RL (ROL to R7L). These regis
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 us
registers. The size in the operand field determines which register is selected.

The usage of each register can be selected independently.

o Address registers
* 32-bit registers
o 32-bit index registers

General registers ER
(ERO to ER7)

* 16-bit registers

General registers E
(EO to E7)

* 16-bit registers
¢ 16-bit index registers

General registers R
(RO to R7)

* 8-bit registers
General registers Rl

r (ROH to R7H)

 8-bit registers
o 8-bit index registers

General registers Rl
(ROL to R7L)

Figure 2.10 Usage of General Registers

RENESAS
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—

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 exec
length of all CPU instructions is 16 bits (one word) or a multiple of 16 bits, so the least si
bit is ignored. (When the instruction code is fetched, the least significant bit is regarded a
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Bit

Bit Name

Value R/W

Description

Interrupt Mask Bit

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

ul

Undefined R/W

User Bit/Interrupt Mask Bit

Can be written to and read from by software
LDC, STC, ANDC, ORC, and XORC instructi

Undefined R/W

Half-Carry Flag

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

Undefined R/W

User Bit

Can be written to and read from by software
LDC, STC, ANDC, ORC, and XORC instructi

Undefined R/W

Negative Flag

Stores the value of the most significant bit (re
sign bit) of data.
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e Carry from the result of addition

* Borrow from the result of subtraction

e Carry from the result of shift or rotation

The carry flag is also used as a bit accumulatc
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

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XOR
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 g
each time an instruction is executed. When thi
cleared to 0, instructions are executed in sequ
6to3 — All 1 R/W  Reserved
These bits are always read as 1.
2 12 1 R/W  Interrupt Mask Bits
11 1 R/W  These bits designate the interrupt mask level |
0 10 1 R/W
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initial value is H'FFFFFF00. The SBR contents are changed with the LDC and STC inst

2.5.7 Multiply-Accumulate Register (MAC)

MAC is a 64-bit register that stores the results of multiply-and-accumulate operations. I
of two 32-bit registers denoted MACH and MACL. The lower 10 bits of MACH are val
upper bits are sign extended. The MAC contents are changed with the MAC, CLRMAC
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, clear:
in EXR to 0, and sets the I bits in CCR and EXR to 1. The general registers, MAC, and

bits in CCR are not initialized. In particular, the initial value of the stack pointer (ER7) i
undefined. The SP should therefore be initialized using an MOV L instruction executed
immediately after a reset.
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Figure 2.12 shows the data formats in general registers.
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Byte data RnH rrrr Don't care '
S
________________ 7 0

Byte data RnL ' Don'tcare
"""""""" MSB [SB
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 RnL: General register RL

En:  General register E MSB: Most significant bit

Rn:  General register R LSB: Least significant bit

RnH: General register RH

Figure 2.12 General Register Data Formats

Rev. 2.00 Oct. 20, 2009 Pag

RENESAS

REJOS



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
size or longword size.

Data Type Data Format
Address /\_/
7 0
1-bit data AddressL | 7 | 6 | 54| 3| 2|1 0
Byte data AddressL [MsB: ¢ i i i 1 isB
Word data Address 2M MSBE E E E E E E
Address 2M + 1 E E E E E E ELSB
Longword data Address 2N MSBE E E E E E E
Address2N+1 | 1 v i bbb
Address 2N + 2 I I FE H
Address 2N + 3 E E E E E E ELSB

L T~

Figure 2.13 Memory Data Formats
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POP, PUSH*' WiL

LDM, STM L
MOVA B/W*
Block transfer EEPMOV B
MOVMD B/W/
MOVSD B
Arithmetic ADD, ADDX, SUB, SUBX, CMP, NEG, INC, DEC B/W/
operations DAA, DAS B
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS B/W
MULU, DIVU, MULS, DIVS WiL
MULU/U*®, MULS/U*® L
EXTU, EXTS WiL
TAS B
MAC*® —
LDMAC*°, STMAC*® —
CLRMAC*® —
Logic operations ~ AND, OR, XOR, NOT B/W/

Shift

SHLL, SHLR, SHAL, SHAR, ROTL, ROTR, ROTXL, ROTXR B/W/

Bit manipulation

BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, B
BXOR, BIXOR, BLD, BILD, BST, BIST

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

BFLD, BFST B
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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 |

oo s 0N

@-SP.

POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L
@-SP.

Size of data to be added with a displacement

Size of data to specify a branch condition

Bcc is the generic designation of a conditional branch instruction.

Size of general register to be restored

Only when the multiplier is available.
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Data MOV BW/L S SD SD SD SD SD SD
transfer B s/D s/D
MOVFPE, B S/D SII
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
transfer  povMD B/WI/L
MOVSD B
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
WL 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
WL 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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AAZA

EXTU, EXTS WIL D D D D D D
TAS B D
MAC*" —
CLRMAC*"*
LDMAC*" — S
STMAC*" — D
Logic AND, OR, XOR B S D D D D D
operations B D ) s ) ) S
B SD SD SD SD SD
WiL S SD SD SD SD SD SD
NOT B D D D D D D
WIL D ] D ] D D
Shift SHLL,SHLR B D D D D D D
Wi/L*® D D D D D D
B/W/L* D
SHAL, SHAR B D D D D D D
ROTL, ROTR "y D D D D D D
ROTXL,
ROTXR
Bit BSET, BCLR, B D D D
manipu- BNOT, BTST,
lation BSET/cc,
BCLR/cc
BAND, BIAND, B D D D
BOR, BIOR,
BXOR, BIXOR,
BLD, BILD,
BST, BIST,
BSTZ, BISTZ
Rev. 2.00 Oct. 20, 2009 Page 48 of 1340
REJ09B0499-0200 RENESAS



(VBR, SBR)

STC B/W D D D D" D
(CCR, EXR)
STC L D
(VBR, SBR)
ANDC, ORC, B S
XORC
SLEEP —
NOP —
[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.

@ERN+ as a source operand and @—-ERn as a destination operand

Specified by ER5 as a source address and ER6 as a destination address for
transfer.

Size of data to be added with a displacement

Only @ERn- is available

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

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

Size of data to specify a branch condition

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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|={e/e} — O

BRA — 0] 0]

BRA/S — o*

JMP — o} O

BSR — o}

JSR — o} o}

RTS, RTS/L —

System TRAPA —

control“mrE RTEL —

[Legend]
d: d:8 ord:16
Note: * Only @(d:8, PC) is available.
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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

Z Z (zero) flag in CCR

\Y V (overflow) flag in CCR

C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM 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 reg
to R7, EO to E7), and 32-bit registers (ERO to ER7).
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Saves general register contents on the stack.

LDM L

@SP+ — Rn (register list)

Restores the data from the stack to multiple general registers. Ty
or four general registers which have serial register numbers can
specified.

ST™M L

Rn (register list) - @-SP

Saves the contents of multiple general registers on the stack. Tw
or four general registers which have serial register numbers can
specified.

MOVA B/W

EA — Rd

Zero-extends and shifts the contents of a specified general regis
memory data and adds them with a displacement. The result is s
general register.
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MOVMD.W

Transfers a data block.

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

MOVMD.L L Transfers a data block.
Transfers longword data which begins at a memory location spe
ERS5 to a memory location specified by ER6. The number of lon
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 specifie
to a memory location specified by ER6. The number of byte dat
transferred is specified by R4. When zero data is detected durir
the transfer stops and execution branches to a specified addres
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NGV

D/VV/

nu_-_ 1 —7 N4y, 1"u_cc—71I1W\

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

ADDS L Rd+1—->Rd, Rdt2 - Rd, Rd+4 — Rd

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

DAA B Rd (decimal adjust) - Rd

DAS Decimal-adjusts an addition or subtraction result in a general reg
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
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
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULU/U=* L Rd xRs — Rd
Performs unsigned multiplication on data in two general registers
x 32 bits — upper 32 bits).

MULXS B/W Rd xRs — Rd
Performs signed multiplication on data in two general registers: ¢
bits x 8 bits — 16 bits, or 16 bits x 16 bits — 32 bits.

MULS WI/L Rd xRs — Rd
Performs signed multiplication on data in two general registers: ¢
bits x 16 bits — 16 bits, or 32 bits x 32 bits — 32 bits.

MULS/Ux= L Rd x Rs — Rd
Performs signed multiplication on data in two general registers (¢
32 bits — upper 32 bits).

DIVXU B/W Rd + Rs — Rd

Performs unsigned division on data in two general registers: eith
+ 8 bits — 8-bit quotient and 8-bit remainder, or 32 bits + 16 bits
quotient and 16-bit remainder.
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Compares data between immediate data, general registers, anc
and stores the result in CCR.

NEG B/W/L 0 - (EAd) — (EAd)
Takes the two's complement (arithmetic complement) of data in
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 g
register or memory to word or longword size.
The lower 8 bits to word or longword, or the lower 16 bits to lon
be zero-extended.
EXTS WI/L (EAd) (sign extension) — (EAd)
Performs sign-extension on the lower 8 or 16 bits of data in a gt
register or memory to word or longword size.
The lower 8 bits to word or longword, or the lower 16 bits to lon
be sign-extended.
TAS B @ERd - 0, 1 — (<bit 7> of @EAd)
Tests memory contents, and sets the most significant bit (bit 7)
MAC: — (EAs) x (EAd) + MAC — MAC
Performs signed multiplication on memory contents and adds tt
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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data general registers, and memory.

NOT B/W/L ~ (EAd) — (EAd)
Takes the one's complement of the contents of a general registe
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
location.
The contents of a general register or a memory location can be s
1, 2, 4, 8, or 16 bits. The contents of a general register can be st
any bits. In this case, the number of bits is specified by 5-bit imm
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
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 \

carry bit.
1-bit or 2-bit rotation is possible.
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Clears a specified bit in the contents of a general register or a n
location to 0. The bit number is specified by 3-bit immediate dat
lower three bits of a general register.

BCLR/cc

if cc, 0 — (<bit-No.> of <EAd>)

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

BNOT

~ (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

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

BTST

~ (<bit-No.> of <EAd>) —» Z

Tests a specified bit in the contents of a general register or a m
location and sets or clears the Z flag accordingly. The bit numb
specified by 3-bit immediate data or the lower three bits of a ge
register.

BAND

C A (<bit-No.> of <EAd>) — C

ANDs the carry flag with a specified bit in the contents of a gent
register or a memory location and stores the result in the carry 1
bit number is specified by 3-bit immediate data.

BIAND

C A [~ (<bit-No.> of <EAd>)] —» C

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

BOR

C v (<bit-No.> of <EAd>) —» C

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

BLD B (<bit-No.> of <EAd>) — C
Transfers a specified bit in the contents of a general register or a
location to the carry flag. The bit number is specified by 3-bit imn
data.

BILD B ~ (<bit-No.> of <EAd>) —» C
Transfers the inverse of a specified bit in the contents of a gener
register or a memory location to the carry flag. The bit number is
by 3-bit immediate data.

BST B C — (<bit-No.> of <EAd>)
Transfers the carry flag value to a specified bit in the contents of
general register or a memory location. The bit number is specifie
immediate data.

BSTZ B Z — (<bit-No.> of <EAd>)
Transfers the zero flag value to a specified bit in the contents of :
memory location. The bit number is specified by 3-bit immediate

BIST B ~ C — (<bit-No.> of <EAd>)

Transfers the inverse of the carry flag value to a specified bit in tl
contents of a general register or a memory location. The bit num
specified by 3-bit immediate data.
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Table 2.10 Branch Instructions

Instruction  Size Function

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

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

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

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

Bcc — Branches to a specified address if the specified condition is sati

BRA/S — Branches unconditionally to a specified address after executing
instruction. The next instruction should be a 1-word instruction ¢
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 mull

general registers.
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Although CCR and EXR are 8-bit registers, word-size transfers a
performed between them and memory. The upper 8 bits are valic

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 m

Although CCR and EXR are 8-bit registers, word-size transfers a
performed between them and memory. The upper 8 bits are valic

VBR — Rd, SBR — Rd
Transfers the contents of VBR or SBR to a general register.

ANDC

CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR or EXR contents with immediate data.

ORC

CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR or EXR contents with immediate data.

XORC

CCR @ #IMM — CCR, EXR @ #IMM — EXR

Logically exclusive-ORs the CCR or EXR contents with immedia

NOP

PC+2—-PC
Only increments the program counter.
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(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 rm

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

EA (disp)

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

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

Figure 2.14 Instruction Formats

Operation Field

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

Register Field

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

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

Specifies the branch condition of Bcc instructions.
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1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @ (d:2,ERn)/@(d:16,ERNn)/@(d:32,ER
4 Index register indirect with displacement @ (d:16, RnL.B)/@(d:16,Rn.W)/@(d:1
@(d:32, RnL.B)/@(d:32,Rn.W)/@(d:3

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 HXX:BHXX:A/HXX: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
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 specifi
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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The operand value is the contents of a memory location which is pointed to by the sum
contents of an address register (ERn) and a 16- or 32-bit displacement. ERn is specified
register field of the instruction code. The displacement is included in the instruction cod
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 w
displacement is 1, 2, or 3 and the operand is byte data, when the displacement is 2, 4, or
operand is word data, or when the displacement is 4, 8, or 12 and the operand is longwo

2.84 Index Register Indirect with Displacement—@(d:16,RnL.B), @(d:32,Rnl
@(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
following operation result and a 16- or 32-bit displacement: a specified bits of the conte
address register (RnL, Rn, ERn) specified by the register field in the instruction code arc
extended to 32-bit data and multiplied by 1, 2, or 4. The displacement is included in the
code and the 16-bit displacement is sign-extended when added to ERn. If the operand is
ERn is multiplied by 1. If the operand is word or longword data, ERn is multiplied by 2
respectively.
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The operand value is the contents of a memory location which is pointed to by the fol
operation result: the value 1, 2, or 4 is subtracted from the contents of an address regi:
(ERn). ERn is specified by the register field of the instruction code. After that, the op
value is stored in the address register. The value subtracted is 1 for byte access, 2 for
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 fol
operation result: the value 1, 2, or 4 is added to the contents of an address register (EI
is specified by the register field of the instruction code. After that, the operand value
in the address register. The value added is 1 for byte access, 2 for word access, or 4 fc
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 cos
an address register (ERn). ERn is specified by the register field of the instruction codk
the memory location is accessed, 1, 2, or 4 is subtracted from the address register con
the remainder is stored in the address register. The value subtracted is 1 for byte acce:
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
effective addresses are calculated, the contents of the general register after the first calcul
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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There are 8-bit (@aa:8), 16-bit (@aa:16), 24-bit (@aa:24), and 32-bit (@aa:32) absolutc

addresses.

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

entire address space.

To access the program area, the absolute address of 24 bits (@aa:24) or 32 bits (@aa:32
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 Maxin

Address Mode Mode Mode Mode

Data area 8 bits A consecutive 256-byte area (the upper address is set in SE

(@aa:8)

16 bits H'0000 to H'000000 to H'00000000 to H'00007F

(@aa:16) H'FFFF H'007FFF, H'FFFF8000 to H'FFFFF

32 bits H'FF8000 to H'00000000 to H'FFFFFI
(@aa:32) H'FFFFFF

Program area 24 bits H'000000 to H'00000000 to H'0OFFFI
(@aa:24) H'FFFFFF

32 bits H'00000000 to  H'000(

(@aa:32) H'OOFFFFFF H'FFF
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manipulation mstructions contain 5-bit immediate data 1n the mstruction code, 1or Specily
number. The BFLD and BFST instructions contain 8-bit immediate data in the instructior
for specifying a bit field. The TRAPA instruction contains 2-bit immediate data in the ins
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
which is the sum of an 8- or 16-bit displacement in the instruction code and the 32-bit ad
the PC contents. The 8-bit or 16-bit displacement is sign-extended to 32 bits when added
contents. The PC contents to which the displacement is added is the address of the first b;
next instruction, so the possible branching range is —126 to +128 bytes (—63 to +64 word:
—32766 to +32768 bytes (—16383 to +16384 words) from the branch instruction. The rest
value should be an even number. In advanced mode, only the lower 24 bits of this branch
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
or @(ERn.L, PC)

This mode is used in the Bcc and BSR instructions. The operand value is a 32-bit branch
which is the sum of the following operation result and the 32-bit address of the PC conter
contents of an address register specified by the register field in the instruction code (RnL
ERn) is zero-extended and multiplied by 2. The PC contents to which the displacement is
the address of the first byte of the next instruction. In advanced mode, only the lower 24 |
this branch address are valid; the upper 8 bits are all assumed to be 0 (H'00).
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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 -
vector address of an exception handling other than a reset or a CPU address error can be

by VBR.

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

\/_\

Specified —»
by @aa:8

Branch address - --

\/\

(a) Normal Mode

Specified
by @aa:8

\/_\

—

Reserved

(b) Advanced Mode

Figure 2.15 Branch Address Specification in Memory Indirect Mode

RENESAS
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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 moc
lower bits of the effective address are valid and the upper bits are ignored (zero extended
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-exte
the transfer and operation instructions.

e The lower 24 bits of the effective address are valid and the upper eight bits are zero-e
for the branch instructions.
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Register indirect with 32-bit displacement 31 0
'. General register contents 31
op T T
| C_I'_g | | djﬁE
Index register indirect with 16-bit displacement 31 0
Zero extension
‘Contents of general register (RL, R, or ER) 1,2, or4
31
31 15 1

Sign extension

Index register indirect with 32-bit displacement

o T T 1
_'_E |

Register indirect with post-increment or post-decrement

31
T

Register indirect with pre-increment or pre-decrement

L General register contents

31

ll General register contents

1,2,0r4

8-bit absolute address

31 7 0 31
. m——
16-bit absolute address
o 1 | 15 0 31
| =aa | | 2a ——
T
32-bit absolute address
op 31 0 31
L aa | [ aa —
T T
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L 1

3 | Program-counter relative with index register 31 0
1 Zero extension |

Contents of general register (RL, R, or ER) ®

| oo 11 | 31
31 o @
| PC contents
4 | 24-bit absolute address Zero
31extension 23 0 31
| op | aa | | aa F—+
T ¥
32-bit absolute address
[ op ] 31 0 31
[ e ] [ = 1
)

5 | Memory indirect

31 7V o

31 0 31

[ Memory contents F—-"r1

6 | Extended memory indirect

[ Zero oxtension ] I
2o0rd4
31 o
|

31 0 31
L Memory contents ——

2.8.13 MOVA Instruction
The MOV A 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 ac
mode shown in item 5 of table 2.14. The obtained data is used instead of the general t
The result is stored in a general register. For details, see H8SX Family Software Man
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The reset state can also be entered by a watchdog timer overflow when available.
Exception-handling state

The exception-handling state is a transient state that occurs when the CPU alters the
processing flow due to activation of an exception source, such as, a reset, trace, inter
trap instruction. The CPU fetches a start address (vector) from the exception handlin
table and branches to that address. For further details, see section 6, Exception Hand

Program execution state

In this state the CPU executes program instructions in sequence.

Bus-released state

The bus-released state occurs when the bus has been released in response to a bus re
a bus master other than the CPU. While the bus is released, the CPU halts operation:
Program stop state

This is a power-down state in which the CPU stops operating. The program stop stat
when a SLEEP instruction is executed or the CPU enters hardware standby mode. F
see section 27, Power-Down Modes.
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= A Tansition 1o the reset state occurs wnen tne REo signal goes 10w In all stales exceptl
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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Mode  MD2 MD1 MDO Mode  Space  Mode ROM  Defa

1 0 0 1 Advanced 16 Mbytes User boot mode Enabled —
mode

2 0 1 0 Boot mode Enabled —

3 0 1 1 Boundary scan Enabled —
enabled single-chip
mode

4 1 0 0 On-chip ROM Disabled 16 bi

5 T 0 1 disabled extended "pjsapled 8 bits
mode

6 1 1 0 On-chip ROM Enabled 8 bits
enabled extended
mode

7 1 1 1 Single-chip mode  Enabled —

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

Modes 1 and 2 are the user boot mode and the boot mode, respectively, in which the fla:
can be programmed and erased. For details on the user boot mode and boot mode, see s
Flash Memory.
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accessed. In the external extended modes, the external address space can be designated a:
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 m
bit address space is designated for all areas, it is called the 8-bit bus width mode.
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Bit 15 14 13 12 11 10 9
Bit Name — — — — MDS3 MDS2 MDS1
Initial Value 0 1 0 1 Undefined* Undefined* Undefined* L
R/W R R R R R R R
Bit 7 6 5 4 3 2 1
Bit Name — — — — — — _
Initial Value 0 1 0 1 Undefined* Undefined* Undefined*
R/W 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 mo
13 — 0 R
12 — 1 R
11 MDS3 Undefined* R Mode Select 3to 0
10 MDS2 Undefined* R These bits indicate the operating mode sele
9 MDS1 Undefined* R the mode pins (MD2 to MDO) (see table 3.2
8 MDSO0 Undefined* R When MDCR is read, the signal levels inpuf

MD2 to MDO are latched into these bits. The
latches are released by a reset.
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Table 3.2  Settings of Bits MDS3 to MDS0

MCU Operating Mode Pins MDCR

Mode MD2 MD1 MDO MDS3 MDS2 MDS1

1 0 0 1 1 1 0 1
2 0 1 0 1 1 0 (
3 0 1 1 0 1 0 (
4 1 0 0 0 0 1 (
5 1 0 1 0 0 0 1
6 1 1 0 0 1 0 1
7 1 1 1 0 1 0 (
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Bit Name — — — — — — DTCMD

Initial Value 0 0 0 0 0 0 1

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 va
always be 1.

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

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

11 FETCHMD 0 R/W Instruction Fetch Mode Select

This LSI can prefetch an instruction in units o
32 bits. Select the bus width for instruction fe
depending on the used memory for the storag
programs.

0: 32-bit mode

1: 16-bit mode
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When writing 0 to this bit after reading EXPE =
external bus cycle should not be executed.

The external bus cycle may be carried out in p
with the internal bus cycle depending on the s
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
initialized when the reset state is released. Do
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 val
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 st
always be 1.

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

2. For details on the settings of the EXPE and PCJKE bits when the external add
space is in use, see section 13.3.12, Port Function Control Register D (PFCRI
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This is the boot mode for the flash memory. The LSI operates in the same way as in mox
except for programming and erasing of the flash memory. For details, see section 24, Fl
Memory.

3.3.3 Mode 3

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

3.34 Mode 4

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

The initial bus width mode immediately after a reset is 16 bits, with 16-bit access to all -
Ports D, E, and F function as an address bus, ports H and I function as a data bus, and p:
ports A and B function as bus control signals. However, if all areas are designated as an
access space by the bus controller, the bus mode switches to 8 bits, and only port H func
data bus.
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3.3.6 Mode 6

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

The initial bus width mode immediately after a reset is eight bits, with 8-bit access to all -
Ports D, E, and F function as input ports, but they can be used as an address bus by specil
data direction register (DDR) for each port. For details, see section 13, I/O Ports. Port H 1
as a data bus, and parts of ports A and B function as bus control signals. However, if any
designated as a 16-bit access space by the bus controller, the bus width mode switches to
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, anc
chip ROM is enabled.

All I/O ports can be used as general input/output ports. The external address space canno
accessed in the initial state, but setting the EXPE bit in the system control register (SYSC
enables the external address space. After the external address space is enabled, ports H ar
be used as a data bus and ports D, E, and F as an address output bus by specifying the dat
direction register (DDR) for each port. When the external address space is not in use, por
K can be used by setting the PCJKE bit in the port function control register D (PFCRD) t
details, see section 13, I/O Ports.
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3 P*/C P*/C P*/C P*/C P*/C P*/A P*/A P*/A P*/D
4 P/C* P/C* P*/C P*/C P/C* A A A D

5 P/C* P/C* P*/C P*/C P/C* A A A D

6 P/C* P/C* P*/C P*/C P*/C P*/A P*/A P*/A D

7 P*/C P*/C P*/C P*/C P*/C P*/A P/A P*/A P*/D
[Legend]

P: 1/O port

A:  Address bus output

D: Data bus input/output

C: Control signals, clock input/output

*; Immediately after a reset

34 Address Map

34.1 Address Map

Figures 3.1 and 3.2 show the address map in each operating mode.
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VWA

External address space/
reserved area*1+3

mTuyuuuuy

External address space/
reserved area*1#3

= = ANA = =
H'FD9000 H'FD9000 H'FD9000
Reserved area*® Reserved area*?
H'FDCO00 |external address space/ H'FDCO00 | external address space/ H'FDC000
reserved area*1+*3 reserved area*1#3
H'FEC000 H'FEC000 H'FEC000
Reserved area*s Reserved areac
H'FF2000 H'FF2000 H'FF2000
On-chip RAM#*2 On-chip RAM/
External address space*4
H'FFC000 H'FFC000 H'FFC000

External address space/
reserved area*1+3

H'FFEA00

On-chip I/O registers

External address space/
reserved area*1+3

eXternal aaares

«

Reserved ar

External addres

Reserved ar

On-chip R/
External address

H'FFEA00

HFFFF00

External address space/|
reserved area*1#3

On-chip I/O registers

H'FFEA00

H'FFFF00

HFFFF20

On-chip I/O registers

HFFFFFF

External address space/
reserved area*1+3

HFFFF00

HFFFF20

On-chip I/O registers

HFFFFFF

H'FFFF20

H'FFFFFF

External addres

On-chip 1/0 reg

External addres

On-chip 1/0 reg

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/165:
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H'100000

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'FFEA00
On-chip I/O registers

H'FFFFOO
External address space

HFFFF20
HFFFFFF

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 |

Figure 3.1 Address Map in Each Operating Mode of H8SX/1655 and H8SX/16:
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)

H'FD9000

H'FDCO000

H'FEC000

H'FF2000

H'FFC000

H'FFEA00

H'FFFFO0

HFFFF20
HFFFFFF

_
—

External address space/
reserved area™!#3

)
«

Access prohibited area

External address space/
reserved area*'*3

Reserved area*?

On-chip RAM*2

External address space/
reserved area*!*3

On-chip I/O registers

External address space/|
reserved area*1*3

On-chip I/O registers

A TUUULUL

)

H'FD9000

H'FDC000

H'FEC000

H'FF2000

H'FFC000

H'FFEA00

HFFFF00

HFFFF20
HFFFFFF

_
"

External address space/
reserved area*'#?

)
«

Access prohibited area

External address space/
reserved area*'*3

Reserved area*?

On-chip RAM/
External address space®*

External address space/
reserved area*'*3

On-chip 1/O registers

External address space/
reserved area*1*3

On-chip I/O registers

)
S

H'FD9000

H'FDCO000

H'FEC000

H'FF2000

H'FFC000

H'FFEA00

HFFFF00

H'FFFF20
H'FFFFFF

External aadres

Access prohibit

External addres

Reserved ar

On-chip R/
External address

External addres

On-chip I/0 reg

External addres

On-chip 1/O reg

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/165:
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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'FFEA0O0
On-chip I/O registers

H'FFFFOO0
External address space

H'FFFF20
On-chip I/O registers

HFFFFFF

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 |

Figure 3.2 Address Map in Each Operating Mode of H8SX/1652 and H8SX/16:
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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 t
interrupt.

Watchdog timer reset The watchdog timer overflows.

Note: * Supported only by the H8SX/1655M Group.
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Deep software standby
Deep software reset l' RSTCSR for WDT
standby reset

generation circuit

Internal state other than above
Watchdog Watchdog timer reset :‘ and pin states.

timer

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

Figure 4.1 Block Diagram of Reset Circuit
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When a reset is canceled, the reset exception handling is started. For the reset exception
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
Rev. 2.00 Oct. 20, 2009 Pag
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Bit 7 6 5 4 3 2 1

Bitname | DPSRSTF — — — — LVDF#2 — i
Initial value: 0 0 0 0 0 0%3 0%3
R/W: R/(W)*! RW R/W R/W R/W R/W4 RW

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 c:
by an interrupt source specified with DPSIER or
DPSIEGR and an internal reset is generated.

[Setting condition]

When deep software standby mode is canceled
interrupt source.

[Clearing conditions]
e When this bit is read as 1 and then written b
e When a pin reset, power-on reset** and volt:
monitoring reset** is generated.
6to3 — AllO R/W Reserved

These bits are always read as 0. The write valu
always be 0.
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Bit Bit Name Value R/W Description
2 LVDF Undefined R/(W)*' LVD Flag

This bit indicates that the voltage detection circ
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 spe
stabilization period has elapsed, writing O t
after reading it as 1.

e  Generation of a pin reset or power-on rese

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 be
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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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
but not set in interval timer mode. Only 0 can be written
[Setting condition]
When TCNT overflows (H'FF — H'00) in watchdog time
[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 i
by the CPU using an interrupt.)

6 RSTE O R/W  Reset Enable
Selects whether or not the LSI internal state is reset by
overflow in watchdog timer mode.
0: Internal state is not reset when TCNT overflows. (Altl

this LSl internal state is not reset, TCNT and TCSR ¢
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 af
by this bit.

4t00 — 1 R Reserved

These are read-only bits but cannot be modified.

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

Rev. 2.00 Oct. 20, 2009 Page 92 of 1340

REJ09B0499-0200

RENESAS



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. .
has exceeded Vpor and the specified period (power-on reset time) has elapsed, the chip
from the power-on reset state. The power-on reset time is a period for stabilization of tt
power supply and the LSI circuit.

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

After a power-on reset has been generated, the PORF bit in RSTSR is set to 1. The POR
a read-only register and is only initialized by a pin reset. Figure 4.2 shows the operatior
power-on reset.
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Reset signal ] i i
('L"is valid) Vee I \ I \ ;

Pin reset and — . P
OR signal for POR " tpor™2 | ' " tpor*2 |
Set Set

V
PORF e 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
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4.7 Deep Software Standby Reset
This is an internal reset generated when deep software standby mode is canceled by an i

When deep software standby mode is canceled, a deep software standby reset is generat
simultaneously, clock oscillation starts. After the time specified with DPSWCR has elag
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 TCI
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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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 res
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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(apable or aetecting the power-supply voltage (Vcc) becoming Iess than or equal to

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 ®
VOIt?ge o Power-supply
(for sensing Vdet) stabilization
time
generation >
circuit
Reset/ | —
LVDF interrupt
control
LVDE circuit
-—>LVDRI
[Legend]
LVDE: LVD enable
LVDRI: LVD reset / interrupt select
LVDMON: LVD monitor
LVDF: LVD flag

=i LVDMON I

Voltage-mor
reset

Voltage-mor
interrupt

Figure 5.1 Block Diagram of Voltage-Detection Circuit

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

Bit 7 6 5 4 3 2 1
Bit name LVDE LVDRI — LVDMON — — —
Initial value: 0 0 0 0 0 0 0
RIW: RIW RIW RIW R RIW RIW RIW
Bit Bit Name Initial Value R/W Description
7 LVDE 0 R/W LVD Enable
This bit enables or disables issuing of a 1
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
interrupt is generated when the voltage d
circuit detects a low voltage. When modi
LVDRI bit, ensure that low-voltage detec
the disabled state (the LVDE bit is cleare
0: A reset is generated when a voltage is
detected.
1: An interrupt is generated when a low v
detected.
5 — 0 R/W Reserved

This bit is always read as 0 and the write
should always be 0.
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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

Bit name DPSRSTF — — — — LVDF —

Initial value: 0 0 0 0 0 Undefined  Undefined |
R/W: R/(W)* R/W R/W R/W R/W R/I(W)* R/W

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 sof
standby mode due to the interrupt sourc
selected by DPSIER and DPSIEGR, an
generation of an internal reset.

[Setting condition]

Release from deep software standby m
an interrupt source.

[Clearing condition]
e  Writing O to the bit after reading it a

e Generation of a pin reset, power or
voltage monitoring reset.
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|Clearing condition|

e After Vcc has exceeded Vdet and th
specified stabilization period has elar
writing O to the bit after reading it as -

e Generation of a pin reset or power-o

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 h
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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period for stabilization (t,) has elapsed. The period for stabilization (t ) is a time that i

por-

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

For details, see section 29, Electrical Characteristics.

Vce

Vdet '\/l

Vpor

IWrite 1

LVDE |
Write O

LVDRI

Stabilization time (tpog)
—>

Internal
reset signal
(Low)

Figure 5.2 Timing of the Voltage-Monitoring Reset
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the IKRQ 45K and IKQ 145 bits 1n the 15SCK to U1 (interrupt request on ralling €dge).

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

LVDRI

Voltage-monitoring
signal

Stabilization time (tpog)
S —

é Set
LVDF

Voltage-monitoring
interrupt signal |

(IRQ14) Set

Vce :
Vdet '

Vpor 0

Iwrite 1 |

LVDE 1

Write O after
reading as 1

IRQ14F

Figure 5.3 Timing of the Voltage-Monitoring Interrupt
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Y
ISCR setting
(IRQ14SR =0, IRQ14SF = 1)

If the flag has been set to 1 \
before the voltage-monitoring, ISR.IRQ14F = clear

interrupt is enabled, clear it
LVDCR. N
LVDMON =1

by writing 0 after having read
Yes (Vcce high) Processing

itas 1.
for lowered Vce

o (Vcc low)

[ clearrsTSRLVDF* |

-

Voltage-monitoring interrupt —
(IRQ14) enabled [ 1ERIRQI4E = write 1

!

Interrupt generation
when a low voltage is
detected

Processing for lowered Vcc

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

Figure 5.4 Example of the Procedure for Setting the Voltage-Monitoring Inte
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value of the LVDMON bit in LVDCR. When the LVDMON bit has been enabled by sett
LVDE bit, 0 indicates that Vcc is at or below Vdet and 1 indicates that Vcc is above Vde
bit should be read while the voltage-monitoring reset has been disabled by setting the LV
to 1.

Before clearing the LVDF bit in RSTSR to 0, confirm that the LVDMON bit is set to 1 (i
that Vcc is above Vdet). When it is impossible to clear the LVDF bit despite the LVDMC
being 1, the voltage-detection circuit is in the state of waiting for stabilization. In such ca
the bit again after the stabilization time (t ) has elapsed.
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Table 6.1

Exception Types and Priority

Priority Exception Type Exception Handling Start Timing
High Reset Exception handling starts at the timing of level ch:
low to high on the RES pin, when deep software ¢
mode is canceled, or when the watchdog timer ov
The CPU enters the reset state when the RES pir
lllegal instruction Exception handling starts when an undefined cod
executed.
Trace*' Exception handling starts after execution of the cL
instruction or exception handling, if the trace (T) b
is setto 1.
Address error After an address error has occurred, exception he
starts on completion of instruction execution.
Interrupt Exception handling starts after execution of the ct
instruction or exception handling, if an interrupt re
occurred.*’
Sleep instruction Exception handling starts by execution of a sleep
(SLEEP), if the SSBY bit in SBYCR is set to 0 anc
SLPIE bit in SBYCR is set to 1.
Trap instruction*° Exception handling starts by execution of a trap ir
Low (TRAPA).
Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handlin
executed after execution of an RTE instruction.
2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or
instruction execution, or on completion of reset exception handling.
3. Trap instruction exception handling requests and sleep instruction exception

requests are accepted at all times in program execution state.
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Vector Table Address Offse

Advanced, I

Exception Source Vector Number Normal Mode** Maximum®*
Reset 0 H'0000 to H'0001 H'0000 to H'
Reserved for system use 1 H'0002 to H'0003 H'0004 to H'
2 H'0004 to H'0005 H'0008 to H'

3 H'0006 to H'0007 H'000C to H'

lllegal instruction 4 H'0008 to H'0009 H'0010 to H
Trace 5 H'000A to H'000B H'0014 to H'
Reserved for system use 6 H'000C to H'000D H'0018 to H'
Interrupt (NMI) 7 H'000E to H'000F H'001C to H'
Trap instruction  (#0) 8 H'0010 to H'0011 H'0020 to H"
(#1) 9 H'0012 to H'0013 H'0024 to H'

(#2) 10 H'0014 to H'0015 H'0028 to H

(#3) 11 H'0016 to H'0017 H'002C to H'

CPU address error 12 H'0018 to H'0019 H'0030 to H'
DMA address error*’ 13 H'001A to H'001B H'0034 to H'
UBC break interrupt 14 H'001C to H'001D H'0038 to H
Reserved for system use 1|5 H'001E to H'001F H'003C to H'
17 H'0022 to H'0023 H'0044 to H'

Sleep interrupt 18 H'0024 to H'0025 H'0048 to H
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IRQ2 66 H'0084 to H'0085 H'0108 to K

IRQ3 67 H'0086 to H'0087 H'010C to }

IRQ4 68 H'0088 to H'0089 H'0110 to K

IRQ5 69 H'008A to H'008B H'0114 to K

IRQ6 70 H'008C to H'008D H'0118 to

IRQ7 71 H'008E to H'008F H'011C to }

IRQ8 72 H'0090 to H'0091 H'0120 to H

IRQ9 73 H'0092 to H'0093 H'0124 to K

IRQ10 74 H'0094 to H'0095 H'0128 to -

IRQ11 75 H'0096 to H'0097 H'012C to }

Reserved for system use 7|6 H'0098 to H'0099 H'0130 to I
79 H'009E to H'009F H'013C to |

Internal interrupt** 80 H'00AO0 to H'00A1 H'0140 to k-
2|55 H'01FE t(|) H'01FF H'03FC tl) I

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 H
Vector Table.
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A reset has priority over any other exception. When the RES pin goes low, all processing
this LSI enters the reset state. To ensure that this LSI is reset, hold the RES pin low for a
ms with the STBY pin driven high when the power is turned on. When operation is in prc
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 wz
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 :
27, Power-Down Modes.

A reset initializes the internal state of the CPU and the registers of the on-chip peripheral
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 r
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 |
set to 1 in EXR and CCR.

2. The reset exception handling vector address is read and transferred to the PC, and pro
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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respectively, and all modules except the EXDMAC, DTC, and DMAC enter module sto

Consequently, on-chip peripheral module registers cannot be read or written to. Registes
and writing is enabled when module stop mode is canceled.

First
Vector Internal  instruction
fetch operation  prefetch

o/

Internal
address bus

Internal read E
signal !

Internal write

signal E E High E E
Internal data ; { 2\ : 4y,
bus 2y —(@)—

(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) First instruction in the exception handling routine

Figure 6.1 Reset Sequence (On-chip ROM Enabled Advanced Mode)
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E High

HWR, LWR ; ; ; ;
E =\ \__ Z
D15 to DO 2) ! 4) T 6) |
: { @ ., { @) : (6)
(1)(3) Reset exception handling vector address (when reset, (1) = H'000000, (3) = H'000002)

@
(5
6

(4) Start address (contents of reset exception handling vector address)
Start address ((5) = (2)(4))
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)
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handling routine by the RTE instruction, trace mode resumes. Trace exception handling

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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b

Instruction CPU

Fetches instructions from even addresses

No (no

fetch Fetches instructions from odd addresses Occurs
Fetches instructions from areas other than on- No (no
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 valueis ~ No (no

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 (no
Accesses word data from odd addresses No (no
Accesses external memory space in single-chip  Occurs
mode
Accesses to access prohibited area** Occurs
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mode
Accesses access prohibited area** Occul
Accesses external memory space No (n
Accesses areas other than external memory Occul
space
Single address DMAC/ Address access space is the external memory No (n
transfer EXDMAC space for single address transfer

Address access space is not the external memory Occur
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, Adc
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Even though an address error occurs during a transition to an address error exception han
address error is not accepted. This prevents an address error from occurring due to stacki
exception handling, thereby preventing infinitive stacking.

If the SP contents are not a multiple of 2 when an address error exception handling occur
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_0 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 te
transfer.

e The DTE bits of EDMDR for all channels in the EXDMAC are cleared to O to forcibl
terminate transfer.
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0: Clearedto 0
— Retains the previous value.
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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 sourc
vector number and vector table offset, refer to table 7.2, Interrupt Sources, Vector Addre:
Offsets, and Interrupt Priority in section 7, Interrupt Controller.
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3. An exception handling vector table address corresponding to the interrupt source is §
the start address of the exception service routine is loaded from the vector table to P
program execution starts from that address.
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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 speci
the TRAPA instruction is generated, the start address of the exception service routine
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 :
specified in the instruction code.

Table 6.8 shows the state of CCR and EXR after execution of trap instruction exception !

Table 6.8  Status of CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode I Ul T 12 to |
0 1 — — —
2 1 — 0 —
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.
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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 ha
executed. In such cases the sleep instruction will be started when the transactions of a b
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 exceptio
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 12 to
0 1 — — —
2 1 — 0 7
[Legend]
1: Setto 1

0: Cleared to 0
— Retains the previous value.
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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 i
generated, the start address of the exception service routine is loaded from the vector

PC, and program execution starts from that address.

Table 6.10 shows the state of CCR and EXR after execution of illegal instruction excepti
handling.

Table 6.10 Status of CCR and EXR after Illegal Instruction Exception Handling

CCR EXR
Interrupt Control Mode | Ul T 12 to |
0 1 — — —
2 1 — 0 —
[Legend]
1: Setto 1
0: Cleared to 0
— Retains the previous value.
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Interrupt control mode 0 Interrupt control mode 2

Note: * Ignored on return.

Figure 6.3 Stack Status after Exception Handling
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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. |
shows an example of operation when the SP value is odd.

SP >

SP-»

SP->

Addre

H'FFFE
H'FFFE
H'FFFE
H'FFFE
H'FFFE
H'FFFE

TRAPA instruction executed
—_—

SP set to H'FFFEFF T

MOV.B R1L, @-ER7 executed
—_—

Data saved above SP Contents of CCR lost

(Address error occurred)

[Legend]
CCR:
PC:
RiL:
SP:

Condition code register
Program counter
General register R1L
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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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

Independent vector addresses

All interrupt sources are assigned independent vector addresses, making it unnecess:
source to be identified in the interrupt handling routine.

Thirteen external interrupts

NMI is the highest-priority interrupt, and is accepted at all times. Rising edge or fall
detection can be selected for NMI. Falling edge, rising edge, or both edges detection
sensing, can be selected for IRQ11 to IRQO.

DTC and DMAC control
DTC and DMAC can be activated by means of interrupts.

CPU priority control function

The priority levels can be assigned to the CPU, DTC, and DMAC, EXDMAC. The {
level of the CPU can be automatically assigned on an exception generation. Priority
given to the CPU interrupt exception handling over that of the DTC, DMAC, and E2
transfer.
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Internal interrupt

aetel

| 1scr || 1ER || sSIER|

|

sources
WOVI to RESUME

[Legend]

INTCR: Interrupt control register
CPUPCR: CPU priority control register

Source selector

rmination

CPU priority

DMAC
activation

permission

DI

DMAC

control

|DTCER "DTCCRI |CPUPCR!

DTC priority
control

DTC activation
request

DTC vector

DTC priority

Interrupt controller

Activation
request
__ clear signal

ISCR: IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register

SSIER:
IPR:

DTCER: DTC enable
DTCCR: DTC control

Interrupt priority register

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

register
register

Software standby release IRQ enable register

Figure 7.1 Block Diagram of Interrupt Controller
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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)

RENESAS
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Reserved
These are read-only bits and cannot be modifiec

0

0
INTMA1 0 R/W
INTMO 0 R/W

A OO N

Interrupt Control Select Mode 1 and 0

These bits select either of two interrupt control n
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 EX
IPR.

11: Setting prohibited.

3 NMIEG 0 R/W

NMI Edge Select

Selects the input edge for the NMI pin.

0: Interrupt request generated at falling edge of |
1: Interrupt request generated at rising edge of I

2to0 — AllO R

Reserved
These are read-only bits and cannot be modifiec
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Initial value 0 0

R/W

R/W R/W

Y Y Y Y Y

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 mc

Initial
Bit Bit Name Value R/W Description
7 CPUPCE 0 R/W CPU Priority Control Enable
Controls the CPU priority control function. Setti
to 1 enables the CPU priority control over the C
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.
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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1 CPUPH1 0 R/(W)* These bits set the CPU priority level. When the (
0 CPUPO 0 R/(W)* is set to 1, the CPU priority control function over
DMAC, and EXDMAC becomes valid and the pr
CPU processing is assigned in accordance with
settings of bits CPUP2 to CPUPO.

000:
001:
010:
011:
100:
101:
110:
111:

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)

Note: * When the IPSETE bit is set to 1, the CPU priority is automatically updated, so

cannot be modified.
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Initial Value 0

R/W R R/W R/W R/W R R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name — IPR6 IPR5 IPR4 — IPR2 IPR1
Initial Value 0 1 1 1 0 1 1
R/W R R/W R/W R/W R R/W R/W
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 intel
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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110: Priority level 6
111: Priority level 7 (highest)

7 — R Reserved
This is a read-only bit and cannot be modified.
IPR6 R/W Sets the priority level of the corresponding interr:
IPR5 R/W source.
IPR4 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)
3 — R Reserved
This is a read-only bit and cannot be modified.
2 IPR2 R/W Sets the priority level of the corresponding interri
IPR1 R/W source.
0 IPRO p/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)

Rev. 2.00 Oct. 20, 2009 Page 130 of 1340
REJ09B0499-0200

RENESAS



Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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 vall
always be 0.
14 IRQ14E* 0 R/W  IRQ14 Enable
The IRQ14 interrupt request is enabled when t
1.The IRQ14 is internally connected to the volt
detection interrupt.
13to12 — AllO R/W  Reserved
These bits are always read as 0. The write vall
always be 0.
11 IRQ11E 0 R/W  IRQ11 Enable
The IRQ10 interrupt request is enabled when t
10 IRQ10E 0 R/W  IRQ10 Enable
The IRQ11 interrupt request is enabled when t
9 IRQ9E 0 R/W  IRQ9 Enable
The IRQ9 interrupt request is enabled when th
8 IRQ8E 0 R/W  IRQ8 Enable

The IRQS8 interrupt request is enabled when th
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IRQ3 Enable

The IRQ3 interrupt request is enabled when this

IRQ2 Enable

The IRQ2 interrupt request is enabled when this

IRQ1 Enable

The IRQ1 interrupt request is enabled when this

3 IRQ3E 0
2 IRQ2E 0
1 IRQ1E 0
0 IRQOE 0

IRQO Enable

The IRQO interrupt request is enabled when this

Note: * Supported only by the H8SX/1655M Group.
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Bit 15 14 13 12 11 10 9

Bit Name — —_ IRQ14SR* | IRQ14SF* — — —
Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1

Bit Name IRQ11SR IRQ11SF IRQ10SR IRQ10SF IRQ9SR IRQ9SF IRQ8SR

Initial Value 0 0 0 0 0 0 0

RW R/W R/W R/W R/W R/W R/W R/W
ISCRL

Bit 15 14 13 12 11 10 9

Bit Name IRQ7SR IRQ7SF IRQ6SR IRQ6SF IRQ5SR IRQ5SF IRQ4SR

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1

Bit Name IRQ3SR IRQ3SF IRQ2SR IRQ2SF IRQ1SR IRQ1SF IRQOSR

Initial Value 0 0 0 0 0 0 0
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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edge.

00: Initial value

01: Interrupt request generated at falling edge
10: Setting prohibited

11: Setting prohibited

11t08 —

AllO

R/W

Reserved
These bits are always read as 0. The write vall
always be 0.

7 IRQ11SR
6 IRQ11SF

R/W
R/W

IRQ11 Sense Control Rise
IRQ11 Sense Control Fall

00: Interrupt request generated by low level of
01: Interrupt request generated at falling edge
10: Interrupt request generated at rising edge «

11: Interrupt request generated at both falling
edges of IRQ11

5 IRQ10SR
4 IRQ10SF

R/W
R/W

IRQ10 Sense Control Rise
IRQ10 Sense Control Fall

00: Interrupt request generated by low level of
01: Interrupt request generated at falling edge
10: Interrupt request generated at rising edge ¢

11: Interrupt request generated at both falling
edges of IRQ10
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00: Interrupt request generated by low level o
01: Interrupt request generated at falling edge
10: Interrupt request generated at rising edge

11: Interrupt request generated at both falling
edges of IRQ8

Note: Supported only by the H8SX/1655M Group.
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13 IRQ6SR R/W IRQ6 Sense Control Rise
12 IRQ6SF R/W IRQ6 Sense Control Fall
00: Interrupt request generated by low level of IF
01: Interrupt request generated at falling edge of
10: Interrupt request generated at rising edge of
11: Interrupt request generated at both falling an
edges of IRQ6
11 IRQ5SR R/W IRQ5 Sense Control Rise
10 IRQ5SF r/w  |RQ5 Sense Control Fall
00: Interrupt request generated by low level of IF
01: Interrupt request generated at falling edge of
10: Interrupt request generated at rising edge of
11: Interrupt request generated at both falling an
edges of IRQ5
9 IRQ4SR R/W IRQ4 Sense Control Rise
8 IRQ4SF R/W IRQ4 Sense Control Fall
00: Interrupt request generated by low level of IF
01: Interrupt request generated at falling edge of
10: Interrupt request generated at rising edge of
11: Interrupt request generated at both falling an
edges of IRQ4
7 IRQ3SR R/W IRQ3 Sense Control Rise
6 IRQ3SF r/w  |RQ3 Sense Control Fall

00: Interrupt request generated by low level of IF
01: Interrupt request generated at falling edge of
10: Interrupt request generated at rising edge of

11: Interrupt request generated at both falling an
edges of IRQ3
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00: Interrupt request generated by low level of |
01: Interrupt request generated at falling edge «
10: Interrupt request generated at rising edge o

11: Interrupt request generated at both falling a
edges of IRQ1

0

IRQOSR
IRQOSF

0
0

R/W
R/W

IRQO Sense Control Rise
IRQO Sense Control Fall

00: Interrupt request generated by low level of |
01: Interrupt request generated at falling edge «
10: Interrupt request generated at rising edge o

11: Interrupt request generated at both falling a
edges of IRQO
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DIL INaltic I nwsr I 1NWor I nwor I mywar I mwor I muar I mwir 1
Initial Value 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
Notes: 1. Only 0 can be written, to clear the flag. The bit manipulation instructions or memory operation instructi

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 vall
always be 0.
14 IRQ14F** 0 R/(W)*'  [Setting condition]
¢ When the interrupt selected by ISCR occur
[Clearing conditions]
e Writing O after reading IRQ14F = 1
e When IRQ14 interrupt exception handling i
executed while falling edge sensing is sele
13,12 — AllO R/(W)*' Reserved

These bits are always read as 0. The write vall
always be 0.
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3 IRQ3F
2 IRQ2F
1 IRQ1F
0 IRQOF

0
0
0

0

R/(W)*‘
R/(W)
R/(W)*'

R/(W)*'

*1

while falling-, rising-, or both-edge sensing
selected.

e When the DTC is activated by an IRQn inf
and the DISEL bit in MRB of the DTC is cl

Notes: 1. Only 0 can be written, to clear the flag.
2. Supported only by the H8SX/1655M Group.
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n/vv n/vv n/vv n/vv n/vv n/vv n/vv n/vv

Bit 7 6 5 4 3 2 1

Bit Name ssi7 SSle SSIs Ssl4 SsI3 Ssl2 Ssi

Initial Value 0 0 0 0 0 0 0

RW RW RW RW RW RW R/W R/W

Initial
Bit Bit Name Value R/W Description
15t012 — AllO R/W Reserved
These bits are always read as 0. The write val
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 le
9 sSI9 0 R/W software standby mode (n = 11 to 0).
8 ssI8 0 r/wW  0: AnIRQn request is not sampled in software
! ssi7 0 AW 1: \Tvide IRQ t in soft
o sss o mw e Aot oo ot
5 SSI5 0 R/W the oscillation settling time has elapsed
4 SSl4 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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The NMIEG bit in INTCR selects whether an interrupt is requested at the rising or fallir
the NMI pin.

When an NMI interrupt is generated, the interrupt controller determines that an error ha
and performs the following procedure.

Sets the ERR bit of DTCCR in the DTC to 1.
Sets the ERRF bit of DMDR_0 in DMAC to 1.
Sets the ERRF bit of EDMDR_0 in the EXDMAC to 1

Clears the DTE bits of DMDRs for all channels in the DMAC to 0 to forcibly termir
transfer

Clears the DTE bits of EDMDRs for all channels in the EXDMAC to 0 to forcibly t
transfer

(2) IRQn Interrupts

An IRQn interrupt is requested by a signal input on pins IRQ11 to IRQO. IRQn (n =11 1
the following features:

Using ISCR, it is possible to select whether an interrupt is generated by a low level,
edge, rising edge, or both edges, on pins IRQn.

Enabling or disabling of interrupt requests IRQn can be selected by IER.
The interrupt priority can be set by IPR.

The status of interrupt requests IRQn is indicated in ISR. ISR flags can be cleared to
software. The bit manipulation instructions and memory operation instructions shou!
to clear the flag.
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IRQn input R
[Legend] Clear signal
n=111t00

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 II
should be held low until an interrupt handling starts. Then set the corresponding input sig
to high in the interrupt handling routine and clear the IRQnF to 0. Interrupts may not be ¢
when the corresponding input signal IRQn is set to high before the interrupt handling beg

7.4.2 Internal Interrupts
The sources for internal interrupts from on-chip peripheral modules have the following fe

e For each on-chip peripheral module there are flags that indicate the interrupt request s
and enable bits that enable or disable these interrupts. They can be controlled indepen
When the enable bit is set to 1, an interrupt request is issued to the interrupt controlle:

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 I
priority control functions.
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Offset’'

Advanced Mode,

Vector Middle Mode, DTC
Classification Interrupt Source Number  Maximum Mode IPR Priority 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 (0]
IRQ1 65 H'0104 IPRA10 to IPRA8 o
IRQ2 66 H'0108 IPRA6 to IPRA4 (o)
IRQ3 67 H'010C IPRA2 to IPRAO o
IRQ4 68 H'0110 IPRB14 to IPRB12 (o)
IRQ5 69 H'0114 IPRB10 to IPRB8 (0]
IRQ6 70 H'0118 IPRB6 to IPRB4 (0]
IRQ7 71 H'011C IPRB2 to IPRBO (o)
IRQ8 72 H'0120 IPRC14 to IPRC12 o
IRQ9 73 H'0124 IPRC10 to IPRC8 (0]
IRQ10 74 H'0128 IPRCS6 to IPRC4 o
IRQ11 75 H'012C IPRC2 to IPRCO o
— 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 H0140 -
WDT WOVI 81 H'0144 IPRE10 to IPRE8 Low —
Rev. 2.00 Oct. 20, 2009 Page
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TPU_O TGIOA 88 H'0160 IPRF6 to IPRF4 o
TGIOB 89 H'0164 (6]
TGIOC 90 H'0168 o
TGIOD 91 H'016C o
TCIoV 92 H'0170 —
TPU_1 TGHA 93 H'0174 IPRF2 to IPRFO o
TGIB 94 H'0178
TCIHV 95 H'017C —
TCIHU 96 H'0180 —
TPU_2 TGI2A 97 H'0184 IPRG14 to IPRG12
TGI2B 98 H'0188
TCl2V 99 H'018C —
TCI2U 100 H'0190 —
TPU_3 TGI3A 101 H'0194 IPRG10 to IPRG8 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]
TGI4B 107 H'01AC
TCl4V 108 H'01BO —
TCl4U 109 H'01B4 Low —
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TMR_0 CMIOA 116 H'01D0 IPRH14 to IPRH12
CMIoB 117 H'01D4
ovol 118 H'01D8

TMR_1 CMIA 119 H'01DC IPRH10 to IPRH8
CMI1B 120 H'01E0
ovil 121 H'01E4

TMR_2 CMI2A 122 H'01E8 IPRH6 to IPRH4
CMI2B 123 H'01EC
oval 124 H'01FO0

TMR_3 CMI3A 125 H'O1F4 IPRH2 to IPRHO
CMI3B 126 H'01F8
oval 127 H'01FC

DMAC DMTENDO 128 H'0200 IPRI14 to IPRI12
DMTEND1 129 H'0204 IPRI10 to IPRI8
DMTEND2 130 H'0208 IPRI6 to IPRI4
DMTEND3 131 H'020C IPRI2 to IPRIO

EXDMAC EXDMTENDO 132 H'0210 IPRJ14 to IPRJ12
EXDMTEND1 133 H'0214 IPRJ10 to IPRJ8
EXDMTEND2 134 H'0218 IPRJ6 to IPRJ4
EXDMTEND3 135 H'021C IPRJ2 to IPRJO

DMAC DMEENDO 136 H'0220 IPRK14 to IPRK12
DMEEND1 137 H'0224
DMEEND2 138 H'0228
DMEEND3 139 H'022C

Low

(o]

o|l|o|lo|o|lo|jo|lOo|j]O|lO|O|O]|O
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RAIV 140
TXIO 146 H'0248
TEIO 147 H'024C
SCI_1 ERI 148 H'0250 IPRK2 to IPRKO
RXI1 149 H'0254
TXI 150 H'0258
TEN 151 H'025C
SCI_2 ERI2 152 H'0260 IPRL14 to IPRL12
RXI2 153 H'0264
TXI2 154 H'0268
TEI2 155 H'026C
— Reserved for 156 H'0270 —
system use 157 H0274
158 H'0278
159 H'027C
SCI_4 ERI4 160 H'0280 IPRL6 to IPRL4
RXI4 161 H'0284
TXI14 162 H'0288
TEI4 163 H'028C
TPU_6 TGI6A 164 H'0290 IPRL2 to IPRLO
TGl6B 165 H'0294
TGI6C 166 H'0298
TGI6D 167 H'029C
TGleV 168 H'02A0 IPRM14 to IPRM12

Low

o

o|lOo|O]|O
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TCI8V 175 H'02BC IPRN14 to IPRN12 —
TCI8U 176 H'02C0 —
TPU_9 TGI9A 177 H'02C4 IPRN10 to IPRN8 (0]
TGI9B 178 H'02C8 (0]
TGI9C 179 H'02CC (0]
TGI9D 180 H'02D0 o
TCI9V 181 H'02D4 IPRNG6 to IPRN4 —
TPU_10 TGI10A 182 H'02D8 IPRN2 to IPRNO (0]
TGI10B 183 H'02DC (0]
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 TGI11A 188 H'02F0 IPRO10 to IPRO8 o
TGIH1B 189 H'02F4 o
TCH1V 190 H'02F8 IPRO6 to IPRO4 —
TCH1U 191 H'02FC —
— Reserved for 192 H'0300 — —
system use | |
215 H'035C Low —
Rev. 2.00 Oct. 20, 2009 Page
RENESAS REJOS



SCI_5 RXI15 220 H'0370 IPRQ2 to IPRQO
TXI5 221 H'0374
ERI5 222 H'0378
TEI5 223 H'037C
SCI_6 RXI16 224 H'0380 IPRR14 to IPRR12
TXI6 225 H'0384
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
USBINTN2 234 H'03A8
USBINTN3 235 H'03AC
— Reserved for 236 H'03BO IPRR2 to IPRRO
system use
A/D_1 ADI 237 H'03B4
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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0 Default | The priority levels of the interrupt sources are
default settings.
The interrupts except for NMI is masked by tt
2 IPR 12to 10 Eight priority levels can be set for interrupt so

except for NMI with IPR.
8-level interrupt mask control is performed by
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
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,

interrupt request is sent to the interrupt controller.

If the I bit in CCR is set to 1, NMI is accepted, and other interrupt requests are held
the I bit is cleared to 0, an interrupt request is accepted.

For multiple interrupt requests, the interrupt controller selects the interrupt request w
highest priority, sends the request to the CPU, and holds other interrupt requests pen
When the CPU accepts the interrupt request, it starts interrupt exception handling af
execution of the current instruction has been completed.

The PC and CCR contents are saved to the stack area during the interrupt exception

The PC contents saved on the stack is the address of the first instruction to be execu
returning from the interrupt handling routine.

Next, the I bit in CCR is set to 1. This masks all interrupts except NMI.
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Yes
NMI

1}
o
A

> Pending

>l

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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the default setting shown in table 7.2.

Next, the priority of the selected interrupt request is compared with the interrupt ma:
in EXR. When the interrupt request does not have priority over the mask level set, it
pending, and only an interrupt request with a priority over the interrupt mask level is
When the CPU accepts an interrupt request, it starts interrupt exception handling aft
execution of the current instruction has been completed.

The PC, CCR, and EXR contents are saved to the stack area during interrupt excepti
handling. The PC saved on the stack is the address of the first instruction to be exect
returning from the interrupt handling routine.

The T bit in EXR is cleared to 0. The interrupt mask level is rewritten with the prior
accepted interrupt. If the accepted interrupt is NMI, the interrupt mask level is set to
The CPU generates a vector address for the accepted interrupt and starts execution o
interrupt handling routine at the address indicated by the contents of the vector addr:
vector table.
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No
Y

<@

ask level 5 No Yes

or below?

Yes No

Yes

\
Y \ \é

Y '
[ 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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Figure 7.5 Interrupt Exception Handling
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Interrupt Interrupt Interrupt Interrupt Interrupt
Control Control Control Control Control
Execution State Mode 0 Mode 2 Mode 0 Mode 2 Mode 0
Interrupt priority determination*' 3
Number of states until executing 1t019+2.§,
instruction ends**
PC, CCR, EXR stacking S.t0 2.8 2.S, S, t02.8%° 2.8, 2.8,
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

Notes: 1. Two states for an internal interrupt.

2. In the case of the MULXS or DIVXS instruction

Not available in this LSI.

o ok w

2, the interrupt response time is 2-S,.

Prefetch after interrupt acceptance or for an instruction in the interrupt handling
Internal operation after interrupt acceptance or after vector fetch

When setting the SP value to 4n, the interrupt response time is S,; when settir
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[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 option
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 ta
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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CUFU Iinterrupt request
IRQ T circuit

X vector number
interrupt Interrupt :equest clear signal Priority ——
determination I,]2t0 10 |
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 actiy
source is input to the DMAC through the select circuit. When transfer by an on-chip mod
interrupt is enabled (DTF1 = 1, DTFO = 0, and DTE = 1 in DMDR) and the DTA bit in D
set to 1, the interrupt source selected for the DMAC activation source is controlled by the
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
interrupt sources by the DTCE bit in DTCERA to DTCEREF of the DTC.

Specifying the DISEL bit in MRB of the DTC generates an interrupt request to the CPU |
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 trans
counter indicates 0, an interrupt request is made to the CPU by clearing the DTCE bit to (
DTC data transfer.

When the same interrupt source is set as both the DTC and DMAC activation source and
interrupt source, the DTC and DMAC must be given priority over the CPU. If the IPSET
CPUPCR is set to 1, the priority is determined according to the IPR setting. Therefore, th
setting or the IPR setting corresponding to the interrupt source must be set to lower than «
to the DTCP and DMAP setting. If the CPU is given priority over the DTC or DMAC, th
DMAC may not be activated, and the data transfer may not be performed.
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Table 7.6 lists the selection of interrupt sources and interrupt source clear control by set
DTA bit in DMDR of the DMAC, the DTCE bit in DTCERA to DTCERF of the DTC, :
DISEL bit in MRB of the DTC.

Table 7.6  Interrupt Source Selection and Clear Control

DMAC Setting DTC Setting Interrupt Source Selection/Clear
DTA DTCE DISEL DMAC DTC CPL
0 0 * o) X ol
1 0 o] ol X
1 0 0 ol
1 * * Xl X X
[Legend]

\: 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
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 (DT
DMAP) should be assigned.
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EXDMAC is assigned by bits EDMAP2 to EDMAPO in the EXDMA mode control regis
(EDMDR_0 to EDMDE_3) for each channel.

The priority control function over the DTC and DMAC is enabled by setting the CPUPCI
CPUPCR to 1. When the CPUPCE bit is 1, the DTC, DMAC, and EXDMAC activation ¢
are controlled according to the respective priority levels.

The DTC activation source is controlled according to the priority level of the CPU indica
bits CPUP2 to CPUPO and the priority level of the DTC indicated by bits DTCP2 to DTC
CPU has priority, the DTC activation source is held. The DTC is activated when the conc
which the activation source is held is cancelled (CPUPCE = 1 and value of bits CPUP2 tc
is greater than that of bits DTCP2 to DTCPO). The priority level of the DTC is assigned t
DTCP2 to DTCPO bits regardless of the activation source.

For the DMAC, the priority level can be specified for each channel. The DMAC activatic
is controlled according to the priority level of each DMAC channel indicated by bits DM
DMAPO and the priority level of the CPU. If the CPU has priority, the DMAC activation
held. The DMAC is activated when the condition by which the activation source is held i
cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPO is greater than that of bits D!
DMAPO). If different priority levels are specified for channels, the channels of the higher
levels continue transfer and the activation sources for the channels of lower priority level
that of the CPU are held.

For the EXDMAC, the priority level can be specified for each channel. The EXDMAC a
source is controlled according to the priority level of each EXDMAC channel indicated b
EDMAP2 to EDMAPO and the priority level of the CPU. If the CPU has priority, the EX
activation source is held. The EXDMAC is activated when the condition by which the ac
source is held is cancelled (CPUPCE = 1 and value of bits CPUP2 to CPUPO is greater th
bits DMAP2 to EDMAPO). If different priority levels are specified for channels, the chan
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interrupt control mode.

In interrupt control mode 0, the I bit in CCR of the CPU is reflected in bit CPUP2. Bits
and CPUPO are fixed 0. In interrupt control mode 2, the values of bits 12 to 10 in EXR o
are reflected in bits CPUP2 to CPUPO.

Table 7.7 shows the CPU priority control.

Table 7.7  CPU Priority Control

Interrupt Control Status
Control Interrupt Interrupt IPSETE in Updating of
Mode Priority Mask Bit CPUPCR CPUP2 to CPUPO to CPUPO
0 Default | =any 0 B'111 to B'000 Enabled
=0 1 B'000 Disabled
=1 B'100
2 IPR setting 12to 10 0 B'111 to B'000 Enabled
12 to 10 Disabled
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Enabled

Enabled

1 B'000  B'000  B'000  B'000 E
B'100 B'000 B'000  B'000 Masked Masked N
B'100 B'000 B'011  B'100 Masked Masked E
B'100 B'111 B'101 B'000 Enabled Enabled N
B'000 B'111 B'101  B'000 Enabled Enabled E
2 0 Any Any Any Any Enabled Enabled E
B'0O00  B'000  B'000 B'000 Enabled Enabled E
B'000 B'011 B'101 B'110 Enabled Enabled E
B'011 B'011 B'101 B'110 Enabled Enabled E
B'100 B'011 B'101 B'110 Masked Enabled E
B'101 B'011 B'101 B'110 Masked Enabled E
B'110 B'011 B'101 B'110 Masked Masked E
B'111 B'011 B'101 B'110 Masked Masked N
B'101 B'011 B'101 B'011 Masked Enabled \Y
B'101 B'110 B'101 B'011 Enabled Enabled \Y
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over that interrupt, interrupt exception handling will be executed for the interrupt with p
and another interrupt will be ignored. The same also applies when an interrupt source fl:
cleared to 0. Figure 7.7 shows an example in which the TCIEV bit in TIER of the TPU i
to 0. The above conflict will not occur if an enable bit or interrupt source flag is cleared
the interrupt is masked.

TIER_O write cycle by CPU TCIV exception handling

Po

Internal !
address bus X TIER_O address

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 chan
activate the DTC, DTC activation and the interrupt exception handling by the CPU are t
executed. When changing the DTC enable bit, make sure that an interrupt is not request
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The interrupt controller disables interrupt acceptance for a 3-state period after the CPU h:
updated the mask level with an LDC, ANDC, ORC, or XORC instruction, and for a peric
writing to the registers of the interrupt controller.

7.84 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
is not accepted until the transfer is completed.

With the EEPMOV.W instruction, if an interrupt request is issued during the transfer, int
exception handling starts at the end of the individual transfer cycle. The PC value saved «
stack in this case is the address of the next instruction. Therefore, if an interrupt is genera
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 tra
interrupt exception handling starts at the end of the individual transfer cycle. The PC valt
on the stack in this case is the address of the MOVMD or MOVSD instruction. The trans
remaining data is resumed after returning from the interrupt handling routine.
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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 o
instruction fetched from the specified address (PC break).

e Module stop state can be set
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- A ch PC
-BARCH -BARCL L> Address Condition Condition match
de ml ion

B ch PC
Condition match

Internal bus (inpt
Internal bus (outp

Address Condition C ch PC
comparator |geten2i¢l | [Condition match

| BRCRA | BRCRB |

D ch PC
Condition match

Address Condition

o
BRCRC | BRCRD comparator |geterinatio

CPU status

Figure 8.1 Block Diagram of UBC
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BAMRAL R/W H'0000 H'FFA06
Break address register B BARBH R/W H'0000 H'FFA08
BARBL R/W H'0000 H'FFAOA
Break address mask register B BAMRBH R/W H'0000 H'FFAOC
BAMRBL R/W H'0000 H'FFAOE
Break address register C BARCH R/W H'0000 H'FFA10
BARCL R/W H'0000 H'FFA12
Break address mask register C BAMRCH R/W H'0000 H'FFA14
BAMRCL R/W H'0000 H'FFA16
Break address register D BARDH R/W H'0000 H'FFA18
BARDL R/W H'0000 H'FFA1A
Break address mask register D BAMRDH R/W H'0000 H'FFA1C
BAMRDL R/W H'0000 H'FFA1E
Break control register A BRCRA R/W H'0000 H'FFA28
Break control register B BRCRB R/W H'0000 H'FFA2C
Break control register C BRCRC R/W H'0000 H'FFA30
Break control register D BRCRD R/W H'0000 H'FFA34
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BARnNL
Bit: 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1

IBARn15|BARn14|BARn13|BARn12|BAHn11 |BAHn10| BARn9 | BARN8 | BARn7 | BARn6 | BARN5 | BARn4 | BARN3 | BARNn2 | BARN?

Initial Value: 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

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 1
the address break-condition on channel n.

[Legend]
n = Channels Ato D

BARnL

Initial

Bit Bit Name Value R/W  Description

15t0 0 BARn15to0 AllO R/W  Break Address n15to 0

BARNO These bits hold the lower bit values (bits 15 tc
the address break-condition on channel n.

[Legend]
n = Channels A to D

Rev. 2.00 Oct. 20,2009 Page 168 of 1340
REJ09B0499-0200 RENESAS



Lt LI o o~ e

A

~ ~ o ~ ~ o ~ -

hAMHmSlBAMHM4lBAMHm3|BAMRn12|BAMRn11|BAMRn10| BAMRn9 | BAMRn8 | BAMRNn7 | BAMRn6 | BAMRnS | BAMRn4 | BAMRnSl BAMRn2 | BAM

Initial Value: 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 RA
¢ BAMRnH
Initial
Bit Bit Name Value R/W  Description
31to 16 BAMRn31to AllO R/W  Break Address Mask n31 to 16
BAMRn16 Be sure to write H'FFOO0 here before setting ¢
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 n15 to 0
BAMRNO Be sure to write H'0000 here before setting ¢
condition in the break control register.
[Legend]

n = Channels A to D
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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 va
should always be 0.

13 CMFCPn 0 R/W  Condition Match CPU Flag
UBC break source flag that indicates satisfact
specified CPU bus cycle condition.
0: The CPU cycle condition for channel n bree

requests has not been satisfied.
1: The CPU cycle condition for channel n bree
requests has been satisfied.

12 — 0 R/W  Reserved
These bits are always read as 0. The write va
should always be 0.

11 CPn2 R/W  CPU Cycle Select

10 CPn1 R/W  These bits select CPU cycles as the bus cycle

9 CPno R/W condition for the given channel.
000: Break requests will not be generated.
001: The bus cycle break condition is CPU cy
01x: Setting prohibited
1xx: Setting prohibited

— R/W  Reserved
— R/W  These bits are always read as 0. The write va
6 e RW should always be 0.
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conaition for the given cnannel.
00: Break requests will not be generated.
01: The bus cycle break condition is read cy:
1x: Setting prohibited

— 0 R/W  Reserved

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

[Legend]
n = Channels Ato D
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consist of LFU cycle, FC break, and reading. Londition comparison 1s not pertormed
CPU cycle setting is CPn = B'000, the PC break setting is IDn = B'00, or the read sett
RWn = B'00.

The condition match CPU flag (CMFCPn) is set in the event of a break condition mat
corresponding channel. These flags are set when the break condition matches but are

cleared when it no longer does. To confirm setting of the same flag again, read the fla
from the break interrupt handling routine, and then write O to it (the flag is cleared by
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 ir
If the address for a PC break condition is not the first address of an instruction, a brea
never be generated.

The break occurs after fetching and execution of the target instruction have been conf
cases of contention between a break before instruction execution and a user maskable
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 d

4. The PC break condition is generated by specifying CPU cycles as the bus condition ir

control register n (BRCRn.CPn0 = 1), PC break as the break condition (IDn0 = 1), an
cycles as the bus-cycle condition (RWn0 = 1).

[Legend]
n = Channels A to D
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for channel B

BRCRC CMFCPC (bit 13) Indicates that the condition matches in the CPL
for channel C
BRCRD CMFCPD (bit 13) Indicates that the condition matches in the CPL

for channel D
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oscillation settling time has elapsed subsequent to the transition to software standt

When an interrupt is the canceling source, interrupt exception handling is execute
RTE instruction, and the instruction following the SLEEP instruction is then exec

o [ LU ) LMWL LTS
Break interrupt Interrupt
SLEEP ) Software standby X exception har?dlinq X exceptﬁ)n handl

(PC break source) (Cancelling soul

Cancelling source (( } \ (( ((
) ) ))

Figure 8.2 Contention between SLEEP Instruction (Software Standby) and PC

. Prohibition on Setting of PC Break

— Setting of a UBC break interrupt for program within the UBC break interrupt han
routine is prohibited.

. The procedure for clearing a UBC flag bit (condition match flag) is shown below. A f{

cleared by writing 0 to it after reading it as 1. As the register that contains the flag bit

accessible in byte units, bit manipulation instructions can be used.
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riguicc 0.0 Ildag DIl Licdallllg Oocquciice (Lonaiuoin viawlil r'iag)

4. After setting break conditions for the UBC, an unexpected UBC break interrupt may
after the execution of an illegal instruction. This depends on the value of the prograr
and the internal bus cycle.
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vidlldgTs CALCLIIAL AUULTSS SPalt 1l dlCa UlllLs

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 s¢
An endian conversion function is provided to connect a device of little endian
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=0to7)
The negation timing of the read strobe signal (RD) can be modified

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

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
Address/data multiplexed I/O interface

Address/data multiplexed I/O interface can be set for areas 3 to 7
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DMAC single address transfers and internal accesses can be executed in parallel
e External bus release function
e Bus arbitration function

Includes a bus arbiter that arbitrates bus mastership among the CPU, DMAC, EXDM
DTC, and external bus master

o EXDMAC transfers to the external buses and internal accesses can be executed in par
e Multi-clock function

The internal peripheral functions can be operated in synchronization with the periphe
module clock (P¢). Accesses to the external address space can be operated in synchro
with the external bus clock (B¢).

e The bus start (BS) and read/write (RD/WR) signals can be output.
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VIV vl idiv

CPU bus mastership acknowledge signal—+—
DTC bus mastership acknowledge signal-+—]
DMAC bus mastership acknowledge signal<— p g

CPU bus mastership request signat—>
DTC bus mastership request signat—>
DMAC bus mastership request signat—>

EXDMAC bus mastership acknowledge signal -

EXDMAC bus mastership request signal

Internal data bus{

[Legend]

ABWCR: Bus width control register
ASTCR: Access state control register
WTCRA: Wait control register A
WTCRB: Wait control register B

RDNCR: Read strobe timing control register
ister MPXCR:

CSACR: CS assertion period control reg
IDLCD: Idle control register

eXternal bus [
control unit
-\
Internal
arbiter
External bus E
arbiter ’ E
Control register
| ABWCR | IDLCR |
| ASTCR | BCR1 |
| WTCRA | BCR2| ENDIANCR|
| WTCRB | SRAMCR |
[ RDNCR [ BROMCR |
| CSACR | MPXCR |
BCR1: Bus control register 1
BCR2: Bus control register 2

ENDIANCR: Endian control register

SRAMCR: SRAM mode control register
BROMCR: Burst ROM interface control registe
Address/data multiplexed 1/O contr

Figure 9.1 Block Diagram of Bus Controller

RENESAS
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e Idle control register IDLCR)

e Bus control register 1 (BCR1)

e Bus control register 2 (BCR2)

¢ Endian control register (ENDIANCR)

¢ 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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DILINdITc I ADVVL/ I ADVVLO I ADVVLO I ADVVLS I ADVVLO I ADVVLZ I ADVVLI I

Initial Value 1 1 1 1 1 1 1
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 ABWH6 1 R/W These bits select whether the corresponding ar
13 ABWHS5 1 R/W designated as 8-bit access space or 16-bit acce
12 ABWH4 1 R/W ABWHNn ABWLn (n =710 0)
11 ABWHS3 1 R/W X 0: Setting prohibited
10 ABWH?2 1 R/W 0 1: Area n is designated as 16
9 ABWH1 1 R/W access space
8 ABWLO 10 R/W 1 1: Q\F;Zien*zls designated as 8-t
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

2. An address space specified as byte control SRAM interface must not be spec
bit access space.
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Bit Name

Initial Value 0 0 0 0 0 0
R/W 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 are
13 AST5 1 R/W designateq as 2-st.ate access space or 3-sltate a
space. Wait cycle insertion is enabled or disable
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 disabl
9 AST1 1 RW  1: Area n is designated as 3-state access space
8 ASTO 1 R/W Wait cycle insertion in area n access is enable
(n=7100)
7t0o0 — AllO R Reserved

These are read-only bits and cannot be modifiec
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Bit 7 6 5 4 3 2 1
Bit Name — W52 W51 W50 — w42 W41
Initial Value 0 1 1 1 1 1
R/W R RW R/W R/W R R/W R/W
*« WTCRB
Bit 15 14 13 12 11 10 9
Bit Name — w32 W31 W30 — w22 w21
Initial Value 0 1 1 1 0 1 1
R/W R R/W R/W R/W R R/W R/W
Bit 7 6 5 4 3 2 1
Bit Name — W12 W11 W10 — W02 WO1
Initial Value 0 1 1 1 0 1 1
R/W R R/W R/W R/W R R/W R/W
Rev. 2.00 Oct. 20, 2009 Page
RENESAS REJOS



VUV . 1T pPIVyialil wwall by uviv iTlovitva
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 210 0
9 we1 1 R/W These bits select the number of program wait cy
W60 1 R/W when accessing area 6 while bit AST6 in ASTCF

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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101: 5 program wait cycles inserted
110: 6 program wait cycles inserted

111: 7 program wait cycles inserted

— 0 R Reserved

This is a read-only bit and cannot be modified.
W42 1 R/W Area 4 Wait Control 2 to 0
W41 1 R/W These bits select the number of program wait c
W40 1 R/W when accessing area 4 while bit AST4 in ASTC

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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VY T. T pIVyialil wwailt Ly viv ol itvvd
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 210 0
9 w21 1 R/W These bits select the number of program wait c
W20 1 R/W when accessing area 2 while bit AST2 in ASTC

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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101: 5 program wait cycles inserted
110: 6 program wait cycles inserted
111: 7 program wait cycles inserted

— 0 R Reserved

This is a read-only bit and cannot be modified
Wo02 1 R/W Area 0 Wait Control 2 to 0
WO1 1 R/W These bits select the number of program wait
W00 1 R/W when accessing area 0 while bit ASTO in AST

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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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 RDN7 0 R/W Read Strobe Timing Control
14 RDN6 0 R/W RDN7 to RDNO set the negation timing of the
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
which the RDNn bit is set to 1 is negated one
" RDN3 0 R/W cycle earlier than that for an area for which the
10 RDN2 0 R/W bit is cleared to 0. The read data setup and hc
9 RDN1 0 RIW are also given one half-cycle earlier.
8 RDNO 0 pw  0:Inanarean read access, the RD signal is 1
at the end of the read cycle
1: In an area n read access, the RD signal is |
one half-cycle before the end of the read cy
(n=7100)
7t00 — All O R Reserved

These are read-only bits and cannot be modif

Notes: 1. In an external address space which is specified as byte control SRAM interfaci
RDNCR setting is ignored and the same operation when RDNn = 1 is performe
2. In an external address space which is specified as burst ROM interface, the R
setting is ignored during read accesses by the CPU and EXDMAC cluster tran
the same operation when RDNn = 0 is performed.
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RDNn =1

Data

(n=7100)

Figure 9.2 Read Strobe Negation Timing (Example of 3-State Access Spac

9.2.5 CS Assertion Period Control Registers (CSACR)

CSACR selects whether or not the assertion periods of the chip select signals (CSn) and
signals for the basic bus, byte-control SRAM, burst ROM, and address/data multiplexed
interface are to be extended. Extending the assertion period of the CSn and address sign
the setup time and hold time of read strobe (RD) and write strobe (LHWR/LLWR) to be
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

Bit Name CSXH7 CSXH6 CSXH5 CSXH4 CSXH3 CSXH2 CSXH1

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
Bit 7 6 5 4 3 2 1

Bit Name CSXT7 CSXT6 CSXT5 CSXT4 CSXT3 CSXT2 CSXTH

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W
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period (Th) is extended
(n=7100)

CSXT7
CSXT6
CSXT5
CSXT4
CSXT3
CSXT2
CSXTH1
CSXTO0

o = N W » 0 O N

O O O ©O O o o o

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

CS and Address Signal Assertion Period Contr

These bits specify whether or not the Tt cycle i
inserted (see figure 9.3). When an area for whi
CSXTn is set to 1 is accessed, one Tt cycle, in
the CSn and address signals are retained, is in
after the normal access cycle.

0: In access to area n, the CSn and address as

period (Tt) is not extended

1: In access to area n, the CSn and address as
period (Tt) is extended

(n=7100)

Note: * In burst ROM interface, the CSXTn settings are ignored during read accesses
CPU and EXDMAC cluster transfer
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o Y

RD i ]

Read | E : ;

Data bus : : .

LHWR, LLWR ! ! E |
Write I ] ! :

{ Read data :

Data bus —;_( Write data

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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DIl INalllc I IJLoL/ I IJLoLo I IJLoLo I IJLoLs I IJLoLo I IJLolLco I Lot ld I 1L

Initial Value 0 0 0

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

Initial
Bit Bit Name Value R/W

0 0 0 0
R/W R/W R/W R/W

Description

15 IDLS3 1 R/W

Idle Cycle Insertion 3

Inserts an idle cycle between the bus cycles wt
DMAC/EXDMAC single address transfer (write
followed by external access.

0: No idle cycle is inserted
1: An idle cycle is inserted

14 IDLS2 1 R/IW

Idle Cycle Insertion 2

Inserts an idle cycle between the bus cycles wt
external write cycle is followed by external reac

0: No idle cycle is inserted
1: An idle cycle is inserted

13 IDLS1 1 R/wW

Idle Cycle Insertion 1

Inserts an idle cycle between the bus cycles wt
external read cycles of different areas continue

0: No idle cycle is inserted
1: An idle cycle is inserted

Rev. 2.00 Oct. 20, 2009 Page 192 of 1340
REJ09B0499-0200

RENESAS



00: No iale cycle Is Inserted

01: 2 idle cycles are inserted
00: 3 idle cycles are inserted
01: 4 idle cycles are inserted

IDLCAT1 1 R/W Idle Cycle State Number Select A
8 IDLCAO 1 R/W Specifies the number of idle cycles to be insel
the idle condition specified by IDLS3 to IDLSC
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 insel
5 IDLSEL5 0 R/W each area for the idle insertion condition spec
IDLS1 and IDLSO.
4 IDLSEL4 0 R/W ) )
IDLSEL3 0 RW 0: Number of idle cycles to be inserted for are
3 specified by IDLCA1 and IDLCAO.
2 IDLSEL2 0 RIW 1: Number of idle cycles to be inserted for are
1 IDLSELT O R/W specified by IDLCB1 and IDLCBO.
0 IDLSELO 0 R/W

(n=7100)
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Bit Name DKC EDKC — — — — _

Initial Value 0 0 0 0 0 0 0
R/W R/W R/W 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 us
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 (BF
the external bus master in the external bus rel
state when an internal bus master performs a
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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The changed setting may not affect an extern:
immediately after the change.

0: Write data buffer function not used
1: Write data buffer function used
8 WAITE 0 R/W WAIT Pin Enable
Selects enabling/disabling of wait input by the
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 0 R/W  DACK Control

Selects the timing of DMAC transfer acknowle
signal assertion.

0: DACK signal is asserted at the B¢ falling ec
1: DACK signal is asserted at the B¢ rising ed
6 EDKC 0 R/W EDACK Control

Selects the timing of EXDMAC transfer ackno
signal assertion.

0: EDACK signal is asserted at the B¢ falling «

1: EDACK signal is asserted at the B¢ rising e
5to0 — AllO R Reserved

These are read-only bits and cannot be modif

Note: When external bus release is enabled or input by the WAIT pin is enabled, make
the ICR bit to 1. For details, see section 13, I/0 Ports.
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Bit

Bit Name

mniual
Value

Description

7,6

AllO

Reserved
These are read-only bits and cannot be modifie

EBCCS

R/W

External Bus Cycle Control Select
Selects the external bus arbiter function.
0: Releases the bus mastership according to th

1: Executes the bus cycles alternatively when &
EXDMAC or external bus master conflict witl
DMAC, or DTC external space access reque

IBCCS

R/W

Internal Bus Cycle Control Select
Selects the internal bus arbiter function.
0: Releases the bus mastership according to th

1: Executes the bus cycles alternatively when &
bus mastership request conflicts with a DMA
DTC bus mastership request

3,2

AllO

Reserved
These are read-only bits and cannot be modifie

R/W

Reserved

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

PWDBE

R/W

Peripheral Module Write Data Buffer Enable

Specifies whether or not to use the write data t
