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companies. Therefore, although the old company name remains in this document, it is a valid
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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention 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 ater, 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 losses incurred 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 development 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 errors in 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. You must check the quality grade of each Renesas Electronics product before using it in a particular
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 be in 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 el ectronic appliances, machine tools; persona electronic equipment; and industria 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; agrospace 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 a direct 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 physical 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 a result 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 sales 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.

(Note2) “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,
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website (http://www.renesas.com).

Renesas Electronics
WWW.renesas.com Rev. 6.00 2004.10



Keep safety first in your circuit designs!

. Renesas Technology Corp. puts the maximum effort into making semiconductor products better and
more reliable, but there is always the possibility that trouble may occur with them. Trouble with
semiconductors may lead to personal injury, fire or property damage.

Remember to give due consideration to safety when making your circuit designs, with appropriate
measures such as (i) placement of substitutive, auxiliary circuits, (ii) use of nonflammable material or
(i) prevention against any malfunction or mishap.

Notes regarding these materials

. These materials are intended as a reference to assist our customers in the selection of the Renesas
Technology Corp. product best suited to the customer's application; they do not convey any license
under any intellectual property rights, or any other rights, belonging to Renesas Technology Corp. or
a third party.

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

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

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

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

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

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

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

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

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

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




General Precautionson Handling of Product

1. Treatment of NC Pins

Note: Do not connect anything to the NC pins.
The NC (not connected) pins are either not connected to any of the internal circuitry or are they are used astest
pins or to reduce noise. If something is connected to the NC pins, the operation of the LS| is not guaranteed.

2. Treatment of Unused Input Pins

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

3. Processing before Initiaization

Note: When power isfirst supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throughout the chip and alow level is
input on the reset pin. During the period where the states are undefined, the register settings and the output state
of each pin are a'so undefined. Design your system so that it does not malfunction because of processing while it
isin this undefined state. For those products which have areset function, reset the LS| immediately after the
power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

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







Preface

This LSl isasingle-chip microcomputer with a 32-bit H8S/2000 CPU core, and a set of on-chip peripheral functions
required for system configuration.

This LSl is equipped with ROM, RAM, abus controller, a datatransfer controller (DTC), a programmabl e pul se generator
(PPG), three types of timers, a serial communication interface (SCI), a D/A converter, an A/D converter, and 1/0 ports as
on-chip peripheral functions. ThisLSl is suitable for use as an embedded microcomputer for high-level control systems.
Its on-chip ROM is flash memory (F-ZTAT™*), PROM (ZTAT"*), or masked ROM that provides flexibility asit can be
reprogrammed in no time to cope with al situations from the early stages of mass production to full-scale mass
production. Thisis particularly applicable to application devices with specifications that will most probably change.

Note: * F-ZTAT isatrademark of Renesas Technology, Corp.
ZTAT isaregistered trademark of Renesas Technology, Corp.

Target Users:  This manual was written for users who will be using the H8S/2357 Group in the design of application
systems. Members of this audience are expected to understand the fundamentals of electrical circuits,
logical circuits, and microcomputers.

Objective: This manual was written to explain the hardware functions and electrical characteristics of the H8S/2357
Group to the above audience.
Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual for a detailed description of the
instruction set.

Notes on reading this manual:

» Inorder to understand the overall functions of the chip

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

 Inorder to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Programming Manual.

e Inorder to understand the details of aregister when its name is known
The addresses, hits, and initial values of the registers are summarized in Appendix B, Internal 1/0 Register.
Examples.  Bit order: The MSB is on the left and the LSB ison theright.

Related Manuals:  The latest versions of all related manuals are available from our web site. Please ensure you have the
latest versions of al documents you require.
http://www.renesas.com/eng/

H8S/2357 Group user's manuals:

Manual Title Document No.
H8S/2357 Group Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual REJ09B0139

Rev.6.00 Oct.28.2004 page i of xxiv
REJ09B0138-0600H
RENESAS



User's manuals for development tools:

Manual Title Document No.
H8S, H8/300 Series C/C++ Compiler, Assembler, Optimized Linkage Editor REJ10B0058
User's Manual

H8S, H8/300 Series Simulator/Debugger (for Windows) User's Manual ADE-702-037
H8S, H8/300 Series High-performance Embedded Workshop User's Manual ~ ADE-702-201

Application Note:

Manual Title

Document No.

H8S Family Technical Q & A

REJO5B0397

Rev.6.00 Oct.28.2004 page ii of xxiv
REJ09B0138-0600H
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Main Revisions for This Edition

Iltem Page Revision (See Manual for Details)
1.1 Overview 5 Product lineup
Table 1-1 Overview HD64F2398F20T**and HD64F2398TE20T** added
5V version
F-ZTAT HD64F2357F20 HD64F2398F20
Version* HD64F2357TE20 HD64F2398TE20
HD64F2398F20T *°
HD64F2398TE20T* ®

Note 3 added as follows

Note: 3. For the HD64F2398F20T and HD64F2398TE20T only, the
maximum number of times the flash memory can be reprogrammed is
1,000.

4.1.3 Exception Vector Table 72 Description amended

In modes 6 and 7 the on-chip ROM ...In this case, clearing the EAE
bit in BCRL enables the 128-kbyte (256-kbytes)* area comprising
address H’000000 to H'01FFFF (H'03FFFF)* to be used.

6.6.1 WhenDDS =1 149 Figure 6-28 amended
Figure 6-28 DACK Output Timing e !

when DDS = 1 (Example of DRAM HWR, (WE) ‘

Access) Write

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

6.6.2 When DDS =0 150 Figure 6-29 amended
Figure 6-29 DACK Output Timing e S !

when DDS = 0 (Example of DRAM HWR, (WE)

Access) Write | |
D,5 to Dy ]7
6.8.2 Usage Notes 156 Figure 6-35(a) amended
Figure 6-35(a) Example of Idle Cycle ! External read DRAM.
Operation in RAS Down Mode (ICIS1 L : !
) ) b T| Tl Tz T3 | TC| I
Figure 6-35(b) Example of Idle Cycle !
Operation in RAS Down Mode (ICISO s
= 1)
Figure 6-35(b) amended
‘ External read ~ DRAM;
LT T, T, T | Ty |

Rev.6.00 Oct.28.2004 page iii of xxiv
REJ09B0138-0600H
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Revision (See Manual for Details)

Iltem Page
9.8.2 Register Configuration 303 Note added
Port A MOS Pull-Up Control Register (PAPCR) (ON-Chip ROM
Version Only)
Bit ¢ 6 5 4 3 2 1 0
| PA7PCR| PAGPCR| PASPCR | PA4PCR| PA3PCR| PA2PCR | PAIPCR | PAOPCR|
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW
Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.
304 Port A Open Drain Control Register (PAODR) (ON-Chip ROM Version
Only)
Bit 7 6 5 4 3 2 1 0
|PA7ODR|PA60DR|PA50DR|PA4ODR|PA30DR|PA20DR|PA10DR|PAOODR|
Initial value : 0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW RIW
Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.
9.9.2 Register Configuration (On- 309 Note added
Chip ROM Version Only) Port B MOS Pull-Up Control Register (PBPCR) (ON-Chip ROM
Version Only)
Bit ¢ 6 5 4 3 2 1 0
|PB7PCR| PBGPCR| PBSPCR|PB4PCR| PBSPCR| PBZPCRIPBlPCRIPBOPCRI
Initial value : 0 0 0 0 0 0 0 0
RIW © RW RIW RIW RIW RIW RIW RIW RIW
Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.
9.10.2 Register Configuration (On- 314 Note added
Chip ROM Version Only) Port C MOS Pull-Up Control Register (PCPCR) (ON-Chip ROM
Version Only)
Bit 7 6 5 4 3 2 1 0
|PC7PCR|PC6PCR|PC5PCR|PC4PCR|PC3PCR|PC2PCR|PC1PCR|PCOPCR|
Initial value : 0 0 0 0 0 0 0 0
RIW © RW RIW RIW RIW RIW RIW RIW RIW
Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.
9.11.2 Register Configuration (On- 319 Note added
Chip ROM Version Only) Port D MOS Pull-Up Control Register (PDPCR) (ON-Chip ROM
Version Only)
Bit ST 6 5 4 3 2 1 0
IPD?PCR|PD6PCR|PD5PCRIPD4PCR[PD3PCR|PD2PCR |PD1PCR|PDOPCR|
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RIW RIW RIW RIW RIW RIW RIW

Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.

Rev.6.00 Oct.28.2004 page iv of xxiv
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Iltem Page Revision (See Manual for Details)
9.12.2 Register Configuration 324 Note added
Port E MOS Pull-Up Control Register (PEPCR) (ON-Chip ROM
Version Only)
Bit : 7 6 5 4 3 2 1 0
[PE7PCR[PEGPCR|PESPCR | PE4PCR] PESPCR|PE2PCR| PELPCR] PEOPCR]
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/IW R/IW R/IW R/W R/W R/W R/W
Note: Setting is prohibited in the H8S/2352, H8S/2394, H8S/2392, and H8S/2390.
10.4.5 Cascaded Operation 383 Figure 10-23 amended
Figure10-23 Example of Cascaded (Before) TCLKA - (After) TCLKC
Operation (2) (Before) TCLKB - (After) TCLKD
10.7 Usage Note 409 Figure 10-57 amended
Figure 10-57 Contention between ~ “7oommteee s T
TCNT Write and Overflow TCRV flag Prohibited —_|
11.3.1 Overview 423 Figure 11-2 amended
Figure 11-2 PPG Output Operation
DDR
14.2.8 Bit Rate Register (BRR) 481 Note deleted form table 14-4
Table 14-4 BRR Setting for Various
Bit Rates (Clocked Synchronous
Mode)
19.15.1 Features 619 » Reprogramming capability

Description amended

Depending on the product, the maximum number of times the flash
memory can be reprogrammed is either 100 or 1,000.

0 Reprogrammable up to 100 times: HD64F2398TE, HD64F2398F
0 Reprogrammable up to 1,000 times: HD64F2398TET,

HD64F2398FT

RENESAS

Rev.6.00 Oct.28.2004 page v of xxiv
REJ09B0138-0600H



Item

Page

Revision (See Manual for Details)

19.18.2 Program-Verify Mode

Figure 19-48 Program/Program-
Verify Flowchart

639

Figure 19-48 amended, note *6 added

Write pulse application subroutine

Sub-routine write pulse
.

Disable WDT

Note: 7 Write Pulse Width

Start of programming

Start Perform programming in the erased state.
Do not perform additional programming

on previously programmed addresses.

Wait () s 6

Store 128-byte program data in program | , ,
data area and reprogram data area

switching.
6

“6

Number of Writes (n) | _Write Time (2) s Increment address |

[ Wait (£) s |56

z
2
2
2
z
z
z
il 2
9 2
10 2
11 z
12 z
13 z
998 2
999 3
1000 2

Note: Use a (23) ps write pulse for additional
programming

RAM

Program data area
(128 bytes)

Reprogram data area
(128 bytes)

Additional program data
area (128 bytes)

Read verify data -

Read data = verify NG
——
e ¢

oK
‘Additional program data computation

Transfer additional program datato | ,.
additional program data area
Reprogram data computation -

Transfer reprogram data to reprogram
data area

T28-byte
data verification
ompleted?
Ok
Clear PV bit in FLMCRL

—TT—

‘Sequentially write 128-byte data in
additional program data area in RAM to
flash memor

See note 7 regarding pulse width

[ Clear SWE bitin FLMCRL ] [_Clear SWE bitin FLMCRL ]

[ Wait (6) ps J+o[

]*e

End of programming

Programming failure

22.3.6 Flash Memory
Characteristics

Table 22-21 Flash Memory

Characteristics (HD64F2398F20,

HD64F2398TE20)
Table 22-22 Flash Memory

Characteristics (HD64F2398F20T,

HDG64F2398TE20T)

724

Table 22-21 title amended

726

Table 22-22 added

Rev.6.00 Oct.28.2004 page vi of xxiv
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Revision (See Manual for Details)

Table A-6 amended

Page
827

Item

A.5 Bus States during Instruction

Execution
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Iltem Page Revision (See Manual for Details)

G. Product Code Lineup 1014 Table G-2 amended
Table G-2 H8S/2398, H8S/2394,

Product Type Product Code Mark Code Package (Package Code)
H8S/2392, H8S/2390 Group Product H8S/2398 Masked ROM HD6432398  HD6432398TE*!  120-pin TQFP (TFP-120)
Code Lineup HD6432398F*!  128-pin QFP (FP-128B)
F-ZTAT HD64F2398  HD64F2398TE*! 120-pin TQFP (TFP-120)

HD64F2398F*!  128-pin QFP (FP-128B)
HD64F2398TET  120-pin TQFP (TFP-120)
HD64F2398FT  128-pin QFP (FP-128B)

H. Package Dimensions 1015 Figure H-1 replaced

Figure H-1 TFP-120 Package
Dimension

Rev.6.00 Oct.28.2004 page viii of xxiv
REJ09B0138-0600H
RENESAS



SECHON L OVEIVIBW ...ttt sttt st b et b e st e st et e b et e s e e e b e sae e bt e st e e et e nae st e sbeebeenenneeneens 1
O O Y V1= Y OO RTR USSP 1
D2 = [ ot N DI | = o SRS 6
I B T a1 L=< o ] oL (o o OSSPSR 7
1.3 1 PINATTBNGEMENT .o.eiveiiteieeteriee ettt sttt se b e bt s e e st et s b e st e b e e e b et e b e s e e b e se ekt se ek e s e ebese ek e see bt sbenenbenenbenes 7
1.3.2 PinFunctionsin Each Operating MOGE.........cccoueiiieiirinieiesesieseeseesee e seerese s sre e st ae e sseseseeessessessenn 11
G T T . oI W 0o o] TSRS 15
S ot (0] 102 O U TSR 21
R R © 1V 4= 1 TR 21
0t R = (1 - PR 21
2.1.2 Differences between H8S/2600 CPU and H8S/2000 CPU .........cccoviiririirinerieenieesieesieesie et seeie e 22
2.1.3 Differencesfrom HB/300 CPU .........cccoiirieirieirieerieisie sttt ettt be e s s s s ae s saenesbns 22
2.1.4 Differences from HB/300H CPU.........ccoiiiiiiiiiiiese ettt sbe b st st be e e b e e e e e e saesaeeae 23
2.2 CPU OpErating IMOUES ........ooueieieeeieeeeieee ettt sttt sttt esbe e e e e e e e et e s e e ae e st eaeebeebesae et e ebesbeseensanbenee e ans et eneeneeaesseanes 23
P25 R AN V7= g o= o 1Y, oo L= SRR 23
B B o (o[£ S o o OSSOSO 26
P22 = =0 11 < @0 T 1o (1= o] o 27
P R @ = 4T 1 TSRS 27
242 GENEIEl REGISIEIS ...ceiiiititete ettt b ettt sttt b s e et e a e e ae et b e e R e Rt e he e hesRe R e b e b e et et et et et eneerenaenae 27
243 CONIIOl REOGISIEIS. .. ctiitiiteteite sttt ettt sttt e e st e e e e se e e ea e e st et eheebe e Rt ebeebesbesb e bebesee s eneenseneenensesaesaes 28
244  INItial REJISIEr VAIUES.......oitiiitiieteiete ettt bbb e bbbt e bt e bt e e bt b e st s b e e s b et ebe e ebe e 29
A T B T = 0] 1 0= SRS 30
251 General REQISIEr Dala FOIMELS ......ccccoveirereetistertises e sesees e e seeseeseee e e ese s e ssessestesaeseesbesteseenseneeneensesensessensen 30
252  MeEMOIY Dala FOMMELS.......cciiiiieiitii ittt st sttt st e s b e e sate e b e e sateebeesaeeenbeesaeeenbeesneesnnen 32
2.6 INSITUCKION SBL......eitiie ittt b ettt ettt st et e e s e e e e st et e e e ae e R e e Rt e Rt eh e eheeaeeb e b e eb e se et e me e e e e enb e st e neenesbenaeanen 33
2 R @ < oV T Y USSR 33
2.6.2 Instructions and AddreSSiNG MOUES ........cc.cerieirieirieiriert ettt b e 34
2.6.3 Tableof Instructions Classified DY FUNCLION..........coeiiiiiire bbb 35
2.6.4  BaSIC INSITUCLION FOMMELS......couiiitiiriiieiiietesee ettt sttt b et b ettt 41
2.7 Addressing Modes and Effective Address CalCUIALioN ............ccceieieiiiieiereeeces ettt re e 41
271 AAJreSSING MOOE..... .ottt st b e e st et e bt e b e s Rt ebeeb e s bese e b e bese e e ene et et enenbenaeeaes 41
2.7.2  Effective AdAresSS CalCUIBIION. .......cccoiierireiteite ittt st s be st bbb e b see e e e e e e e eneeneenenae s 44
2.8 PrOCESSING SEALES ... .eueeveeetereete et sttt sttt sttt b et bt b et beseeb e s e e bt s e eb e s e e bt e b e st e b e st s b e st e b e e e b e At e b e e e b e ne e b e ne e bt e e e bene e bt sb e st b ne b 47
P2 S T © = o1 SR 47
W S = S - (= TSRS PRTSOTSP 48
2.8.3  EXCEPLION-HANAIING SEALE ... .eveieeieecieeiee ettt st te st s tesb e be s tesae s enae s e s eneeneenennens 48
2.8.4  Program EXECULION SEAEE..........ccueiueeeieieerie ettt sttt sttt st e et et ebesbe s st sbe b e s besbesbesbese e s e e e e et enessenaesaes 50
2.85  BUSREIEASE SEALE......ceiueieeeeeeeteriere ettt ettt et a e b e s aeeae e besbe s et sbe e b e sbese e b e b e e e e e neene et eaeeae e ene 50
2.8.6  POWEI-DOWN SEALE...... .ottt ettt ettt et e s aeeseesae e see s st e beea e e beeaee b e eneeabeeneeaneensesaeeeesneeen 50
S =T T o 11011 (o SOOI 51
201 OVEIVIEBIW ottt sttt e b st bt e bbb e st b et e b e e ek e s e e b e s e e b e s e ekt s e e bt neeb e s e e Rt e b e Re et e Rt e b et nbe e ebe e 51
2.9.2  On-Chip MemOry (ROM, RAM) ..ottt sttt ettt se st sestene st st 51
2.9.3  On-Chip Supporting Module ACCESS TIMING.......ciiririerierieieiereeeeiese et sre e e et et se e e e e e e enesae e ens 52
294 External Address SPace ACCESS TIMIMNG......uiiiirueririerieriereeeeieereeieese st et e ste e sbesbeseeseesbesbeseeneenee e e e enessesaeens 53
210 USAOE NOLE ..ottt r et et s e e e e e e e e e s e e R b e e R e e R e e R e AR e R R e R e e R R e e n e e nenrenreene e 53
220 0 It 17N 1 1 o o S 53

Rev.6.00 Oct.28.2004 page ix of xxiv
REJ09B0138-0600H
RENESAS



Section 3 MCU Operating MOUES ........ccueiiiiieiiieieeie ettt st saeesaeseesneenreas 55

00 R © 1= 4= TSRS 55
3.1.1 Operating Mode Selection (H8S/2357 F-ZTAT ONIY) ....cvriririiiriiiriinieisereiesiee e 55
3.1.2 Operating Mode Selection (ZTAT, Masked ROM, ROMless Version, and H8S/2398 F-ZTAT) .....cccc....n 56
G50 G T = (=0 K= (= g @001 1T [0 o o ISR 57
I 8 o [ = g B 1= o ] o 0] 1T OO 57
3.21 Mode Control REQISLEr (MDCR).......cooieiiireriieteete sttt ettt e st ae b e saesbesbesbesb e beseese e e et e e eneaneean 57
3.22  System Control REZISLEr (SY SCR) ......ceiuiiiriiieierietireet sttt b e b e s s et e s e e b b s e s 57
3.23 System Control Register 2 (SY SCR2) (F-ZTAT VErsion ONlY) .....cccevrerreninenieenieesie s 58
3.3 Operating MOOE DESCIIPLIONS.......ciueieeeeeeeeeeteresestesteseesres e steseesteseesaessesseseeeeseesessesseasessessessessessessessensensensesenensensen 60
BBiL MO L.ttt b bR R R R Rt E R Rt e R R r e 60
332 Mode 2 (H8S/2398 F-ZTAT ONIY) ..ottt bttt b e ebene 60
3.3.3  Mode 3 (HB8S/2398 F-ZTAT ONIY) ...eiuiuiiiieririeieneresietee sttt sttt b ettt st b b e nebane 60
3.34 Mode 4 (On-Chip ROM Disabled EXPansion MOOE) ...........cccrieririeriiniriiinieneeiesieiesee s 60
3.35 Mode5 (On-Chip ROM Disabled EXPansion MOE) ...........cccvierireriineriiniseneseseee s 60
3.3.6 Mode 6 (On-Chip ROM Enabled EXpansion MOE).........ccccurerereerierieereeeeeseseesiesee e seesseseesesssessesessessensm 60
337 Mode7 (SINGIE-ChIP IMOTE) .....cvieeieeee ettt ettt s re st e s besre st e beste e e s enseneeneanenam 61
338 MOOES B ANU 9 ...ttt bbb bbb R bR bR ne bbbt R b bRt e e b ne 61
3.3.9  Mode 10 (H8S/2357 F-ZTAT ONIY) .veuiiriririeiereresieteesesis i e isbe st ssbe e e s bt s bbbt ebese e ssebane 61
3.3.10 Mode 11 (H8S/2357 F-ZTAT ONIY) ..eeuetiireeteuerererieieesesietesesesesisteseses e sesesesessssenesessssenesessesesesssssesenesessssasen 61
3.3.11 Modes 12 and 13 (H8S/2357 F-ZTAT ONIY) ....curveceerieeereeessiessessseeseessssssssssessssssessssssssssssssesssssssasssssssans 61
3.3.12 Mode 14 (H8S/2357 F-ZTAT ONIY) c.vcueirereereiereresreieesesee s s s senenem 61
3.3.13 Mo0de 15 (HBS/2357 F-ZTAT ONIY) ..veuiirireeieienirisieieesi sttt n s 61
34  PinFunctionsin EaCh OPerating IMOOE. ..ottt et sb e bbbt e e et e s e e e enennas 62
3.5 Memory Map in EaCh Operating IMOOE. ..ottt et et ae b b e b e besbese e b e e e e e e eneenas 62
Section 4 EXCEPLION HANAIING ....cviiiiiiiiiiieieese ettt 71
R @Y= oV 1= 1SS SE TSP 71
4.1.1 Exception Handling TYPES aNd PriOMLY ....cc.covcieieieieise ettt sttt sa e 71
4.1.2 EXCeption HandliNG OPEIaiON .........coerueriereerieeeiieeeie ettt sttt sttt se e e et saesbesaesaesbesbeseess e be e e e enseneeaeens 72
4.1.3  EXCEPLION VECION TADI..... ittt ettt b e a e e b b e s b b et e b e e e e et e e e e ene e 72
N L . SO S T STN 74
N R O Y= V. = S 74
I (=< < N 1Y - S 74
G B = < S o (11 1ol USRS 75
424 INEEITUPLS BFTEN RESAL ... .o ettt b e bbb et e s b se et e e e e e e et e e e neenenae 76
4.25 State of On-Chip Supporting Modules after Reset REIEASE .........ooveieieieeeee e 76
G S I o= USRS 76
N 1 011 V£ PP URPRN 77
T I - o 81 1= (1 1o o 78
4.6  Stack Status after EXCEPtioN HaNAIiNG ........cieeieieiieiceeeee s sttt sre st e e sae e e e ennennenen 78
47  NOtESON USE OF The SEACK.......ceeieeeirtiiit e n e r e 79
Section 5 INLEITUPE CONLIOIEN ... e 81
L300 R © V= 4= 81
LT O o (U =TSSP 81
oI B = o o QI 1o = SRS 82
oY IR T o 1 M@0 g Lo U= { o] o USRS 82
oY I B = o TS £ g 001 1To U= 1 o o OSSR 83
5.2 REQISIEN DESCIIPLIONS. ...c.ecueeeieieeiesteietet sttt st sttt st bt e h et b st b et b et b e e s b e se e b e se e b e ne e b e s e e b e ne e bt ee e bt s b eae s b e nesbenenbe e b 83
521 System Control REGISLEr (SY SCR) ....c.ceiuiririiiriirietirieieseee ettt st b bbb ssene 83

Rev.6.00 Oct.28.2004 page x of xxiv
REJ09B0138-0600H



5.2.2 Interrupt Priority Registers A to K (IPRA 10 IPRK) ....c.oiiiiiiie et 84

523 IRQENBDIE REGISLEr (IER) ....ceieeuiuiiiririeiereristeiee sttt ettt sttt s b 85
524 IRQ Sense Control RegisterSH and L (ISCRH, ISCRL) .......ccoiiiiiiriisieresie st 86
525 |RQ StAtUS REGISIEN (ISR) ..c.ecviietirieierieiirieert sttt ettt ettt ettt b et b bbb bbb et se b ne st 86
LI T 01 070000 0! 87
L Nt R o q (= 7= 01 (= (0] TS 87
LRI [ 01 = g 7= I = A 1] oS USSR 88
5.3.3 Interrupt Exception Handling VeCtor TaDI.........coiiiiiiiiiiie et 88
B4 INEEITUDE OPEIEEIION ...c.eiuetiueiteieeteeetere ettt ettt re et e st e st sb et b e bt e e b e eb e s e eb e e eb e b es e b e st e e e b et b e e eb e s eb e s eb e abeb e b eb et enernea 91
54.1 Interrupt Control Modes and INterrupt OPEration..........c..cereeeirieerieerieiriesieesiees e 91
L N 01 (= VT o 0 o 1o 1Y oo (= O 93
Lo T [0\ (= (¥ 0 A @o g1 o 1Y oo (=TSO 95
54.4 Interrupt Exception Handling SEQUENCE .......cc.oiiriii ettt sttt s e sae e 97
545  INtEITUPL RESPONSE TIIMES.....ccuiitiitiieierieteeet et etesieste st s besee st e be e e seese e e et e st ebe s st eaeebesbesaesbenbeseeneense e e e eneenesaeane 98
5.5 USAOE NOLES.....ceeecieteet ettt r bt et e R e s e e s et eae b e e e e R e R R AR R e R e R R e R e e e s e erenrs 99
55.1 Contention between Interrupt Generation and DiSabliNg .........ccoeeiierreinennere e 99
5.5.2 Instructions that DiSable INEITUBLS ......ccecviieiiiise et e ettt s r e e e e e e enennesneenenem 99
55.3  Timeswhen Interrupts are DIiSADIEA.......c..cviiiicicece et s ens 100
5.5.4 Interrupts during Execution of EEPMOV INSIFUCLION........cooiiiiiiiiiereneeiese e 100
56 DTC and DMAC ACtiVation DY INEEITUDL. ........ooieeeeeeeee et ae b bbb s e e 100
L0 R @ V= V= USSP 100
B5.6.2  BIOCK DIGOIAIM.......eitiiiitiietesieteseete sttt ettt b e st b e s b e ekt se bt s e e b e s b e st s b e st s b et et et et et et e st ebeneebenes 101
Lo S T @ o= - 1 o o 1P 101
5,64 INOEEON USE......oiiiiiiii e bbb bbb s 102
SECHION 6 BUS CONLIOIEN ...ttt bbb a e e s be e be st sre e e e 103
LR © 11 41 ST 103
00 R = (- RS R 103
30 I =Y oo Q0 "o = 105
o300 T = 1 @0 o o U = o) o ST 106
6.1.4  REQISIEr CONFIGUIATON ...ttt sttt sttt ettt eb e b s bt sb e s b e b seese e b e se e e e e e ne e e eneenennis 107
OV 8 = o 11 = g DTS o ] o] 1TSS 108
6.2.1 BusWidth Control Register (ABWCR) .......cccciiiiieirierereertes sttt 108
6.2.2 Access State Control REgIStEr (ASTCR).....ci ittt 109
6.2.3 Wait Control Registers H and L (WCRH, WCRL) .......ceiiiiiesereereeeeese s se sttt sneenesne e 110
6.24 BusControl REGISIEr H (BCRH) ..ottt sttt sttt sae et e e e enneneene e 113
6.25 BuUSCONrol REGISIEr L (BCRL) ...ccueiiitieierieite sttt sbe et sb e b sttt st e e sne s 114
6.26 Memory Control REGISIEr (MCR) ...ttt b bbb e e e e ae e 116
6.2.7 DRAM Control RegiSter (DRAMOCR)......c.ciiiirieuiererieteie st seses s st be e et b e e sebe e s sbebene e 118
6.2.8 Refresh Timer/Counter (RTCNT) ..ottt sttt s bbb 119
6.2.9 Refresh Time Constant REGISIEr (RTCOR)......cccvviirierieiiresieseeseeseeseeseesessesessessessessessessssssssessessessessssesseen 120
6.3 OVENVIEW OF BUS CONIOL.......ecteiiiieteiiisiseet ettt bbbt b et b et e bbbt 121
R R N === W =T (] (o oo [PPSR 121
6.3.2  BUS SPECITICAIIONS.....ceiititete ettt et st e e st b e ae bt b e b e s bt et et e se e st e e e e et e st eneene e 122
6.3.3  MEMOIY INEEITACES......c.eieeeereee sttt b et b et b e e b e e b e b e bt e e bbb st bt b 123
LRSI AN V7= o= o 1Y/ oo L= 123
R Ot g T oIS = 1= i8S T 7= 124
6.4 BBSICBUS INIEITACE. ..ottt ettt b b 125
B.4. 1 OVEIVIBW ..ttt stttk b ekt e bbbt s e e b b e £ e b b e Rt £ e A b e R e e A A e b e b £ e e e bk e Rt E b e b e e e e b e b et e bt e e 125
6.4.2 DataSize and Data AlIGNMENL ........coooiiiiiiiiiine ettt sb e b e bt st e b sbesbesbesee e ens e e e e eneeneenas 125
SR Y o IS 0] 1= TSRS 127
B.4.4  BESIC TIHMING ..ttt sttt st b e bbbt bt b et s b et b et b etk e e e b e s e e b e ne e b e s e e b e sb e bt st e aesbenesbene et 128

Rev.6.00 Oct.28.2004 page xi of xxiv
REJ09B0138-0600H



SR S VA= 1 A 0o 11 o) R 136

ORI B 7N 1V g1 = 1 =0 TSRS 138
TN R © V< oV Y SRS 138
6.5.2  SAliNg DRAM SPBCE .....c.ciuiiriiirtirietereet sttt sttt sttt st b et b et b e st bt re bt b e bt b e s et et b et b et bt a e b es 138
6.5.3  AdAreSS MUITPIEXING .e.veveiereeeeieeeeeeeese st s st s e e s te et e seene e e e e e e eseesesseesessesaesaeseetesee s enseneeneensenennes 138
ST A B - = 1 2 11 TR 138
6.5.5 PiNSUSed fOr DRAM INEITACE......couiiiiieeeieeirere ettt b e b st sb e b e 139
O I =¥ ol T 031 To [OOSR 140
6.5.7  PreCharge State CONLIOL ........cccoiiiiiieeeieee ettt ettt b et bt bbb ene 141
LTSI S TV o g1 o) S 141
LIS I =Y (= Ao === @] 11 (o) S 143
B.5.10 BUISE OPEIBHION ......ecveiveitietesie st i teste st estete e e e eteesessestestesaestestesteseesensessensesaesseseeseesesseaseatesteseessentesensansensenean 144
B.5.11 REFIESN CONLIOL ... .ottt ettt bbb e e e e e e e ae et et e bt e b e s bt ebeebesbese e st e b e e e e e e ene e e 147
6.6 DMAC Single Address Mode and DRAM INEEFTACE. .......ccouririririreieee et bbb 149
B.6.1  WWHENDDS = L ..ottt ettt ettt s e e s st e e s et e s e sa e s e s s e s e s ese s s e se s e seasene s enens e s ne e eneee 149
B.6.2  WWHENDDS = 0 ...ttt ettt sttt se st e st se et e e e s et et e s s e b e s ese s e ese e s ese et e ne et e neere e n e s ne e nenee 150
6.7  BUISE ROM INEEITACE ....couieiieiiitiietie ettt bt b e bbbt bt bttt 150
TN R @ = oV T OSSOSO 150
O =¥ ol T 011 To [P U PP SRR 151
L RS T T 0o g 11 (o) USSR 152
B.8  IAIE CY IO e h e bR R R £ R e bR bbbt bt b n s 153
B.8. 1 OPEIEIION ... vttt ittt sttt ettt sttt be e bt bbb bR e b e b e b oAb R bR bR Rt b et bbbt 153
L3R e A U 1o 1= N [ = SRS 155
6.8.3 PN StAESIN IAIE CYCIO...ciiiei ittt ae et sae e ae st e s besaestetesee e enseneene e 157
6.9  Write Data BUFfEr FUNCLION ........coiii ettt et ettt b e bbb e b e b sb et b e snennan 158
B.10 BUS REIEESE.....cucuiiieiiiteiieteie ettt sttt st et st st e teste s tese st e e e be e et e seebeseebese et e sa et e saeseeAe R e e ReReeReRe e R et e R et e R et e Ee et ete st ebeneeteneere e 159
IO R @< oV SRS 159
B.10.2  OPEIEIION......cueeeterieiirteertee ettt se sttt st be et e bt se e bt sb et b e Rt b et e b e e b e e Eene b e S e b e e bR R e R ARt b et b et e be e bt 159
6.10.3 Pin Statesin External BUS REIEASEd SEALE. .........ccceoirieiierirerrerse s 160
200 A I =0T ) o T 00T S 161
B.10.5 USAGE INOLE ...ttt ettt ettt se e s e e e st e h e e b e s he e b e e Re e b e e a e e eRe e e e sReeneesneesbesaeesbennrenbennne e 161
L0 I R 10 LS AN L = (o USRS 162
20 T R V< oV SRS 162
B.11.2  OPEIEIION ... .cueeeuerteuertee sttt sttt st et e bt s e bt s e et E Rt b et E e e R e e Ee e b e ne b e e bR R e R R e R Rt b e Rt bbbt 162
o0 TG T 0 (S I =0 = T 1 o 163
6.11.4 External Bus REIEASE USAgE NOLE........ccuciieecieiie ettt b sae st e e s ae e e s e e e e 163
6.12 Resets and the BUS CONIOIIEN.........coiiiieiieteie ettt et ettt be bbb e b et b et et e e e e ene e 164
S C oo o I 1Y N o g 11 0] = PR 165
80 R © V= 4= S 165
0 T = (U =TT PP PP PP PSSR 165
5 A = o o QI 1 - =0 SRS 166
7.1.3  OVEIVIEW OF FUNCHIONS ..ottt ettt he st b e eb e bt sbe s b e b seese e b e e e e e e eneenis 167
% = 1 oW @e g1 To U= 4 o] [PPSR 169
7.15  ReQIStEr CONFIGUIBLION .....cviueitieeetieetereetere ettt ettt e et b bbb e b e bt b s e e s e b e s e b eb e en e s e 170
7.2  Register Descriptions (1) (Short AAreSS MOUE) ........ceiuiiriiriiiriee ettt s be s s 171
7.21 Memory Address REGISLEIS (MAR)......cuc ettt s e st st te e s e as e e s esessesaestesresaesteneeseeneeneeneeneem 172
A A V@ N o (== = o TR (= g (L@ | SR 172
7.2.3 Execute Transfer Count RegIStEr (ETCR).....c.coiiiriririiisiesie sttt st s e 173
7.2.4 DMA Control REGISIEr (DMACR) .....ciuciiieiirieeisieisteeseeses ettt be e e aesessesessesessesessesssseneses 174
7.25 DMA Band Control Register (DMABCR).......cccuiiiiiiiiisieis et sttt sseneee 177
7.3 Register Descriptions (2) (FUll ADAreSS MOGE) .......coueiiiiririiriiiriee ettt st s be s s ses 181

Rev.6.00 Oct.28.2004 page xii of xxiv
REJ09B0138-0600H



7.3 1 Memory Address REQISLEr (IMAR) ..ottt bbb sttt e e ne s 181

7.3.2  1/O AdJress REQISEr (IOAR) ....coi ittt sttt sttt st s b ettt e bbb e e bt 181
7.3.3 Execute Transfer Count REQISLEr (ETCR)........ciiieirieirieerieesiee sttt sttt s s 181
7.3.4 DMA Control REGISIEr (DMACR) .....coiiiiiietirieterietes ettt bbbttt b e nes 183
7.35 DMA Band Control Register (DMABCR) .......cccoviiriierereeiesteseeeeese st se et sne st sae e e see e e enesnenns 186
A = = o 11 = g D T o ] o] 0] 1Y ) ISR 190
741 DMA Write Enable Register (DMAWER) .........cioiirieieiiririeieecesisie ettt 190
7.4.2 DMA Terminal Control RegiSter (DMATCR) ..ottt st e 192
7.4.3 Module Stop Control Register (MSTPCR) ......c.oiiiiieirieerieeriee ettt 193
A T © o= - 1T o o TSSOSO 194
751 TraANSTEN IMOOES ..ottt R Rt R et p s nen et rer e 194
7.5.2  SeQUENLIEI IMOUE......c.oieiieiieetete bbbt b bbbt bbb 196
T.5.3  TAIE MOttt bbb bbbt b bt e b bRt b b bt e b b et st b et e e 199
T.5.4  REPEAL IMOUE ...c.veieeieee ettt b bbbt £ bbb £ b b e e s e b b et e b b e b et e bt et st b et e e 201
755  SINGIE ATUIESS IMOUE ..ottt b et b e bbbt e bbbttt b et b e b ne s 204
756  NOME MOOE.......cciieieitiese st ettt ettt e te s eestetese e e enee e eseeseesessesse et e ssesaessentesaeneenseneeneeneenenseen 207
T7.5.7  BlOCK Transfer MO, .....ccovviieiiirerrereirere ettt n et 210
7.5.8  DMAQC ACHVELION SOUICES ......cueieereiiriteresiesesses et sesesses st se s s s s b s se e b bt se b b st s se s s b et nesner e 215
7.5.9 BaSICDMAC BUS CYCIES......cucuiiiieciiriieiee ettt stttk 217
7.5.10 DMAC Bus Cycles (Dual AdAreSS MOE) ........ccueiueruirierierieieieeieeee sttt s se e eneenas 218
7.5.11 DMAC BuUsCycles (Single AdAreSS MOE) .........ceieerieerieinieesie ettt 226
7.5.12 Write Data BUFfer FUNCHION. ..ottt e e e e e e e eneeneene e 230
7.5.13 DMAC MUIti-Channel OPEIaLiON ........ccceoeeeeereiiresesieseestestessesseseeseessesessessessessessessessessessessessessessesessessenn 231
7.5.14 Relation between External Bus Requests, Refresh Cycles, the DTC, and the DMAC........cccoevevvevcnienee 232
7.5.15 NMI INETUPLS 8N DIMAC ... ..ottt ettt h st s be b b e s bt et e s b seess e e e e e e e e eneene e 233
7.5.16 Forced Termination Of DIMAC OPEFaLiON.......ccciiiiriirie ittt sae st b see e e ee s e e e e eae e 234
7.5.17 Clearing FUll AdAreSS MOUE ..ottt ettt sttt 235
A T 1110 U oS U PP PSPPSR 236
A A U = o = o (- RS 237
Section 8 Data Transfer CONIOIES .......c.uiiiiiieiie e s 241
ST R @V 4V 1= T USSR 241
S O R = (U = ST 241
8.1.2  BIOCK DIGOIAIM.....c.eitiuiitiietesietereete ettt ettt ettt bbb e bt s ekt se ekt s b e bt s b e st s b e st s b et et et e b et et e neebeneebe e 242
LS00 G T = (=0 1= 1= g @0 ) 1T 101 1o o 243
LT = =0 11 = I 1= o ] o] 0] OSSR 244
821 DTCMOUE REGISEr A (MRA) ..ottt ettt et b ettt st bttt e b bt nennas 244
822 DTCMO0de REGISIEN B (IMRB) .....coiiiiitiiiiirieieitnesesie ettt sttt sttt sn b 245
8.23 DTC Source Address REQISLEN (SAR) ....cuciiiiriiiieesiereete sttt b e e b e beseebe e 246
8.24 DTC Destination Address REQIStEr (DAR) ......couiiiiriiririeriee sttt st s b seebe e 246
8.25 DTC Transfer Count REGISLEr A (CRA) ..o ittt ete e et te e e ae e saenaeneeneeneenens 246
8.26 DTC Transfer Count REGISLEr B (CRB) .......ccceieiiiiictisese et st st e te e e e ese st snesteste st s e e n e e eneens 246
8.2.7 DTCENahIe REGISIErS (DTCER) .....ccoeucuiiirieirieniresieie sttt bbbttt se bt s bt snennas 247
8.2.8 DTCVecrtor REGISEr (DTVECR) ......iucuiiririeieiresisieee sttt sas bbb st s bbb e b 247
8.29 Module Stop Control Register (MSTPCR) ......couiiiiiiiiieiereete ettt s b e e seebe e 248
SR B © o= - (1o TSSOSO 249
SR I R @17 VT SRR 249
8.3.2  ACHVELION SOUICES.......ceivereiiesirtettiese sttt sttt ettt b et s s bt s b st s e b bt re e bt e b bt e e b st ne e b 251
8.3.3  DTC VECION TADIE... ittt bbbt bbb se e b 252
8.34 Location of Register INformation in AdAress SPACE.......couevereeieiieieeeeeer st 255
8.3.5  NOMMIBI IMOUE........oeeeiee ettt sttt e e et e e et e st e s e e seeseebesbesaeseesbeseeseensansententeneeneeneanens 256
8.3.6  REPEBL MOUE ...ttt bbb bbbt e b et Rt Rt b et bt b et be e b e 257

Rev.6.00 Oct.28.2004 page xiii of xxiv
REJ09B0138-0600H



8.3.7  BlOCK TranSfar MOOE........couiiiieieeeeeee ettt ettt b e bbb b e bese et et st et et e e e e enes 258
R I O 7= T g B = 10 = PO USSR 259
8.3.9  OPEIELiON THMING ...vueitiuirtieetieetertei sttt b e b e st e s b sttt b s b e b e e b e e e bt s e bt b e bt b e st e b et s be e be e b 260
8.3.10 Number of DTC EXECULION SEAEES. ......ceovereerereeeeereseesteseseeseeteseeseesaesaeseesessessessessessesssssessessessensensessensesen 261
G 50 I R = (oo =0 (014> {0 S £ o N 0 I O 262
8.3.12 EXamplesS Of USE Of tNEDTTC......cececeeeceeeee ettt ettt e s be st st e te s besnentenseaensanes 262
S 11 1= £ (0] o (= TS O R P TP RPUPUUPTROPPTN 264
8.5 USAGE INOLES. ...ttt ettt ekt et eae e bt e ae e eae e ae e She e eeSRe e EeSRe e EeeRe e A bt eRe e bt eRe e bt eaneeaeeaeesReenesaeenreas 264
S C w0 R TR 1 o £ 265
LN O = 4T SO U ST SRPTSTS 265
LS o 5 £t U SOSTPSRPNSTSTN 269
S R @ = 4T 1 SO S 269
IV S = o1 (= g 001 1To U= 1 o o BSOS 269
S T = 1 T U o 1 o = SRS 271
LS T o SRRSO 279
LS N R @ = 4T 1 OSSOSO 279
RGN = (=0 = (= GO0 01 110 U= 1 o o IS 279
0.3.3  PIN FUNCLIONS. ...ttt ettt ettt h e bt bt e bt se e e e e e e e e a e e Rt e it e Rt eb e s bt ebeebesbeseesb et e se e eneeneene e 281
LS o 5 0 OSSR 289
S © < oV SRS 289
0.4.2  REQIStEr CONFIGUIBLION....c.eitieitieetereetereete sttt sttt sttt sttt s b e e bbbt bbbt st e e s bbbt 289
S B o T T 0 o (o OSSOSO 291
LSS T . o1 B0 USSR 293
ST R @ = oY1= 1SS 293
I S (=s[ES ( g o 01 1To U= 1 o o USSR 293
ST T = 1 T U o 1 o = SRS 293
LTS o B TSRS 294
ST R @ = 4V T 1 OSSOSO 294
I = (=0 TE= (= GO0 01 1o U= 1 o o TSRS 294
R T o L T U o o] TP USSR 296
LS = o 5 - SRS SRPRSTRST 297
S © < oV S SS 297
0.7.2  ReQIStEr CONFIGUIBLION .....cviuitenietieetese ettt ettt ettt b e e bt e et b bttt e et e et b e s ee 297
S T o 1 T 0 o 1o OSSOSO 299
SRS T o £ SO S T SR 301
SN R @ = oY T 1 OSSO 301
R I R (= s [ES ( g 0001 1To U= 1 o o BTSSR 302
SRS TG T = 1 T U o 1 o = SRS 304
9.8.4 MOS Input Pull-Up Function (On-Chip ROM Version ONlY) ......cccccovrerrineineienieiesie e 306
LSS o1 = SO SRS 307
S TN R @ < 4T 1SS 307
9.9.2 Register Configuration (On-Chip ROM Version ONlY) ........ccocceiiiiiiinene e s e 308
SRS S T o L T U o o] < TSRS 310
9.9.4 MOS Input Pull-Up Function (On-Chip ROM Version OnNlY) ........cccoveerrineinieenieesiee s 311
L0 0 o TSROSO 312
O.10.1  OVEIVIBIW ..ttt sttt sttt et st be et bt £ e Rt b et b et e b et e b e ne b e se e b e s e e b e s e e be s e bt e e e st s b e ne s benesbene et e et 312
9.10.2 Register Configuration (On-Chip ROM Version ONlY) .......cccccciiiiiiinieiesieieseseeseeee e sres e ssesre e saesnennas 313
O.10.3 PN FUNCLIONS. ...ttt ettt sttt a st he b bt s a e bt se e s e e e s e e e e a e e Rt e Rt eheeb e ebeebeebesbeseesb et e nbe e eneeneene e 315
9.10.4 MOS Input Pull-Up Function (On-Chip ROM Version ONlY) .......cccccoeorrinienerenesesie e 316
L0 T o I TSSO 317
S0 T R = oV S 317

Rev.6.00 Oct.28.2004 page xiv of xxiv
REJ09B0138-0600H



9.11.2 Register Configuration (ON-Chip ROM Version ONlY) ......ccooereiiriiieieeeereee e 318

LS G T . 1 U o USSR 320
9.11.4 MOS Input Pull-Up Function (On-Chip ROM Version ONlY).......cccoecrerennennensenees e 321
LS 2 o TS 322
LS R @ Y= 4T SO R 322
(I 2 = (= o K= (= g @00\ 110 101 (o o TSRS 323
9.12.3 PN FUNCHIONS. ...c.ecueiteieiteiet ettt sttt b et r et r st b seer e se b neeb e neeb e e e e st sa e st s R et e R e e e R e e ereneerennere e 325
9.12.4 MOS Input Pull-Up Function (On-Chip ROM Version ONlY) ........ccccoerimenenenenese e 326
LIS TR o B TSSOSO 327
LS00 T R @ Y= V= SR 327
(S T2 = (=0 1S 1= g @0 ) 1T 101 1o o 328
O.13.3 PN FUNCLIONS. ...ttt b e bttt e bt e bt e b bt e s bt snen e 330
.14 POI Gtttk ekt £ R bR £ AR R £ £ R b e R £ SRR SR e £ SR AR e R AR AR e R R et R R e R e Rt e R b e bt e e b bt e e 332
.14, 1 OVEIVIEW ..ottt ittt bt st b bt £ b s et s £ £ e b e R 4E £ e b2 R e ae e E e b e R e Re e E e b e ReAE A e b e bt ne e b b e b et ee b e bebese st ebene 332
9.14.2 ReQiStEr CONFIGUIALION .....euetieietiietireetet ettt ettt b et bbb e b e bt s bbbt bt b 332
LS00 T = 1 8 U PR 335
Section 10 16-Bit Timer PUISE UNIt (TPU)......ooiiiieeeieece sttt s 337
LO.1  OVEIVIBW....ceeieieee ittt ettt etttk e e b st s oo b e b ee s £ e b b £ Rt £ e 8 e b e R £ e 4E e b e b £ e e e e b b e Re e A A e b e b e R e A e b e b e Rene e b e b e b e ae s e b ebeneneseebene 337
LO.1.1 FEAIUIES ..ottt stttk b bt e b b et eE b b e Rt s A b e b e Rt £ £ s A e b e Rt ee A e b e b e Re s e A e b e b e s e s e eb e b et s e e b ebene e et 337
10.1.2  BIOCK DIBOIAIM......ceeueieierteiirtiest ettt et se et e e bbb bt h £ s b st b et b et e b et b e e e b e e e bt s e bt b ene sttt 341
10.1.3  PiN CONFIQUIBLION ...ttt ettt et e b e s b e e b e bbb st b et b et b et e b e e e b e ne et e seebeneebeneas 342
0 0 = o T = @0 1 o 1= 4o o SRS 343
O A = e = (= gl = o 1101 345
10.2.1 Timer Control REGISLEN (TCR) ....coueiiiireeiieiere ettt sttt ettt eb e a e bt b e s be e st et e eese e e e e e e e e eneas 345
10.2.2 Timer Mode REQISLEr (TMDR) .....cuiiieiieieeeeeiere sttt s b e bbb b b e et et e e e ene e 349
10.2.3 Timer 1/O Control REGISIEr (TIOR) .....c.eiuiirieerieieieseete sttt sttt s b e e b e e b e b saene e 351
10.2.4 Timer Interrupt Enable REGISIEr (TIER) ....oouoiiiiiriiirereiesie ettt 361
10.25 Timer Status REQISLEr (TSR) ...eiviiirieriereeieeeeeeeeesesestestestesaes e saeseesaeseeseeseesessessessessessessessessesesnsensensensesessm 363
10.2.6 Timer COUNLEN (TONT) c.vveueiirereeteierese st ss ettt b et b et a st st e bt e n e ens 366
10.2.7 Timer General REGISLEr (TGR) .....oiiiiiiiiieeee ettt b e b bbb et e e e 366
10.2.8 Timer Start REQISIEr (TSTR) ....oucucueriririeiiiriririeie sttt ettt e b et s e bbbt b e st s e b b s et 366
10.2.9 Timer SyNchro REGISIEN (TSY R)....c.iiicirieiirieirieerieiri ettt ettt 367
10.2.10 Module Stop Control Register (MSTPCR) .....co.ciiiiiiriireieesie ettt bbbt 368
10.3  INEEITACE 10 BUS MBSIEN.......coiiieierceres ettt r Rttt n e ner e 369
10.3.1  16-Bit REGISIEIS. . ..eiteuiiieieeeeitsere ettt bbb bR bt e e bt st e b b et een et e 369
10.3.2  B-Bit REGISIENS. ...ttt b et bbbt e b bt ne bbbt e e bRt s e e b e bt e b b e e e 370
L0 R @1 - 1o o USSR 371
O @Y Y= T OSSR 371
10.4.2 BaSIC FUNCHIONS .....cciitiiieieistise et e et e et stestestesee e tesaeseeseeseeneesessessesaenseseesenteneesennsenseneeneennnsm 372
10.4.3  SYNCIIrONOUS OPEIGLION ......cvecveieeieiieriereeeeseeeeeesessessestessessesses e ssessessessesseneesessessessessesssssessessessensensensesessessm 377
O 21U (= @ o= = 1 o] o [T S R 379
LR R 0= oz o (=0 M@ o= ¢ 1 o] o USROS 382
10.4.6 PWM MOUES ..ottt ettt sttt b bbbt e b b et £ e b b e Rt ee s E b e b et s b b e b e bt se e e b e b et s e et ebe e s et 383
10.4.7 Phase COUNLING IMOOE .......c.ciuiiieieeiieetese ettt et bbb e bbbttt b et 388
ORI 11 1 U o T T TP PP PSPPSR 394
10.5.1 Interrupt SOUrCES AN PriOMTIES. ... .cueiuereeeeeeeeeeteee sttt et re e sae s re s besaeseeae s e e eneeneenm 394
10.5.2 DTC/DMAQC ACHVELION ..ottt sttt sttt b e b et b et e s bbb 396
10.5.3 A/D CONVEITEr ACHVELION .....viueivieeeieetiseetistes sttt bt b e b e s e s n e r e r e nr e 396
O XS I@]oT = 1o o T 1111 0o OSSPSR 397
10.6.1  INPUL/OULPUL TIMING ..vvetenertinertieeteeesese ettt see e b ss e s es s se s e st b e st b et s b e e e b e e b e e e b e e e bt s ene st enesbeneere 397
10.6.2  INtErTUPL SIGNal TIMING ..c.vieitiertiietiieere ettt bttt b et e et e bbbttt s b et 401

Rev.6.00 Oct.28.2004 page xv of xxiv
REJ09B0138-0600H



JO.7  USAOE NOLES.....cceiieeeiet ettt sttt ettt h ettt ese e s st e see e e e s Ee e aeeeE e eaee e b e e s R e eR e e a e e e R e e e e eReeeeeaeeseeemeesbesanesbennnesbennnanee 404
Section 11 Programmable Pulse GENErator (PPG) .........coereerieriererise s 411
T T O 1Y VT ST 411
L1001 FEAIUIES ..ottt R R E R R Ao R Rt re R Rt e R Rt n e r R e e R R rnr e 411
N = o Tox I 1T =g SRS 412
1113 PN CONFIQUIBLION ...ttt et he bbb bt e e e b e e e e e ae et e st e aeeb e e aeebeebesbeseesbebesee st e b enee e enneneas 413
L1004 REGISIENS .ouieeteueueereeteiereseste bttt e et b et re b bebe st s b e b e b e Rt s e A e b e bt se o e b e b e e £ e b e b e Re £ e A b e b e RE e e b b e Re e e e b e b e Rt e e e b be e e 414
11.2  REQISIEr DESCIIIONS. .. .teeetireetiiteiert ettt ettt ettt b e bt e it e st e et e b e bt e e b e e eb e e eb e e eb e s b e b e s e e bt s b e s e b eae b e e b e e es e e en e 415
11.2.1 Next DataEnable RegistersH and L (NDERH, NDERL) .......ccovviiiriiereereeieeeeeeeese e seeeas 415
11.2.2 Output Data Registers H and L (PODRH, PODRL) .......cccoivirieieriierieneeseeeesesessesessesreseesesssessessesesssssensm 416
11.2.3 Next DataRegistersH and L (NDRH, NDRL).......ccctirieiiirreiisisieseeses et s 416
11.2.4 NOLES ON NDR ACCESS.......iitiiiiitiitiiesie sttt e b e s bbb se e a e b e 416
11.2.5 PPG Output Control REGISIEr (PCR)......ccucieeeeieeeiee sttt sttt s sre e sae bt st saesee st e sbese e e eneeae 418
11.2.6 PPG Output Mode REZISLEr (PMR).....c.ciuiuiriiiriiiriiiriesieiesee ettt bttt 419
11.2.7 Port 1 Data Direction REGISLEr (PLDDR) .......ccciriiirieiirieiriecrieesieesieesiese st 421
11.2.8 Port 2 Data Direction ReQIStEr (P2DDR) .......ccveveireieeesiesesesieseeseesseieseesseeesessessessessesssssessessessensessessenees 421
11.2.9 Module Stop Control REQISLEr (MSTPCR) .....cvciiiiecesese st ste st et e e e s b tesre st te st sae e enaenm 422
T @< = 1o o ST PP 423
G R @V oY1= T USSP 423
11.3.2  OULPUL THMUNG ¢c.tttteeertenerteesteseesessesesseseseeserseseseese s esesaesees e s es e b ese b e st b e st e b e st e b e e e b e e e b e e e b e s e bt b e st s b e st s b e st s b e et 424
11.3.3 NOIMME PUISE OULPUL......cviriitieetiieiestetesee sttt ettt bbbt b et bbbttt st sttt 425
11.3.4 NOon-Overlapping PUISE OQULPUL .........cciverieiereeeeeee e steseseste e see s e aeseeeesee e s e ssessessessesteseeseensensesensennennm 426
11.3.5 1NVErtEd PUISE OULPUL .......ccviiieieieeieieeeeetee st sttt et s e e e e s e e e e eaeeseeseeseebesaessesseteseessensenseneensenens 429
11.3.6 Pulse Output Triggered Dy INPUL CAPLUIE .........coiiireiiiere e s sae b b e 430
I U Es-= o o [0 TR PRSP 431
SECHION 12 8-Bil TIMENS....ueeiiieieeeece ettt e st e ae s e aeestesseesseenseeneenseensenneesneensenns 433
I R @ = TSP SSTTT 433
L2.0. 1 FEAIUIES ..ottt b bRkt E R Rt e R b re R Rt R R R e e bRt r R Rt n e 433
12.1.2 BIOCK DIGOIBIM.......eiuiiuirieitiatieie sttt sttt ettt st b e s bbbt b s e se e e e e e e e e e ae e Rt e Rt ebeebesbesbesbesbesee b e benee e enneae 434
R . [ W @] g T [U = (o] o U UU PSSR 435
12.1.4 ReQISIEr CONFIQUIBLION .....viiiiiieeiiiteicetee ettt ettt bbbt bbb bbbt b e e bt ne et na s enan 435
12,2 REGISIEr DESCIIPIIONS. . .vteetieetirieierte sttt ettt ettt b ettt b e b e b e e b e e e bt b e bt s e e bt b e bt s b e n e b en e s b e e s b e s eb e e b s 436
12.2.1 Timer Counters0and L (TCNTO, TCNTL)..cccccuciriieeeereseseeseseeseeeeeseeeeseesessessessessesresseseeseessesseseesesnenam 436
12.2.2 Time Constant Registers A0 and AL (TCORAD, TCORAL) .....cccueirriereinininieee st 436
12.2.3 Time Constant Registers BO and B1 (TCORBO, TCORBL) .......c.ccouriririenirenieieenesirieee s sesesisseseseseeen 437
12.2.4 Time Control Registers 0 and 1 (TCRO, TCRL) .....cociiiiiiiiiierie e st s e 437
12.2.5 Timer Control/Status Registers 0 and 1 (TCSRO, TCSRL).......ccoveirieierieirienirieresieee et 439
12.2.6 Module Stop Control RegiSter (MSTPCR) .....co.ioiiiiiiieieeseesie ettt s 441
020 T @ = 1o o S 442
12.3.1 TCNT INCrementation TiMiNG.......cceeeiuerueriereeeeeeeeeetesesesses e seessessessessesesseeesessessessessesteseessensessessesssnsenm 442
12.3.2  ComMPare MEECH TIMING ...cveouereereiieeee ettt bbb e st e e e e e e e e e aeesesaeebeebesbesaesbebeseeseenseneeneenneneas 443
12.3.3 Timing of External RESET 0N TCONT ..ot a e s st see st b e e e e 444
12.3.4 Timing of Overflow Flag (OVF) SEING.........coeoitiriririieeieesie e bbb 444
12.3.5 Operation with Cascaded CONNECLION...........eiiiiiriiererereees ettt 445
2 1 1= 1o 446
12.4.1 Interrupt SOUrces and DTC ACHVAION.........cueieeeiceec e re e sre st e beseenrenean 446
12.4.2 A/D CONVEITEr ACHVEIION ....vieivieetirietest ettt ettt b e b e b e s e e st s et r e r et r e nr e 446
RS 10 o [y AN o] o] [ Yoz (o] o EO PR SRR 447
I U L= o T N (o= TSP PP P PP 448
12.6.1 Contention between TCNT WIte @nd ClEar.........cccecveirerinirie e siesesieseeseeee et ste st seenaeneenm 448

Rev.6.00 Oct.28.2004 page xvi of xxiv
REJ09B0138-0600H

RENESAS



12.6.2 Contention between TCNT Writ€ and INCrEMENT .......cvvii ittt re s s sra s s era e e s s e s 449

12.6.3 Contention between TCOR Write and Compare MatCh ..........ooereiieierieeienreresese e 450
12.6.4 Contention between Compare MatCheS A and B ..o 450
12.6.5 Switching of Internal Clocks and TCNT OPEratioN.........ccviriririeirieirieiseesie s 451
12.6.6 Interrupts and MOdUIE SEOP MOUE.......cccveireeecirese et sre st st se e e e e e e e enenam 452
IS ox Lo T RS I VAVF ot To (o I I 0 1 OSSR 453
ST R O Y VT USSR 453
T T T = (=TSSR 453
13.1.2  BIOCK DIBOIAIM......eeetiieiiteiirte sttt ettt ettt b et bbbt b e bbbt bbb et bt b et bt b et e bt e bt ne bt st 454
G300 IR T = g T @' [ = (o) SRS 454
T I S = o T (= @0 1 o U= o) o SRR 455
13.2  REGISIEr DESCITPLIONS. .. ..cueeueeueruertieterte st st st see st se st se et st ebesaesaeebesbese e s e eese e e e aeeaeeReebeebesbesbeebesbesee b enbe e e s eneeneeneans 456
13. 2.1 Timer COUNTEN (TONT) cuiuiitiiteitestiierie ettt ettt s b e b e e be e e se e e et e e e e e aeeRe e Rt ebeebesaesbebeseesee e eneeneeneeneane 456
13.2.2 Timer Control/Status REJISIEr (TCSR) ....c.ciueuirieirieirieirieriei ettt 456
13.2.3 Reset Control/Status REGISLEr (RSTCSR) .....c.eiuiiriiiriiisiiisieieiesie ettt ettt bbb 457
13.2.4 INOLES ON REGISIEN ACCESS ... iveeeeeeererereetesese st s e stesreste e seessesesseseeseeseaseeseesessessestesteseessensensessensnssnennensens 459
T T @ 1= - (1o o IS 460
13.3.1 WaLChdOg Timer OPEIELION.........eiviteeereeeeeeeee ettt ste st st see e see e e e e e e e e e ae s st e aeebesbesaesbesbeseeseensete e e e enneam 460
13.3.2  INterval TIMEr OPEIGLHON. .....ccueiteieiteiereeieeeee ettt ettt sttt se et see e e e e e e e e e eae e st s st ebesbesaeseesbeseeseesenee e eneennean 461
13.3.3 Timing of Setting OVEIflOW Flag (OVF).......coiiiiiirisiiineie ettt 461
13.3.4 Timing of Setting of Watchdog Timer Overflow Flag (WOVF) ... 462
G 1 1= 1o 462
G I O == o < N o 1= ORI 463
13.5.1 Contention between Timer Counter (TCNT) Write and INCrement ..........cceorerierenieniene s 463
13.5.2 Changing Value of CKS2 t0 CKSD.....ccciuiiririeirieie sttt e s sbe bbb st b e e s e s e e e e eneeae 463
13.5.3 Switching between Watchdog Timer Mode and Interval Timer MOde.........cccovveinieeneieneieseeseeseee 463
13.5.4 System Reset by WDTOVF SIQNE ..ottt st bbb 463
13.5.5 Interna Reset in Watchdog Timer MOGE.........ccvveieiirire ettt st st e e enens 464
Section 14 Serial Communication INterface (SCI) ......eeveeieiiieceere e 465
R O Y VT USSR 465
L4011 FEAIUIES ...ttt ettt ettt sttt e e e e b et e b ke st ee £t e Re A e s o £ e b e mesE e A e b e Rt ee e A e b e Reae s e e ebebeeeseebene e seebeneneaereets 465
14,12 BIOCK DIBOIAIM......euetirieiirteiirtiest ettt ettt se ettt b et b et bbbt bbb et b et s b et b et b et e b et e bt ne st ne et 467
I G T = g T @ oo U = (o) RSP 467
7 S = T L= @0 1 o U= o) o SRR 468
14.2 REQISIEr DESCITPLIONS. .. ..cueeueiuerierieeterte sttt s et sttt st et se et saeebesaesaeebesbese e s e ee e e e e aseaeeaeeheehesbesbeebesbesee s enbeee s eneeneeneans 469
14.2.1 Receive Shift REJISIEr (RSR) ....ccoiiiiiiieieere ettt b e bt ee bbb st e e e e e eneas 469
14.2.2 Receive Data RegISIEr (RDR) .....cc.ciiiiirieiirieirieirieisi ettt bbbttt b e b 469
14.2.3 Transmit Shift REGISIEN (TSR).....couiirieirieirieirieerie ettt bbb 469
14.2.4 Transmit Data REGISLEr (TDR) ..cuecveeeieeeisirestese e stes e e saeseeeeseeseeseesesse e esessessessessessessessessensensensenennensens 470
14.25 Serial Mode REGISIEr (SMR) ......cveuiiiiiieiiiieeieeer ettt 470
14.2.6 Serial Control REGISIEN (SCR) ....c.ioteiereeeeieeee ettt sttt ettt sb e b bt s besbe b se e e e s e e e e eneea 472
14.2.7 Serial StAUS REGISIEN (SSR) ...cuvrvrveuiererieieirerieteientstste st sesesbe st se st be st e b b e s e se st besese b et ese e se b ebesesesssbabeneseaes 475
14.2.8 Bit RAEREGISIEr (BRR) ... .cuioiiiiirieiiiierietee sttt sttt b e b e se et e s e e se e e b eneee e ebene e seaen 478
14.2.9 Smart Card Mode REQIStEr (SCMR) .....oucuiriiuiriiirieiriesieee ettt sttt 485
14.2.10 Module Stop Control RegiSter (MSTPCR) .....cvciiiiieesese e e sieseeaeeeseeeesesesesre e ssessesseseeseensesseseesessessm 486
2 T @< - (o o SRS 487
LA.3.1 OVEIVIBIW ..otttk ettt e b bt e bkt s e £k e Rt £ b b e A1 E S E b e R e ee A e bR e e e R A e b e b e seseeb e b et s e e b b e ne et et 487
14.3.2 Operation in ASYNCAIONOUS MOE.......c..couiiiirieertie sttt sttt besb e e bbb e et e e e e e ne e 489
14.3.3 Multiprocessor CommUNiCation FUNCHION..........ccoiiiiiieee e 499
14.3.4 Operation in Clocked SyNChronNOUS IMOGE ..........coeiiririiriiireeree st be e 505

Rev.6.00 Oct.28.2004 page xvii of xxiv
REJ09B0138-0600H
RENESAS



S O I 1 0= 4 (1 o) SO U PO PRSP PUTTROPTN 512

TA5  USAOE NOLES.....coei ettt ettt b bt e he e et e ae e see e ae e sae e aeesh e e aeeeh e ea e e eEeea b e eh e e mE e eRe e et eRe e et eaeeeeesaeesbeeabesbeensenbennnanes 514
Section 15 Smart Card INEEITACE. .......ccuveeereee et e e sne e e 517
I5. 1 OVEIVIBW..c.ceecieiee et r et s s e R s R0 R R e e SRR A Ao SRR e e R R Rt Ao R e R e e ne R R et Eer e e e ner e 517
L5.0.1 FEAIUIES ..ottt ettt b bR bR Rt E R Rt e R Rt R R R R e e bRt e R Rt n e 517
15.1.2 BIOCK DIGOIBIM.......ceuiiuirieitiatieie sttt sttt ettt b e s bbbt eseese e e e e e e e e e aeeaeeaeebeebesbesbesbesbese et e beneeneenneae 518
T RS . [ W @] g o U] 1 o] o U USSR 518
15.1.4 ReQISIEr CONFIQUIBLION .....uiieiiieeiiiteiceteeet ettt b bbbt bbb bbbt e b e e e s e bt ns e na e e enn 519
15.2  REQISIEr DESCIIPIIONS. .. veeetireetirteiirte sttt ettt ettt a et s bttt b e e e b e e e b e e e bt b e bt s b e bt b e Rt st e s e b en e st e et e s eb e e b e s 520
15.2.1 Smart Card Mode REGISLEr (SCIMR) .....vcveieececece e stese st see s e e e e e se s s saesresteseeseeeenaeseeneenennm 520
15.2.2 Serial StaUS REJISIEN (SSR) ...c.viveviuierreieieiristete sttt r bbb 521
15.2.3 Serial Mode REGISLEN (SIMR) .....ecuiuiririiieiiiieieerers ettt ettt st b et 522
15.2.4 Serial Control REGISIEN (SCR) ....coviitiiieieeieieeeeeeee ettt ee st se e e e e et e be b e saesbesbeseeseenbenbese e e eneenm 523
RS I @ o1 - o] o [OOSR 524
ST T @Y= oY= 1 RS 524
15.3.2 PN CONMNECHIONS......vceieierereiiseseereserese st s s st e e R et s n Rt e e r s s e ne e r e s e nenrer s e e nnnrens 524
15.3.3 Data FONMEL.........coiiiiii e e e 525
15.3.4  REGISIEN SEHINGS. . ..eeitertertertirterie ettt ettt sae st be bt e s besee e e b e se e e e se e s e eaeeaeeaeeaeebeebeebeseesb e beseeseesenseneenneneas 526
15.3.5  CIOCK ..ueviuereieteie sttt sttt stttk b e h oo b b e 4o bk et £ A bR e e A A b e AE A b e R e e A AR e Rt e e A ke Rt et e b bt e et 527
15.3.6 Data TranSfer OPEIAIIONS ......c.ciueerieirteerteeeteseetese et se et sttt re et sb st s e ss e b e s ebesseb e s ebesbesereeseseese b ene s enesaensenan 529
15.3.7 Operation iN GSM IMOUE.........couiuiieiirietiriere ettt ettt bt sttt 534
Lo U == o Ao PSS 535
SECHION 16 A/D CONVEITEN ...ttt ettt sttt sttt b et s ae e sbe s e st e nbe et e saeesae e e ens 539
TB.1  OVEIVIEIW. ...ttt ettt ettt sttt e se et e e e e e e s e e et eaeeheeh e Rt eh e eE e be£E e e e b e eE e e e meemeemeeReeh e e Rt eaeebeebesEeeE e benbeseenbente e ensennann 539
16.1.1  FEAIUIES ...ttt ettt ettt st e st b et e e sese e e et eb e e se b ek 2 me e s £ b e Reae s 5 A ebemese A e b e Re e s e e e b enese s et ane st seebeneneaneeens 539
16.1.2 BIOCK DIBOIAIM......ciuiuirtiuirtiisteeet ettt ettt rb et bbbt b et se bt b et b et e b et b e bbb e et ne bt be et 540
16.1.3  PiN CONfIQUIBLION ....eveveieseiieieseeeeeee et e s ettt teseete e e e e eneeseeseeseesensesse et esseseeseenteseeseensenseneennenens 540
G0 = = T = g @0 1o 1= 4 o] o SRS 541
16.2  REGISIEr DESCITLIONS. ... .cueeueeieeueetieterte st st st st sttt et e et et eaeeaesaesaeebesbesae b e beseeaeensene e e eaeeheebeebeebesbesee st ebesee s enseneeneans 542
16.2.1 A/D DataRegisters A t0 D (ADDRA t0 ADDRD).......cououeuinterinieienirisiee et sesesssse s snsnenn 542
16.2.2 A/D Control/Status RegiSter (ADCSR)......ccueiiuieriiiriirisierieies ettt 542
16.2.3 A/D CoNtrol REGISIEr (ADCR) .....couiiiiiiriiietireeiesie sttt b et sa bbbttt bbb e b e enan 544
16.2.4 Module Stop Control ReQIStEr (MSTPCR) .....ccvciiiieeese et este e esaeseeseesee e sse e ssessesresteseessessessesessesnensm 545
16.3  INLEfACE IO BUS MBSIEN......cciiieiet ettt bbbt b et bbbt b e 546
L A @< - 1o o TP TP USRS 546
16.4.1 SINQIE MOUE (SCAN = 0) .ueitiiteieiteieiee ittt st e ittt s it s et st e be et besbeseesee e e beae e e e e eseeaeeaeebeeaeeaesbesbeseesbenbeseeseennan 546
16.4.2  SCAN MO (SCAN T 1) .ttt ettt et et e b b et e e b e b et s e b et e neee e et esenese e ebaneaesnaen 548
16.4.3 Input Sampling and A/D CONVErSION TIMIE......c.eouiuireruiririerieiesteesie sttt et et be sttt esbe e s 549
16.4.4 Externa Trigger INPUE TIMING .oocoveeereereeeeeeeeeeesese st e see s teseeseesses e seesesessesssssessessesssssessessessensessessenees 550
G 1 01 ] o £ OO SOTR SRR 550
L16.6  USAOE NOLES.....ceiieeeieiiee ettt sttt h et st e see st e see st e sh e s st e sb e eaeesE e e s e e eR e e a s e eR e e e e ehe e e e eaeeseesmeesbesanesbennnesbennnanes 551
SECHION 17 D/A CONVEITEN ..ottt e st e ste e e s e e s beentesseesaeenseaneesseensesneesseenseans 555
0 R O 1Y VT ST 555
17,001 FEAIUIES ..ottt R R E R e R Rt ne R Rt e ARt e e Rt e r R nr e 555
A = o Tox I 1T o[ SRS 555
17.1.3 PN CONFIQUIBLION ...ttt h et e bt e b et e e e e e e e e aeeheeb e e aeebeebeebeseesb e beseesee s enee e enneneas 556
I B o TES = g @0 1 To U= 4o o [OOSR 556
17.2  REQISIEr DESCIIIONS. ....veeetireeeirtetertee sttt ettt se ettt b e st a st e et s b e e b ae b e e b e eb e e eb e e e bt e b e b e a e e bt s b e n e b e e e b e e b e s eb e b s 557
17.2.1 D/A DataRegisters0and 1 (DADRO, DADRL).....cccocoiiiiiriniesesienesieseeseeeesesessessesse e ssesesssessesseseessssennm 557

Rev.6.00 Oct.28.2004 page xviii of xxiv
REJ09B0138-0600H
RENESAS



17.2.2 D/A Control REJISIEr (DACR) .....cueiuiiiiietieiere ettt sttt ettt ae b e s ae bt sbesbesbese e besesee e e e e e eneeneas 557

17.2.3 Module Stop Control Register (MSTPCR) ....c..ciiiiiiieiesie ettt s se e 558
RS I @ o< - Lo 1 [OOSR 559
SECHON 18 RAM ...ttt b b s bbbt e st et et et e b e sbesaeebesbeeae e e eneas 561
18,1 OVEIVIEW... ettt ettt bbb s e b b2 R b8 8 b h e e SR b e R b e e E R bR A e R R et e R b e b et e e b ae e ren e 561
ST R = o Tox g B TP = o TP P UTRTUSTRSRRRR 561
18.1.2 REGIStEr CONFIQUIBLION ...ttt sttt sttt et e e et a e et e st ebesbesbeebesbeseese et e be st e e eneeneeneeneas 561
18.2  REQISIEr DESCITIONS. ...veecteeetiieet ettt sttt b et b et e bt e s e e s s e st h e s e e b e s eb e s eh e e e bt s e bt n e e bt s e e bt e enenbene b e e b e s s 562
18.2.1 System Control REGISIEr (SY SCR) .....cueriiiirieiirieirieiriesi ettt bbb 562
ST T @ = - 1o o S 562
S R B == o < N o L= SRS RPR 562
SECHION 19 ROM.....eeiiiieee ettt ettt a e be st bt et e e ae e ebe e besaeesbeebeeseesbeebesneesneenee e 563
S R O 1Y VT ST 563
ST R = Lot S B "o =" o ISR 563
S T 7 = o T = @0 1o U= o] o SRR 563
RS A oo = (= gl = o 1101 SRS 564
19.2.1 Mode Control REGISIEr (MDCR)... ..ottt ettt b e bbb b e e et et e e e e 564
19.2.2 BuUSCONtrol REQISIEr L (BCRL) .....ciiiiiieiieieie ettt sttt st saesae s b b e s e besbesee s e e e e eneeneas 564
SRS B @ o< - o] o [OOSR 565
19.4 PROM MOUE (HBS/2357 ZTAT) cuiieieeseeeeeeieeeetesessestestestestestesseseessessessessesessesseesessessesssssessesssssensessessensensensessesennn 566
19.4.1 PROM MOUE SEHING ...ccueiueieiriesieseirierieseeseeeseeeesesessessessessesaessessessessessssssssesessessessessesssssessessessessensessessssessm 566
19.4.2 Socket Adapter and MEMOIY IMBP .....cccieuiiiieiece sttt e e st et esae e e e e e e e e etessessesbestesaessestesaeseensenseneensesens 567
19.5 Programming (HBS/2357 ZT AT ) ..ttt sttt sttt et e et e et h e b bt bt eb e sbe s bese et e b e se e s e s e e e e enenae 569
LO.5.1  OVEIVIBIW ..ottt stttk e bbb bt s £ bk e st e £ b e b e e £E A e b2 Reee A e b e b et e R b e b e bese e eb e b et s e et ebeae e et 569
19.5.2 Programming and VerifiCaIION ..........ciueiiieiriiiiiee ettt b e b e e b e e ebesae b e 570
19.5.3 Programming PrECAULIONS...........urveuirieuerietirieirieesie sttt sttt sttt b e e bbbt sttt st 572
19.5.4 Reliability Of Programmed DELaA ........ccceeveeereeeeeriresesesesees e seeseeaeeeseeesses e ssessessesaesresteseeseensesseneesesnesnm 573
19.6 Overview of Flash MemOory (H8S/2357 F-ZTAT) ...ccotrrereirirrreietsese ettt 574
LO.6.1  FEAIUIES ..ottt ettt b ettt e bbb bt e e R bRt e £ b et £ e b b e Reee R bR e Rt e E AR e b se e e b e b et e b b e e nn et 574
19.6.2 BIOCK DIGQIEIM.......ciuiitiitiitiitisie ettt sttt bt b ae e et e eese e e et e e et eaeeaeeaeebesbesaese e benbeseeeanse e eneenneam 575
19.6.3 Hash Memory Operating MOUES...........couciriiriiirieiriesi ettt bbbt b e e ebe 576
19.6.4  PiN CONFIGUIBLION ....voueitieeteieeteseete sttt b ettt e b e e b e e b e bbb et b e e b et e b et e b e ne e b e ne b e seebenaebeneas 581
RS X I ==o TE (= @0 1o U= o] o SRR 581
RS A o o = (= gl = o 101U 582
19.7.1 Hash Memory Control Register 1 (FLIMCRL) .......cociiiiiie ettt e 582
19.7.2 Hash Memory Control Register 2 (FLMCR2).......coi ittt s 584
19.7.3 EraseBlock Registers 1 and 2 (EBRL, EBR2).........ccciiiiiiirieiieee ettt 585
19.7.4 System Control REGISIEr 2 (SY SCR2) ......ciiuiirieririereeie ettt sttt sttt st s be st e b e b saese e 586
19.7.5 RAM Emulation REGISLEr (RAMER) ......ocuviiiiiece sttt st sn e s e e e enens 586
19.8 On-Board Programming MOGES .........cceueiueieiieieisiseetesesesteste s e sre st e e sae e esseas e eseesessesaestessessessentessessensensensensensnnn 588
19.8.1 BOOL MOUE.......cecuiieierieiertiest sttt ettt b et b et b et Rt Rt bbb e bt s e bt n et r et r et nr e 588
19.8.2 USEr Program MOGE .........oouiieieieieeree ettt sttt sttt e a b et se s st e et eb e saesaesbesbesaese et e eeseesenseneeneeneas 592
19.9 Programming/Erasing Flash IMEMOTY..........ooiiiiiie ettt ettt st sttt 594
19.9.1  Program IMOOE. .....c.eueriiiriiiitiiste ettt ettt b bbbt bbbt b et b et b et b et b et e bbbt b st bt et 594
19.9.2 Program-Verify IMOUE. .......ccvieiiiiere ettt et e e e s seeseesessesneseenteseeseensenseneeneenennm 594
19.9.3  EFBSEIMOUE. ...ttt b et b R R R R R bR r et 596
19.9.4 Erase-VElify IMOUE .....cc.oie ettt et et ettt ae b e s be s bt eb e s be s e st et e eese e e e e e e eneeneas 596
19.10 Flash MEMOIY PrOtECHION .........oiuiieiieieeseeieee ettt e st s e e e e e e e e e e e eseebeeaeeaeebesbeseese et e seeseenseneeneeneennenn 598
19.10.1 HaraWare PrOtECHION. ........coueeeiereeeeeeeee ettt ettt sttt et e e e e eseeseeseeaeesesaessesbesbeseeseenseseseensenseneeneanens 598
19.10.2 SOftWEAIE PrOLECLION ... .cveeeciee ettt ettt st s se e e e e e e eseesesseeseseesaeseenteneeseensenseeeneenennm 599

Rev.6.00 Oct.28.2004 page xix of xxiv
REJ09B0138-0600H



T (O J g (0 g (0= ox 1) I 599

19.11 Flash Memory EMUIAtiON iN RAM ...ttt ae bbb b et s b e e et et e e e e e e 601
19.12.2 EMUIBETON TN RAM L.ttt ettt sttt s e st e te e e s e e meeneemeeaeeseeseeseebesbeseeseeteseeseensenseneeneeneas 601
19.11.2 RAM OVEITBD ...ttt b e e bt s b e e bt e bt e e h e b e st b et b et e b e se e b e neebese ek e seebeseebenaeneneas 602

19.12 Interrupt Handling when Programming/Erasing Flash MEMOIY .........ccccvveiiviiiineresereeeese e s e e seens 603

19.13 Flash Memory Programimer IMOOE .......c..ccueueiieieeeeeeetese st st st ste st s te e e e sa e e e s eseeseeseetessessestestestessensensesensennnnn 604
19.13.1 Programmer MO SEITING ........eevereereereeieeeeieeee ettt see et e e se et e e e e e e e e e eseebesaesaesbesbesbesbenbeseeseennan 604
19.13.2 Socket Adapters and MEMOIY MaD........cocueieieeerere st se et sbe b b s besbe e sae st e bese e e eneeae 604
19.13.3 Programmer MOOE OPEIELION. .........cuiueertieetirieiese et sttt se et b s b eb s bbbt se bbb se b benesae s enan 605
19.13.4 MeMOIY REABH IMOUE........ccuiieiiriieiee ettt ettt ettt b et b et b e st b e st eb e se b e se b seebesaeneneas 606
S T AN U1 o = oo =0 0 01/ o L= 609
19.13.6 AULO-EFASE IMOUE........cuieieiiiiririet ettt b ekt b et e bt een et nnnn e 611
19.13.7 StAUS REBA IMOUE. ...ttt e bbbt b bbb bbbt ettt 612
RS RIS = 11 =] o [T oo OSSPSR 613
19.13.9 Programmer Mode TranSition TiME........c.ooiireirieereeereecsee e 613
19.13.10 NOtesS 0N MEMOTY ProgramIMiNg .......c.coveuerieerieerieersersssessesestesesieesseesseessesessessssessssessesestesessenessenessenessen 614

19.14 Flash Memory Programming and Erasing PreCaltioNS..........ccccoveeeereresiesieseseesesieseeseeeeseeseesessessessessessnsssssensesenns 614

19.15 Overview of Flash MemOory (H8S/2398 F-ZTAT) ...cvcrieeiririeieitisisieieie sttt 619
LO.15.1 FEAIUINES ...tttk sttt ekt e b h et e b b e se bk e Rt e £ b e R e £ £ A e b e e 4E e E b e Rt e s E b e b e Rt s e b b e bt ne bbb et nner et 619
TO.15.2 OVEIVIEIW ..ttt ettt sttt et e et e h e e aeeaeebeshesaeeh e b e SEe oA e £ e e e e 2 meeaeeRe e Rt ebeebeeReeheebesbeseebente e e e enneam 620
19.15.3 Flash Memory Operating MOUES.........c.coucireiriiieriiine ettt sttt 621
19.15.4 On-Board Programming IMOOES ...........uoiiririirieerieieseeieseeie sttt st b e bbb enan 622
19.15.5 Flash Memory EMUIEtion iNRAM ...t ese s snestessesnessentesaenaennan 624
19.15.6 Differences between Boot Mode and User Program MOGE..........cceceveieeieeieieeecece et 625
19.15.7 BIOCK CONFIQUIBLION ...ttt ettt et st e et e ae b e st e bt ebesbesaesb et e eese e s e nee e e e eneas 625
19.15.8 Pin CONIQUIBLION ...ttt eae st bt se et be s ae e e b e e e e e e e ae e st e aeebesaeeaeebesbeseeseenbeseeseensenseneennaneas 626
19.15.9 ReGISIEr CONFIQUIBLION .....veieiieeiiieiietee ettt ettt e bbbt b bbb bbbt e bt e sttt b e nae e enn 626

19.16 REQISIEr DESCIIPIIONS. .. veeeteeetirteiirteerte sttt ettt ettt e bt a st b e st s et e e b e e e b e e e bt ebe e e bt s b e bt b e bt st e st b en e s b e et en s eb e e b enes 627
19.16.1 Flash Memory Control Register 1 (FLMCRL) ......ccccvviiiiieiirese e ees e srese et snesre e seenees 627
19.16.2 Flash Memory Control Register 2 (FLMCR2) ........ccoiiiiieiiiise et sne st nean 629
19.16.3 Erase BIOCK REGISIEr 1 (EBRL)......cccouiuiiiiirieieinerisiete sttt bbbttt st eb et s 629
19.16.4 Erase BIOCK REQISIEIS 2 (EBR2) ......cuiieieeee ettt ettt st sttt s e e 630
19.16.5 System Control REGISIEr 2 (SY SCR2) ......couiuirieiirieiireeierieiereeese sttt ens 630
19.16.6 RAM Emulation RegiSter (RAMERY) ..ottt 631

19.17 On-Board Programming MOGES ........cceeuerueriereeieiriseetesesestestes e seestesteseeseesseseeseeseesessessessessessessessessessensensensensensnnn 632
19.17.1 BOO IMOOE. ... ettt b e bbbt e b bR bt s e b bt e bt een et en e 633
19.17.2 USEr Program MOGE .........oouiiueieeiieeeee ettt sttt st et s e e e ae e st ebe e st ebeebesbesaesb et e see st e s enee e ennennas 637

19.18 Programming/Erasing Flash MEMOIY.........cc.oc ittt sttt sb e b e bt esbe s e b e te e e e e e 638
19.18.1 Program IMOOE. .....c.ccueiuiuirtiietieetere ettt sttt s bbbt b et b e bbb e e bt b et b et bt et e et 638
19.18.2 Program-Verify IMOOE.......cccouiriieirieirieeie e bbb bbbt sttt 638
LI R s 1Y oo LSS 640
19.18.4 Erase-VEliTY IMOOE......c.oie ettt sttt e et e e seeae e s e e seese st e sbesaeseeteseeseensensennennenens 640

19.19 Flash MEMOIY PrOTECHION .......c.oiuiiiiteitereeieee ettt b st e et e e et e s e b et eaeeb e s b e sbesb et e sbese e b et e e e e ennene 642
19.19.1 HAraWare PrOtECHION. ........oiuiieiereeeeeeeeeet ettt sttt st et e e e e e e et e st ebe s et eaeebesbesee st e besee st esenseneeneeneas 642
19.19.2 SOFWEAIE PIrOLECLION ...ttt ettt ettt sttt et e e e e e e e s et e st eseeseeaeseesbeseeseenseseneeneeneene 643
S RS TG B g o g (o] (= o £ o o S 644

19.20 Flash Memory EMUIatioN iNRAIM ..ottt st s e s s e ese st e ssesaeseenteseeseensenaeneeneennnnm 645
19.20.1 EMUIBLTION TN RAM ..ottt bbbt e b s bt 645
19.20.2 RAM OVEITBD ...ttt sttt b e st b ket b bRt e e b bt e e bbbt s e b b e st e et b e ne e 646

19.21 Interrupt Handling when Programming/Erasing Flash MemOry ..o 647

19.22 FHash Memory Programimer IMOOE .........ccoireuirieeieeie ettt et e et sb et bt b et bbb 647
19.22.1 Programmer MOOE SELEING ......coveeruiirieerierieiere ettt se bbb b e bbbt bbbt e et bene b e enan 647

Rev.6.00 Oct.28.2004 page xx of xxiv
REJ09B0138-0600H



19.22.2 Socket Adapters and MEMOIY IMBP........cccceririrerire sttt ettt bbb bbb see e e s e e e e eneeae 648

19.22.3 Programmer MOOE OPEIaLION.........cceririeueriere ettt sttt see st e e et et se st sbesaesaesbesbeseesbenbenseneeeeneeneeneanens 650
19.22.4 MEMOIY REAO IMOOE.......c.ccviiiteeiteieeteee ettt bbbt b et b et b et b et b et b e e e b e e eb e e b e neebe e 651
19.22.5 AULO-PrOgIam IMOUE ......cueuiieiiiiiiitiieteseet ettt b et bbb bt b e bbb ne bt 653
19.22.6 AULO-EFrGSE IMOUE........cuiiieieiiriree ettt ettt R et ren et n s enn 655
19.22.7 StAEUS REBA IMOUE. ...ttt bbbt r et e e bbb bt 656
19.22.8 SEALUS POITING. ...ttt bbb b et e b bbbt s e bbbt st e e b ket s b b e rn et 657
19.22.9 Programmer Mode TranSitioN TIIME.......cccuiiiiiirerie et see et s e e e sbesaesaesbesbe e seesbessesee e e neeneeneenens 657
19.22.10 NOteS 0N MEMOTY ProgramMiNg .......ccoueuerueuerteerueerieesseessessssesseses et ssesesseessesessessssessssessesessesessessssenessen 658
19.23 Flash Memory Programming and Erasing PreCaULiONS ..........ccveireiriiiriiniesiesesiesie s ssenes 658
Section 20 ClOCK PUISE GENEIALON .......ciueiueeieeiieiesiesie ettt sttt s be b ne e eneas 661
20,1 OVEIVIBW. ..ecuieeteteirestete ettt ettt et b et e e et e s e Rt se b e b e R e 4 £ £ e b e R e e A £ e b e b e R e A8 Ao b e R e 1E A E e b e b et e e e b e bR R e ee s b e b e bt ae s b e b eb et neebebene e et 661
1220 0 R R =Y oo QB 1 ="o =0 USRS 661
20.1.2 ReQiStEr CONFIGUIBLION .....eviveteeireeierteeet ettt ettt ettt se et b e b e b s bbbt e bt b st ne e s b se b b ne s nes 661
20.2  REQISIEr DESCIIPLIONS. ...c.eeuiiveierteiertiestee ettt sttt sttt b et b et b et e be st be st e st b e st b et s b e st s b e e e b e e e b e b e b e b e bt st et st ne st 662
20.2.1 System Clock Control RegiSter (SCKCR) .....cciiviiiriiiereseesiereeseeeeesesesressessesreste s e seessesseseesssnsssessssssssenses 662
20.3  OSCHIBLON. ... vttt ettt b et E R st e R bt e R b s 1e e R b £t e R bR R e R bRt e e R bt enn b enn 663
20.3.1 Connecting @ CryStal RESONGLON .........c..cieiiiirierie ettt sbe et sb e b b e b b e e e e e e e e e e eneeaes 663
20.3.2  EXTENal CIOCK TNPUL ...ttt sttt b et bt bbbt eb et se et e e e e e e e neeneene e 664
20.4  DULY AGJUSIMENE CIFCUIT.....cveeetieetereeteseetese ettt sttt sttt sttt b e se et se b seeb e seebese e b e se e st sbebesees e eb e st e b e e eb e e ebeseebeseebenes 665
20.5 Medium-SPeed ClOCK DIVITES ......c.cciiriiiietirieierees ettt ettt b et bbbttt b et 665
20.6 BusMaster ClOCK SEIECHION CITCUIT .......covereirerrireieresieree et n e n e nnens 665
Section 21 POWEr-DOWN IMOUES .......cooueiiiiieiecie ettt bbb s sne e 667
P I R @Y V1= T USSR 667
21.1.1 ReQIStEr CONFIGUIBLION .....eviueeeeireeeieteeet ettt ettt ettt bbb e b s b s b e e bt e e bt neese b e e b b e e s s 668
21.2  REQISIEr DESCIIPLIONS. .....veueieeuirteuertiesteeetese et sttt sttt bt be e e b e e b et e se st st b e st b e st b e e s b e st e b e e e b e e e b e e e be b e bt b e st s b e et 669
21.2.1 Standby Control REGISLEr (SBY CR) ...ccveeeeeeiriiresestestestestestesteseesaeseeseesessessessessessessessessessessansessessessesesseen 669
21.2.2 System Clock Control RegIiSter (SCKCR) .....ccviiiiiiiiieriesiesiesiesieeeee et s e se et sreste e sae s e e s e enseneens 670
21.2.3 Module Stop Control Register (MSTPCR) ......coiiiiiiii e et 671
21.3 MeiUM-SPEEA MOOE...... .ottt ettt h e bbb b et se e e et e e e e e se e Rt e st ebeebesbeseebebese e s eneeneeneeneann 672
204 SIEEP MOUE. ...ttt bbbt e h b a bt b e b e e b oA e eb e S E bt A e b e AR b e AR e R R R e R R e b e e b et b et bt ne bt e ebe e 672
215 MOQUIE SEOP MOUE..... ..ottt sttt ettt b et b e s b e e b se bt s e bt e bt s b e bt sb bt st e st et et e b et e b e st ebeseebeneebenes 673
P2 TS0 R 1V o o LF 1 TS (] o 1, o o L= 673
21.5.2 USBOE NOLES.....coiuiiiiiieitie ittt sttt e s te et sttt ste e sae e bt esaee e be e sateaabee s b be e be e she e e abeesaeeea b e e sbeeeabeesbeeeabeenbeeanbeenaeenan 674
21.6  SOftWare StaNADY IMOTE ..ottt b et bbb e e b e b e e e e e Rt e s e e st ebeeb e s bt sb et e bese e s e e e e e e eneea 675
21.6.1 SOftware StANADY IMOUE........cceeeeirieeeieetere ettt sttt et b e b et b e s b e b se et et e se e e ans e e e e eneeneenas 675
21.6.2 Clearing Software Standby MOOE ..........ciiiiiiiire bbb e st 675
21.6.3 Setting Oscillation Stabilization Time after Clearing Software Standby Mode..........ocecvevneinenncncnen 675
21.6.4 Software Standby Mode AppliCation EXaMPIE.......cccoviviirererierierereereeese st e e ene e 676
21.6.5 USBGE INOLES.....ccouiiiiiiiitie ittt sttt sttt sttt e bt st e e s ae e et e e s ate e be e s b be e be e sh e e e s ke e e st e ea b e e sbeeeabeesbeeeabeenbeeenbeenseenan 677
217 Hardware SEANADY MOOE.........cceiiiiiiieiee ettt ettt se et b e e b e s bt sbe s b e sbese e bebere e e e e e e eneeneas 678
21.7.1 Hardware Standlby MOOE..........couooiiieeeie ettt b e et b e b e e st e e e e e e e 678
21.7.2 Hardware Standby MOTE TiMING .......covevirieuirierireetirieiesiei bbb se et se e e se e b b ss e ene s 678
21.8 @ Clock Output Disabling FUNCLION.........c.oiuiirieirieirie et bbbttt 679
Section 22 EleCtrical CharaCteriSliCS. ... .viuerririeieiiesie sttt sttt s 681
22.1 Electrical Characteristics of Masked ROM Version (H85/2398) and
ROMIess Versions (H85/2394, H8S/2392, and HBS/2390).......ccccueueieririeieererieiee et 681
22.1.1 ADSOIUtE MaXimUM RELNGS. ......coveerreirtieeiireetesi ettt e bbbt e bbbt b e e e s e s s 681
22.1.2 DC CharaCLEliSliCS... . eueeeuerteerteesteses sttt st ettt sttt ettt s b et b et b et b et b et e b et e b e s e b e se e b s b ae st st st e st 682

Rev.6.00 Oct.28.2004 page xxi of xxiv
REJ09B0138-0600H



22.1.3 AC CRaraCLENiSHICS... . eueireuerreesreresresesre st sttt sttt st st r et r et bt b e se b se b e se bt s e e bt e s e e st e s et s Rt s r et r e nr e 684

22.1.4 A/D CONVErsiON CharaCleriStICS. .. ..coueiteiuiriirtesieseerieiee et sttt be st e e e e e et e se et e st sbesbesaesbesbeseeseennan 701
22.1.5 D/A ConVErsion CharaCleriStCS. .. ..ooiiueiiriiriereriesieie ettt sttt st ee e se e e ene e e eseetesaeseeseesbeseeseenean 702
22.2 Usage Note (Internal Voltage Step Down for the H8S/2398, H8S/2394, H8S/2392, and H8S/2390) .........c..c...... 702
22.3 Electrical Characteristics Of HBS/2398 F-ZTAT ....oioiiee ettt sttt st st st st 703
22.3.1 ADSOIULE MAXiMUM RELNGS. .....ccveiueerieieieitistesestestesteseeeeese s e etestesaestesteseessesessessessessesessessessessessessessesseneen 703
22.3.2 DC CharaCleliSHiCS.. . veuerteerteristereetesietesesteseeteseeseseeseste e steseste e steeeteseetesestesessessesessesestesessesestenestenessenessenessen 704
22.3.3 AC CharaCleEliSliCS.. . veuerteertereeteseeesietesteteseesestesesaesestesestesestesesteseeteseetesesteseesessesessasessesessesestesessensssesessensasen 706
22.3.4 A/D CoNVErsioN CharaCleriStCS. .. ..eouirveiueieirieseseenieee ettt ettt ee e e eeeesee e esee e eneetesaesaesseseeseeseenean 723
22.3.5 D/A CoNVErsion CharaCleriStiCS. .. ..uivieiiiiireseseesieeereeseeese s e steste e ste e seeseeseeeeseeseeseesesseesessesseseesseseesennsn 724
22.3.6 Flash MemOry CharaCteriSliCS.......uiurueriereeieeeresesestesesestestesee e e see e e aese e e esessessessestessesaesseneeseeneeneenenneen 724
224 INOUES ON USE......iiieiiiiieetieie ettt ettt h e e e s e st e s e e R e e ae e e R e e ae e aR e e ae e AR e e e e sRe e e e n R e e R e nR e e a R e nhe e s e eneeneennenneeaneses 727
225 Usage Note (Internal Voltage Step Down for the H8S/2398 F-ZTAT) ..ccuoviiiieiereeeeeeeeereee e 727
22.6 Electrical Characteristics of H85/2357 Masked ROM and ZTAT Versions, and H8S/2352..........c.cocvivevieieinn 728
22.6.1 ADSOIUtE MaXimUM RELNGS. ......ccuireeiireeeirieiirieiesi sttt bbb e 728
P A B L O @ = [ 4 1 ot 728
22.6.3 AC CharaCleliSHiCS....ueuerueerteestereetereete sttt sttt sttt st sttt sttt st st se st st b e se e b e s e e b st e b s e s st e st s be e sbenesbe e et 734
22.6.4 A/D CONVErSiON CharaCteriStCS. ....ueuireeuirieuirienirieesteesieesieseeses et e st et et e se e sessesessesessesessesessenessenenes 753
22.6.5 D/A CONVErVION CRaraCteriSHICS ......eiueeeeeeeierierie ettt sttt sttt s se et ae b ae et et e sbeseesb e besee e e s e e e e 754
22.7 Electrical Characteristics of H8S/2357 F-ZTAT VEISION ...c.coiiiriiiiieiete sttt sbe e s see st seeseenean 755
22.7.1 ADSOIUtE MaXimUM RELNGS. ... c.eeuieeuireetirieierieiesieest sttt bbb e bbbt b e 755
A A B L O @ = o [ 4 1 ot 755
P B B O © 4= = ok = 1 (] o= SO S S PRSRTO 759
22.7.4 AID CONVErSiON CharaCteriStICS. ....ueereeuirieririeiirieesteesieesies e e sttt esbe e se e s sesaesessesesbesesbenesseneees 764
22.7.5 D/A CONVErsiON Char@CLErISHICS. .. ..couirueiueitirierie ettt sttt bbb e e se e se et sbesbesbesbesbeseeseennan 765
22.7.6 Flash MemOry CharaCteriSliCS... .. .uuuaueieeeieirere sttt sttt e st b s b b e s b e seesb et e e e e e e e e e e 765
22.8  USAOE NOLE ...ttt sttt h Rt R e R e e Rt R £ e e R e R ne e e R e he R e R e R e R R R R e n e e e 768
APPENTIX A TNSETUCLION SEL.....ccveeieeeieciee et ae et e e e eesreesseenaesseesseenaeennenneas 769
N R [ 0= £ (1 o o N OSSOSO 769
A2 INSIUCLION COUES.....ceeeiiteiteite ettt ettt h bbbt b e bese et e be s e e se e s e e e e e e st e ReeReeaeebeebesbeebeebesbese e b e bese e s enee e ene e 792
A3 OPEratioN COUE IMBP.......ccuerueiui ittt ste st te et e ettt sbesbesaesbesbeseese e beeese 2 e ane e e e aeeaeebesaeabeebesbeseeebebeseensansenneneanes 806
A.4  Number of States Required for INSIrUCHION EXECULION .........oiiuiririiiciieee e 810
A5 Bus States during INSEUCHON EXECULION..........couitirietirieiirieiesie sttt b bbb e 820
A6 Condition CoOE MOOITICALION......c.ciuiiriiirtiietietere ettt b et b e e st b et st se b e ne st e s et e e sbe e ne e 834
AppendiX B INternal 1/O REJISEN .........oiieiie ettt et e b enaeenreesnnas 839
2 30 R 0 [0 (=55 = J TP 839
2 T 10 1o LSRR 847
Appendix C 1/O Port BIOCK DIGQIAIMS........ccceiieieeieieeiieseeseesieseesteessesseesseessesseesseesesseessesssesseessens 968
L% A o Ty 0 = oo S Do =0 RS 968
C.2  POIT 2 BIOCK DIBOIAIM ...ttt ettt sttt se ettt eh e e b e bt sbesbe s bese e b e eese e e e R e e st e aeebeebenbesbeebesbese e b enbe e ensennenn 971
ORI 0Ty RC ] =1 (oo [ B =0 = 0 PSS 975
C.4  POIT 4 BIOCK DIGOIAIM....ccuiueitieeteieete sttt sttt sttt stese sttt e b e b st eb e se ek e seebeseebeseebe s e e st e b e aeebeneeb e e eb et e b e se et e seebeseebeneebenes 978
C.5  POIt 5 BIOCK DIGOIAIM ...ttt sttt ettt b et bt b et b et b b et bbb et st e et 979
(O3 I o T A S = oo QDo =0 S 983
(O A o Ty AN 2] [ ot L DT T-To | - OSSPSR 989
C.8  POIT B BIOCK DIGOIAIM .....ueiuiiuirtiitiiti ettt st sttt ettt ae b s besae e e be s 2ese e s e e e e e st ebeeseeaesbesbesaesbenbesbeseesense e eneeneas 992
(O I o O =1 Lo Tox S B T="o =0 OO SRRSR 993
C.10 POt D BIOCK DIBOIAIM .....c.ciuiuiitiietieetirietese ettt ettt b et b et bbb e bt e b e b et et b et b et st et et e et 994
C.11 POt E BIOCK DIBOIAIM.....ueiitiiitireeteseeie sttt sttt sttt ettt st sk se bt se b se e bt s b e st st et s b e st sb et e b e st e b e seebeseebeseebeseebenens 995

Rev.6.00 Oct.28.2004 page xxii of xxiv
REJ09B0138-0600H



C.12 POt F BIOCK DIGOIEM.... ettt ettt b st s a e b bt bbb s e e e et e e e e e bt e aesaeebeebesbese et e bene e s enseneeneenenae 996

O IR o Ty € =] Foloi [ BT o 4 USSR 1004
APPENTIX D PiN SEALES......ceeitieieeiecieeeie ettt sttt st e bbb e b e ene e eneas 1007
D.1  Port StAESIN EACN MOUE .....c.eeiciiie et r et n e 1007
AppendiX E Pin StateS at POWEN-ON .....cc.coiiieiieciiecie ettt 1011
E.1 When Pins Settle from an Indeterminate State at POWEI-ON ..o 1011
E.2 When Pins Settle from the High-Impedance State at POWEr-ON..........ooiiiiinieieeeeseeeseee s 1012
Appendix F Timing of Transition to and Recovery from Hardware Standby Mode........................ 1013
F.1 Timing of Transition to Hardware Standby MOGE...........cccceiiiiieiiesiese ettt s st na e ene 1013
F.2  Timing of Recovery from Hardware Standby MOGE...........ccccuiiiiiiiiiiiese e e e 1013
ApPendiXx G ProducCt COAE LINBUP......c.eiiiieriirtiriieiieii ettt sn b sne e 1014
Appendix H Package DIMENSIONS.........ccccieiieieiieiieeeesteesieeeesrees e eessseessesseesseessesseesseesessesssessenns 1015

Rev.6.00 Oct.28.2004 page xxiii of xxiv
REJ09B0138-0600H
RENESAS



Rev.6.00 Oct.28.2004 page xxiv of xxiv
REJ09B0138-0600H
RENESAS



Section1 Overview

11 Overview

The H85/2357 Group is a series of microcomputers (MCUs: microcomputer units), built around the H8S/2000 CPU,
employing Renesas proprietary architecture, and equipped with peripheral functions on-chip.

The H85/2000 CPU has an internal 32-bit architecture, is provided with sixteen 16-bit general registers and a concise,
optimized instruction set designed for high-speed operation, and can address a 16-Mbyte linear address space. The
instruction set is upward-compatible with H8/300 and H8/300H CPU instructions at the object-code level, facilitating
migration from the H8/300, H8/300L, or H8/300H Series.

On-chip peripheral functions required for system configuration include DMA controller (DMAC) and data transfer
controller (DTC) bus masters, ROM and RAM memory, a 16-hit timer-pulse unit (TPU), programmable pul se generator
(PPG), 8-bit timer, watchdog timer (WDT), serial communication interface (SCI), A/D converter, D/A converter, and |/O
ports.

Single-power-supply flash memory (F-ZTAT*Y), PROM (ZTAT*?), and masked ROM versions are available, providing a
quick and flexible response to conditions from ramp-up through full-scale volume production, even for applications with
frequently changing specifications.

The features of the H8S/2357 Group are shown in table 1-1.

Notes. 1. F-ZTAT isatrademark of Renesas Technology, Corp.
2. ZTAT isaregistered trademark of Renesas Technology, Corp.
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Table1l-1 Overview

Item

Specification

CPU

General-register machine

0 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers
or eight 32-bit registers)

High-speed operation suitable for realtime control

O Maximum clock rate: 20 MHz

0 High-speed arithmetic operations
8/16/32-bit register-register add/subtract: 50 ns
16 x 16-bit register-register multiply: 1000 ns
32 + 16-bit register-register divide: 1000 ns

Instruction set suitable for high-speed operation

O Sixty-five basic instructions

0 8/16/32-bit move/arithmetic and logic instructions

O Unsigned/signed multiply and divide instructions

O Powerful bit-manipulation instructions

CPU operating modes

O Advanced mode: 16-Mbyte address space

Bus controller

Address space divided into 8 areas, with bus specifications settable
independently for each area

Chip select output possible for each area

Choice of 8-bit or 16-bit access space for each area

2-state or 3-state access space can be designated for each area
Number of program wait states can be set for each area

Burst ROM directly connectable

Maximum 8-Mbyte DRAM directly connectable (or use of interval timer
possible)

External bus release function

DMA controller
(DMAC)

Choice of short address mode or full address mode

4 channels in short address mode

2 channels in full address mode

Transfer possible in repeat mode, block transfer mode, etc.
Single address mode transfer possible

Can be activated by internal interrupt

Data transfer
controller (DTC)

Can be activated by internal interrupt or software

Multiple transfers or multiple types of transfer possible for one activation
source

Transfer possible in repeat mode, block transfer mode, etc.
Request can be sent to CPU for interrupt that activated DTC
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Item

Specification

16-bit timer-pulse
unit (TPU)

6-channel 16-bit timer on-chip
Pulse 1/O processing capability for up to 16 pins
Automatic 2-phase encoder count capability

Programmable
pulse generator
(PPG)

Maximum 16-bit pulse output possible with TPU as time base
Output trigger selectable in 4-bit groups

Non-overlap margin can be set

Direct output or inverse output setting possible

8-bit timer
2 channels

8-bit up-counter (external event count capability)
Two time constant registers
Two-channel connection possible

Watchdog timer

Watchdog timer or interval timer selectable

Serial
communication
interface (SCI)
3 channels

Asynchronous mode or synchronous mode selectable
Multiprocessor communication function
Smart card interface function

A/D converter

Resolution: 10 bits
Input: 8 channels

High-speed conversion: 6.7 s minimum conversion time
(at 20 MHz operation)

Single or scan mode selectable
Sample and hold circuit

A/D conversion can be activated by external trigger or timer trigger

D/A converter

Resolution: 8 bits
Output: 2 channels

1/0 ports

87 1/0 pins, 8 input-only pins

Memory

Flash memory, PROM, Masked ROM
High-speed static RAM

Product Name ROM RAM
H8S/2357 128 kbytes 8 kbytes
H8S/2352 — 8 kbytes
H8S/2398 256 kbytes 8 kbytes
H8S/2394 — 32 kbytes
H8S/2392 — 8 kbytes
H8S/2390 — 4 kbytes
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Item

Specification

Interrupt controller

Nine external interrupt pins (NMI, IRQO to IRQ7)
52 internal interrupt sources
Eight priority levels settable

Power-down state

Medium-speed mode

Sleep mode

Module stop mode
Software standby mode
Hardware standby mode

Operating modes

Eight MCU operating modes (H8S/2357 F-ZTAT)

External Data Bus

CPU

Operating On-Chip Initial Maximum
Mode Mode Description ROM Value  Value
0 — —_ — — —
1
2
3
4 Advanced On-chip ROM disabled Disabled 16 bits 16 bits
5 expansion mode 8 bits 16 bits
6 On-chip ROM enabled Enabled 8 bits 16 bits

expansion mode

7 Single-chip mode — —
8 J— J— —_ J— —
9
10 Advanced Boot mode Enabled 8 bits 16 bits
11 — —
12 — — — — —
13
14 Advanced User program mode Enabled 8 bits 16 bits
15 — —
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Item Specification
Operating * Four MCU operating modes (H8S/2398 F-ZTAT, masked ROM, ROMless, and
modes ZTAT)
CPU External Data Bus
Operating On-Chip Initial Maximum
Mode Mode Description ROM Value Value
0 — — — — —
1
2%1
3*1
42 Advanced  On-chip ROM disabled Disabled 16 bits 16 bits
expansion mode
52 On-chip ROM disabled Disabled 8 bits 16 bits
expansion mode
6 On-chip ROM enabled Enabled 8 bits 16 bits
expansion mode
7 Single-chip mode Enabled — —
Notes: 1. Inthe H8S/2398 F-ZTAT, modes 2 and 3 indicate boot mode. For details
on boot mode of the H8S/2398 F-ZTAT, refer to table 19-35 in section
19.17, On-Board Programming Modes.
In addition, for details on user program mode, refer also to tables 19-35
in section 19.17, On-Board Programming Modes.
2. In ROMless version, only modes 4 and 5 are available.
Clock pulse * On-chip duty correction circuit
generator
Packages * 120-pin plastic TQFP (TFP-120)
e 128 pin plastic QFP (FP-128B)
Product 5V version 3.3Vversion 3Vversion
lineup Operating 5V +10% 301055V 271055V
Supply Voltage

Operating 210 20 MHz 10 to 20 MHz 210 13 MHz 210 10 MHz
Frequency

ROMless HD6412352F20 HD6412394F20 HD6412352F13 HD6412352F10
Version HD6412352TE20  HD6412394TE20 HD6412352TE13 HD6412352TE10
HD6412392F20
HD6412392TE20
HD6412390F20
HD6412390TE20
Masked ROM HD6432357(A**)F HD6432398(A**)F  HD6432357(M**)F  HD6432357(K**)F
Version** HD6432357(A**)TE HD6432398(A**)TE  HD6432357(M**)TE HD6432357(K**)TE
F-ZTAT HD64F2357F20 HD64F2398F20 HD64F2357VF13  —
Version*? HD64F2357TE20  HD64F2398TE20 HD64F2357VTE13
HD64F2398F20T*3
HD64F2398TE20T*3
ZTAT Version HD6472357F20 — HD6472357F13 HD6472357F10
HD6472357TE20 HD6472357TE13 HD6472357TE10
Packages FP-128B FP-128B FP-128B
TFP-120 TFP-120 TFP-120

Notes: 1. In masked ROM versions, (**) is the ROM code.
2. See sections 22.3.6 and 22.7.6, Flash Memory Characteristics, for F-
ZTAT version operating supply voltage and temperature range for
programming/erasing.
3. For the HD64F2398F20T and HD64F2398TE20T only, the maximum
number of times the flash memory can be reprogrammed is 1,000.
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12 Block Diagram

Figure 1-1 shows an internal block diagram of the H8S/2357 Group.
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Notes: 1. This pin functions as the WDTOVF pin function in ZTAT, and masked ROM products, and in the H8S/2352.
In the H8S/2357F-ZTAT, the WDTOVF pin function is not available, because this pin is used as the FWE
pin.

In the H8S/2398, H8S/2394, H8S/2392, and H8S/2390, the WDTOVF pin function is not available,
because this pin is used as the V¢, pin.
2. In ROMless version, ROM is not supported.

Figure1-1 Block Diagram
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1.3

131

Pin Description

Pin Arrangement

Figures 1-2 and 1-3 show the pin arrangement for the H85/2357, H8S/2352 and figures 1-4 and
1-5 show the pin arrangements for the H8S/2398, H85/2394, H85/2392, and H8S/2390.
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Note: * This pin has the WDTOVF pin function in the ZTAT, masked ROM, and ROMless
versions. In the F-ZTAT version, the WDTOVF pin function is not available, and
this pin is the FWE pin.
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P65/IRQT

Figure1-2 H8S2357, H8S/2352 Pin Arrangement (TFP-120: Top View)
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Figure1-3 H8S2357, H8S/2352 Pin Arrangement (FP-128B
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(FP-128B: Top View)
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132 Pin Functionsin Each Operating Mode
Table 1-2 shows the pin functions of the H85/2357 Group in each of the operating modes.

Table1-2 Pin Functionsin Each Operating Mode

Pin No. Pin Name
Flash Memory
PROM Programmer
TFP-120 FP-128B Mode 4*! Mode 5** Mode 6 Mode 7 Mode Mode
1 5 Vee Vee Vee Vee Vee Vee
2 6 A, A, PC,/A, PC, A, A0
3 7 A, A, PC,/A, PC, A, Al
4 8 A, A, PC,/A, PC, A, A2
5 9 A, A, PC,/A, PC, A, A3
6 10 Vss Vss Vss Vss Vss Vss
7 11 A, A, PC,/A, PC, A, A4
8 12 A, A, PC,/A, PC, A A5
9 13 A, A, PCy/Aq PC, A, A6
10 14 A, A, PC,/A, PC, A, A7
11 15 A, A, PB,/Ag PB, A, A8
12 16 A, A, PB,/A, PB, OE NC (A9)*3
13 17 Ay, Ay, PB,/A,, PB, Ay A10
14 18 A, A, PB,/A,; PB, A, All
15 19 Vss Vss Vss Vss Vss Vss
16 20 A, A, PB,/A,, PB, A, A12
17 21 A AL PB/A,, PB, A A13
18 22 AL A, PB/Ay, PB, Ay Al4
19 23 A A PB,/A,; PB, A Al5
20 24 A A PAGA L, PA, A A16
21 25 A, A, PA,/A,, PA, Vee NC (A17)*3
22 26 A A PA,/A L, PA, Vee NC (A18)*3
23 27 A, A, PA,/Aq PA, NC NC
24 28 Vss Vss Vss Vss Vss Vss
25 29 Ay Ay PAIA/ PA,RQ4 NC NC
IRQ4

26 30 PA./A,,/ PA/A,,/ PA/A,,/ PAJ/IRQ5  NC NC

IRQ5 IRQ5 IRQ5
27 31 PAGA,/ PAG/A,/ PAG/A,/ PAJIRQ6  NC NC

IRQ6 IRQ6 IRQ6
28 32 PA,/IA,,/ PA,IA,;/ PA,IA,;/ PA.IRQ7 NC NC

IRQ7 IRQ7 IRQ7
29 33 P6,/RQ3/  P6,/RQ3/  P6,/RQ3/  P67/IRQ3 NC NC

CSs7 CSs7 Cs7
30 34 P6,IRQ2/  P64IRQ2/  P6.RQ2/  P6,IRQ2 NC Vee

CS6 CS6 CS6
- 35 Vss Vss VSS Vss Vss Vss
— 36 VSS VSS VSS VSS VSS VSS
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Pin No. Pin Name
Flash
PROM Memory
TFP-120 FP-128B Mode 4*! Mode 5** Mode 6 Mode 7 Mode Programmer
Mode

31 37 P6./IRQT P6./RQT P6.IRQT P6.RQT NC Vs
32 38 P6,/IRQ0 P6,/IRQ0 P6,/RQ0 P6,/RQ0 NC Ve
33 39 Vee Vec Vee Vee Vee Vee
34 40 PE,/D, PE,/D, PE,/D, PE, NC NC
35 41 PE,/D, PE,/D, PE,/D, PE, NC NC
36 42 PE,/D, PE,/D, PE,/D, PE, NC NC
37 43 PE,/D, PE,/D, PE,/D, PE, NC NC
38 44 Vss Vss Vss Vss Vss Vss
39 45 PE,/D, PE,/D, PE,/D, PE, NC NC
40 46 PE./D, PE./D, PE./D, PE, NC NC
41 47 PE,/D, PE,/D, PE,/D, PE, NC NC
42 48 PE,/D, PE,/D, PE,/D, PE, NC NC
43 49 Dy Dy D, PD, D, 1100
44 50 D, D, D, PD, D, 1101
45 51 Dy Dso Dyo PD, D, 1102
46 52 Dy, Dy, Dy, PD, D, 1103
47 53 Vss Vss Vss Vss Vss Vss
48 54 D,, D,, D,, PD, D, /04
49 55 Dy, Dy, Dy, PD, D, /05
50 56 Dy, Dy, Dy, PD; D, 1106
51 57 D,s D,s D,s PD, D, 1107
52 58 Vee Vee Vee Vee Vee Vee
53 59 P3,/TxD0O P3,/TxD0O P3,/TxD0O P3,/TxD0O NC NC
54 60 P3,/TxD1 P3,/TxD1 P3,/TxD1 P3,/TxD1 NC NC
55 61 P3,/RXD0  P3,/RXxD0  P3,/RxD0  P3,/RxD0  NC NC (Vo)*2
56 62 P3,/RxD1  P3,/RxD1  P3,/RxD1  P3,/RxD1  NC NC
57 63 P3,/SCKO P3,/SCKO P3,/SCKO P3,/SCKO NC NC
58 64 P3,/SCK1 P3,/SCK1 P3,/SCK1 P3,/SCK1 NC NC
59 65 Vss Vss Vss Vss Vss Vss
60 66 P6,/ DREQO/ P6,/ DREQO/ P6,/ DREQO/ P6/DREQO NC NC

Cs4 Cs4 Cs4
— 67 Vss Vss Vss Vss Vss Vss
_ 68 Vss Vss Vss Vss Vss Vss
61 69 P6,/TENDO/ P6,/TENDO/ P6,/TENDO/ P6,/TENDO NC NC

CS5 CS5 CS5
62 70 P6,/DREQ1 P6,/DREQ1 P6,/DREQ1 P6,/DREQ1 NC NC
63 71 P6,/TENDT P6,TEND1 P6,TEND1 P6,/TEND1 NC NC
64 72 P2,/PO7/ P2,/POT7/ P2,/PO7/ P2,/PO7/ NC NC

TIOCBS/ TIOCBS/ TIOCBS/ TIOCBS/

T™MO, T™O, T™O, T™O,
65 73 P2,/PO6/ P2,/PO6/ P2,/PO6/ P2,/PO6/ NC NC

TIOCA5/ TIOCAS5/ TIOCAS5/ TIOCA5/

T™MO, TMO, TMO, TMO,
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Pin No. Pin Name

Flash
PROM Memory
TFP-120 FP-128B Mode 4*! Mode 5*! Mode 6 Mode 7 Mode Programmer
Mode

66 74 P2./PO5/ P2./PO5/ P2./PO5/ P2,/PO5/ NC Ve (Vgg)*®
TIOCB4/ TIOCB4/ TIOCB4/ TIOCB4/
T™CI, T™CI, T™CI, TM™CI,

67 75 P2,/PO4/ P2,/PO4/ P2,/PO4/ P2,/PO4/ NC WE
TIOCA4/ TIOCA4/ TIOCA4/ TIOCA4/
TMRI, TMRI, TMRI, TMRI,

68 76 P2,/PO3/ P2,/PO3/ P2,/PO3/ P2,/PO3/ NC CE
TIOCD3/ TIOCD3/ TIOCD3/ TIOCD3/
TMCI, TMClI, TMCI, TMCI,

69 ' P2,/PO2/ P2,/PO2/ P2,/PO2/ P2,/PO2/ NC OE
TIOCC3/ TIOCC3/ TIOCC3/ TIOCC3/
TMRI, TMRI, TMRI, TMRI,

70 78 P2,/PO1/ P2,/PO1/ P2,/PO1/ P2,/PO1/ NC NC
TIOCB3 TIOCB3 TIOCB3 TIOCB3

71 79 P2,/PO0O/ P2,/PO0O/ P2,/PO0O/ P2,/PO0/ NC NC
TIOCA3 TIOCA3 TIOCA3 TIOCA3

72 80 WDTOVF WDTOVF WDTOVF WDTOVF NC FWE (V¢ )*?
(FWE)*2 (FWE)*2 (FWE)*2 (FWE)*2
(Ve)*? (Ve)*? (Ve)*? (Ve)*?

73 81 RES RES RES RES Vpp RES

74 82 NMI NMI NMI NMI A, A9 (Vo)*®

75 83 STBY STBY STBY STBY Ves Vee

76 84 Vee Vee Vee Vee Vee Vee

77 85 XTAL XTAL XTAL XTAL NC XTAL

78 86 EXTAL EXTAL EXTAL EXTAL NC EXTAL

79 87 Vss Vss Vss Vss Vss Vss

80 88 PF,/o PF,/o PF,/o PF,/o NC NC

81 89 Vee Vee Vee Vee Vee Vee

82 90 AS AS AS PF, NC NC

83 91 RD RD RD PF, NC NC

84 92 HWR HWR HWR PF, NC NC

85 93 LWR LWR LWR PF, NC NC

86 94 PF,/LCAS/  PF,LCAS/ PF,LCAS/ PF, CE NC
WAIT/ WAIT/ WAIT/
BREQO BREQO BREQO

87 95 PF,/BACK PF,/BACK PF,/BACK PF, PGM NC

88 96 PF,/BREQ PF,/BREQ PF,/BREQ PF, NC NC

89 97 P5,/TxD, P5,/TxD, P5,/TXD, P5,/TxD, NC NC

90 98 P5,/RxD, P5,/RxD, P5,/RxD, P5,/RxD, NC Ve (NC)*®

—_ 99 Vss Vss Vss Vss Vss Vss

- 100 Vss Vss Vss Vss Vss Vss

91 101 P5,/SCK2 P5,/SCK2 P5,/SCK2 P5,/SCK2 NC NC

92 102 P5,/ADTRG P5,/ADTRG P5,/ADTRG P5,/ADTRG NC NC

93 103 AV, AV . AV, AV, Vee Vee

94 104 Vref Vref Vref Vref VCC VCC

95 105 P4,/ANO P4,/ANO P4,/ANO P4,/ANO NC NC

96 106 P4,/AN1 P4,/AN1 P4,/AN1 P4,/AN1 NC NC
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Pin No. Pin Name

Flash
PROM Memory
TFP-120 FP-128B Mode 4*! Mode 5** Mode 6 Mode 7 Mode Programmer
Mode
97 107 P4,/AN2 P4,/AN2 P4,/AN2 P4,/AN2 NC NC
98 108 P4.,/AN3 P4,/AN3 P4,/AN3 P4,/AN3 NC NC
99 109 P4,/AN4 P4,/AN4 P4,/AN4 P4,/AN4 NC NC
100 110 P4./AN5 P4,/AN5 P4,/AN5 P4,/AN5 NC NC
101 111 P4.,/AN6/ P4,/AN6/ P4,/AN6/ P4,/AN6/ NC NC
DAO DAO DAO DAO
102 112 P4,/AN7/ P4,/ANT7/ P4,/ANT7/ P4, /AN7/ NC NC
DA1 DAl DAl DA1
103 113 AVg AV AVq AVg Vs Vs
104 114 Vss Vss Vss Vss Vss Vss
105 115 P1,/PO15/ P1,/PO15/ P1,/PO15/ P1,/PO15/ NC NC
TIOCB2/ TIOCB2/ TIOCB2/ TIOCB2/
TCLKD TCLKD TCLKD TCLKD
106 116 P1,/PO14/ P1,/PO14/ P1,/PO14/ P1,/PO14/ NC NC
TIOCA2 TIOCA2 TIOCA2 TIOCA2
107 117 P1,/PO13/ P1/PO13/ P1/PO13/ P1/PO13/ NC NC
TIOCB1/ TIOCB1/ TIOCB1/ TIOCB1/
TCLKC TCLKC TCLKC TCLKC
108 118 P1,/PO12/ P1,/PO12/ P1,/PO12/ P1,/PO12/ NC NC
TIOCAl TIOCAL TIOCAl TIOCAl
109 119 P1,/PO11/ P1,/PO11/ P1,/PO11/ P1,/PO11/ NC NC
TIOCDO/ TIOCDO/ TIOCDO/ TIOCDO/
TCLKB TCLKB TCLKB TCLKB
110 120 P1,/PO10/  P1,/PO10/ P1,/PO10/ P1,/PO10/ NC NC
TIOCCo/ TIOCCO/ TIOCCO/ TIOCCO/
TCLKA TCLKA TCLKA TCLKA
111 121 P1,/PO9/  P1,/PO9/  P1,/PO9/  P1,/PO9/  NC NC
TIOCBO/ TIOCBO/ TIOCBO/ TIOCBO/
DACK1 DACK1 DACK1 DACK1
112 122 P1,/PO8/ P1,/PO8/ P1,/PO8/ P1,/PO8/ NC NC
TIOCAO/ TIOCAO/ TIOCAO/ TIOCAO/
DACKO DACKO DACKO DACKO
113 123 MD, MD, MD, MD, Vs Vs
114 124 MD, MD, MD, MD, Vs Vs
115 125 MD, MD, MD, MD, Vs Vs
116 126 PG,/CAS  PG,CAS  PG,CAS PG, NC NC
117 127 PG,/CS3 PG,/CS3 PG,/CS3 PG, NC NC
118 128 PG,/CS2 PG,/CS2 PG,/CS2 PG, NC NC
119 1 PG,/CS1 PG,/CS1 PG,/CS1 PG, NC NC
120 2 PG,/CSO PG,/CS0 PG,/CS0 PG, NC NC
_ 3 Vss Vss Vss Vss Vss Vss
— 4 NC NC NC NC NC NC

Notes: NC pins should be connected to Vg or left open.

1. In ROMless version, only modes 4 and 5 are available.

2. This pin functions as the WDTOVF pin function in ZTAT, and masked ROM products, and in the H8S/2352. In
the H8S/2357F-ZTAT, the WDTOVF pin function is not available, because this pin is used as the FWE pin. In
the H8S/2398, H8S/2394, H8S/2392, and H8S/2390, the WDTOVF pin function is not available, because this
pin is used as the V., pin.

3. The pin names in parentheses are available other than the H8S/2357 F-ZTAT.
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133 Pin Functions
Table 1-3 outlines the pin functions of the H8S/2357 Group.

Table1-3 Pin Functions

Pin No.
Type Symbol TFP-120 FP-128B 1/0 Name and Function
Power Vee 81, 76, 89, 84, Input  Power supply: For connection to the
52, 33, 58, 39, power supply. All V. pins should be
1 5, connected to the system power
supply.
Vs 104,79, 114,100, Input Ground: For connection to ground
59, 47, 99, 87, (0 V). All V¢ pins should be
38, 24, 68, 67, connected to the system power
15, 6, 65, 53, supply (0 V).
44, 36,
35, 28,
19, 10,
3
Internal voltage V ** 72 80 INPUT Connects an external capacitor
step-down drop between this pin and the ground pin
pin (0 V). This pin should never be
connected to V..
Clock XTAL 77 85 Input  Connects to a crystal oscillator.
See section 20, Clock Pulse
Generator, for typical connection
diagrams for a crystal oscillator and
external clock input.
EXTAL 78 86 Input  Connects to a crystal oscillator.
The EXTAL pin can also input an
external clock.
See section 20, Clock Pulse
Generator, for typical connection
diagrams for a crystal oscillator and
external clock input.
o 80 88 Output System clock: Supplies the system

clock to an external device.
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Type

Symbol

Pin No.

TFP-120 FP-128B |/O

Name and Function

Operating mode MD, to

control

MD,

115to
113

125 to Input
123

Mode pins: These pins set the
operating mode.

The relation between the settings of
pins MD, to MD, and the operating
mode is shown below. These pins
should not be changed while the
H8S/2357 Group is operating.

Operating
MD, MD, MD, Mode

0 0

Mode 4*
Mode 5*

0
1
0
1 —
0
1
0

Mode 6

1 Mode 7

Note: * In ROMless version, only
modes 4 and 5 are available.

System control

RES

73

81 Input

Reset input: When this pin is driven
low, the chip is reset. The type of
reset can be selected according to
the NMI input level. At power-on, the
NMI pin input level should be set
high.

STBY

75

83 Input

Standby: When this pin is driven low,
a transition is made to hardware
standby mode.

w
o3|
m
O

88

96 Input

Bus request: Used by an external
bus master to issue a bus request to
the H8S/2357 Group.

BREQO

86

94 Output

Bus request output: The external
bus request signal used when an
internal bus master accesses
external space in the external bus-
released state.

87

95 Output

Bus request acknowledge:
Indicates that the bus has been
released to an external bus master.

72

80 Input

Flash write enable:
Enables/disables flash memory
programming.

Interrupts

NMI

74

82 Input

Nonmaskable interrupt: Requests a
nonmaskable interrupt. When this pin
is not used, it should be fixed high.

T T
SR
5)

32 to 29,
2810 25

38, 37, Input
34, 33,
32t029

Interrupt request 7 to 0: These pins
request a maskable interrupt.
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Pin No.

Type Symbol TFP-120 FP-128B 1/O Name and Function
Address bus A,; to 28t0 25, 32to29, Output Address bus: These pins output an
A, 23to0 16, 27 to 20, address.

14to0 7, 18 to 11,
5to2 9to 6

Data bus D, to 51to 48, 57to54, I/O Data bus: These pins constitute a
D, 46t0 39, 52 to 45, bidirectional data bus.
37t034 431040
Bus control CS7 to 120to0 117 128, 127, Output Chip select: Signals for selecting
CS0 61, 60, 69, 66, areas 7 to 0.
30, 29 34, 33,
2,1
AS 82 90 Output Address strobe: When this pin is

low, it indicates that address output
on the address bus is enabled.

83 91 Output Read: When this pin is low, it
indicates that the external address
space can be read.

3
O

..
uy)

84 92 Output High write/write enable:
A strobe signal that writes to external
space and indicates that the upper
half (D, to D,) of the data bus is
enabled.
The 2CAS type DRAM write enable
signal.

LWR 85 93 Output Low write:
A strobe signal that writes to external
space and indicates that the lower
half (D, to D,)) of the data bus is
enabled.

CAS 116 126 Output Upper column address
strobe/column address strobe:
The 2CAS type DRAM upper column
address strobe signal.

WAIT 86 94 Input  Wait: Requests insertion of a wait
state in the bus cycle when
accessing external 3-state address
space.

LCAS 86 94 Output Lower column address strobe: The
2-CAS type DRAM lower column
address strobe signal

DMA controller DREQT, 62, 60 70, 66 Input  DMA request 1 and 0: These pins

(DMAC) DREQO request DMAC activation.
TEND1, 63, 61 71, 69 Output DMA transfer end 1 and O: These
TENDO pins indicate the end of DMAC data
transfer.
DACK1, 112,111 122,121 Output DMA transfer acknowledge 1 and
DACKO 0: These are the DMAC single

address transfer acknowledge pins.
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Pin No.

Type Symbol TFP-120 FP-128B 1/O Name and Function
16-bit timer- TCLKD to 110, 109, 120, 119, Input Clock input D to A: These pins input
pulse unit TCLKA 107,105 117,115 an external clock.
(TPU)
TIOCAO, 112to 122 to I/O Input capture/ output compare
TIOCBO, 109 119 match A0 to DO: The TGROA to
TIOCCO, TGROD input capture input or output
TIOCDO compare output, or PWM output pins.
TIOCA1, 108,107 118,117 I/O Input capture/ output compare
TIOCB1 match Al and B1: The TGR1A and
TGR1B input capture input or output
compare output, or PWM output pins.
TIOCA2, 106,105 116,115 I/O Input capture/ output compare
TIOCB2 match A2 and B2: The TGR2A and
TGR2B input capture input or output
compare output, or PWM output pins.
TIOCA3, 71to68 79to76 1/O Input capture/ output compare
TIOCB3, match A3 to D3: The TGR3A to
TIOCC3, TGR3D input capture input or output
TIOCD3 compare output, or PWM output pins.
TIOCA4, 67,66 75,74 I/O Input capture/ output compare
TIOCB4 match A4 and B4: The TGR4A and
TGR4B input capture input or output
compare output, or PWM output pins.
TIOCA5, 65,64 73,72 I/O Input capture/ output compare
TIOCB5 match A5 and B5: The TGR5A and
TGR5B input capture input or output
compare output, or PWM output pins.
Programmable PO15 to 112 to 122 to Output Pulse output 15 to 0: Pulse output
pulse generator POO 105, 115, pins.
(PPG) 71to64 79to72
8-bit timer TMOO, 65, 64 73,72 Output Compare match output: The
TMO1 compare match output pins.
TMCIO, 68, 66 76, 74 Input  Counter external clock input: Input
TMCI1 pins for the external clock input to the
counter.
TMRIO, 69, 67 77,75 Input  Counter external reset input: The
TMRI1 counter reset input pins.
Watchdog WDTOVF*® 72 80 Output Watchdog timer overflows: The
timer (WDT) counter overflows signal output pin in
watchdog timer mode.
Serial TxD2, 89, 54, 97, 60, Output Transmit data (channel 0, 1, 2):
communication TxD1, 53 59 Data output pins.
interface (SCI) TxDO
and Smart Card g,y 90,56, 98,62, Input Receive data (channel 0, 1, 2):
interface RxD1, 55 61 Data input pins.
RxDO
SCK2, 91, 58, 101, 64, 1/O Serial clock (channel 0, 1, 2):
SCK1, 57 63 Clock 1/O pins.
SCKO
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Pin No.

Type Symbol TFP-120 FP-128B 1/O Name and Function
A/D converter  AN7 to 102 to 112 to Input  Analog 7 to 0: Analog input pins.
ANO 95 105
ADTRG 92 102 Input  A/D conversion external trigger
input: Pin for input of an external
trigger to start A/D conversion.
D/A converter DA1, DAO 102,101 112,111 Output Analog output: D/A converter
analog output pins.
A/D converter AV 93 103 Input  This is the power supply pin for the
and D/A A/D converter and D/A converter.
converter When the A/D converter and D/A
converter are not used, this pin
should be connected to the system
power supply (+5 V).
AV 103 113 Input  This is the ground pin for the A/D
converter and D/A converter.
This pin should be connected to the
system power supply (0 V).
Vot 94 104 Input  This is the reference voltage input pin
for the A/D converter and D/A
converter.
When the A/D converter and D/A
converter are not used, this pin
should be connected to the system
power supply (+5 V).
I/O ports P1,to 112 to 122 to I/O Port 1: An 8-bit I/O port. Input or
P1, 105 115 output can be designated for each bit
by means of the port 1 data direction
register (PLDDR).
P2, to 71to64 79to72 1/O Port 2: An 8-bit I/O port. Input or
P2, output can be designated for each bit
by means of the port 2 data direction
register (P2DDR).
P3; to 58to53 64to59 I/O Port 3: A 6-bit I/O port. Input or
P3, output can be designated for each bit
by means of the port 3 data direction
register (P3DDR).
P4, to 102 to 112 to Input  Port 4: An 8-bit input port.
P4, 95 105
P5, to 92t0 89 102,101, /O Port 5: A 4-bit I/O port. Input or
P5, 98, 97 output can be designated for each bit
by means of the port 5 data direction
register (P5DDR).
P6, to 63t0 60, 71to69, /O Port 6: An 8-bit I/0 port. Input or
P6, 32t029 66, 38, 37, output can be designated for each bit
34,33 by means of the port 6 data direction
register (P6DDR).
PA, to 28t025, 32to29, I/O Port A: An 8-bit I/O port. Input or
PA, 23t020 27to24 output can be designated for each bit

by means of the port A data direction
register (PADDR).

RENESAS
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Pin No.

Type Symbol TFP-120 FP-128B 1/O Name and Function
I/O ports PB, to 19to 16, 23t0 20, I/O Port B**: An 8-bit I/O port. Input or
PB, 14to11 18to 15 output can be designated for each bit
by means of the port B data direction
register (PBDDR).
PC, to 10to 7, 14to 11, 1/O Port C**: An 8-bit I/O port. Input or
PC, 5t02 9to 6 output can be designated for each bit
by means of the port C data direction
register (PCDDR).
PD, to 51t0 48, 57to54, 1/0 Port D**: An 8-bit I/O port. Input or
PD, 46t043 521t049 output can be designated for each bit
by means of the port D data direction
register (PDDDR).
PE, to 421039, 48to45, 1/0 Port E: An 8-hit I/O port. Input or
PE, 37t034 43t040 output can be designated for each bit
by means of the port E data direction
register (PEDDR).
PF, to 881082, 96t090, I/O Port F: An 8-bit I/O port. Input or
PF, 80 88 output can be designated for each bit
by means of the port F data direction
register (PFDDR).
PG, to 120 to 128 to I/O Port G: A 5-bit I/O port. Input or
PG, 116 126, output can be designated for each bit
2,1 by means of the port G data direction

register (PGDDR).

Notes: 1. Applies to the H8S/2398, H8S/2394, H8S/2392, and H8S/2390 only.
2. Applies to the H8S/2357F-ZTAT only.
3. Not available in the F-ZTAT version, H8S/2398, H8S/2394, H8S/2392, H8S/2390.

4. Applies to the on-chip ROM version only.
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Section2 CPU

21 Overview

The H85/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture that is upward-compatible
with the H8/300 and H8/300H CPUs. The H8S2000 CPU has sixteen 16-bit general registers, can address a 16-Mbyte
(architecturally 4-Gbyte) linear address space, and isidea for realtime control.

211 Features

The H85/2000 CPU has the following features.

Upward-compatible with H8/300 and H8/300H CPUs
0 Can execute H8/300 and H8/300H object programs

General-register architecture
[0 Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registers)

Sixty-five basic instructions

0 8/16/32-bit arithmetic and logic instructions
O Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

0 Register direct [Rn]

O Register indirect [@ERnN]

0 Register indirect with displacement [@(d:16,ERn) or @(d:32,ERN)]

O Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
0 Absolute address [@aa:8, @aa: 16, @aa:24, or @aa:32]

O Immediate [#xx:8, #xx:16, or #xx:32]

O Program-counter relative [@(d:8,PC) or @(d:16,PC)]

0 Memory indirect [@@aa:8]

16-Mbyte address space
O Program: 16 Mbytes
0 Data 16 Mbytes (architecturally 4-Gbyte)

High-speed operation

O All frequently-used instructions execute in one or two states
O Maximum clock rate : 20 MHz

0 8/16/32-bit register-register add/subtract : 50 ns

O 8 x 8-hit register-register multiply : 600 ns

0 16 + 8-hit register-register divide : 600 ns

0 16 x 16-hit register-register multiply : 1000 ns

0 32+ 16-hit register-register divide 1000 ns

CPU operating mode
0 Advanced mode
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» Power-down state
O Transition to power-down state by SLEEP instruction
O CPU clock speed selection
212 Differences between H85/2600 CPU and H8S/2000 CPU

The differences between the H8S/2600 CPU and the H8S/2000 CPU are as shown below.

» Register configuration
The MAC register is supported only by the H85/2600 CPU.

* Basicinstructions
The four instructions MAC, CLRMAC, LDMAC, and STMAC are supported only by the H8S/2600 CPU.

¢ Number of execution states
The number of exection states of the MULXU and MUL XS instructions.

Internal Operation

Instruction Mnemonic H8S/2600 H8S/2000

MULXU MULXU.B Rs, Rd 3 12
MULXU.W Rs, ERd 4 20

MULXS MULXS.B Rs, Rd 4 13
MULXS.W Rs, ERd 5 21

There are also differences in the address space, CCR and EXR functions, power-down stete, etc., depending on the
product.

213 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8S/2000 CPU has the following enhancements.

» Moregenerd registers and control registers
O Eight 16-bit expanded registers, and one 8-bit control register, have been added.

» Expanded address space
0 Advanced mode supports a maximum 16-Mbyte address space.

» Enhanced addressing
O The addressing modes have been enhanced to make effective use of the 16-Mbyte address space.

» Enhanced instructions
O Addressing modes of bit-manipulation instructions have been enhanced.
O Signed multiply and divide instructions have been added.
O 2-bit shift instructions have been added.
O Instructions for saving and restoring multiple registers have been added.
0 A test and set instruction has been added.

e Higher speed
0 Basicinstructions execute twice as fast.
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214 Differences from H8/300H CPU
In comparison to the H8/300H CPU, the H8S/2000 CPU has the following enhancements.

* Additional control register
0 One 8-hit control register has been added.

» Enhanced instructions
O Addressing modes of bit-manipulation instructions have been enhanced.
0 Two-bit shift instructions have been added.
O Instructions for saving and restoring multiple registers have been added.
0 A test and set instruction has been added.

» Higher speed

0 Basic instructions execute twice as fast.

2.2 CPU Operating Modes

The H85/2357 Group CPU has advanced operating mode. Advanced mode supports a maximum 16-Mbyte total address
space (architecturally a maximum 16-Mbyte program area and a maximum of 4 Gbytes for program and data areas
combined). The mode is selected by the mode pins of the microcontroller.

221 Advanced Mode

Address Space: Linear accessis provided to a 16-Mbyte maximum address space (architecturally a maximum 16-Mbyte
program area and a maximum 4-Gbyte data area, with a maximum of 4 Gbytes for program and data areas combined).

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

Instruction Set: All instructions and addressing modes can be used.
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Exception Vector Tableand Memory Indirect Branch Addresses: In advanced mode the top area starting at
H'00000000 is allocated to the exception vector table in units of 32 bits. In each 32 bits, the upper 8 bits are ignored and a
branch addressis stored in the lower 24 bits (figure 2-1). For details of the exception vector table, see section 4, Exception
Handling.

H'00000000 Reserved A
Power-on reset exception vector
H'00000003
H'00000004 | R eserved 77777777777777777
Manual reset exception vector*
H'00000007
H'00000008
> Exception vector table
H'0000000B |
(Reserved for system use)
H'0000000C |
H'00000010 Reserved
Exception vector 1

O

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

Figure2-1 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@@aa:8) employed in the IMP and JSR instructions uses an 8-hit absolute
address included in the instruction code to specify a memory operand that contains a branch address. In advanced mode
the operand is a 32-bit longword operand, providing a 32-bit branch address. The upper 8 bits of these 32 bitsare a
reserved areathat is regarded as H'00. Branch addresses can be stored in the area from H'00000000 to H'000000FF. Note
that the first part of thisrangeis also the exception vector table.
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Stack Structure: In advanced mode, when the program counter (PC) is pushed onto the stack in a subroutine call, and the
PC, condition-code register (CCR), and extended control register (EXR) are pushed onto the stack in exception handling,
they are stored as shown in figure 2-2. When EXR isinvalid, it is not pushed onto the stack. For details, see section 4,
Exception Handling.

\/\ \/\

SpP— EXR"!
sP—~| Reserved ‘2 Reserved 13
(SP—) CCR
PC
(24 bits) PC
(24 bits)
(@) 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 when returning.

Figure2-2 Stack Structurein Advanced Mode
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2.3 Address Space

Figure 2-3 shows a memory map of the H8S/2000 CPU. The H8S/2000 CPU provides linear access to a maximum 16-
Mbyte (architecturally 4-Gbyte) address space in advanced mode.

H'00000000
Program area
H'00FFFFFF
Data area
Cannot be
used by the
H8S/2357
Group
H'FFFFFFFF

Advanced Mode

Figure2-3 Memory Map
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24 Register Configuration

24.1 Overview

The CPU hastheinternal registers shown in figure 2-4. There are two types of registers: genera registers and control
registers.

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)
23 0
| PC |

76543210
EXR |T|—|—|—[-[12]i1]i0]

76543210
CCR |1 ulH|U|N[Z]V[c]

Legend:

SP: Stack pointer H: Half-carry flag
PC: Program counter u: User bit

EXR: Extended control register N: Negative flag
T: Trace bit Z: Zero flag

12 to 10: Interrupt mask bits V: Overflow flag
CCR: Condition-code register C: Carry flag

I: Interrupt mask bit
ul: User bit or interrupt mask bit*

Note: * In the H8S/2357 Group, this bit cannot be used as an interrupt mask.

Figure2-4 CPU Registers

242 General Registers

The CPU has eight 32-bit general registers. These general registers are all functionally alike and can be used as both
address registers and data registers. When a general register is used as a data register, it can be accessed as a 32-bit, 16-bit,
or 8-hit register. When the general registers are used as 32-hit registers or address registers, they are designated by the
letters ER (ERO to ER7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R (RO to R7). These
registers are functionally equivalent, providing a maximum sixteen 16-hit registers. The E registers (E0 to E7) are also
referred to as extended registers.
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The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H) and RL (ROL to R7L). These
registers are functionally equivalent, providing a maximum sixteen 8-bit registers.

Figure 2-5 illustrates the usage of the general registers. The usage of each register can be selected independently.

» Address registers

» 32-bit registers » 16-bit registers  8-bit registers
E registers (extended registers)
(EO to E7)

ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers

(RO to R7)
RL registers
(ROL to R7L)

Figure2-5 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-register function, and is used
implicitly in exception handling and subroutine calls. Figure 2-6 shows the stack.

/\/

Free area

SP (ER7) —»

Stack area

/\/

Figure2-6 Stack

24.3 Control Registers

The control registers are the 24-bit program counter (PC), 8-bit extended control register (EXR), and 8-bit condition-code
register (CCR).

(1) Program Counter (PC): This 24-bit counter indicates the address of the next instruction the CPU will execute. The
length of al CPU instructionsis 2 bytes (one word), so the least significant PC hit isignored. (When an instruction is
fetched, the least significant PC bit isregarded as 0.)

(2) Extended Control Register (EXR): This 8-hit register contains the trace bit (T) and three interrupt mask bits (12 to
10).

Bit 7—TraceBit (T): Selectstrace mode. When this bit is cleared to 0, instructions are executed in sequence. When this
bit is set to 1, atrace exception is generated each time an instruction is executed.

Bits 6 to 3—Reserved: These bits are reserved. They are dwaysread as 1.
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Bits 2 to O—Interrupt Mask Bits (12 to10): These bits designate the interrupt mask level (0 to 7). For details, refer to
section 5, Interrupt Controller.

Operations can be performed on the EXR bits by the LDC, STC, ANDC, ORC, and XORC instructions. All interrupts,
including NMI, are disabled for three states after one of these instructions is executed, except for STC.

(3) Condition-Code Register (CCR): This 8-bit register containsinternal CPU status information, including an interrupt
mask bit () and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NMI when set to 1. (NMI is accepted regardless of the | bit
setting.) The | bit is set to 1 by hardware at the start of an exception-handling sequence. For details, refer to section 5,
Interrupt Controller.

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software using the LDC, STC, ANDC, ORC,
and XORC instructions. With the H8S/2357 Group, this bit cannot be used as an interrupt mask bit.

Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B instruction is executed,
thisflagissetto 1if thereisacarry or borrow at bit 3, and cleared to O otherwise. When the ADD.W, SUB.W, CMP.W,
or NEG.W instruction is executed, the H flag is set to 1 if thereisacarry or borrow at bit 11, and cleared to O otherwise.
When the ADD.L, SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or borrow at
bit 27, and cleared to O otherwise.

Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC, and XORC instructions.
Bit 3—Negative Flag (N): Storesthe value of the most significant bit (sign bit) of data.

Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to O to indicate non-zero data.

Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to O at other times.

Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:

e Add instructions, to indicate a carry
» Subtract instructions, to indicate a borrow
» Shift and rotate instructions, to store the value shifted out of the end bit

The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave some or all of the flag bits unchanged. For the action of each instruction on the flag bits, refer to
Appendix A.1, Instruction List.

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

244 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears the trace bit in EXR to 0, and
sets the interrupt mask bitsin CCR and EXR to 1. The other CCR hits and the general registers are not initialized. In
particular, the stack pointer (ER7) is not initialized. The stack pointer should therefore be initialized by an MOV .L
instruction executed immediately after areset.
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2.5 Data Formats
The CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit (longword) data. Bit-manipulation

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

251 General Register Data Formats

Figure 2-7 shows the data formats in general registers.

Data Type Register Number Data Format
1-bit data rRnH 7 0
7]6[5]4|3[2[1[o]  Dontcare |
1-bit data rRo.
| Dontcare  [7]6]5]4]3]2[1]0]
4-bit BCD data RnH 7 43 o
| Upper | Lower |  Dontcare |
4-bit BCD data rRo. 7 43 0
______ D (_)p_’t_ care | Upper | Lower |
Byte data RnH 7 o
| Don't care '
MSB Lss T
Byte data rRo. 7 0
: Don't care |
""""""""""" MSB LSB

Figure2-7 General Register Data Formats
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Data Type Register Number

Data Format

Word data Rn 15
MSB
Word data En
15 0
MSB LSB
Longword data ERN
16 15

Legend:

ERn: General register ER
En:  General register E
Rn:  General register R
RnH: General register RH
RnL: General register RL
MSB: Most significant bit
LSB: Least significant bit

Figure2-7 General Register Data Formats (cont)

RENESAS
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25.2 Memory Data For mats

Figure 2-8 shows the data formats in memory. The CPU can access word data and longword datain memory, but word or
longword data must begin at an even address. If an attempt is made to access word or longword data at an odd address, no
address error occurs but the least significant bit of the address is regarded as 0, so the access starts at the preceding
address. This also applies to instruction fetches.

Data Type Data Format
Address e
0
1-bit data AddressL| 7|6 |54 32|10
Byte data Address L [MSB: ¢ ¢ ¢ 1 ISB
Word data Address 2M |MSB: ¢ 1
Address 2M + 1 iLSB
Longword data Address 2N [MSB! ¢ 11
Address2N+1| | 1 1
Address 2N + 2
Address 2N + 3 fLSB

Figure2-8 Memory Data Formats

When ER7 is used as an address register to access the stack, the operand size should be word size or longword size.
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2.6

26.1

Instruction Set

Overview

The H85/2000 CPU has 65 types of instructions. The instructions are classified by functionin table 2-1.

Table2-1 Instruction Classification
Function Instructions Size Types
Data transfer MOV BWL 5
POP*', PUSH** WL
LDM, STM L
MOVFPE, MOVTPE*? B
Arithmetic ADD, SUB, CMP, NEG BWL 19
operations ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS** B
Logic operations AND, OR, XOR, NOT BWL
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR BWL
Bit manipulation BSET, BCLR, BNOT, BTST, BLD, BILD, BST, BIST, BAND, B 14
BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bcc*?, JMP, BSR, JSR, RTS —
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP —
Block data transfer EEPMOV — 1
Total: 65
Legend:
B: Byte size
W: Word size

L: Longword size

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

Notes: 1.

w

Bcc is the general name for conditional branch instructions.

Cannot be used in the H8S/2357 Group.
Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.

RENESAS

Rev.6.00 Oct.28.2004 page 33 of 1016

REJ09B0138-0600H



26.2 Instructions and Addressing M odes

Table 2-2 indicates the combinations of instructions and addressing modes that the H8S/2600 CPU can use.

Table2-2 Combinations of Instructions and Addressing M odes
Addressing Modes
+
c
~ - 4
i i 3 % 8 ~ 9
Function Instruction & & @ 8 g -
I g S & © 3 N 3 @ g g
x - i s s o g 8 g g s s Q
& '3 ® ® ® ® ® ® ® ® ® ® ® |
Data MoV BWL BWL BWL BWL BWL BWL B BWL — BWL — — — —
transfer  |"pop, pusH — — - - _ _ — = = — — _ WL
LDM, STM — — — — — — — _ — — — — — L
MOVFPE, — — — — — — — B — — — — — —
MOVTPE*1
Arithmetic | ADD, CMP BWL BWL — — — — — — — — — — — —
Operatlons SUB WL BWL —_ J— — - — — — — _ _ _ _
ADDX, SUBX B B — — — — — — — — — _ — _
ADDS, SUBS — L — — — — — — — — — — _ _
INC, DEC — BWL — — — — — — — — — — — _
DAA, DAS — B — — — — — — — — — — — —
MULXU, — BW — — — — — — — — — — — _
DIVXU
MULXS, — BW — — — — — — — _ — _ — _
DIVXS
NEG — BWL — — — — — — — — — — — —
EXTU, EXTS — WL — — — — — — — — _ _ _ _
TAS*2 — — B — — — — — - - — — — —
Logic AND, OR, BWL BWL — — — — — — — — — — — —
operations XOR
NOT — BWL — — — — — — — — — — — —
Shift — BWL — — — - — — — — — — _ _
Bit manipulation — B B — — — B B —_ B — — — —
Branch Bcc, BSR — — — — — — — — — — @) O — _
JMP, JSR — - — — — — — — e) _ — _ o _
RTS — — — — — — — — — — — — — O
System TRAPA — — — — - — — — — —_ - — — e
control RTE _ _ _ _ _ — _ _ — — — — — @)
SLEEP — — — —_ — — — — — — — — — @)
LDC B B W w W w — w — w — — — —
STC — B W w W w — w — w — — — —
ANDC, B — — — — — — — — — — — — —
ORC, XORC
NOP — — — — — — — — — — — — — O
Block data transfer — — — — — — — — — — — — — BW

Legend:

B: Byte

W: Word

L: Longword

Notes: 1. Cannot be used in the H8S/2357 Group.

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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26.3 Table of Instructions Classified by Function

Table 2-3 summarizes the instructions in each functional category. The notation used in table 2-3 is defined below.

Operation Notation

Rd General register (destination)*
Rs General register (source)*
Rn General register*
ERnN General register (32-bit register)
(EAd) Destination operand
(EASs) Source operand
EXR Extended control register
CCR Condition-code register
N (negative) flag in CCR
Z (zero) flag in CCR
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
O Logical AND
O Logical OR
O Logical exclusive OR
- Move
- NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to R7, EO to E7), and 32-bit

registers (ERO to ER7).

RENESAS
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Table2-3 Instructions Classified by Function

Type Instruction Size**  Function
Data transfer MOV B/W/L  (EAs) - Rd, Rs - (Ead)
Moves data between two general registers or between a
general register and memory, or moves immediate data
to a general register.
MOVFPE B Cannot be used in the H8S/2357 Group.
MOVTPE B Cannot be used in the H8S/2357 Group.
POP Wi/L @SP+ - Rn
Pops a register from the stack. POP.W Rn is identical to
MOV.W @SP+, Rn. POP.L ERn is identical to MOV.L
@SP+, ERn.
PUSH W/L Rn - @-SP
Pushes a register onto the stack. PUSH.W Rn is
identical to MOV.W Rn, @-SP. PUSH.L ERn is identical
to MOV.L ERn, @-SP.
LDM L @SP+ - Rn (register list)
Pops two or more general registers from the stack.
STM L Rn (register list) -~ @-SP
Pushes two or more general registers onto the stack.
Arithmetic ADD BW/L RdtRs - Rd, Rdz*#MM - Rd
operations SUB Performs addition or subtraction on data in two general
registers, or on immediate data and data in a general
register. (Immediate byte data cannot be subtracted from
byte data in a general register. Use the SUBX or ADD
instruction.)
ADDX B Rd+Rs+C - Rd, Rd*#MM+C - Rd
SUBX Performs addition or subtraction with carry or borrow on
byte data in two general registers, or on immediate data
and data in a general register.
INC BW/L Rd*1- Rd, Rd+2 - Rd
DEC Increments or decrements a general register by 1 or 2.
(Byte operands can be incremented or decremented by
1 only.)
ADDS L Rd+1 - Rd, Rd+2 -~ Rd, Rd+4 - Rd
SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a
32-bit register.
DAA B Rd decimal adjust -~ Rd
DAS Decimal-adjusts an addition or subtraction result in a
general register by referring to the CCR to produce 4-bit
BCD data.
MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x
16 bits — 32 bits.
MULXS B/W Rd xRs - Rd

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

Instruction

Size**!

Function

Arithmetic
operations

DIVXU

B/W

Rd+Rs - Rd

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

DIVXS

B/W

Rd +Rs - Rd

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

CMP

B/WI/L

Rd - Rs, Rd-#IMM

Compares data in a general register with data in another
general register or with immediate data, and sets CCR
bits according to the result.

NEG

B/WI/L

0-Rd - Rd
Takes the two's complement (arithmetic complement) of
data in a general register.

EXTU

W/L

Rd (zero extension) — Rd

Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-hit register to longword size,
by padding with zeros on the left.

EXTS

WI/L

Rd (sign extension) — Rd

Extends the lower 8 bits of a 16-bit register to word size,
or the lower 16 bits of a 32-hit register to longword size,
by extending the sign bit.

TAS

@ERd -0, 1 - (<bit 7> of @ERd)*?
Tests memory contents, and sets the most significant bit
(bit 7) to 1.

Logic
operations

AND

B/WI/L

Rd ORs - Rd, Rd O#MM - Rd
Performs a logical AND operation on a general register
and another general register or immediate data.

OR

B/WI/L

RdORs - Rd, Rd O#MM - Rd
Performs a logical OR operation on a general register
and another general register or immediate data.

XOR

B/WI/L

Rd O Rs - Rd, Rd O #MM - Rd
Performs a logical exclusive OR operation on a general
register and another general register or immediate data.

NOT

B/WI/L

= (Rd) - (Rd)
Takes the one's complement of general register
contents.

Shift
operations

SHAL
SHAR

B/WI/L

Rd (shift) -~ Rd
Performs an arithmetic shift on general register contents.
1-bit or 2-bit shift is possible.

SHLL
SHLR

B/WI/L

Rd (shift) - Rd
Performs a logical shift on general register contents.
1-bit or 2-bit shift is possible.

ROTL
ROTR

B/WI/L

Rd (rotate) - Rd
Rotates general register contents.
1-bit or 2-bit rotation is possible.

ROTXL
ROTXR

B/WI/L

Rd (rotate) - Rd
Rotates general register contents through the carry flag.
1-bit or 2-bit rotation is possible.
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Type

Instruction

Size**!

Function

Bit-
manipulation
instructions

BSET

B

1 - (<bit-No.> of <EAd>)

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

BCLR

0 - (<bit-No.> of <EAd>)

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

BNOT

= (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)

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

BTST

= (<bit-No.> of <EAd>) - Z

Tests a specified bit in a general register or memory
operand and sets or clears the Z flag accordingly. The
bit number is specified by 3-bit immediate data or the
lower three bits of a general register.

BAND

BIAND

C O(<bit-No.> of <EAd>) - C

ANDs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.

C 0= (<bit-No.> of <EAd>) - C

ANDs the carry flag with the inverse of a specified bit in
a general register or memory operand and stores the
result in the carry flag.

The bit number is specified by 3-bit immediate data.

BOR

BIOR

C O(<bit-No.> of <EAd>) - C

ORs the carry flag with a specified bit in a general
register or memory operand and stores the result in the
carry flag.

C O~ (<hit-No.> of <EAd>) - C

ORs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the
result in the carry flag.

The bit number is specified by 3-bit immediate data.

BXOR

BIXOR

C O (<bit-No.> of <EAd>) - C

Exclusive-ORs the carry flag with a specified bit in a
general register or memory operand and stores the
result in the carry flag.

C O - (<bit-No.> of <EAd>) - C

Exclusive-ORs the carry flag with the inverse of a
specified bit in a general register or memory operand
and stores the result in the carry flag.

The bit number is specified by 3-bit immediate data.

BLD

BILD

(<bit-No.> of <EAd>) - C
Transfers a specified bit in a general register or memory
operand to the carry flag.

= (<bit-No.> of <EAd>) - C

Transfers the inverse of a specified bit in a general
register or memory operand to the carry flag.

The bit number is specified by 3-bit immediate data.
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Type Instruction Size**  Function

Bit- BST B C - (<bit-No.> of <EAd>)
manipulation Transfers the carry flag value to a specified bit in a
instructions general register or memory operand.

BIST B - C - (<hit-No.> of <EAd>)

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

Branch Bcc — Branches to a specified address if a specified condition
instructions is true. The branching conditions are listed below.
Mnemonic Description Condition
BRA(BT) Always (true) Always
BRN(BF) Never (false) Never
BHI High ciz=0
BLS Low or same chz=1
BCC(BHS) Carry clear Cc=0
(high or same)
BCS(BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal zZ=1
BVC Overflow clear V=0
BVS Overflow set v=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=0
BLE Less or equal ZONO V) =1
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.
System control TRAPA — Starts trap-instruction exception handling.

instructions  prg — Returns from an exception-handling routine.

SLEEP — Causes a transition to a power-down state.

LDC B/W (EAs) - CCR, (EAs) - EXR
Moves the source operand contents or immediate data
to CCR or EXR. Although CCR and EXR are 8-bit
registers, word-size transfers are performed between
them and memory. The upper 8 bits are valid.

STC B/W CCR - (EAd), EXR - (EAd)
Transfers CCR or EXR contents to a general register or
memory. Although CCR and EXR are 8-bit registers,
word-size transfers are performed between them and
memory. The upper 8 bits are valid.
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Type Instruction Size**  Function
System control ANDC B CCR O#IMM - CCR, EXR O#IMM - EXR
instructions Logically ANDs the CCR or EXR contents with
immediate data.
ORC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ORs the CCR or EXR contents with immediate
data.
XORC B CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data.
NOP — PC+2 - PC
Only increments the program counter.
Block data EEPMOV.B — if R4L # 0 then
transfer Repeat @ER5+ - @ER6+
instruction R4L-1 - R4L
Until R4L =0
else next;
EEPMOV.W — if R4 # 0 then
Repeat @ER5+ - @ER6+
R4-1 - R4
UntilR4=0
else next;

Transfers a data block according to parameters set in
general registers R4L or R4, ER5, and ER6.

R4L or R4: size of block (bytes)
ERS: starting source address
ERG6: starting destination address

Execution of the next instruction begins as soon as the
transfer is completed.

Notes: 1.
B: Byte
W: Word
L: Longword

Size refers to the operand size.

2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
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2.6.4 Basic I nstruction For mats

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

Figure 2-9 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

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

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

op m rm

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

EA (disp)

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

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

Figure2-9 Instruction Formats (Examples)

(1) Operation Field: Indicates the function of the instruction, the addressing mode, and the operation to be carried out on
the operand. The operation field always includes the first 4 bits of the instruction. Some instructions have two operation
fields.

(2) Register Field: Specifies ageneral register. Address registers are specified by 3 bits, data registers by 3 bits or 4 bits.
Some instructions have two register fields. Some have no register field.

(3) Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.

(4) Condition Field: Specifies the branching condition of Bcc instructions.
2.7 Addressing Modes and Effective Address Calculation

271 Addressing Mode

The CPU supports the eight addressing modes listed in table 2-4. Each instruction uses a subset of these addressing modes.
Arithmetic and logic instructions can use the register direct and immediate modes. Data transfer instructions can use all
addressing modes except program-counter relative and memory indirect. Bit manipulation instructions use register direct,
register indirect, or absolute addressing mode to specify an operand, and register direct (BSET, BCLR, BNOT, and BTST
instructions) or immediate (3-bit) addressing mode to specify a bit number in the operand.
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Table2-4 Addressing Modes

No. Addressing Mode Symbol
1 Register direct Rn
2 Register indirect @ERN
3 Register indirect with displacement @(d:16,ERn)/@(d:32,ERN)
4 Register indirect with post-increment @ERN+
Register indirect with pre-decrement @-ERnN
5 Absolute address @aa:8/@aa:16/@aa:24/@aa:32
6 Immediate #xX:8/#xX: 16/#xX:32
7 Program-counter relative @(d:8,PC)/@(d:16,PC)
8 Memory indirect @@aa:8

(1) Register Direct—Rn: The register field of the instruction specifies an 8-, 16-, or 32-bit genera register containing the
operand. 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-hit registers.

(2) Register Indirect—@ERN: Theregister field of the instruction code specifies an address register (ERn) which
contains the address of the operand on memory. If the addressis a program instruction address, the lower 24 bits are valid
and the upper 8 bits are all assumed to be 0 (H'00).

(3) Register Indirect with Displacement—@(d: 16, ERn) or @(d:32, ERn): A 16-bit or 32-bit displacement contained
in theinstruction is added to an address register (ERn) specified by the register field of the instruction, and the sum gives
the address of amemory operand. A 16-bit displacement is sign-extended when added.

(4) Register Indirect with Post-Increment or Pre-Decrement—@ERN+ or @-ERn:

* Register indirect with post-increment—@ERnN+
Theregister field of the instruction code specifies an address register (ERn) which contains the address of a memory
operand. After the operand is accessed, 1, 2, or 4 is added to the address register contents and the sum is stored in the
addressregister. The value added is 1 for byte access, 2 for word transfer instruction, or 4 for longword transfer
instruction. For word or longword transfer instruction, the register value should be even.

* Register indirect with pre-decrement—@-ERn
Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field in the instruction code,
and the result becomes the address of a memory operand. The result is also stored in the address register. The value
subtracted is 1 for byte access, 2 for word transfer instruction, or 4 for longword transfer instruction. For word or
longword transfer instruction, the register value should be even.

(5) Absolute Address—@aa:8, @aa: 16, @aa: 24, or @aa: 32: The instruction code contains the absolute address of a
memory operand. The absolute address may be 8 bits long (@aa:8), 16 bitslong (@aa:16), 24 bits long (@aa:24), or 32
bits long (@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa: 16), or 32 bits (@aa:32) long. For an 8-bit
absolute address, the upper 24 bits are all assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 16 bitsare a
sign extension. A 32-bit absolute address can access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The upper 8 bits are all assumed to be 0
(H'00).

Table 2-5 indicates the accessible absolute address ranges.
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Table2-5 Absolute Address Access Ranges

Absolute Address Advanced Mode
Data address 8 bits (@aa:8) H'FFFFO0 to H'FFFFFF
16 bits (@aa:16) H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
32 bits (@aa:32) H'000000 to H'FFFFFF
Program instruction address 24 bits (@aa:24)

(6) Immediate—#xx:8, #xx:16, or #xx:32: Theinstruction contains 8-bit (#xx:8), 16-hit (#xx:16), or 32-bit (#xx:32)
immediate data as an operand.

The ADDS, SUBS, INC, and DEC instructions contain immediate dataimplicitly. Some bit manipulation instructions
contain 3-bit immediate data in the instruction code, specifying a bit number. The TRAPA instruction contains 2-bit
immediate data in itsinstruction code, specifying a vector address.

(7) Program-Counter Relative—@(d:8, PC) or @(d: 16, PC): Thismodeis used in the Bcc and BSR instructions. An
8-hit or 16-bit displacement contained in the instruction is sign-extended and added to the 24-bit PC contents to generate a
branch address. Only the lower 24 bits of this branch address are valid; the upper 8 bits are all assumed to be 0 (H'00). The
PC value to which the displacement is added is the address of the first byte of the next instruction, so the possible
branching range is—126 to +128 bytes (63 to +64 words) or —32766 to +32768 bytes (—16383 to +16384 words) from the
branch instruction. The resulting value should be an even number.

(8) Memory Indirect—@@aa:8: This mode can be used by the IMP and JSR instructions. The instruction code contains
an 8-bit absolute address specifying a memory operand. This memory operand contains a branch address. The upper bits
of the absolute address are all assumed to be 0, so the address range is 0 to 255 (H'000000 to H'0000FF).

Note that the first part of the address range is al so the exception vector area. For further details, refer to section 4,
Exception Handling.

\/_\

Specified - Reserved
by @aa:8

Branch address

Advanced Mode

Figure2-10 Branch Address Specification in Memory Indirect Mode

If an odd address is specified in word or longword memory access, or as a branch address, the least significant bit is
regarded as O, causing data to be accessed or instruction code to be fetched at the address preceding the specified address.
(For further information, see section 2.5.2, Memory Data Formats.)
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Effective Address Calculation

272

Table 2-6 indicates how effective addresses are calculated in each addressing mode.

Table2-6 Effective Address Calculation
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2.8 Processing States

28.1 Overview

The CPU has five main processing states: the reset state, exception handling state, program execution state, bus-rel eased
state, and power-down state. Figure 2-11 shows a diagram of the processing states. Figure 2-12 indicates the state
transitions.

Reset state

The CPU and all on-chip supporting modules have been
initialized and are stopped.

Exception-handling
state

A transient state in which the CPU changes the normal
processing flow in response to a reset, interrupt, or trap

instruction.
Processing Program execution
states state

The CPU executes program instructions in sequence.

Bus-released state

The external bus has been released in response to a bus
request signal from a bus master other than the CPU.

Sleep mode
Power-down state Software standby
mode
CPU operation is stopped
to conserve power.* Hardware standby
mode

Note: * The power-down state also includes a medium-speed mode, module stop mode etc.

Figure2-11 Processing States
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End of bus request

Bus request

Program execution
state

End of bus
SLEEP
request Bus instruction
with
request SLEEP \ SSBY =0
' instruction
with
Bus-released state SsBY =1
Request for A VO T :
Eggegftion exception 1 —1
handiing handling Sleep mode
Interrupt
request
Exception-handling state

RES = high

ﬁ STBY = high, RES = low |
Reset state™! - ‘ Hardware standby mode”2

Power-down state

[y External interrupt 1 Software standby mode

Notes: 1. From any state except hardware standby mode, a transition to the reset state occurs whenever RES
goes low. A transition can also be made to the reset state when the watchdog timer overflows.
2. From any state, a transition to hardware standby mode occurs when STBY goes low.

Figure2-12 State Transitions

2.8.2 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The CPU enters the power-
on reset state when the NM1 pin is high, or the manual reset* state when the NMI pinislow. All interrupts are masked in
the reset state. Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by awatchdog timer overflow. For details, refer to section 13, Watchdog Timer.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

283 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal processing flow due to areset,
interrupt, or trap instruction. The CPU fetches a start address (vector) from the exception vector table and branches to that
address.

(1) Typesof Exception Handling and Their Priority

Exception handling is performed for traces, resets, interrupts, and trap instructions. Table 2-7 indicates the types of
exception handling and their priority. Trap instruction exception handling is always accepted, in the program execution
state.

Exception handling and the stack structure depend on the interrupt control mode set in SY SCR.
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Table2-7 Exception Handling Typesand Priority

Priority Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
A immediately after a low-to-high
transition at the RES pin, or
when the watchdog timer
overflows.

Trace End of instruction When the trace (T) bit is set to
execution or end of 1, the trace starts at the end of
exception-handling the current instruction or current
sequence*! exception-handling sequence

Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the
exception-handling end of the current instruction or
sequence*” current exception-handling

sequence

Trap instruction When TRAPA instruction  Exception handling starts when
is executed a trap (TRAPA) instruction is

Low executed*?

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception-handling is not executed at the end of the
RTE instruction.

2. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC instructions, or immediately after
reset exception handling.

3. Trap instruction exception handling is always accepted, in the program execution state.

(2) Reset Exception Handling

After the RES pin has gone low and the reset state has been entered, when RES goes high again, reset exception handling
starts. The CPU enters the power-on reset state when the NMI pin is high, or the manual reset* state when the NMI pinis
low. When reset exception handling starts the CPU fetches a start address (vector) from the exception vector table and
starts program execution from that address. All interrupts, including NMI, are disabled during reset exception handling
and after it ends.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.
(3) Traces

Traces are enabled only in interrupt control mode 2. Trace mode is entered when the T bit of EXR is set to 1. When trace
mode is established, trace exception handling starts at the end of each instruction.

At the end of atrace exception-handling sequence, the T bit of EXR is cleared to 0 and trace mode is cleared. Interrupt
masks are not affected.

The T bit saved on the stack retainsits value of 1, and when the RTE instruction is executed to return from the trace
exception-handling routine, trace mode is entered again. Trace exception-handling is not executed at the end of the RTE
instruction.

Trace modeis not entered in interrupt control mode 0, regardless of the state of the T hit.
(4) Interrupt Exception Handling and Trap I nstruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack pointer (ER7) and pushes the
program counter and other control registers onto the stack. Next, the CPU alters the settings of the interrupt mask bitsin
the control registers. Then the CPU fetches a start address (vector) from the exception vector table and program execution
starts from that start address.
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Figure 2-13 shows the stack after exception handling ends.

Advanced mode

J\ J\

SP—~ EXR
Reserved*
SP— CCR CCR
PC PC
(24 bits) (24 bits)
(c) Interrupt control mode 0 (d) Interrupt control mode 2

Note: *Ignored when returning.

Figure2-13 Stack Structure after Exception Handling (Examples)

284 Program Execution State

In this state the CPU executes program instructions in sequence.

2.8.5 Bus-Released State

Thisis astate in which the bus has been released in response to a bus request from a bus master other than the CPU. While
the busis released, the CPU halts.

There is two more bus masters in addition to the CPU: the DMA contraler (DMAC) and data transfer controller (DTC).

For further details, refer to section 6, Bus Controller.

2.8.6 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in which the CPU does not stop.
There are three modes in which the CPU stops operating: sleep mode, software standby mode, and hardware standby
mode. There are also two other power-down modes: medium-speed mode, and module stop mode. In medium-speed mode
the CPU and other bus masters operate on a medium-speed clock. Module stop mode permits halting of the operation of
individual modules, other than the CPU. For details, refer to section 21, Power-Down Modes.

(1) Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed while the software standby bit
(SSBY) in the standby control register (SBY CR) is cleared to 0. In sleep mode, CPU operations stop immediately after
execution of the SLEEP instruction. The contents of CPU registers are retained.

(2) Software Standby Mode: A transition to software standby mode is made if the SLEEP instruction is executed while
the SSBY bitin SBYCR is set to 1. In software standby mode, the CPU and clock halt and all MCU operations stop. As
long as a specified voltage is supplied, the contents of CPU registers and on-chip RAM are retained. The I/O ports also
remain in their existing states.
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(3) Hardware Standby Mode: A transition to hardware standby mode is made when the STBY pin goeslow. In
hardware standby mode, the CPU and clock halt and all MCU operations stop. The on-chip supporting modules are reset,
but as long as a specified voltage is supplied, on-chip RAM contents are retained.

29 Basic Timing

29.1 Overview

The CPU isdriven by a system clock, denoted by the symbol @. The period from one rising edge of g to the nextis
referred to as a "state." The memory cycle or bus cycle consists of one, two, or three states. Different methods are used to
access on-chip memory, on-chip supporting modules, and the external address space.

292 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte and word transfer instruction.
Figure 2-14 shows the on-chip memory access cycle. Figure 2-15 shows the pin states.

Bus cycle

Internal address bus X Address X
Read Internal read signal \ /
ea ! !
access 1
Internal data bus : ( Read data >—
Internal write signal A\ /
Write ! !
access 1 ‘
Internal data bus (_ Writedata }——

Figure2-14 On-Chip Memory Access Cycle
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| Bus cycle
Q—»

T

Address bus : Unchanged

AS High
RD High
HWR, LWR High
Data bus 3I-iigh-impedance statei

Figure2-15 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data bus is either 8 bits or 16 bits wide, depending on the
particular internal 1/0 register being accessed. Figure 2-16 shows the access timing for the on-chip supporting modules.
Figure 2-17 shows the pin states.

Bus cycle

Internal address bus >< Address ><
Internal read signal N\ /

Read

access ! / \
Internal data bus : \ Read data >—
Internal write signal | \ 3/

Write | :

access i f 3
Internal data bus ; < Write data >—

Figure2-16 On-Chip Supporting Module Access Cycle
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Bus cycle

Address bus | Unchgnged |
AS Hijgh
RD High
HWR, LWR High
Data bus High-impedance state

Figure2-17 Pin Statesduring On-Chip Supporting M odule Access

294 External Address Space Access Timing

The external address space is accessed with an 8-bit or 16-bit data bus width in atwo-state or three-state bus cycle. In
three-state access, wait states can be inserted. For further details, refer to section 6, Bus Controller.

2.10 Usage Note

2.10.1 TASInstruction

Only register ERO, ER1, ERA4, or ER5 should be used when using the TAS instruction. The TAS instruction is not
generated by the Renesas H8S and H8/300 Series C/C++ compilers. If the TAS instruction is used as a user-defined
intrinsic function, ensure that only register ERO, ER1, ER4, or ER5 is used.
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Section 3 MCU Operating Modes

3.1 Overview

311 Operating M ode Selection (H8S5/2357 F-ZTAT Only)

The H85/2357 F-ZTAT has eight operating modes (modes 4 to 7, 10, 11, 14 and 15). These modes are determined by the
mode pin (MD, to MD,) and flash write enable pin (FWE) settings. The CPU operating mode and initial bus width can be
selected as shown in table 3-1.

Table 3-1 lists the MCU operating modes.
Table3-1 MCU Operating Mode Selection (H8S/2357 F-ZTAT Only)

External Data

MCU CPU Bus

Operating Operating On-Chip Initial Max.

Mode FWE MD, MD, MD, Mode Description ROM Width  Width

0 0 0 0 0 — — — — —

1 1

2 1 0

3 1

4 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits

5 1 expanded mode 8bits 16 bits

6 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

7 17 Single-chip mode — —

8 1 0 0 0 — — — — —

9 1

10 1 0 Advanced Boot mode Enabled 8 bits 16 bits

11 1 - =

12 1 0 0 — — — — —

13 1

14 1 0 Advanced User program mode Enabled 8 bits 16 bits

15 1 — —

The CPU's architecture allows for 4 Ghytes of address space, but the H8S/2357 Group actually accesses a maximum of 16
Mbytes.

Modes 4 to 6 are externally expanded modes that allow access to external memory and peripheral devices.

The external expansion modes allow switching between 8-hit and 16-bit bus modes. After program execution starts, an 8-
bit or 16-bit address space can be set for each area, depending on the bus controller setting. 1f 16-bit accessis selected for
any one area, 16-bit bus mode is set; if 8-bit accessis selected for al areas, 8-bit bus modeis set.

Note that the functions of each pin depend on the operating mode.

Modes 10, 11, 14, and 15 are boot modes and user program modes in which the flash memory can be programmed and
erased. For details, see section 19, ROM.

Rev.6.00 Oct.28.2004 page 55 of 1016
REJ09B0138-0600H
RENESAS



The H85/2357 F-ZTAT can only be used in modes 4 to 7, 10, 11, 14, and 15. This means that the flash write enable pin
and mode pins must be set to select one of these modes.

Do not change the inputs at the mode pins during operation.

312 Operating Mode Selection (ZTAT, Masked ROM, ROMIlessVersion, and H8S2398 F-ZTAT)

The H85/2357 Group has four operating modes (modes 4 to 7). These modes enabl e selection of the CPU operating maode,
enabling/disabling of on-chip ROM, and the initial bus width setting, by setting the mode pins (MD, to MD,).

Table 3-2 lists the MCU operating modes.

Table3-2 MCU Operating Mode Selection (ZTAT, Masked ROM, ROMless, and H85/2398 F-ZTAT)

External Data Bus

MCU CPU

Operating Operating On-Chip Initial Max.

Mode MD, MD, MD, Mode Description ROM Width Width

0 0 0 0 — — — — —

1 1

2%1 1 0

3+t 1

4x2 1 0 0 Advanced On-chip ROM disabled, Disabled 16 bits 16 bits

52 1 expanded mode 8bits 16 bits

6 1 0 On-chip ROM enabled, Enabled 8 bits 16 bits
expanded mode

7 1 Single-chip mode — —

Notes: 1. Inthe H8S/2398 F-ZTAT, modes 2 and 3 indicate boot mode. For details on boot mode of the H8S/2398 F-
ZTAT version, refer to table 19-35 in section 19.17, On-Board Programming Modes.
In addition, for details on user program mode, refer also to tables 19-35 in section 19.17, On-Board
Programming Modes.

2. In ROMiless version, only modes 4 and 5 are available.

The CPU's architecture allows for 4 Gbytes of address space, but the H8S/2357 Group actually accesses a maximum of 16
Mbytes.

Modes 4 to 6 are externally expanded modes that allow access to external memory and peripheral devices.

The external expansion modes allow switching between 8-bit and 16-bit bus modes. After program execution starts, an 8-
bit or 16-bit address space can be set for each area, depending on the bus controller setting. 1f 16-bit accessis selected for
any one area, 16-bit bus mode is set; if 8-bit accessis selected for al areas, 8-bit bus modeis set.

Note that the functions of each pin depend on the operating mode.
The H85/2357 Group cannot be used in modes 4 to 7. This means that the mode pins must be set to select 4 to 7 modes.

Do not change the inputs at the mode pins during operation.
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313 Register Configuration

The H85/2357 Group has a mode control register (MDCR) that indicates the inputs at the mode pins (MD, to MD,), and a
system control register (SY SCR) and a system control register 2 (SY SCR2)*? that control the operation of the H8S/2357
Group. Table 3-3 summarizes these registers.

Table3-3 MCU Registers

Name Abbreviation R/W Initial Value Address**
Mode control register MDCR R Undetermined H'FF3B
System control register SYSCR R/W H'01 H'FF39
System control register 2*>  SYSCR2 R/W H'00 H'FF42

Notes: 1. Lower 16 bits of the address.

2. The SYSCR?2 register can only be used in the F-ZTAT version. In the masked ROM and ZTAT versions, this
register cannot be written to and will return an undefined value if read.

3.2 Register Descriptions

321 Mode Control Register (MDCR)

Bit L7 6 5 4 3 2 1 0
- -] - 1 — ] — | wps2| vps1 | mpso |

Initial value : 1 0 0 0 0 —* —* —*

RIW S — — — — R R R

Note: * Determined by pins MD, to MD,,.

MDCR is an 8-hit read-only register that indicates the current operating mode of the H8S/2357 Group.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.
Bits 6 to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits 2 to 0—Mode Select 2to 0 (MDS2 to MDS0): These bitsindicate the input levels at pins MD, to MD,, (the current
operating mode). Bits MDS2 to MDSO0 correspond to MD, to MD,. MDS2 to MDSO0 are read-only bits, they cannot be
written to. The mode pin (MD, to MD,) input levels are latched into these bits when MDCR isread. These latches are
canceled by a power-on reset, but are retained after a manual reset.*

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

322 System Control Register (SYSCR)

Bit L7 6 5 4 3 2 1 0

. — | — | wtmi | NTMO | NMIEG | — | — | RAME|
Initial value : 0 0 0 0 0 0 0 1
RIW . RIW — RW  RW  RW _x RW  RMW

Note: * R/W in the H8S/2390, H8S/2392, H8S/2394, and H8S/2398.
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Bit 7—Reserved: Only 0 should be written to this bit.
Bit 6—Reserved: Thisbit cannot be modified and is always read as 0.

Bits 5 and 4—Interrupt Control Mode 1 and O (INTM 1, INTMO0): These bits select the control mode of the interrupt
controller. For details of the interrupt control modes, see section 5.4.1, Interrupt Control Modes and Interrupt Operation.

Bit 5 Bit 4 Interrupt Control

INTM1 INTMO Mode Description

0 0 0 Control of interrupts by | bit (Initial value)
1 — Setting prohibited

1 0 2 Control of interrupts by 12 to 10 bits and IPR
1 — Setting prohibited

Bit 3—NM|I Edge Select (NMIEG): Selectsthe valid edge of the NMI interrupt input.

Bit 3

NMIEG Description

0 An interrupt is requested at the falling edge of NMI input (Initial value)
1 An interrupt is requested at the rising edge of NMI input

Bit 2—Reserved: This bit cannot be modified and is always read as 0.
Thisbit isreserved in the H8S/2390, H8S/2392, H85/2394, and H8S/2398. Only 0 should be written to
this bit.

Bit 1—Reserved: Only 0 should be written to this bit.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit isinitialized when the reset status
isreleased. Itisnot initialized in software standby mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)

323 System Control Register 2 (SYSCR2) (F-ZTAT Version Only)

Bit : 7 6 5 4 3 2 1 0
- = = = |mse — | = | - |

Initial value : 0 0 0 0 0 0 0 0

R/W : — — — — R/W — — —

SYSCR2 is an 8-hit readabl e/writable register that performs on-chip flash memory control.
SYSCR2 isinitialized to H'00 by areset and in hardware standby mode.

SY SCR2 can only be accessed in the F-ZTAT version. In other versions, this register cannot be written to and will return
an undefined value if read.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 0.

Rev.6.00 Oct.28.2004 page 58 of 1016
REJ09B0138-0600H
RENESAS



Bit 3—Flash Memory Control Register Enable (FL SHE): Controls CPU access to the flash memory control registers
(FLMCRL1, FLMCRZ2, EBR1, and EBR?2). For details, see section 19, ROM.

Bit 3
FLSHE Description
0 Flash control registers are not selected for addresses H'FFFFC8 to H'FFFFCB
(Initial value)
1

Flash control registers are selected for addresses H'FFFFC8 to H'FFFFCB

Bits 2 to 0—Reserved: These bits cannot be modified and are always read as 0.
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3.3 Operating Mode Descriptions

331 Mode 1

Mode 1 is not supported in this LS|, and must not be set.

332 Mode 2 (H8S/2398 F-ZTAT Only)
Thisisaflash memory boot mode. For details, see section 19, ROM.

MCU operation is the same as in mode 6.

3.33 Mode 3 (H8S5/2398 F-ZTAT Only)
Thisis aflash memory boot mode. For details, see section 19, ROM.

MCU operation is the same asin mode 7.

334 Moaode 4 (On-Chip ROM Disabled Expansion M ode)
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports A, B and C function as an address bus, ports D and E function as a data bus, and part of port F carries bus control
signals.

Theinitial bus mode after areset is 16 hits, with 16-bit accessto all areas. However, note that if 8-bit accessis designated
by the bus controller for al areas, the bus mode switches to 8 bits.

335 Moaode 5 (On-Chip ROM Disabled Expansion M ode)
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is disabled.

Ports A, B and C function as an address bus, ports D and E function as a data bus, and part of port F carries bus control
signals.

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. However, note that if at |east one areaiis
designated for 16-hit access by the bus controller, the bus mode switches to 16 bits and port E becomes a data bus.

3.36 Moaode 6 (On-Chip ROM Enabled Expansion M ode)
The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled.

Ports A, B and C function as input ports immediately after areset. They can each be set to output addresses by setting the
corresponding bitsin the data direction register (DDR) to 1. Port D functions as a data bus, and part of port F carries bus
control signals.

Theinitial bus mode after areset is 8 bits, with 8-bit access to all areas. However, note that if at least one areais
designated for 16-bit access by the bus controller, the bus mode switches to 16 bits and port E becomes a data bus.
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337 Mode 7 (Single-Chip Mode)

The CPU can access a 16-Mbyte address space in advanced mode. The on-chip ROM is enabled, but external addresses

cannot be accessed.

All 1/O ports are avail able for use as input-output ports.

3.3.8 Modes8 and 9

Modes 8 and 9 are not supported in the H8S/2357 Group, and must not be set.

3.39 Mode 10 (H8S/2357 F-ZTAT Only)
Thisis aflash memory boot mode. For details, see section 19, ROM.

MCU operation is the same as in mode 6.

3.310 Modell (H85/2357 F-ZTAT Only)
Thisis aflash memory boot mode. For details, see section 19, ROM.

MCU operation isthe same asin mode 7.

3311 Modes12and 13 (H8S/2357 F-ZTAT Only)

Modes 12 and 13 are not supported in the H8S/2357 Group, and must not be set.

3.312 Mode14 (H8S/2357 F-ZTAT Only)
Thisisaflash memory user program mode. For details, see section 19, ROM.

MCU operation is the same as in mode 6.

3.313 Mode15 (H8S/2357 F-ZTAT Only)
Thisisaflash memory user program mode. For details, see section 19, ROM.

MCU operation isthe same asin mode 7.

RENESAS
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34 Pin Functionsin Each Operating Mode

The pin functions of ports A to F vary depending on the operating mode. Table 3-4 shows their functionsin each
operating mode.

Table3-4 Pin Functionsin Each M ode

Mode Mode Mode Mode Mode Mode Mode Mode Mode Mode

Port 24 34 4x2 52 6 7 10%3 113 14%3 15%3
Port A PA, to PA, P*'/A P P*YA P*YA P*YA P P*YA P P*YA P
PA, to PA, A A
Port B P*YA P A A P*YA P P*YA P P*YA P
Port C P*YA P A A P*YA P P*YA P P*YA P
Port D D P D D D P D P D P
Port E P*'D P PID** P*YD P*YD P P*'D P P*'D P
Port F PF, p/c** P/C** P/C** P/C** P/C** P*YC P/C** P*YC P/C** P*'C
PF,to PF, C P C C C P C P C P
PF, to PF, P*YC P*YC  P*YC  P*YIC Pryc Pryc
Legend:
P: I/O port
A: Address bus output
D: Data bus I/0
C: Control signals, clock I1/0

Notes: 1. After reset
2. In ROMless version, only modes 4 and 5 are available.
3. Applies to the H8S/2357 F-ZTAT only.
4. Applies to the H8S/2398 F-ZTAT only.

35 Memory Map in Each Operating Mode
Figures 3-1 to 3-5 show memory maps for each of the operating modes.
The address spaceis 16 Mbytesin modes4to 7.

The address spaceis divided into eight areas for modes 4 to 7. For details, see section 6, Bus Controller.
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Modes 4 and 5*4 Mode 6 Mode 7

(advanced expanded modes (advanced expanded mode (advanced single-chip
with on-chip ROM disabled) with on-chip ROM enabled) mode)
H'000000 H'000000 H'000000
On-chip ROM On-chip ROM
H'00FFFF
External address 1anaA [~ T D
space H'010000 H'010000
On-chip RO/ On-chip ROM/
external address £
1 reserved area
space
H'O1FFFF
S = H'020000 _ External address_|
N N 1 space e
H'FFDCO00 H'FFDCO00 H'FFDCO00
On-chip RAM"3 On-chip RAM"™3 On-chip RAM
H'FFFBFF
H'FFFCOO0 | External address H'FFFCOO0 | External address
space space
H'FFFE40 Internal H'FFFE40 Internal H'FFFE40 Internal
I/0 registers I/O registers H'FFFFO7 I/0 registers
H'FFFFO8 | External address H'FFFFO8 | External address
space space
H'FFFF28 Internal H'FFFF28 Internal H'FFFF28 Internal
H'FFFFFF I/O registers H'FFFFFF I/O registers H'FFFEFF I/O registers

Notes: 1. External addresses when EAE =1 in BCRL; on-chip ROM when EAE = 0.
2. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
4. Only modes 4 and 5 are provided in the H8S/2352.

Figure3-1 Memory Map in Each Operating M ode (H852357, H85/2352) (1)
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Mode 10*4 Boot Mode Mode 11*4 Boot Mode

(advanced expanded mode (advanced single-chip
with on-chip ROM enabled) mode)
H'000000 H'000000
On-chip ROM On-chip ROM
Ho10000 | Ho10000 |
O”'Chilp ES’M’ On-chip ROM/
externa adaress reserved area"?
space
H'01FFFF
H'020000 | £xternal address
= space ==
H'FFDCO00 H'FFDCO00
On-chip RAM"3 On-chip RAM"3
H'FFFBFF
H'FFFCO00| External address
space
H'FFFE40 Internal H'FFFE40 Internal
I/O registers H'FEFFO7 I/0O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal H'FFFF28 Internal
H'FFFFFE I/0 registers H'EEFEEE | V/O registers

Notes: 1. External addresses when EAE =1 in BCRL; on-chip ROM when EAE = 0.
2. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
3. On-chip RAM is used for flash memory programming. Do not clear the RAME bit to 0 in
SYSCR.
4. Modes 10 and 11 are provided in the F-ZTAT version only.

Figure3-1 Memory Map in Each Operating M ode (H85/2357, H85/2352) (2)
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Mode 14*4 User Program Mode Mode 15*4 User Program Mode

(advanced expanded mode (advanced single-chip
with on-chip ROM enabled) mode)
H'000000 H'000000
On-chip ROM On-chip ROM
H'010000 [ H010000 [
O”'Chilp EC?M’ On-chip ROM/
external a*lress reserved area*2
space
H'O1FFFF
H020000 | £xternal address
= space =~
H'FFDCO00 H'FFDCO00
On-chip RAM"3 On-chip RAM"3
H'FFFBFF
H'FFFCO00| External address
space
H'FFFE40 Internal H'FFFE40 Internal
I/O registers H'FFFFO7 I/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal H'FFFF28 Internal
H'EFFFFF I/0 registers HEEEEEE | /O registers

Notes: 1. External addresses when EAE =1 in BCRL; on-chip ROM when EAE = 0.
2. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
3. On-chip RAM is used for flash memory programming. Do not clear the RAME bit to 0 in
SYSCR.
4. Modes 14 and 15 are provided in the F-ZTAT version only.

Figure3-1 Memory Map in Each Operating M ode (H85/2357, H85/2352) (3)
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000
External address
space
H'FFDCO00 "
Reserved space
H'FFECOOWW”H, 777777 2
On-chip RAM
H'FFFCOO0 | External address
space
H'FFFE40 Internal
1/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'EFEEEE 1/O registers

Notes: 1. This is a reserved space. Access to this space is inhibited. The space can be
made available for use as an external address space by clearing the RAME bit of
the SYSCR to 0.
2. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3-2 Memory Map in Each Operating M ode (H85/2390)
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Note:

*

Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

))

H'000000
External address
space
H'FFDCO00
On-chip RAM"
H'FFFCO0 | External address
space
H'FFFE40 Internal
1/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'EFEEEE 1/O registers

External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3-3 Memory Map in Each Operating M ode (H85/2392)
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Modes 4 and 5
(advanced expanded modes
with on-chip ROM disabled)

H'000000
External address
space
H'FF7C00
On-chip RAM"
H'FFFCOO0 | External address
space
H'FFFE40 Internal
1/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'EFEEEE 1/0 registers

Note: * External addresses can be accessed by clearing the RAME bit in SYSCR to 0.

Figure3-4 Memory Map in Each Operating M ode (H85/2394)
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Notes: 1.
2.
3.

4.
5.

Mode 2"° Mode 3°°

(advanced expanded mode (advanced single-chip
with on-chip ROM enabled) mode)
H'000000 H'000000
On-chip ROM On-chip ROM
Ho10000 | Ho10000 |
On-chip ROM/ On-chip ROM/
external address kokg
w1 reserved area
space
H'O3FFFF
H'040000 _ External address_|
- space -
H'FFDCO00 H'FFDCO00
On-chip RAM"3 On-chip RAM"3
H'FFFBFF
H'FFFCO0 | External address
space
H'FFFE40 Internal H'FFFE40 Internal
I/O registers H'EFFFO7 I/0O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal H'FFFF28 Internal
H'FFFFFF I/O registers H'FFFFEF I/O registers

External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
The on-chip RAM is used when programming and erasing flash memory.
Do not clear the RAME bit in SYSCR to 0.

Access to the reserved area is inhibited.

Modes 2 and 3 are provided in the F-ZTAT version only.

Figure3-5 Memory Map in Each Operating Mode (H85/2398) (1)
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Modes 4 and 5

(advanced expanded modes
with on-chip ROM disabled)

))

H'000000
External address
space
H'FFDCO00
On-chip RAM"3
H'FFFCOO0 | External address
space
H'FFFE40 Internal
1/0 registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'EFEFEE 1/O registers
Notes: 1.

Mode 6

(advanced expanded mode
with on-chip ROM enabled)

H'000000
On-chip ROM
H'010000 |
On-chip ROM/
external address
space”!
H040000 _ External address_|
~ space "
H'FFDCO00
On-chip RAM"3
H'FFFCOO0 | External address
space
H'FFFE40 Internal
1/O registers
H'FFFFO8 | External address
space
H'FFFF28 Internal
H'EFEEEE 1/O registers

Mode 7

(advanced single-chip

H'000000

H'0OFFFF
H'010000

H'O3FFFF

H'FFDCO00

HFFFBFF

H'FFFE40
H'FFFFO7

H'FFFF28
H'FFFFFF

mode)

On-chip ROM

On-chip ROM/
reserved area’”2"*

On-chip RAM

Internal
1/O registers

Internal
1/0 registers

External addresses when EAE = 1 in BCRL; on-chip ROM when EAE = 0.

2. Reserved area when EAE = 1 in BCRL; on-chip ROM when EAE = 0.
3. External addresses can be accessed by clearing the RAME bit in SYSCR to 0.
4. Access to the reserved area is inhibited.

Figure3-5 Memory Map in Each Operating M ode (H85/2398) (2)
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Section 4 Exception Handling

41 Overview

411 Exception Handling Typesand Priority

Astable 4-1 indicates, exception handling may be caused by areset, trap instruction, or interrupt. Exception handling is
prioritized as shown in table 4-1. If two or more exceptions occur simultaneously, they are accepted and processed in
order of priority. Trap instruction exceptions are accepted at all times, in the program execution state.

Exception handling sources, the stack structure, and the operation of the CPU vary depending on the interrupt control
mode set by the INTMO and INTM1 bits of SY SCR.

Table4-1 Exception Typesand Priority

Priority  Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES
A pin, or when the watchdog timer overflows. The CPU enters

the power-on reset state when the NMI pin is high, or the
manual reset** state when the NMI pin is low.

Trace*! Starts when execution of the current instruction or exception
handling ends, if the trace (T) bitis setto 1
Interrupt Starts when execution of the current instruction or exception
handling ends, if an interrupt request has been issued*?
Low Trap instruction (TRAPA)*® Started by execution of a trap instruction (TRAPA)

Notes: 1. Traces are enabled only in interrupt control mode 2. Trace exception handling is not executed after execution
of an RTE instruction.

2. Interrupt detection is not performed on completion of ANDC, ORC, XORC, or LDC instruction execution, or on
completion of reset exception handling.

3. Trap instruction exception handling requests are accepted at all times in program execution state.
4. Manual reset is only supported in the H8S/2357 ZTAT.
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412 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows:

1. The program counter (PC), condition code register (CCR), and extended register (EXR) are pushed onto the stack.
2. Theinterrupt mask bits are updated. The T bit is cleared to O.
3. A vector address corresponding to the exception source is generated, and program execution starts from that address.

For areset exception, steps 2 and 3 above are carried out.

413 Exception Vector Table

The exception sources are classified as shown in figure 4-1. Different vector addresses are assigned to different exception
SOUrcCes.

Table 4-2 lists the exception sources and their vector addresses.

Power-on reset

Reset
Manual reset*
Trace
Exception External interrupts: NMI, IRQ7 to IRQO
sources Interrupts

Internal interrupts: 52 interrupt sources in
on-chip supporting modules

Trap instruction

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

Figure4-1 Exception Sources

In modes 6 and 7 the on-chip ROM available for use after a power-on reset is the 64-kbyte area comprising addresses
H'000000 to H'00FFFF. Care is required when setting vector addresses. In this case, clearing the EAE bit in BCRL enables
the 128-kbyte (256-kbyte)* area comprising address H'000000 to H'01FFFF (H'03FFFF)* to be used.

Note: * Since these values are different according to the on-chip ROM capacitance, see section 3.5, Memory Map in Each
Operating Mode.
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Table4-2  Exception Vector Table

Vector Address**

Exception Source Vector Number Advanced Mode
Power-on reset 0 H'0000 to H'0003
Manual reset** 1 H'0004 to H'0007
Reserved for system use 2 H'0008 to H'000B
3 H'000C to H'000F

4 H'0010 to H'0013

Trace 5 H'0014 to H'0017
Reserved for system use 6 H'0018 to H'001B
External interrupt NMI 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

Reserved for system use 12 H'0030 to H'0033
13 H'0034 to H'0037

14 H'0038 to H'003B

15 H'003C to H'003F

External interrupt IRQO 16 H'0040 to H'0043
IRQ1 17 H'0044 to H'0047

IRQ2 18 H'0048 to H'004B

IRQ3 19 H'004C to H'004F

IRQ4 20 H'0050 to H'0053

IRQ5 21 H'0054 to H'0057

IRQ6 22 H'0058 to H'005B

IRQ7 23 H'005C to H'005F

Internal interrupt*? 24 H'0060 to H'0063

] u
91 H'016C to H'016F

Notes: 1. Lower 16 bits of the address.
2. For details of internal interrupt vectors, see section 5.3.3, Interrupt Exception Handling Vector Table.
3. Manual reset is only supported in the H8S/2357 ZTAT.
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4.2 Reset

421 Overview
A reset has the highest exception priority.

When the RES pin goes low, all processing halts and the H8S/2357 Group enters the reset state. A reset initializes the
internal state of the CPU and the registers of on-chip supporting modules. Immediately after areset, interrupt control
mode O is set.

Reset exception handling begins when the RES pin changes from low to high.

Inthe F-ZTAT, masked ROM, and ROM|ess versions, areset is always a power-on reset, regardless of the NMI pin level
at thetime. Also, areset caused by the watchdog timer is always a power-on reset, regardless of the setting of the RSTS
bit in the RSTCR register.

Inthe ZTAT version, areset may be either a power-on reset or amanual reset*, according to the NMI pin level at thetime.
A reset caused by the watchdog timer, also, may be either a power-on reset or a manual reset*.

For details see section 13, Watchdog Timer.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

422 Reset Types

A reset can be of either of two types: a power-on reset or a manual reset*. Reset types are shown in table 4-3. A power-on
reset should be used when powering on.

Theinterna state of the CPU isinitialized by either type of reset. A power-on reset also initializes al the registersin the
on-chip supporting modules, while a manual reset* initializes all the registers in the on-chip supporting modul es except
for the bus controller and 1/O ports, which retain their previous states.

With amanual reset*, since the on-chip supporting modules are initialized, ports used as on-chip supporting module 1/0
pins are switched to I/O ports controlled by DDR and DR.

Table4-3 Reset Types

Reset Transition

Conditions Internal State
Type NMI RES CPU On-Chip Supporting Modules
Power-on reset High Low Initialized Initialized
Manual reset*  Low Low Initialized Initialized, except for bus controller and I/O ports

A reset caused by the watchdog timer can aso be of either of two types: a power-on reset or amanual reset*.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.
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423 Reset Sequence

The H8S5/2357 Group enters the reset state when the RES pin goes low.

To ensure that the H8S/2357 Group is reset, hold the RES pin low for at least 20 ms at power-up. To reset the H8S/2357

Group during operation, hold the RES pin low for at least 20 states.

When the RES pin goes high after being held low for the necessary time, the H8S/2357 Group starts reset exception

handling as follows:

1. Theinterna state of the CPU and the registers of the on-chip supporting modules are initialized, the T bit is cleared to

0in EXR, andthel bitissetto 1in EXR and CCR.

2. The reset exception handling vector addressis read and transferred to the PC, and program execution starts from the

address indicated by the PC.

Figure 4-2 show examples of the reset sequence.

Internal Prefetch of first

Vector fetch

Address bus 1) >< 3) >< (5) X:
D;5to Dy : @ @ (6);

(1) (3) Reset exception handling vector address ((1) = H'000000, (3) = H'000002)
(2) (4) Start address (contents of reset exception handling vector address)

(5) Start address ((5) = (2) (4))

(6) First program instruction

Note: * 3 program wait states are inserted.

processing program instruction

Figure4-2 Reset Sequence (Mode 4)
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424 Interrupts after Reset

If an interrupt is accepted after areset but before the stack pointer (SP) isinitialized, the PC and CCR will not be saved
correctly, leading to a program crash. To prevent this, al interrupt requests, including NMI, are disabled immediately after
areset. Since the first instruction of a program is always executed immediately after the reset state ends, make sure that
thisinstruction initializes the stack pointer (example: MOV.L #xx:32, SP).

425 State of On-Chip Supporting M odules after Reset Release

After reset release, MSTPCR isinitialized to H'3FFF and all modules except the DMAC and DTC enter module stop
mode. Consequently, on-chip supporting module registers cannot be read or written to. Register reading and writing is
enabled when module stop mode is exited.

4.3 Traces

Traces are enabled in interrupt control mode 2. Trace mode is not activated in interrupt control mode O, irrespective of the
state of the T bit. For details of interrupt control modes, see section 5, Interrupt Controller.

If the T bitin EXR isset to 1, trace mode is activated. In trace mode, a trace exception occurs on completion of each
instruction.

Trace modeis canceled by clearing the T bit in EXR to 0. It is not affected by interrupt masking.
Table 4-4 shows the state of CCR and EXR after execution of trace exception handling.
Interrupts are accepted even within the trace exception handling routine.

The T bit saved on the stack retainsits value of 1, and when control is returned from the trace exception handling routine
by the RTE instruction, trace mode resumes.

Trace exception handling is not carried out after execution of the RTE instruction.

Table4-4 Statusof 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: Settol

0: Clearedto 0
—: Retains value prior to execution.
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4.4 Interrupts

Interrupt exception handling can be requested by nine external sources (NMI, IRQ7 to IRQO) and 52 internal sourcesin
the on-chip supporting modules. Figure 4-3 classifies the interrupt sources and the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT), refresh timer, 16-bit
timer-pulse unit (TPU), 8-bit timer, serial communication interface (SCI), data transfer controller (DTC), DMA controller
(DMAC), and A/D converter. Each interrupt source has a separate vector address.

NMI is the highest-priority interrupt. Interrupts are controlled by the interrupt controller. The interrupt controller has two
interrupt control modes and can assign interrupts other than NMI to eight priority/mask levels to enable multiplexed
interrupt control.

For details of interrupts, see section 5, Interrupt Controller.

External NMI (1)
interrupts IRQ7 to IRQO (8)

Interrupts WDT*1 (1)
Refresh timer*2 (1)

TPU (26)
Internal o\
interrupts 8-bit timer (6)
SCI (12)
DTC (1)
DMAC (4)
A/D converter (1)

Notes: Numbers in parentheses are the numbers of interrupt sources.
1. When the watchdog timer is used as an interval timer, it generates
an interrupt request at each counter overflow.
2. When the refresh timer is used as an interval timer, it generates an
interrupt request at each compare match.

Figure4-3 Interrupt Sourcesand Number of Interrupts
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4.5 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. Trap instruction exception handling can
be executed at all timesin the program execution state.

The TRAPA instruction fetches a start address from a vector table entry corresponding to a vector number from 0 to 3, as
specified in the instruction code.

Table 4-5 shows the status of CCR and EXR after execution of trap instruction exception handling.

Table4-5 Statusof CCR and EXR after Trap Instruction Exception Handling

CCR EXR
Interrupt Control Mode I ul 12to 10 T
0 — — —
2 — — 0
Legend:
1: Settol

0: Clearedto 0

—: Retains value prior to execution.

4.6 Stack Status after Exception Handling

Figure 4-4 shows the stack after completion of trap instruction exception handling and interrupt exception handling.

SP —» EXR
Reserved*
SP—» CCR CCR
———————— PC - PC -
,,,,,,,, (24 bits) - - - Loo..-_(24 bits)._______

\/—\ \/\

\/—\ \/\

(a) Interrupt control mode 0 (b) Interrupt control mode 2

Note: * Ignored on return.

Figure4-4 Stack Statusafter Exception Handling (Advanced M odes)
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4.7 Notes on Use of the Stack

When accessing word data or longword data, the H8S5/2357 Group assumes that the lowest address bit is 0. The stack
should always be accessed by word transfer instruction or longword transfer instruction, and the value of the stack pointer
(SP, ER7) should always be kept even. Use the following instructions to save registers:

PUSHW Ri  (or MV.WR1, @SP)
PUSHL ER (or MV.L ER\, @SP)

Use the following instructions to restore registers.

POP.W R (or MOV.W@P+ Rn)
PCP.L ER1 (or MV.L @P+, ERn)

Setting SP to an odd value may lead to amalfunction. Figure 4-5 shows an example of what happens when the SPvalue is
odd.

CCR SP—» R1L H'FFFEFA
SP - H'FFFEFB
PC PC H'FFFEFC
H'FFFEFD
sPw»| 0 1
fffffffffffffffffffffffffffffffffffffffffffffffffff H'FFFEFF

TRAPA instruction executed MOV.B R1L, @-ER7
— —

SP set to H'FFFEFF  Data saved above SP Contents of CCR lost

Legend:

CCR: Condition code register

PC: Program counter

R1L: General register R1L

SP: Stack pointer

Note: This diagram illustrates an example in which the interrupt control mode
is 0, in advanced mode.

Figure4-5 Operation when SP Valueis Odd
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Section 5 Interrupt Controller

51 Overview

511 Features

The H85/2357 Group controls interrupts by means of an interrupt controller. The interrupt controller has the following
features:

» Two interrupt control modes

O Any of two interrupt control modes can be set by means of the INTM 1 and INTMO bits in the system control
register (SY SCR).

* Priorities settable with IPR
O Aninterrupt priority register (IPR) is provided for setting interrupt priorities. Eight priority levels can be set for
each module for all interrupts except NMI.
O NMI isassigned the highest priority level of 8, and can be accepted at al times.

* Independent vector addresses

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

* Nine external interrupts

O NMI isthe highest-priority interrupt, and is accepted at all times. Rising edge or falling edge can be selected for
NMI.

O Falling edge, rising edge, or both edge detection, or level sensing, can be selected for IRQ7 to IRQO.

 DTC and DMAC control
0 DTCand DMAC activation is performed by means of interrupts.
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512

Block Diagram

A block diagram of the interrupt controller is shown in Figure 5-1.

| INTM1, INTMO CPU
SYSCR|
NMIEG ‘ L
NMI input = NMI input unit - Interrupt
request
IRQinput IRQ input unit - —— Vector
ISR
number
ISCR IER Priority
determination
. |
Internal interrupt | CCR
request 1210 10 |
SWDTEND to TEI | EXR
Interrupt controller
Legend:
ISCR: IRQ sense control register
IER: IRQ enable register
ISR: IRQ status register
IPR: Interrupt priority register

SYSCR: System control register

513

Figure5-1 Block Diagram of Interrupt Controller

Pin Configuration

Table 5-1 summarizes the pins of the interrupt controller.

Table5-1

Interrupt Controller Pins
Name Symbol I/O Function
Nonmaskable interrupt ~ NMI Input Nonmaskable external interrupt; rising or

falling edge can be selected

External interrupt IRQ7 to IRQO Input

requests 7to O

Maskable external interrupts; rising, falling, or
both edges, or level sensing, can be selected
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514

Register Configuration

Table 5-2 summarizes the registers of the interrupt controller.

Table5-2

Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address**
System control register SYSCR R/W H'01 H'FF39
IRQ sense control register H ISCRH R/W H'00 H'FF2C
IRQ sense control register L ISCRL R/W H'00 H'FF2D
IRQ enable register IER R/W H'00 H'FF2E
IRQ status register ISR R/(W)*? H'00 H'FF2F
Interrupt priority register A IPRA R/W H'77 H'FEC4
Interrupt priority register B IPRB R/W H'77 H'FEC5
Interrupt priority register C IPRC R/W H'77 H'FEC6
Interrupt priority register D IPRD R/W H'77 H'FEC7
Interrupt priority register E IPRE R/W H'77 H'FEC8
Interrupt priority register F IPRF R/W H'77 H'FEC9
Interrupt priority register G IPRG R/W H'77 H'FECA
Interrupt priority register H IPRH R/W H'77 H'FECB
Interrupt priority register | IPRI R/W H'77 H'FECC
Interrupt priority register J IPRJ R/W H'77 H'FECD
Interrupt priority register K IPRK R/W H'77 H'FECE
Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.
5.2 Register Descriptions
521 System Control Register (SYSCR)
Bit : 7 6 4 3 1
. — | — | INTM1 | INTMO | NMEG | — | — | RAME |
Initial value : 0 0 0 0 0
R/W R/W — R/W R/W — R/W R/W

Note: * R/W in the H8S/2390, H8S/2392, H8S/2394, and H8S/2398.

SYSCR is an 8-bit readable/writable register that selects the interrupt control mode, and the detected edge for NMI.

Only bits 5 to 3 are described here; for details of the other bits, see section 3.2.2, System Control Register (SY SCR).

SYSCRisinitialized to H'01 by areset and in hardware standby mode. It is not initialized in software standby mode.

RENESAS
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Bits5 and 4—Interrupt Control Mode 1 and O (INTM1, INTMO): These bits select one of two interrupt control modes
for the interrupt controller.

Bit 5 Bit 4 Interrupt
INTM1 INTMO Control Mode  Description

0 0 0 Interrupts are controlled by | bit (Initial value)
1 — Setting prohibited

1 0 2 Interrupts are controlled by bits 12 to 10, and IPR
1 — Setting prohibited

Bit 3—NMI Edge Select (NMIEG): Selectsthe input edge for the NMI pin.

Bit 3

NMIEG Description

0 Interrupt request generated at falling edge of NMI input (Initial value)
1 Interrupt request generated at rising edge of NMI input

522 Interrupt Priority RegistersA to K (IPRA to IPRK)

Bit L7 6 5 4 3 2 1 0

. — | IPR6 | IPR5 | IPR& | — | IPR2 | IPRL | IPRO |
Initial value : 0 1 1 1 0 1 1 1
RIW S RW  RW  RW — RW  RW  RW

The IPR registers are eleven 8-bit readable/writable registersthat set priorities (levels 7 to 0) for interrupts other than
NMI.

The correspondence between | PR settings and interrupt sources is shown in table 5-3.
The IPR registers set apriority (levels 7 to 0) for each interrupt source other than NMI.
The IPR registers are initialized to H'77 by areset and in hardware standby mode.

Bits 7 and 3—Reserved: These bits cannot be modified and are always read as 0.
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Table5-3 Correspondence between Interrupt Sourcesand | PR Settings

Bits

Register 6to 4 2to 0
IPRA IRQO IRQ1
IPRB IRQ2 IRQ4

IRQ3 IRQ5
IPRC IRQ6 DTC

IRQ7
IPRD Watchdog timer Refresh timer
IPRE —* A/D converter
IPRF TPU channel 0 TPU channel 1
IPRG TPU channel 2 TPU channel 3
IPRH TPU channel 4 TPU channel 5
IPRI 8-bit timer channel 0 8-bit timer channel 1
IPRJ DMAC SClI channel 0
IPRK SCI channel 1 SCI channel 2

Note: * Reserved bits. These bits cannot be modified and are always read as 1.

Asshown in table 5-3, multiple interrupts are assigned to one IPR. Setting avaluein the range from H'0 to H'7 in the 3-bit
groups of bits 6 to 4 and 2 to 0 setsthe priority of the corresponding interrupt. The lowest priority level, level O, is
assigned by setting H'0, and the highest priority level, level 7, by setting H'7.

When interrupt requests are generated, the highest-priority interrupt according to the priority levels set in the IPR registers
isselected. Thisinterrupt level isthen compared with the interrupt mask level set by the interrupt mask bits (12to 10) in
the extend register (EXR) in the CPU, and if the priority level of the interrupt is higher than the set mask level, an interrupt
request isissued to the CPU.

523 IRQ Enable Register (IER)

Bit L7 6 5 4 3 2 1 0

‘ IRQ7E ‘ IRQ6E ‘ IRQ5E ‘ IRQ4E ] IRQ3E ] IRQ2E ] IRQ1E ] IRQOE \
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

IER is an 8-bit readable/writable register that controls enabling and disabling of interrupt requests IRQ7 to IRQO.
IER isinitialized to H'00 by areset and in hardware standby mode.

Bits 7 to 0—IRQ7to IRQO Enable (IRQ7E to IRQOE): These hits select whether IRQ7 to IRQO are enabled or
disabled.

Bit n
IRQNE Description
0 IRQn interrupts disabled (Initial value)
1 IRQn interrupts enabled
(n=71t00)
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524 IRQ Sense Control RegistersH and L (ISCRH, ISCRL)

ISCRH
Bit .15 14 13 12 11 10 9 8
MRQ?SCBMRQ?SC4|RQGSCBMRQGSC4|RQ53CBMRQ53C4|RQ4SCBMRQ4SC&
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW
ISCRL
Bit L7 6 5 4 3 2 1 0
IRQ3SCB|IRQ3SCAIRQ2SCB|IRQ2SCAIRQ1SCB|IRQ1SCAIRQOSCB IRQOSCA
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

ISCR registers are 16-hit readable/writable registers that select rising edge, falling edge, or both edge detection, or level
sensing, for theinput at pins IRQ7 to IRQO.

ISCR registers are initialized to H'0000 by areset and in hardware standby mode.

Bits15t0 0: 1RQ7 Sense Control A and B (IRQ7SCA, IRQ7SCB) to IRQO Sense Control A and B (IRQOSCA,
IRQOSCB)

Bits 15to 0
IRQ7SCB to  IRQ7SCA to
IRQOSCB IRQOSCA Description
0 0 Interrupt request generated at IRQ7 to IRQO input low level
(Initial value)
1 Interrupt request generated at falling edge of IRQ7 to IRQO input
1 0 Interrupt request generated at rising edge of IRQ7 to IRQO input

Interrupt request generated at both falling and rising edges of
IRQ7 to IRQO input

525 IRQ Status Register (1SR)

Bit L7 6 5 4 3 2 1 0
| IRQ7F | IRQ6F | IRQSF | IRQ4F | IRQ3F | IRQ2F | IRQIF | IRQUF |

Initial value : 0 0 0 0 0 0 0 0

RIW . RIW)*  RIW)*  RIW)*  RIW)* RIW)* RIW)* RIW)* RIW)*

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

ISR is an 8-hit readabl e/writable register that indicates the status of IRQ7 to IRQO interrupt requests.
ISR isinitialized to H'00 by areset and in hardware standby mode.

Bits 7to 0—IRQ7 to IRQO flags (IRQ7F to IRQOF): These hitsindicate the status of IRQ7 to IRQO interrupt requests.
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Bit n
IRQnF  Description

0 [Clearing conditions] (Initial value)
e Cleared by reading IRQnF flag when IRQnF = 1, then writing O to IRQnF flag
* When interrupt exception handling is executed when low-level detection is set
(IRQNSCB = IRQNSCA = 0) and IRQn input is high
* When IRQn interrupt exception handling is executed when falling, rising, or both-edge
detection is set (IRQNSCB =1 or IRQNSCA = 1)

¢ When the DTC is activated by an IRQn interrupt, and the DISEL bit in MRB of the
DTC is cleared to O

1 [Setting conditions]

« When IRQn input goes low when low-level detection is set IRQNSCB = IRQNSCA =
0)

«  When a falling edge occurs in TRQn input when falling edge detection is set
(IRQNSCB =0, IRQNSCA =1)

« When arising edge occurs in IRQn input when rising edge detection is set
(IRQNSCB =1, IRQNSCA = 0)

»  When a falling or rising edge occurs in IRQn input when both-edge detection is set
(IRQNSCB = IRQNSCA = 1)

(n=7100)

5.3 Interrupt Sources

Interrupt sources comprise external interrupts (NMI and IRQ7 to IRQO) and internal interrupts (52 sources).

531 External Interrupts

There are nine external interrupts: NMI and IRQ7 to IRQO. Of these, NMI and IRQ2 to IRQO can be used to restore the
H8S/2357 Group from software standby mode.

NMI Interrupt: NMI isthe highest-priority interrupt, and is aways accepted by the CPU regardless of the status of the
CPU interrupt mask bits. The NMIEG bit in SY SCR can be used to select whether an interrupt is requested at arising edge
or afalling edge on the NMI pin.

The vector number for NMI interrupt exception handling is 7.

IRQ7 to IRQO Interrupts: Interrupts IRQ7 to IRQO are requested by an input signal at pinsIRQ7 toIRQO. Interrupts
IRQ7 to IRQO have the following features:

» Using ISCR, it is possible to select whether an interrupt is generated by alow level, falling edge, rising edge, or both
edges, at pins IRQ7 to IRQO.

» Enabling or disabling of interrupt requests IRQ7 to IRQO can be selected with IER.

» Theinterrupt priority level can be set with IPR.

e The status of interrupt requests IRQ7 to IRQO isindicated in ISR. 1SR flags can be cleared to 0 by software.

A block diagram of interrupts IRQ7 to IRQO is shown in figure 5-2.
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IRQNSCA, IRQNSCB
¢ IRQNF

IRQn interrupt
> Edgel/level ) >
detection circuit N Q

request
IRQninput r R

Clear signal

Note: n=7to 0

Figure5-2 Block Diagram of InterruptsIRQ7to IRQO

Figure 5-3 shows the timing of setting IRQNF.

IRQnN
input pin

IRQNF

Figure5-3 Timing of Setting IRQNF
The vector numbers for IRQ7 to IRQO interrupt exception handling are 23 to 16.

Detection of IRQ7 to IRQO interrupts does not depend on whether the relevant pin has been set for input or outpuit.
However, when apin is used as an external interrupt input pin, do not clear the corresponding DDR to 0 and use the pin as
an 1/0 pin for another function.

532 Internal Interrupts
There are 52 sources for internal interrupts from on-chip supporting modules.

» For each on-chip supporting module there are flags that indicate the interrupt request status, and enable bits that select
enabling or disabling of these interrupts. If both of these are set to 1 for a particular interrupt source, an interrupt
reguest isissued to the interrupt controller.

» Theinterrupt priority level can be set by means of IPR.

« TheDMAC and DTC can be activated by a TPU, SCI, or other interrupt request. When the DMAC or DTC is activated
by an interrupt, the interrupt control mode and interrupt mask bits are not affected.

533 Interrupt Exception Handling Vector Table

Table 5-4 shows interrupt exception handling sources, vector addresses, and interrupt priorities. For default priorities, the
lower the vector number, the higher the priority.

Priorities among modules can be set by means of the IPR. The situation when two or more modules are set to the same
priority, and priorities within amodule, are fixed as shown in table 5-4.
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Table5-4 Interrupt Sources, Vector Addresses, and Interrupt Priorities

Vector
Origin of Address*
Interrupt Vector Advanced
Interrupt Source Source Number Mode IPR Priority
NMI External 7 H'001C — High
IRQO pin 16 H'0040 IPRAG to 4 A
IRQ1 17 H'0044 IPRA2 to O
IRQ2 18 H'0048 IPRB6 to 4
IRQ3 19 H'004C
IRQ4 20 H'0050 IPRB2 to 0
IRQ5 21 H'0054
IRQ6 22 H'0058 IPRC6 to 4
IRQ7 23 H'005C
SWDTEND (software activation  DTC 24 H'0060 IPRC2to 0
interrupt end)
WOVI (interval timer) Watchdog 25 H'0064 IPRD6 to 4
timer
CMI (compare match) Refresh 26 H'0068 IPRD2to O
controller
Reserved — 27 H'006C IPRES6 to 4
ADI (A/D conversion end) A/D 28 H'0070 IPRE2to O
Reserved — 29 H'0074
30 H'0078
31 H'007C
TGIOA (TGROA input capture/ TPU 32 H'0080 IPRF6 to 4
compare match) channel 0
TGIOB (TGROB input capture/ 33 H'0084
compare match)
TGIOC (TGROC input capture/ 34 H'0088
compare match)
TGIOD (TGROD input capture/ 35 H'008C
compare match)
TCIOV (overflow 0) 36 H'0090
Reserved — 37 H'0094
38 H'0098
39 H'009C
TGI1A (TGR1A input capture/ TPU 40 H'00AO0 IPRF2to 0
compare match) channel 1
TGI1B (TGR1B input capture/ 41 H'00A4
compare match)
TCI1V (overflow 1) 42 H'00A8
TCI1U (underflow 1) 43 H'00AC
TGI2A (TGR2A input capture/ TPU 44 H'00BO IPRG6 to 4
compare match) channel 2
TGI2B (TGR2B input capture/ 45 H'00B4
compare match)
TCI2V (overflow 2) 46 H'00B8
TCI2U (underflow 2) 47 H'00BC Low
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Vector

Origin of Address*
Interrupt Vector Advanced

Interrupt Source Source Number Mode IPR Priority
TGI3A (TGR3A input capture/ TPU 48 H'00CO IPRG2to 0  High
compare match) channel 3 A
TGI3B (TGR3B input capture/ 49 H'00C4
compare match)
TGI3C (TGR3C input capture/ 50 H'00C8
compare match)
TGI3D (TGR3D input capture/ 51 H'00CC
compare match)
TCI3V (overflow 3) 52 H'00DO
Reserved — 53 H'00D4

54 H'00D8

55 H'00DC
TGI4A (TGR4A input capture/ TPU 56 H'00EO IPRH6 to 4
compare match) channel 4
TGI4B (TGRA4B input capture/ 57 H'00E4
compare match)
TCl4V (overflow 4) 58 H'O0E8
TCIl4U (underflow 4) 59 H'00EC
TGI5A (TGR5A input capture/ TPU 60 H'00FO0 IPRH2to O
compare match) channel 5
TGI5B (TGR5B input capture/ 61 H'00F4
compare match)
TCI5V (overflow 5) 62 H'0O0F8
TCI5U (underflow 5) 63 H'00FC
CMIAO (compare match AO) 8-bittimer 64 H'0100 IPRI6 to 4
CMIBO (compare match BO) channel 0 g5 H'0104
OVIO0 (overflow 0) 66 H'0108
Reserved — 67 H'010C
CMIA1 (compare match Al) 8-bittimer 68 H'0110 IPRI2t0 O
CMIB1 (compare match B1) channel 1 gg H'0114
OVI1 (overflow 1) 70 H'0118
Reserved — 71 H'011C
DENDOA (channel O/channel OA°  DMAC 72 H'0120 IPRJ6 to 4
transfer end)
DENDOB (channel OB transfer 73 H'0124
end)
DEND1A (channel 1/channel 1A 74 H'0128
transfer end)
DEND1B (channel 1B transfer 75 H'012C
end)
Reserved — 76 H'0130

77 H'0134

78 H'0138

79 H'013C Low
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Vector

Origin of Address*
Interrupt Vector Advanced
Interrupt Source Source Number  Mode IPR Priority
ERIO (receive error 0) SCI 80 H'0140 IPRJ2t0 0 High
RXIO (reception data full 0) channel0 g7 H'0144 A
TXIO (transmit data empty 0) 82 H'0148
TEIO (transmission end 0) 83 H'014C
ERI1 (receive error 1) SCI 84 H'0150 IPRKG6 to 4
RXI1 (reception data full 1) channel1  gg H'0154
TXI1 (transmit data empty 1) 86 H'0158
TEI1 (transmission end 1) 87 H'015C
ERI2 (receive error 2) SCI 88 H'0160 IPRK2 to O
RXI2 (reception data full 2) channel 2 gg H'0164
TXI2 (transmit data empty 2) 90 H'0168
TEI2 (transmission end 2) 91 H'016C Low
Note: * Lower 16 bits of the start address.
54 Interrupt Operation
54.1 Interrupt Control Modes and Interrupt Operation

Interrupt operations in the H8S/2357 Group differ depending on the interrupt control mode.

NMI interrupts are accepted at all times except in the reset state and the hardware standby state. In the case of IRQ
interrupts and on-chip supporting module interrupts, an enable bit is provided for each interrupt. Clearing an enable bit to
0 disables the corresponding interrupt request. Interrupt sources for which the enable bits are set to 1 are controlled by the
interrupt controller.

Table 5-5 shows the interrupt control modes.

Theinterrupt controller performs interrupt control according to the interrupt control mode set by the INTM1 and INTMO
bitsin SY SCR, the priorities set in IPR, and the masking state indicated by the | and Ul bitsin the CPU’s CCR, and bits 12
tol0in EXR.

Table5-5 Interrupt Control Modes

SYSCR

Interrupt Priority Setting Interrupt

Control Mode INTM1 INTMO Registers Mask Bits Description

0 0 0 — | Interrupt mask control is
performed by the | bit.

— 1 — — Setting prohibited

2 1 0 IPR 12to 10 8-level interrupt mask control
is performed by bits 12 to 10.
8 priority levels can be set with
IPR.

— 1 — — Setting prohibited
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Figure 5-4 shows a block diagram of the priority decision circuit.

Interrupt
control
mode 0 |

.

Interrupt
acceptance
control

Default priority

Interrupt source — N
determination

> Vector number

8-level
mask control

r 1

12to 10
IPR

Interrupt control mode 2

Figure5-4 Block Diagram of Interrupt Control Operation
(1) Interrupt Acceptance Control
Ininterrupt control mode O, interrupt acceptance is controlled by the | bit in CCR.
Table 5-6 shows the interrupts selected in each interrupt control mode.
Table5-6 Interrupts Selected in Each Interrupt Control Mode (1)

Interrupt Mask Bits

Interrupt Control Mode I Selected Interrupts
0 0 All interrupts
1 NMI interrupts

2 X All interrupts

x : Don't care

(2) 8-Level Contral

Ininterrupt control mode 2, 8-level mask level determination is performed for the selected interruptsin interrupt
acceptance control according to the interrupt priority level (IPR).

Theinterrupt source selected is the interrupt with the highest priority level, and whose priority level setin IPR is higher
than the mask level.

Table5-7 Interrupts Selected in Each Interrupt Control Mode (2)

Interrupt Control Mode Selected Interrupts
0 All interrupts
2 Highest-priority-level (IPR) interrupt whose priority level is greater

than the mask level (IPR > 12 to 10).
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(3) Default Priority Determination
When an interrupt is selected by 8-level control, its priority is determined and a vector number is generated.

If the same valueis set for IPR, acceptance of multiple interruptsis enabled, and so only the interrupt source with the
highest priority according to the preset default priorities is selected and has a vector number generated.

Interrupt sources with alower priority than the accepted interrupt source are held pending.
Table 5-8 shows operations and control signal functions in each interrupt control mode.

Table5-8 Operationsand Control Signal Functionsin Each Interrupt Control Mode

Interrupt ) Interrupt Default

Control Setting Acceptance Control 8-Level Control Priority T
Mode INTM1 INTMO | 12to 10 IPR Determination (Trace)
0 0 0 O M X — —*2 O —

2 1 0 x —*! O M PR O T

Legend

O: Interrupt operation control performed

x: No operation. (All interrupts enabled)

IM: Used as interrupt mask bit

PR: Sets priority

—: Not used

Notes: 1. Setto 1 when interrupt is accepted.
2. Keep the initial setting.

542 Interrupt Control Mode 0

Enabling and disabling of IRQ interrupts and on-chip supporting modul e interrupts can be set by means of the | bit in the
CPU’s CCR. Interrupts are enabled when the | bit is cleared to 0, and disabled when set to 1.

Figure 5-5 shows a flowchart of the interrupt acceptance operation in this case.

[1] If aninterrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrupt request is sent to the
interrupt controller.

[2] Thel hit isthen referenced. If the | bit is cleared to O, the interrupt request is accepted. If the | bit isset to 1, only an
NMI interrupt is accepted, and other interrupt requests are held pending.

[3] Interrupt requests are sent to the interrupt controller, the highest-ranked interrupt according to the priority systemis
accepted, and other interrupt requests are held pending.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the current instruction has
been completed.

[5] The PC and CCR are saved to the stack area by interrupt exception handling. The PC saved on the stack shows the
address of the first instruction to be executed after returning from the interrupt handling routine.

[6] Next, thel bitin CCR isset to 1. Thismasks all interrupts except NMI.

[7] A vector addressis generated for the accepted interrupt, and execution of the interrupt handling routine starts at the
address indicated by the contents of that vector address.
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Figure5-5 Flowchart of Procedure Up to Interrupt Acceptancein Interrupt Control Mode O
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54.3 Interrupt Control Mode 2

Eight-level masking isimplemented for IRQ interrupts and on-chip supporting module interrupts by comparing the
interrupt mask level set by bits12 to 10 of EXR in the CPU with IPR.

Figure 5-6 shows a flowchart of the interrupt acceptance operation in this case.

[1] If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an interrupt request is sent to the
interrupt controller.

[2] When interrupt requests are sent to the interrupt controller, the interrupt with the highest priority according to the
interrupt priority levels set in IPR is selected, and lower-priority interrupt requests are held pending. If a number of
interrupt requests with the same priority are generated at the same time, the interrupt request with the highest priority
according to the priority system shown in table 5-4 is selected.

[3] Next, the priority of the selected interrupt request is compared with the interrupt mask level setin EXR. An interrupt
reguest with a priority no higher than the mask level set at that timeis held pending, and only an interrupt request with
apriority higher than the interrupt mask level is accepted.

[4] When an interrupt request is accepted, interrupt exception handling starts after execution of the current instruction has
been completed.

[5] The PC, CCR, and EXR are saved to the stack area by interrupt exception handling. The PC saved on the stack shows
the address of the first instruction to be executed after returning from the interrupt handling routine.

[6] The T bitin EXR is cleared to 0. The interrupt mask level is rewritten with the priority level of the accepted interrupt.
If the accepted interrupt is NMI, the interrupt mask level is set to H'7.

[7] A vector addressis generated for the accepted interrupt, and execution of the interrupt handling routine starts at the
address indicated by the contents of that vector address.

Rev.6.00 Oct.28.2004 page 95 of 1016
REJ09B0138-0600H
RENESAS



Y

| Program execution status|

-
-

@W\NO -

Yes

Yes
NMI

No

Level 7 interrupt?

Yes

Mask level 6 No Yes
r below?
ves Mask level 5 No
r below?2
Yes
Mask level O

Yes

Level 1 interrupt?

| Save PC, CCR, and EXR | |HOId pending

| Clear T bit to 0 |

| Update mask level |

| Read vector address |

|Branch to interrupt handling routine|

Figure5-6 Flowchart of Procedure Up to Interrupt Acceptancein Interrupt Control Mode 2
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Interrupt Exception Handling Sequence

544

Figure 5-7 shows the interrupt exception handling sequence. The example shown is for the case where interrupt control

mode O is set in advanced mode, and the program area and stack area are in on-chip memory.
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I nterrupt Exception Handling

Figure5-7
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545 Interrupt Response Times

The H85/2357 Group is capable of fast word transfer instruction to on-chip memory, and the program areais provided in
on-chip ROM and the stack areain on-chip RAM, enabling high-speed processing.

Table 5-9 shows interrupt response times - the interval between generation of an interrupt request and execution of the
first instruction in the interrupt handling routine. The execution status symbols used in table 5-9 are explained in table 5-
10.

Table5-9 Interrupt Response Times

Advanced Mode

No.  Execution Status INTM1 =0 INTM1=1
Interrupt priority determination** 3 3

2 Number of wait states until executing 1to (19+2-S) 1to (19+2-S)
instruction ends*?

3 PC, CCR, EXR stack save 2:S, 3:Sy

4 Vector fetch 2:S, 2:S,

5 Instruction fetch*? 2-S, 2.S,

6 Internal processing** 2 2

Total (using on-chip memory) 12 to 32 13t0 33

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instructions.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.
4. Internal processing after interrupt acceptance and internal processing after vector fetch.

Table5-10 Number of Statesin Interrupt Handling Routine Execution Statuses

Object of Access

External Device

8-Bit Bus 16-Bit Bus
Internal 2-State 3-State 2-State 3-State
Symbol Memory  Access Access Access Access
Instruction fetch S, 1 4 6 +2m 2 3+m
Branch address read S,
Stack manipulation S

Legend:
m: Number of wait states in an external device access.
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5.5 Usage Notes

55.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to 0 to disable interrupts, the disabling becomes effective after execution of the
instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such asBCLR or MOV, if aninterrupt is
generated during execution of the instruction, the interrupt concerned will still be enabled on completion of the instruction,
and so interrupt exception handling for that interrupt will be executed on completion of the instruction. However, if there
isan interrupt request of higher priority than that interrupt, interrupt exception handling will be executed for the higher-
priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared.

Figure 5-8 shows an example in which the TGIEA bit in the TPU's TIERO register is cleared to 0.

TIERO write cycle by CPU TGIOA exception handling

Internal ! !
address bus >< TIERO address X

Internal
write signal

TGIEA }
TGFA J |

TGIOA
interrupt signal

Figure5-8 Contention between Interrupt Generation and Disabling

The above contention will not occur if an enable bit or interrupt source flag is cleared to O while the interrupt is masked.

552 Instructionsthat Disable Interrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these instructionsis executed, al
interrupts including NMI are disabled and the next instruction is always executed. When the | bit is set by one of these
instructions, the new value becomes valid two states after execution of the instruction ends.
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55.3 Timeswhen Interruptsare Disabled
There are times when interrupt acceptance is disabled by the interrupt controller.

Theinterrupt controller disables interrupt acceptance for a 3-state period after the CPU has updated the mask level with an
LDC, ANDC, ORC, or XORC instruction.

554 Interrupts during Execution of EEPM OV Instruction
Interrupt operation differs between the EEPM OV .B instruction and the EEPMOV.W instruction.

With the EEPMOV .B instruction, an interrupt request (including NMI) issued during the transfer is not accepted until the
move is compl eted.

With the EEPMOV.W instruction, if an interrupt request isissued during the transfer, interrupt exception handling starts at
abreak in the transfer cycle. The PC value saved on the stack in this case is the address of the next instruction.

Therefore, if an interrupt is generated during execution of an EEPMOV.W instruction, the following coding should be
used.

L1: EEPMOV. W
MOV, W R4, R4
BNE L1

5.6 DTC and DMAC Activation by Interrupt

56.1 Overview
The DTC and DMAC can be activated by an interrupt. In this case, the following options are available:

e Interrupt request to CPU

e Activation request to DTC

e Activation request to DMAC

» Selection of anumber of the above

For details of interrupt requests that can be used with to activate the DTC or DMAC, see section 8, Data Transfer
Controller, and section 7, DMA Controller.
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5.6.2 Block Diagram

Figure 5-9 shows a block diagram of the DTC and DMAC interrupt controller.

DMAC
© —
& g
» =
o 2
5 @
s )
| 5 ° -
Interrupt DTC activation
e request vector
||| request |selection number
_| circuit
IRQ >
interrupt ﬂ S_eleclt
signal .
9 Clear signal Control logic bTC
_|Interrupt source DTCER ‘
On-chip | clear signal Clear signal
supporting ———]
module
DTVECR ;
SWDTE .
clear signal CPU interrupt
request vector
inati number
Determlngtlon of CPU
priority B
Interrupt controller - 11210 10

Figure5-9 Interrupt Control for DTC and DMAC

5.6.3 Operation
Theinterrupt controller has three main functionsin DTC and DMAC control.

Selection of Interrupt Source: With the DMAC, the activation source isinput directly to each channel. The activation
source for each DMAC channel is selected with bits DTF3 to DTFO in DMACR. Whether the selected activation source is
to be managed by the DMAC can be selected with the DTA bit of DMABCR. When the DTA bit is set to 1, the interrupt
source constituting that DMAC activation source is not a DTC activation source or CPU interrupt source.

For interrupt sources other than interrupts managed by the DMAC, it is possible to select DTC activation request or CPU
interrupt request with the DTCE bit of DTCERA to DTCERF inthe DTC.

After aDTC datatransfer, the DTCE bit can be cleared to 0 and an interrupt request sent to the CPU in accordance with
the specification of the DISEL bit of MRB inthe DTC.

When the DTC has performed the specified number of data transfers and the transfer counter value is zero, the DTCE bit
iscleared to 0 and an interrupt request is sent to the CPU after the DTC data transfer.

Determination of Priority: The DTC activation source is selected in accordance with the default priority order, and is not
affected by mask or priority levels. See section 7.6, Interrupts, and section 8.3.3, DTC Vector Table, for the respective
priorities.

With the DMAC, the activation source is input directly to each channel.

Operation Order: If the same interrupt is selected as a DTC activation source and a CPU interrupt source, the DTC data
transfer is performed first, followed by CPU interrupt exception handling.
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If the sameinterrupt is selected asa DMAC activation source and a DTC activation source or CPU interrupt source,
operations are performed for them independently according to their respective operating statuses and bus mastership
priorities.

Table 5-11 summarizes interrupt source selection and interrupt source clearance control according to the settings of the

DTA bit of DMABCR in the DMAC, the DTCE bit of DTCERA to DTCERF in the DTC and the DISEL bit of MRB in
the DTC.

Table5-11 Interrupt Source Selection and Clearing Control

Settings
DMAC DTC Interrupt Source Selection/Clearing Control
DTA DTCE DISEL DMAC DTC CPU
0 0 * @) x A
1 0 O A x
1 O O A
1 * * A x x

Legend:
A\ : The relevant interrupt is used. Interrupt source clearing is performed.
(The CPU should clear the source flag in the interrupt handling routine.)
O : The relevant interrupt is used. The interrupt source is not cleared.
x : The relevant bit cannot be used.
* : Don't care

5.6.4 Note on Use

SCI and A/D converter interrupt sources are cleared when the DMAC or DTC reads or writes to the prescribed register,
and are not dependent upon the DTA bit or DISEL bit.
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Section 6 Bus Controller

6.1 Overview

The H85/2357 Group has a on-chip bus controller (BSC) that manages the external address space divided into eight areas.
The bus specifications, such as bus width and number of access states, can be set independently for each area, enabling
multiple memories to be connected easily.

The bus controller also has a bus arbitration function, and controls the operation of the internal bus masters: the CPU,
DMA controller (DMAC), and data transfer controller (DTC).

6.1.1 Features
The features of the bus controller are listed bel ow.

* Manages external address space in area units
O Inadvanced mode, manages the external space as 8 areas of 2-Mbytes
O Bus specifications can be set independently for each area
0 DRAM/burst ROM interfaces can be set

» Basic businterface
0 Chip select (CSO to CS7) can be output for areas 0 to 7
0 8-hit access or 16-bit access can be selected for each area
0 2-state access or 3-state access can be selected for each area
0 Program wait states can be inserted for each area

» DRAM interface

DRAM interface can be set for areas 2 to 5 (in advanced mode)
Row address/column address multiplexed output (8/9/10 bits)
Two byte access methods (2-CAS)

Burst operation (fast page mode)

Te cycle insertion to secure RAS precharging time

Choice of CAS-before-RAS refreshing or self-refreshing

O 0Oooogdg

e Burst ROM interface
0 Burst ROM interface can be set for area 0
O Choice of 1- or 2-state burst access

e Idlecycleinsertion
O Anidlecycle can beinserted in case of an external read cycle between different areas
O Anidlecycle can beinserted in case of an external write cycle immediately after an external read cycle

*  Write buffer functions
0 External write cycle and internal access can be executed in parallel
0 DMAC single-address mode and internal access can be executed in parallel

* Busarbitration function
O Includes abus arbiter that arbitrates bus mastership among the CPU, DMAC, and DTC
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* Other features
O Refresh counter (refresh timer) can be used as an interval timer
O Externa busrelease function
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6.1.2 Block Diagram

Figure 6-1 shows a block diagram of the bus controller.

CS0 to CS7

Area decoder
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— DTC bus acknowledge signal
— DMAC bus acknowledge signal

Figure6-1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration

Table 6-1 summarizes the pins of the bus controller.

Table6-1 BusController Pins

Name Symbol 1/0 Function

Address strobe AS Output  Strobe signal indicating that address output on
address bus is enabled.

Read RD Output  Strobe signal indicating that external space is
being read.

High write/write enable HWR Output  Strobe signal indicating that external space is to
be written, and upper half (D,; to D) of data bus is
enabled.
2-CAS DRAM write enable signal.

Low write LWR Output  Strobe signal indicating that external space is to
be written, and lower half (D, to D,) of data bus is
enabled.

Chip select 0 CSo Output  Strobe signal indicating that area O is selected.

Chip select 1 CSst1 Output  Strobe signal indicating that area 1 is selected.

Chip select 2/row address CSs2 Output  Strobe signal indicating that area 2 is selected.

strobe 2 DRAM row address strobe signal when area 2 is
in DRAM space.

Chip select 3/row address CS3 Output  Strobe signal indicating that area 3 is selected.

strobe 3 DRAM row address strobe signal when area 3 is
in DRAM space.

Chip select 4/row address CS4 Output  Strobe signal indicating that area 4 is selected.

strobe 4 DRAM row address strobe signal when area 4 is
in DRAM space.

Chip select 5/row address CS5 Output  Strobe signal indicating that area 5 is selected.

strobe 5 DRAM row address strobe signal when area 5 is
in DRAM space.

Chip select 6 CS6 Output  Strobe signal indicating that area 6 is selected.

Chip select 7 CS7 Output  Strobe signal indicating that area 7 is selected.

Upper column address strobe  CAS Output  2-CAS DRAM upper column address strobe
signal.

Lower column strobe LCAS Output  DRAM lower column address strobe signal.

Wait WAIT  Input Wait request signal when accessing external 3-
state access space.

Bus request BREQ Input Request signal that releases bus to external
device.

Bus request acknowledge BACK  Output  Acknowledge signal indicating that bus has been
released.

Bus request output BREQO Output External bus request signal used when internal

bus master accesses external space when
external bus is released.
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6.1.4 Register Configuration
Table 6-2 summarizes the registers of the bus controller.

Table6-2 BusController Registers

Initial Value
Power-On Manual
Name Abbreviation R/W Reset Reset*®  Address**
Bus width control register ABWCR R/W HFF/H00**> Retained HFEDO
Access state control register ASTCR RW  HFF Retained H'FED1
Wait control register H WCRH R/W  HFF Retained H'FED2
Wait control register L WCRL R/W HFF Retained H'FED3
Bus control register H BCRH R/W  HDO Retained H'FED4
Bus control register L BCRL R/W H'3C Retained H'FED5
Memory control register MCR R/W  H'00 Retained H'FED6
DRAM control register DRAMCR R/W  H'00 Retained HFED7
Refresh timer/counter RTCNT R/W  H00 Retained H'FEDS8
Refresh time constant register RTCOR R/W  HFF Retained H'FED9

Notes: 1. Lower 16 bits of the address.
2. Determined by the MCU operating mode.
3. Manual reset is only supported in the H8S/2357 ZTAT.
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6.2 Register Descriptions

6.2.1 BusWidth Control Register (ABWCR)

Bit L7 6 5 4 3 2 1 0
| ABW7 | ABW6 | ABWS5 | ABWA = ABW3 | ABW2 | ABW1 | ABWO |

Modes 5t0 7

Initial value : 1 1 1 1 1 1 1 1

RIW . RW  RW  RW RW  RW RW  RW RIW
Mode 4

Initial value : 0 0 0 0 0 0 0 0

RIW . RW  RW  RW RW  RW RW  RW RIW

ABWCR is an 8-bit readable/writable register that designates each areafor either 8-bit access or 16-bit access.

ABWCR sets the data bus width for the external memory space. The bus width for on-chip memory and internal 1/0
registersis fixed regardless of the settingsin ABWCR.

After a power-on reset and in hardware standby mode, ABWCR isinitialized to H'FF in modes 5to 7,** and to H'00 in
mode 4. Itisnot initialized by amanual reset*? or in software standby mode.

Notes: 1. In ROMIless version, modes 6 and 7 are not available.
2. Manual reset isonly supported in the H8S/2357 ZTAT.

Bits 7to 0—Area 7 to 0 Bus Width Control (ABW7 to ABWO0): These hits select whether the corresponding areaisto
be designated for 8-bit access or 16-hit access.

Bitn

ABWn Description

0 Area n is designated for 16-bit access
1 Area n is designated for 8-bit access

(n=71to00)
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6.2.2 Access State Control Register (ASTCR)

Bit L7 6 5 4 3 2 1 0

| AST7 | AST6 | AST5 | AST4 | AST3 | AST2 | ASTL | ASTO |
Initial value : 1 1 1 1 1 1 1 1
RIW . RW RW RW RW RW RW RW  RW

ASTCR is an 8-bit readable/writable register that designates each area as either a 2-state access space or a 3-state access
space.

ASTCR sets the number of access states for the external memory space. The number of access states for on-chip memory
and internal 1/0 registersisfixed regardless of the settingsin ASTCR.

ASTCRisinitialized to H'FF by a power-on reset and in hardware standby mode. It is not initialized by a manual reset* or
in software standby mode.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

Bits 7 to 0—Area 7to 0 Access State Control (AST7to ASTO0): These hits select whether the corresponding areaisto
be designated as a 2-state access space or a 3-state access space.

Wait state insertion is enabled or disabled at the same time.

Bit n
ASTn Description
0 Area n is designated for 2-state access
Wait state insertion in area n external space is disabled
1 Area n is designated for 3-state access (Initial value)

Wait state insertion in area n external space is enabled

(n=7100)
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6.2.3 Wait Control RegistersH and L (WCRH, WCRL)
WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait states for each area.
Program waits are not inserted in the case of on-chip memory or internal 1/O registers.

WCRH and WCRL are initialized to H'FF by a power-on reset and in hardware standby mode. They are not initialized by
amanual reset* or in software standby mode.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

(1) WCRH
Bit : 7 6 5 4 3 2 1 0

\ W71 \ W70 ‘ W61 ‘ W60 ‘ W51 ‘ W50 ] wa1 ] W40 \
Initial value : 1 1 1 1 1 1 1 1
RIW - RIW RW  RW RW  RW RW  RW RIW

Bits 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These bits select the number of program wait states when area
7 in external space isaccessed whilethe AST7 bitin ASTCRissetto 1.

Bit 7 Bit 6
W71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

Bits5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These hits select the number of program wait states when area
6 in external space isaccessed whilethe AST6 bitin ASTCRisset to 1.

Bit 5 Bit 4
w61 W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Rev.6.00 Oct.28.2004 page 110 of 1016
REJ09B0138-0600H
RENESAS



Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These bits select the number of program wait states when area
5 in external space isaccessed whilethe AST5 bitin ASTCRissetto 1.

Bit 3 Bit 2
W51 w50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of program wait states when area
4 in external space isaccessed whilethe AST4 bitin ASTCRissetto 1.

Bit 1 Bit 0
w41 W40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
(2) WCRL
Bit 7 6 5 4 3 2 1 0
Cwsl | wao | war | w20 | wir | wio | wor | woo |
Initial value : 1 1 1 1 1 1 1 1
R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bits 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These bits select the number of program wait states when area
3inexternal space isaccessed whilethe AST3 bitin ASTCRissetto 1.

Bit 7 Bit 6
w31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)
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Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These bits select the number of program wait states when area
2 in external space isaccessed whilethe AST2 bitin ASTCRissetto 1.

Bit 5 Bit 4
w21 w20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

(Initial value)

Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These bits select the number of program wait states when area
1linexterna space isaccessed whilethe AST1 bitin ASTCR isset to 1.

Bit 3 Bit 2
w11 w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These bits select the number of program wait states when area
0 in external space isaccessed whilethe ASTO bitin ASTCRissetto 1.

Bit 1 Bit 0
w01 w00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area O is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed

(Initial value)
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6.2.4 Bus Control Register H (BCRH)

Bit L7 6 5 4 3 2 1 0

| ICIS1 | ICISO |BRSTRM| BRSTS1| BRSTSO| RMTS2| RMTS1 | RMTSO|
Initial value : 1 1 0 1 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

BCRH is an 8-bit readable/writable register that selects enabling or disabling of idle cycle insertion, and the memory
interface for areas 2 to 5 and area O.

BCRH isinitialized to H'DO by a power-on reset and in hardware standby mode. It is not initialized by a manual reset* or
in software standby mode.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

Bit 7—Ildle CycleInsert 1 (1CIS1): Selects whether or not one idle cycle state isto be inserted between bus cycles when
successive external read cycles are performed in different areas.

Bit 7

ICIS1 Description

0 Idle cycle not inserted in case of successive external read cycles in different areas
1 Idle cycle inserted in case of successive external read cycles in different areas

(Initial value)

Bit 6—Idle CycleInsert 0 (1CIS0): Selects whether or not one idle cycle state isto be inserted between bus cycles when
successive external read and external write cycles are performed .

Bit 6

ICISO Description

0 Idle cycle not inserted in case of successive external read and external write cycles
1 Idle cycle inserted in case of successive external read and external write cycles

(Initial value)

Bit 5—Burst ROM Enable (BRSTRM): Selects whether area O is used as a burst ROM interface.

Bit 5

BRSTRM Description

0 Area 0 is basic bus interface (Initial value)
1 Area 0 is burst ROM interface

Bit 4—Burst Cycle Select 1 (BRST S1): Selects the number of burst cycles for the burst ROM interface.

Bit 4

BRSTS1 Description

0 Burst cycle comprises 1 state

1 Burst cycle comprises 2 states (Initial value)
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Bit 3—Burst Cycle Select 0 (BRST S0): Selects the number of words that can be accessed in a burst ROM interface burst
access.

Bit 3

BRSTSO Description

0 Max. 4 words in burst access (Initial value)
1 Max. 8 words in burst access

Bits2to 0—RAM Type Select (RMTS2 to RMTS0): These bits select the memory interface for areas 2 to 5 in advanced
mode.

When DRAM spaceis selected, the relevant areais designated as DRAM interface.

Bit 2 Bit 1 Bit 0 Description
RMTS2 RMTS1 RMTSO Area 5 Area 4 Area 3 Area 2
0 0 0 Normal space
1 Normal space DRAM space
1 0 Normal space DRAM space
1 DRAM space
1 — — —

Note: When areas selected in DRAM space are all 8-bit space, the PF, pin can be used as an 1/O port, BREQO, or WAIT.

6.2.5 Bus Control Register L (BCRL)

Bit L7 6 5 4 3 2 1 0

\ BRLE ‘BREQOE‘ EAE \ LCASS‘ DDS ‘ — ] WDBE ] WAITE‘
Initial value : 0 0 1 1 1 1 0 0
RIW . RW RW RW RW RW RW RW  RW

BCRL isan 8-bit readable/writable register that performs selection of the external bus-released state protocol, the LCAS
signal, DMAC single address transfer, enabling or disabling of the write data buffer function, and enabling or disabling of
WAIT pin input.

BCRL isinitialized to H'3C by a power-on reset and in hardware standby mode. It is not initialized by a manual reset* or
in software standby mode.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

Bit 7—Bus Release Enable (BRLE): Enables or disables external bus release.

Bit 7

BRLE Description

0 External bus release is disabled. BREQ, BACK, and BREQO can be used as /O ports.
(Initial value)

1 External bus release is enabled.
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Bit 6—BREQO Pin Enable (BREQOE): Outputs a signal that requests the external bus master to drop the bus request
signal (BREQ) in the external bus rel ease state, when an internal bus master performs an external space access, or when a

refresh request is generated.

Bit 6

BREQOE Description

0 BREQO output disabled. BREQO can be used as I/O port. (Initial value)
1 BREQO output enabled.

Bit 5—External Address Enable (EAE): Selects whether addresses H'010000 to H'01FFFF*? are to be internal addresses
or external addresses.

Bit 5

EAE Description

0 Addresses H'010000 to H'01FFFF*? are in on-chip ROM

1 Addresses H'010000 to H'01FFFF*? are external addresses (external expansion mode)

or a reserved area** (single-chip mode) (Initial value)

Notes: 1. Reserved areas should not be accessed.
2. Addresses H'010000 to H'O1FFFF are in the H8S/2357. Addresses H'010000 to H'O3FFFF are in the H8S/2398.

Bit 4—L CAS Select (LCASS): Write 0 to this bit when using the DRAM interface.
LCAS pin used for 2-CAS type DRAM interface LCAS signal. BREQO output and WAIT input cannot be used when

LCAS signal is used.

Bit 3—DACK Timing Select (DDS): Selectsthe DMAC single address transfer bus timing for the DRAM interface.

Bit 3

DDS Description

0 When DMAC single address transfer is performed in DRAM space, full access is
always executed
DACK signal goes low from T, or T, cycle

1 Burst access is possible when DMAC single address transfer is performed in DRAM
space
DACK signal goes low from T, or T, cycle (Initial value)

Bit 2—Reserved: Only 1 should be written to this bit.

Bit 1—Write Data Buffer Enable (WDBE): Selects whether or not the write buffer function is used for an external write
cycle or DMAC single address cycle.

Bit 1

WDBE Description

0 Write data buffer function not used (Initial value)
1 Write data buffer function used
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Bit 0—WAIT Pin Enable (WAITE): Selects enabling or disabling of wait input by the WAIT pin.

Bit 0

WAITE Description

0 Wait input by WAIT pin disabled. WAIT pin can be used as 1/O port. (Initial value)
1 Wait input by WAIT pin enabled

6.2.6 Memory Control Register (MCR)

Bit L7 6 5 4 3 2 1 0
| TPC | BE | RCDM | CW2 | MXCL | MXCO | RLW1 | RLWO |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

MCR is an 8-bit readable/writable register that selects the DRAM strobe control method, number of precharge cycles,
access mode, address multiplexing shift size, and the number of wait states inserted during refreshing, when areas 2 to 5
are designated as DRAM interface.

MCRisinitialized to H'00 by a power-on reset and in hardware standby mode. It is not initialized by a manual reset* or in
software standby mode.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

Bit 7—TP Cycle Control (TPC): Selects whether a 1-state or 2-state precharge cycle (T;) isto be used when areas 2 to 5
designated as DRAM space are accessed.

Bit 7

TPC Description

0 1-state precharge cycle is inserted (Initial value)
1 2-state precharge cycle is inserted

Bit 6—Burst Access Enable (BE): Selects enabling or disabling of burst access to areas 2 to 5 designated as DRAM
space. DRAM space burst accessis performed in fast page mode.

Bit 6

BE Description

0 Burst disabled (always full access) (Initial value)
1 For DRAM space access, access in fast page mode

Bit 5—RAS Down Mode (RCDM): When areas 2 to 5 are designated as DRAM space and accessto DRAM is
interrupted, RCDM selects whether the next DRAM access is waited for with the RAS signal held low (RAS down mode),
or the RAS signal is driven high again (RAS up mode).

Bit 5

RCDM Description

0 DRAM interface: RAS up mode selected (Initial value)
1 DRAM interface: RAS down mode selected
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Bit 4—2-CASMethod Select (CW2): Write 1 to this bit when areas 2 to 5 are designated as 8-bit DRAM space, and 0
otherwise.

Bit 4

Cw2 Description

0 16-bit DRAM space selected (Initial value)
1 8-bit DRAM space selected

Bits 3 and 2—Multiplex Shift Count 1 and 0 (MXC1, MXCO0): These bits select the size of the shift to the lower half of
the row address in row address/column address multiplexing for the DRAM interface. In burst operation on the DRAM
interface, these bits also select the row address to be used for comparison.

Bit 3 Bit 2
MXC1 MXCO Description
0 0 8-bit shift (Initial value)

* When 8-bit access space is designated: Row address A,, to A, used
for comparison

* When 16-bit access space is designated: Row address A,; to A, used
for comparison

1 9-bit shift

* When 8-bit access space is designated: Row address A,, to A, used
for comparison

¢ When 16-bit access space is designated: Row address A,; to A,, used
for comparison

1 0 10-bit shift

* When 8-bit access space is designated: Row address A,, to A,, used
for comparison

* When 16-bit access space is designated: Row address A,; to A,; used
for comparison

Bits 1 and 0—Refresh Cycle Wait Control 1 and 0 (RLW1, RLWO0): These hits select the number of wait statesto be
inserted in aDRAM interface CAS-before-RAS refresh cycle. This setting is used for al areas designated as DRAM
space. Wait input by the WAIT pin is disabled.

Bit 1 Bit 0

RLW1 RLWO Description

0 0 No wait state inserted (Initial value)
1 1 wait state inserted

1 0 2 wait states inserted
1 3 wait states inserted
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6.2.7 DRAM Control Register (DRAMCR)

Bit L7 6 5 4 3 2 1 0

| RFSHE | RCW | RMODE| CMF | CMIE | CKS2 | CKS1 | CKSO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

DRAMCR isan 8-hit readable/writable register that selects the DRAM refresh mode and refresh counter clock, and
controls the refresh timer.

DRAMCRI isinitialized to H'00 by a power-on reset and in hardware standby mode. It is not initialized by a manual reset*
or in software standby mode.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.

Bit 7—Refresh Control (RFSHE): Selects whether or not refresh control is performed. When refresh control is not
performed, the refresh timer can be used as an interval timer.

Bit 7

RFSHE Description

0 Refresh control is not performed (Initial value)
1 Refresh control is performed

Bit 6—RAS-CAS Wait (RCW): Controls wait state insertion in DRAM interface CAS-before-RAS refreshing.

Bit 6

RCW Description

0 Wait state insertion in CAS-before-RAS refreshing disabled (Initial value)
RAS falls in T, cycle

1 One wait state inserted in CAS-before-RAS refreshing

RAS falls in T, cycle

Bit 5—Refresh Mode (RMODE): When refresh control is performed (RFSHE = 1), this bit selects whether normal
refreshing (CAS-before-RAS refreshing for the DRAM interface) or self-refreshing is performed.

Bit 5
RMODE Description
0 DRAM interface
CAS-before-RAS refreshing used (Initial value)
1 Self-refreshing used

Bit 4—Compare Match Flag (CMF): Status flag that indicates a match between the values of RTCNT and RTCOR.

When refresh control is performed (RFSHE = 1), 1 should be written to the CMF bit when writing to DRAMCR.

Bit 4
CMF Description
0 [Clearing condition]
Cleared by reading the CMF flag when CMF = 1, then writing O to the CMF flag
(Initial value)
1 [Setting condition]

Set when RTCNT = RTCOR

Rev.6.00 Oct.28.2004 page 118 of 1016
REJ09B0138-0600H
RENESAS



Bit 3—Compare Match Interrupt Enable (CMIE): Enables or disables interrupt requests (CMI) by the CMF flag when
the CMF flagin DRAMCR isset to 1.

When refresh control is performed (RFSHE = 1), the CMIE bit is always cleared to 0.

Bit 3

CMIE Description

0 Interrupt request (CMI) by CMF flag disabled (Initial value)
1 Interrupt request (CMI) by CMF flag enabled

Bits 2 to 0—Refresh Counter Clock Select (CKS2 to CK S0): These bits select the clock to be input to RTCNT from
among 7 internal clocks obtained by dividing the system clock (@). When the input clock is selected with bits CKS2 to
CK S0, RTCNT begins counting up.

Bit 2 Bit 1 Bit O
CKS2 CKSs1 CKSO0 Description
0 0 0 Count operation disabled (Initial value)
1 Count uses @/2
1 0 Count uses 2/8
1 Count uses @/32
1 0 0 Count uses /128
1 Count uses /512
1 0 Count uses /2048
1 Count uses /4096

6.2.8 Refresh Timer/Counter (RTCNT)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

RTCNT is an 8-bit readable/writable up-counter.
RTCNT counts up using theinternal clock selected by bits CKS2 to CKS0 in DRAMCR.

When RTCNT matches RTCOR (compare match), the CMF flagin DRAMCR isset to 1 and RTCNT is cleared to H'00.
If the RFSHE bitin DRAMCR isset to 1 at thistime, arefresh cycleis started. Also, if the CMIE bitin DRAMCR is set
to 1, acompare match interrupt (CMI) is generated.

RTCNT isinitialized to H'00 by a power-on reset and in hardware standby mode. It is not initialized by a manual reset* or
in software standby mode.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.
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6.2.9 Refresh Time Constant Register (RTCOR)

Bit : 7 6 5 4 3 2 1 0

| | | | | | | | |
Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

RTCOR is an 8-hit readabl e/writable register that sets the period for compare match operations with RTCNT.

The values of RTCOR and RTCNT are constantly compared, and if they match, the CMF flagin DRAMCR is set to 1 and
RTCNT iscleared to H'0O0.

RTCOR isinitialized to H'FF by a power-on reset and in hardware standby mode. It is not initialized by a manual reset* or
in software standby mode.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.
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6.3 Overview of Bus Control

6.3.1 Area Partitioning

In advanced mode, the bus controller partitions the 16 Mbytes address space into eight areas, 0 to 7, in 2-Mbyte units, and
performs bus control for external space in area units. Figure 6-2 shows an outline of the memory map.

Chip select signals (CS0 to CS7) can be output for each area.

H'000000

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FFFFFF

Area 0
(2 Mbytes)

Area 1
(2 Mbytes)

Area 2
(2 Mbytes)

Area 3
(2 Mbytes)

Area 4
(2 Mbytes)

Area 5
(2 Mbytes)

Area 6
(2 Mbytes)

Area 7
(2 Mbytes)

Advanced mode

Figure6-2 Overview of Area Partitioning
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6.3.2 Bus Specifications

The external space bus specifications consist of three elements: bus width, number of access states, and number of
program wait states.

The bus width and number of access states for on-chip memory and internal 1/0 registers are fixed, and are not affected by
the bus controller.

BusWidth: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an 8-bit bus is selected
functions as an 8-bit access space, and an area for which a 16-bit bus is selected functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-bit bus mode is set; if any areais designated for 16-bit access, 16-bit bus
mode is set. When the burst ROM interface is designated, 16-bit bus mode is always set.

Number of Access States: Two or three access states can be selected with ASTCR. An areafor which 2-state accessis
selected functions as a 2-state access space, and an area for which 3-state access is selected functions as a 3-state access
space.

With the DRAM interface and burst ROM interface, the number of access states may be determined without regard to
ASTCR.

When 2-state access space is designated, wait insertion is disabled.

Number of Program Wait States: When 3-state access space is designated by ASTCR, the number of program wait
states to be inserted automatically is selected with WCRH and WCRL. From 0 to 3 program wait states can be selected.

Table 6-3 shows the bus specifications for each basic bus interface area.

Table6-3 Bus Specificationsfor Each Area (Basic Bus I nterface)

WCRH, WCRL Bus Specifications (Basic Bus Interface)
ABWCR ASTCR Program Wait
ABWn ASTn wn1l WnoO Bus Width Access States States

0 0 — — 16 2 0
1 0 0 3 0
1 1
1 0 2
1 3
1 0 — — 8 2 0
1 0 0 3 0
1 1
1 0 2
1 3
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6.3.3 Memory Interfaces

The H85/2357 Group memory interfaces comprise a basic bus interface that allows direct connection of ROM, SRAM,
and so on; a DRAM interface that allows direct connection of DRAM; and a burst ROM interface that allows direct
connection of burst ROM. The interface can be sel ected independently for each area.

An areafor which the basic bus interface is designated functions as normal space, an area for which the DRAM interface
is designated functions as DRAM space, and an area for which the burst ROM interface is designated functions as burst
ROM space.

6.3.4 Advanced Mode

Theinitia state of each areais basic bus interface, 3-state access space. Theinitial buswidth is selected according to the
operating mode. The bus specifications described here cover basic items only, and the sections on each memory interface
(section 6.4, Basic Bus Interface, section 6.5, DRAM Interface, and section 6.7, Burst ROM Interface) should be referred
to for further details.

Area 0: Area 0 includes on-chip ROM*, and in ROM-disabled expansion mode, all of area 0 is external space. In ROM-
enabled expansion mode, the space excluding on-chip ROM* is external space.

When area 0 external space is accessed, the CS0 signal can be output.

Either basic businterface or burst ROM interface can be selected for area 0.

Note: * Appliesto the on-chip ROM version only.

Areas 1 and 6: In external expansion mode, all of areas 1 and 6 is external space.

When area 1 and 6 external space is accessed, the CS1 and CS6 pin signals respectively can be output.
Only the basic businterface can be used for areas 1 and 6.

Areas2to5: In external expansion mode, all of areas2to 5 is external space.

When area 2 to 5 external space is accessed, signals CS2 to CS5 can be outpuit.

Basic businterface or DRAM interface can be selected for areas 2 to 5. With the DRAM interface, signals CS2 to CS5 are
used as RAS signals.

Area 7: Area7 includes the on-chip RAM and internal 1/O registers. In external expansion mode, the space excluding the
on-chip RAM and internal 1/O registersis external space. The on-chip RAM is enabled when the RAME bit in the system
control register (SY SCR) is set to 1; when the RAME bit is cleared to 0, the on-chip RAM is disabled and the
corresponding space becomes external space .

When area 7 external space is accessed, the CS7 signal can be output.

Only the basic businterface can be used for the area 7 memory interface.
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6.3.5 Chip Select Signals

The H8S/2357 Group can output chip select signals (CSO to CS7) to areas 0 to 7, the signal being driven low when the
corresponding external space areais accessed.

Figure 6-3 shows an example of CSn (n = 0 to 7) output timing.

Enabling or disabling of the CSn signal is performed by setting the data direction register (DDR) for the port
corresponding to the particular CSn pin.

In ROM-disabled expansion mode, the CSO0 pin is placed in the output state after a power-on reset. Pins CS1 to CS7 are
placed in the input state after a power-on reset, and so the corresponding DDR should be set to 1 when outputting signals
CS1toCS7.

In the ROM -enabled expansion mode, pins CSO to CS7 are all placed in the input state after a power-on reset, and so the
corresponding DDR bits should be set to 1 when outputting signals CSO0 to CS7.

For details, see section 9, 1/O Ports.

When areas 2 to 5 are designated as DRAM space, outputs CS2 to CS5 are used asRAS signals.

3 Bus cycle :
| Ty T, T3 |
o L]
Address bus x Area n external address x
CSn

Figure6-3 CSn Signal Output Timing(n=0to7)
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6.4 Basic BusInterface

6.4.1 Overview

The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL (see table 6-3).

6.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus controller has a data
alignment function, and when accessing external space, controls whether the upper data bus (D,5 to Dg) or lower data bus
(D, to Dy) is used according to the bus specifications for the area being accessed (8-bit access space or 16-bit access space)

and the data size.

8-Bit Access Space: Figure 6-4 illustrates data alignment control for the 8-bit access space. With the 8-bit access space,
the upper data bus (D5 to Dg) is aways used for accesses. The amount of data that can be accessed at one timeis one byte:
aword transfer instruction is performed as two byte accesses, and alongword transfer instruction, as four byte accesses.

Byte size

| 1stbus cycle

W .
ord size | 2nd bus cycle

[ 1stbus cycle

Longword size 2nd bus cycle

3rd bus cycle

| 4th bus cycle

P1s Dg D7

Upper data bus Lower data bus

Figure6-4 Access Sizesand Data Alignment Control (8-Bit Access Space)
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16-Bit Access Space: Figure 6-5 illustrates data alignment control for the 16-bit access space. With the 16-bit access
space, the upper data bus (D5 to Dg) and lower data bus (D, to D) are used for accesses. The amount of datathat can be
accessed at one time is one byte or one word, and alongword transfer instruction is executed as two word transfer

instructions.

In byte access, whether the upper or lower data busis used is determined by whether the addressis even or odd. The
upper data bus is used for an even address, and the lower data bus for an odd address.

Byte size » Even address
Byte size » Odd address
Word size

Longword 1st bus cycle
size

2nd bus cycle

Upper data bus Lower data bus
D1s Dg, D7 Do,

Figure6-5 Access Sizes and Data Alignment Control (16-Bit Access Space)
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6.4.3 Valid Strobes

Table 6-4 shows the data buses used and valid strobes for the access spaces.

In aread, the RD signal is valid without discrimination between the upper and lower halves of the data bus.
In awrite, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the lower half.

Table6-4 DataBusesUsed and Valid Strobes

Access Read/ Valid Upper Data Bus Lower data bus
Area Size Write Address Strobe (D,s to Dg) (D, to Dy)
8-bit access  Byte Read — RD Valid Invalid
space Write  — HWR Hi-z
16-bit access Byte Read Even RD Valid Invalid
space Odd Invalid Valid
Write  Even HWR Vallid Hi-z
Odd LWR Hi-Z Valid
Word  Read — RD Valid Valid
Write — HWR, LWR Valid Valid

Legend:
Hi-Zz:  High impedance
Invalid: Input state; input value is ignored.
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6.4.4 Basic Timing

8-Bit 2-State Access Space: Figure 6-6 shows the bus timing for an 8-bit 2-state access space. When an 8-bit access
space is accessed, the upper half (D, to Dg) of the data busis used.

The LWR pin isfixed high. Wait states cannot be inserted.

Bus cycle ——————————®

| Tl i T2 |

Address bus ix |

Read D5 to Dg

D7 to DO d

AWR

Write

Dys to Dg —< | Valid

! 'High impedance !

D7 to DO

Note: n=0to 7

Figure6-6 BusTimingfor 8-Bit 2-State Access Space
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8-Bit 3-State Access Space: Figure 6-7 shows the bus timing for an 8-bit 3-state access space. When an 8-bit access
space is accessed, the upper half (D5 to Dg) of the data busis used.

The LWR pin isfixed high. Wait states can be inserted.

- Bus cycle »-
Ty T2 T3

Address bus ><

CSn

Read D;5to Dg

D7 to Do

T
B y)

Write

Valid

C
(o}

D7 to DO " :

D15 to D8 ‘%—<
i High impedance

Note: n=0to 7

Figure6-7 BusTimingfor 8-Bit 3-State Access Space
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16-Bit 2-State Access Space: Figures 6-8 to 6-10 show bus timings for a 16-bit 2-state access space. When a 16-bit
access space is accessed, the upper half (D,5 to D) of the data busis used for the even address, and the lower half (D, to
D,) for the odd address.

Wait states cannot be inserted.

- -
1 Bus cycle !

; Ty i T, ;
. | A
Address bus >< ><:
Ton — —
| i !
s [
m —
Read D5 to Dg % j {  Valid % —

D7 to Dy ; ‘ { Invalid 1)—

AWR : :

Write 1 ! 1
D15 to Dg :—< | Valid >7

| ' High impedance |

D, to D |  Igh Imp |

Note: n=0to 7

Figure6-8 BusTiming for 16-Bit 2-State Access Space (1) (Even Address Byte Access)
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~——— Buscycle ———

T
) B _
Address bus >< ><:
- _l 1_
1L
I —

Read D15 to Dg 3 | < Invalid 3 >_

D7 to DO

Write
High impedance

D15 to Dg

D to Dy H " Valid >7

Note: n=0to 7

Figure6-9 BusTimingfor 16-Bit 2-State Access Space (2) (Odd Address Byte Access)

Rev.6.00 Oct.28.2004 page 131 of 1016
REJ09B0138-0600H
RENESAS




~——— Buscycle ———

T :

Address bus

-

—_—

{ valid 'r—

{  vald |)F—

Read D5 to Dg

D7 to DO

Write

. Valid >7

' Valid >7

D7 to DO

D15 to D8 4%—<

Note: n=0to 7

Figure6-10 BusTiming for 16-Bit 2-State Access Space (3) (Word Access)
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16-Bit 3-State Access Space: Figures 6-11 to 6-13 show bustimings for a 16-bit 3-state access space. When a 16-bit
access space is accessed , the upper half (D45 to Dg) of the data bus is used for the even address, and the lower half (D, to

D,) for the odd address.

Wait states can be inserted.

Read D15 to Dg

D7 to DO

T
0

Write
D15 to D8

LWR

- Bus cycle -
: T : T2 : T3 :

e | ] [
} | { vaid }—
} : 1 { Invalid ' }—
| " High : 3
: 3 valid

D7 to DO

Note: n=0to 7

' High impedance

Figure6-11 BusTiming for 16-Bit 3-State Access Space (1) (Even Address Byte Access)
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A

Ty

Bus cycle -
T, i Ts

Read D5 to Dg

D7 to DO

LWR

Write

High

High impedance

Note: n=0to 7

Figure6-12 BusTiming for 16-Bit 3-State Access Space (2) (Odd Address Byte Access)
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T

Bus cycle
T2

T,

Address bus

D15 to D8

Read

Write

Note: n=0to7

Figure6-13 BusTimingfor 16-Bit 3-State Access Space (3) (Word Access)
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6.4.5 Wait Control

When accessing external space, the H8S/2357 Group can extend the bus cycle by inserting one or more wait states (T,,).
There are two ways of inserting wait states: program wait insertion and pin wait insertion using the WAIT pin.

Program Wait I nsertion: From O to 3 wait states can be inserted automatically between the T, state and T, state on an
individua areabasisin 3-state access space, according to the settings of WCRH and WCRL.

Pin Wait Insertion: Setting the WAITE bit in BCRL to 1 enables wait insertion by means of the WAIT pin. Program wait
insertion isfirst carried out according to the settingsin WCRH and WCRL. Then , if the WAIT pinislow at the falling
edgeof ginthelast T, or T,, state, a T, state isinserted. If the WAIT pinisheld low, T,, states areinserted until it goes
high.

Thisis useful when inserting four or more T,, states, or when changing the number of T,, states for different external
devices.

The WAITE hit setting appliesto all areas.
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Figure 6-14 shows an example of wait state insertion timing.

By program wait By WAIT pin

Tl T2 TW TW Tw T3
= ~te - -1 1= - >
= |
WAIT
Address bus :>< ><i
AS

™ i
Read
Data bus { Read data >—
HWR, LWR
Write
Data bus 4< Write data >>

Note: l indicates the timing of WAIT pin sampling.

Figure6-14 Example of Wait State Insertion Timing

The settings after a power-on reset are: 3-state access, 3 program wait state insertion, and WAIT input disabled. When a
manual reset* is performed, the contents of bus controller registers are retained, and the wait control settings remain the
same as before the reset.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.
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6.5 DRAM Interface

6.5.1 Overview

When the H8S/2357 Group is in advanced mode, external space areas 2 to 5 can be designated as DRAM space, and
DRAM interfacing performed. With the DRAM interface, DRAM can be directly connected to the H8S/2357 Group. A
DRAM space of 2, 4, or 8 Mbytes can be set by means of bits RMTS2 to RMTS0 in BCRH. Burst operation is also
possible, using fast page mode.

6.5.2 Setting DRAM Space

Areas 210 5 are designated as DRAM space by setting bits RMTS2 to RMTS0 in BCRH. The relation between the
settings of bits RMTS2 to RMTS0 and DRAM space is shown in table 6-5. Possible DRAM space settings are: one area
(area 2), two areas (areas 2 and 3), and four areas (areas 2 t0 5).

Table6-5 Settingsof BitsRMTS2to RMTS0 and Corresponding DRAM Spaces

RMTS2 RMTS1 RMTSO Area 5 Area 4 Area 3 Area 2
0 0 1 Normal space DRAM space
1 0 Normal space DRAM space
1 DRAM space

6.5.3 Address Multiplexing

With DRAM space, the row address and column address are multiplexed. In address multiplexing, the size of the shift of
the row addressiis selected with bits MXC1 and MXCO in MCR. Table 6-6 shows the relation between the settings of
MXC1 and MXCO and the shift size.

Table6-6 Address Multiplexing Settings by BitsMXC1 and MXCO

MCR Shift Address Pins

MXC1 MXCO Size Ay t0AL A, A, Ay Ay A, A, A, A, A, A, A, A A,

Row 0 0 8 bits A toAL Ay Ay Ay A, Ay A Ay A A, Ay Ay A, A,
address 1 9bits A t0A A, Ay Ay Ay Ay Ag A AL A A, Ay A A
1 0 10bits AL t0A; A, Ay Ay Ay Ap AL Ay A Ay, A Ay AL Ay

1 Settng — @ @@00|0— - - — — - — — — — — — —

prohibited
Column — — @ — Ast0AL A, A, Ay Ay A, A, A, A, A, A, A, A A,

address

6.5.4 Data Bus

If the bit in ABWCR corresponding to an area designated as DRAM spaceis set to 1, that areais designated as 8-bit
DRAM space; if the bit is cleared to O, the areais designated as 16-bit DRAM space. In 16-bit DRAM space, x 16-bit
configuration DRAM can be connected directly.

In 8-bit DRAM space the upper half of the data bus, D5 to Dq, is enabled, while in 16-bit DRAM space both the upper and
lower halves of the data bus, D5 to D,, are enabled.

Access sizes and data alignment are the same as for the basic bus interface: see section 6.4.2, Data Size and Data
Alignment.
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6.5.5 PinsUsed for DRAM Interface

Table 6-7 shows the pins used for DRAM interfacing and their functions.

Table6-7 DRAM InterfacePins

With DRAM

Pin Setting Name I/O Function

HWR WE Write enable Output When 2-CAS system is set,
write enable for DRAM space
access.

LCAS LCAS Lower column address strobe Output Lower column address strobe
for 16-bit DRAM space access

CSs2 RAS2 Row address strobe 2 Output Row address strobe when
area 2 is designated as DRAM
space.

CSs8 RAS3 Row address strobe 3 Output Row address strobe when
area 3 is designated as DRAM
space.

CS4 RAS4 Row address strobe 4 Output Row address strobe when
area 4 is designated as DRAM
space.

CS5 RAS5 Row address strobe 5 Output Row address strobe when
area 5 is designated as DRAM
space.

CAS UCAS Upper column address strobe Output Upper column address strobe
for DRAM space access

WAIT WAIT Wait Input  Wait request signal

A,t0A, A,t0A, Address pins Output Row address/column address
multiplexed output

D, to D, D, to D, Data pins I/O Data input/output pins
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6.5.6 Basic Timing

Figure 6-15 shows the basic access timing for DRAM space. The basic DRAM accesstiming is 4 states. Unlike the basic
bus interface, the corresponding bitsin ASTCR control only enabling or disabling of wait insertion, and do not affect the
number of access states. When the corresponding bit in ASTCR is cleared to 0, wait states cannot be inserted in the
DRAM access cycle.

The 4 states of the basic timing consist of one T, (precharge cycle) state, one T, (row address output cycle), and two T,
(column address output cycle) states, T, and T,.

CAS, LCAS _l
PR, () A A
4 | o
D15 to DO i [ % % ; i
HWR, (WE) i i i i
Write : : : : :
owny f—————( -

Note: n=2to5

Figure6-15 Basic Access Timing
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6.5.7 Prechar ge State Control

When DRAM is accessed, RAS precharging time must be secured. With the H8S/2357 Series, one T, state is always
inserted when DRAM space is accessed. This can be changed to two T, states by setting the TPC bitin MCR to 1. Set the
appropriate number of T, cycles according to the DRAM connected and the operating frequency of the H8S/2357 Group.
Figure 6-16 shows the timing when two T, states are inserted.

When the TPC bit isset to 1, two T, states are also used for refresh cycles.

.
Aysto Ag :><
]

i >< Row >< Column
TSn, (RAS) | L
CAS,[CAS | | | |
HWR, (WE) _| 3 3 3 3 3
Read i i i i i i
DistoDy 1 ) : : : : < : >—
FWR, (WE) 1 1 1 i 1
- A e
Dy t0 Dy :/\ : : f ( | >—

Note: n=2to5

Figure6-16 Timing with Two Precharge States

6.5.8 Wait Control

There are two ways of inserting wait statesin a DRAM access cycle: program wait insertion and pin wait insertion using
the WAIT pin.

Program Wait I nsertion: When the bit in ASTCR corresponding to an area designated as DRAM spaceis set to 1, from
0 to 3 wait states can be inserted automatically between the T, state and T, state, according to the settings of WCRH and
WCRL.

Pin Wait Insertion: When the WAITE hit in BCRH is set to 1, wait input by means of the WAIT pin is enabled
regardless of the setting of the AST bit in ASTCR. When DRAM space is accessed in this state, a program wait isfirst
inserted. If the WAIT pinislow at thefalling edge of gin thelast T, or T,, state, another T,, state isinserted. If the WAIT
pinisheld low, T, states are inserted until it goes high.
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Figure 6-17 shows an example of wait state insertion timing.

By program wait By WAIT pin

| Tp | Tr Tcl Tw Tw Tcz |
™ T T > > T ™
WAIT
Address bus :>< >< >< Xi
CSn, (RAS)
CAS
Read
Data bus { Read data >—
CAS r
Write
Data bus < Write data >>

Notes: 1 indicates the timing of WAIT pin sampling.
n=2to5

Figure6-17 Exampleof Wait State Insertion Timing (CW2 = 1, 8-Bit Area Setting for Entire Space)
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6.5.9 Byte Access Control

When DRAM with a x16 configuration is connected, the 2-CAS system can be used for the control signals required for

byte access.

When the CW2 hit is cleared to 0 in MCR, the 2-CAS system is selected. Figure 6-18 shows the control timing in the 2-

CAS system, and figure 6-19 shows an example 2-CAS system DRAM connection.

When only DRAM with a x8 configuration is connected, set the CW2 bitto 1 in MCR.

i Tp i T, i Ta | Te2

o | | | | |

A23 to AO ix

Csn, (FAS) |

Byte control !

Note: n=2t05

Figure6-18 2-CAS System Control Timing (Upper Byte Write Access)

2-CAS type 4-Mbit DRAM
256-kbyte x 16-bit configuration
9-bit column address

H8S/2357 Group
(Address shift size set to 9 bits)

)4
CS, (RAS) % RAS
CAS UCAS
LCAS = LCAS
HWR, (WE) - WE
Ag > Ag Low address
As - A, input: Ag to Ag
A, As _Column address
input: Ag to Ag
As As
As = Ay
Ay > Ag
Az Ay
Az Ay
Ay Ao
D5 to Do D15 to Dg 5E

T

Figure6-19 Exampleof 2-CAS System Connection
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6.5.10 Burst Operation

With DRAM, in addition to full access (normal access) in which datais accessed by outputting a row address for each
access, afast page mode is also provided which can be used when making a number of consecutive accesses to the same
row address. This mode enables fast (burst) access of data by simply changing the column address after the row address
has been output. Burst access can be selected by setting the BE bitin MCR to 1.

Burst Access (Fast Page M ode) Operation Timing: Figure 6-20 shows the operation timing for burst access. When
there are consecutive access cycles for DRAM space, the CAS signal and column address output cycles (two states)
continue as long as the row address is the same for consecutive access cycles. The row address used for the comparison is
set with bits MXC1 and MXCO in MCR.

Tcl Tc2

20 I I O ) B

Columnl X Column2 X:

CSn, (RAS) | ! ! N
CAS, [CAS _|
mRoe
Read | 3 | i ! 3 1
DistoDy | }——— ; —{( ) —{( r
e T
Write ! f f | ! | !
S S B ) S (R

Note: n=2to5

Figure6-20 Operation Timingin Fast Page M ode

The bus cycle can also be extended in burst access by inserting wait states. The wait state insertion method and timing are
the same asfor full access. For details, see section 6.5.8, Wait Control.
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RAS Down Mode and RAS Up Mode: Even when burst operation is selected, it may happen that accessto DRAM space
is not continuous, but is interrupted by access to another space. In this case, if the RAS signal is held low during the
access to the other space, burst operation can be resumed when the same row addressin DRAM space is accessed again.

* RASdown mode

To select RAS down mode, set the RCDM bit in MCR to 1. If accessto DRAM spaceisinterrupted and another space
is accessed, the RAS signal is held low during the access to the other space, and burst access is performed if the row
address of the next DRAM space access is the same as the row address of the previous DRAM space access. Figure 6-
21 shows an example of the timing in RAS down mode.

Note, however, that the RAS signal will go high if arefresh operation interrupts RAS down mode.

External space
DRAM access access DRAM access

T, o T Ty o T 0 T Ty 0 Ty 0 T

a2

Az to Ag ;)(

(SN N N
g N IS N Y e U O e W W s
AR R A AN A

Note: n=2to5

Figure6-21 Example of Operation Timingin RAS Down Mode
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*  RASup mode

To select RAS up mode, clear the RCDM hit in MCR to 0. Each time access to DRAM spaceis interrupted and
another space is accessed, the RAS signal goes high again. Burst operation is only performed if DRAM spaceis
continuous. Figure 6-22 shows an example of thetiming in RAS up mode.

In the case of burst ROM space access, the RAS signal is not restored to the high level.

External space

| DRAM access . DRAM access . access |

3 Tp ! Tr ! Tcl ! Tc2 1 Tcl ! Tc2 1 Tl ! T2 1

« L] L L L L L L L
A23 to AO ix X X i X i X i X:
Csn, (RAS) | | | | | | | |
CAS, LCAS ‘ ‘ ‘ ‘ ‘
DistoDy | J—— 1 —

Note: n=2to5

Figure6-22 Example of Operation Timingin RASUp Mode
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6.5.11 Refresh Control

The H85/2357 Group is provided with aDRAM refresh control function. Either of two refreshing methods can be
selected: CAS-before-RAS (CBR) refreshing, or self-refreshing.

CAS-before-RAS (CBR) Refreshing: To select CBR refreshing, set the RFSHE bit in DRAMCR to 1, and clear the
RMODE hit to 0.

With CBR refreshing, RTCNT counts up using the input clock selected by bits CKS2 to CKS0 in DRAMCR, and when
the count matches the value set in RTCOR (compare match), refresh control is performed. At the same time, RTCNT is
reset and starts counting again from H'00. Refreshing is thus repeated at fixed intervals determined by RTCOR and bits
CKS2 to CKS0. Set avalue in RTCOR and bits CKS2 to CKS0 that will meet the refreshing interval specification for the
DRAM used.

When bits CKS2 to CKS0 are set, RTCNT starts counting up. RTCNT and RTCOR settings should therefore be
completed before setting bits CKS2 to CKS0.

Do not clear the CMF flag when refresh control is being performed (RFSHE = 1).

RTCNT operation is shown in figure 6-23, compare match timing in figure 6-24, and CBR refresh timings in figure 6-25.

H'00

Refresh request |_| |_| |_| |_| |_|

Figure6-23 RTCNT Operation

RTCNT N >< H'00

RTCOR N

Refresh request signal
and CMF bit setting signal

Figure6-24 Compare Match Timing
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cs, FAS) | ]

CAS, LCAS

Note:n=2to5

Figure6-25 CBR Refresh Timing

When the RCW hit isset to 1, RAS signal output is delayed by one cycle. The width of the RAS signal should be adjusted
with bits RLW1 and RLWO. These bits are only enabled in refresh operations.

Figure 6-26 shows the timing when the RCW bit is set to 1.

Trp Tre TRe2

. |

oS, (8S) |

CAS, LCAS

Note:n=2to5

Figure6-26 CBR Refresh Timing (When RCW = 1, RLW1 =0, RLWO = 1)

Self-Refreshing: A sdlf-refresh mode (battery backup mode) is provided for DRAM as akind of standby mode. In this
mode, refresh timing and refresh addresses are generated within the DRAM.

To select self-refreshing, set the RFSHE bit and RMODE bit in DRAMCR to 1. Then, when a SLEEP instruction is
executed to enter software standby mode, the CAS and RAS signals are output and DRAM enters self-refresh mode, as
shown in figure 6-27.

When software standby mode is exited, the RMODE bit is cleared to 0 and self-refresh mode is cleared.

When switching to software standby mode, if there is a CBR refresh request, CBR refreshing is executed before self-
refresh mode is entered.
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Software
' standby

Sn, (RAS) _| L | ) | |
CAS, [CAS i i e 3

! ; ‘ ; —U ; !

__ l l l l R | 1

AWR, (WE) — ; ; o — ; :

Note:n=2to5

Figure6-27 Self-Refresh Timing (When CW2=1, or CW2=0and LCASS=0)

6.6 DMAC Single Address Mode and DRAM Interface

When burst mode is selected with the DRAM interface, the DACK output timing can be selected with the DDS hit. When
DRAM spaceis accessed in DMAC single address mode at the same time, whether or not burst accessisto be performed
is selected.

6.6.1 When DDS=1

Burst access is performed by determining the address only, irrespective of the bus master. The DACK output goes low
from the T, state in the case of the DRAM interface.

Figure 6-28 shows the DACK output timing for the DRAM interface when DDS = 1.

7]

LU |
Ay3 10 Ap :>< X Row D( cmLmn x:
‘ N

CSn, (RAS) |

CAS, (UCAS),
LCAS, (LCAS)

Read

Write
Dy5 to Dy

DACK

Note: n =

Figure6-28 DACK Output Timing when DDS = 1 (Example of DRAM Access)
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6.6.2 When DDS=0

When DRAM space is accessed in DMAC single address mode, full access (normal access) is aways performed. The
DACK output goes low from the T, state in the case of the DRAM interface.

In modes other than DMAC single address mode, burst access can be used when accessing DRAM space.

Figure 6-29 shows the DACK output timing for the DRAM interface when DDS = 0.

a

e
Az to Ay :X X Row
oS, (FRS) |

CAS, (UCAS),
LCAS, (LCAS)

HWR, (WE) 3 }
Read ‘ |
HWR, (WE) |
Write

D;5to Dy

DACK

Note:n=2to5

Figure6-29 DACK Output Timing when DDS = 0 (Example of DRAM Access)

6.7 Burst ROM Interface

6.7.1 Overview

With the H8S/2357 Group, external space area 0 can be designated as burst ROM space, and burst ROM interfacing can
be performed. The burst ROM space interface enables 16-bit configuration ROM with burst access capability to be
accessed at high speed.

Area 0 can be designated as burst ROM space by means of the BRSTRM bit in BCRH. Consecutive burst accesses of a
maximum of 4 words or 8 words can be performed for CPU instruction fetches only. One or two states can be selected for
burst access.
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6.7.2 Basic Timing

The number of statesin the initial cycle (full access) of the burst ROM interface isin accordance with the setting of the
ASTO bitin ASTCR. Also, when the ASTO bit is set to 1, wait state insertion is possible. One or two states can be selected
for the burst cycle, according to the setting of the BRSTSL bit in BCRH. Wait states cannot be inserted. When area O is
designated as burst ROM space, it becomes 16-hit access space regardless of the setting of the ABWO bit in ABWCR.

When the BRSTSO0 bit in BCRH is cleared to O, burst access of up to 4 words is performed; when the BRSTSO bit is set to
1, burst access of up to 8 wordsis performed.

The basic access timing for burst ROM space is shown in figures 6-30 (&) and (b). The timing shown in figure 6-30 (@) is
for the case where the ASTO and BRSTSL hits are both set to 1, and that in figure 6-30 (b) is for the case where both these
bits are cleared to 0.

Full access Burst access
T, ‘ T, ‘ T3 T, ‘ T, T, ‘ T,
N N T g
[
\/
Address bus >< Only lower ad;j\ress changed
CSO0 _| r

RD r
Data bus —< Read data >—< Read data >—< Read data >‘

Figure6-30 (a) Example of Burst ROM Access Timing (When ASTO=BRSTS1 =1)
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Full access Burst access

T T, T1 L

A
Y
A
Y
A
Y
A
Y
A

: ( \/ } :
Address bus ><On|y lower ad/d{ess changed
CSo

Data bus 4< Read data ><Read data><Read data>i

Figure6-30 (b) Example of Burst ROM Access Timing (When AST0=BRSTS1 =0)

6.7.3 Wait Control

Aswith the basic bus interface, either program wait insertion or pin wait insertion using the WAIT pin can be used in the
initial cycle (full access) of the burst ROM interface. See section 6.4.5, Wait Control.

Wait states cannot be inserted in a burst cycle.
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6.8 Idle Cycle

6.8.1 Operation

When the H8S/2357 Group accesses external space, it can insert a 1-state idle cycle (T,) between bus cyclesin the
following two cases: (1) when read accesses between different areas occur consecutively, and (2) when awrite cycle
occursimmediately after aread cycle. By inserting an idle cycleit is possible, for example, to avoid data collisions
between ROM, with along output floating time, and high-speed memory, 1/0 interfaces, and so on.

(1) Consecutive Reads between Different Areas

If consecutive reads between different areas occur while the ICIS1 bit in BCRH isset to 1, anidle cycle isinserted at the
start of the second read cycle. Thisis enabled in advanced mode.

Figure 6-31 shows an example of the operation in this case. In this example, bus cycle A isaread cycle from ROM with a
long output floating time, and bus cycle B is aread cycle from SRAM, each being located in adifferent area. In (a), an
idle cycleis not inserted, and a collision occursin cycle B between the read data from ROM and that from SRAM. In (b),
anidlecycleisinserted, and adata collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B

Tl T2 T3 Tl T2 Tl T2 T3 TI Tl T2
o LU LT L o LI L L L

Address bus j I X: Address bus j( X X:

CS (area A) ‘ CS (area A)

-

CS (areaB) | CS (areaB) |
o g "D I
Data bus | —§. Data bus | ‘ )—( )—
' : Data
Long output | collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIs1=0) (Initial value ICIS1 = 1)

Figure6-31 Exampleof |dle Cycle Operation (1)
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(2) Write after Read

If an external write occurs after an external read while the ICISO bitin BCRH isset to 1, anidle cycleisinserted at the
start of the write cycle.

Figure 6-32 shows an example of the operation in this case. In this example, bus cycle A isaread cycle from ROM with a
long output floating time, and bus cycle B is a CPU write cycle. In (a), an idle cycleis not inserted, and a collision occurs
in cycle B between the read data from ROM and the CPU write data. In (b), anidle cycle isinserted, and a data collision is
prevented.

Bus cycle A Buscycle B Bus cycle A Bus cycle B

Address bus j 9( X: Address bus j 1X 9(:
CS (area A) | CS (area A) |
CS(areaB) | CS(areaB) | i
RD | | RD | |
FWR s s FWR 1 1
Databus —§. Databus | )_( >_
' : Data
Long output collision
floating time
(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIS0 =0) (Initial value ICISO = 1)

Figure6-32 Exampleof Idle Cycle Operation (2)
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(3) Relationship between Chip Select (CS) Signal and Read (RD) Signal

Depending on the system’s load conditions, the RD signal may lag behind the CS signal. An example is shown in figure 6-
33.

In this case, with the setting for no idle cycle insertion (&), there may be a period of overlap between the bus cycle A RD
signal and the bus cycle B CS signal.

Setting idle cycle insertion, asin (b), however, will prevent any overlap between the RD and CS signals.

Intheinitial state after reset release, idle cycleinsertion (b) is set.

Buscycle A Buscycle B Bus cycle A Bus cycle B

Address bus j( Y X: Address bus | ‘X

CS (area A) : CS (area A) |

CS (area B)

RD

I
I
T
I
|
! N
i
I
|
|
I

Possibility of overlap between
CS (area B) and RD

(a) Idle cycle not inserted (b) Idle cycle inserted
(ICIs1=0) (Initial value ICIS1 = 1)

Figure 6-33 Relationship between Chip Select (CS) and Read (RD)

6.8.2 Usage Notes

When DRAM spaceis accessed, the ICISO and ICIS1 bit settings are disabled. In the case of consecutive reads between
different areas, for example, if the second accessis a DRAM access, only a T, cycleisinserted, and aT, cycleisnot. The
timing in this case is shown in figure 6-34.

However, in burst accessin RAS down mode these settings are enabled, and an idle cycle isinserted. Thetiming in this
case is shown in figures 6-35 (a) and (b).
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% External read w DRAM space read %

Ty T, T3 1 Ty T, Tear  Teo

Saininininininiy

Address bus :X >< X ><
© —1_ T

Data bus { ) ;

Figure6-34 Example of DRAM Access after External Read

DRAM space read External read DRAM space read

RD ] ] —
RS

CAS, LCAS | |_[_
Data bus ‘

Idle cycle

Figure6-35(a) Exampleof Idle Cycle Operation in RAS Down Mode (ICIS1=1)

‘ DRAM space read ‘ External read . DRAM space write

T T Ta  Te T T, T, T3 Tao Ta  Te
ExTAL_ L ML LI L e e
Address :X X X X X X:

" N |
A e B

RAS | i | |
CAS, LCAS |_ |_|_
Data bus — A} >—<:>—

Idle cycle

Figure6-35 (b) Exampleof Idle Cycle Operation in RAS Down Mode (I1CIS0 = 1)
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6.8.3 Pin Statesin Idle Cycle

Table 6-8 shows pin statesin an idle cycle.

Table6-8 Pin Statesin IdleCycle

Pins Pin State

A, t0 A, Contents of next bus cycle
D, to D, High impedance

CSn*? High**

CAS High

AS High

RD High

HWR High

LWR High

DACKm*® High

Notes: 1. Remains low in DRAM space RAS down mode or a refresh cycle.

2. n=0to7
3. m=0,1

RENESAS
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6.9 Write Data Buffer Function

The H85/2357 Group has a write data buffer function in the external data bus. Using the write data buffer function enables
external writes and DMA single address mode transfers to be executed in parallel with internal accesses. The write data
buffer function is made available by setting the WDBE bit in BCRL to 1.

Figure 6-36 shows an example of the timing when the write data buffer function is used. When this function is used, if an
external write or DMA single address mode transfer continues for 2 states or longer, and thereis an internal access next,
only an external write is executed in the first state, but from the next state onward an internal access (on-chip memory or
internal 1/0 register read/write) is executed in parallel with the external write rather than waiting until it ends.

On-chip memory read Internal I/O register read

External write cycle

Ty T, Tw Tw T3

Internal address bus >< >< >< >< ><

Internal memory  Internal I/O register address

Internal read signal

Ay3 to Ay >< External address ‘
CSn
External
space < | !
write ! .
HWR, LWR ! ;
D;5 to Dy H >—

Note:n=0to 7

Figure6-36 Example of Timing when Write Data Buffer Function is Used
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6.10 BusRe€eease

6.10.1 Overview

The H85/2357 Group can release the external bus in response to a bus request from an external device. In the external bus
released state, the internal bus master continues to operate as long as there is no external access.

If an internal bus master wants to make an external access in the external bus released state, or if arefresh request is

generated, it can issue a bus request off-chip.

6.10.2 Operation

In external expansion mode, the bus can be released to an external device by setting the BRLE bit in BCRL to 1. Driving
the BREQ pin low issues an external bus request to the H8S/2357 Group. When the BREQ pin is sampled, at the
prescribed timing the BACK pin is driven low, and the address bus, data bus, and bus control signals are placed in the
high-impedance state, establishing the external bus-released state.

In the external bus released state, an internal bus master can perform accesses using the internal bus. When an internal bus
master wants to make an external access, it temporarily defers activation of the bus cycle, and waits for the bus request
from the external bus master to be dropped. Even if arefresh request is generated in the external bus released state,
refresh control is deferred until the external bus master drops the bus request.

If the BREQOE bit in BCRL is set to 1, when an internal bus master wants to make an external access in the external bus
released state, or when arefresh request is generated, the BREQO pin is driven low and arequest can be made off-chip to
drop the bus reguest.

When the BREQ pin is driven high, the BACK pin is driven high at the prescribed timing and the external bus released
state is terminated.

If an external bus release request and external access occur simultaneously, the order of priority is asfollows:
(High) External bus release > Internal bus master external access (Low)

If arefresh request and external bus release request occur simultaneously, the order of priority is as follows:
(High) Refresh > External bus release (Low)

As arefresh and an external access by an internal bus master can be executed simultaneously, there is no relative order of
priority for these two operations.
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6.10.3 Pin Statesin External Bus Released State

Table 6-9 shows pin states in the external bus released state.

Table6-9 Pin Statesin Bus Released State

Notes: 1. n=0to7
2. m=0,1

Pins Pin State

A, t0 A, High impedance
D,.to D, High impedance
CSn** High impedance
CAS High impedance
AS High impedance
RD High impedance
HWR High impedance
LWR High impedance
DACKm*? High
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6.10.4 Transition Timing

Figure 6-37 shows the timing for transition to the bus-released state.

CPU
CPU cycle External bus released state cycle

IniiniiniiniuiulininlE

High impedaﬁce /—*

Address bus >< Address ‘/ i ‘
3 ‘ ! High impedance ‘ ‘
Data bus i ! ‘ ‘ ‘ ‘
o ‘ ‘ ‘ High impedance ‘/ ‘
AS ! h ‘ ‘ ‘ |
! ! High impedarice :/ :
RD | / ‘ ‘ ‘ |
: High impedaﬁce
HWR, LWR !
BREQ . s / -
BACK A -/
BREQO" ' Minimum | 3 \ | | /
. 1 state ! ‘ ‘ !
-~ ! ! ! !
(1] (2] (3] [4] (5] (6]
[1] Low level of BREQ pin is sampled at rise of T, state.
[2] BACK pin is driven low at end of CPU read cycle, releasing bus to external
bus master.
[3] BREQ pin state is still sampled in external bus released state.
[4] High level of BREQ pin is sampled.
[5] BACK pin is driven high, ending bus release cycle.
[6] BREQO signal goes high 1.5 clocks after BACK signal goes high.

Note: * Output only when BREQOE is set to 1.

Figure6-37 Bus-Released State Transition Timing

6.10.5 Usage Note

When MSTPCR is set to H'FFFF or H'EFFF and atransition is made to sleep mode, the external bus release function halts.
Therefore, MSTPCR should not be set to H'FFFF or H'EFFF if the external bus release function is to be used in sleep
mode.
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6.11 Bus Arbitration

6.11.1 Overview
The H8S/2357 Group has a bus arbiter that arbitrates bus master operations.

There are three bus masters, the CPU, DTC, and DMAC, which perform read/write operations when they have possession
of the bus. Each bus master requests the bus by means of a bus request signal. The bus arbiter determines priorities at the
prescribed timing, and permits use of the bus by means of a bus request acknowledge signal. The selected bus master then
takes possession of the bus and begins its operation.

6.11.2 Operation

The bus arbiter detects the bus masters' bus request signals, and if the busis requested, sends a bus request acknowledge
signal to the bus master making the request. If there are bus requests from more than one bus master, the bus request
acknowledge signal is sent to the one with the highest priority. When a bus master receives the bus request acknowledge
signal, it takes possession of the bus until that signal is canceled.

The order of priority of the bus mastersis asfollows:
(High) DMAC > DTC > CPU (Low)
Aninternal bus access by an internal bus master, external bus release, and refreshing, can be executed in parallel.

In the event of simultaneous external bus rel ease request, refresh request, and internal bus master external access request
generation, the order of priority isasfollows:

(High) Refresh > External bus release (Low)
(High) External bus release > Internal bus master external access (Low)

As arefresh and an external access by an internal bus master can be executed simultaneously, there is no relative order of
priority for these two operations.
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6.11.3 BusTransfer Timing

Even if abusrequest is received from a bus master with a higher priority than that of the bus master that has acquired the
bus and is currently operating, the busis not necessarily transferred immediately. There are specific times at which each
bus master can relinquish the bus.

CPU: The CPU isthe lowest-priority bus master, and if a bus request is received from the DTC or DMAC, the bus arbiter
transfers the bus to the bus master that issued the request. The timing for transfer of the busis as follows:

» Thebusistransferred at a break between bus cycles. However, if abus cycleis executed in discrete operations, asin
the case of alongword-size access, the busis not transferred between the operations. See Appendix A.5, Bus States
during Instruction Execution, for timings at which the busis not transferred.

» If the CPU isin slegp mode, it transfers the busimmediately.
DTC: The DTC sends the bus arbiter arequest for the bus when an activation request is generated.

The DTC can release the bus after a vector read, aregister information read (3 states), asingle data transfer, or aregister
information write (3 states). It does not release the bus during aregister information read (3 states), a single data transfer,
or aregister information write (3 states).

DMAC: The DMAC sends the bus arbiter a request for the bus when an activation request is generated.

In the case of an external request in short address mode or normal mode, and in cycle steal mode, the DMAC releases the
bus after asingle transfer.

In block transfer mode, it rel eases the bus after transfer of one block, and in burst mode, after completion of atransfer.

6.11.4 External Bus Release Usage Note

External bus release can be performed on completion of an external bus cycle. The RD signal, DRAM interface RAS and
CAS signalsremain low until the end of the external bus cycle. Therefore, when external bus release is performed, the
RD, RAS, and CAS signals may change from the low level to the high-impedance state.
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6.12 Resatsand the Bus Controller

In a power-on reset, the H8S/2357 Group, including the bus controller, enters the reset state at that point, and an executing
bus cycleis discontinued.

In amanual reset*, the bus controller’ s registers and internal state are maintained, and an executing external bus cycleis
completed. In thiscase, WAIT input isignored. Also, sincethe DMAC isinitialized by a manual reset*, DACK and
TEND output is disabled and these pins become 1/0O ports controlled by DDR and DR.

Note: * Manual reset is only supported in the H8S/2357 ZTAT.
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Section 7 DMA Controller

7.1 Overview

The H85/2357 Group has a on-chip DMA controller (DMAC) which can carry out data transfer on up to 4 channels.

711 Features
The features of the DMAC are listed below.

» Choice of short address mode or full address mode
Short address mode
0 Maximum of 4 channels can be used
0 Choice of dual address mode or single address mode

O Indua address mode, one of the two addresses, transfer source and transfer destination, is specified as 24 bits and
the other as 16 bits

O Insingle address mode, transfer source or transfer destination address only is specified as 24 bits

O Insingle address mode, transfer can be performed in one bus cycle

0 Choice of sequential mode, idle mode, or repeat mode for dual address mode and single address mode
Full address mode

0 Maximum of 2 channels can be used

O Transfer source and transfer destination address specified as 24 bits

0 Choice of norma mode or block transfer mode

» 16-Mbyte address space can be specified directly
» Byteor word can be set as the transfer unit
» Activation sources: internal interrupt, external request, auto-request (depending on transfer mode)
Six 16-hit timer-pulse unit (TPU) compare match/input capture interrupts
Serial communication interface (SCI0, SCI1) transmission data empty interrupt, reception data full interrupt
A/D converter conversion end interrupt
External request
Auto-request
» Module stop mode can be set
O Theinitia setting enables DMAC registers to be accessed. DMAC operation is halted by setting module stop mode

O o0Oooogdg
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712 Block Diagram

A block diagram of the DMAC is shown in figure 7-1.

Internal address bus

Internal interrupts

[

—

$g:(l)ﬁ — . Address buffer
—
TGI2A —»
TGI3A N - Processor
TGI4A —=
TGISA —» S MAROA
&'I% ” o £ IOAROA
- . Pl s
;))((Illl — - Control logic T i ETCROA
— c
DI . 38 MAROB
External pinsQ - |C|2 IOAROB
DREQO0 — | 8
DREQ1T —»| DMAWER 5 ETCROB
E“B? - DMATCR S MAR1A
e B ©
DACKO ~a—— DMACROA I IOAR1A
©
DACK1I  — DMACROB °g’ 5 ETCR1A
Interrupt signals o
PDENDOA < DMACR1A 5—5 3 MAR1B
DENDOB ~—| DMACR1B % IOAR1B
CENoIA = | DMABCR 5 ETCR1B
| Data buffer |

0

Module data bus

Internal data bus

Legend:

DMAWER: DMA write enable register

DMATCR: DMA terminal control register

DMABCR: DMA band control register (for all channels)
DMACR: DMA control register

MAR: Memory address register
I0AR: 1/0 address register
ETCR: Executive transfer counter register

Figure7-1 Block Diagram of DMAC
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7.13 Overview of Functions
Tables 7-1 (1) and (2) summarize DMAC functionsin short address mode and full address mode, respectively.
Table7-1(1)  Overview of DMAC Functions (Short Address M ode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination
Dual address mode « TPUchannel0Oto 24/16 16/24
* Sequential mode 5 compare
O 1-byte or 1-word transfer match/input
executed for one transfer request ~ CaPtUre A
interrupts

0 Memory address

incremented/decremented by 1 ° SCl transmission
or 2 data empty

O 1to 65,536 transfers interrupt

. 1dle mode e SClI reception data

full interrupt
O 1-byte or 1-word transfer
* A/D converter

executed for one transfer request .
) conversion end
0 Memory address fixed interrupt
O 1 to 65,536 transfers

* Repeat mode

« External request

O 1-byte or 1-word transfer
executed for one transfer request

O Memory address incremented/
decremented by 1 or 2

O After specified number of
transfers (1 to 256), initial state is
restored and operation continues

Single address mode + External request 24/DACK DACK/24

e 1-byte or 1-word transfer executed
for one transfer request

+ Transfer in 1 bus cycle using DACK
pin in place of address specifying 1/0

» Specifiable for sequential, idle, and
repeat modes
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Table7-1(2)  Overview of DMAC Functions (Full Address Mode)

Address Register Bit Length

Transfer Mode Transfer Source Source Destination

« Normal mode « Auto-request 24 24
Auto-request
O Transfer request retained
internally
O Transfers continue for the
specified number of times (1 to
65,536)
O Choice of burst or cycle steal
transfer

External request « External request
O 1-byte or 1-word transfer
executed for one transfer request

0 1 to 65,536 transfers

+ Block transfer mode + TPUchannelOto 24 24
O Specified block size transfer 5 compare
executed for one transfer request match/input
O 1 to 65,536 transfers capture A

. L interrupts
O Either source or destination P

specifiable as block area

O Block size: 1 to 256 bytes or
words

e SCI transmission
data empty
interrupt

« SCI reception data
full interrupt

e External request

e A/D converter
conversion end
interrupt
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714 Pin Configuration

Table 7-2 summarizes the DMAC pins.

In short address mode, external request transfer, single address transfer, and transfer end output are not performed for
channel A.

The DMA transfer acknowledge function is used in channel B single address mode in short address mode.

When the DREQ pin is used, do not designate the corresponding port for output.

With regard to the DACK pins, setting single address transfer automatically sets the corresponding port to output,
functioning asaDACK pin.

With regard to the TEND pins, whether or not the corresponding port is used as a TEND pin can be specified by means of
aregister setting.

Table7-2 DMAC Pins

Channel  Pin Name Symbol I/0 Function
0 DMA request 0 DREQO Input DMAC channel 0 external
request

DMA transfer acknowledge 0 DACKO Output DMAC channel 0 single address
transfer acknowledge

DMA transfer end 0 TENDO Output DMAC channel 0 transfer end
1 DMA request 1 DREQ1 Input DMAC channel 1 external
request

DMA transfer acknowledge 1 DACK1 Output DMAC channel 1 single address
transfer acknowledge

DMA transfer end 1 TEND1 Output DMAC channel 1 transfer end
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7.15 Register Configuration
Table 7-3 summarizes the DMAC registers.

Table7-3 DMAC Registers

Channel Name Abbreviation R/W l\?:llua; Address* Bus Width
0 Memory address register OA MAROA R/W Undefined H'FEEO 16 bits
I/O address register 0A IOAROA R/W Undefined H'FEE4 16 bits
Transfer count register 0A ETCROA R/W Undefined H'FEE6 16 bits
Memory address register 0B MAROB R/W Undefined H'FEE8 16 bits
I/O address register OB IOAROB R/W Undefined H'FEEC 16 bits
Transfer count register 0B ETCROB R/W Undefined H'FEEE 16 bits
1 Memory address register 1A MAR1A R/W Undefined H'FEFO 16 bits
I/O address register 1A IOAR1A R/W Undefined H'FEF4 16 bits
Transfer count register 1A ETCR1A R/W Undefined H'FEF6 16 bits
Memory address register 1B MAR1B R/W Undefined HFEF8 16 bits
I/O address register 1B IOAR1B R/W Undefined H'FEFC 16 bits
Transfer count register 1B ETCR1B R/W Undefined H'FEFE 16 bits
0,1 DMA write enable register DMAWER R/W H'00 H'FFO0 8 bits
DMA terminal control register DMATCR R/W H'00 H'FFO1 8 bits
DMA control register 0A DMACROA R/W  H'00 H'FF02 16 bits
DMA control register 0B DMACROB R/W H'00 H'FF03 16 bits
DMA control register 1A DMACR1A R/W H'00 H'FFO4 16 bits
DMA control register 1B DMACR1B R/W  H'00 H'FFO5 16 bits
DMA band control register DMABCR R/W  H'0000 H'FF06 16 bits
Module stop control register MSTPCR R/W  H'3FFF H'FF3C 8 bits

Note: * Lower 16 bits of the address.
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7.2 Register Descriptions (1) (Short Address Mode)
Short address mode transfer can be performed for channels A and B independently.

Short address mode transfer is specified for each channel by clearing the FAE bit in DMABCR to 0, as shown in table 7-4.

Short address mode or full address mode can be selected for channels 1 and 0 independently by means of bits FAE1 and
FAEQ.

Table7-4 Short Address Mode and Full Address Mode (For 1 Channel: Example of Channel 0)

FAEO Description

0 Short address mode specified (channels A and B operate independently)

<« MAROA -«—— Specifies transfer source/transfer destination address
o
kol IOAROA -«—— Specifies transfer destination/transfer source address
% ETCROA -«—— Specifies number of transfers
6 DMACROA| <*+—— Specifies transfer size, mode, activation source, etc.
@ MAROB -«—— Specifies transfer sourceftransfer destination address
T IOAROB -4—— Specifies transfer destination/transfer source address
§ ETCROB -4— Specifies number of transfers
O ‘DMACROB -«—— Specifies transfer size, mode, activation source, etc.

1

Full address mode specified (channels A and B operate in combination)

MAROA -«—— Specifies transfer source address
MAROB -«— Specifies transfer destination address
= IOAROA -«—— Not used
2 -« Not used
c IOAROB "
& -«—— Specifies number of transfers
(@] ETCROA - .
-4— Specifies number of transfers (used in block transfer
ETCROB mode only)
DMACROA DMACROB| -«—— Specifies transfer size, mode, activation source, etc.
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721 Memory Address Registers (MAR)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AN el el ] e e I I O O R
Initial value: 0 0 0 O O O O O * * oox * * o
R/W P - - - — — — — — R/WR/WR/WR/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
we | [ [ | [ [ [ LT[ [T ]
Inltlal Value * * * * * * * * * * * * * * * *
R/W : RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW

*: Undefined

MAR is a 32-bit readable/writable register that specifies the transfer source address or destination address.
The upper 8 bits of MAR are reserved: they are always read as 0, and cannot be modified.

Whether MAR functions as the source address register or as the destination address register can be selected by means of
the DTDIR bitin DMACR.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the address specified by MAR
is constantly updated. For details, see section 7.2.4, DMA Control Register (DMACR).

MAR isnotinitialized by areset or in standby mode.

722  1/O AddressRegister (I0AR)

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
o x| [ L L L P
Inltial Value: * * * * * * * * * * * * * * * *
RIW . RIW R/W RIW RW RIW R/W RIW RW RIW R/W RIW RIW RIW R/W RIW RIW

*: Undefined

IOAR isa16-bit readable/writable register that specifies the lower 16 bits of the transfer source address or destination
address. The upper 8 bits of the transfer address are automatically set to H'FF.

Whether IOAR functions as the source address register or as the destination address register can be selected by means of
the DTDIR bitin DMACR.

IOAR isinvalid in single address mode.
IOAR isnot incremented or decremented each time atransfer is executed, so that the address specified by IOAR isfixed.

IOAR isnot initialized by areset or in standby mode.
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7.2.3 Execute Transfer Count Register (ETCR)

ETCR is a 16-bit readable/writable register that specifies the number of transfers. The setting of this register is different
for sequential mode and idle mode on the one hand, and for repeat mode on the other.

(1) Sequential Modeand Idle Mode

Transfer Counter

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ercr x| | [ [ [ L L [
Inltlal Value * * * * * * * * * * * * * * * *
RIW . RIW RIW RIW RIW RIW RIW R/W RIW RIW R/W R/W RIW RAW R/W RIW RIW

*: Undefined

In sequential mode and idle mode, ETCR functions as a 16-hit transfer counter (with a count range of 1 to 65,536). ETCR
is decremented by 1 each time atransfer is performed, and when the count reaches H'0000, the DTE bitin DMABCR is
cleared, and transfer ends.

(2) Repeat Mode

Transfer Number Storage

Bit .15 14 13 12 11 10 9 8
ETCRH | | | | | | | |

Initial value : ~ * * * * * * * *
RIW . RW RW RW RW RW RW RW  RW

Transfer Counter

Bit : 7 6 5 4 3 2 1 0
ETCRL | | | | | | |

Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

*: Undefined

In repeat mode, ETCR functions as transfer counter ETCRL (with a count range of 1 to 256) and transfer number storage
register ETCRH. ETCRL is decremented by 1 each time atransfer is performed, and when the count reaches H'00,

ETCRL isloaded with the value in ETCRH. At this point, MAR is automatically restored to the value it had when the
count was started. The DTE bit in DMABCR is not cleared, and so transfers can be performed repeatedly until the DTE bit
iscleared by the user.

ETCRisnot initialized by areset or in standby mode.
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724 DMA Control Register (DMACR)

Bit L7 6 5 4 3 2 1 0
DMACR :| DTSZ | DTID5 | RPE | DTDIR | DTF3 | DTF2 | DTF1 | DTFO |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

DMACR is an 8-bit readable/writable register that controls the operation of each DMAC channel.
DMACRI isinitialized to H'00 by areset, and in hardware standby mode.

Bit 7—Data Transfer Size (DTSZ): Selects the size of datato be transferred at one time.

Bit 7

DTSz Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 6—Data Transfer Increment/Decrement (DTID): Selectsincrementing or decrementing of MAR every data transfer
in sequential mode or repeat mode.

Inidle mode, MAR is neither incremented nor decremented.

Bit 6

DTID Description

0 MAR is incremented after a data transfer (Initial value)
e When DTSZ = 0, MAR is incremented by 1 after a transfer
e When DTSZ = 1, MAR is incremented by 2 after a transfer

1 MAR is decremented after a data transfer

e When DTSZ = 0, MAR is decremented by 1 after a transfer
e When DTSZ = 1, MAR is decremented by 2 after a transfer

Bit 5—Repeat Enable (RPE): Used in combination with the DTIE bitin DMABCR to select the mode (sequential, idle,
or repeat) in which transfer is to be performed.

Bit 5 DMABCR

RPE DTIE Description

0 0 Transfer in sequential mode (no transfer end interrupt) (Initial value)
1 Transfer in sequential mode (with transfer end interrupt)

1 0 Transfer in repeat mode (no transfer end interrupt)
1 Transfer in idle mode (with transfer end interrupt)

For details of operation in sequential, idle, and repeat mode, see section 7.5.2, Sequential Mode, section 7.5.3, Idle Mode,
and section 7.5.4, Repeat Mode.
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Bit 4—Data Transfer Direction (DTDIR): Used in combination with the SAE bit in DMABCR to specify the data
transfer direction (source or destination). The function of this bit is therefore different in dual address mode and single
address mode.

DMABCR Bit4

SAE DTDIR Description

0 0 Transfer with MAR as source address and IOAR as destination
address (Initial value)
Transfer with IOAR as source address and MAR as destination address

1 0 Transfer with MAR as source address and DACK pin as write strobe

Transfer with DACK pin as read strobe and MAR as destination address

Bits 3to 0—Data Transfer Factor (DTF3to DTFO): These bits select the data transfer factor (activation source). There
are some differences in activation sources for channel A and for channel B.

Channel A

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description
0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 —
1 -
1 0 0 Activated by SCI channel 0 transmission data empty
interrupt
1 Activated by SCI channel 0 reception data full interrupt
1 0 Activated by SCI channel 1 transmission data empty
interrupt
Activated by SCI channel 1 reception data full interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
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Channel B

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 Activated by DREQ pin falling edge input*
1 Activated by DREQ pin low-level input
1 0 0 Activated by SCI channel O transmission data empty
interrupt
1 Activated by SCI channel O reception data full interrupt
1 0 Activated by SCI channel 1 transmission data empty
interrupt
1 Activated by SCI channel 1 reception data full interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
1 J—

Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the highest-priority channel
according to the relative channel priorities. For relative channel priorities, see section 7.5.13, DMAC Multi-Channel
Operation.
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7.25 DMA Band Control Register (DMABCR)

Bit .15 14 13 12 11 10 9 8
DMABCRH: | FAEL | FAEO | SAEL | SAEO | DTAIB | DTAIA | DTAOB | DTAOA |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW
Bit L7 6 5 4 3 2 1 0
DMABCRL : | DTE1B | DTEIA | DTEOB | DTEOA | DTIEIB | DTIEIA| DTIEOB | DTIEOA |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

DMABCR is a 16-hit readable/writable register that controls the operation of each DMAC channel.
DMABCRisinitialized to H'0000 by areset, and in hardware standby mode.

Bit 15—Full AddressEnable 1 (FAE1): Specifies whether channel 1 isto be used in short address mode or full address
mode.

Bit 15

FAE1l Description

0 Short address mode (Initial value)
1 Full address mode

In short address mode, channels 1A and 1B are used as independent channels.

Bit 14—Full Address Enable 0 (FAEOQ): Specifies whether channel 0 isto be used in short address mode or full address
mode.

Bit 14

FAEO Description

0 Short address mode (Initial value)
1 Full address mode

In short address mode, channels OA and OB are used as independent channels.

Bit 13—Single Address Enable 1 (SAEL): Specifies whether channel 1B isto be used for transfer in dual address mode
or single address mode.

Bit 13

SAE1l Description

0 Transfer in dual address mode (Initial value)
1 Transfer in single address mode

Thisbitisinvalid in full address mode.
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Bit 12—Single Address Enable 0 (SAEOQ): Specifies whether channel 0B isto be used for transfer in dual address mode
or single address mode.

Bit 12

SAEO Description

0 Transfer in dual address mode (Initial value)
1 Transfer in single address mode

Thisbit isinvalid in full address mode.

Bits 11 to 8—Data Transfer Acknowledge (DTA): These bits enable or disable clearing, when DMA transfer is
performed, of the internal interrupt source selected by the data transfer factor setting.

When DTE =1 and DTA =1, theinternal interrupt source selected by the data transfer factor setting is cleared
automatically by DMA transfer. When DTE =1 and DTA =1, theinterna interrupt source selected by the data transfer
factor setting does not issue an interrupt request to the CPU or DTC.

When DTE =1 and DTA =0, theinterna interrupt source selected by the data transfer factor setting is not cleared when a
transfer is performed, and can issue an interrupt request to the CPU or DTC in paralldl. In this case, the interrupt source
should be cleared by the CPU or DTC transfer.

When DTE = 0, the internal interrupt source selected by the data transfer factor setting issues an interrupt request to the
CPU or DTC regardless of the DTA hit setting.

Bit 11—Data Transfer Acknowledge 1B (DTA1B): Enables or disables clearing, when DMA transfer is performed, of
the internal interrupt source selected by the channel 1B data transfer factor setting.

Bit 11
DTA1B Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 10—Data Transfer Acknowledge 1A (DTA1A): Enables or disables clearing, when DMA transfer is performed, of
the internal interrupt source selected by the channel 1A datatransfer factor setting.

Bit 10
DTA1A Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 9—Data Transfer Acknowledge OB (DTAOB): Enables or disables clearing, when DMA transfer is performed, of the
internal interrupt source selected by the channel OB data transfer factor setting.

Bit 9
DTAOB Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled
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Bit 8—Data Transfer Acknowledge OA (DTAOA): Enables or disables clearing, when DMA transfer is performed, of
the internal interrupt source selected by the channel OA data transfer factor setting.

Bit 8
DTAOA Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bits 7 to 4—Data Transfer Enable (DTE): When DTE = 0, data transfer is disabled and the activation source selected by
the data transfer factor setting isignored. If the activation source is an internal interrupt, an interrupt request isissued to
the CPU or DTC. If the DTIE bit isset to 1 when DTE = 0, the DMAC regards this as indicating the end of a transfer, and
issues atransfer end interrupt request to the CPU or DTC.

The conditions for the DTE hit being cleared to 0 are as follows:

*  When initialization is performed
*  When the specified number of transfers have been completed in a transfer mode other than repeat mode
*  When O iswritten to the DTE bit to forcibly abort the transfer, or for asimilar reason

When DTE = 1, datatransfer is enabled and the DMAC waits for arequest by the activation source selected by the data
transfer factor setting. When arequest isissued by the activation source, DMA transfer is executed.

The condition for the DTE hit being set to 1 is as follows:
*  When 1iswritten to the DTE bit after the DTE bitisread asO

Bit 7—Data Transfer Enable 1B (DTE1B): Enables or disables data transfer on channel 1B.

Bit 7

DTE1B Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 6—Data Transfer Enable 1A (DTE1A): Enables or disables data transfer on channel 1A.

Bit 6

DTE1A Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 5—Data Transfer Enable OB (DTEOB): Enables or disables data transfer on channel 0B.

Bit 5

DTEOB Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled
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Bit 4—Data Transfer Enable OA (DTEOQOA): Enables or disables data transfer on channel OA.

Bit 4

DTEOA Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bits3to 0—Data Transfer End Interrupt Enable (DTIE): These hits enable or disable an interrupt to the CPU or DTC
when transfer ends. If the DTIE bit is set to 1 when DTE = 0, the DMAC regards this as indicating the end of atransfer,
and issues atransfer end interrupt request to the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIE bit to 0 in the interrupt handling routine, or by
performing processing to continue transfer by setting the transfer counter and address register again, and then setting the
DTE bit to 1.

Bit 3—Data Transfer Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1B transfer end interrupt.

Bit 3

DTIE1B Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 2—Data Transfer Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1A transfer end interrupt.

Bit 2

DTIE1A Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 1—Data Transfer Interrupt Enable OB (DTIEOB): Enables or disables the channel OB transfer end interrupt.

Bit 1

DTIEOB Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 0—Data Transfer Interrupt Enable OA (DTIEOA): Enables or disables the channel OA transfer end interrupt.

Bit 0

DTIEOA Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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7.3 Register Descriptions (2) (Full Address M ode)

Full address mode transfer is performed with channels A and B together. For details of full address mode setting, seetable
7-4.

731 Memory Address Register (MAR)

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
AN Bl el el e I N O O R R
Initialvalue: 0 0 0 O O O 0 o0 * * oo * * oo
R/W - - - — — — — — R/WR/WR/WR/W R/W R/W R/W R/W
Bit 15 14 13 12 11 10 9 8 7 6 S5 4 3 2 1 O
we o [ [ | [ [ [T [ [T T ]]
Inltlal value * * * * * * * * * * * * * * * *
R/W : RIW R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W R/W

*: Undefined

MAR is a32-bit readable/writable register; MARA functions as the transfer source address register, and MARB asthe
destination address register.

MAR is composed of two 16-bit registers, MARH and MARL. The upper 8 bits of MARH are reserved; they are always
read as 0, and cannot be modified.

MAR isincremented or decremented each time a byte or word transfer is executed, so that the source or destination
memory address can be updated automatically. For details, see section 7.3.4, DMA Control Register (DMACR).

MAR isnot initialized by areset or in standby mode.

732  1/O AddressRegister (I0AR)

IOAR isnot used in full address transfer.

733 Execute Transfer Count Register (ETCR)

ETCR is a 16-bit readable/writable register that specifies the number of transfers. The function of this register is different
in normal mode and in block transfer mode.

ETCRisnot initialized by areset or in standby mode.

Rev.6.00 Oct.28.2004 page 181 of 1016
REJ09B0138-0600H
RENESAS



(1) Normal Mode
ETCRA

Transfer Counter

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
erer x| | [ [ L L D]
Initial Value : * * * * * * * * * * * * * * * *

RIW . RIW RIW RAW RIW RIW RIW R/W RIW RIW RAW R/W RIW RIW R/W RIW RIW

*: Undefined

In normal mode, ETCRA functions as a 16-bit transfer counter. ETCRA is decremented by 1 each time atransfer is
performed, and transfer ends when the count reaches H'0000. ETCRB is not used at thistime.

ETCRB
ETCRB isnot used in norma mode.

(2) Block Transfer Mode

ETCRA
Holds block size
Bit : 15 14 13 12 11 10 9 8
ETCRAH : | | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Block size counter

Bit : 7 6 5 4 3 2 1 0
ETCRAL | | | | | | | | |
Initial value : * * * * * * * *
R/W : R/W R/W R/W R/W R/W R/W R/W R/W
*: Undefined
ETCRB

Block Transfer Counter

Bit .15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ercee = | | | [ [ [ L[ L[ L [ [
Inltial Value : * * * * * * * * * * * * * * * *
RIW . RIW RIW RIW RIW RIW RIW R/W RIW RIW RIW R/W RIW RIW R/W R/W RIW

In block transfer mode, ETCRAL functions as an 8-bit block size counter and ETCRAH holdsthe block size. ETCRAL is
decremented each time a 1-byte or 1-word transfer is performed, and when the count reaches H'00, ETCRAL isloaded
with the valuein ETCRAH. So by setting the block sizein ETCRAH and ETCRAL, it is possible to repeatedly transfer
blocks consisting of any desired number of bytes or words.

ETCRB functions in block transfer mode, as a 16-bit block transfer counter. ETCRB is decremented by 1 each time a
block is transferred, and transfer ends when the count reaches H'0000.
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734 DMA Control Register (DMACR)

DMACR isa 16-bit readable/writable register that controls the operation of each DMAC channel. In full address mode,
DMACRA and DMACRB have different functions.

DMACR isinitialized to H'0000 by areset, and in hardware standby mode.

DMACRA
Bit .15 14 13 12 11 10 9 8
DMACRA :\ DTSZ \ SAID ‘ SAIDE ‘BLKDIR’ BLKE ] — ] — ] — \
Initial value : 0 0 0 0 0 0 0 0
RIW - RW RW  RW RW  RW RW  RW RIW
DMACRB
Bit : 7 6 5 4 3 2 1 0
DMACRB :‘ — ‘ DAID ‘ DAIDE ‘ — ] DTF3 ] DTF2 ] DTF1 ] DTFO \
Initial value : 0 0 0 0 0 0 0 0
RIW - RW RW  RW RW  RW RW  RW RIW

Bit 15—Data Transfer Size (DTSZ): Selectsthe size of datato be transferred at one time.

Bit 15

DTSZ Description

0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 14—Sour ce Address | ncrement/Decr ement (SAID)

Bit 13—Sour ce Address | ncrement/Decr ement Enable (SAIDE): These bits specify whether source address register
MARA isto be incremented, decremented, or |eft unchanged, when data transfer is performed.

Bit 14 Bit 13
SAID SAIDE Description
0 0 MARA is fixed (Initial value)
1 MARA is incremented after a data transfer
e When DTSZ = 0, MARA is incremented by 1 after a transfer
e When DTSZ =1, MARA is incremented by 2 after a transfer
1 0 MARA is fixed

MARA is decremented after a data transfer
e When DTSZ = 0, MARA is decremented by 1 after a transfer
e When DTSZ = 1, MARA is decremented by 2 after a transfer

Bit 12—Block Direction (BLKDIR)

Rev.6.00 Oct.28.2004 page 183 of 1016
REJ09B0138-0600H
RENESAS



Bit 11—Block Enable (BLKE): These hits specify whether normal mode or block transfer mode isto be used. If block
transfer mode is specified, the BLKDIR bit specifies whether the source side or the destination side isto be the block area.

Bit 12 Bit 11

BLKDIR BLKE Description

0 0 Transfer in normal mode (Initial value)
1 Transfer in block transfer mode, destination side is block area

1 0 Transfer in normal mode
1 Transfer in block transfer mode, source side is block area

For operation in normal mode and block transfer mode, see section 7.5, Operation.
Bits 10 to 7—Reserved: Can be read or written to. Write 0 to these hits.
Bit 6—Destination Address I ncrement/Decrement (DAID)

Bit 5—Destination Address I ncrement/Decrement Enable (DAIDE): These bits specify whether destination address
register MARB is to be incremented, decremented, or left unchanged, when data transfer is performed.

Bit 6 Bit 5
DAID DAIDE Description
0 0 MARSB is fixed (Initial value)
1 MARB is incremented after a data transfer
¢ When DTSZ =0, MARB is incremented by 1 after a transfer
e When DTSZ = 1, MARB is incremented by 2 after a transfer
1 0 MARB is fixed

MARB is decremented after a data transfer
¢ When DTSZ = 0, MARB is decremented by 1 after a transfer
e When DTSZ = 1, MARB is decremented by 2 after a transfer

Bit 4—Reserved: Can be read or written to. Write O to this bit.

Bits3to 0—Data Transfer Factor (DTF3to DTFO0): These bits select the data transfer factor (activation source). The
factors that can be specified differ between normal mode and block transfer mode.

¢ Normal Mode

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)

1 J—
1 0 Activated by DREQ pin falling edge input
1 Activated by DREQ pin low-level input
1 0 X —

0 Auto-request (cycle steal)
1 Auto-request (burst)

1 x X X —

x: Don't care
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e Block Transfer Mode

Bit 3 Bit 2 Bit 1 Bit 0
DTF3 DTF2 DTF1 DTFO Description

0 0 0 0 — (Initial value)
1 Activated by A/D converter conversion end interrupt
1 0 Activated by DREQ pin falling edge input*
1 Activated by DREQ pin low-level input
1 0 0 Activated by SCI channel 0 transmission data empty
interrupt
1 Activated by SCI channel 0 reception data full interrupt
1 0 Activated by SCI channel 1 transmission data empty
interrupt
1 Activated by SCI channel 1 reception data full interrupt
1 0 0 0 Activated by TPU channel 0 compare match/input capture
A interrupt
1 Activated by TPU channel 1 compare match/input capture
A interrupt
1 0 Activated by TPU channel 2 compare match/input capture
A interrupt
1 Activated by TPU channel 3 compare match/input capture
A interrupt
1 0 0 Activated by TPU channel 4 compare match/input capture
A interrupt
1 Activated by TPU channel 5 compare match/input capture
A interrupt
1 0 —
1 -

Note: * Detected as a low level in the first transfer after transfer is enabled.

The same factor can be selected for more than one channel. In this case, activation starts with the highest-priority channel
according to the relative channel priorities. For relative channel priorities, see section 7.5.13, DMAC Multi-Channel
Operation.
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7.35 DMA Band Control Register (DMABCR)

Bit .15 14 13 12 11 10 9 8
DMABCRH: | FAEL | FAEO | — | — | DTAL | — | DpTAO | — |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW
Bit L7 6 5 4 3 2 1 0
DMABCRL : | DTME1 | DTE1 | DTMEO| DTEO | DTIEB | DTIEIA| DTIEOB | DTIEOA |
Initial value : 0 0 0 0 0 0 0 0
RIW . RW RW RW RW RW RW RW  RW

DMABCR is a 16-bit readable/writable register that controls the operation of each DMAC channel.
DMABCR isinitialized to H'0000 by areset, and in standby mode.

Bit 15—Full Address Enable 1 (FAEL): Specifies whether channel 1 isto be used in short address mode or full address
mode.

In full address mode, channels 1A and 1B are used together as a single channel.

Bit 15

FAE1l Description

0 Short address mode (Initial value)
1 Full address mode

Bit 14—Full Address Enable 0 (FAEOQ): Specifies whether channel 0 isto be used in short address mode or full address
mode.

In full address mode, channels OA and OB are used together as a single channel.

Bit 14

FAEOQO Description

0 Short address mode (Initial value)
1 Full address mode

Bits 13 and 12—Reserved: Can be read or written to. Write O to these bits.
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Bits 11 and 9—Data Transfer Acknowledge (DTA): These bits enable or disable clearing, when DMA transfer is
performed, of the internal interrupt source selected by the data transfer factor setting.

When DTE =1 and DTA =1, the internal interrupt source selected by the data transfer factor setting is cleared
automatically by DMA transfer. When DTE =1 and DTA =1, theinternal interrupt source selected by the data transfer
factor setting does not issue an interrupt request to the CPU or DTC.

When the DTE = 1 and the DTA = 0, theinternal interrupt source selected by the data transfer factor setting is not cleared
when atransfer is performed, and can issue an interrupt request to the CPU or DTC in parallel. In this case, the interrupt
source should be cleared by the CPU or DTC transfer.

When the DTE = 0, the internal interrupt source selected by the data transfer factor setting issues an interrupt request to
the CPU or DTC regardless of the DTA bit setting.

The state of the DTME bit does not affect the above operations.

Bit 11—Data Transfer Acknowledge 1 (DTA1): Enables or disables clearing, when DMA transfer is performed, of the
internal interrupt source selected by the channel 1 data transfer factor setting.

Bit 11
DTA1l Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bit 9—Data Transfer Acknowledge O (DTAOQ): Enables or disables clearing, when DMA transfer is performed, of the
internal interrupt source selected by the channel 0 data transfer factor setting.

Bit 9
DTAO Description
0 Clearing of selected internal interrupt source at time of DMA transfer is disabled
(Initial value)
1 Clearing of selected internal interrupt source at time of DMA transfer is enabled

Bits 10 and 8—Reserved: Can be read or written to. Write O to these bits.

Bits 7 and 5—Data Transfer Master Enable (DTME): Together with the DTE bit, these bits control enabling or
disabling of data transfer on the relevant channel. When both the DTME bit and the DTE bit are set to 1, transfer is
enabled for the channel.

If the relevant channel isin the middle of a burst mode transfer when an NMI interrupt is generated, the DTME hit is
cleared, the transfer isinterrupted, and bus mastership passes to the CPU. When the DTME bit is subsequently set to 1
again, the interrupted transfer is resumed. In block transfer mode, however, the DTME hit is not cleared by an NM|
interrupt, and transfer is not interrupted.

The conditions for the DTME hit being cleared to 0 are as follows:

*  Wheninitiaization is performed
*  When NMI isinput in burst mode
*  When 0 iswritten to the DTME bit

The condition for DTME being set to 1 isasfollows:

e When liswrittento DTME after DTME isread as 0
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Bit 7—Data Transfer Master Enable 1 (DTME1): Enables or disables data transfer on channel 1.

Bit 7

DTME1 Description

0 Data transfer disabled. In burst mode, cleared to 0 by an NMl interrupt  (Initial value)
1 Data transfer enabled

Bit 5—Data Transfer Master Enable 0 (DTMEQ): Enables or disables data transfer on channel 0.

Bit 5

DTMEO Description

0 Data transfer disabled. In normal mode, cleared to 0 by an NMl interrupt (Initial value)
1 Data transfer enabled

Bits 6 and 4—Data Transfer Enable (DTE): When DTE = 0, data transfer is disabled and the activation source selected
by the data transfer factor setting isignored. If the activation source is an internal interrupt, an interrupt request isissued to
the CPU or DTC. If the DTIE bit is set to 1 when DTE = 0, the DMAC regards this as indicating the end of atransfer, and
issues atransfer end interrupt request to the CPU.

The conditions for the DTE bit being cleared to 0 are as follows:

*  Wheninitidization is performed
*  When the specified number of transfers have been completed
»  When Oiswritten to the DTE hit to forcibly abort the transfer, or for asimilar reason

When DTE =1 and DTME = 1, datatransfer is enabled and the DMAC waits for arequest by the activation source
selected by the data transfer factor setting. When arequest isissued by the activation source, DMA transfer is executed.

The condition for the DTE bit being set to 1 isasfollows:
*  When 1iswritten to the DTE bit after the DTE bit isread as0

Bit 6—Data Transfer Enable 1 (DTE1): Enables or disables data transfer on channel 1.

Bit 6

DTE1 Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled

Bit 4—Data Transfer Enable 0 (DTEO): Enables or disables data transfer on channel 0.

Bit 4

DTEO Description

0 Data transfer disabled (Initial value)
1 Data transfer enabled
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Bits 3 and 1—Data Transfer Interrupt Enable B (DTIEB): These bits enable or disable an interrupt to the CPU or
DTC when transfer isinterrupted. If the DTIEB bit is set to 1 when DTME = 0, the DMAC regards this as indicating a
break in the transfer, and issues a transfer break interrupt request to the CPU or DTC.

A transfer break interrupt can be canceled either by clearing the DTIEB bit to 0 in the interrupt handling routine, or by
performing processing to continue transfer by setting the DTME bit to 1.

Bit 3—Data Transfer Interrupt Enable 1B (DTIE1B): Enables or disables the channel 1 transfer break interrupt.

Bit 3

DTIE1B Description

0 Transfer break interrupt disabled (Initial value)
1 Transfer break interrupt enabled

Bit 1—Data Transfer Interrupt Enable OB (DTIEOB): Enables or disables the channel O transfer break interrupt.

Bit 1

DTIEOB Description

0 Transfer break interrupt disabled (Initial value)
1 Transfer break interrupt enabled

Bits 2 and 0—Data Transfer End Interrupt Enable A (DTIEA): These bits enable or disable an interrupt to the CPU or
DTC when transfer ends. If DTIEA bitis set to 1 when DTE = 0, the DMAC regards this as indicating the end of a
transfer, and issues atransfer end interrupt request to the CPU or DTC.

A transfer end interrupt can be canceled either by clearing the DTIEA bit to 0 in the interrupt handling routine, or by
performing processing to continue transfer by setting the transfer counter and address register again, and then setting the
DTE bit to 1.

Bit 2—Data Transfer Interrupt Enable 1A (DTIE1A): Enables or disables the channel 1 transfer end interrupt.

Bit 2

DTIE1A Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled

Bit 0—Data Transfer Interrupt Enable OA (DTIEQOA): Enables or disables the channel O transfer end interrupt.

Bit 0

DTIEOA Description

0 Transfer end interrupt disabled (Initial value)
1 Transfer end interrupt enabled
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7.4 Register Descriptions (3)

74.1 DMA Write Enable Register (DM AWER)

The DMAC can activate the DTC with atransfer end interrupt, rewrite the channel on which the transfer ended using a
DTC chain transfer, and reactivate the DTC. DMAWER applies restrictions so that specific bits of DMACR for the
specific channel, and also DMATCR and DMABCR, can be changed to prevent inadvertent rewriting of registers other
than those for the channel concerned. The restrictions applied by DMAWER are valid for the DTC.

Figure 7-2 shows the transfer areas for activating the DTC with a channel OA transfer end interrupt, and reactivating
channel OA. The address register and count register areaiis re-set by the first DTC transfer, then the control register areais
re-set by the second DTC chain transfer.

When re-setting the control register area, perform masking by setting bitsin DMAWER to prevent modification of the
contents of the other channels.

MAROA

First transfer area

IOAROA

ETCROA

MAROB

I0AROB

ETCROB

MAR1A

DTC

I0AR1A

ETCRI1A

MAR1B

I0AR1B

ETCR1B
DMAWER DMATCR

DMACROA DMACROB

DMACRI1A DMACR1B

Second transfer area

using chain transfer DMABCR

Figure7-2 Areasfor Register Re-Setting by DTC (Example: Channel 0A)

Bit L7 6 5 4 3 2 1 0
DMAWER :| — | — | — | — | WEIB | WEIA| WEOB | WEOA |
Initial value : 0 0 0 0 0 0 0 0
RIW S _ — — RW RW RW  RW

DMAWER is an 8-hit readabl e/writable register that controls enabling or disabling of writesto the DMACR, DMABCR,
and DMATCR by the DTC.

DMAWER isinitialized to H'00 by areset, and in standby mode.
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Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 0.

Bit 3—Write Enable 1B (WE1B): Enables or disables writesto all bitsin DMACRI1B, bits 11, 7, and 3in DMABCR,
and bit 5in DMATCR by the DTC.

Bit 3

WE1B Description

0 Writes to all bits in DMACR1B, bits 11, 7, and 3 in DMABCR, and bit 5 in DMATCR
are disabled (Initial value)

1 Writes to all bits in DMACRI1B, bits 11, 7, and 3 in DMABCR, and bit 5 in DMATCR

are enabled

Bit 2—Write Enable 1A (WE1A): Enables or disables writesto all bitsin DMACR1A, and bits 10, 6, and 2 in

DMABCR by the DTC.
Bit 2
WE1A Description
0 Writes to all bits in DMACR1A, and bits 10, 6, and 2 in DMABCR are disabled
(Initial value)
1 Writes to all bits in DMACR1A, and bits 10, 6, and 2 in DMABCR are enabled

Bit 1—Write Enable OB (WEOB): Enables or disables writesto all bitsin DMACROB, bits 9, 5, and 1 in DMABCR, and

bit 4in DMATCR.

Bit 1
WEOB Description
0 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR
are disabled (Initial value)
1 Writes to all bits in DMACROB, bits 9, 5, and 1 in DMABCR, and bit 4 in DMATCR

are enabled

Bit 0—Write Enable OA (WEQA): Enables or disables writesto all bitsin DMACROA, and bits 8, 4, and 0 in DMABCR.

Bit 0
WEOA Description
0 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are disabled
(Initial value)
1 Writes to all bits in DMACROA, and bits 8, 4, and 0 in DMABCR are enabled

Writes by the DTC to bits 15to 12 (FAE and SAE) in DMABCR are invalid regardless of the DMAWER settings. These
bits should be changed, if necessary, by CPU processing.

In writes by the DTC to bits 7 to 4 (DTE) in DMABCR, 1 can be written without first reading 0. To reactivate a channel
set to full address mode, write 1 to both Write Enable A and Write Enable B for the channel to be reactivated.

MAR, IOAR, and ETCR are always write-enabled regardless of the DMAWER settings. When modifying these registers,
the channel for which the modification is to be made should be halted.
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742 DMA Terminal Control Register (DMATCR)

Bit L7 6 5 4 3 2 1 0
DMATCR :| — | — | TEEl | TE0 | — | — | — | — |
Initial value : 0 0 0 0 0 0 0 0
RIW L _ RW  RW — — — —

DMATCR is an 8-hit readable/writable register that controls enabling or disabling of DMAC transfer end pin output. A
port can be set for output automatically, and atransfer end signal output, by setting the appropriate bit.

DMATCR isinitialized to H'00 by areset, and in standby mode.

Bits 7 and 6—Reserved: These bits cannot be modified and are always read as 0.

Bit 5—Transfer End Enable 1 (TEEL): Enables or disables transfer end pin 1 (TEND1) output.

Bit 5

TEE1 Description

0 TEND1 pin output disabled (Initial value)
1 TEND1 pin output enabled

Bit 4—Transfer End Enable O (TEEOQ): Enables or disables transfer end pin 0 (TENDO) output.

Bit 4

TEEO Description

0 TENDO pin output disabled (Initial value)
1 TENDO pin output enabled

The TEND pins are assigned only to channel B in short address mode.

The transfer end signal indicates the transfer cycle in which the transfer counter reached 0, regardless of the transfer
source. An exception is block transfer mode, in which the transfer end signal indicates the transfer cycle in which the
block counter reached 0.

Bits 3 to 0—Reserved: These bits cannot be modified and are always read as 0.
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74.3 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit : 15 14 183 12 11 10 9 8 7 6 5 4 3 2 1 O

PP rr PP g

Initial value: 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/IW RIW R/IW R/IW R/IW R/IW R/W R/W

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP15 bit in MSTPCR is set to 1, the DMAC operation stops at the end of the bus cycle and atransition is
made to module stop mode. For details, see section 21.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in software standby mode.

Bit 15—Module Stop (M STP15): Specifiesthe DMAC module stop mode.

Bits 15

MSTP15  Description

0 DMAC module stop mode cleared (Initial value)
1 DMAC module stop mode set
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75 Operation

751 Transfer Modes
Table 7-5 lists the DMAC modes.

Table7-5 DMAC Transfer Modes

Transfer Mode

Transfer Source Remarks

Short Dual (1) Sequential mode
address address (2) Idle mode
mode mode

(3) Repeat mode

TPU channel0to 5 ¢ Upto 4 channels can
compare match/input operate independently
capture Ainterrupts . External request

SCI transmission data applies to channel B

empty interrupt only
SCl reception data full « Single address mode
interrupt applies to channel B
A/D converter only
conversion end ¢ Modes (1), (2), and (3)
interrupt can also be specified
External request for single address
mode
(4) Single address mode
Full address (5) Normal mode External request + Max. 2-channel

mode

operation, combining
channels A and B

Auto-request

¢ With auto-request,
burst mode transfer or
cycle steal transfer can
be selected

(6) Block transfer
mode

TPU channel 0to 5
compare match/input
capture A interrupt
SCI transmission data
empty interrupt

SCI reception data full
interrupt

A/D converter
conversion end
interrupt

External request
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Operation in each mode is summarized below.

(1) Sequential mode
In response to a single transfer request, the specified number of transfers are carried out, one byte or one word at a
time. An interrupt request can be sent to the CPU or DTC when the specified number of transfers have been
completed. One address is specified as 24 bits, and the other as 16 bits. The transfer direction is programmable.

(2) Idlemode
In response to a single transfer request, the specified number of transfers are carried out, one byte or one word at a
time. An interrupt request can be sent to the CPU or DTC when the specified number of transfers have been
completed. One addressis specified as 24 bits, and the other as 16 bits. The transfer source address and transfer
destination address are fixed. The transfer direction is programmable.

(3) Repeat mode
In response to a single transfer request, the specified number of transfers are carried out, one byte or one word at a
time. When the specified number of transfers have been completed, the addresses and transfer counter are restored to
their original settings, and operation is continued. No interrupt request is sent to the CPU or DTC. One addressis
specified as 24 bits, and the other as 16 bits. The transfer direction is programmable.

(4) Single address mode

In response to a single transfer request, the specified number of transfers are carried out between external memory and
an external device, one byte or one word at atime. Unlike dual address mode, source and destination accesses are
performed in parallel. Therefore, either the source or the destination is an external device which can be accessed with a
strobe alone, using the DACK pin. One addressis specified as 24 bits, and for the other, the pin is set automatically.
The transfer direction is programmable.

Modes (1), (2) and (3) can aso be specified for single address mode.

(5) Normal mode
* Auto-regquest
By means of register settings only, the DMAC is activated, and transfer continues until the specified number of

transfers have been completed. An interrupt request can be sent to the CPU or DTC when transfer is completed. Both
addresses are specified as 24 hits.

O Cyclestea mode: Thebusisreleased to another bus master every byte or word transfer.
0O Burst mode: Thebusisheld and transfer continued until the specified number of transfers have been completed.
» Externa request

In response to a single transfer request, the specified number of transfers are carried out, one byte or one word at a
time. An interrupt request can be sent to the CPU or DTC when the specified number of transfers have been
completed. Both addresses are specified as 24 bits.

(6) Block transfer mode

In response to a single transfer request, ablock transfer of the specified block size is carried out. Thisis repeated the
specified number of times, once each time there is atransfer request. At the end of each single block transfer, one
addressisrestored to its original setting. An interrupt request can be sent to the CPU or DTC when the specified
number of block transfers have been completed. Both addresses are specified as 24 bits.
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752 Sequential Mode

Sequential mode can be specified by clearing the RPE bit in DMACR to 0. In sequential mode, MAR is updated after each
byte or word transfer in response to a single transfer request, and thisis executed the number of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified by the DTDIR bit in
DMACR.

Table 7-6 summarizes register functions in sequential mode.

Table7-6 Register Functionsin Sequential Mode

Function
Register DTDIR =0 DTDIR =1 Initial Setting Operation
23 0 Source Destination Start address of Incremented/
| \ MAR | address address transfer destination decremented every
register register or transfer source  transfer
23 15 0 Destination Source Start address of Fixed
| HFE | I10AR | address address transfer source or
register register transfer destination
15 . 0 Transfer counter Number of transfers Decremented every
| ETCR | transfer; transfer

ends when count
reaches H'0000

Legend:

MAR: Memory address register
IOAR: /O address register
ETCR: Transfer count register
DTDIR:Data transfer direction bit

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR isincremented or
decremented by 1 or 2 each time a byte or word is transferred.

|OAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have avaue of H'FF.
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Figure 7-3 illustrates operation in sequential mode.

/\/ /\/

Address T —m| -« IOAR

/\/

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
\j Address B =L + (-1)DTID«+ (2DTSZ « (N-1))
Address B Where : L = Value set in MAR

N = Value set in ETCR

/\_/

Figure7-3 Operation in Sequential M ode

The number of transfersis specified as 16 hitsin ETCR. ETCR is decremented by 1 each time atransfer is executed, and
when its value reaches H'0000, the DTE hit is cleared and transfer ends. If the DTIE bit is set to 1 at thistime, an interrupt
request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external requests, SCI
transmission data empty and reception data full interrupts, and TPU channel 0 to 5 compare match/input capture A
interrupts. External requests can be set for channel B only.
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Figure 7-4 shows an example of the setting procedure for sequential mode.

(Sequential mode settin@

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

< Sequential mode >

(1]

(2]

(3]

(4]

(5]

(1]

(2]

(3]

(6]

Set each bit in DMABCRH.

» Clear the FAE bit to O to select short address
mode.

» Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address and transfer
destination address in MAR and IOAR.

Set the number of transfers in ETCR.

Set each bit in DMACR.
» Set the transfer data size with the DTSZ bit.
» Specify whether MAR is to be incremented or
decremented with the DTID bit.
» Clear the RPE bit to O to select sequential
mode.
» Specify the transfer direction with the DTDIR
bit.
« Select the activation source with bits DTF3 to
DTFO.

Read the DTE bit in DMABCRL as 0.

Set each bitin DMABCRL.

» Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

» Setthe DTE bit to 1 to enable transfer.

Figure 7-4 Example of Sequential M ode Setting Procedure
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7.5.3 ldle Mode

Idle mode can be specified by setting the RPE bit and DTIE bit in DMACR to 1. In idle mode, one byte or word is
transferred in response to a single transfer request, and thisis executed the number of times specified in ETCR.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified by the DTDIR bit in
DMACR.

Table 7-7 summarizes register functions in idle mode.

Table7-7 Register Functionsin Idle Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 0 Source Destination Start address of Fixed
| ' MAR | address address transfer destination
register register or transfer source
23 15 0 Destination Source Start address of Fixed
| HFF | I0AR | address address transfer source or
register register transfer destination
15 . 0 Transfer counter Number of transfers Decremented every
| ETCR | transfer; transfer

ends when count
reaches H'0000

Legend:

MAR: Memory address register
IOAR: 1/O address register
ETCR: Transfer count register
DTDIR:Data transfer direction bit

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is neither incremented nor
decremented each time a byte or word is transferred.

IOAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have avaue of H'FF.

Figure 7-5 illustrates operation in idle mode.

T~ T~

MAR — -4— |OAR
/\/ /\/

1 byte or word transfer performed in
response to 1 transfer request

Figure7-5 Operationin Idle Mode
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The number of transfersis specified as 16 bitsin ETCR. ETCR is decremented by 1 each time atransfer is executed, and
when its value reaches H'0000, the DTE hit is cleared and transfer ends. If the DTIE bit is set to 1 at thistime, an interrupt
request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCR, is 65,536.

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external requests, SCI
transmission data empty and reception data full interrupts, and TPU channel 0 to 5 compare match/input capture A
interrupts. External requests can be set for channel B only.

When the DMAC is used in single address mode, only channel B can be set.

Figure 7-6 shows an example of the setting procedure for idle mode.

¢ Clear the FAE bit to 0 to select short address
mode.

« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

. [1] Set each bitin DMABCRH.
Idle mode setting

Set DMABCRH [1] [2] Set the transfer source address and transfer

destination address in MAR and IOAR.

[3] Setthe number of transfers in ETCR.

Set transfer source
and transfer destination | [2] [4] Set each bitin DMACR.
addresses « Set the transfer data size with the DTSZ bit.
« Specify whether MAR is to be incremented or
decremented with the DTID bit.
e Set the RPE bit to 1.
« Specify the transfer direction with the DTDIR
bit.
¢ Select the activation source with bits DTF3 to
DTFO.

Set number of transfers | [3]

Set DMACR [4  [5] Read the DTE bitin DMABCRL as 0.

[6] Set each bitin DMABCRL.
¢ Setthe DTIE bit to 1.
* Set the DTE bit to 1 to enable transfer.

Read DMABCRL (5]

Set DMABCRL (6]

C Idle mode )

Figure7-6 Example of 1dle Mode Setting Procedure
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754 Repeat Mode

Repeat mode can be specified by setting the RPE bitin DMACR to 1, and clearing the DTIE bit to 0. In repeat mode,
MAR is updated after each byte or word transfer in response to a single transfer request, and thisis executed the number
of times specified in ETCR. On completion of the specified number of transfers, MAR and ETCRL are automatically
restored to their origina settings and operation continues.

One address is specified by MAR, and the other by IOAR. The transfer direction can be specified by the DTDIR bitin
DMACR.

Table 7-8 summarizes register functionsin repeat mode.

Table7-8 Register Functionsin Repeat Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of Incremented/
i MAR address address transfer destination decremented every
register register or transfer source  transfer. Initial
setting is restored
when value reaches
H'0000
23 15 0 Destination Source Start address of Fixed
| HEE | |I0OAR | address address transfer source or
register register transfer destination
7 0 Holds number of Number of transfers Fixed
ETCRH | transfers
Transfer counter Number of transfers Decremented every
7. Y o transfer. Loaded with

ETCRL ETCRH value when

count reaches H'00

Legend:

MAR: Memory address register
IOAR: 1/O address register
ETCR: Transfer count register
DTDIR:Data transfer direction bit

MAR specifies the start address of the transfer source or transfer destination as 24 bits. MAR is incremented or
decremented by 1 or 2 each time a byte or word is transferred.
IOAR specifies the lower 16 bits of the other address. The 8 bits above IOAR have avaue of H'FF.

The number of transfersis specified as 8 bits by ETCRH and ETCRL. The maximum number of transfers, when H'00 is
set in both ETCRH and ETCRL, is 256.

In repeat mode, ETCRL functions as the transfer counter, and ETCRH is used to hold the number of transfers. ETCRL is
decremented by 1 each time atransfer is executed, and when its value reaches H'00, it is loaded with the value in ETCRH.
At the same time, the value set in MAR isrestored in accordance with the values of the DTSZ and DTID bitsin DMACR.
The MAR restoration operation is as shown below.

MAR = MAR — (-1)°"®. 2°™Z . ETCRH
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The same value should be set in ETCRH and ETCRL.

In repeat mode, operation continues until the DTE hit is cleared. To end the transfer operation, therefore, you should clear
the DTE hit to 0. A transfer end interrupt request is not sent to the CPU or DTC.

By setting the DTE bit to 1 again after it has been cleared, the operation can be restarted from the transfer after that
terminated when the DTE bit was cleared.

Figure 7-7 illustrates operation in repeat mode.

/\/ /\/

Address T — - I0AR

/\_/

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T=L
y Address B =L + (—1)PTID« (2DTSZ« (N-1))
Address B Where : L = Value set in MAR

N = Value setin ETCR

/\/

Figure7-7 Operation in Repeat mode

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external requests, SCI

transmission data empty and reception data full interrupts, and TPU channel 0 to 5 compare match/input capture A
interrupts. External requests can be set for channel B only.
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Figure 7-8 shows an example of the setting procedure for repeat mode.

( Repeat mode setting>

Set DMABCRH

Set transfer source
and transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

< Repeat mode >

(1]

(2]

(3]

(4]

(5]

(6]

[1] Set each bitin DMABCRH.
« Clear the FAE bit to 0 to select short address
mode.
« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

[2] Set the transfer source address and transfer
destination address in MAR and IOAR.

[3] Setthe number of transfers in both ETCRH and
ETCRL.

[4] Set each bit in DMACR.

e Set the transfer data size with the DTSZ bit.

» Specify whether MAR is to be incremented or
decremented with the DTID bit.

» Setthe RPE hitto 1.

» Specify the transfer direction with the DTDIR
bit.

» Select the activation source with bits DTF3 to
DTFO.

[5] Read the DTE bit in DMABCRL as 0.

[6] Set each bitin DMABCRL.
¢ Clear the DTIE bit to 0.
* Set the DTE bit to 1 to enable transfer.

Figure7-8 Example of Repeat Mode Setting Procedure
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755 Single Address Mode

Single address mode can only be specified for channel B. This mode can be specified by setting the SAE bitin DMABCR
to 1 in short address mode.

One addressis specified by MAR, and the other is set automatically to the data transfer acknowledge pin (DACK). The
transfer direction can be specified by the DTDIR in DMACR.

Table 7-9 summarizes register functionsin single address mode.

Table7-9 Register Functionsin Single Address Mode

Function
Register DTDIR=0 DTDIR =1 Initial Setting Operation
23 . . 0 Source Destination Start address of *
' MAR | address address transfer destination
register register or transfer source
DACK pin Write Read (Set automatically ~ Strobe for external
strobe strobe by SAE bit; IOAR is device
invalid)
15 . 0 Transfer counter Number of transfers *
ETCR

Legend:

MAR: Memory address register
IOAR: /O address register
ETCR: Transfer count register
DTDIR:Data transfer direction bit
DACK: Data transfer acknowledge

Note: * See the operation descriptions in sections 7.5.2, Sequential Mode, 7.5.3, Idle Mode, and 7.5.4, Repeat Mode.

MAR specifies the start address of the transfer source or transfer destination as 24 bits.

IOAR isinvalid; in its place the strobe for external devices (DACK) is output.

Rev.6.00 Oct.28.2004 page 204 of 1016
REJ09B0138-0600H
RENESAS



Figure 7-9 illustrates operation in single address mode (when sequential mode is specified).

Address T —m=

Y

Address B —m

/\/

/\/

> | - o

1 byte or word transfer performed in
response to 1 transfer request

Legend:
Address T =L
Address B = L + (—1)DTID « (2DTSZ e (N-1))
Where : L = Value set in MAR
N = Value set in ETCR

Figure7-9 Operation in Single Address Mode (When Sequential Mode | s Specified)
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Figure 7-10 shows an example of the setting procedure for single address mode (when sequential mode is specified).

( Single address > [1] Set each bit in DMABCRH.
mode setting  Clear the FAE bit to 0 to select short address
mode.
« Set the SAE bit to 1 to select single address
mode.
Set DMABCRH [1] » Specify enabling or disabling of internal

interrupt clearing with the DTA bit.

[2] Set the transfer source address/transfer
destination address in MAR.

Set transfer source and

transfer destination [21  [3] Setthe number of transfers in ETCR.
addresses

[4] Set each bit in DMACR.
» Set the transfer data size with the DTSZ bit.
» Specify whether MAR is to be incremented or
Set number of transfers | [3] decremented with the DTID bit.
» Clear the RPE bit to 0 to select sequential
mode.
» Specify the transfer direction with the DTDIR
bit.
» Select the activation source with bits DTF3 to
DTFO.

Set DMACR (4]

[5] Read the DTE bit in DMABCRL as 0.

Read DMABCRL (5] [6] Set each bit in DMABCRL.

» Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

» Setthe DTE bit to 1 to enable transfer.

Set DMABCRL (6]

(Single address mode >

Figure7-10 Example of Single Address M ode Setting Procedure (When Sequential Mode |'s Specified)
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7.5.6 Normal M ode

In normal mode, transfer is performed with channels A and B used in combination. Normal mode can be specified by
setting the FAE bitin DMABCR to 1 and clearing the BLKE bit in DMACRA to 0.

In normal mode, MAR is updated after each byte or word transfer in response to a single transfer request, and thisis
executed the number of times specified in ETCRA. The transfer source is specified by MARA, and the transfer destination
by MARB.

Table 7-10 summarizes register functions in norma mode.

Table7-10 Register Functionsin Normal Mode

Register Function Initial Setting Operation

23 . . 0 Source address  Start address of Incremented/decremented
| . MARA | register transfer source every transfer, or fixed

23 . . 0 Destination Start address of Incremented/decremented
| . MARB | address register transfer destination every transfer, or fixed

15 .
| ETCRA

Transfer counter Number of transfers Decremented every
transfer; transfer ends
when count reaches
H'0000

— O

Legend:

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Transfer count register A

MARA and MARB specify the start addresses of the transfer source and transfer destination, respectively, as 24 hits.
MAR can be incremented or decremented by 1 or 2 each time a byte or word is transferred, or can be fixed.

Incrementing, decrementing, or holding a fixed value can be set separately for MARA and MARB.

The number of transfersis specified by ETCRA as 16 bits. ETCRA is decremented each time atransfer is performed, and
when its value reaches H'0000 the DTE bit is cleared and transfer ends. If the DTIE bit is set to 1 at thistime, an interrupt
request is sent to the CPU or DTC.

The maximum number of transfers, when H'0000 is set in ETCRA, is 65,536.
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Figure 7-11 illustrates operation in normal mode.

/\_/

Address Ta —m

Y

Address Bo —m|

/\/

Legend:
Address Ta =La
Address Tg = Lg

Address Ba = La + SAIDE ¢ (—1)SAID « (2DTSZ ¢ (N-1))
Address Bg = Lg + DAIDE ¢ (—1)PAID « (2DTSZ « (N-1))

Where : La = Value setin MARA
Lg = Value set in MARB
N =Value setin ETCRA

-a— Address Tp

Y

- Address Bg

Figure7-11 Operation in Normal Mode

Transfer requests (activation sources) are external requests and auto-requests.

With auto-request, the DMAC is only activated by register setting, and the specified number of transfers are performed
automatically. With auto-request, cycle steal mode or burst mode can be selected. In cycle steal mode, the busis released
to another bus master each time atransfer is performed. In burst mode, the bus is held continuously until transfer ends.
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For setting details, see section 7.3.4, DMA Controller Register (DMACR).

Figure 7-12 shows an example of the setting procedure for normal mode.

( Normal mode setting )

Set DMABCRH

Set transfer source and
transfer destination
addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

( Normal mode )

(1]

(2]

(3]

(4]

(5]

(6]

(1]

(2]

(3]
(4]

(5]
(6]

Set each bit in DMABCRH.

e Set the FAE bit to 1 to select full address
mode.

« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address in MARA, and
the transfer destination address in MARB.

Set the number of transfers in ETCRA.

Set each bit in DMACRA and DMACRB.

¢ Set the transfer data size with the DTSZ bit.

« Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and
SAIDE bits.

¢ Clear the BLKE bit to O to select normal
mode.

« Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
DAIDE bits.

« Select the activation source with bits DTF3 to
DTFO.

Read DTE = 0 and DTME = 0 in DMABCRL.

Set each bit in DMABCRL.

« Specify enabling or disabling of transfer end
interrupts with the DTIE bit.

¢ Set both the DTME bit and the DTE bitto 1 to
enable transfer.

Figure7-12 Example of Normal Mode Setting Procedure
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7.5.7 Block Transfer Mode

In block transfer mode, transfer is performed with channels A and B used in combination. Block transfer mode can be
specified by setting the FAE bit in DMABCR and the BLKE bit in DMACRA to 1.

In block transfer mode, atransfer of the specified block sizeis carried out in response to asingle transfer request, and this
is executed the specified number of times. The transfer source is specified by MARA, and the transfer destination by
MARSB. Either the transfer source or the transfer destination can be selected as a block area (an area composed of a
number of bytes or words).

Table 7-11 summarizes register functions in block transfer mode.

Table7-11 Register Functionsin Block Transfer Mode

Register Function Initial Setting Operation
23 . . 0 Source address  Start address of Incremented/decremented
| ' MARA | register transfer source every transfer, or fixed
23 . . 0 Destination Start address of Incremented/decremented
| . MARB | address register transfer destination every transfer, or fixed
7 0 Holds block Block size Fixed
ETCRAH| size
Block size Block size Decremented every
7 Y 0 counter transfer; ETCRH value
ETCRAL copied when count reaches
H'00
15 . 0 Block transfer Number of block Decremented every block
| ETCRB | counter transfers transfer; transfer ends
when count reaches
H'0000

Legend:

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Transfer count register A
ETCRB: Transfer count register B

MARA and MARB specify the start addresses of the transfer source and transfer destination, respectively, as 24 bits.
MAR can be incremented or decremented by 1 or 2 each time a byte or word is transferred, or can be fixed.

Incrementing, decrementing, or holding a fixed value can be set separately for MARA and MARB.
Whether a block is to be designated for MARA or for MARB is specified by the BLKDIR bit in DMACRA.

To specify the number of transfers, if M isthe size of one block (where M = 1 to 256) and N transfers are to be performed
(where N = 1t0 65,536), M is set in both ETCRAH and ETCRAL, and N in ETCRB.

Figure 7-13 illustrates operation in block transfer mode when MARB is designated as a block area.
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T~

Address Ty —m=1 —

— 1st block —

Y

Address By —m=

Legend:
Address Ta = La
Address Tg = Lg

— 2nd block —

— Nth block —

/\/

Consecutive transfer
of M bytes or words

__| is performed in

response to one
request

Address Ba = La + SAIDE ¢ (—1)SAID « (2DTSZ ¢ (MeN-1))

Address Bg = Lg + DAIDE ¢ (—1)PAID ¢ (2DTSZ « (N-1))

Where : La = Value setin MARA
Lg = Value setin MARB
N =Value setin ETCRB
M =Value setin ETCRAH and ETCRAL

Block area

-4— Address Tg

-a— Address Bg

Figure7-13 Operation in Block Transfer Mode (BLKDIR = 0)

RENESAS
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Figure 7-14 illustrates operation in block transfer mode when MARA is designated as a block area.

Address Th —m=

{

Address Bo —

Legend:
Address Ta =La
Address Tg = Lp

Address Ba = La + SAIDE - (-1)SAID . (2DTsZ

I/_\_/

Block area

/\/

Consecutive transfer|
of M bytes or words
is performed in
response to one
request

- (N-1))

Address Bg = Lg + DAIDE - (—1)DAID . (2DTSZ . (M-N-1))

Where :

La = Value setin MARA

Lg = Value set in MARB
N =Value setin ETCRB
M = Value setin ETCRAH and ETCRAL

/\/

1st block

2nd block

Nth block

-— Address Tg

\

-a— Address By

Figure7-14 Operation in Block Transfer Mode (BLKDIR = 1)

ETCRAL is decremented by 1 each time a byte or word transfer is performed. In response to a single transfer request,
burst transfer is performed until the value in ETCRAL reaches H'00. ETCRAL is then loaded with the value in ETCRAH.
At thistime, the value in the MAR register for which a block designation has been given by the BLKDIR bit in DMACRA

isrestored in accordance with the DTSZ, SAID/DAID, and SAIDE/DAIDE bitsin DMACR.

ETCRB is decremented by 1 every block transfer, and when the count reaches H'0000 the DTE bit is cleared and transfer

ends. If the DTIE bit is set to 1 at this point, an interrupt request is sent to the CPU or DTC.

Figure 7-15 shows the operation flow in block transfer mode.
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Start
(DTE=DTME =1)

Transfer request?

No ‘

Acquire bus
|-
| Read address sp;cified by MARA |
\
| MARA = MARA + SAIDE-(~1)SAID.2DTSZ |
| Write to address sr‘)ecified by MARB |
| MARB = MARB + DA‘IDE-(—l)DA'D 20TSZ |

\
ETCRAL = ETCRAL-1

ETCRAL = H'00

Yes

Release bus

\
| ETCRAL=ETCRAH

BLKDIR = 0 No

Yes

| MARB=MARB - DAIDE (-1)PAD-20TSZETCRAH |
|

Y

| MARA=MARA - SAIDE (-1)5AD2DTSZETCRAH |
4>‘
ETCRB = ETCRB — 1

No

ETCRB = H'0000

Clear DTE bitto 0
to end transfer

Figure7-15 Operation Flow in Block Transfer Mode

Transfer requests (activation sources) consist of A/D converter conversion end interrupts, external requests, SCI
transmission data empty and reception data full interrupts, and TPU channel 0 to 5 compare match/input capture A
interrupts.

For details, see section 7.3.4, DMA Control Register (DMACR).

Figure 7-16 shows an example of the setting procedure for block transfer mode.
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C

Block transfer
mode setting

Set DMABCRH

and transfer destination

Set transfer source

addresses

Set number of transfers

Set DMACR

Read DMABCRL

Set DMABCRL

< Block transfer mode >

(1]

(2]

(3]

(4]

5]

(6]

(1]

(2]

(3]

(4]

(5]
(6]

Set each bit in DMABCRH.

¢ Set the FAE bit to 1 to select full address
mode.

« Specify enabling or disabling of internal
interrupt clearing with the DTA bit.

Set the transfer source address in MARA, and
the transfer destination address in MARB.

Set the block size in both ETCRAH and
ETCRAL. Set the number of transfers in
ETCRB.

Set each bit in DMACRA and DMACRB.

¢ Set the transfer data size with the DTSZ bit.

« Specify whether MARA is to be incremented,
decremented, or fixed, with the SAID and
SAIDE bits.

« Set the BLKE bit to 1 to select block transfer
mode.

« Specify whether the transfer source or the
transfer destination is a block area with the
BLKDIR bit.

« Specify whether MARB is to be incremented,
decremented, or fixed, with the DAID and
DAIDE bits.

¢ Select the activation source with bits DTF3 to
DTFO.

Read DTE = 0 and DTME = 0 in DMABCRL.

Set each bit in DMABCRL.

< Specify enabling or disabling of transfer end
interrupts to the CPU with the DTIE bit.

¢ Set both the DTME bit and the DTE bitto 1 to
enable transfer.

Figure7-16 Example of Block Transfer Mode Setting Procedure
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7.5.8 DMAC Activation Sour ces

DMAC activation sources consist of internal interrupts, external requests, and auto-requests. The activation sources that
can be specified depend on the transfer mode and the channel, as shown in table 7-12.

Table7-12 DMAC Activation Sour ces

Short Address Mode Full Address Mode
Block
Channels Channels Normal Transfer

Activation Source OAand 1A OB and 1B Mode Mode
Internal ADI O O x O
Interrupts 1o O O % O
RXI0 O O x O
TXI1 O O x O
RXI1 O O x O
TGIOA O O x O
TGI1A O O x O
TGI2A O O x O
TGI3A O O x O
TGI4A O O x O
TGI5A O O x O
External  DREQ pin falling edge input  x O O O
Requests  BREQ pin low-level input x O O O
Auto-request x x O x

Legend:
(O: Can be specified
x : Cannot be specified

Activation by Internal Interrupt: An interrupt request selected asa DMAC activation source can be sent simultaneously
to the CPU and DTC. For details, see section 5, Interrupt Controller.

With activation by an internal interrupt, the DMAC accepts the request independently of the interrupt controller.
Consequently, interrupt controller priority settings are not accepted.

If the DMAC is activated by a CPU interrupt source or an interrupt source that is not used as a DTC activation source
(DTA = 1), theinterrupt source flag is cleared automatically by the DMA transfer. With ADI, TXI, and RXI interrupts,
however, the interrupt source flag is not cleared unless the prescribed register is accessed in aDMA transfer. If the same
interrupt is used as an activation source for more than one channel, the interrupt request flag is cleared when the highest-
priority channel is activated first. Transfer requests for other channels are held pending in the DMAC, and activation is
carried out in order of priority.

When DTE = 0, such as after completion of atransfer, arequest from the selected activation source is not sent to the
DMAC, regardless of the DTA hit. In this case, the relevant interrupt request is sent to the CPU or DTC.

In case of overlap with a CPU interrupt source or DTC activation source (DTA = 0), the interrupt request flag is not
cleared by the DMAC.
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Activation by External Request: If an external request (DREQ pin) is specified as an activation source, the relevant port
should be set to input mode in advance.

Level sensing or edge sensing can be used for external requests.
External request operation in normal mode (short address mode or full address mode) is described below.

When edge sensing is selected, a 1-byte or 1-word transfer is executed each time a high-to-low transition is detected on the
DREQ pin. The next transfer may not be performed if the next edge isinput before transfer is compl eted.

When level sensing is selected, the DMAC stands by for atransfer request while the DREQ pinis held high. While the
DREQ pin isheld low, transfers continue in succession, with the bus being released each time a byte or word is
transferred. If the DREQ pin goes high in the middle of atransfer, the transfer is interrupted and the DMAC stands by for
atransfer request.

Activation by Auto-Request: Auto-request activation is performed by register setting only, and transfer continues to the
end.

With auto-request activation, cycle steal mode or burst mode can be selected.

In cycle steal mode, the DMAC releases the bus to another bus master each time a byte or word is transferred. DMA and
CPU cycles usually alternate.

In burst mode, the DMAC keeps possession of the bus until the end of the transfer, and transfer is performed continuously.

Single Address Mode: The DMAC can operate in dual address mode in which read cycles and write cycles are separate
cycles, or single address mode in which read and write cycles are executed in parallel.

In dual address mode, transfer is performed with the source address and destination address specified separately.

In single address mode, on the other hand, transfer is performed between external space in which either the transfer source
or the transfer destination is specified by an address, and an external device for which selection is performed by means of
the DACK strobe, without regard to the address. Figure 7-17 shows the data bus in single address mode.

RD >
HWR, LWR >
External
Ayzto Ay Address bus memory
________(Read)
| - -
H8S/2357 | L (Write)
I (7] I
Group 3]
Dy to Dy IR
(high impedance) el
:,ﬁ External
device
DACK -

Figure7-17 DataBusin Single Address Mode
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When using the DMAC for single address mode reading, transfer is performed from external memory to the external
device, and the DACK pin functions as a write strobe for the external device. When using the DMAC for single address
mode writing, transfer is performed from the external device to external memory, and the DACK pin functions as a read
strobe for the external device. Since there isno directional control for the external device, one or other of the above single
directions should be used.

Bus cyclesin single address mode are in accordance with the settings of the bus controller for the external memory area.
On the external device side, DACK isoutput in synchronization with the address strobe. For details of bus cycles, see
section 7.5.11, DMAC Bus Cycles (Single Address Maode).

Do not specify internal space for transfer addresses in single address mode.

759 Basic DMAC Bus Cycles

An example of the basic DMAC bus cycletiming is shown in figure 7-18. In this example, word-size transfer is
performed from 16-bit, 2-state access space to 8-bit, 3-state access space. When the busistransferred from the CPU to the
DMAC, a source address read and destination address write are performed. The busis not released in response to another
bus request, etc., between these read and write operations. Aswith CPU cycles, DMA cycles conform to the bus
controller settings.

CPU cycle | DMAC cycle (1-word transfer) | CPU cycle

Ty T2 Ty T2 Tz T1 T2 T3

| address | Destination address |

Address bus X X X x
iy i

i

Figure7-18 Example of DMA Transfer Bus Timing

The address is not output to the external address busin an access to on-chip memory or an internal 1/O register.
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7510 DMAC BusCycles(Dual Address M ode)

Short Address Mode: Figure 7-19 shows atransfer example in which TEND output is enabled and byte-size short
address mode transfer (sequential/idie/repeat mode) is performed from external 8-bit, 2-state access spaceto internal 1/0O
space.

DMA DMA DMA DMA DMA DMA DMA

Address bus )( X )ﬁtx \ gtx X

1 D) ) | |

R — N — N — -

i i iy i iy i i i

HWR : : O : S : L
i i N i ) i i i

LWR i i SO i S i i i
1 1 D) 1 ) | ‘ ‘

TEND | ‘ S ‘ i | |

Bus release Bus release Bus release Last transfer cycle Bus

release

Figure7-19 Example of Short Address Mode Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the busisreleased. While the
bus s released one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead cycle isinserted after
the DMA write cycle.

In repeat mode, when TEND output is enabled, TEND output goes low in the transfer cycle in which the transfer counter
reaches 0.
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Full Address Mode (Cycle Steal Mode): Figure 7-20 shows a transfer example in which TEND output is enabled and
word-size full address mode transfer (cycle steal mode) is performed from external 16-hit, 2-state access space to external
16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA

Address bus X X )gt)( b gg N

| | 2 | | 2 | | |

HWR | | o | o | |

o 1 P 1 P 1 1

LWR | | N | N | |

| | 1)) | | 1) | 3 |

TEND : ‘ R ‘ ¢ : :
Bus release Bus release Bus release Last transfer Bus

cycle release

Figure7-20 Example of Full Address Mode (Cycle Steal) Transfer

A one-byte or one-word transfer is performed, and after the transfer the busisreleased. Whilethe busis released one bus
cycleisinserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead cycleisinserted after
the DMA write cycle.
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Full Address Mode (Burst Mode): Figure 7-21 shows atransfer examplein which TEND output is enabled and word-
size full address mode transfer (burst mode) is performed from external 16-bit, 2-state access space to external 16-bit, 2-
state access space.

DMA DMA DMA DMA DMA DMA DMA
read write read write read write 'dead:

-

o S W s gl
m——
e [

Burst transfer

Figure7-21 Example of Full Address Mode (Burst Mode) Transfer
In burst mode, one-byte or one-word transfers are executed consecutively until transfer ends.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead cycle isinserted after
the DMA write cycle.

If arequest from another higher-priority channel is generated after burst transfer starts, that channel has to wait until the
burst transfer ends.

If an NMI is generated while a channel designated for burst transfer isin the transfer enabled state, the DTME bit is
cleared and the channel is placed in the transfer disabled state. If burst transfer has already been activated inside the
DMAC, the busis released on completion of a one-byte or one-word transfer within the burst transfer, and burst transfer is
suspended. If the last transfer cycle of the burst transfer has already been activated inside the DMAC, execution continues
to the end of the transfer even if the DTME bit is cleared.

Rev.6.00 Oct.28.2004 page 220 of 1016
REJ09B0138-0600H
RENESAS




Full AddressMode (Block Transfer Mode): Figure 7-22 shows a transfer example in which TEND output is enabled
and word-size full address mode transfer (block transfer mode) is performed from internal 16-bit, 1-state access space to
external 16-bit, 2-state access space.

DMA DMA DMA DMA DMA DMA DMA DMA DMA DMA
'read! write !read! write |dead| 'read! write read, write !dead,

| . —

Address bus U D

o | | | | | yy | | | | |

RD Bl Bl S Bl B

; ; ; ; ; '()() ; ; ; ; ; .

HWR | | | | | ' | | | | | |

| | I—, | | I—, | i | | I—, | | I—, | |

| | | | | . | | | | |

LWR | | | | | (SO | | | | |

| | I—, | | I—, | | | | I—, | | I—, | |

| | | 3 | 1)) | | | 3 | |

TEND b : o : :
Bus release | Block transfer Bus release Last block transfer ' Bus

release

Figure7-22 Example of Full Address Mode (Block Transfer Mode) Transfer

A one-block transfer is performed for one transfer request, and after the transfer the busisreleased. Whilethe busis
released, one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle of each block (the cycle in which the transfer counter reaches 0), a one-state DMA dead cycleis
inserted after the DMA write cycle.

One block is transmitted without interruption. NMI generation does not affect block transfer operation.
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DREQ Pin Falling Edge Activation Timing: Set the DTA bit for the channel for which the DREQ pin is selected to 1.

Figure 7-23 shows an example of DREQ pin falling edge activated normal mode transfer.

DMA DMA Bus DMA DMA Bus
Bus release read Wrrte release read wrlte release
. 1 ee :
DREQ _\ : l ) l ! /) .

r
| ((
Address bus ! ‘x S:] Egufggr x d;—gnﬂauon ‘x SS x )e x ggnrscfgr ‘x dgs%nsal?on ‘x

i 3 r 3 i ) 3 :
DMA control Idle | )qeadx Write | X Idle | KQeadX Write | X Idle 1
] j j j j ( ! j
! \
r

Channel 1Requesv | Request clear period r/Reun\/( ! Requestclear period

-

T !

Minimum of 2 cycles | Minimum of 2 cycles | |
! ! - ! !
Y A K| 4 5] [6] [7]
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of g, and the request is held.
[2][5] The request is cleared at the next bus break, and activation is started in the DMAC.
[3][6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of g starts.
[4][7] When the DREQ pin high level has been sampled, acceptance is resumed after the
write cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request
is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7-23 Example of DREQ Pin Falling Edge Activated Normal Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the end of the DMABCR write
cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis possible, the request isheld in
the DMAC. Then, when activation isinitiated in the DMAC, the request is cleared, and DREQ pin high level sampling
for edge detection is started. I1f DREQ pin high level sampling has been completed by the time the DMA write cycle ends,
acceptance resumes after the end of the write cycle, DREQ pin low level sampling is performed again, and this operation
isrepeated until the transfer ends.
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Figure 7-24 shows an example of DREQ pin falling edge activated block transfer mode transfer.

1 block transfer ‘ 1 block transfer ‘
| DMA DMA DMA ! Bus @ DMA DMA DMA' Bus
Bus release ‘ | read write dead release:

read write  dead ' release
‘4—»:4—»%47

i I i
===~ ! T T !
DREQ  \ | [ . . 1\
i i | |
— .
T f T f T f

Address bus I O T G N

; f 1 1 T

I

|

T

I

]

I

I

b
) Transfer
destination

I
)L
e (el

L v AR . 3
le ' YRead| write! Y Dead! | Idie X;Readx write | | Dead |

DMA control Id | Idle
[ (e | 5 |
Channel JRequest Re:zquest clear period JRequest ., 3 Reques}t} clear period 3
Minimun of 2 cycles | Minimun df?g);dles o 71
- ! —— | |
@ B6 4] [51 [6] [71
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising edge of g,
and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3][6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of g starts.

[4] [7]1 When the DREQ pin high level has been sampled, acceptance is resumed after the dead cycle
is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure 7-24 Example of DREQ Pin Falling Edge Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the end of the DMABCR write
cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is possible, the request isheld in
the DMAC. Then, when activation isinitiated in the DMAC, the request is cleared, and DREQ pin high level sampling
for edge detection is started. If DREQ pin high level sampling has been completed by the time the DMA dead cycle ends,
acceptance resumes after the end of the dead cycle, DREQ pin low level sampling is performed again, and this operation is
repeated until the transfer ends.
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DREQ Level Activation Timing (Normal Mode): Set the DTA bit for the channel for which the DREQ pinis selected to
1

Figure 7-25 shows an example of DREQ level activated norma mode transfer.

Bus DMA DMA Bus DMA DMA Bus
release read write release read write release
— . e e .
o LA LLI LTI LALTL
! ) ) ) |
~BEA T T 1 \
DREQ _\ / ) : \ /()2 ) /

| |
| |
I I
I ¢ I
| |
A \

I I i
I
l l s
T 1 T T
I N I I
) R Transfer ) Transfer | Transfer Transfer
destination source destination
| | | | | |
I I I )t ) I
| Xeeadx Write | Idle | | fRead) write | Y Idle
| | | |
I I I
|

Address bus

DMA control  Idle

©

U ¢ ;
equest Request clear period /Reque:\/t 2 ; Request clear perlod

[N I I K] 4 B [6] [7]

Channel
Minimum of 2 cycles | Minimum of 2 cycles |
[ - | - - |
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of g, and the request is held.
[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.
[3]1[6] The DMA cycle is started.
[4] [7]1 Acceptance is resumed after the write cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure7-25 Example of DREQ Leve Activated Normal Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next @ cycle after the end of the DMABCR write
cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is possible, the request isheld in
the DMAC. Then, when activation isinitiated in the DMAC, the request is cleared. After the end of the write cycle,
acceptance resumes, DREQ pin low level sampling is performed again, and this operation is repeated until the transfer
ends.
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Figure 7-26 shows an example of DREQ level activated block transfer mode transfer.

1 block transfer 1 block transfer
. |
DMA DMA DMA | Bus DMA DMA DMA ' Bus

read right dead \release read right dead | release
P *4—»*4—»:47

TP LML UL UL LT L

! | o ! e ‘ ‘
SREAS .\ ' (o T ' T T T " T
DREQ ! / ! §) I Bl \ I} / . )1 )] ! / I

T T (e ] T T (e e i |
——j—" H —— H —
Address bus I S OCTCR G GRS T CR A
i 3 ‘ L 3 Lo L 1 1

DMA control Uldle | )CReadK writel ) Dead: [ Idle JRead| write | | Dead | ) | Idle
: ‘ ‘ i ! T i ! :
Channel :Request“ ' Request clear period ;Reques‘j - ! Requesg’s clear period ! =;
Minimum of. 2 cycles l Minimum of 2 cycles l | l
- - | oo - | | ‘
1 = 6B [4] [81 [6] [{]

Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of g, and the request is held.
[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.
[3][6] The DMA cycle is started.
[4] [7] Acceptance is resumed after the dead cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure7-26 Example of DREQ Level Activated Block Transfer Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the end of the DMABCR write
cyclefor setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is possible, the request isheld in
the DMAC. Then, when activation isinitiated in the DMAC, the request is cleared. After the end of the dead cycle,
acceptance resumes, DREQ pin low level sampling is performed again, and this operation is repeated until the transfer
ends.
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7511 DMAC BusCycles(Single Address M ode)

Single Address Mode (Read): Figure 7-27 shows atransfer example in which TEND output is enabled and byte-size
single address mode transfer (read) is performed from external 8-bit, 2-state access space to an external device.

DMA
'DMA read! 'DMA read ! 'DMA read ! 'DMA read dead|

| )
Address bus D( >§§
1 (€

o~ [ L [

| |
| | | | | |
TEND | | | | | |
| | | | | | i
Bus Bus Bus Bus Last transfer Bus
release release release release cycle release

Figure 7-27 Example of Single Address Mode (Byte Read) Transfer

Figure 7-28 shows atransfer example in which TEND output is enabled and word-size single address mode transfer (read)
is performed from external 8-bit, 2-state access space to an external device.

DMA
DMA read 'dead|

Address bus jX X >§;:>< X >§§:>< X t

e R N e N N N O

mox —1_ 1L L

i i i i , i
TEND i i i ld i
| | | | i |
— - i 1 1
Bus Bus Bus Last transfer Bus
release release release cycle release

Figure 7-28 Example of Single Address Mode (Word Read) Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the busisreleased. While the
busis released, one or more bus cycles are inserted by the CPU or DTC.

In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead cycle isinserted after
the DMA write cycle.
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Single Address Mode (Write): Figure 7-29 shows a transfer example in which TEND output is enabled and byte-size
single address mode transfer (write) is performed from an external device to external 8-bit, 2-state access space.

DMA
'DMA write! 'DMA write! 'DMA write! 'DMA write|dead;

- AN A AN AN AL
S -

|

LWR ‘ ‘
| | | \
DACK |'82 ! |’82 ! |'P‘
| By iy ) |
TEND : o o : g
— D .~ — i
Bus Bus Bus Bus Last transfer Bus
release release release release cycle release

Figure7-29 Example of Single Address M ode (Byte Write) Transfer

Figure 7-30 shows a transfer example in which TEND output is enabled and word-size single address mode transfer
(write) is performed from an external device to external 8-bit, 2-state access space.

DMA
DMA write dead,

Address bus X X >§§:>< ¥ X}{:X \ X:

un
oyl

ook | [ LT T

I I I I
| | 1) | | |
TEND | | | 0 |
| | | ‘ |
— — : : :
I I I I I

Bus Bus Bus Last transfer Bus

release release release cycle release

Figure7-30 Example of Single Address Mode (Word Write) Transfer

A one-byte or one-word transfer is performed for one transfer request, and after the transfer the busisreleased. While the
bus s released one or more bus cycles are inserted by the CPU or DTC.
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In the transfer end cycle (the cycle in which the transfer counter reaches 0), a one-state DMA dead cycleisinserted after
the DMA write cycle.

DREQ Pin Falling Edge Activation Timing: Set the DTA bit for the channel for which the DREQ pin is selected to 1.

Figure 7-31 shows an example of DREQ pin falling edge activated single address mode transfer.

Bus release DMA single  Bus release DMA single Bus release

I
1)/ Transfer source/
; destination
I

DACK ! ! w !
| | | : | |
DMA control | §$mglex ide | ; | §s|ng|%)< Ide |
1 \ \ I
Channel ! ! Req;‘eeﬁéé'ea' Request N i
1 Minimum of 1 1 Mlnlmum of i i
| 2 cycles \ \ 2 cycles \ \
-y -
(1] 2 [ (4] 6] [6] [7]
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of g, and the request is held.

[2] [5] The request is cleared at the next bus break, and activation is started in the DMAC.

[3][6] Start of DMA cycle; DREQ pin high level sampling on the rising edge of & starts.

[4] [7] When the DREQ pin high level has been sampled, acceptance is resumed after the single
cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure7-31 Example of DREQ Pin Falling Edge Activated Single Address Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the end of the DMABCR write
cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pinis possible, the request isheld in
the DMAC. Then, when activation isinitiated in the DMAC, the request is cleared, and DREQ pin high level sampling
for edge detection is started. I1f DREQ pin high level sampling has been completed by the time the DMA single cycle
ends, acceptance resumes after the end of the single cycle, DREQ pin low level sampling is performed again, and this
operation is repeated until the transfer ends.
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DREQ Pin Low Level Activation Timing: Set the DTA bit for the channel for which the DREQ pinis selected to 1.

Figure 7-32 shows an example of DREQ pin low level activated single address mode transfer.

Bus
Bus release DMA single Bus release DMA single release

DREQ  \

Address bus

DACK

DMA control Idle

I

|

I

|

. .

[l

| |

) Request clear | Requestclear |

Request, period Request| ) ! period !
I

imumof 0 :

I I

|

W @ 6 4 [ [ (71

Channel
Minimum of Minimum of
2 cycles I 2 c¥cles I
|
Acceptance resumes Acceptance resumes

[1] Acceptance after transfer enabling; the DREQ pin low level is sampled on the rising
edge of g, and the request is held.
[2] [6] The request is cleared at the next bus break, and activation is started in the DMAC.
[3]1[6] The DMAC cycle is started.
[4]1[7] Acceptance is resumed after the single cycle is completed.
(As in [1], the DREQ pin low level is sampled on the rising edge of g, and the request is held.)

Note: In write data buffer mode, bus breaks from [2] to [7] may be hidden, and not visible.

Figure7-32 Example of DREQ Pin Low Level Activated Single Address Mode Transfer

DREQ pin sampling is performed every cycle, with the rising edge of the next g cycle after the end of the DMABCR write
cycle for setting the transfer enabled state as the starting point.

When the DREQ pin low level is sampled while acceptance by means of the DREQ pin is possible, the request isheld in
the DMAC. Then, when activation isinitiated in the DMAC, the request is cleared. After the end of the single cycle,
acceptance resumes, DREQ pin low level sampling is performed again, and this operation is repeated until the transfer
ends.
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75.12 Write Data Buffer Function

DMAC internal-to-external dual address transfers and single address transfers can be executed at high speed using the
write data buffer function, enabling system throughput to be improved.

When the WDBE bit of BCRL in the bus controller is set to 1, enabling the write data buffer function, dual address
transfer external write cycles or single address transfers and internal accesses (on-chip memory or internal 1/0 registers)
are executed in parallel. Internal accesses are independent of the bus master, and DMAC dead cycles are regarded as
internal accesses.

A low level can always be output from the TEND pin if the bus cyclein which alow level isto be output is an external
bus cycle. However, alow level is not output from the TEND pin if the bus cycle in which alow level isto be output
from the TEND pinisan internal bus cycle, and an external write cycleis executed in parallel with thiscycle.

Figure 7-33 shows an example of burst mode transfer from on-chip RAM to external memory using the write data buffer
function.

DMA DMA DMA DMA DMA DMA DMA DMA DMA
read ;write ! read ! write ! read ! write ! read . write ! dead

Internal address < >< ‘>< ‘>< ‘>< ‘>< ‘>< ‘><
Internal read signal

External address ><

HWR, L

my)

TEN

@)

Figure 7-33 Example of Dual Address Transfer Using Write Data Buffer Function

Figure 7-34 shows an example of single address transfer using the write data buffer function. In this example, the CPU
program areaisin on-chip memory.
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DMA DMA
read | single, read

CPU DMA CPU

Internal address < ><

Internal read signal

External address ><

‘RD

DACK

Figure7-34 Example of Single Address Transfer Using Write Data Buffer Function

When the write data buffer function is activated, the DMAC recognizes that the bus cycle concerned has ended, and starts
the next operation. Therefore, DREQ pin sampling is started one state after the start of the DMA write cycle or single

address transfer.

7513 DMAC Multi-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1, and channel A > channel B. Table 7-13 summarizes the

priority order for DMAC channels.

Table7-13 DMAC Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1 T
Channel 1B Low
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If transfer requests are issued simultaneously for more than one channel, or if atransfer request for another channel is
issued during atransfer, when the busis released the DMAC selects the highest-priority channel from among those issuing
arequest according to the priority order shown in table 7-13.

During burst transfer, or when one block is being transferred in block transfer, the channel will not be changed until the
end of the transfer.

Figure 7-35 shows atransfer example in which transfer requests areissued simultaneously for channels OA, 0B, and 1.

DMA
DMAread DMA write DMAread DMA write DMAread DMA write read
i i | | -

L

| ;_eiT_dX Write X Idle | X%e‘adx Write X Read X:

(8
DMA control ItEXReadX Write X Idle X_%
N,

Channel 0A (?eqdest clear : f :/‘

b))l 1

| V [0 0y

Channel 0B | Request | Selection T\Regu‘est clear ‘/ / N
" hold | e 1/ e | | |
| | | N | | | | |
| ] Non- [ ] | : \Requést clear | |
Channel 1 ! Eglguest ' scledon | ‘ Eglguest | Selection \ q)? \ \
Bus Channel OA Bus Channel 0B Bus Channel 1 transfer

release transfer release transfer release

Figure7-35 Example of Multi-Channel Transfer

75.14 Relation between External Bus Requests, Refresh Cycles, the DTC, and the DMAC

There can be no break between aDMA cycleread and aDMA cyclewrite. This meansthat arefresh cycle, external bus
release cycle, or DTC cycleis not generated between the external read and external writein aDMA cycle.

In the case of successive read and write cycles, such asin burst transfer or block transfer, arefresh or external bus released
state may be inserted after awrite cycle. Sincethe DTC has alower priority than the DMAC, the DTC does not operate
until the DMAC releases the bus.

When DMA cycle reads or writes are accesses to on-chip memory or internal 1/O registers, these DMA cycles can be
executed at the same time as refresh cycles or external bus release. However, simultaneous operation may not be possible
when awrite buffer is used.
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7515 NMI Interruptsand DMAC

When an NMI interrupt is requested, burst mode transfer in full address modeis interrupted. An NMI interrupt does not
affect the operation of the DMAC in other modes.

In full address mode, transfer is enabled for a channel when both the DTE bit and the DTME bit are set to 1. With burst
mode setting, the DTME bit is cleared when an NMI interrupt is requested.

If the DTME bit is cleared during burst mode transfer, the DMAC discontinues transfer on completion of the 1-byte or 1-
word transfer in progress, then releases the bus, which passes to the CPU.

The channel on which transfer was interrupted can be restarted by setting the DTME bit to 1 again. Figure 7-36 shows the
procedure for continuing transfer when it has been interrupted by an NM1 interrupt on a channel designated for burst mode
transfer.

Resumption of [1] Check that DTE = 1 and
transfer on interrupted DTME =0 in DMABCRL

channel

[2] Write 1 to the DTME bit.

(1]

No

Set DTME bitto 1 2]

< Transfercontinues> < Transfer ends >

Figure7-36 Example of Procedurefor Continuing Transfer on Channel Interrupted by NMI Interrupt
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75.16 Forced Termination of DMAC Operation

If the DTE bit for the channel currently operating is cleared to 0, the DMAC stops on completion of the 1-byte or 1-word
transfer in progress. DMAC operation resumes when the DTE bit is set to 1 again.

In full address mode, the same applies to the DTME hit.

Figure 7-37 shows the procedure for forcibly terminating DMAC operation by software.

o [1] Clear the DTE bitin DMABCRL to 0.
Forced termination . .
of DMAC If you want to prevent interrupt generation after

forced termination of DMAC operation, clear the
DTIE bit to 0 at the same time.

Clear DTE bitto 0 (1]

C Forced termination )

Figure 7-37 Example of Procedurefor Forcibly Terminating DMAC Operation
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75.17 Clearing Full AddressMode

Figure 7-38 shows the procedure for releasing and initializing a channel designated for full address mode. After full
address mode has been cleared, the channel can be set to another transfer mode using the appropriate setting procedure.

Clearing full [1] Clear both the DTE bit and the DTME bit in
address mode DMABCRL to 0; or wait until the transfer ends
and the DTE bit is cleared to 0, then clear the
DTME bit to 0.
Also clear the corresponding DTIE bit to 0 at the
Stop the channel [1] same time.
[2] Clear all bits in DMACRA and DMACRB to 0.
[3] Clear the FAE bit in DMABCRH to 0.
Initialize DMACR [2]
Clear FAE bitto O [3]

Initialization;
operation halted

Figure 7-38 Example of Procedurefor Clearing Full Address Mode
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7.6 Interrupts

The sources of interrupts generated by the DMAC are transfer end and transfer break. Table 7-14 shows the interrupt
sources and their priority order.

Table7-14 Interrupt Source Priority Order

Interrupt Source

Interrupt Interrupt
Name Short Address Mode Full Address Mode Priority Order
DENDOA Interrupt due to end of Interrupt due to end of High

transfer on channel OA transfer on channel 0
DENDOB Interrupt due to end of Interrupt due to break in

transfer on channel 0B transfer on channel 0
DEND1A Interrupt due to end of Interrupt due to end of

transfer on channel 1A transfer on channel 1
DEND1B Interrupt due to end of Interrupt due to break in

transfer on channel 1B transfer on channel 1 Low

Enabling or disabling of each interrupt source is set by means of the DTIE bit for the corresponding channel in DMABCR,
and interrupts from each source are sent to the interrupt controller independently.

Therelative priority of transfer end interrupts on each channel is decided by the interrupt controller, as shown in table 7-

14.

Figure 7-39 shows a block diagram of atransfer end/transfer break interrupt. An interrupt is always generated when the
DTIE bitisset to 1 while DTE bit is cleared to O.

DTE/

DTME

DTIE —’7

D—.

Transfer end/transfer
break interrupt

Figure7-39 Block Diagram of Transfer End/Transfer Break Interrupt

In full address mode, atransfer break interrupt is generated when the DTME hit is cleared to o while DTIEB bit is set to 1.

In both short address mode and full address mode, DMABCR should be set so as to prevent the occurrence of a
combination that constitutes a condition for interrupt generation during setting.
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7.7 Usage Notes

DMAC Register Accessduring Operation: Except for forced termination, the operating (including transfer waiting
state) channel setting should not be changed. The operating channel setting should only be changed when transfer is
disabled.

Also, the DMAC register should not be written to in aDMA transfer.
DMAC register reads during operation (including the transfer waiting state) are described below.

(8) DMAC control starts one cycle before the bus cycle, with output of the internal address. Consequently, MAR is
updated in the bus cycle before DMAC transfer.

Figure 7-40 shows an example of the update timing for DMAC registers in dua address transfer mode.

DMA transfer cycle : : DMA last transfer cycle
. . DMA |
. . DMAread dead :
‘: DMA read : DMA write ‘: > rea : DMA write > »
I_\_I_\_I_\_I_\_I_\_I_LI_\_I_LSSH_I_\I\_I_\_T\_J_\_T\_T\_
DMA Internal ; Transfer X Transfer X : 95 Transfer X "~ Transfer Z : X :
address N source destlnatldn 55 - source - . destination N

L : (SR . L L

DMAcontol _Idle X =5 X e [ e fs . X Readi X wite: f : pead: [ : ldie
DMA register : \ :/ \ / \ o\ / \
o () ([ ) W 2] UED,

operation | g R . . . A /: \

[1] Transfer source address register MAR operation (incremented/decremented/fixed)
Transfer counter ETCR operation (decremented)
Block size counter ETCR operation (decremented in block transfer mode)

[2] Transfer destination address register MAR operation (incremented/decremented/fixed)

[2'] Transfer destination address register MAR operation (incremented/decremented/fixed)
Block transfer counter ETCR operation (decremented, in last transfer cycle of a block
in block transfer mode)

[3] Transfer address register MAR restore operation (in block or repeat transfer mode)
Transfer counter ETCR restore (in repeat transfer mode)
Block size counter ETCR restore (in block transfer mode)

Notes: 1. In single address transfer mode, the update timing is the same as [1].
2. The MAR operation is post-incrementing/decrementing of the DMA internal address value.

Figure 7-40 Example of DMAC Register Update Timing
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(b) DMAC registers are read as shown in figure 7-41, when the DMAC transfer cycle occurs immediately after the DMAC
register has been read.

- CPU longword read ' DMA transfer cycle
— — e -

. MAR upper MAR lower . .
24 wordread , wordread ! DMAread , DMAwrite !

DMA internal R : Transfer " Transfer X

address 1 . . - source, destination .

DMA control © o idle . X . Read . X . Write | X ©ldle .
DMA register : :/ & \ 7—2\

operation : .\ ; .\ 2 f

Note: The lower word of MAR is the updated value after the operation in [1].

Figure7-41 Competition between Updating of DMAC Register and CPU Read Operations

Module Stop: When the MSTP15 bit in MSTPCR is set to 1, the DMAC clock stops, and the module stop state is entered.
However, 1 cannot be written to the MSTP15 bit if any of the DMAC channelsis enabled. This setting should therefore
be made when DMAC operation is stopped.

When the DMAC clock stops, DMAC register accesses can no longer be made. Since the following DMAC register
settings are valid even in the module stop state, they should be invalidated, if necessary, before a module stop.

» Transfer end/suspend interrupt (DOTE=0and DTIE = 1)
* TEND pin enable (TEE = 1)
 DACK pinenable(FAE=0and SAE=1)

Medium-Speed Mode: When the DTA bit is O, internal interrupt signals specified as DMAC transfer sources are edge-
detected.

In medium-speed mode, the DMAC operates on a medium-speed clock, while on-chip supporting modules operate on a
high-speed clock. Consequently, if the period in which the relevant interrupt source is cleared by the CPU, DTC, or
another DMAC channel, and the next interrupt is generated, is less than one state with respect to the DMAC clock (bus
master clock), edge detection may not be possible and the interrupt may be ignored.

Also, in medium-speed mode, DREQ pin sampling is performed on the rising edge of the medium-speed clock.

Write Data Buffer Function: When the WDBE bit of BCRL in the bus controller is set to 1, enabling the write data
buffer function, dual address transfer external write cycles or single address transfers and internal accesses (on-chip
memory or interna /O registers) are executed in parallel.

(a) Write Data Buffer Function and DMAC Register Setting

If the setting of is changed during execution of an external access by means of the write data buffer function, the external
access may not be performed normally. The register that controls external accesses should only be manipulated when
external reads, etc., are used with DMAC operation disabled, and the operation is not performed in parallel with external
access.
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(b) Write Data Buffer Function and DM AC Operation Timing

The DMAC can start its next operation during external access using the write data buffer function. Consequently, the
DREQ pin sampling timing, TEND output timing, etc., are different from the case in which the write data buffer function
isdisabled. Also, interna bus cycles maybe hidden, and not visible.

(c) Write Data Buffer Function and TEND Output

A low level is not output from the TEND pin if the bus cyclein which alow level isto be output from the TEND pinisan
internal bus cycle, and an external write cycleis executed in parallel with thiscycle. Note, for example, that alow level
may not be output from the TEND pin if the write data buffer function is used when data transfer is performed between an
internal 1/0 register and on-chip memory.

If at least one of the DMAC transfer addresses is an external address, alow level is output from the TEND pin.

Figure 7-42 shows an example in which alow level is not output at the TEND pin.

DMA DMA
‘ read . write
;P

o | L1 L1 L1 [ [
Internal address < >< | ! ><

Internal read signal
Internal write signal !

External address | ><
HWR, LWR :
TEND |

o Not output

External write by CPU, etc.

Figure7-42 Examplein Which Low Level isNot Output at TEND Pin

Activation by Falling Edge on DREQ Pin: DREQ pin falling edge detection is performed in synchronization with
DMAC internal operations. The operation is as follows:

[1] Activation request wait state: Waits for detection of alow level on the DREQ pin, and switchesto [2].
[2] Transfer wait state: Waits for DMAC data transfer to become possible, and switchesto [3].
[3] Activation request disabled state: Waits for detection of ahigh level on the DREQ pin, and switchesto [1].

After DMAC transfer is enabled, atransition ismadeto [1]. Thus, initial activation after transfer is enabled is performed
by detection of alow level.

Activation Sour ce Acceptance: At the start of activation source acceptance, alow level is detected in both DREQ pin
falling edge sensing and low level sensing. Similarly, in the case of an internal interrupt, the interrupt request is detected.
Therefore, arequest is accepted from an internal interrupt or DREQ pin low level that occurs before execution of the
DMABCRL write to enable transfer.
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When the DMAC is activated, take any necessary stepsto prevent an internal interrupt or DREQ pin low level remaining
from the end of the previous transfer, etc.

Internal Interrupt after End of Transfer: When the DTE hit is cleared to O by the end of transfer or an abort, the
selected internal interrupt request will be sent to the CPU or DTC evenif DTA issetto 1.

Also, if internal DMAC activation has already been initiated when operation is aborted, the transfer is executed but flag
clearing is not performed for the selected internal interrupt even if DTA isset to 1.

An internal interrupt request following the end of transfer or an abort should be handled by the CPU as necessary.

Channel Re-Setting: To reactivate a number of channels when multiple channels are enabled, use exclusive handling of
transfer end interrupts, and perform DMABCR control bit operations exclusively.

Note, in particular, that in cases where multiple interrupts are generated between reading and writing of DMABCR, and a
DMABCR operation is performed during new interrupt handling, the DMABCR write data in the original interrupt
handling routine will be incorrect, and the write may invalidate the results of the operations by the multiple interrupts.
Ensure that overlapping DMABCR operations are not performed by multiple interrupts, and that there is no separation
between read and write operations by the use of a bit-manipulation instruction.

Also, when the DTE and DTME bits are cleared by the DMAC or are written with 0, they must first be read while cleared
to O before the CPU can write 1 to them.
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Section 8 Data Transfer Controller

8.1 Overview

The H85/2357 Group includes adata transfer controller (DTC). The DTC can be activated by an interrupt or software, to
transfer data.

811 Features
The features of the DTC are:

e Transfer possible over any number of channels
O Transfer information is stored in memory
O One activation source can trigger a number of data transfers (chain transfer)

» Widerange of transfer modes
0 Normal, repeat, and block transfer modes available
O Incrementing, decrementing, and fixing of source and destination addresses can be selected

» Direct specification of 16-Mbyte address space possible
0 24-bit transfer source and destination addresses can be specified

e Transfer can be set in byte or word units

» A CPU interrupt can be requested for the interrupt that activated the DTC
O Aninterrupt request can be issued to the CPU after one data transfer ends
O Aninterrupt request can be issued to the CPU after the specified data transfers have completely ended

» Activation by softwareis possible

» Module stop mode can be set
O Theinitial setting enables DTC registers to be accessed. DTC operation is halted by setting module stop mode.
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8.1.2 Block Diagram

Figure 8-1 shows a block diagram of the DTC.

The DTC'sregister information is stored in the on-chip RAM*. A 32-bit bus connects the DTC to the on-chip RAM (1
kbyte), enabling 32-bit/1-state reading and writing of the DTC register information and hence helping to increase

processing speed.

Note: * When the DTC is used, the RAME bit in SY SCR must be set to 1.

Internal address bus

‘ ‘ On-chip
Interrupt controller  DTC RAM
C :
o
T
: &l g 2
Interrupt 0~ wllo 2 L
request) 8985 > S i e > =
Lo Q Slading |23
23 O <|O|O S
i & g
%) !
'_ |
0
CPU interrupt Internal data bus
request
Legend:
MRA, MRB: DTC mode registers A and B
CRA, CRB: DTC transfer count registers A and B
SAR: DTC source address register
DAR: DTC destination address register
DTCERA to DTCERF: DTC enable registers Ato F
DTVECR: DTC vector register

Figure8-1 Block Diagram of DTC
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8.1.3 Register Configuration
Table 8-1 summarizes the DTC registers.

Table8-1 DTC Registers

Name Abbreviation R/W Initial Value  Address**

DTC mode register A MRA —*2  Undefined —*3

DTC mode register B MRB —=*2  Undefined —x3

DTC source address register SAR —*2  Undefined —3

DTC destination address register DAR —*2  Undefined —x3

DTC transfer count register A CRA —=*2  Undefined —x3

DTC transfer count register B CRB —*2  Undefined —3

DTC enable registers DTCER R/W  H'00 H'FF30 to H'FF35
DTC vector register DTVECR R/W  H'00 H'FF37

Module stop control register MSTPCR R/W  H'3FFF H'FF3C

Notes: 1. Lower 16 bits of the address.
2. Registers within the DTC cannot be read or written to directly.

3. Register information is located in on-chip RAM addresses H'F800 to H'FBFF. It cannot be located in external
space. When the DTC is used, do not clear the RAME bit in SYSCR to 0.
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8.2 Register Descriptions

821  DTC ModeRegister A (MRA)

Bit : 7 6 5 4 3 2 1 0
\ SM1 \ SMO ‘ DM1 ‘ DMO \ MD1 \ MDO ] DTS ] Sz \
Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

R/W : — — — — — — — —

MRA isan 8-bit register that controls the DTC operating mode.

Bits 7 and 6—Source AddressMode 1 and 0 (SM 1, SM0): These bits specify whether SAR isto be incremented,
decremented, or left fixed after a data transfer.

Bit 7 Bit 6
SM1 SMO Description
0 — SAR is fixed
1 0 SAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 SAR is decremented after a transfer

(by —1 when Sz = 0; by —2 when Sz = 1)

Bits 5 and 4—Destination AddressMode 1 and 0 (DM 1, DM 0): These hits specify whether DAR isto be incremented,
decremented, or left fixed after a data transfer.

Bit 5 Bit 4
DM1 DMO Description
0 — DAR is fixed
1 0 DAR is incremented after a transfer
(by +1 when Sz = 0; by +2 when Sz = 1)
1 DAR is decremented after a transfer

(by -1 when Sz = 0; by -2 when Sz = 1)

Bits3and 2—DTC Mode (MD1, MDO): These bits specify the DTC transfer mode.

Bit 3 Bit 2

MD1 MDO Description

0 0 Normal mode
1 Repeat mode

1 0 Block transfer mode
1 J—
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Bit 1—DTC Transfer Mode Select (DTS): Specifies whether the source side or the destination side is set to be a repeat
area or block area, in repeat mode or block transfer mode.

Bit 1

DTS Description

0 Destination side is repeat area or block area
1 Source side is repeat area or block area

Bit 0—DTC Data Transfer Size (Sz): Specifiesthe size of datato be transferred.

Bit 0

Sz Description

0 Byte-size transfer
1 Word-size transfer

822 DTC Mode Register B (MRB)

Bit : 7 6 5 4 3 2 1 0
‘ CHNE ‘ DISEL‘ — ‘ — ] — ] — \ — \ — \
Initial value : Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined

RIW — — — — — — — —

MRB is an 8-hit register that controls the DTC operating mode.

Bit 7—DTC Chain Transfer Enable (CHNE): Specifies chain transfer. With chain transfer, a number of data transfers
can be performed consecutively in response to a single transfer request.

In data transfer with CHNE set to 1, determination of the end of the specified number of transfers, clearing of the interrupt
source flag, and clearing of DTCER is not performed.

Bit 7

CHNE Description

0 End of DTC data transfer (activation waiting state is entered)

1 DTC chain transfer (new register information is read, then data is transferred)

Bit 6—DTC Interrupt Select (DISEL): Specifies whether interrupt requests to the CPU are disabled or enabled after a
data transfer.

Bit 6

DISEL Description

0 After a data transfer ends, the CPU interrupt is disabled unless the transfer counter is
0 (the DTC clears the interrupt source flag of the activating interrupt to 0)

1 After a data transfer ends, the CPU interrupt is enabled (the DTC does not clear the

interrupt source flag of the activating interrupt to 0)

Bits 5 to 0—Reserved: These bits have no effect on DTC operation in the H8S/2357 Group, and should always be written
with O.
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8.2.3 DTC Source Address Register (SAR)

Bit 23 22 21 20 19 —-——— 4 3 2 1 0

Initial value :  unde- Unde- Unde- Unde- Unde- —-——— Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined

R/W = = = = — —-——— —_ = = = —

SAR isa24-bit register that designates the source address of data to be transferred by the DTC. For word-size transfer,
specify an even source address.

824 DTC Destination Address Register (DAR)

Bit 23 22 21 20 19 —-——— 4 3 2 1 0

Initial value :  uUnde- Unde- Unde- Unde- Unde- —-——— Unde- Unde- Unde- Unde- Unde-
fined fined fined fined fined fined fined fined fined fined

R/W D= = = = — —— - - - - —

DAR isa24-hit register that designates the destination address of data to be transferred by the DTC. For word-size
transfer, specify an even destination address.

8.25 DTC Transfer Count Register A (CRA)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

PP

Initial value :  unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

RIW - - - = - - - - - = = = = = = =
i CRAH [ . (I CRAL -

CRA isa16-hit register that designates the number of times datais to be transferred by the DTC.

In normal mode, the entire CRA functions as a 16-bit transfer counter (1 to 65,536). It is decremented by 1 every time
dataistransferred, and transfer ends when the count reaches H'0000.

In repeat mode or block transfer mode, the CRA is divided into two parts: the upper 8 bits (CRAH) and the lower 8 bits
(CRAL). CRAH holds the number of transfers while CRAL functions as an 8-bit transfer counter (1 to 256). CRAL is
decremented by 1 every time datais transferred, and the contents of CRAH are sent when the count reaches H'00. This
operation is repeated.

8.2.6 DTC Transfer Count Register B (CRB)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

PP

Initial value :  unde- Unde- Unde-Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde- Unde-Unde-
fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined fined

R/W L - - = = = ==

Rev.6.00 Oct.28.2004 page 246 of 1016
REJ09B0138-0600H
RENESAS



CRB isa16-hit register that designates the number of times dataisto be transferred by the DTC in block transfer mode. It
functions as a 16-bit transfer counter (1 to 65,536) that is decremented by 1 every time dataistransferred, and transfer
ends when the count reaches H'0000.

827  DTC EnableRegisters (DTCER)

Bit L7 6 5 4 3 2 1 0
| DTCE7 | DTCE6 | DTCE5 | DTCE4 | DTCE3 | DTCE2 | DTCEL | DTCEO |

Initial value : 0 0 0 0 0 0 0 0

RIW . RW RW RW RW RW RW RW  RW

The DTC enable registers comprise six 8-bit readable/writable registers, DTCERA to DTCERF, with bits corresponding to
the interrupt sources that can activate the DTC. These bits enable or disable DTC service for the corresponding interrupt
SOUrces.

The DTC enableregisters are initialized to H'00 by areset and in hardware standby mode.
Bit n—DTC Activation Enable (DT CEn)

Bit n
DTCEn Description

0 DTC activation by this interrupt is disabled (Initial value)
[Clearing conditions]
*  When the DISEL bit is 1 and the data transfer has ended

* When the specified number of transfers have ended

1 DTC activation by this interrupt is enabled
[Holding condition]
When the DISEL bit is 0 and the specified number of transfers have not ended

(n=71t00)

A DTCE bit can be set for each interrupt source that can activate the DTC. The correspondence between interrupt sources
and DTCE bitsis shown in table 8-4, together with the vector number generated for each interrupt controller.

For DTCE bit setting, read/write operations must be performed using bit-manipulation instructions such as BSET and
BCLR. For the initial setting only, however, when multiple activation sources are set at one time, it is possible to disable
interrupts and write after executing a dummy read on the relevant register.

828  DTC Vector Register (DTVECR)

Bit L7 6 5 4 3 2 1 0

| SWDTE | DTVEC6| DTVECS | DTVEC4| DTVEC3 | DTVEC2| DTVECI | DTVECO|
Initial value : 0 0 0 0 0 0 0 0
RIW . R(W* RW RW RW RW RW RW  RW

Note: * A value of 1 can always be written to the SWDTE bit, but O can only be written after 1 is read.

DTVECR is an 8-hit readable/writable register that enables or disables DTC activation by software, and sets a vector
number for the software activation interrupt.

DTVECR isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—DTC Software Activation Enable (SWDTE): Enables or disables DTC activation by software.

When clearing the SWDTE bit to 0 by software, write 0 to SWDTE after reading SWDTE set to 1.

Bit 7

SWDTE Description

0 DTC software activation is disabled (Initial value)
[Clearing condition]
When the DISEL bit is 0 and the specified number of transfers have not ended

1 DTC software activation is enabled

[Holding conditions]

* When the DISEL bit is 1 and data transfer has ended
* When the specified number of transfers have ended
« During data transfer due to software activation

Bits6to 0—DTC Software Activation Vectors6to 0 (DTVEC6 to DTVECO): These bits specify a vector number for
DTC software activation.

The vector addressis expressed as H'0400 + ((vector number) << 1). <<1 indicates a one-bit left-shift. For example,
when DTVEC6 to DTVECO = H'10, the vector address is H'0420.

8.29 Module Stop Control Register (M STPCR)

MSTPCRH MSTPCRL

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

RN

Initial value: 0 0 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W . R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/IW R/W R/W RIW RIW R/IW

MSTPCR is a 16-bit readable/writable register that performs module stop mode control.

When the MSTP14 bit in MSTPCR is set to 1, the DTC operation stops at the end of the bus cycle and atransition is made
to module stop mode. However, 1 cannot be written in the MSTP14 bit while the DTC is operating. For details, see section

21.5, Module Stop Mode.

MSTPCR isinitialized to H'3FFF by areset and in hardware standby mode. It is not initialized in software standby mode.

Bit 14—Module Stop (M STP14): Specifies the DTC module stop mode.

Bit 14

MSTP14  Description

0 DTC module stop mode cleared (Initial value)
1 DTC module stop mode set
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8.3 Operation

83.1 Overview

When activated, the DTC reads register information that is already stored in memory and transfers data on the basis of that
register information. After the datatransfer, it writes updated register information back to memory. Pre-storage of
register information in memory makes it possible to transfer data over any required number of channels. Setting the
CHNE bit to 1 makes it possible to perform a number of transfers with a single activation.

Figure 8-2 shows a flowchart of DTC operation.

Start

Read DTC vector

Next transfer

—
e

Read register information

Data transfer

Write register information

Transfer Counter= 0
or DISEL=1

Yes

Y

Clear an activation flag Clear DTCER

End Interrupt e>_<ception
handling

Figure8-2 Flowchart of DTC Operation
The DTC transfer mode can be normal mode, repeat mode, or block transfer mode.

The 24-bit SAR designates the DTC transfer source address and the 24-bit DAR designates the transfer destination
address. After each transfer, SAR and DAR are independently incremented, decremented, or left fixed.

Table 8-2 outlines the functions of the DTC.
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Table82 DTC Functions

Address Registers

Transfer Transfer

Transfer Mode Activation Source Source Destination
« Normal mode « IRQ 24 bits 24 bits
O One transfer request transfers one byte orone « TPU TGI
word «  8-bit timer CMI
O Memory addresses are incremented or e« SCITXl or RXI
decremented by 1 or 2 « A/D converter
O Up to 65,536 transfers possible ADI
* Repeat mode « DMAC DEND
O One transfer request transfers one byte orone  « Spftware
word

O Memory addresses are incremented or
decremented by 1 or 2

O After the specified number of transfers (1 to 256),
the initial state resumes and operation continues

* Block transfer mode
0 One transfer request transfers a block of the
specified size
O Block size is from 1 to 256 bytes or words
O Up to 65,536 transfers possible

O A block area can be designated at either the
source or destination
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8.3.2 Activation Sources

The DTC operates when activated by an interrupt or by awrite to DTVECR by software. An interrupt request can be
directed to the CPU or DTC, as designated by the corresponding DTCER bit. An interrupt becomes a DTC activation
source when the corresponding bit is set to 1, and a CPU interrupt source when the bit is cleared to 0.

At the end of adatatransfer (or the last consecutive transfer in the case of chain transfer), the activation source or
corresponding DTCER hit is cleared. Table 8-3 shows activation source and DTCER clearance. The activation source flag,

in the case of RXI0, for example, is the RDRF flag of SCIO.
Table8-3 Activation Sourceand DTCER Clearance

When the DISEL Bit Is 0 and
the Specified Number of
Activation Source Transfers Have Not Ended

When the DISEL Bit Is 1, or when
the Specified Number of Transfers
Have Ended

Software activation The SWDTE bit is cleared to 0

The SWDTE bit remains set to 1
An interrupt is issued to the CPU

Interrupt activation The corresponding DTCER bit
remains setto 1

The activation source flag is
clearedto O

The corresponding DTCER bit is cleared
to0

The activation source flag remains set to 1

A request is issued to the CPU for the
activation source interrupt

Figure 8-3 shows a block diagram of activation source control. For details see section 5, Interrupt Controller.

Source flag cleared

controller

Clear

Clear

\
DTCER
Clear request
Select
¥ ¥
On-chip
supporting = o pTC
module o
S
. -~ e
IRQ interrupt 1.8
Interrupt °©
(3}
request 5] -
DTVECR n »| Interrupt controller CPU

Interrupt mask

Figure8-3 Block Diagram of DTC Activation Source Control

When an interrupt has been designated a DTC activation source, existing CPU mask level and interrupt controller
priorities have no effect. If there is more than one activation source at the same time, the DTC operates in accordance with

the default priorities.
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8.33 DTC Vector Table
Figure 8-4 shows the correspondence between DTC vector addresses and register information.

Table 8-4 shows the correspondence between activation, vector addresses, and DTCER bits. When the DTC is activated
by software, the vector address is obtained from: H'0400 + (DTVECR[6:0] << 1) (where << 1 indicates a 1-bit left shift).
For example, if DTVECR is H'10, the vector addressis H'0420.

The DTC reads the start address of the register information from the vector address set for each activation source, and then
reads the register information from that start address. The register information can be placed at predetermined addresses
in the on-chip RAM. The start address of the register information should be an integral multiple of four.

The configuration of the vector address is the same in both normal and advanced modes, a 2-byte unit being used in both
cases. These two bytes specify the lower bits of the address in the on-chip RAM.
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Table8-4 Interrupt Sources, DTC Vector Addresses, and Corresponding DTCES

Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE* Priority
Write to DTVECR Software DTVECR H0400+ — High

(DTVECR A
[6:0]<<1)

IRQO External pin 16 H'0420 DTCEA7
IRQ1 17 H'0422 DTCEA6
IRQ2 18 H'0424 DTCEA5
IRQ3 19 H'0426 DTCEA4
IRQ4 20 H'0428 DTCEA3
IRQ5 21 H'042A DTCEA2
IRQ6 22 H'042C DTCEA1l
IRQ7 23 H'042E DTCEAO
ADI (A/D conversion end) A/D 28 H'0438 DTCEB6
TGIOA (GROA compare match/ TPU 32 H'0440 DTCEB5
input capture) channel O
TGIOB (GROB compare match/ 33 H'0442 DTCEB4
input capture)
TGIOC (GROC compare match/ 34 H'0444 DTCEB3
input capture)
TGIOD (GROD compare match/ 35 H'0446 DTCEB2
input capture)
TGI1A (GR1A compare match/ TPU 40 H'0450 DTCEB1
input capture) channel 1
TGI1B (GR1B compare match/ 41 H'0452 DTCEBO
input capture)
TGI2A (GR2A compare match/ TPU 44 H'0458 DTCECY
input capture) channel 2
TGI2B (GR2B compare match/ 45 H'045A DTCECS6
input capture)
TGI3A (GR3A compare match/ TPU 48 H'0460 DTCECS5
input capture) channel 3
TGI3B (GR3B compare match/ 49 H'0462 DTCEC4
input capture)
TGI3C (GR3C compare match/ 50 H'0464 DTCECS3
input capture)
TGI3D (GR3D compare match/ 51 H'0466 DTCEC2
input capture)
TGI4A (GR4A compare match/ TPU 56 H'0470 DTCEC1
input capture) channel 4
TGI4B (GR4B compare match/ 57 H'0472 DTCECO
input capture)
TGI5A (GR5A compare match/ TPU 60 H'0478 DTCED5
input capture) channel 5 Low
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Origin of

Interrupt Vector Vector
Interrupt Source Source Number  Address DTCE* Priority
TGI5B (GR5B compare match/ TPU 61 H'047A DTCED4 High
input capture) channel 5 A
CMIAO 8-bit timer 64 H0480  DTCED3
CMIBO channel 0 65 H0482  DTCED2
CMIAL 8-bit timer 68 H0488  DTCED1
CMIB1 channel 1 69 H048A  DTCEDO
DMTENDOA (DMAC transfer end 0) DMAC 72 H0490  DTCEE?
DMTENDOB (DMAC transfer end 1) 73 H0492  DTCEE6
DMTENDIA (DMAC transfer end 2) 74 H0494  DTCEE5
DMTEND1B (DMAC transfer end 3) 75 H0496  DTCEE4
RXIO (reception data full 0) SCI 81 H'04A2 DTCEE3
TXIO (transmit data empty 0) channel 0 82 HO04A4  DTCEE2
RXI1 (reception data full 1) SCI 85 H'04AA DTCEE1
TXI1 (transmit data empty 1) channel 1 86 HO4AC  DTCEEO
RXI2 (reception data full 2) SCI 89 H'04B2 DTCEF7
TXI2 (transmit data empty 2) channel 2 90 HO04B4  DTCEF6 Low

Note: * DTCE bits with no corresponding interrupt are reserved, and should be written with 0.
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DTC vector Register information / . . _
— Register information

address start address

Chain transfer
m m

Figure8-4 Correspondence between DTC Vector Address and Register Information

8.34 L ocation of Register Information in Address Space
Figure 8-5 shows how the register information should be located in the address space.

Locatethe MRA, SAR, MRB, DAR, CRA, and CRB registers, in that order, from the start address of the register
information (contents of the vector address). In the case of chain transfer, register information should be located in
consecutive areas.

L ocate the register information in the on-chip RAM (addresses: H'FFF800 to H'FFFBFF).

Lower address

) 0 1 2 3
Register T T
information — ™| MRA SAR
start address ) ) )
MRB DAR Register information
Chain CRA CRB
transfer > MRA SAR
Register information
MRB DAR for 2nd transfer in
chain transfer
CRA CRB
1 1
N 4 bytes -

T

Figure8-5 Location of Register Information in Address Space
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8.35 Normal Mode

In normal mode, one operation transfers one byte or one word of data.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a CPU interrupt can be

requested.

Table 8-5 lists the register information in normal mode and figure 8-6 shows memory mapping in norma mode.

Table8-5 Register Information in Normal Mode

Name Abbreviation

Function

DTC source address register SAR

Designates source address

DTC destination address register DAR

Designates destination address

DTC transfer count register A CRA Designates transfer count
DTC transfer count register B CRB Not used
N N
SAR —» -— DAR
Transfer
~ ~

Figure8-6 Memory Mappingin Normal Mode
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8.3.6 Repeat Mode

In repeat mode, one operation transfers one byte or one word of data.

From 1 to 256 transfers can be specified. Once the specified number of transfers have ended, the initial state of the
transfer counter and the address register specified as the repeat areais restored, and transfer is repeated. In repeat mode the
transfer counter value does not reach H'00, and therefore CPU interrupts cannot be requested when DISEL = 0.

Table 8-6 lists the register information in repeat mode and figure 8-7 shows memory mapping in repeat mode.

Table8-6 Register Information in Repeat Mode

Name

Abbreviation

Function

DTC source address register SAR

Designates source address

DTC destination address register DAR

Designates destination address

DTC transfer count register AH CRAH Holds number of transfers
DTC transfer count register AL CRAL Designates transfer count
DTC transfer count register B CRB Not used
N N
SAR or DAR or
DAR Repeat area ~*— SAR
Transfer
~ ~

Figure8-7 Memory Mappingin Repeat M ode

RENESAS
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8.3.7 Block Transfer Mode
In block transfer mode, one operation transfers one block of data.

The block sizeis 1 to 256. When the transfer of one block ends, the initial state of the block size counter and the address
register specified as the block areaisrestored. The other address register is then incremented, decremented, or left fixed.

From 1 to 65,536 transfers can be specified. Once the specified number of transfers have ended, a CPU interrupt is
requested.

Table 8-7 lists the register information in block transfer mode and figure 8-8 shows memory mapping in block transfer
mode.

Table8-7 Register Information in Block Transfer Mode

Name Abbreviation Function

DTC source address register SAR Designates transfer source address
DTC destination address register DAR Designates destination address
DTC transfer count register AH CRAH Holds block size

DTC transfer count register AL CRAL Designates block size count

DTC transfer count register B CRB Transfer count

H First block

] m
SAR or I ' i i il DAR or
DAR —™ . <:> Block area -— SAR

- : - Transfer - N

B ] m

Nth block
\j
~N_

Figure8-8 Memory Mappingin Block Transfer M ode
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8.3.8 Chain Transfer

Setting the CHNE bit to 1 enables a number of data transfers to be performed consectutively in responseto asingle
transfer request. SAR, DAR, CRA, CRB, MRA, and MRB, which define data transfers, can be set independently.

Figure 8-9 shows the memory map for chain transfer.

T~

Source

Destination

Register information
CHNE=1
DTC vector Register information [

address start address

Register information
CHNE =0

Source

/\//\/

A Destination

Figure8-9 Chain Transfer Memory Map

In the case of transfer with CHNE set to 1, an interrupt request to the CPU is not generated at the end of the specified
number of transfers or by setting of the DISEL bit to 1, and the interrupt source flag for the activation sourceis not
affected.
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8.3.9 Operation Timing

Figures 8-10 to 8-12 show an example of DTC operation timing.

DTC activation \
request /

DTC / }
request |

N

Data transfer ;
Vector read i ‘ !

- -y
paress O OO ks OO0
R e — -
Transfer ' " Transfer '
information read information write

Figure8-10 DTC Operation Timing (Examplein Normal Mode or Repeat M ode)

o Uiy UYL
DTC activation
request / \

DTC request /

|

Vector read Data transfer

s O OO =m0
\

. -
© Transfer " Transfer
information read information write

Figure8-11 DTC Operation Timing (Example of Block Transfer Mode,
with Block Size of 2)
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DTC activation

request _/ —_—

DTC : : : : : : 3
request  —/ | o | R

Data transfer Data transfer

Vector read | - | -~ |

Address { !

! Transfer ! Transfer | Transfer ! ! Transfer

'information ! 'information ! information ! 'information !

read write read write

8.3.10

Table 8-8

Figure8-12 DTC Operation Timing (Example of Chain Transfer)

Number of DTC Execution States

lists execution statuses for asingle DTC data transfer, and table 8-9 shows the number of states required for

each execution status.

Table 8-8

Table 8-9

DTC Execution Statuses
Register Information Internal
Vector Read Read/Write Data Read Data Write Operations
Mode | J K L M
Normal 1 6 1 1 3
Repeat 1 6 1 1 3
Block transfer 1 6 N N 3
N: Block size (initial setting of CRAH and CRAL)
Number of States Required for Each Execution Status
On-  On-
Chip Chip On-Chip I/O
Object to be Accessed RAM ROM Registers External Devices
Bus width 32 16 8 16 8 16
Access states 1 1 2 2 2 3 2 3
Execution Vector read S, — 1 — — 4 6+2m 2 3+m
status Register s, 1 — — — — — — —
information
read/write
Byte data read S 1 1 2 2 2 3+m 2 3+m
Word dataread S, 1 1 4 2 4 6+2m 2 3+m
Byte datawrite S, 1 1 2 2 2 3+m 2 3+m
Word data write S, 1 1 4 2 4 6+2m 2 3+m
Internal operation S,, 1
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The number of execution states is calculated from the formula below. Note that ~ means the sum of all transfers activated
by one activation event (the number in which the CHNE bit is set to 1, plus 1).

Number of execution states=1-S+2(J-§+K: -S§+L-§)+M S,

For example, when the DTC vector address table is located in on-chip ROM, normal mode is set, and data is transferred
from the on-chip ROM to an internal 1/0 register, the time required for the DTC operation is 13 states. The time from
activation to the end of the datawriteis 10 states.

8.3.11 Proceduresfor Using DTC

Activation by Interrupt: The procedure for using the DTC with interrupt activation is as follows:

(4
(2]
(3]
[4]

(5]

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.
Set the corresponding bit in DTCER to 1.

Set the enable bits for the interrupt sources to be used as the activation sourcesto 1. The DTC is activated when an
interrupt used as an activation source is generated.

After the end of one data transfer, or after the specified number of data transfers have ended, the DTCE bit is cleared
to 0 and aCPU interrupt is requested. If the DTC isto continue transferring data, set the DTCE bit to 1.

Activation by Software: The procedure for using the DTC with software activation is as follows:

(4
(2]
(3]
[4]
(9]
6]

Set the MRA, MRB, SAR, DAR, CRA, and CRB register information in the on-chip RAM.
Set the start address of the register information in the DTC vector address.

Check that the SWDTE bit is 0.

Write 1 to SWDTE bit and the vector number to DTVECR.

Check the vector number written to DTVECR.

After the end of one datatransfer, if the DISEL bit is 0 and a CPU interrupt is not requested, the SWDTE bit is
cleared to 0. If the DTC isto continue transferring data, set the SWDTE bit to 1. When the DISEL bit is 1, or after the
specified number of data transfers have ended, the SWDTE bit isheld at 1 and a CPU interrupt is requested.

8.3.12 Examplesof Useof theD7TC

(1) Normal Mode

An example is shown in which the DTC is used to receive 128 bytes of data viathe SCI.

(1]

(2]
(3]

Set MRA to fixed source address (SM1 = SMO = 0), incrementing destination address (DM1 = 1, DMO = 0), normal
mode (MD1 = MDO = 0), and byte size (Sz = 0). The DTS bit can have any value. Set MRB for one data transfer by
oneinterrupt (CHNE = 0, DISEL = 0). Set the SCI RDR addressin SAR, the start address of the RAM area where the
datawill bereceived in DAR, and 128 (H'0080) in CRA. CRB can be set to any value.

Set the start address of the register information at the DTC vector address.

Set the corresponding bit in DTCER to 1.
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[4] Setthe SCI to the appropriate receive mode. Set the RIE bit in SCR to 1 to enable the reception data full (RXI)
interrupt. Since the generation of areceive error during the SCI reception operation will disable subsequent reception,
the CPU should be enabled to accept receive error interrupts.

[5] Each time reception of one byte of data ends on the SCI, the RDRF flag in SSRis set to 1, an RXI interrupt is
generated, and the DTC is activated. The receive datais transferred from RDR to RAM by the DTC. DAR s
incremented and CRA is decremented. The RDRF flag is automatically cleared to O.

[6] When CRA becomes O after the 128 data transfers have ended, the RDRF flag is held at 1, the DTCE bit is cleared to
0, and an RXI interrupt request is sent to the CPU. The interrupt handling routine should perform wrap-up
processing.

(2) Chain Transfer

An example of DTC chain transfer is shown in which pulse output is performed using the PPG. Chain transfer can be used
to perform pulse output data transfer and PPG output trigger cycle updating. Repeat mode transfer to the PPG’sNDR is
performed in the first half of the chain transfer, and normal mode transfer to the TPU’s TGR in the second half. Thisis
because clearing of the activation source and interrupt generation at the end of the specified number of transfers are
restricted to the second half of the chain transfer (transfer when CHNE = 0).

[1] Perform settings for transfer to the PPG’s NDR. Set MRA to source address incrementing (SM1 = 1, SMO = 0), fixed
destination address (DM 1 = DMO = 0), repeat mode (MD1 =0, MDO = 1), and word size (Sz = 1). Set the source side
asarepeat area (DTS = 1). Set MRB to chain mode (CHNE = 1, DISEL = 0). Set the data table start addressin SAR,
the NDRH addressin DAR, and the data table sizein CRAH and CRAL. CRB can be set to any value.

[2] Perform settings for transfer to the TPU’s TGR. Set MRA to source address incrementing (SM1 =1, SMO = 0), fixed
destination address (DM 1 = DMO = 0), norma mode (MD1 = MDO = 0), and word size (Sz = 1). Set the data table
start addressin SAR, the TGRA addressin DAR, and the data table sizein CRA. CRB can be set to any value.

[3] Locatethe TPU transfer register information consecutively after the NDR transfer register information.

[4] Setthe start address of the NDR transfer register information to the DTC vector address.

[5] Setthebit corresponding to TGIA in DTCER to 1.

[6] Set TGRA asan output compare register (output disabled) with TIOR, and enable the TGIA interrupt with TIER.

[7] Settheinitia output valuein PODR, and the next output value in NDR. Set bitsin DDR and NDER for which output
isto be performed to 1. Using PCR, select the TPU compare match to be used as the output trigger.

[8] SettheCST hitin TSTRto 1, and start the TCNT count operation.

[9] EachtimeaTGRA compare match occurs, the next output value is transferred to NDR and the set value of the next
output trigger period is transferred to TGRA. The activation source TGFA flag is cleared.

[10] When the specified number of transfers are completed (the TPU transfer CRA valueis 0), the TGFA flagisheld at 1,
the DTCE hit is cleared to 0, and a TGIA interrupt request is sent to the CPU. Termination processing should be
performed in the interrupt handling routine.

(3) Software Activation

An exampleis shown in which the DTC is used to transfer a block of 128 bytes of data by means of software activation.
The transfer source address is H'1000 and the destination address is H'2000. The vector number is H'60, so the vector
address is H'04CO0.
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[1] Set MRA toincrementing source address (SM1 =1, SM0 = 0), incrementing destination address (DM1 =1, DMO =
0), block transfer mode (MD1 =1, MDO = 0), and byte size (Sz = 0). The DTS bit can have any value. Set MRB for
one block transfer by one interrupt (CHNE = 0). Set the transfer source address (H'1000) in SAR, the destination
address (H'2000) in DAR, and 128 (H'8080) in CRA. Set 1 (H'0001) in CRB.

[2] Setthe start address of the register information at the DTC vector address (H'04C0).
[3] Check that the SWDTE bit in DTVECR is 0. Check that there is currently no transfer activated by software.
[4] Write 1to the SWDTE bit and the vector number (H'60) to DTVECR. The write datais H'EO.

[5] Read DTVECR again and check that it is set to the vector numbe