To our customers,

Old Company Name in Catalogs and Other Documents

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

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

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

All information included in this document is current as of the date this document 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.




To all our customers

Regarding the change of names mentioned in the document, such as Mitsubishi
Electric and Mitsubishi XX, to Renesas Technology Corp.

The semiconductor operations of Hitachi and Mitsubishi Electric were transferred to Renesas
Technology Corporation on April 1st 2003. These operations include microcomputer, logic, analog
and discrete devices, and memory chips other than DRAMs (flash memory, SRAMs etc.)
Accordingly, although Mitsubishi Electric, Mitsubishi Electric Corporation, Mitsubishi
Semiconductors, and other Mitsubishi brand names are mentioned in the document, these names
have in fact all been changed to Renesas Technology Corp. Thank you for your understanding.
Except for our corporate trademark, logo and corporate statement, no changes whatsoever have been
made to the contents of the document, and these changes do not constitute any alteration to the

contents of the document itself.

Note : Mitsubishi Electric will continue the business operations of high frequency & optical devices

and power devices.

Renesas Technology Corp.
Customer Support Dept.
April 1, 2003

1RENESAS

RenesasTechnology Corp.
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Keep safety first in your circuit designs!

e Mitsubishi Electric Corporation 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
non-flammable material or (iii) prevention against any malfunction or mishap.

Notes regarding these materials

e These materials are intended as a reference to assist our customers in the selection of the
Mitsubishi semiconductor 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
Mitsubishi Electric Corporation or a third party.

e Mitsubishi Electric Corporation 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 Mitsubishi Electric Corporation without notice
due to product improvements or other reasons. It is therefore recommended that customers
contact Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor product
distributor for the latest product information before purchasing a product listed herein.
The information described here may contain technical inaccuracies or typographical errors.
Mitsubishi Electric Corporation assumes no responsibility for any damage, liability, or other
loss rising from these inaccuracies or errors.

Please also pay attention to information published by Mitsubishi Electric Corporation by
various means, including the Mitsubishi Semiconductor home page
Www.mitsubishichips.com)

e 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. Mitsubishi Electric Corporation assumes no responsibility for any damage, liability
or other loss resulting from the information contained herein.

e Mitsubishi Electric Corporation 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 Mitsubishi Electric Corporation or an authorized Mitsubishi
Semiconductor 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.

e The prior written approval of Mitsubishi Electric Corporation is necessary to reprint or
reproduce in whole or in part these materials.

o 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 Mitsubishi Electric Corporation or an authorized Mitsubishi Semiconductor
product distributor for further details on these materials or the products contained therein.



http://www.mitsubishichips.com
http://www.mitsubishichips.com

REVISION DESCRIPTION LIST

3886 GROUP USER’S MANUAL

Rev. Revision Description Rev.
No. date
1.0 | First Edition 990215
2.0 | *Explanations of “1. Organization” of “BEFORE USING THIS MANUAL” are partly revised. 000922

*Page 1-2; Explanations of “e Power dissipation” of “FEATURES" are partly eliminated.

*Page 1-2; Explanations of “e Memory expansion possible” of “FEATURES” are partly revised.

*Page 1-2; Value of “e Program/Erase voltage” of “<Flash memory mode>" is revised.

*Page 1-2; “Operating temperature range” of “<Flash memory mode>" is added.

*Page 1-2; Explanations of “m Notes” are partly revised.

*Page 1-2; Explanations of “APPLICATION” are partly added.

*Page 1-3; Product name and note into Figure 1 are partly added.

*Page 1-3; Note into Figure 2 is added.

*Page 1-4; Figure 3 is added.

*Page 1-5; Figure 4 is partly revised.

*Page 1-8; Figure 5 is partly revised.

*Page 1-9; Explanations of “Packages” are partly added.

*Page 1-9; Figure 6 is partly revised.

*Page 1-9; Table 3 is partly added.

ePage 1-13; Figure 9 is partly revised.

*Page 1-14; Notes into Figure 10 are partly revised.

*Page 1-16; “Related SFRs” of “P42/INTo/OBFo00, P43/INT1/OBFo01” into Table 6 are partly
added.

*Page 1-42; “[Port Control Register 2 (PCTL2)]” are added.

*Page 1-46; Explanations of “Bit 5” of “[I2c Clock Control Register (S2)]" are partly revised.

*Page 1-48; Bit name of bit 4 of “[I>c Status Register (S1)]" is revised.

*Page 1-49; Bit name of bit 4 into Figure 41 is revised.

*Page 1-54; Explanations of “(3) RESTART condition generating procedure” are partly revised.

*Page 1-54; “(6) STOP condition input at 7th clock pulse” is added.
*Page 1-54; “(7) ESO bit switch” is added.

*Page 1-55; Figure 50 is partly revised.
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Rev. Revision Description Rev.
No. date
2.0 | *Page 1-55; Figure 50 is partly revised. 000922

*Page 1-60; Explanations of “RESET CIRCUIT” are partly revised.

*Page 1-60; Explanations of note into Figure 57 are added.

*Page 1-63; Note 2 into Figure 62 is added.

*Page 1-64; Figure 63 is partly revised.

*Page 1-65; Explanations of “PROCESSOR MODE" are partly revised.

*Page 1-65; Explanations of “(2) Memory expansion mode” are partly added.

*Page 1-65; Explanations of “(3) Microprocessor mode” are partly revised.

*Page 1-65; Explanations into Figure 64 are partly eliminated.

*Page 1-65; Note into Figure 65 is partly revised.

*Page 1-66; Explanations of “BUS CONTROL AT MEMORY EXPANSION” are partly revised.

*Page 1-69; Explanations of CNVss into Table 22 are partly revised.

*Page 1-70; Figure 68 is partly revised.

*Page 1-78; Figure 74 is partly revised.

*Page 1-79; Explanations of CNVss into Table 27 are partly revised.

*Page 1-83; Note is added.

*Page 1-85; Explanations of “Functional Outline” of “(3) Flash memory mode 3 (CPU reprogram
-ming mode)” are partly added.

*Page 1-85; Note into Figure 81 is partly eliminated.

*Page 1-86; Explanations of “<Beginning procedure>" of “e CPU reprogramming mode operation
procedure” are partly eliminated.

*Page 1-86; Figure 83 is partly revised.

*Page 1-89; Explanations of “A-D Converter” of “NOTES ON PROGRAMMING” are partly
eliminated.

*Page 1-90; Explanations of “Handling of Power Source Pins” of “NOTES ON USAGE" are
partly revised.

*Page 1-90; “Erasing of Flash memory version” is added.
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Rev. Revision Description Rev.
No. date
2.0 | Page 1-90; Explanations of “DATA REQUIRED FOR One Time PROM PROGRAMMING 000922

ORDERS” are partly added.
*Page 1-91; “Interrupt” of “FUNCTIONAL DESCRIPTION SUPPLEMENT” is eliminated.
*Page 1-91; “Timing After Interrupt” of “FUNCTIONAL DESCRIPTION SUPPLEMENT" is
eliminated.
*“2.2 Interrupt” is added.
+“2.8 D-A converter” is added.
«“2.12 Clock generating circuit” is added.
+“2.13 Standby function” is added.
«“2.15 Flash memory” is added.
*Page 2-4; Bit attributes into Figure 2.1.4 are partly revised.
*Page 2-4; Bit attributes into Figure 2.1.5 are partly revised.
*Page 2-5; Explanations of “2.1.3 Port P4/P7 input register” are partly added.
*Page 2-6; Explanations of “e Reason” of “(1) Notes in stand-by state” are partly revised.
*Page 2-7; Explanations of “Olnput ports” and “01/O ports” of “(1) Terminate unused pins” are
partly revised.
*Page 2-24; Figure 2.3.1 is partly revised.
*Page 2-27; Figure 2.3.6 is added.
*Page 2-31; Figure 2.3.12 is partly revised.
*Page 2-32; Figure 2.3.13 is partly revised.
*Page 2-41; Explanations of “2.3.4 Notes on timer” are partly revised.
*Page 2-75; Explanations of “(7) Transmit interrupt request when transmit enable bit is set” are
partly revised.
*Page 2-75; “(8) Transmit data writing” is added.
*Page 2-87; Clause name and explanations of “2.5.6 12C-BUS communication usage example”
are partly revised.

*Page 2-88; Figure 2.5.17 is partly revised.

*Page 2-104; Explanations of “(2) Procedure for generating START condition” are partly added.
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Rev. Revision Description Rev.
No. date
2.0 | *Page 2-104; Sub clause name and explanations of “(3) Procedure for generating RESTART | 000922

condition” are partly revised.
*Page 2-105; Explanations of “(6) STOP condition input at 7th clock pulse” are partly revised.
*Page 2-105; Clause of “Notes on programming for SMBUS interface” in Rev.1.0 is eliminated.
*Page 2-118; Explanations of note into Figure 2.7.9 are partly revised.
*Page 2-120; Explanations of “(2) A-D converter power source pin” of “2.7.4 Notes on A-D
converter” are partly eliminated.
*Page 2-120; Explanations of “(3) Clock frequency during A-D conversion” are partly eliminated.
*Page 2-128; Figure 2.9.1 is partly revised.
*Page 2-129; Figure 2.9.3 is partly revised.
*Page 2-132; Figure 2.9.8 is added.
*Page 2-138; Figure 2.10.3 is partly revised.
*Page 2-139; Figure 2.10.4 is partly revised.
*Page 2-141; Figure 2.11.2 is partly revised.
*Page 2-150; Explanations of “(3) Notes on using stop mode” are partly revised.
*Page 2-154; Figure 2.14.2 is partly revised.
*Page 2-156; Figure 2.14.4 is partly revised.
*Page 2-156; Figure 2.14.5 is partly revised.
*Page 2-157; Figure 2.14.6 is partly revised.
*Page 2-160; Figure 2.14.9 is partly revised.
*Page 2-160; Figure 2.14.10 is partly revised.
*Page 2-161; Figure 2.14.11 is partly revised.
*Page 2-165; Table 2.15.2 is partly revised.
*Paragraph of “Mask ROM confirmation” in Rev.1.0 is eliminated.
*Paragraph of “ROM programming confirmation form” in Rev.1.0 is eliminated.

eParagraph of “Mark specification form” in Rev.1.0 is eliminated.
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Rev. Revision Description Rev.
No. date
2.0 | ( For the mask ROM confirmation form, the ROM programming confirmation form, and the ) | 000922

*Data required for ROM orders

mark specifications, refer to the “Mitsubishi MCU Technical Information” Homepage.

(mask ROM confirmation forms, ROM programming confirmation forms)

*Mark specification forms

o o . | I

Khttp://www. infomicom.mesc.co.jp/mela/markform.htm

*Page 3-18; Figure 3.2.1 is partly revised.
*Page 3-18; Figure 3.2.2 is revised.
*Page 3-19; Figure 3.2.3 is revised.
*Page 3-19; Figure 3.2.4 is revised.
*Page 3-20; Figure 3.2.5 is revised.
*Page 3-20; Figure 3.2.6 is revised.
*Page 3-21; Figure 3.2.7 is revised.

*Page 3-24; Figure 3.2.12 is partly revised.

and output pins” are partly added.

of unused pins” is partly revised.

of unused pins” is partly revised.

eliminated.

register completion flag” are partly added.

*Page 3-8; Limit of tw(RESET) into Table 3.1.11 is revised.
*Page 3-9; Limit of tw(RESET) into Table 3.1.12 is revised.

*Page 3-28; Explanations of “mReason” of “(1) Notes in stand-by state” of “3.3.1 Notes on input

*Page 3-29; Explanations of “Olnput ports” of “(1) Terminate unused pins” of “3.3.2 Termination

*Page 3-29; Explanations of “[0I/O ports” of “(1) Terminate unused pins” of “3.3.2 Termination

*Page 3-30; Sub clause of “Setting of interrupt request bit and interrupt enable bit” in Rev. 1.0 ig

*Page 3-31; “(3) Change of relevant register setting” of “3.3.3 Notes on interrupts” is added.

*Page 3-34; Explanations of “(5) Data transmission control with referring to transmit shift
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REVISION DESCRIPTION LIST 3886 GROUP USER’'S MANUAL

Rev. Revision Description Rev.

No. date

2.0 | sPage 3-34; Explanations of “(7) Transmit interrupt request when transmit enable bit is set” are [ 000922
partly revised.

*Page 3-35; Explanations of “(2) Procedure for generating START condition using multi-master”
are partly added.

*Page 3-36; Explanations of “(3) Procedure for generating RESTART condition” are partly
added.

*Page 3-36; Sub clause of “STOP condition generating procedure in master” is eliminated.

*Page 3-36; Explanations of “(6) STOP condition input at 7th clock pulse” are partly added.

*Page 3-37; Explanations of “(2) A-D converter power source pin” are partly revised.

*Page 3-37; Explanations of “(3) Clock frequency during A-D conversion” are partly revised.

*Page 3-37; “3.3.9 Notes on D-A converter” is added.

*Page 3-38; “3.3.12 Notes on CPU reprogramming mode” is added.

*Page 3-38; “3.3.13 Notes on using stop mode” is added.

*Page 3-39; “3.3.14 Notes on wait mode” is added.

*Page 3-39; Explanations of “3.3.16 Notes on restarting oscillation” are partly revised.

*Page 3-41; Figure 3.3.10 is partly revised.

*Page 3-50; Figure 3.5.1 is partly revised.

*Page 3-50; Figure 3.5.2 is partly revised.

*Page 3-62; Bit attributes into Figure 3.5.22 are partly revised.

*Page 3-64; Bit attributes into Figure 3.5.25 are partly revised.

*Page 3-64; Bit attributes into Figure 3.5.26 are partly revised.

*Page 3-70; Figure 3.5.37 is partly revised.

*Page 3-73; Figure 3.5.42 is added.

*Page 3-74; Figure 3.5.43 is added.

*Page 3-87; Product name and note into Figure 3.10.1 are partly added.

*Page 3-87; Note into Figure 3.10.2 is added.

*Page 3-88; Figure 3.10.3 is added.
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Preface

This user’s manual describes Mitsubishi's CMOS 8-
bit microcomputers 3886 Group.

After reading this manual, the user should have a
through knowledge of the functions and features of
the 3886 Group, and should be able to fully utilize
the product. The manual starts with specifications
and ends with application examples.

For details of software, refer to the “740 Family
Software Manual.”

For details of development support tools, refer to the
“Mitsubishi Microcomputer Development Support Tools”
Homepage [http://www.tool-spt.mesc.co.jp/index_e.htm))



http://www.tool-spt.mesc.co.jp/index_e.htm

BEFORE USING THIS MANUAL

This user’s manual consists of the following three chapters. Refer to the chapter appropriate to your conditions,
such as hardware design or software development. Chapter 3 also includes necessary information for
systems development. You must refer to that chapter.

1. Organization

e CHAPTER 1 HARDWARE
This chapter describes features of the microcomputer and operation of each peripheral function.

e CHAPTER 2 APPLICATION
This chapter describes usage and application examples of peripheral functions, based mainly on
setting examples of relevant registers.

e CHAPTER 3 APPENDIX
This chapter includes necessary information for systems development using the microcomputer, such
as the electrical characteristics, the notes, and the list of registers.

OFor the mask ROM confirmation form, the ROM programming confirmation form, and the mark
specifications, refer to the “Mitsubishi MCU Technical Information” Homepage m
www.infomicom.mesc.co.jp/))

2. Structure of register

The figure of each register structure describes its functions, contents at reset, and attributes as follows :

(Note 2)
Bits Bit attributes
(Note 1)
b7 b6 b5 b4 b3 b2 bl bO Contents immediately after reset release
[T To - | | |cpdmode register (cPUM) [Address : 3B14] >\
(N Name Function At r9599 R:iW
oo ] Processor mode bits ‘E);'Elﬁ’ : Single-chip mode o [oHS
T 1 10: }Not available 0 00
e 2 |Stack page selection bit 9:9page 0 |oio
SRRt 3 |Nothing arranged for these bits. These are write disabled 0 [oio
. _4 bits. When these bits are read out, the contents are “0.” 0 o0
e ———— 5 [Fix this bit to *0.” 1 [oio
b 6 [Main clock (Xin-Xour) stop bit 9: Qharatn 0 |oio
b 7 |Internal system clock selection bit |9 Xn-Xeur selected | 0 |oio
- : Bit in which nothing is arranged |:| : Bit that is not used for control of the corresponding function
Note 1:. Contents immediately after reset release
0. “0” at reset release
1. “1” at reset release
P Undefined at reset release
[ Contents determined by option at reset release
Note 2: Bit attributes......... The attributes of control register bits are classified into 3 bytes : read-only, write-
only and read and write. In the figure, these attributes are represented as follows :
R....... Read W......Write
o Read enabled O .een Write enabled
O Read disabled O..... Write disabled
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HARDWARE
DESCRIPTION/FEATURES

DESCRIPTION

The 3886 group is the 8-bit microcomputer based on the 740 fam-
ily core technology.

The 3886 group is designed for controlling systems that require
analog signal processing and include two serial 1/O functions, A-D
converters, D-A converters, system data bus interface function,
watchdog timer, and comparator circuit.

The multi-master 12C-BUS interface can be added by option.

FEATURES

<Microcomputer mode>

e Basic machine-language instructions

e Minimum instruction execution time ...........cccoccvevveviennenns
(at 10 MHz oscillation frequency)

o Memory size

ROM L. 32K to 60K bytes

RAM ..... .. 1024 to 2048 bytes
e Programmable input/output POrts ...........cccoeeeviieiiieeniiieiiiieens 72
o Software pull-up resistors .........ccccoecviiiieeiiieeni e Built-in
® INLEITUPLS oo 21 sources, 16 vectors

(Included key input interrupt)
® TIMIEIS o 8-bit 0 4
e Serial /01 8-bit 0 1(UART or Clock-synchronized)
o Serial /02 .....ccoviiiiiiiiiie 8-bit O 1(Clock-synchronized)
® PWM OULPUL CirCUIL ..eevviiiiiiicciie e 14-bit 0 2
® BUS INEIfaCe .....oooivviiiiiiiii e 2 bytes
® [2C-BUS interface (Option) ........ccceveveveviveuereriueeererenenns 1 channel
® A-D CONVEIET ..o 10-bit O 8 channels
® D-A CONVEIEN ...oiiiiiiiieiieciic e 8-bit 00 2 channels
® ComPArator CirCUIt ...........ccocuveeirieiiie e 8 channels
o \Watchdog tiIMer ..........ccociiiiiiiiieiii e 16-bit 0 1
e Clock generating CirCuit...........ccccceveenieeiiieeennen. Built-in 2 circuits

(connect to external ceramic resonator or quartz-crystal oscillator)
e Power source voltage

In high-speed mode ........ccccceeviiiiiiieiiiieee e 40t055V
(at 10 MHz oscillation frequency)
In middle-speed Mode.........ccccoeeiiiiiiieniieeeenn 2.7t0 5.5 V(¥
(at 10 MHz oscillation frequency)
In low-speed Mode ..........cccveviiiiiiieniicrec e 27t055V (¥

(at 32 kHz oscillation frequency)
(*: 4.0 to 5.5 V for Flash memory version)

e Power dissipation

In high-speed Mode .........ccceviiieiiiiiiiieee e 40 mwW
(at 10 MHz oscillation frequency, at 5 V power source voltage)
In low-speed MOde .........cccocuviiiiieiiiiieci e 60 pw

(at 32 kHz oscillation frequency, at 3 V power source voltage)
o Memory expansion possible (only for M38867M8A/E8A)
e Operating temperature range ..........ccoccveeveveeenveennnen. —20to 85°C

<Flash memory mode>
e Supply voltage (at programming/erasing) ...... Vce=5V+10%
e Program/Erase voltage .........c.cccovevveennnen. Vpp =11.71t012.6 V
e Programming method Programming in unit of byte
e Erasing method
Batch erasing .........cccoeeevveeiiieeniiennnnn Parallel/Serial /0O mode
Block erasing ........coccoeeveeiiiiinicennne. CPU reprogramming mode
e Program/Erase control by software command
o Number of times for programming/erasing ...........cccccecvveenenee. 100
e Operating temperature range (at programming/erasing)
..................................................................... Normal temperature

m Notes
1. The flash memory version cannot be used for application em-
bedded in the MCU card.
2. Power source voltage Vcc of the flash memory version is 4.0
to 5.5 V.

APPLICATION

Household product, consumer electronics, communications, note
book PC, etc.
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HARDWARE
PIN CONFIGURATION

PIN CONFIGURATION (TOP VIEW)
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Fig. 1 M38867M8A-XXXHP, M38867E8AHP pin configuration
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Fig. 2 M38867E8AFS pin configuration
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HARDWARE
PIN CONFIGURATION

PIN CONFIGURATION (TOP VIEW)
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Fig. 3 M38869MFA-XXXGP/HP, M38869FFAGP/HP pin configuration
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HARDWARE

FUNCTIONAL BLOCK
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HARDWARE
PIN DESCRIPTION

PIN DESCRIPTION
Table 1 Pin description (1)

i Functions
Pin Name Function except a port function
vee. v P *Apply voltage of 2.7 V- 5.5 V to Vcc, and 0 V to Vss.
cc, Vss ower source .
«In the flash memory version, apply voltage of 4.0 V- 5.5 V to Vcc, and 0 V to Vss.
*This pin controls the operation mode of the chip.
*Normally connected to Vss.
CNVss CNVss input «If this pin is connected to Vcc, the internal ROM is inhibited and an external memory is accessed.
*In the flash memory version, connected to Vss.
*In the EPROM version or the flash memory version, this pin functions as the VPP power source input pin.
VREF Reference voltage *Reference voltage input pin for A-D and D-A converters.
*Analog power source input pin for A-D and D-A converters.
AVss Analog power source
*Connect to Vss.
RESET Reset input *Reset input pin for active “L”".
. eInput and output pins for the clock generating circuit.
XIN Clock input . . .
«Connect a ceramic resonator or quartz-crystal oscillator between the XiN and XouT pins to set
the oscillation frequency.
Xout Clock output *When an external clock is used, connect the clock source to the XIN pin and leave the Xout
pin open.
+8-bit CMOS 1/0 port. «Comparator reference power source
PO0/P3REF «1/O direction register allows each pin to be individually | input pin
programmed as either input or output.
1/0 port PO . .
*When the external memory is used, these pins are used as the address bus.
P01-P07 *CMOS compatible input level.
*CMOS 3-state output structure or N-channel open-drain output structure.
*8-bit CMOS 1/0 port.
*1/O direction register allows each pin to be individually programmed as either input or output.
Plo-P17 | I/O port P1 *When the external memory is used, these pins are used as the address bus.
*CMOS compatible input level.
*CMOS 3-state output structure or N-channel open-drain output structure.
*8-bit CMOS 1/0 port.
*1/O direction register allows each pin to be individually programmed as either input or output.
P20—P27 /O port P2 *When the external rnemory is used, these pins are used as the data bus.
*CMOS compatible input level.
*CMOS 3-state output structure.
*P24 to P27 (4 bits) are enabled to output large current for LED drive (only in single-chip mode).
*8-bit CMOS I/0 port. +Key-on wake-up input pin
+I/O direction register allows each pin to be individually | .com tor i i
P30/PWMoo . . parator input pin
rogrammed as either input or output. .
P31/PWM10 prog P . P ) *PWM output pin
*When the external memory is used, these pins are
used as the control bus.
VO port P3 *CMOS compatible input level. *Key-on wake-up input pin
*CMOS 3-state output structure. *Comparator input pin
P32-P37 *These pins function as key-on wake-up and compara-
tor input.
*These pins are enabled to control pull-up.
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Table 2 Pin description (2)

HARDWARE
PIN DESCRIPTION

Pin Name Functions - -
Function except a port function
- +8-bit I/O port with the same function as port PO. «Sub-clock generating circuit 1/0
<Input level>
P41/XcIN . ;
/ P40, P41 : CMOS Input level (Connect a resonator')
P42—P46 : CMOS compatible input level or TTL in-
P42/INTo putlevel _ _
/OBFo0 P47: CMOS compatible input level or TTL input | *Interruptinput pins
P43/INT1 level in the bus interface function «Bus interface function pins
JOBFo1 I/ port P4 <Output structure>
P40, P41, P47 : CMOS 3-state output structure
P42—-P46 : CMOS 3-state output structure or N-
P44/RxD h . . .
P45TXD channel open-drain output structure Serial 1/01 function pins
5/Tx
*Regardless of input or output port, P42 to P46 can
be input every pin level.
P4s/ScLk1 *When P42 and P43 are used as output port, the ] o
/OBF10 function which makes P42 and P43 clear to “0” | *Serial l/O1 function pins
P47/SrpY1 when the host CPU reads the output data bus | <Bus interface function pins
/S1 buffer 0 can be added.
P50/A0 +8-bit I/O port with the same function as port PO. *Bus interface function pins
P51/INT20 *CMOS compatible input level.
1So *CMOS 3-state output structure. ) )
P52/INT30 *P50 to P53 can be switched between CMOS com- -Inter.rupt nputpins
R patible input level or TTL input level in the bus | *Bus interface function pins
P53/INT40 interface function.
W 1/0 port PS
P54/CNTRo ) . . .
*Timer X, timer Y function pins
P55/CNTR1
P56/DA1 .
/PWMo1 *D-A converter output pin
P57/DA2 *PWM output pin
/PWM11
+8-bit I/O port with the same function as port PO.
Egc’;ﬁ“(’— 1/0 port P6 +CMOS compatible input level. +A-D converter output pin
7/AN7
*CMOS 3-state output structure.
P70/SIN2 +8-bit I/0O port with the same function as port PO.
P71/Sout2 P70-P75: CMOS compatible input level or TTL in- | *Serial /02 function pin
P72/ScLk2 put level
P73/SRDY2 P76, P77: CMOS compatible input level or | eSerial /02 function pin
/INT21 1/0 port P7 SMBUS input level in the I>C-BUS inter- Interrupt input pin
face function, N-channel open-drain
P74/INT31 ) )
output structure eInterrupt input pin
P75/INT41 .
; *Regardless of input or output port, P70 to P75 can
P76/SpA input every pin level. ) .
be input every pin leve +12C-BUS interface function pin
P77/ScL
«8-hit 1/0O port with the same function as port PO.
P80/DQO— *CMOS compatible input level. . . .
P87/DQ7 /O port P8 +CMOS 3-state output structure. +Bus interface function pin

*CMOS compatible input level or TTL input level in
the bus interface function.

3886 Group User’'s Manual
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HARDWARE
PART NUMBERING

PART NUMBERING

Product name M3886 7 M § A- XXX HP

1L

Package type
HP : 80P6Q-A
GP : 80P6S-A
FS : 80D0

ROM number
Omitted in the one time PROM version shipped in blank,
the EPROM version and the flash memory version.

A—: High-speed version
— is omitted in the One Time PROM version shipped in blank,
the EPROM version and the flash memory version.

ROM/PROM size
: 4096 bytes 9: 36864 bytes
: 8192 bytes A: 40960 bytes
12288 bytes  B: 45056 bytes
16384 bytes  C: 49152 bytes
20480 bytes  D: 53248 bytes
124576 bytes  E: 57344 bytes
128672 bytes  F:61440 bytes

8: 32768 bytes
The first 128 bytes and the last 2 bytes of ROM are reserved
areas ; they cannot be used.

However, they can be programmed or erased in the EPROM
version and the flash memory version, so that the users can
use them.

~N O OB W NP

Memory type

M : Mask ROM version
E : EPROM or One Time PROM version
F : Flash memory version

RAM size

0: 192 bytes 5: 768 bytes
1: 256 bytes 6: 896 bytes
2: 384 bytes 7:1024 bytes
3: 512 bytes 8: 1536 bytes
4: 640 bytes 9: 2048 bytes

Fig. 5 Part numbering
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GROUP EXPANSION

Mitsubishi plans to expand the 3886 group as follows.

Memory Type

Support for mask ROM, One Time PROM, EPROM and flash

memory version.

Memory Size

ROM siz€e ...cccovvvvveenen.
RAM size .....ccccceeveuneenn.

32 Kto 60 K bytes
1024 to 2048 bytes

HARDWARE
GROUP EXPANSION

Packages

80P6Q-A .......... 0.5 mm-pitch plastic molded LQFP
80PGS-A ..o 0.65mm-pitch plastic molded QFP
80DO0 ...oviieiiiiieieeeeees 0.8 mm-pitch ceramic LCC (EPROM version)

The pin number and the position of the function pin may change
by the kind of package.

Memory Expansion

ROM size (bytes)
ROM
external

(&> : Mass production

60K| -~ [ A S O

9IS S R SN SN SN S N R

M38869FFA/MFA

M38869MCA

34 512

540 768 806 1024
RAM size (bytes)

Ti57 1280 1408 1536 2048 3072 4032

Fig. 6 Memory expansion plan

Currently products are listed below.

Table 3 Support products

As of Sep. 2000

Product name é%'Z))Mnggﬂfosr“ﬁgegti)r? Ees)) RAM size (bytes) Package Remarks
M38867M8BA-XXXHP Mask ROM version
M38867E8A-XXXHP 1024 80P6Q-A | One Time PROM version
M38867E8AHP One Time PROM version (blank)
M38867EBAFS 32768 (32638) 80D0O | EPROM version
M38869M8BA-XXXHP 80P6Q-A
M38869M8BA-XXXGP 80P6S-A
M38869MCA-XXXHP 80P6Q-A )
M38869MCA-XXXGP 49152 (49022) 2048 80P6S-A Mask ROM version
M38869MFA-XXXHP 80P6Q-A
M38869MFA-XXXGP 80P6S-A
M38869FFAHP 61440 (61310) 80P6Q-A
M38869FFAGP 80P6S-A | Flash memory version

3886 Group User’'s Manual
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HARDWARE
FUNCTIONAL DESCRIPTION

FUNCTIONAL DESCRIPTION
Central Processing Unit (CPU)
The 3886 group uses the standard 740 Family instruction set. Re-
fer to the table of 740 Family addressing modes and machine
instructions or the 740 Family Software Manual for details on the
instruction set.
Machine-resident 740 Family instructions are as follows:

The FST and SLW instructions cannot be used.

The STP, WIT, MUL, and DIV instructions can be used.

[Accumulator (A)]
The accumulator is an 8-bit register. Data operations such as data
transfer, etc., are executed mainly through the accumulator.

[Index Register X (X)]

The index register X is an 8-bit register. In the index addressing
modes, the value of the OPERAND is added to the contents of
register X and specifies the real address.

[Index Register Y (Y)]

The index register Y is an 8-bit register. In partial instruction, the
value of the OPERAND is added to the contents of register Y and
specifies the real address.

[Stack Pointer (S)]

The stack pointer is an 8-bit register used during subroutine calls
and interrupts. This register indicates start address of stored area
(stack) for storing registers during subroutine calls and interrupts.
The low-order 8 bits of the stack address are determined by the
contents of the stack pointer. The high-order 8 bits of the stack ad-
dress are determined by the stack page selection bit. If the stack
page selection bit is “0” , the high-order 8 bits becomes “0016". If
the stack page selection bit is “1”, the high-order 8 bits becomes
“0116".

The operations of pushing register contents onto the stack and
popping them from the stack are shown in Figure 6.

Store registers other than those described in Figure 6 with pro-
gram when the user needs them during interrupts or subroutine
calls.

[Program Counter (PC)]

The program counter is a 16-bit counter consisting of two 8-bit
registers PCH and PCL. It is used to indicate the address of the
next instruction to be executed.

b7 bo
A Accumulator
b7 b0
X Index register X
b7 b0
Y Index register Y
b7 b0
S Stack pointer
b15 b7 bo
PCH PCL Program counter
b7 b0
N|V|T|B|D|I|Z|C| Processor status register (PS)
- Carry flag
Zero flag
Interrupt disable flag
Decimal mode flag
Break flag
Index X mode flag
Overflow flag
Negative flag

Fig. 7 740 Family CPU register structure

1-10
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HARDWARE

FUNCTIONAL DESCRIPTION

|On-going Routine|

Interrupt request
(Note)

i

M (S)« (PCH)
©)«(5)-1

[
[ M (S)« (PCH) |

G)«(5-1

Push return address
on stack

M (S)< (PCu)
)< (S)-1

Execut:e RTS

POP return
address from stack

M (S)<« (PCL)

S)«(®)-1
M (S) < (PS)
S)«(®)-1

Push return address
on stack

Push contents of processor
status register on stack

Interrupt

Service Routine

| Flag is set from “0” to “1”

|

Execute RTI

|

Fetch the jump vector

) «S)+1
(PS) <« M (S)
)« +1

(PCL< M (S)
S« +1
(PCH)< M (S)

Note: Condition for acceptance of an interrupt —» Interrupt enable flag is “1”

Interrupt disable flag is

POP contents of
processor status
register from stack

POP return
address
from stack

aqr

Fig. 8 Register push and pop at interrupt generation and subroutine call

Table 4 Push and pop instructions of accumulator

Or processor status register

Push instruction to stack

Pop instruction from stack

Accumulator

PHA

PLA

Processor status register

PHP

PLP

3886 Group User’'s Manual
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HARDWARE
FUNCTIONAL DESCRIPTION

[Processor status register (PS)]

The processor status register is an 8-bit register consisting of 5
flags which indicate the status of the processor after an arithmetic
operation and 3 flags which decide MCU operation. Branch opera-
tions can be performed by testing the Carry (C) flag , Zero (2) flag,
Overflow (V) flag, or the Negative (N) flag. In decimal mode, the Z,
V, N flags are not valid.

*Bit 0: Carry flag (C)
The C flag contains a carry or borrow generated by the arithmetic
logic unit (ALU) immediately after an arithmetic operation. It can
also be changed by a shift or rotate instruction.

*Bit 1: Zero flag (Z)
The Z flag is set if the result of an immediate arithmetic operation
or a data transfer is “0”, and cleared if the result is anything other
than “0".

*Bit 2: Interrupt disable flag (1)
The | flag disables all interrupts except for the interrupt
generated by the BRK instruction.
Interrupts are disabled when the | flag is “1”.

*Bit 3: Decimal mode flag (D)
The D flag determines whether additions and subtractions are
executed in binary or decimal. Binary arithmetic is executed when
this flag is “0”; decimal arithmetic is executed when it is “1".
Decimal correction is automatic in decimal mode. Only the ADC
and SBC instructions can be used for decimal arithmetic.

*Bit 4: Break flag (B)
The B flag is used to indicate that the current interrupt was
generated by the BRK instruction. The BRK flag in the processor
status register is always “0”. When the BRK instruction is used to
generate an interrupt, the processor status register is pushed
onto the stack with the break flag set to “1”.

*Bit 5: Index X mode flag (T)
When the T flag is “0”, arithmetic operations are performed
between accumulator and memory. When the T flag is “1”, direct
arithmetic operations and direct data transfers are enabled
between memory locations.

*Bit 6: Overflow flag (V)
The V flag is used during the addition or subtraction of one byte
of signed data. It is set if the result exceeds +127 to -128. When
the BIT instruction is executed, bit 6 of the memory location
operated on by the BIT instruction is stored in the overflow flag.

*Bit 7: Negative flag (N)
The N flag is set if the result of an arithmetic operation or data
transfer is negative. When the BIT instruction is executed, bit 7 of
the memory location operated on by the BIT instruction is stored
in the negative flag.

Table 5 Set and clear instructions of each bit of processor status register

C flag Z flag | flag D flag B flag T flag V flag N flag
Set instruction SEC - SEI SED - SET — -
Clear instruction CLC — CLI CLD — CLT CLv —

1-12
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HARDWARE
FUNCTIONAL DESCRIPTION

[CPU Mode Register (CPUM)] 003B16

The CPU mode register contains the stack page selection bit, the
processor mode bits specifying the chip operation mode, etc.

The CPU mode register is allocated at address 003B16.

I I I I I 1 I I I I CPU mode register

(CPUM : address 003B16)
I—l— Processor mode bits
bl b0
0 0 : Single-chip mode
0 1 :Memory expansion mode (Note)
1 0 : Microprocessor mode (Note)
1 1 :Notavailable
Stack page selection bit

0 : 0 page
1 :1page

Fix this bit to “1”.

Port Xc switch bit
0: /0 port function (stop oscillating)
1: Xcin—Xcour oscillating function

Main clock (XIN-XouT) stop bit
0 : Oscillating
1: Stopped

Main clock division ratio selection bits
b7 b6
0

: @ = f(XIN)/2 (high-speed mode)
: @ = f(XIN)/8 (middle-speed mode)
: @ = f(XcIN)/2 (low-speed mode)

0
1
0
1 : Not available

0
1
1

Note: This mode is not available for M38869M8A/MCA/MFA and the flash memory version.

Fig. 9 Structure of CPU mode register
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HARDWARE
FUNCTIONAL DESCRIPTION

MEMORY

Special Function Register (SFR) Area

The Special Function Register area in the zero page contains con-
trol registers such as 1/O ports and timers.

RAM
RAM is used for data storage and for stack area of subroutine
calls and interrupts.

ROM

The first 128 bytes and the last 2 bytes of ROM are reserved for
device testing and the rest is user area for storing programs. Pro-
gram/Erase of the reserved ROM area is possible in the EPROM
version and the flash memory version.

Interrupt Vector Area
The interrupt vector area contains reset and interrupt vectors.

Zero Page
Access to this area with only 2 bytes is possible in the zero page
addressing mode.

Special Page
Access to this area with only 2 bytes is possible in the special
page addressing mode.

RAM area
RAM size Address
(bytes) XXXX16

192 00OFF16
256 013F16
384 01BF16
512 023F16
640 02BF16
768 033F16
896 03BF16
1024 043F16
1536 063F16
2048 083F16

ROM area
ROM size Address Address
(bytes) YYYY16 777716
4096 F00016 F08016
8192 E00016 E08016
12288 D00016 D08016
16384 C00016 C08016
20480 B00016 B08016
24576 A00016 A08016
28672 900016 908016
32768 800016 808016
36864 700016 708016
40960 600016 608016
45056 500016 508016
49152 400016 408016
53248 300016 308016
57344 200016 208016
61440 100016 108016

ROM

Notes 1: This area is SFR in M38869FFA.

2: This area is usable in EPROM version and flash memory version.

000016
SFR area
004016 Zero page
010016
XXXX16
Not used
OFFE1s
SFR area | (Note 1)
OFFF16
CYYYYis
Reserved ROM area
(Note 2) (128 bytes)
277716
FFO0016 ]
FFDCu1e
Interrupt vector area Special page
FFFE16 | Reserved ROM area
| FFFF16 (Note 2) i

This area is Reserved in M38869MFA/MCA/M8A.
This area is not used in M38867M8A/E8A.

Fig. 10 Memory map diagram
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HARDWARE
FUNCTIONAL DESCRIPTION

000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000A16
000B16
000C16
000D16
000E16
000F16
001016
001116
001216
001316
001416
001516
001616
001716
001816
001916
001A16
001B16
001C1s
001D1s
001E16
001F16

Port PO (P0)

Port PO direction register (POD)

Port P1 (P1)

Port P1 direction register (P1D)

Port P2 (P2)

Port P2 direction register (P2D)

Port P3 (P3)

Port P3 direction register (P3D)

Port P4 (P4)

Port P4 direction register (P4D)

Port P5 (P5)

Port P5 direction register (P5D)

Port P6 (P6)

Port P6 direction register (P6D)

Port P7 (P7)

Port P7 direction register (P7D)

Port P8 (P8)/Port P4 input register (P4l)

Port P8 direction register (P8D)/Port P7 input register (P71)

12C data shift register (S0)

12C address register (SOD)

12C status register (S1)

12C control register (S1D)

12C clock control register (S2)

12C start/stop condition control register (S2D)

Transmit/Receive buffer register (TB/RB)

Serial /01 status register (SIO1STS)

Serial /01 control register (SIO1CON)

UART control register (UARTCON)

Baud rate generator (BRG)

Serial I/02 control register (SIO2CON)

Watchdog timer control register (WDTCON)

Serial /02 register (S102)

002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C1s6
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16

OFFE16
OFFF16

Prescaler 12 (PRE12)

Timer 1 (T1)

Timer 2 (T2)

Timer XY mode register (TM)

Prescaler X (PREX)

Timer X (TX)

Prescaler Y (PREY)

Timer Y (TY)

Data bus buffer register 0 (DBBO)

Data bus buffer status register 0 (DBBSTSO0)

Data bus buffer control register (DBBCON)

Data bus buffer register 1 (DBB1)

Data bus buffer status register 1 (DBBSTS1)

Comparator data register (CMPD)

Port control register 1 (PCTL1)

Port control register 2 (PCTL2)

PWMOH register (PWMOH)

PWMOL register (PWMOL)

PWMZ1H register (PWM1H)

PWMLIL register (PWM1L)

AD/DA control register (ADCON)

A-D conversion register 1 (AD1)

D-A1 conversion register (DAL)

D-A2 conversion register (DA2)

A-D conversion register 2 (AD2)

Interrupt source selection register (INTSEL)

Interrupt edge selection register (INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1 (IREQ1)

Interrupt request register 2 (IREQ2)

Interrupt control register 1 (ICON1)

Interrupt control register 2 (ICON2)

Flash memory control register (FCON)

Flash command register (FCMD)

Note: Only for flash memory version

(Note)
(Note)

Fig. 11 Memory map of special function register (SFR)
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HARDWARE
FUNCTIONAL DESCRIPTION

I/O PORTS

The I/0 ports have direction registers which determine the input/
output direction of each individual pin. Each bit in a direction reg-
ister corresponds to one pin, and each pin can be set to be input
port or output port.

When “0” is written to the bit corresponding to a pin, that pin be-
comes an input pin. When “1” is written to that bit, that pin
becomes an output pin.

If data is read from a pin which is set to output, the value of the
port output latch is read, not the value of the pin itself. Pins set to
input are floating. If a pin set to input is written to, only the port

Table 6 I/O port function (1)

output latch is written to and the pin remains floating.

When the P8 function select bit of the port control register 2 (ad-
dress 002F16) is set to “1”, read from address 001016 becomes
the port P4 input register, and read from address 001116 becomes
the port P7 input register.

As the particular function, value of P42 to P46 pins and P70 to P75
pins can be read regardless of setting direction registers, by read-
ing the port P4 input register (address 001016) or the port P7 input
register (address 001116) respectively.

Pin Name Input/Output I/O Structure Non-Port Function Related SFRs Ref.No.
Address low-order byte | CPU mode register
: output Port control register 1 1
POo/P3REF Port PO ﬁlF\)/IuCt)ISesglmpatlble Analog comparator | Serial /02 control &
ort i i register
CMOS 3-state output power source input pin egiste
or N-channel open-
) Address low-order byte
P01-PO0O7 drain output output CPU mode register o
Address high-order Port control register 1
P10-P17 Port P1 byte output
P20-P27 Port P2 Data bus I/O CPU mode register 3)
Control signal I/0 .
P30/PWMoo PWM output gsxgggglrfeg'isstgr ) 4)
P31/PWM10 CMOS compatible Key-on wake up input AD/DA controlgregister ®)
Port P3 input level Comparator input
CMOS 3-state output | Control signal I/O .
- CPU mode register
P32-P37 Key-on wake up input Port control reg ister 1 ®)
Comparator input 9
P4o/XcouTt Sub-clock generating c . @)
A PU mode register
P41/XCIN circuit g (8)
Interrupt edge selection
P42/INTo/ Input/output, External interrupt input | register )
OBFoo individual bits Bus interface function | Port control register 2 (10)
P43/INT1/
I/0 Data bus buffer control
OBFo1 register
i . L Serial I/01 control
P44/RXD Eg&isgm‘:?ﬂf Serial I/O1 function in- register (11)
input level put Port control register 2
CMNOSh3-Sta}e output Serial /01 control
or N-channel open- Serial /01 function out- | register 12
PA4s/TxD Port P4 drain output put UART control register (12
Port control register 2
Serial I/01 control
Serial 1/01 function I/O | register
fglg/FSl%LKl Bus interface function | Data bus buffer control (13)
output register
Port control register 2
CMOS compatible
input level )
CMOS 3-state output | Serial I/O1 function out- | Serial I/O1 control
P47/SRDY1 (when selecting bus put register
IS1 interface function) Bus interface function | Data bus buffer control (14)
CMOS compatible input register
input level or TTL
input level

1-16
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Table 7 1/0 port function (2)

HARDWARE
FUNCTIONAL DESCRIPTION

Pin Name Input/Output 1/0 Format Non-Port Function Related SFRs Ref.No.
P50/A0 CMOS compatible Bus interface function | Data bus buffer control (15)
input level input register
P51/INT20 CMOS 3-state output
ISo (when selecting bus External interrupt input Interrupt edge selection
P52/INT30 gﬁgasce funct|%rl1) Bus interface function | [cOISter (16)
R ( compatible inout Data bus buffer control
Port P5 input level or TTL Inpu register
P53/INT40 input level
W
Eggg“$§) tTicl)rm/rOX’ timer ¥ func- | 1 er Xy mode register | (17)
P56/DA1/ CMOS compatible
PWMo1 input level D-A converter output AD/DA control register (18)
P57/DA2/ CMOS 3-state output | PWM output UART control register (19)
PWM11
Eg%ﬁ“g— Port P6 A-D converter input AD/DA control register (20)
P70/SIN2 Serial 1/02 control (21)
P71/SouT2 Serial I/02 function 1/O | register (22)
Input/output, .
S h Port control register 2 (23)
P72/ScLk2 individual bits CMOS compatible
input level or TTL Serial /02 function out- )
P73/SRDY2/ input level put f;erilstlell{OZ control 24
INT21 N-channel open-drain | Bus interface function 9 | reqi 2 (24)
output input Port control register
Interrupt edge selection
P74/NTs1 Port P7 External interrupt input | register (25)
P75/INT41 Port control register 2
CMOS compatible
input level
N-channel open-drain
P76/SDA ot 2 12C-BUS interface f (26)
(when selecting 1<C- - interface func- | > ;
P77/ScL BUS interface tion 1/O 1<C control register @7
function)
CMOS compatible
input level or SMBUS
input level
CMOS compatible
input level
CMOS 3-state output
P80/DQo- (when selecting bus Bus interface function | Data bus buffer control
P87/D0)7 Port P8 interface function) 110 register (28)
CMOS compatible
input level or TTL
input level

Notes1: For details of the functions of ports PO to P3 in modes other than single-chip mode, and how to use double-function ports as function I/O ports, refer

to the applicable sections.

2: Make sure that the input level at each pin is either 0 V or Vcc during execution of the STP instruction.
When an input level is at an intermediate potential, a current will flow from Vcc to Vss through the input-stage gate.

3886 Group User’'s Manual
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HARDWARE
FUNCTIONAL DESCRIPTION

(1) Port POo

Direction
register

Data bus —¢-={ Port latch _}

Y

~N

Comparator reference power source input
Comparator reference input
pin select bit

Direction
register ‘
O
\ T

Data bus — Port latch | |

(3) Port P2

(5) Port P31

PWM: enable bit
.| Direction
register

Data bus —¢—=| Port latch IS

S e )
Eﬂﬂ

P30—P33 pull-up control bit {_:?
PWM: output pin selection bitj: M

(2) Ports P01-P07,P1

P0o—PO0s output P00—PO03
structure selection bit P04—P07.
Plo-P1s,

P14—P17 output structure
selection bits

_o| Direction
register

Data bus —4={ Portlatch | , D_‘

(4) Port P30

P30-P33 pull-up control bit {_:?
PWNMo output pin selection bitjj H >°j )

PWMo enable bit

Direction ) )
™ register ﬂg{

XL +—0

=) >

Data bus —¢-=/ Port latch S

N

PWMoo outputﬁ)_

!
Comparator inout
Key-on wake-up P

(6) Ports P32—P37

P30—P33,
P34—P37 pull-up control bitj: g

Direction
- - N—
register ﬂ:}—{

Data bus—={ Portlatch | , D—{

(7) Port P4o
Port Xc switch bit—>

Direction
register

Port latch

Oscillator
Port P41

Port Xc switch bit

N
-
PWMzo output ——— >— Comparator . N
Key-on wake-up input -~
Comparator .
input

Key-on wake-up

(8) Port P41
Port Xc switch bit —{>o

Direction
register

Port latch

=]

=

Data bus —¢

Sub-clock generating circuit input --———

Fig. 12 Port block diagram (1)

1-18 3886 Group User’s Manual




HARDWARE
FUNCTIONAL DESCRIPTION

(9) Port P42
P4 output structure selection bit

OBFoo output enable bit—
Direction =)
register

Data bus—¢t-=" Port latch

7| o

OBFoo output ——— >——
INTo interrupt input

(11) Port P44
P4 output structure selection bit

Serial /01 enable bit
Receive enable bit

Data bus—¢

Serial /01 input<—@—
(13) Port P46

Serial 1/01 P4 output structure selection bit
synchronous clock selection bit

Serial /01 enable bit

Serial I/O} mode selection b.n -.
Serial 1/01 enable bit -
OBF10 output enable bit

Data bus—»{ Port latch

~N
02 4

~N
Serial 1/01 clock output

Serial 1/01 external clock input

(15) Port P50
Data bus buffer enable bit

P

—O
Data bus—1 Port latch
~ 03
Aoinput
Data bus buffer
enable bit

register 2 (address 002F16).
02.

register 2 (address 002F16).

03.
control register (address 002A16).

(10) Port P43

P4 output structure selection bit

OBFo1 output enable bit—
Direction =)
register

pata bus—

¥ | ”

y

N
02 g
~N
OBFo1 output

—
INT1 interrupt input<—@—

(12) Port P45

P4s/TxD P-channel output disable bit
Serial /01 enable bit

Transmit enable bi1ﬂ
Direction
™1 register )

Data bus— Port latch

T

y

~N

021 {
~N

Serial I/01 output ——— >——

(14) Port P47

Serial /01 mode selection bit
Serial I/01 enable bit%D
SRDY1 output enable bit

Data bus buffer function
selection bit—>

Direction
register

Port latch

~N
Serial 1/01 ready output —>— 03

Siinput ::( ;;Data bus buffer function

selection bit

(16) Ports P51,P52,P53
Data bus buffer enable bit— >

Direction
register

_Port latch

=

INT20, INT30, INT40 interrupt input:

So.RW input:
Data bus buffer
enable bit

1. The input level can be switched between CMOS compatible input level and TTL level by the P4 input level selection bit of the port control
The input level can be switched between CMOS compatible input level and TTL level by the P4 input level selection bit of the port control

The port P8 and port P4 input register can be switched by the P8 function selection bit of the port control register 2 (address 002F16).
The input level can be switched between CMOS compatible input level and TTL level by the input level selection bit of the data bus buffer

Fig. 13 Port block diagram (2)
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(17) Ports P54,P55
Direction
o regeer” |

Data bus—¢—={ Port latch >

!

N
Pulse output mode—— 4

Timer output ——— >——
CNTRo,CNTRu interrupt inpu

(19) Port P57

PWM: output pin selection bit
PWM:1 enable bitjj—

_| Direction
register

-

—O

Data bus—s—= Port latch

~N

PWM11 output ——— >—

(20) Port P6

(18) Port P56

PWNMo output pin selection bit
PWMo enable bit jj—

Direction =
register
—O
13 >

Data bus —={ Portlatch |
N

PWMoz1 output ﬁ)—

D-A converter output———G6—o——
D-A1 output enable bit

kel

N

A-D converter input ~<+——0—~o0—
Analog input pin selection bit

Direction
register

Data bus ﬂ»——{ Port latch

D-A converter output -=—o6—~o——
D-A2 output enable bit

(21) Port P70

(22) Port P71

Serial 10/2 transmit completion signal

Direction
— ;
register

Dt bus —

N
05

N

(23) Port P72

Serial 1/02 synchronization

Serial /02 input <—@—

clock selection bit
Serial I/02 port selection bit
_,| Direction
register
—0O
Data bus —s Port latch S {

Serial /02 clock output %\)—

control register 2 (address 002F16).
5.
control register 2 (address 002F16).

(address 002F16).

Serial I/02<—@—
external clock input

04. The input level can be switched between CMOS compatible input level and TTL level by the P7 input level selection bit of the port

(24) Port P73

Serial /02 port selection bit

e |
register

Data bus—¢ Port latch

05 4
~N

Serial 1/02 output % >—

Sroy2 output enable bit

o Direction
register

Data bus — Port latch

ey,

;

\1
05 4
N

Serial /02 ready output — >——

INT21 interrupt inpul«—@—

The input level can be switched between CMOS compatible input level and TTL level by the P7 input level selection bit of the port

The port P8 direction register and port P7 input register can be switched by the P8 function selection bit of the port control register 2

Fig. 14 Port block diagram (3)
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(25) Ports P74,P75 (26) Port P76

Direction 12C-BUS interface ———
register enable bit

—O Direction
register
—O
Data bus — [ Portiatch | %E[

Data bus— Port latch

N
05 4 Ey
N N
INT31,INT41 interrupt input <——@—
Spa outputﬁ)—
. 06
Soainput
(27) Port P77 (28) Port P8

12C-BUS interface -
enable bit Data bus buffer enable bit

_,| Direction
register

Y
pata bus — = Porclten }|+15 pat bus— ¢ ={_Portach | D
~N

N

Sct output ﬁ)—

ScL input

o |

Output buffer 1
Status register 1

03

»—@ Input buffer 0
a3
% Input buffer 1

U6. The input level can be switched between CMOS compatible input level and SMBUS level by the 12C-BUS interface pin input
selection bit of the 12C control register (address 001516).

Fig. 15 Port block diagram (4)
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b7

b0

b7

b0

Port control register 1
(PCTL1: address 002E16)

—— P00—-P03 output structure selection bit

0: CMOS
1: N-channel open-drain
P04—PO07 output structure selection bit
0: CMOS
1: N-channel open-drain
P10-P13 output structure selection bit
0: CMOS
1: N-channel open-drain
P14—P17 output structure selection bit
0: CMOS
1: N-channel open-drain
P30-P33 pull-up control bit
0: No pull-up
1: Pull-up
P34—P37 pull-up control bit
0: No pull-up
1: Pull-up
PWMo enable bit
0: PWMo output disabled
1: PWMo output enabled
PWMz1 enable bit
0: PWM1 output disabled
1: PWM1 output enabled

Port control register 2
(PCTL2: address 002F16)

L P4 input level selection bit (P42—P4s)

0: CMOS level input
1: TTL level input
P7 input level selection bit (P70—P75)
0: CMOS level input
1: TTL level input
P4 output structure selection bit (P42, P43, P44, P4s)
0: CMOS
1: N-channel open-drain
P8 function selection bit
0: Port P8/Port P8 direction register
1: Port P4 input register/Port P7 input register
INT2, INT3, INT4 interrupt switch bit

0: INT20, INT30, INT40 interrupt
1: INT21, INT31, INT41 interrupt

Timer Y count source selection bit
0: f(XIN)/16 (f(XcIN)/16 in low-speed mode)
1: f(XcIN)
Oscillation stabilizing time set after STP instruction released bit

0: Automatic set “0116” to timer 1 and “FF16” to prescaler 12
1: No automatic set
Port output P42/P43 clear function selection bit

0: Only software clear
1: Software clear and output data bus buffer 0 reading
(system bus side)

Fig. 16 Structure of port I/O related register
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INTERRUPTS

Interrupts occur by 16 sources among 21 sources: nine external,
eleven internal, and one software.

Interrupt Control

Each interrupt is controlled by an interrupt request bit, an interrupt
enable bit, and the interrupt disable flag except for the software in-
terrupt set by the BRK instruction. An interrupt occurs if the
corresponding interrupt request and enable bits are “1” and the in-
terrupt disable flag is “0”.

Interrupt enable bits can be set or cleared by software.

Interrupt request bits can be cleared by software, but cannot be
set by software.

The BRK instruction cannot be disabled with any flag or bit. The |
(interrupt disable) flag disables all interrupts except the BRK in-
struction interrupt.

When several interrupts occur at the same time, the interrupts are
received according to priority.

Interrupt Operation

By acceptance of an interrupt, the following operations are auto-

matically performed:

1. The contents of the program counter and the processor status
register are automatically pushed onto the stack.

2. The interrupt disable flag is set and the corresponding interrupt
request bit is cleared.

3. The interrupt jump destination address is read from the vector
table into the program counter.

HARDWARE
FUNCTIONAL DESCRIPTION

Interrupt Source Selection

Any of the following interrupt sources can be selected by the inter-
rupt source selection register (address 003916).
INTo or Input buffer full

INT1 or Output buffer empty

Serial /01 transmission or SCLSDA

CNTRo or SCLSDA

. Serial 1/02 or 12C

.INT2 or I12C

. CNTR1 or Key-on wake-up

. A-D conversion or Key-on wake-up

®NO oA ON R

External Interrupt Pin Selection

The occurrence sources of the external interrupt INT2, INT3, and
INT4 can be selected from either input from INT20, INT30, INT40
pin, or input from INT21, INT31, INT41 pin by the INT2, INT3, INT4
interrupt switch bit (bit 4 of address 002F16).

m Notes

When setting of the following register or bit is changed, the inter-

rupt request bit may be set to “1.”

« Interrupt edge selection register (address 003A16)

« Interrupt source selection register (address 003916)

« INT2, INT3, INT4 interrupt switch bit of port control register 2 (bit
4 of address 002F16)

Accept the interrupt after clearing the interrupt request bit to “0” af-

ter interrupt is disabled and the above register or bit is set.

3886 Group User’'s Manual
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Table 8 Interrupt vector addresses and priority

Interrupt Source

Priority

Vector Addresses (Note 1)

Interrupt Request

Remarks

High Low Generating Conditions
Reset (Note 2) 1 FFFD16 FFFC16 At reset Non-maskable
INTo At detection of either rising or | External interrupt
_________ 2 FFFB16 Frrae | faling edge of INToinput | (active edge selectable)
Input buffer full At input data bus buffer writing
(IBF)
INT At detection of either rising or | External interrupt
L falling edge of INT1 input (active edge selectable)
_________ 3 FFF916 FFF816
Output buffer At output data bus buffer read-
empty (OBE) ing
Serial /01 4 FFF716 FFF616 At completion of serial /01 data Valid when serial /01 is selected
reception reception
Serial /01 At completion of serial 1/01
trgngmission tr_ansfer shi_ft or when transmis- | Valid when serial I/01 is selected
_________ 5 FFF516 FFF416 | sionbufferisempty = _ | _ _ _ _ _ _ _ _ _ _ _____|
ScL S At detection of either rising or | External interrupt
CL, SDA falling edge of ScL or Spa (active edge selectable)
Timer X 6 FFF316 FFF216 At timer X underflow
Timer Y 7 FFF116 FFFO16 At timer Y underflow
Timer 1 8 FFEF16 FFEE16 At timer 1 underflow STP release timer underflow
Timer 2 9 FFED16 FFEC16 At timer 2 underflow
CNTRo At detection of either rising or | External interrupt
falling edge of CNTRo input active edge selectable
————————— 10 FFEB16 FFEA16 ———g——g_————_———'_D—_————(————_9—————)—————-
ScL. Spa At detection of either rising or | External interrupt
' falling edge of ScL or Spa (active edge selectable)
CNTR1 At detection of either rising or | External interrupt
falling edge of CNTR1 input active edge selectable
————————— 1 FFE916 FFES816 ———g—,—g———————_p——_———(————_g—————_)—————-
Kev- Ke- At falling of port P3 (at input) in- | External interrupt (falling edge
éy-on wake-up put logical level AND valid)
Serial 1/102 12 EFE716 FFE616 ﬁ;ﬁgfrgflenon of serial /02 data Valid when serial 1/02 is selected
R e At completion of data transfer | |
At detection of either rising or | External interrupt
| 13 FFES16 FrE4rs | faling edge of INTzinput | (active edge selectable) |
12C At completion of data transfer
INT At detection of either rising or | External interrupt
3 14 FFE316 FFE216 falling edge of INT3 input (active edge selectable)
At detection of either rising or | External interrupt
INT4 15 FFEl1s FFEO16 falling edge of INT4 input (active edge selectable)
A-D converter At completion of A-D conversion
_________ 16 FFDF16 FFDE16 " At Talling o port P3 puD - | External imariot daline sdoe. ™ 1
alling of por at input) in- | External interrupt (falling edge
Key-on wake-up put logical level AND valid)
BRK instruction 17 FFDD16 FFDC16 At BRK instruction execution Non-maskable software interrupt

Notes 1: Vector addresses contain interrupt jump destination addresses.

2: Reset function in the same way as an interrupt with the highest priority.
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Interrupt request bit |

Interrupt enable bit ——

Interrupt disable flag (I) —9

BRK instruction
Reset

Interrupt request

Fig. 17 Interrupt control

b0 Interrupt edge selection register

| INTEDGE : address 003A1s)

b7

LLTTT]

b7 b0
LLTTT]

b7

bo
|

[

INTo active edge selection bit
INT1 active edge selection bit
Not used (returns “0” when read)
INT2 active edge selection bit
INT3 active edge selection bit
INT4 active edge selection bit

Not used (returns “0” when read) 0:

1:

Interrupt request register 1
(IREQ1 : address 003Cis)

INTo/input buffer full interrupt request
bit

———INT1/output buffer empty interrupt

request bit

Serial 1/01 receive interrupt request bit
Serial /01 transmit/Sct, Soa interrupt
request bit

Timer X interrupt request bit

Timer Y interrupt request bit

Timer 1 interrupt request bit

Timer 2 interrupt request bit

Interrupt control register 1
ICONL1 : address 003Ezis)

INTo/input buffer full interrupt enable bit

——INT1/output buffer empty interrupt

enable bit

Serial /01 receive interrupt enable bit
Serial /01 transmit/Sct, Spa interrupt
enable bit

Timer X interrupt enable bit

Timer Y interrupt enable bit

Timer 1 interrupt enable bit

Timer 2 interrupt enable bit

Falling edge active
Rising edge active

b0

Interrupt request register 2
(IREQ2 : address 003Dzi6)

CNTRo/ScL, Soa interrupt request bit

———CNTRu1/key-on wake-up interrupt

request bit

Serial 1/02/12C interrupt request bit
INT2/I2C interrupt request bit

INT3 interrupt request bit

INT4 interrupt request bit

AD converter/key-on wake-up interrupt
request bit

Not used (returns “0” when read)

0 : No interrupt request issued
1: Interrupt request issued

bo
|

Interrupt control register 2
(ICON2 : address 003Fzs)

CNTRo/ScL, Soa interrupt enable bit

L CNTRu/key-on wake-up interrupt

enable bit

Serial 1/02/12C interrupt enable bit
INT2/12C interrupt enable bit

INT3 interrupt enable bit

INT4 interrupt enable bit

AD converter/key-on wake-up interrupt
enable bit

Not used (returns “0” when read)
(Do not write “1” to this bit)

0 : Interrupts disabled
1 : Interrupts enabled

Fig. 18 Structure of interrupt-related registers (1)
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b7 b0

[ [ [T [ 11 |interruptsource selection register

(INTSEL: address 003916)

INTO/input buffer full interrupt source selection bit
0 : INTO interrupt

1 : Input buffer full interrupt

L—INT1/output buffer empty interrupt source selection bit
0 : INT1interrupt
1 : Output buffer empty interrupt

Serial /01 transmit/SCL,SDA interrupt source selection bit
0 : Serial /01 transmit interrupt
1: SCL,SDA interrupt

}(Do not write “1” to these bits simultaneously.)

CNTRO/SCL,SDA interrupt source selection bit
0 : CNTROo interrupt
1: SCL,SDA interrupt

Serial 1/02/12C interrupt source selection bit
0 : Serial I/02 interrupt
1: 12Cinterrupt

>(Do not write “1” to these bits simultaneously.)

INT2/I2C interrupt source selection bit
0 : INT2interrupt

1: 12Cinterrupt

CNTR1/key-on wake-up interrupt source selection bit
0 : CNTR1 interrupt
1 : Key-on wake-up interrupt

(Do not write “1” to these bits simultaneously.)

AD converter/key-on wake-up interrupt source selection bit
0 : A-D converter interrupt
1 : Key-on wake-up interrupt

Fig. 19 Structure of interrupt-related registers (2)
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Key Input Interrupt (Key-on Wake Up)

A Key input interrupt request is generated by applying “L” level to
any pin of port P3 that have been set to input mode. In other

HARDWARE

FUNCTIONAL DESCRIPTION

“0". An example of using a key input interrupt is shown in Figure

20, where an interrupt request is generated by pressing one of the
keys consisted as an active-low key matrix which inputs to ports

words, it is generated when AND of input level goes from “1” to P30-P33.
Port PXx
“L” level output
L
Port control register 1
Bit5 = “1"
Port P37 Key input interrupt request

P37 output [

LT

0 m Port P37

direction register = “1”

|

%l—@ | latch

[

P36 output C

LT

0 m Port P36

Port P36
direction register = “1”

|

%I—@ | latch

?

t m Port P3s

Port P3s
direction register = “1”

%l—@ | latch

P3s output [

LT

H m Port P34

11@7

Port P34
direction register = “1”

%I—*’Ct l latch

P34 output [

)

Port control register 1
Bit4 =*“1"

11@

Port P33
direction register = “0”

: T 1 PortP33
P33 input %HOC!?_‘ latch l
R 1 D—
|
Port P32
direction register = “0"
: MW PortP32
- latch l
] B B
0 0 ]
Port P31
direction register = “0”
! @ _ Port P31
! latch l
IR %._Q— 1 N
°© o 1 .
Port P30
direction register = “0”
- @ _ PortP3o
- latch l
] oG
°© ° {1 i :@—

[

O P-channel transistor for pull-up
M CMOS output buffer

Port P3
Input reading circuit

Comparator circuit

_/

Fig. 20 Connection example when using key input interrupt and port P3 block diagram
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TIMERS

The 3886 group has four timers: timer X, timer Y, timer 1, and
timer 2.

The division ratio of each timer or prescaler is given by 1/(n + 1),
where n is the value in the corresponding timer or prescaler latch.
All timers are count down. When the timer reaches “0016”, an un-
derflow occurs at the next count pulse and the corresponding
timer latch is reloaded into the timer and the count is continued.
When a timer underflows, the interrupt request bit corresponding
to that timer is set to “1”.

b7 b0

Timer XY mode register
(TM : address 002316)

|—|— Timer X operating mode bit

b1b0

0 0: Timer mode

0 1: Pulse output mode

1 0: Event counter mode

1 1: Pulse width measurement mode

CNTROo active edge selection bit
0: Interrupt at falling edge
Count at rising edge in event
counter mode
1: Interrupt at rising edge
Count at falling edge in event
counter mode

Timer X count stop bit
0: Count start
1: Count stop

Timer Y operating mode bit

b5b4

0 0: Timer mode

0 1: Pulse output mode

1 0: Event counter mode

1 1: Pulse width measurement mode

CNTR1 active edge selection bit
0: Interrupt at falling edge
Count at rising edge in event
counter mode
1: Interrupt at rising edge
Count at falling edge in event
counter mode

Timer Y count stop bit
0: Count start
1: Count stop

Fig. 21 Structure of timer XY mode register

Timer 1 and Timer 2

The count source of prescaler 12 is the oscillation frequency di-
vided by 16. The output of prescaler 12 is counted by timer 1 and
timer 2, and a timer underflow sets the interrupt request bit.

Timer X and Timer Y
Timer X and Timer Y can each select in one of four operating
modes by setting the timer XY mode register.

(1) Timer Mode
The timer counts f(XIN)/16.

(2) Pulse Output Mode

Timer X (or timer Y) counts f(XIN)/16. Whenever the contents of
the timer reach “0016”, the signal output from the CNTRo (or
CNTR1) pin is inverted. If the CNTRo (or CNTR1) active edge se-
lection bit is “0”, output begins at “ H".

If it is “1”, output starts at “L”. When using a timer in this mode, set
the corresponding port P54 ( or port P5s) direction register to out-
put mode.

(3) Event Counter Mode

Operation in event counter mode is the same as in timer mode,
except that the timer counts signals input through the CNTRo or
CNTR1 pin.

When the CNTRo (or CNTR1) active edge selection bit is “0”, the
rising edge of the CNTRo (or CNTR1) pin is counted.

When the CNTRo (or CNTR1) active edge selection bit is “1”, the
falling edge of the CNTRo (or CNTR1) pin is counted.

(4) Pulse Width Measurement Mode

If the CNTRo (or CNTR1) active edge selection bit is “0”, the timer
counts f(XIN)/16 while the CNTRo (or CNTR1) pin is at “H". If the
CNTRo (or CNTR1) active edge selection bit is “1”, the timer
counts while the CNTRo (or CNTR1) pin is at “L".

The count can be stopped by setting “1” to the timer X (or timer Y)
count stop bit in any mode. The corresponding interrupt request
bit is set each time a timer overflows.

The count source for timer Y in the timer mode or the pulse output
mode can be selected from either f(XIN)/16 or f(XCIN) by the timer
Y count source selection bit of the port control register 2 (bit 5 of
address 002F16).
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Divider

Oscillator

| Prescaler X latch (8) | | Timer X latch (8) |

Pulse width

measurement Terer mode
mode Pulse output mode

(f(XciN) in low-speed mode)

To timer X interrupt
request bit

Timer X (8)

CNTRo active Evert
edge selection Timer X count stop bit
P54/CNTRo bit g counter P

To CNTRo interrupt
request bit

\J

mode {>0

CNTRo active
edge selection “1"
bit

Q
Toggle flip-flop T
e

Port P54 Timer X latch write pulse
latch Pulse output mode

Pulse output mode

Port P54
direction register

Oscillator

Divider

Timer Y count source
selection bit
g

(f(Xcin) in low-speed mode) | Prescaler Y latch (8) | | Timer Y latch (8) |

Oscillator Pulse width

measure-

Timer mode

To timer Y interrupt

CNTRu1 active £ request bit
edge selection vent Timer Y count stop bit
PSs/CNTR1 bit «g» counter
mode
. {>o » To CNTRuinterrupt
request bit

CNTR1 active
edge selection “1"
bit

Q i
Toggle flip-flop T
>—Q
Port P55 Timer Y latch write pulse
Port P5s latch Pulse output mode
direction register
Pulse output mode

| Timer 1 latch (8) | | Timer 2 latch (8) |

| Prescaler 12 latch (8) |

Oscillator Divider

fOXIN

(f(XcIN) in low-speed mode)

request bit

- 1/16 Prescaler 12 (8) Timer 1 (8) W J,—| Timer 2 (8) |—> To timer 2 interrupt
request bit

= To timer 1 interrupt

Fig. 22 Block diagram of timer X, timer Y, timer 1, and timer 2
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SERIAL 1/O

Serial /01

Serial 1/01 can be used as either clock synchronous or asynchro-
nous (UART) serial 1/0. A dedicated timer is also provided for
baud rate generation.

(1) Clock Synchronous Serial I/0O Mode

Clock synchronous serial /01 mode can be selected by setting
the serial 1/01 mode selection bit of the serial /01 control register
(bit 6 of address 001A16) to “1”.

For clock synchronous serial I/0, the transmitter and the receiver
must use the same clock. If an internal clock is used, transfer is
started by a write signal to the TB/RB.

Data bus

Receive buffer register|

P44/RxD O

Receive shift register

P46/ScLk1/OBF10 O

Address 001816

Shift clock

Serial /01 control register ] Address 001A16

= Receive buffer full flag (RBF)

L———— Receive interrupt request (RI)

Clock control circuit

BRG count source selection bit

Serial I/01 synchronous
clock selection bit
Frequency division ratio 1/(n+1)

f(XIN) O

»] Baudrate generator H 1/4 }—{§—4

(f(Xcin) in low-speed mode)

[ "

P47/Srov1/S1 O

Address 001C16

EIE Falling-edge detector Clock control circuit
Shift clock Transmit shift completion flag (TSC)
Transmit interrupt source selection bit
P4s/TxD O Transmit shift register

Transmit buffer register}

f/—> Transmit interrupt request (TI)
T

ransmit buffer empty flag (TBE)

control register.

is output continuously from the TxD pin.

i Serial /01 status register ] Address 001916
[ Address 001816 T
Data bus
Fig. 23 Block diagram of clock synchronous serial /01
Transfer shift clock
(1/2 to 1/2048 of the internal | [ | [ | [ | [ | I
clock, or an external clock)
Serial output TxD Do D1 D2) X D3 X D4 D5 De X D7
Serial input RxD X Do X D1 D: X D3 X Da D5 Ds X D7 X
Receive enable signal SRDY1
Write pulse to receive/transmit J_] ‘
buffer register (address 001816) :
TBEvz 0 V RBF =1
TBE=1 TSC=1
TSC=0 Overrun error (OE)
detection

Notes 1: As the transmit interrupt (TI), which can be selected, either when the transmit buffer has emptied (TBE=1) or after the
transmit shift operation has ended (TSC=1), by setting the transmit interrupt source selection bit (TIC) of the serial /01

2: If data is written to the transmit buffer register when TSC=0, the transmit clock is generated continuously and serial data

3: The receive interrupt (RI) is set when the receive buffer full flag (RBF) becomes “1” .

Fig. 24 Operation of clock synchronous serial 1/01 function
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(2) Asynchronous Serial 1/0 (UART) Mode
Clock asynchronous serial /O mode (UART) can be selected by
clearing the serial /01 mode selection bit of the serial I/O1 control
register to “0”.

Eight serial data transfer formats can be selected, and the transfer
formats used by a transmitter and receiver must be identical.

The transmit and receive shift registers each have a buffer, but the

HARDWARE
FUNCTIONAL DESCRIPTION

two buffers have the same address in memory. Since the shift reg-
ister cannot be written to or read from directly, transmit data is
written to the transmit buffer register, and receive data is read
from the receive buffer register.

The transmit buffer register can also hold the next data to be
transmitted, and the receive buffer register can hold a character
while the next character is being received.

Data bus

Address 001816

)

[Serial 1/01 control register]Address 001A16

Character length selection bit

OE <—— Receive buffer register Receive buffer full flag (RBF)

Receive interrupt request (RI)

P44/RxD [ST detector |47 bits}-_, ,[Receive shift register J-

1
gosl T e
PE FE UART control register
[

Clock control circuit|—w Address 001B16

Serial /01 synchronous clock selection bit ﬁ\

P46/ScLk1/OBF10 O

BRG count source selection bi

 Frequency division ratio 1/(n+1)

1

f(Xin) O ~{ Baud rate generator |

1/4

(f(xcin) in low-speed mode) i Address 001C16

ST/SP/PA generator FT

116 Transmit shift completion flag (TSC)
[ — i Transmit interrupt source selection bit
P4s/TxD O | Transmit shift register ° Transmit interrupt request (T1)
Character length selection bitJ
[Transmit buffer register Transmit buffer empty flag (TBE)

WAddress 001816 [ Serial /01 status register] Address 001916
N[

Data bus

Fig. 25 Block diagram of UART serial 1/01
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Transmit or receive clock

Transmit buffer write
signal |_|

TBE=0
TSC=0

TBE=1 TBE=1

1 start bit

. 7 or 8 data bit
1 or O parity bit
1 or 2 stop bit (s)

Serial output TXD ST Do D1

Receive buffer read
signal

Serial input RxD

Notes 1: Error flag detection occurs at the same time that the RBF flag becomes “1” (at 1st stop bit, during reception).
2: As the transmit interrupt (T1), when either the TBE or TSC flag becomes “1,” can be selected to occur depending on the setting of the transmit
interrupt source selection bit (TIC) of the serial I/O1 control register.
3: The receive interrupt (RI) is set when the RBF flag becomes “1.”
4: After data is written to the transmit buffer when TSC=1, 0.5 to 1.5 cycles of the data shift cycle is necessary until changing to TSC=0.

Fig. 26 Operation of UART serial /01 function

[Serial I/01 Control Register (SIO1CON)]
001A16

The serial 1/01 control register consists of eight control bits for the
serial 1/O function.

[UART Control Register (UARTCON)] 001B16
The UART control register consists of four control bits (bits 0 to 3)
which are valid when asynchronous serial I/0 is selected and set
the data format of an data transfer and one bit (bit 4) which is al-
ways valid and sets the output structure of the P45/TxD pin.

[Serial I/01 Status Register (SIO1STS)]
001916

The read-only serial I/O1 status register consists of seven flags
(bits 0 to 6) which indicate the operating status of the serial 1/0
function and various errors.

Three of the flags (bits 4 to 6) are valid only in UART mode.

The receive buffer full flag (bit 1) is cleared to “0” when the receive
buffer register is read.

If there is an error, it is detected at the same time that data is
transferred from the receive shift register to the receive buffer reg-
ister, and the receive buffer full flag is set. A write to the serial 1/01
status register clears all the error flags OE, PE, FE, and SE (bit 3
to bit 6, respectively). Writing “0” to the serial /01 enable bit SIOE
(bit 7 of the serial I/O control register) also clears all the status
flags, including the error flags.

Bits 0 to 6 of the serial I/O1 status register are initialized to “0” at
reset, but if the transmit enable bit (bit 4) of the serial I/O1 control
register has been set to “1”, the transmit shift completion flag (bit
2) and the transmit buffer empty flag (bit 0) become “1”".

[Transmit Buffer Register/Receive Buffer
Register (TB/RB)] 001816

The transmit buffer register and the receive buffer register are lo-
cated at the same address. The transmit buffer is write-only and
the receive buffer is read-only. If a character bit length is 7 bits, the
MSB of data stored in the receive buffer is “0”.

[Baud Rate Generator (BRG)] 001C16

The baud rate generator determines the baud rate for serial trans-
fer.

The baud rate generator divides the frequency of the count source
by 1/(n + 1), where n is the value written to the baud rate genera-
tor.

1-32
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b7 b0 - .
Serial I/01 status register
[T (SIO1STS : address 001916)

Transmit buffer empty flag (TBE)
0: Buffer full
1: Buffer empty

Receive buffer full flag (RBF)
0: Buffer empty
1: Buffer full

Transmit shift completion flag (TSC)
0: Transmit shift in progress
1: Transmit shift completed

Overrun error flag (OE)
0: No error
1: Overrun error

Parity error flag (PE)
0: No error
1: Parity error

Framing error flag (FE)
0: No error
1: Framing error

Summing error flag (SE)
0: (OE) U (PE) U (FE)=0
1: (OE) U (PE) U (FE)=1

Not used (returns “1” when read)

UART control register

b7 b0
([ITTT] (UARTCON : address 001B16)

Character length selection bit (CHAS)
0: 8 bits
1: 7 bits

Parity enable bit (PARE)
0: Parity checking disabled
1: Parity checking enabled

Parity selection bit (PARS)
0: Even parity
1: Odd parity

Stop bit length selection bit (STPS)
0: 1 stop bit
1: 2 stop bits

0: CMOS output (in output mode)

Not used (return “1” when read)

b7 b0
[([TITTTT]

P4s/TxD P-channel output disable bit (POFF)

1: N-channel open drain output (in output mode)

Serial /01 control register

(SIO1CON : address 001A16)
BRG count source selection bit (CSS)
0: f(XIN) (f(XcIN) in low-speed mode)
1: f(XIN)/4 (f(XCIN)/4 in low-speed mode)

—— Serial I/01 synchronous clock selection bit (SCS)

0: BRG output divided by 4 when clock synchronous
serial 1/0 is selected, BRG output divided by 16
when UART is selected.

External clock input when clock synchronous serial
1/0 is selected, external clock input divided by 16
when UART is selected.

=

SRDY1 output enable bit (SRDY)
0: P47 pin operates as ordinary 1/0 pin
1: P47 pin operates as SRDY1 output pin

Transmit interrupt source selection bit (TIC)
0: Interrupt when transmit buffer has emptied
1: Interrupt when transmit shift operation is completed

Transmit enable bit (TE)
0: Transmit disabled
1: Transmit enabled

Receive enable bit (RE)
0: Receive disabled
1: Receive enabled

Serial I/O1 mode selection bit (SIOM)
0: Clock asynchronous (UART) serial I/O
1: Clock synchronous serial /0

Serial I/01 enable bit (SIOE)
0: Serial I/O disabled

(pins P44 to P47 operate as ordinary I/O pins)
1: Serial I/0 enabled

(pins P44 to P47 operate as serial I/O pins)

Fig. 27 Structure of serial I/01 control registers
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Serial 1/102
. . b7 bo
The serial 1/02 function can be used only for clock synchronous [TTTTIT1] Serial 102 control register
. (SIO2CON : address 001Du6)
serial 1/0.
Internal synchronous clock selection bits

For clock synchronous serial 1/0 the transmitter and the receiver
must use the same clock. If the internal clock is used, transfer is
started by a write signal to the serial 1/02 register.

[Serial 1/02 Control Register (SIO2CON)]
001D1s6

The serial 1/02 control register contains seven bits which control
various serial I/0 functions.

b2 b1 b0

0 0 0: f(Xin)/8 (f(Xcin)/8 in low-speed mode)

0 0 1: f(XiN)/16 (f(XcIN)/16 in low-speed mode)

0 1 0: f(Xin)/32 (f(XciN)/32 in low-speed mode)

0 1 1: f(Xin)/64 (f(XciN)/64 in low-speed mode)
11 0: f(XiN)/128 (f(XciN)/128 in low-speed mode)
11 1: f(XiN)/256 (f(XciN)/256 in low-speed mode)

Serial 1/02 port selection bit
0: I/O port
1: SouT2,ScLk2 signal output

SRDY2 output enable bit
0: 1/0 port
1: Srpy2 signal output

Transfer direction selection bit
0: LSB first
1: MSB first

Serial 1/02 synchronous clock selection bit
0: External clock
1: Internal clock

Comparator reference input selection bit
0: POo/P3REF input
1: Reference input fixed

Fig. 28 Structure of serial I/0O2 control register

Internal synchronous
18 clock selection bits
XcIN
o I——o0 Data bus
Main clock divide ratio 0o
selection bits (Note) E
————°O0
“00"
XIN “01”
P73 latch
Serial 1/02 synchronous
“0" clock selection bit «q»
P73/Sroy2 SRDY2 _ [Synchronization o
/INT21 “1” circuit
SRDY2 output enable bit ~ “Q”
3
9| External clock
P72 latch
“Q
P72/Scikz (O ;
wnO I Serial I/0 counter 2 (3) |7 . S]‘fé'r"’r‘h'/?é lest
Serial /02 port selection bit ptreq
P71 latch
“g
P71/Sout2 o
n
Serial /02 port selection bit
P7oiSne O ! Serial /02 register (8)
4
Note: These are assigned to bits 7 and 6 of the CPU mode register (address 003B16).
These bits select any of the high-speed mode, the middle-speed mode, and the low-speed mode.

Fig. 29 Block diagram of serial 1/02 function
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Transfer clock (Note 1) | [ | [ | [ | [ |
Serial I/02 register
write signal
(Note 2)
Serial /02 output Sout2 Do D1 D2 D3 D4 D5 D6 D7

Serial /02 input Sin2

Receive enable signal Sroy2 Q

Y
Serial I/02 interrupt request bit set

Notes 1: When the internal clock is selected as the transfer clock, the divide ratio can be selected by setting bits 0 to 2 of the serial
1/02 control register.

2: When the internal clock is selected as the transfer clock, the SouT2 pin goes to high impedance after transfer completion.

Fig. 30 Timing of serial /02 function
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PULSE WIDTH MODULATION (PWM)
OUTPUT CIRCUIT

The 3886 group has two PWM output circuits, PWMO0 and PWM1,
with 14-bit resolution respectively. These can operate indepen-
dently. When the oscillation frequency XIN is 10 MHz, the
minimum resolution bit width is 200 ns and the cycle period is
3276.8 ps. The PWM timing generator supplies a PWM control
signal based on a signal that is the frequency of the Xin clock.
The following explanation assumes f(XIN) = 8 MHz.

Data Bus

PWMOL register (address 003116)

( Set to “1”

at write )\ ) ) .
bit 7 bit 5 bit 0

bit 7 bit 0
PWMOH register
!'\ (address 003016)
o <
PWMO latch (14 bits)  y Y
MSB LSB
+ 14 =
P3o latch
P30/PWMoo
14-bit PWMO circuit PWMS -
PWMo enable bit
L
PWMo output selefztion bit
PWMO (64 S period) PWMo enable bit
fXin) O 1/2 timing o
(8M HZ) (4MHZ) generator (4096 us period) P30 direction register.

P5e latch
P56/DA1/PWMo1

PWMo enable bit

PWNMo output selection bit
PWMo enable bit

P56 direction register-

Fig. 31 PWM block diagram (PWMO)
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The PWMO output pin also functions as port P30 or P56. The
PWMO output pin is selected from either P30/PWMoo or
P56/PWMo1 by bit 4 of the AD/DA control register (address
003416).

The PWMO output becomes enabled state by setting bit 6 of the
port control register 1 (address 002E16). The high-order eight bits
of output data are set in the PWMOH register (address 003016)
and the low-order six bits are set in the PWMOL register (address
003116).

PWML1 is set as the same way.

PWM Operation

The 14-bit PWM data is divided into the low-order six bits and the
high-order eight bits in the PWM latch.

The high-order eight bits of data determine how long an “H"-level
signal is output during each sub-period. There are 64 sub-periods
in each period, and each sub-period is 256 0 1 (64 us) long. The
signal is “H” for a length equal to N times T, where T is the mini-

Table 9 Relationship between low-order 6 bits of data and
period set by the ADD bit

HARDWARE
FUNCTIONAL DESCRIPTION

mum resolution (250 ns).

“H" or “L” of the bit in the ADD part shown in Figure 33 is added
to this “H” duration by the contents of the low-order 6-bit data ac-
cording to the rule in Table 9.

That is, only in the sub-period tm shown by Table 9 in the PWM
cycle period T = 64t, its “H” duration is lengthened to the mini-
mum resolution T added to the length of other periods.

For example, if the high-order eight bits of the 14-bit data are
0316 and the low-order six bits are 0516, the length of the “H"-
level output in sub-periods t8, t24, t32, t40, and t56 is 4 T, and its
length is 3 T in all other sub-periods.

Time at the “H” level of each sub-period almost becomes equal,
because the time becomes length set in the high-order 8 bits or
becomes the value plus 1, and this sub-period t (= 64 ps, ap-
proximate 15.6 kHz) becomes cycle period approximately.

Transfer From Register to Latch

Data written to the PWML register is transferred to the PWM
latch at each PWM period (every 4096 ps), and data written to
the PWMH register is transferred to the PWM latch at each sub-
period (every 64 ps). The signal which is output to the PWM

Low-order 6 hits of data (PWML) | Sub-periods tm Lengthened (m=0 to 63) output pin is corresponding to the contents of this latch. When
00000 L8B the PWML register is read, the latch contents are read. However,
None bit 7 of the PWML register indicates whether the transfer to the
000001 m=32 PWAM latch is completed; the transfer is completed when bit 7 is
000010 |m=1648 “0" and it is not done when bit 7 is “1.”
000100 m=8, 24, 40, 56
001000 m=4, 12, 20, 28, 36, 44, 52, 60
010000 m=2, 6, 10, 14, 18, 22, 26, 30, 34, 38, 42, 46, 50, 54, 58, 62
100000 M=1, 3,5, 7, vvevrrvrssmensssssesssssssssessnees 57,59, 61, 63
4096 ps
64 us 64 us 64 ps 64 us 64 us
m=0 m=7 m=8 m=9 m=63
> < > > < > < > < > }j > <
15.75 ps 15.75 ps 15.75 ps 16.0 s 15.75 ps 15.75 ps 15.75 ps
Pulse width modulation register H : 00111111
Pulse width modulation register L : 000101
Sub-periods where “H” pulse width is 16.0 ps : _
; gy St . m =8, 24, 32, 40, 56
Sub-periods where “H” pulse width is 15.75 pus : m = all other values

Fig. 32 PWM timing
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Example 2

low-order
6-bit output:

(6ass, 2616)
6A16, 1816

PWM output

(6mse,2416)
6A16, 2416

PWMo output

Minimum resolution bit width| T=0.25 us

Data 6A16 stored at address 003016

Data 7B16 stored at address 003016
PWMOH
register 5916 \ 6A16 1 7B1s
Data 2416 stofed at address 003116 Bit 7 cleared after transfer Data 3516 stored at address 003116
PWMOL s~ ‘
register 1316 ‘ Adis N\ 2416 ‘ ‘\ 3516
\ Transfer from register to latch 3515/’ }Transfer from register to latch
P‘("ﬁ'&t'sa)mh ‘ 165316 ‘ L1931 L 1AA416 ‘ 1AA416 ‘ \ 1EE416 w 1EF516
_ When bit 7 of PWMOL is 0, transfer
T = 4096 ps | from register to latch is disabled.
(64 0 64 pis) ‘
//,///// t=64 s
Example 1 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B |6B BB 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A 6B 6A [6B 6A
PWMo output
low-order : :
6-bit output: 5 5 5 5 5

6B16 - 36 times 6A16 - 2B tiMES —
106 O 64 + 36
(107) (106)

6A |6A 6A 6A 6B 6A 6B 6A 6B 6A 6A 6A 6B 6A 6B 6A 6B 6A 6A

6A 6B 6A 6B 6A 6B

t=64us T |
(256 0 0.25 pis)

69 68 67 i 02 01| 6A (69 (68 {67 i 02 :01
ADD ADD
8-bit 02 01 00 |[FF FE FD FC . - 97 196 95 @ 02 01 00 |FF . FE FD . FC & - 97 196 95 -
counter
The ADD
portions with

H duration length specified by PWMOH
additional t are

determined by %K—/
PWML.

256 1 (64 ps), fixed

Fig. 33 14-bit PWM timing (PWMo)
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BUS INTERFACE

The 3886 group has a 2-byte bus interface function which is al-
most functionally equal to MELPS8-41 series and the control
signal from the host CPU side can operate it (slave mode).

It is possible to connect the 3886 group with the RD and WR
separated CPU bus directly. Figure 36 shows the block diagram of
the bus interface function.

The data bus buffer function 1/0O pins (P42, P43, P46, P47, P50—
P53, P8) also function as the normal digital port I/O pins. When bit
0 (data bus buffer enable bit) of the data bus buffer control regis-
ter (address 002A16) is “0,” these pins become the normal digital
port I/O pins. When it is “1,” these bits become the data bus buffer
function 1/O pins.

HARDWARE
FUNCTIONAL DESCRIPTION

The selection of either the single data bus buffer mode, which
uses 1 byte: data bus buffer 0 only, or the double data bus buffer
mode, which uses 2 bytes: data bus buffer 0 and data bus buffer
1, is performed by bit 1 (data bus buffer function selection bit) of
the data bus buffer control register (address 002A16). Port P47 be-
comes S1 input in the double data bus buffer mode. When data is
written from the host CPU side, an input buffer full interrupt oc-
curs. When data is read from the host CPU, an output buffer
empty interrupt occurs. This microcomputer shares two input
buffer full interrupt requests and two output buffer empty interrupt
requests as shown in Figure 34, respectively.

Input buffer
full flag 0  IBFo

Rising edge
detection circuit

One-shot pulse
generating circuit

Input buffer full interrupt

request signal IBF

Input buffer Rising edge
fullflag1l IBF1 detection circuit

One-shot pulse
generating circuit

Rising edge

One-shot pulse

Output buffer :
full flag 0 OBFo OBEo

detection circuit

generating circuit

Rising edge
detection circuit

One-shot pulse
generating circuit

Output buffer empty interrupt
request signal OBE

Output buffer
full flag 1 osm%
OBE1

IBFO

IBF1

A A

IBF

—
—_— O~ Interrupt request is set at this rising edge

OBF0 A
(OBE0) !

OBF1 {\
(OBE1) ! !

A A

OBE

& Interrupt request is set at this rising edge

Fig. 34 Interrupt request circuit of data bus buffer
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b7 b0

Data bus buffer control register
(DBBCON : address 002A16)

Data bus buffer enable bit

0 : P50-P53, P8 I/O port

1 : Data bus buffer enabled
Data bus buffer function selection bit

0 : Single data bus buffer mode (P47 functions as 1/O port.)

1 : Double data bus buffer mode (P47 functions Sz input.)
OBFo output selection bit

0 : OBFoo valid

1: OBFoz valid
OBFoo output enable bit

0 : P42 functions as port I/O pin.

1 : P42 functions as OBFoo output pin.
OBFo1 output enable bit

0 : P43 functions as port I/O pin.

1 : P43 functions as OBFo1 output pin.
OBF10 output enable bit

0 : P46 functions as port I/O pin.

1 : P4s functions as OBF10 output pin.
Input level selection bit

0 : CMOS level input

1:TTL level input
Reserved

Do not write “1” to this bit.

b7 bo

Data bus buffer status register O
(DBBSTSO : address 00291s)

Output buffer full flag 0 (OBFo)
0 : Buffer empty
1 : Buffer full
Input buffer full flag 0 (IBFo)
0 : Buffer empty
1 : Buffer full
User definable flag (Uo2)
This flag can be defined by user freely.
AOo flag (AQ0)
This flag indicates the condition of AOo status
when the IBFo flag is set.
User definable flag (Uos—Uo7)
This flag can be defined by user freely.

b7 bo

Data bus buffer status register 1
(DBBSTSL1 : address 002Czs6)

Output buffer full flag 1 (OBF1)
0 : Buffer empty
1 : Buffer full
Input buffer full flag 1 (IBFz)
0 : Buffer empty
1 : Buffer full
User definable flag (U12)
This flag can be defined by user freely.
AO01 flag (AO1)
This flag indicates the condition of AO1 status
when the IBF1 flag is set.
User definable flag (U14—U17)
This flag can be defined by user freely.

Fig. 35 Structure of bus interface related register

1-40 3886 Group User’'s Manual



HARDWARE
FUNCTIONAL DESCRIPTION

(Address 002A16) | b7 | be | bs | ba | b3 | b2 | b1 | bo |

P42/INTo/OBFo0 O { C <]
P43/INT1/OBFo1 & { .

P50/A0 O—

P51/INT20/So0—

P52/INT30/R O—

P53/INT40/WO—

oo
8

v
—' Uo7 | Uos | Uos | Uo4 | AOQo | Uo2 |‘|'BFO |OBF0

v v v _[v V] (Address'OOZQle)
I

[ i [ i [ i [ i [ [ i [
P80/DQo O Output data bus buffer 0 ||=
(Address 002815) | iDi'
P81/DQ1 O \
L/ "
>
P82/DQ2 O WR| )7 ﬁ
Input data bus buffer 0 I DBBSITS k]
3 T
> c
P83/DQ3 O 3 (Address 002816) c0 DBEO ,_Di 5
g £
4
P84/DQ4 O () RD DBB1 D
Input data bus buffer 1 | DBESTEL
P85/DQ5 O ‘ WR 2
(Address 002B16)
R
P86/DQ6 O ‘ 1)
| )
P87/DQ7 O ~| Output data bus buffer 1 Iﬁ
(Address 002B16) ‘ ‘ ‘ ‘ |
« [

1 U17 | Use | Uss [ Uia | A01| Uzz | 1BF1 [OBF1}—
Y Ly x x ‘ A [ I (Address 002C16)

P47/SRDY1/§LO$D

P46/ScLk1/OBF10 &

Fig. 36 Bus interface device block diagram
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[Data Bus Buffer Status Register 0, 1
(DBBSTSO0, DBBSTS1)] 002916, 002C16
The data bus buffer status registers 0 and 1 consist of eight bits.
Bits 0, 1, and 3 are read-only bits and indicate the condition of the
data bus buffer. Bits 2, 4, 5, 6, and 7 are user definable flags
which can be set by program, and can be read/written. This regis-
ter can be read from the host CPU when the Ao pin is set to “H”
only.
*Bit 0: Output buffer full flag OBFo, OBF1
When writing data to the output data bus buffer, these flags are
set to “1”. When reading the output data bus buffer from the host
CPU, these flags are cleared to “0".
*Bit 1: Input buffer full flag IBFo, IBF1
When writing data from the host CPU to the input data bus
buffer, these flags are set to “1”. When reading the input data
bus buffer from the slave CPU side, these flags are cleared to
“0".
*Bit 3: Ao flag AOo, AO1
When writing data from the host CPU to the input data bus
buffer, the level of the Ao pin is latched.

[Input Data Bus Buffer Register 0, 1 (DBBINO,
DBBIN1)] 002816, 002B16

Data on the data bus is latched to DBBIN by writing request from
the host CPU. Data of DBBIN can be read from the data bus
buffer registers (address 002816 or 002B16) on SFR.

[Output Data Bus Buffer Register 0, 1
(DBBOUTO, DBBOUT1)] 002816, 002B 16

When writing data to the data bus buffer registers (address 002816
or 002B16) on SFR, data is set to DBBOUT. Data of DBBOUT is
output from the host CPU to the data bus by performing the read-
ing request when the Ao pin is set to “L".

[Port control Register 2 (PCTL2)] 002F16

Even if the data bus buffer function is enabled, both P42 and P43
function as ports when the OBFoo output enable bit (bit 3 of ad-
dress 2A16) or the OBFo1 output enable bit (bit 4 of address 2A16)
is “0”. Ports P42 and P43 are cleared to “0” by changing the input
buffer full flag 0 (bit 1 of address 2916) from “1” to “0” under the fol-
lowing conditions: the port output P42/P43 clear function selection
bit (bit 7) is set to “1”, both ports are in the output mode of the port
function, and both port latches are “1”.
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Table 10 Function description of control I/O pins at bus interface function selected

OBFo0 OBFo1 OBF10
Pin Name output output output
enable bit | enable bit | enable bit

Input

/Output Functions

T A o Chip select input
P47§%?DY1 S1 - - - Input This is used for selecting the data bus buffer 1 and

is selected at “L” level.

Address input

This is used for selecting DBBSTS and DBBOUT
P50/A0 Ao - - - Input when the host CPU is read.

This is used for distinguishing command from data
when writing to the host CPU.

Chip select input

P51§%T20 So - - - Input This is used for selecting the data bus buffer 0 and
is selected at “L” level.

P52/INT30 R _ _ _ Inout This is a timing signal for reading data from the
/R p data bus buffer to the host CPU.

P53/INT40 W _ _ _ Inout This is a timing signal for writing data to the data
W p bus buffer by the host CPU.

P42/INTo Status output signal
/OBFo00 OBFoo 1 0 0 Output OBFo0 signal is output.

P43/INT1 Status output signal
/OBFo1 OBFo1 0 1 0 Output OBFo1 signal is output.

P46/ScLk1 Status output signal
/OBF10 OBF10 0 0 1 Output OBF10 signal is output.
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MULTI-MASTER 12C-BUS INTERFACE Table 11 Multi-master 12C-BUS interface functions

The multi-master 12C-BUS interface is a serial communications cir- -

cuit, conforming to the Philips 12C-BUS data transfer format. This e Function

N ; o } ' In conformity with Philips 12C-BUS
interface, offering both arbitration lost detection and a synchro- standard:

nous functions, is useful for the multi-master serial 10-bit addressing format
communications. Format 7-bit addressing format

High-speed clock mode
Standard clock mode

In conformity with Philips 12C-BUS

Figure 37 shows a block diagram of the multi-master I2C-BUS in-
terface and Table 11 lists the multi-master 12C-BUS interface

functions. standard:
This multi-master 12C-BUS interface consists of the 12C address Master transmission
register, the 12C data shift register, the 12C clock control register, Communication mode | Master reception

the 12C control register, the 12C status register, the 12C start/stop g:g\\;g :reacf;SpTE(I)SnSIOH

condition ‘control reg|sFer and othzer contrql circuits. e clock frequenc 16.1 kHz to 400 kHz (at ¢= 4 MH2)
When using the multi-master 1“C-BUS interface, set 1 MHz or q Y | 20.2 kHz to 312.5 kHz (at @ =5 MHz)
more to @.

System clock @ = f(XIN)/2 (high-speed mode)
¢ = f(XIN)/8 (middle-speed mode)

b7 12C address register b0
Interrupt Interrupt request signal | sabs | saps| sana| sana|sapz |sap1 |sabo | rwe Interrupt Interrupt request signal
generating [->(ScLSpAIRQ) generating |-> (2CIRQ)
circuit SOD¢ ¢ ¢ ¢ﬁ?¢ ¢ ¢ ¢ circuit
T T T T T — A
Address comparator |
- 1 1 1 p| 1 I(;
Serial data Noise Data ? T ? T‘ M T ? T
(SpA) (e elimination control b7 bo
circuit circuit D~ T T T ]
(—I | II C d?ta sPlft re|g|st<?r 57 bo
Y
> So
AL |AAS|ADO|LRB
S2D MST[TRX| BB |PIN
|STSP| SIS|S|P|SSCA ssc3 ssc2|5501|ssco| . > AL
SEL > circuit S1 T 12C status register
12C start/stop condition
control registel ‘
| Internal data bus (
5 BB
¢ +_y| Circuit
Serial 12C clock control register
clock Noise Clock S1D
(Sev) o elimination{ ! control b7 \ ~~ bo b7 J b0
circuit circuit (—I ACK|AB<|3TK FAST| ccral cers| cere| cert| ccro niss| Sos | oay ALS| ESO| BCZ| BC1| BCO|
S2 [ I I I I
ﬁ 12C clock control register ¢ ¢
HCIock division |(—|Smp selectlori(— System clock (¢)

Fig. 37 Block diagram of multi-master I12C-BUS interface

0 : Purchase of MITSUBISHI ELECTRIC CORPORATIONS I2C components conveys a license under the Philips 12C Patent Rights to use these components
an 12C system, provided that the system conforms to the 12C Standard Specification as defined by Philips.
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[12C Data Shift Register (S0)] 001216

The 12C data shift register (SO : address 001216) is an 8-bit shift
register to store receive data and write transmit data.

When transmit data is written into this register, it is transferred to
the outside from bit 7 in synchronization with the ScL clock, and
each time one-bit data is output, the data of this register are
shifted by one bit to the left. When data is received, it is input to
this register from bit 0 in synchronization with the Sct clock, and
each time one-bit data is input, the data of this register are shifted
by one bit to the left. The minimum 2 cycles of gare required from
the rising of the ScL clock until input to this register.

The 12C data shift register is in a write enable status only when the
I2C-BUS interface enable bit (ESO bit : bit 3 of address 1516) of the
I2C control register is “1.” The bit counter is reset by a write in-
struction to the 12C data shift register. When both the ESO bit and
the MST bit of the 12C status register (address 001416) are “1,” the
ScL is output by a write instruction to the 12C data shift register.
Reading data from the 12C data shift register is always enabled re-
gardless of the ESO bit value.

[12C Address Register (SOD)] 001316

The 12C address register (address 001316) consists of a 7-bit slave
address and a read/write bit. In the addressing mode, the slave ad-
dress written in this register is compared with the address data to be
received immediately after the START condition is detected.

*Bit 0: Read/write bit (RWB)

This is not used in the 7-bit addressing mode. In the 10-bit ad-
dressing mode, the first address data to be received is compared
with the contents (SAD6 to SADO + RWB) of the I2C address reg-
ister.

The RWB bit is cleared to “0” automatically when the stop condi-
tion is detected.

*Bits 1 to 7: Slave address (SADO-SADS6)

These bits store slave addresses. Regardless of the 7-bit address-
ing mode and the 10-bit addressing mode, the address data
transmitted from the master is compared with the contents of
these bits.

HARDWARE
FUNCTIONAL DESCRIPTION

b7 b0

|SAD5| SAD5| SADAI SAD3| SAD2|SAD1|SAD4 RWB

12C address register
(SOD: address 001316)

Read/write bit

Slave address

Fig. 38 Structure of I2C address register
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HARDWARE
FUNCTIONAL DESCRIPTION

[12C Clock Control Register (S2)] 001616

The 12C clock control register (address 001616) is used to set ACK
control, ScL mode and ScL frequency.

*Bits 0 to 4: ScL frequency control bits (CCRO-CCR4)

These bits control the ScL frequency. Refer to Table 12.

*Bit 5: ScL mode specification bit (FAST MODE)

This bit specifies the ScL mode. When this bit is set to “0,” the
standard clock mode is selected. When the bit is set to “1,” the
high-speed clock mode is selected.

When connecting the bus according to the high-speed mode 12C
bus standard (maximum 400 kbits/s), use 8 MHz or more oscilla-
tion frequency f(XIN) and high-speed mode (2 division main clock).
«Bit 6: ACK bit (ACK BIT)

This bit sets the Spa status when an ACK clock is generated.
When this bit is set to “0,” the ACK return mode is selected and
SDA goes to “L” at the occurrence of an ACK clock. When the bit is
set to “1,” the ACK non-return mode is selected. The SpA is held in
the “H” status at the occurrence of an ACK clock.

However, when the slave address agree with the address data in
the reception of address data at ACK BIT = “0,” the SpA is auto-
matically made “L” (ACK is returned). If there is a disagreement
between the slave address and the address data, the SDA is auto-
matically made “H” (ACK is not returned).

OACK clock: Clock for acknowledgment

*Bit 7: ACK clock bit (ACK)

This bit specifies the mode of acknowledgment which is an ac-
knowledgment response of data transfer. When this bit is set to
“0,” the no ACK clock mode is selected. In this case, no ACK clock
occurs after data transmission. When the bit is set to “1,” the ACK
clock mode is selected and the master generates an ACK clock
each completion of each 1-byte data transfer. The device for
transmitting address data and control data releases the Spa at the
occurrence of an ACK clock (makes Spba “H"”) and receives the
ACK bit generated by the data receiving device.

Note: Do not write data into the 12C clock control register during transfer. If
data is written during transfer, the 12C clock generator is reset, so
that data cannot be transferred normally.

b7 b0

ACK
BIT

FAST
MODEI CCR4

12C clock control register
(S2 : address 001616)

ACK CCR3| CCR2| CCR1| CCRO

Sct frequency control
bits
Refer to Table 12.

ScL mode specification bit
0 : Standard clock mode
1 : High-speed clock
mode
ACK bit
0 : ACK is returned.
1:ACK s not
returned.
ACK clock bit
0 : No ACK clock
1:ACK clock

Fig. 39 Structure of 12C clock control register

Table 12 Set values of 12C clock control register and ScL

frequency
Setting value of ScL frequency
CCR4-CCRO (at =4 MHz, unit : kHz) (Note 1)
ccre|coRs|coRa|cere|coro|  S1ANGAG clock | High-speed clock
0 0 0 0 0 | Setting disabled | Setting disabled
0 0 0 0 1 | Setting disabled | Setting disabled
0 0 0 1 0 | Setting disabled | Setting disabled
0| 0| 0|1 1 — (Note 2) 333
0| O 11010 — (Note 2) 250
0| O 1|0 1 100 400 (Note 3)
0| O 1 110 83.3 166
500/CCR value | 1000/CCR value
(Note 3) (Note 3)
1 1 1 0 1 17.2 34.5
1 1 1 1 0 16.6 33.3
1 1 1 1 1 16.1 32.3

Notes 1: Duty of ScL clock output is 50 %. The duty becomes 35 to 45 %
only when the high-speed clock mode is selected and CCR value
=5 (400 kHz, at @ = 4 MHz). “H” duration of the clock fluctuates
from —4 to +2 cycles of @in the standard clock mode, and fluctu-
ates from -2 to +2 cycles of @in the high-speed clock mode. In
the case of negative fluctuation, the frequency does not increase
because “L” duration is extended instead of “H” duration reduc-
tion.

These are value when Sct clock synchronization by the synchro-
nous function is not performed. CCR value is the decimal
notation value of the ScL frequency control bits CCR4 to CCRO.
2: Each value of ScL frequency exceeds the limit at @ = 4 MHz or
more. When using these setting value, use @ of 4 MHz or less.
3: The data formula of ScL frequency is described below:
@(8 O CCR value) Standard clock mode
@(4 O CCR value) High-speed clock mode (CCR value # 5)
@(2 O CCR value) High-speed clock mode (CCR value = 5)
Do not set 0 to 2 as CCR value regardless of ¢ frequency.
Set 100 kHz (max.) in the standard clock mode and 400 kHz
(max.) in the high-speed clock mode to the ScL frequency by set-
ting the ScL frequency control bits CCR4 to CCRO.
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[12C Control Register (S1D)] 001516

The I12C control register (address 001516) controls data communi-

cation format.

*Bits 0 to 2: Bit counter (BC0-BC2)

These bits decide the number of bits for the next 1-byte data to be

transmitted. The I12C interrupt request signal occurs immediately

after the number of count specified with these bits (ACK clock is

added to the number of count when ACK clock is selected by ACK

bit (bit 7 of address 001616)) have been transferred, and BCO to

BC2 are returned to “0002".

Also when a START condition is received, these bits become

“0002” and the address data is always transmitted and received in

8 bits.

«Bit 3: I2C interface enable bit (ESO0)

This bit enables to use the multi-master 12C-BUS interface. When

this bit is set to “0,” the use disable status is provided, so that the

Spba and the ScL become high-impedance. When the bit is set to

“1,” use of the interface is enabled.

When ESO = “0,” the following is performed.

*PIN = “1,” BB = “0” and AL = “0” are set (which are bits of the 12C
status register at address 001416 ).

«Writing data to the 12C data shift register (address 001216) is dis
abled.

*Bit 4: Data format selection bit (ALS)

This bit decides whether or not to recognize slave addresses.

When this bit is set to “0,” the addressing format is selected, so

that address data is recognized. When a match is found between

a slave address and address data as a result of comparison or

when a general call (refer to “(5) I2C Status Register,” bit 1) is re-

ceived, transfer processing can be performed. When this bit is set

to “1,” the free data format is selected, so that slave addresses are

not recognized.

*Bit 5: Addressing format selection bit (10BIT SAD)

This bit selects a slave address specification format. When this bit

is set to “0,” the 7-bit addressing format is selected. In this case,

only the high-order 7 bits (slave address) of the 12C address regis-

ter (address 001316) are compared with address data. When this

bit is set to “1,” the 10-bit addressing format is selected, and all

the bits of the I2C address register are compared with address

data.

*Bit 6: System clock stop selection bit (CLKSTP)

When executing the WIT or STP instruction, this bit selects the

condition of system clock provided to the multi-master 12C-BUS in-

terface. When this bit is set to “0,” system clock and operation of

the multi-master 12C-BUS interface stop by executing the WIT or

STP instruction.

When this bit is set to “1,” system clock and operation of the multi-

master 12C-BUS interface do not stop even when the WIT

instruction is executed.

When the system clock stop selection bit is “1,” do not execute the

STP instruction.

«Bit 7: 12C-BUS interface pin input level selection bit

This bit selects the input level of the ScL and SpaA pins of the multi-

master 12C-BUS interface.

HARDWARE
FUNCTIONAL DESCRIPTION

b7

b0

TISS

CLK
STP

10BIT
SAD

ESO

BC2

BC1

BCO

12C control register
(S1D : address 001516)

Bit counter (Number of
transmit/receive bits)
b2 bl b0

PRPRPPOOOO
PNWAOIO N

0 0
0 1
1 0
1 1:
0 0:
0 1
1 0
1 1

12C-BUS interface
enable bit

0 : Disabled

1 : Enabled

Data format selection bit
0 : Addressing format
1: Free data format

Addressing format selection
bit
0 : 7-bit addressing
format
1:10-bit
addressing format

System clock stop
selection bit
0 : System clock stop
when executing WIT
or STP instruction
1: Not system clock
stop when executing
WIT instruction
(Do not use the STP
instruction.)

12C-BUS interface pin input
level selection bit

0 : CMOS input

1: SMBUS input

Fig. 40 Structure of I2C control register
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HARDWARE
FUNCTIONAL DESCRIPTION

[I12C Status Register (S1)] 001416

The I2C status register (address 001416) controls the 12C-BUS in-
terface status. The low-order 4 bits are read-only bits and the
high-order 4 bits can be read out and written to.

Set “00002" to the low-order 4 bits, because these bits become the
reserved bits at writing.

*Bit 0: Last receive bit (LRB)

This bit stores the last bit value of received data and can also be
used for ACK receive confirmation. If ACK is returned when an
ACK clock occurs, the LRB bit is set to “0.” If ACK is not returned,
this bit is set to “1.” Except in the ACK mode, the last bit value of
received data is input. The state of this bit is changed from “1” to
“0” by executing a write instruction to the 12C data shift register
(address 001216).

*Bit 1: General call detecting flag (ADO)

When the ALS bit is “0,” this bit is set to “1” when a general call”
whose address data is all “0” is received in the slave mode. By a
general call of the master device, every slave device receives con-
trol data after the general call. The ADO bit is set to “0” by
detecting the STOP condition or START condition, or reset.

OGeneral call: The master transmits the general call address “0016” to all
slaves.

*Bit 2: Slave address comparison flag (AAS)

This flag indicates a comparison result of address data when the

ALS bit is “0”".

O In the slave receive mode, when the 7-bit addressing format is
selected, this bit is set to “1” in one of the following conditions:
- The address data immediately after occurrence of a START

condition agrees with the slave address stored in the high-or-
der 7 bits of the 12C address register (address 001316).

« A general call is received.

O In the slave reception mode, when the 10-bit addressing format
is selected, this bit is set to “1” with the following condition:

- When the address data is compared with the 12C address reg-
ister (8 bits consisting of slave address and RWB bit), the first
bytes agree.

O This bit is set to “0” by executing a write instruction to the 12C
data shift register (address 001216) when ESO is set to “1” or
reset.

*Bit 3: Arbitration lostU detecting flag (AL)
In the master transmission mode, when the SDA is made “L” by
any other device, arbitration is judged to have been lost, so that
this bit is set to “1.” At the same time, the TRX bit is set to “0,” so
that immediately after transmission of the byte whose arbitration
was lost is completed, the MST bit is set to “0.” The arbitration lost
can be detected only in the master transmission mode. When ar-
bitration is lost during slave address transmission, the TRX bit is
set to “0” and the reception mode is set. Consequently, it becomes
possible to detect the agreement of its own slave address and ad-
dress data transmitted by another master device.

DArbitration lost :The status in which communication as a master is dis-
abled.

*Bit 4: ScL pin Low hold bit (PIN)
This bit generates an interrupt request signal. Each time 1-byte
data is transmitted, the PIN bit changes from “1” to “0.” At the
same time, an interrupt request signal occurs to the CPU. The PIN
bit is set to “0” in synchronization with a falling of the last clock (in-
cluding the ACK clock) of an internal clock and an interrupt
request signal occurs in synchronization with a falling of the PIN
bit. When the PIN bit is “0,” the ScL is kept in the “0” state and
clock generation is disabled. Figure 42 shows an interrupt request
signal generating timing chart.

The PIN bit is set to “1” in one of the following conditions:

« Executing a write instruction to the 12C data shift register (ad-
dress 001216). (This is the only condition which the prohibition of
the internal clock is released and data can be communicated ex-
cept for the start condition detection.)

* When the ESO bit is “0”

* At reset

* When writing “1” to the PIN bit by software

The conditions in which the PIN bit is set to “0” are shown below:

* Immediately after completion of 1-byte data transmission (includ-
ing when arbitration lost is detected)

« Immediately after completion of 1-byte data reception

« In the slave reception mode, with ALS = “0” and immediately af-
ter completion of slave address agreement or general call
address reception

« In the slave reception mode, with ALS = “1" and immediately af-
ter completion of address data reception

*Bit 5: Bus busy flag (BB)

This bit indicates the status of use of the bus system. When this

bit is set to “0,” this bus system is not busy and a START condition

can be generated. The BB flag is set/reset by the ScL, SpA pins in-
put signal regardless of master/slave. This flag is set to “1” by
detecting the start condition, and is set to “0” by detecting the stop
condition. The condition of these detecting is set by the start/stop
condition setting bits (SSC4-SSCO) of the I12C start/stop condition
control register (address 001716). When the ESO bit (bit 3) of the

I2C control register (address 001516) is “0” or reset, the BB flag is

setto “0.”

For the writing function to the BB flag, refer to the sections

“START Condition Generating Method” and “STOP Condition Gen-

erating Method” described later.
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*Bit 6: Communication mode specification bit (transfer direc-
tion specification bit: TRX)

This bit decides a direction of transfer for data communication.

When this bit is “0,” the reception mode is selected and the data of

a transmitting device is received. When the bit is “1,” the transmis-

sion mode is selected and address data and control data are

output onto the SpA in synchronization with the clock generated on

the Sct.

This bit is set/reset by software and hardware. About set/reset by

hardware is described below. This bit is set to “1” by hardware

when all the following conditions are satisfied:

* When ALS is “0”

« In the slave reception mode or the slave transmission mode

« When the R/W bit reception is “1”

This bit is set to “0” in one of the following conditions:

* When arbitration lost is detected.

* When a STOP condition is detected.

* When writing “1” to this bit by software is invalid by the START
condition duplication preventing function (Note).

* With MST = “0” and when a START condition is detected.

* With MST = “0” and when ACK non-return is detected.

* At reset

*Bit 7: Communication mode specification bit (master/slave

specification bit: MST)

This bit is used for master/slave specification for data communica-

tion. When this bit is “0,” the slave is specified, so that a START

condition and a STOP condition generated by the master are re-

ceived, and data communication is performed in synchronization

with the clock generated by the master. When this bit is “1,” the

master is specified and a START condition and a STOP condition

are generated. Additionally, the clocks required for data communi-

cation are generated on the SCL.

This bit is set to “0” in one of the following conditions.

« Immediately after completion of 1-byte data transfer when arbi-
tration lost is detected

* When a STOP condition is detected.

« Writing “1” to this bit by software is invalid by the START condi-
tion duplication preventing function (Note).

* At reset

Note: START condition duplication preventing function

The MST, TRX, and BB bits is set to “1” at the same time after con-
firming that the BB flag is “0” in the procedure of a START condition
occurrence. However, when a START condition by another master
device occurs and the BB flag is set to “1” immediately after the con-
tents of the BB flag is confirmed, the START condition duplication
preventing function makes the writing to the MST and TRX bits in-
valid. The duplication preventing function becomes valid from the
rising of the BB flag to reception completion of slave address.

HARDWARE
FUNCTIONAL DESCRIPTION

b7 b0

|MST|TRX| BB |PIN | AL |AAS |ADO|LRB

12C status register
(S1: address 001416)

Last receive bit (Note)
0 : Last bit = “0”
1:Lastbit="1"

General call detecting flag
(Note)
0 : No general call detected
1: General call detected

Slave address comparison flag
(Note)
0 : Address disagreement
1: Address agreement

Arbitration lost detecting flag
(Note)

0 : Not detected

1: Detected

SCL pin Low hold bit
0 : Low hold
1:Open

Bus busy flag
0 : Bus free
1:Bus busy

Communication mode
specification bits
00 : Slave receive mode
01 : Slave transmit mode
10 : Master receive mode
11 : Master transmit mode

Note: These bit and flags can be read out but cannot
be written.
Write “0” to these bits at writing.

Fig. 41 Structure of I°C status register

Sct

PIN

12CIRQ |_|

Fig. 42 Interrupt request signal generating timing
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HARDWARE
FUNCTIONAL DESCRIPTION

START Condition Generating Method

When writing “1” to the MST, TRX, and BB bits of the I2C status
register (address 001416) at the same time after writing the slave
address to the I2C data shift register (address 001216) with the
condition in which the ESO0 bit of the 12C control register (address
001516) and the BB flag are “0”, a START condition occurs. After
that, the bit counter becomes “0002” and an ScL for 1 byte is out-
put. The START condition generating timing is different in the
standard clock mode and the high-speed clock mode. Refer to
Figure 43, the START condition generating timing diagram, and
Table 13, the START condition generating timing table.

I2C status register

write signal — 11

ScL ‘ | ) -
_‘{,,Stﬁgépf”;fHold tlme—w‘

Spa — 1 ‘

Fig. 43 START condition generating timing diagram

Table 13 START condition generating timing table

Item START/_STOP cor_]ditio_n Standard High-speed
generating selection bit | clock mode clock mode
Setup 0 5.0 us (20 cycles) | 2.5 ps (10 cycles)
time “1” 13.0 us (52 cycles)| 6.5 s (26 cycles)
Hold “0” 5.0 us (20 cycles) | 2.5 ps (10 cycles)
time “1” 13.0 ps (52 cycles)| 6.5 ps (26 cycles)

Note: Absolute time at @ = 4 MHz. The value in parentheses denotes the
number of @ cycles.

STOP Condition Generating Method

When the ESO bit of the 12C control register (address 001516) is
“1,” write “1” to the MST and TRX bits, and write “0” to the BB bit
of the 12C status register (address 001416) simultaneously. Then a
STOP condition occurs. The STOP condition generating timing is
different in the standard clock mode and the high-speed clock
mode. Refer to Figure 44, the STOP condition generating timing
diagram, and Table 14, the STOP condition generating timing
table.

12C status register

write signal —T1
ScL | ! —_—
—_Setup__ | Hold time. !
T time ‘
SpA

Fig. 44 STOP condition generating timing diagram

Table 14 STOP condition generating timing table

START/STOP condition Standard High-speed

Item : . h
€ generating selection bit | clock mode clock mode

Setup “0” 5.5 us (22 cycles) | 3.0 ps (12 cycles)
time “1” 13.5 ps (54 cycles)| 7.0 ps (28 cycles)
Hold “0” 5.5 us (22 cycles) | 3.0 ps (12 cycles)
time “1” 13.5 ps (54 cycles)| 7.0 ps (28 cycles)

Note: Absolute time at @ = 4 MHz. The value in parentheses denotes the
number of @ cycles.

START/STOP Condition Detecting Operation
The START/STOP condition detection operations are shown in
Figures 45, 46, and Table 15. The START/STOP condition is set
by the START/STOP condition set bit.

The START/STOP condition can be detected only when the input
signal of the ScL and SDA pins satisfy three conditions: ScL re-
lease time, setup time, and hold time (see Table 15).

The BB flag is set to “1” by detecting the START condition and is
reset to “0” by detecting the STOP condition.

The BB flag set/reset timing is different in the standard clock mode
and the high-speed clock mode. Refer to Table 15, the BB flag set/
reset time.

Note: When a STOP condition is detected in the slave mode (MST = 0), an
interrupt request signal “I2CIRQ” occurs to the CPU.

----ScL release time- - -,
| ‘

ScL T ]
_‘{Hst%épfﬂ;fHold time-«
SpbA ‘ !
! ! BBflag | '
| r~reset |

BB flag 1 1= S I —

Fig. 45 START condition detecting timing diagram

----ScL release time- - -,
| |

ScL ‘ | ) —
—I‘L,,Stﬁ]tq%p”ﬂfHold time- -
SpbA . IBBfiag,
! r-reset -l |
| ! time | !

BB flag I

Fig. 46 STOP condition detecting timing diagram

Table 15 START condition/STOP condition detecting conditions

Standard clock mode High-speed clock mode

ScLrelease time | SSC value + 1 cycle (6.25 ps) 4 cycles (1.0 ps)
Setup time % +Loycle <40 s (325 45) | 2 cycles (L0 pis)
Hold time %\mluecycle <4.0ps (3.0 ps)| 2 cycles (0.5 ps)

Irgezgltat?ms:t/ SSC\;& +2 cycles (3.375 pis) | 3.5 cycles (0.875 s
Note: Unit : Cycle number of system clock ¢

SSC value is the decimal notation value of the START/STOP condi-
tion set bits SSC4 to SSCO. Do not set “0” or an odd number to SSC
value. The value in parentheses is an example when the 12C START/
STOP condition control register is set to “1816” at ¢ = 4 MHz.
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[12C START/STOP Condition Control Register
(S2D)] 001716

The 12C START/STOP condition control register (address 001716)
controls START/STOP condition detection.

*Bits 0 to 4: START/STOP condition set bit (SSC4-SSCO0)

ScL release time, setup time, and hold time change the detection
condition by value of the main clock divide ratio selection bit and
the oscillation frequency f(XIN) because these time are measured
by the internal system clock. Accordingly, set the proper value to
the START/STOP condition set bits (SSC4 to SSCO) in considered
of the system clock frequency. Refer to Table 16.

Do not set “000002” or an odd number to the START/STOP condi-
tion set bit (SSC4 to SSCO).

*Bit 5: SCL/SDA interrupt pin polarity selection bit (SIP)

An interrupt can occur when detecting the falling or rising edge of
the ScL or Sba pin. This bit selects the polarity of the ScL or Spa
pin interrupt pin.

*Bit 6: SCL/SDA interrupt pin selection bit (SIS)

This bit selects the pin of which interrupt becomes valid between

the ScL pin and the SpA pin.

Note: When changing the setting of the ScL/SDA interrupt pin polarity se-
lection bit, the ScL/SDA interrupt pin selection bit, or the 12C-BUS
interface enable bit ESO, the SCL/SDA interrupt request bit may be
set. When selecting the ScL/SDA interrupt source, disable the inter-
rupt before the ScL/SDA interrupt pin polarity selection bit, the ScL/
SDA interrupt pin selection bit, or the 12C-BUS interface enable bit
ESO is set. Reset the request bit to “0” after setting these bits, and
enable the interrupt.

*Bit 7: START/STOP condition generating selection bit
(STSPSEL)

Setup/Hold time when the START/STOP condition is generated
can be selected.

Cycle number of system clock becomes standard for setup/hold
time. Additionally, setup/hold time is different between the START
condition and the STP condition. (Refer to Tables 13 and 14.) Set
“1” to this bit when the system clock frequency is 4 MHz or more.

Address Data Communication

There are two address data communication formats, namely, 7-bit

addressing format and 10-bit addressing format. The respective

address communication formats are described below.

O 7-bit addressing format
To adapt the 7-bit addressing format, set the 10BIT SAD bit of
the 12C control register (address 001516) to “0.” The first 7-bit
address data transmitted from the master is compared with the
high-order 7-bit slave address stored in the I2C address register
(address 001316). At the time of this comparison, address com-
parison of the RWB bit of the I2C address register (address
001316) is not performed. For the data transmission format
when the 7-bit addressing format is selected, refer to Figure 48,
(1) and (2).

HARDWARE
FUNCTIONAL DESCRIPTION

0 10-bit addressing format

To adapt the 10-bit addressing format, set the 10BIT SAD bit of
the 12C control register (address 001516) to “1.” An address
comparison is performed between the first-byte address data
transmitted from the master and the 8-bit slave address stored
in the 12C address register (address 001316). At the time of this
comparison, an address comparison between the RWB bit of
the 12C address register (address 001316) and the R/W bit
which is the last bit of the address data transmitted from the
master is made. In the 10-bit addressing mode, the RWB bit
which is the last bit of the address data not only specifies the
direction of communication for control data, but also is pro-
cessed as an address data bit.

When the first-byte address data agree with the slave address,
the AAS bit of the I12C status register (address 001416) is set to
“1.” After the second-byte address data is stored into the 12C
data shift register (address 001216), perform an address com-
parison between the second-byte data and the slave address
by software. When the address data of the 2 bytes agree with
the slave address, set the RWB bit of the 12C address register
(address 001316) to “1” by software. This processing can make
the 7-bit slave address and R/W data agree, which are re-
ceived after a RESTART condition is detected, with the value of
the 12C address register (address 001316). For the data trans-
mission format when the 10-bit addressing format is selected,
refer to Figure 48, (3) and (4).
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b7

STSP)
SEL

b0

12C START/STOP condition
control register
(S2D : address 001716)

SIS | SIP

SSC4SSC%SSC2

SSC*SSCO

START/STOP condition set bit

ScL/Spa interrupt pin polarity
selection bit

0 : Falling edge active

1: Rising edge active

ScL/Spa interrupt pin selection bit
0 : Spa valid
1: Sci valid

START/STOP condition generating
selection bit

0 : Setup/Hold time short mode

1 : Setup/Hold time long mode

Fig. 47 Structure of 12C START/STOP condition control register

Table 16 Recommended set value to START/STOP condition set bits (SSC4-SSCO0) for each oscillation frequency

f(XIN) (MH2) divide ratio (MHz) | control register (us) (ks) (bs)

10 2 5 XXX11110 6.2 ps (31 cycles) 3.2 pys (16 cycles) 3.0 ps (15 cycles)

8 ) 4 XXX11010 6.75 ps (27 cycles) 3.5 ps (14 cycles) 3.25 ps (13 cycles)
XXX11000 6.25 ps (25 cycles) 3.25 ps (13 cycles) 3.0 ps (12 cycles)

8 8 1 XXX00100 5.0 ps (5 cycles) 3.0 ps (3 cycles) 2.0 ps (2 cycles)

4 ) 5 XXX01100 6.5 ps (13 cycles) 3.5 ps (7 cycles) 3.0 ps (6 cycles)
XXX01010 5.5 ps (11 cycles) 3.0 ps (6 cycles) 2.5 ps (5 cycles)

2 2 1 XXX00100 5.0 ps (5 cycles) 3.0 ps (3 cycles) 2.0 ps (2 cycles)

Note: Do not set “000002" or an odd number to the START/STOP condition set bit (SSC4 to SSCO0).

(3) A master-transmitter transmits data to a slave-receiver with a 10-bit address

S |Slave address | R/IW || A Data A Data [A/A || P
7 bits ‘0" 1 to 8 bits 1 to 8 bits
(1) A master-transmitter transmits data to a slave-receiver
S |[Slave address |R/W || A Data A Data A P
7 bits “1" 1 to 8 bits 1 to 8 bits
(2) A master-receiver receives data from a slave-transmitter
Slave address Vi Slave address -
S 1st 7 bits R/W| A 2nd bytes A Data A Data A/A P
7 bits ‘0" 8 bits 1 to 8 bits 1 to 8 bits

(4) A master-receiver receives data from a slave-transmitter with a 10-bit address

S : START condition
A : ACK bit
Sr : Restart condition

P : STOP condition
R/W : Read/Write bit

Slave address v Slave address Slave address | o -
S 1st 7 bits RIW (I A 2nd bytes A S 1st 7 bits RIWH A Data A Data A P
7 bits “o” 8 bits 7 bits “1” 1 to 8 bits 1 to 8 bits

Fig. 48 Address data communication format
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Example of Master Transmission

An example of master transmission in the standard clock mode, at

the ScL frequency of 100 kHz and in the ACK return mode is

shown below.

0 Set a slave address in the high-order 7 bits of the I2C address
register (address 001316) and “0” into the RWB bit.

O Set the ACK return mode and ScL = 100 kHz by setting “8516” in
the 12C clock control register (address 001616).

0 Set “0016” in the I12C status register (address 001416) so that
transmission/reception mode can become initializing condition.

0 Set a communication enable status by setting “0816” in the 12C
control register (address 001516).

0 Confirm the bus free condition by the BB flag of the 12C status
register (address 001416).

O Set the address data of the destination of transmission in the
high-order 7 bits of the 12C data shift register (address 001216)
and set “0” in the least significant bit.

0 Set “F016” in the I2C status register (address 001416) to gener-
ate a START condition. At this time, an ScL for 1 byte and an
ACK clock automatically occur.

0 Set transmit data in the 12C data shift register (address 001216).
At this time, an ScL and an ACK clock automatically occur.

O When transmitting control data of more than 1 byte, repeat step
0.

0 Set “D016” in the I12C status register (address 001416) to gener-
ate a STOP condition if ACK is not returned from slave
reception side or transmission ends.

Example of Slave Reception

An example of slave reception in the high-speed clock mode, at

the ScL frequency of 400 kHz, in the ACK non-return mode and

using the addressing format is shown below.

0 Set a slave address in the high-order 7 bits of the 12C address
register (address 001316) and “0” in the RWB bit.

O Set the no ACK clock mode and ScL = 400 kHz by setting “2516”

in the 12C clock control register (address 001616).

0 Set “0016” in the I12C status register (address 001416) so that
transmission/reception mode can become initializing condition.
0 Set a communication enable status by setting “0816” in the 12C

control register (address 001516).

0 When a START condition is received, an address comparison is
performed.
00 sWhen all transmitted addresses are “0” (general call):

ADO of the 12C status register (address 001416) is set to “1”
and an interrupt request signal occurs.

» When the transmitted addresses agree with the address set in
O:

AAS of the I12C status register (address 001416) is set to “1”
and an interrupt request signal occurs.

« In the cases other than the above ADO and AAS of the I12C sta-
tus register (address 001416) are set to “0” and no interrupt
request signal occurs.

O Set dummy data in the 12C data shift register (address 001216).
0 When receiving control data of more than 1 byte, repeat step 0.
0 When a STOP condition is detected, the communication ends.

HARDWARE
FUNCTIONAL DESCRIPTION

m Precautions when using multi-master I2C-
BUS interface

(1) Read-modify-write instruction

The precautions when the read-modify-write instruction such as

SEB, CLB etc. is executed for each register of the multi-master

I2C-BUS interface are described below.

12C data shift register (SO: address 001216)

When executing the read-modify-write instruction for this regis-

ter during transfer, data may become a value not intended.

12C address register (SOD: address 001316)

When the read-modify-write instruction is executed for this regis-

ter at detecting the STOP condition, data may become a value

not intended. It is because H/W changes the read/write bit

(RWB) at the above timing.

I2C status register (S1: address 001416)

Do not execute the read-modify-write instruction for this register

because all bits of this register are changed by H/W.

12C control register (S1D: address 001516)

When the read-modify-write instruction is executed for this regis-

ter at detecting the START condition or at completing the byte

transfer, data may become a value not intended. Because H/W

changes the bit counter (BC0-BC2) at the above timing.

12C clock control register (S2: address 001616)

The read-modify-write instruction can be executed for this regis-

ter.

12C START/STOP condition control register (S2D: address

001716)

The read-modify-write instruction can be executed for this regis-

ter.
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(2) START condition generating procedure using multi-master
1. Procedure example (The necessary conditions of the generat-
ing procedure are described in ltems 2 to 5 below.

LDA — (Taking out of slave address value)

SEI (Interrupt disabled)

BBS 5, S1, BUSBUSY (BB flag confirming and branch process)
BUSFREE:

STA SO (Writing of slave address value)
LDM #$F0, S1 (Trigger of START condition generating)
CLI (Interrupt enabled)

BUSBUSY:

CLI (Interrupt enabled)

2. Use “Branch on Bit Set” of “BBS 5, $0014, - for the BB flag
confirming and branch process.

3. Use “STA $12, STX $12” or “STY $12" of the zero page ad-
dressing instruction for writing the slave address value to the
I2C data shift register.

4. Execute the branch instruction of Item 2 and the store instruc-
tion of Iltem 3 continuously, as shown in the procedure example
above.

5. Disable interrupts during the following three process steps:

* BB flag confirming

« Writing of slave address value

« Trigger of START condition generating

When the condition of the BB flag is bus busy, enable interrupts
immediately.

(3) RESTART condition generating procedure

This procedure cannot be applied to M38867M8A and
M38867E8A when the external memory is used and the bus cycle
is extended by ONW function.

1. Procedure example (The necessary conditions for the proce-
dure are described in items 2 to 4 below.)
Execute the following procedure when the PIN bit is “0.”

LDM #$00, S1 (Select slave receive mode)
LDA— (Take out of slave address value)
SEI (Disable interrupt)

STASO (Write slave address value)
LDM #$F0, S1 (Trigger RESTART condition generation)
CLI (Enable interrupt)

2. Select the slave receive mode when the PIN bit is “0.” Do not
write “1” to the PIN bit. Neither “0” nor “1” is specified as input to
the BB bit.

The TRX bit becomes “0” and the SDA pin is released.

3. The ScL pin is released by writing the slave address value to
the I2C data shift register.

4. Disable interrupts during the following two process steps:

» Write slave address value
» Trigger RESTART condition generation

(4) Writing to 12C status register

Do not execute an instruction to set the PIN bit to “1” from “0” and
an instruction to set the MST and TRX bits to “0” from “1” simulta-
neously. Because it may enter the state that the ScL pin is
released and the SpA pin is released after about one machine
cycle. Do not execute an instruction to set the MST and TRX bits
to “0” from “1” simultaneously when the PIN bit is “1.” Because it
may become the same as above.

(5) Process of after STOP condition generating

Do not write data in the 12C data shift register SO and the I12C sta-
tus register S1 until the bus busy flag BB becomes “0” after
generating the STOP condition in the master mode. Because the
STOP condition waveform might not be normally generated.
Reading to the above registers do not have the problem.

(6) STOP condition input at 7th clock pulse

The SDA line may be held at LOW even if flag BB is set to “0”

when all the following conditions are satisfied:

«In the slave mode

*The STOP condition is input at the 7th clock pulse while receiving

a slave address or data.

*The clock pulse is continuously input.

Countermeasure:

Write dummy data to the 12C shift register or reset the ESO bit in

the S1D register (ESO = “L” - ESO = “H") during a stop condition

interrupt routine with flag PIN = “1".

Note: Do not use the read-modify-write instruction at this time.
Furthermore, when the ESO bit is set to “0”, the SDA pin be-
comes a general-purpose port; the port must be set to input
mode or output “H”.

(7) ESO bit switch

In standard clock mode when SSC = “000102” or in high-speed
clock mode, flag BB may switch to “1” if ESO bit is set to “1” when
SDA is “L".

Countermeasure:

Set ESO to “1” when SDA is “H".
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A-D CONVERTER

[A-D Conversion Register 1,2 (AD1, AD2)]
003516, 003816

The A-D conversion register is a read-only register that stores the
result of an A-D conversion. When reading this register during an
A-D conversion, the previous conversion result is read.

Bit 7 of the A-D conversion register 2 is the conversion mode se-
lection bit. When this bit is set to “0,” the A-D converter becomes
the 10-bit A-D mode. When this bit is set to “1,” that becomes the
8-bit A-D mode. The conversion result of the 8-bit A-D mode is
stored in the A-D conversion register 1. As for 10-bit A-D mode,
10-bit reading or 8-bit reading can be performed by selecting the
reading procedure of the A-D conversion register 1, 2 after A-D
conversion is completed (in Figure 50).

The A-D conversion register 1 performs the 8-bit reading inclined
to MSB after reset, the A-D conversion is started, or reading of the
A-D converter register 1 is generated; and the register becomes
the 8-bit reading inclined to LSB after the A-D converter register 2
is generated.

[AD/DA Control Register (ADCON)] 003416
The AD/DA control register controls the A-D conversion process.
Bits 0 to 2 select a specific analog input pin. Bit 3 signals the
completion of an A-D conversion. The value of this bit remains at
“0” during an A-D conversion, and changes to “1” when an A-D
conversion ends. Writing “0” to this bit starts the A-D conversion.

Comparison Voltage Generator
The comparison voltage generator divides the voltage between
AVss and VREF into 1024, and outputs the divided voltages in the
10-bit A-D mode (256 division in 8-bit A-D mode).
The A-D converter successively compares the comparison voltage
Vref in each mode, dividing the VREF (see below), with the input
voltage.
« 10-bit A-D mode (10-bit reading)

Vref = YO 0 n (n = 0-1023)
« 10-bit A-D mode (8-bit reading)

Vief = 2o 0n (n = 0-255)
* 8-bit A-D mode

Vrer = REE 11 (n-0.5) (n = 1-255)

=0 (n=0)

HARDWARE
FUNCTIONAL DESCRIPTION

Channel Selector
The channel selector selects one of ports P60/ANo to P67/AN7,
and inputs the voltage to the comparator.

Comparator and Control Circuit

The comparator and control circuit compares an analog input volt-
age with the comparison voltage, and then stores the result in the
A-D conversion registers 1, 2. When an A-D conversion is com-
pleted, the control circuit sets the A-D conversion completion bit
and the A-D interrupt request bit to “1”.

Note that because the comparator consists of a capacitor cou-
pling, set f(XIN) to 500 kHz or more during an A-D conversion.

b7 b0

AD/DA control register
(ADCON : address 003416)

Analog input pin selection bits
b2 bl b0
P60/ANo
P61/AN1
P62/AN2
P63/AN3
P64/AN4
P65/ANs
P66/ANs
P67/AN7

PRRPRPRPOOOO
PrROORROO
RreRroRORO

A-D conversion completion bit
0: Conversion in progress
1: Conversion completed

PWMOo output pin selection bit
0: P56/PWMo1
1: P30/PWMo0

PWML1 output pin selection bit
0: P57/PWM11
1: P31/PWM10

DA1 output enable bit
0: DA1 output disabled
1: DAL output enabled

DAZ2 output enable bit
0: DA2 output disabled
1: DA2 output enabled

Fig. 49 Structure of AD/DA control register

10-bit reading
(Read address 003816 before 003516)

b7 b0
(Address 003816) |0| | | | | |b9|b8|
b7

(Address 003516) |b7|b6|b5|b4|b3]b2]b1]bo|

Note: Bits 2 to 6 of address 003816 becomes “0"at reading.

8-bit reading (Read only address 003516)
b7
(Address 003516) |b9|b8|b7|bs|bs|b4| b3|b2|

Fig. 50 Structure of 10-bit A-D mode reading
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Data bus

AD/DA control register
(Address 003416)

b7

AN

BN}

-

P60/AN0 O—»
P61/AN1 O—»
P62/AN2 O—»
P63/AN3 O—»
P64/AN4 O—»
P65/AN5 O—»
P66/AN6 O—»
P67/AN7 O—>» |

Channel selector

Comparator

Y
A A

AD cont—l_rol Circuit — A-D interrupt request

!

A-D

conversion register 2 (Address 003816)

A-D

conversion register 1 (Address 003516)

Resistor ladder

10

 t

VREF AVss

Fig. 51 Block diagram of A-D converter
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D-A CONVERTER

The 3886 group has two internal D-A converters (DA1 and DA2)
with 8-bit resolution.

The D-A converter is performed by setting the value in each D-A
conversion register. The result of D-A conversion is output from
the DA1 or DA2 pin by setting the DA output enable bit to “1”.

When using the D-A converter, the corresponding port direction

|D-Al conversion register (8)|

register bit (P56/DA1/PWMo1 or P57/DA2/PWM11) must be set to

DA1 output enable bit

“0” (input status).
The output analog voltage V is determined by the value n (decimal

|R-2R resistor ladder I_o/o_o P56/DA1/PWMo1

notation) in the D-A conversion register as follows:

Data bus

V = VREF U n/256 (n = 0 to 255)

Where VREF is the reference voltage.

|D-A2 conversion register (8)|

DA2 output enable bit

At reset, the D-A conversion registers are cleared to “0016", the
DA output enable bits are cleared to “0”, and the P56/DA1/PWMo1

|R-2R resistor ladder I—O/O—O P57/DA2/PWM11

and P57/DA2/PWM11 pins become high impedance.

The DA output does not have buffers. Accordingly, connect an ex-
ternal buffer when driving a low-impedance load.

Set Vcc to 4.0 V or more when using the D-A converter.

Fig. 52 Block diagram of D-A converter

«o» DA1 output enable bit
o R R R R R R R 2R
P56/DA1/PWMo1 O_o O
wp
2R 2R 2R 2R 2R 2R 2R 2R
MSB LSB
D-A1 conversion register 01 """ T Q i o e S T ST [ ST :
OOT _____ OT ______ OT
AVss O P P P P P P P >
VREF O
Fig. 53 Equivalent connection circuit of D-A converter (DAL)
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COMPARATOR CIRCUIT

Comparator Configuration

The comparator circuit consists of resistors, comparators, a com-
parator control circuit, the comparator reference input selection bit
(bit 7 of address 001D16), a comparator data register (address
002Dz1s), the comparator reference power source input pin (P0o/
P3REF) and analog signal input pins (P30—P37). The analog input
pin (P30—P37) also functions as an ordinary digital port.

Comparator Operation

To activate the comparator, first set port P3 to input mode by set-
ting the corresponding direction register (address 000716) to “0” to
use port P3 as an analog voltage input pin. The internal fixed ana-
log voltage (Vcc O 29/32) can be generated by setting “1” to the
comparator reference input selection bit (bit 7) of the serial 1/02
control register (address 001D16). (The internal fixed analog volt-
age becomes about 4.5 V at Vcc = 5.0 V.) When setting “0” to the
comparator reference input selection bit, the POo/P3REF pin be-
comes the comparator reference power source input pin and it is
possible to input the comparator reference power source option-
ally from the external. The voltage comparison is immediately

performed by the writing operation to the comparator data register
(address 002D16). After 14 cycles of the internal system clock @
(the time required for the comparison), the comparison result is
stored in the comparator data register (address 002D1s6).

If the analog input voltage is greater than the internal reference
voltage, each bit of this register is “1”; if it is less than the internal
reference voltage, each bit of this register is “0”. To perform an-
other comparison, the voltage comparison must be performed
again by writing to the comparator data register (address 002D16).
Read the result when 14 cycles of @ or more have passed after the
comparator operation starts. The ladder resistor is turned on dur-
ing 14 cycles of @, which is required for the comparison, and the
reference voltage is generated. An unnecessary current is not
consumed because the ladder resistor is turned off while the com-
parator operation is not performed. Since the comparator consists
of capacitor coupling, the electric charge is lost if the clock fre-
quency is low.

Keep that the clock frequency is 1 MHz or more during the com-
parator operation. Do not execute the STP, WIT, or port P3 I/O
instruction.

/ Data bus

(address 002Dz16)

Comparator data register

gl

Comparator reference input selection

. Compar / - !
ator bit (bit 7) of serial 1/02 control
register(address 001Dz16)

P30 *HO" Vee

Compar:

ator “qn

vceO29/32
- Comparator -
Comparator connecting | €ontrol circuit |y - qqer resistor

PO0/P3REF signal connecting signal /g

O

Fig. 54 Comparator circuit
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WATCHDOG TIMER

The watchdog timer gives a mean of returning to the reset status
when a program cannot run on a normal loop (for example, be-
cause of a software run-away). The watchdog timer consists of an
8-bit watchdog timer L and an 8-bit watchdog timer H.

Standard Operation of Watchdog Timer

When any data is not written into the watchdog timer control reg-
ister (address 001E16) after resetting, the watchdog timer is in the
stop state. The watchdog timer starts to count down by writing an
optional value into the watchdog timer control register (address
001E16) and an internal reset occurs at an underflow of the watch-
dog timer H.

Accordingly, programming is usually performed so that writing to
the watchdog timer control register (address 001E16) may be
started before an underflow. When the watchdog timer control reg-
ister (address 001Ez1s) is read, the values of the high-order 6 bits
of the watchdog timer H, STP instruction disable bit, and watch-
dog timer H count source selection bit are read.

Initial Value of Watchdog Timer
At reset or writing to the watchdog timer control register (address
001Ez1e6), each watchdog timer H and L is set to “FF16.”

HARDWARE
FUNCTIONAL DESCRIPTION

e Watchdog timer H count source selection bit operation

Bit 7 of the watchdog timer control register (address 001E16) per-
mits selecting a watchdog timer H count source. When this bit is
set to “0”, the count source becomes the underflow signal of
watchdog timer L. The detection time is set to f(XIN)=131.072 ms
at 8 MHz frequency and f(XCIN)=32.768 s at 32 kHz frequency.
When this bit is set to “1”, the count source becomes the signal
divided by 16 for f(XIN) (or f(XcIN)). The detection time in this case
is set to f(XIN)= 512 ps at 8 MHz frequency and f(XCIN)=128 ms at
32 kHz frequency. This bit is cleared to “0” after resetting.

e Operation of STP instruction disable bit

Bit 6 of the watchdog timer control register (address 001E16) per-
mits disabling the STP instruction when the watchdog timer is in
operation.

When this bit is “0”, the STP instruction is enabled.

When this bit is “1”, the STP instruction is disabled.

Once the STP instruction is executed, an internal reset occurs.
When this bit is set to “1”, it cannot be rewritten to “0” by program.
This bit is cleared to “0” after resetting.

“FF16” is set when
watchdog timer

control register is
written to. '

XCIN

Data bus

“FF16” is set when
peeeeennnnane watchdog timer

“10”

Main clock division

Watchdog timer L (8)

“Q ' control register is
written to.

—>| Watchdog timer H (8)

1/16

ratio selection bits
(Note) “00”

upn

X “Q1”

STP instruction disable bit :Di
STP instruction

Watchdog timer H count
source selection bit

I Reset — = Internal reset

RESET O—o{ iy

Note: Either high-speed, middle-speed or low-speed mode is selected by bits 7 and 6 of the CPU mode register.

circuit

Fig. 55 Block diagram of Watchdog timer

b7 b0

Watchdog timer control register
(WDTCON : address 001Eaie)

Watchdog timer H (for read-out of high-order 6 bit)

STP instruction disable bit
0: STP instruction enabled
1: STP instruction disabled

Watchdog timer H count source selection bit
0: Watchdog timer L underflow
1: f(XiN)/16 or f(XcIN)/16

Fig. 56 Structure of Watchdog timer control register
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RESET CIRCUIT

To reset the microcomputer, RESET pin should be held at an “L"
level for 16 cycles or more of XIN. Then the RESET pin is returned
to an "H" level (the power source voltage should be between 2.7 V RESET

L Poweron

(Note)
Power source i
Vcc |voltage i
ov i

and 5.5V (4.0 V to 5.5 V for flash memory version), and the oscil-

lation should be stable), reset is released. After the reset is

Reset input :
voltage 0.2Vce
ov :

Note : Reset release voltage ; Vcc=2.7 V
(Vcc = 4.0 V for flash memory version)

[N
completed, the program starts from the address contained in ad- T g
dress FFFDz16 (high-order byte) and address FFFC16 (low-order ;E
byte). Make sure that the reset input voltage is less than 0.54 V for
Vcc of 2.7 V. For flash memory version, make sure that the reset
input voltage is less than 0.8 V for Vcc of 4.0 V.
RESET Vce

Power source
i voltage detection
circuit

Fig. 57 Reset circuit example

[0 A

RESET /

Internal
reset

Address X 2 X 2 X 2 X 2 Xrrrc X FFFD X ADHt X

Reset address from the vector table.

Data X X2 X2 X2 X 2 Xap XA X

SYNC

[

Xin: 10.5 to 18.5 clock cycles

Notes 1: The frequency relation of f(Xin) and f(¢) is f(Xin)=8 « f(¢).
2: The question marks (?) indicate an undefined state that depends on the previous state.

Fig. 58 Reset sequence
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FUNCTIONAL DESCRIPTION

(1) Port PO (PO)

(3) PortP1(P1)

(5) Port P2 (P2)

(7) Port P3 (P3)

(9) Port P4 (P4)

(11) Port P5 (P5)

(13) Port P6 (P6)

(15) Port P7 (P7)

(17) Port P8 (P8)

(19) 12C data shift register (S0)

(20) 12C address register (SOD)

(21) 12C status register (S1)

(22) 12C control register (S1D)

(23) 12C clock control register (S2)

(29) Baud rate generator (BRG)

(32) Serial I/02 register (SI02)

X': Not fixed

(2) Port PO direction register (POD)

(4) Port P1 direction register (P1D)

(6) Port P2 direction register (P2D)

(8) Port P3 direction register (P3D)

(10) Port P4 direction register (P4D)

(12) Port P5 direction register (P5D)

(14) Port P6 direction register (P6D)

(16) Port P7 direction register (P7D)

(18) Port P8 direction register (P8D)

(24) 12¢ start/stop condition control register (S2D)

(25) Transmit/Receive buffer register (TB/RB)
(26) Serial I/O1 status register (SIO1STS)
(27) Serial I/01 control register (SIO1CON)

(28) UART control register (UARTCON)

(30) Serial I/0O2 control register (SIO2CON)

(31) Watchdog timer control register (WDTCON)

Address Register contents

00001 0016 |
0001 001 |
00021 001 |
00031 001 |
000416
00051 001 |
000616 0016 |
00071 001 |
00081 0016 |
00091 001 |
000Aw. 0016 |
000Bie[ 0016 |
000Ciel____ 0016 |
000Di 001 |
000l 0016 |
000F[ 006 |
00101 001 |
001 001 |
00121 X[X[X[X[X[X[X[X]
00131 001 |
0o14:5[0[0[o[1]o[o[0[X]
00156 001 |
00161 001 |
001716{0[0]01[1[0[1]0]
00181 X[X[X[X[X[X]X[X]
0019:6[1]0[0]0[0[0]0]0]
001A[ 00 |
oo1Bss[1]1]1]0[0[0[0]0]
oo1Cae X[X[XX[X[X]X]X]
001D 0016 |
oo1Es[0[0[1]1]1]1]1[1]
001Fae X[X[XIXIX[X[X[X]

Note: O The initial values depend on level of the CNVSS pin.

Since the initial values for other than above mentioned registers and
RAM contents are indefinite at reset, they must be set.

(33) Prescaler 12 (PRE12)

(34) Timer 1 (T1)

(35) Timer 2 (T2)

(36) Timer XY mode register (TM)
(37) Prescaler X (PREX)

(38) Timer X (TX)

(39) Prescaler Y (PREY)

(40) Timer Y (TY)

(41) Data bus buffer register 0 (DBBO)
(42) Data bus buffer status register 0 (DBBSTSO0)
(43) Data bus buffer control register (DBBCON)
(44) Data bus buffer register 1 (DBB1)
(45) Data bus buffer status register 1 (DBBSTS1)
(46) Comparator data register (CMPD)
(47) Port control register 1 (PCTL1)
(48) Port control register 2 (PCTL2)
(49) PWMOH register (PWMOH)

(50) PWMOL register (PWMOL)

(51) PWM1H register (PWM1H)

(52) PWMLL register (PWM1L)

(53) AD/DA control register (ADCON)
(54) A-D conversion register 1 (AD1)
(55) D-A1 conversion register (DA1)
(56) D-A2 conversion register (DA2)
(57) A-D conversion register 2 (AD2)
(58) Interrupt source selection register (INTSEL)
(59) Interrupt edge selection register (INTEDGE)
(60) CPU mode register (CPUM)
(61) Interrupt request register 1 (IREQ1)
(62) Interrupt request register 2 (IREQ2)
(63) Interrupt control register 1 (ICON1)
(64) Interrupt control register 2 (ICON2)
(65) Flash memory control register (FCON)
(66) Flash command register (FCMD)
(67) Processor status register

(68) Program counter

Address Register contents

002016
002116
002216
002316
002416
002516
002616
002716
002815
002916
002A1s
002B1s
002C16
002D16
002E1s
002F16
003016
003116
003216
003316
003416 [0[0]0]O[1]0[0[0]
003516
003616
003716
003816
003916
003A16
003B16
003C1s6
003D1s
003E16
003F1s
OFFEis
OFFF16
GS)
(PCH)
(PCy)

Fig. 59 Internal status at reset
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CLOCK GENERATING CIRCUIT

The 3886 group has two built-in oscillation circuits. An oscillation
circuit can be formed by connecting a resonator between Xin and
XouT (XcIN and XcourT). Use the circuit constants in accordance
with the resonator manufacturer’s recommended values. No exter-
nal resistor is needed between XiN and XouT since a feed-back
resistor exists on-chip. However, an external feed-back resistor is
needed between XcIN and XcouT.

Immediately after power on, only the XIN oscillation circuit starts
oscillating, and XcIN and XcouT pins function as I/O ports.

Frequency Control

(1) Middle-speed mode

The internal clock @ is the frequency of XIN divided by 8. After re-
set, this mode is selected.

(2) High-speed mode

The internal clock @is half the frequency of XIN.

(3) Low-speed mode
The internal clock @is half the frequency of XCIN.

mNote

If you switch the mode between middle/high-speed and low-
speed, stabilize both XIN and XcIN oscillations. The sufficient time
is required for the sub clock to stabilize, especially immediately af-
ter power on and at returning from stop mode. When switching the
mode between middle/high-speed and low-speed, set the fre-
guency on condition that f(XIN) > 3f(XCIN).

(4) Low power dissipation mode

The low power consumption operation can be realized by stopping
the main clock XIN in low-speed mode. To stop the main clock, set
bit 5 of the CPU mode register to “1.” When the main clock XIN is
restarted (by setting the main clock stop bit to “0”), set sufficient
time for oscillation to stabilize.

Oscillation Control

(1) Stop mode

If the STP instruction is executed, the internal clock @ stops at an
“H” level, and XIN and XcIN oscillators stop. When the oscillation
stabilizing time set after STP instruction released bit is “0,” the
prescaler 12 is set to “FF16” and timer 1 is set to “0116.” When the
oscillation stabilizing time set after STP instruction released bit is
“1,” set the sufficient time for oscillation of used oscillator to stabi-
lize since nothing is set to the prescaler 12 and timer 1.

Either XIN or XCIN divided by 16 is input to the prescaler 12 as
count source, and the output of the prescaler 12 is connected to
timer 1. Set the timer 1 interrupt enable bit to disabled (“0") before
executing the STP instruction. Oscillator restarts when an external
interrupt is received, but the internal clock @is not supplied to the
CPU (remains at “H") until timer 1 underflows. The internal clock ¢@
is supplied for the first time, when timer 1 underflows. Therefore
make sure not to set the timer 1 interrupt request bit to “1” before
the STP instruction stops the oscillator. When the oscillator is re-
started by reset, apply “L” level to the RESET pin until the
oscillation is stable since a wait time will not be generated.

(2) Wait mode

If the WIT instruction is executed, the internal clock ¢ stops at an
“H” level, but the oscillator does not stop. The internal clock @ re-
starts at reset or when an interrupt is received. Since the oscillator
does not stop, normal operation can be started immediately after
the clock is restarted.

XCIN __XcouTt XIN__ XouTt

T:fle D}J
.

;CCIN;CCOUT 7l_C|N

Fig. 60 Ceramic resonator circuit

Xcin - Xcout XIN Xout

Oien Oien

External oscillation External oscillation
circuit circuit

Vcc Vcc

vs | LT v UL

Fig. 61 External clock input circuit
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XCIN XcouTt

Port Xc
switch bit

XIN XOUT | Main clock division ratio

selection bits (Note 1)

Low-speed mode
o112 {14412 |——| Prescaler 12 H Timer 1 |7

High-speed or f + Reset or

middle-speed STP instruction
mode FF16 0116 (Note 2)

Main clock division ratio
selection bits (Note 1)

Middle-speed mode

_Kof
. ° Timing f (internal clock)
High-speed or

low-speed mode

—o<]— Main clock stop bit

— STP instruction

R ——STP instruction WIT instrucion——| R R

Reset
Interrupt disable flag |

Interrupt request

Notes 1: Either high-speed, middle-speed or low-speed mode is selected by bits 7 and 6 of the CPU mode register.

When low-speed mode is selected, set port Xc switch bit (b4) to “1”.
2: When bit 6 of the port control register 2 is “0”, the initial value is not set to the prescaler 12 and timer 1 at STP

instruction execution.

Fig. 62 System clock generating circuit block diagram (Single-chip mode)

3886 Group User’s Manual 1-63



HARDWARE
FUNCTIONAL DESCRIPTION

Middle-speed mode High-speed mode

(f(®)=1.25 MHz) CMs (f(®)=5 MHz)
CM7=0 “1" - 50" CM7=0
CMe=1 - CM6=0

CMs=0(10 MHz oscillating)
CM4=0(32 kHz stopped)

CMs=0(10 MHz oscillating)
CM4=0(32 kHz stopped)

“r. e

CMa4

Middle-speed mode
(f(®)=1.25 MHz)

High-speed mode
(f(®)=5 MHz)

CM7=0
CMe=0
CMs5=0(10 MHz oscillating)
1(32 kHz oscillating)

CMs5=0(10 MHz oscillating)
CM4=1(32 kHz oscillating)

Low-speed mode
(f(9)=16 kHz)

CM7=1

CMe=0

CMs5=0(10 MHz oscillating)

CM4=1(32 kHz oscillating)

CPU mode register
(CPUM : address 003B16)

\~ CMa : Port Xc switch bit
0 : 1/O port function (stop oscillating)
1 : Xcin-Xcourt oscillating function

CMs : Main clock (Xin- Xour) stop bit
0 : Operating
1: Stopped

CM7, CMe: Main clock division ratio selection bit
b7 b6
0 0:¢@=f(Xin)/2 (High-speed mode)
0 1:¢=f(Xin)/8 (Middle-speed mode)
1 0:@=f(Xcn)/2 (Low-speed mode)
1 1:Notavailable

o

1
g
o

)
=
O

Low-speed mode
(f(9)=16 kHz)

CM7=1
CMs=0
CMs5=1(10 MHz stopped)

CM4=1(32 kHz oscillating)

Notes 1 : Switch the mode by the allows shown between the mode blocks. (Do not switch between the modes directly without an allow.)
2: The all modes can be switched to the stop mode or the wait mode and return to the source mode when the stop mode or the wait mode is

ended.

. Timer operates in the wait mode.

: When the stop mode is ended, a delay of approximately 1 ms occurs by connecting prescaler 12 and Timer 1 in middle/high-speed mode.

: When the stop mode is ended, a delay of approximately 0.25 s occurs by Timer 1 and Timer 2 in low-speed mode.

: Wait until oscillation stabilizes after oscillating the main clock XiN before the switching from the low-speed mode to middle/high-speed
mode.

: The example assumes that 10 MHz is being applied to the XIN pin and 32 kHz to the XcIN pin. @indicates the internal clock.

oW

~

Fig. 63 State transitions of system clock
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PROCESSOR MODE

Single-chip mode, memory expansion mode, and microprocessor
mode in the M38867M8A/E8A can be selected by changing the
contents of the processor mode bits (CMo and CM1 : b1 and b0 of
address 003B16). In memory expansion mode and microprocessor
mode, memory can be expanded externally through ports PO to
P3. In these modes, ports PO to P3 lose their /O port functions
and become bus pins.

Table 17 Port functions in memory expansion mode and
microprocessor mode

Port Name Function

Port PO Outputs low-order 8 bits of address.

Port P1 Outputs high-order 8 bits of address.

Port P2 Operates as /O pins for data D7 to Do
(including instruction code).

Port P3 P30 and P31 function only as output pins

(except that the port latch cannot be read).
P32 is the ONW input pin.

P33 is the RESETouT output pin. (Note)
P34 is the @ output pin.

P3s is the SYNC output pin.

P36 is the WR output pin, and P37 is the RD out-
put pin.

Note : If CNVss is connected to Vss, the microcomputer goes to single-
chip mode after a reset, so that this pin cannot be used as the
RESEToUT output pin.

() Single-chip mode
Select this mode by resetting the microcomputer with CNVss con-
nected to Vss.

(2) Memory expansion mode

Select this mode by setting the processor mode bits (b1, b0) to
“01” in software with CNVss connected to Vss. This mode enables
external memory expansion while maintaining the validity of the in-
ternal ROM.

However, do not set this mode in the M38869M8A/MCA/MFA and
the flash memory version.

(3) Microprocessor mode

Select this mode by resetting the microcomputer with CNVss con-
nected to Vcc, or by setting the processor mode bits to “10” in
software with CNVss connected to Vss. In microprocessor mode,
the internal ROM is no longer valid and external memory must be
used.

Do not set this mode in the M38869M8A/MCA/MFA and the flash
memory version.

HARDWARE
FUNCTIONAL DESCRIPTION

000016
000816

004016

XXXX16

YYYY16

FFFF16

000016

000816

SFR area SFR area

004016

Internal RAM
reserved area

Internal RAM
reserved area

XXXX16

Internal ROM

FFFF16

Memory expansion mode

The shaded area are external memory area.

*I XXXX16 indicates the last address of internal RAM.
YYYY16 indicates the first address of internal ROM.

Microprocessor mode

Fig. 64 Memory maps in various processor modes

b7

[[[DI CPU mode register
r (CPUM : address 003Bus)

Note: This is not available for the products except
M38867MBA/E8A.

b0

Processor mode bits (CMz1, CMo)

bl bo

0 0: Single-chip mode

0 1: Memory expansion mode (Note)
1 0: Microprocessor mode (Note)

1 1: Not available

Stack page selection bit
0: 0 page
1: 1 page

Fig. 65 Structure of CPU mode register
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BUS CONTROL AT MEMORY EXPANSION

The M38867M8A/ESA have a built-in ONW function to facilitate
access to an external (expanded) memory and I/O devices in
memory expansion mode or microprocessor mode.

If an “L” level signal is input to the P32/ONW pin when the CPU is
in a read or write state, the corresponding read or write cycle is
extended by one cycle of ¢. During this extended term, the RD
and WR signals remain at “L.” This extension function is valid only
for writing to and reading from addresses 000016 to 000716 and
044016 to FFFF16, and only read and write cycles are extended.

Read cycle Dummy cycle Write cycle Read cycle Dummy cycle Write cycle

- —— e e e e -
e L0 1 4 LLd4 L1 L1 L 1
AD15—ADo X X X X X X )C

RO — | L1
WR 1Ll —

oM / \

* Term where ONW input signal is received.
During this term, the ONW signal must be fixed at either “H” or “L”. At all other times, the input level of the ONW
signal has no affect on operations. The bus cycles is not extended for an address in the area 000816 to 043F1s,
because the ONW signal is not received.

Fig. 66 ONW function timing
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EPROM MODE

The built-in PROM of the blank One Time PROM version and built-
in EPROM version can be read or programmed with a
general-purpose PROM programmer using a special programming
adapter. The One Time PROM version and the built-in EPROM
version have the function of the M5M27C101 corresponding for
writing to the built-in PROM. Set the address of PROM program-
mer in the user ROM area.

Table 18 Programming adapter

Package Name of Programming Adapter
80P6Q-A PCA4738H-80A
80D0 PCA4738L-80A

Table 19 PROM programmer setup

PROM programmer setup

- " ROM area of
Product name |Corresponding| Writing microcomputer
device area
M38867E8AHP | M5M27C101K | 0808016 808016
byte | |
M38867E8AFS program OFFFD16 FFFD16

The PROM of the blank One Time PROM version is not tested or
screened in the assembly process and following processes. To en-
sure proper operation after programming, the procedure shown in
Figure 67 is recommended to verify programming.

Programming with PROM
programmer

NS

Screening (Caution)
(150 °C for 40 hours)

SN

Verification with
PROM programmer

N7

Functional check in
target device

Caution : The screening temperature is far higher
than the storage temperature. Never
expose to 150 °C exceeding 100 hours.

Fig. 67 Programming and testing of One Time PROM version
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FLASH MEMORY MODE

The M38869FFAHP/GP has the flash memory mode in addition to
the normal operation mode (microcomputer mode). The user can
use this mode to perform read, program, and erase operations for
the internal flash memory.

The M38869FFAHP/GP has three modes the user can choose:
the parallel input/output and serial input/output mode, where the
flash memory is handled by using the external programmer, and
the CPU reprogramming mode, where the flash memory is
handled by the central processing unit (CPU). The following ex-
plains these modes.

(1) Flash memory mode 1 (parallel I/O mode)
The parallel /0 mode can be selected by connecting wires as
shown in Figures 68 and supplying power to the Vcc and Vpp
pins. In this mode, the M38869FFAHP/GP operates as an equiva-
lent of MITSUBISHI's CMOS flash memory M5M28F101.
However, because the M38869FFAHP/GP’s internal memory has
a capacity of 60 Kbytes, programming is available for addresses
0100016 to OFFFF16, and make sure that the data in addresses
0000016 to 00FFF16 and addresses 1000016 to 1FFFF16 are FF16.
Note also that the M38869FFAHP/GP does not contain a facility to
read out a device identification code by applying a high voltage to
address input (A9). Be careful not to erratically set program condi-
tions when using a general-purpose PROM programmer.

Table 20 shows the pin assignments when operating in the paral-
lel input/output mode.

Table 20 Pin assignments of M38869FFAHP/GP when
operating in the parallel input/output mode

M38869FFAHP/GP M5M28F101
\Y/ele Vcc Vce
VPP CNVss VPP
Vss Vss Vss
Address input Ports PO, P1, P31 Ao-A16
Data I/O Port P2 Do-D7
CE P36 CE
OE P37 OE
WE P33 WE

Table 21 Assignment sates of control input and each state

Functional Outline (parallel input/output mode)
In the parallel input/output mode, the M38869FFAHP/GP allow the
user to choose an operation mode between the read-only mode
and the read/write mode (software command control mode) de-
pending on the voltage applied to the VPP pin. When VppP = VPPL,
the read-only mode is selected, and the user can choose one of
three states (e.g., read, output disable, or standby) depending on
inputs to the CE, OE, and WE pins. When VPP = VPPH, the read/
write mode is selected, and the user can choose one of four states
(e.g., read, output disable, standby, or write) depending on inputs
to the CE, OE, and WE pins. Table 21 shows assignment states of
control input and each state.

e Read

The microcomputer enters the read state by driving the CE, and
OE pins low and the WE pin high; and the contents of memory
corresponding to the address to be input to address input pins
(Ao—A16) are output to the data input/output pins (Do-D7).

e Output disable

The microcomputer enters the output disable state by driving the
CE pin low and the WE and OE pins high; and the data input/out-
put pins enter the floating state.

e Standby

The microcomputer enters the standby state by driving the CE pin
high. The M38869FFAHP/GP is placed in a power-down state
consuming only a minimal supply current. At this time, the data in-
put/output pins enter the floating state.

o Write

The microcomputer enters the write state by driving the VPP pin
high (VPP = VPPH) and then the WE pin low when the CE pin is
low and the OE pin is high. In this state, software commands can
be input from the data input/output pins, and the user can choose
program or erase operation depending on the contents of this soft-
ware command.

Fin CE OE ‘WE VPP Data I/0

Mode State
Read ViL ViL VIH VPPL Output
Read-only | Output disable VIL VIH VIH VpPpL Floating
Standby VIH X X VPPL Floating
Read VIL ViL VIH VpPPH Output
Read/Write Output disable ViL VIH VIH VpPPH Floating
Standby VIH X X VpPPH Floating
Write VIL VIH VIL VppPH Input

Note: x can be VIL or VIH.
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Table 22 Pin description (flash memory parallel /0O mode)

Pin Name /(IjnuF;:Lt Functions

Vcc, Vss Power supply — Supply 5V + 10 % to Vcc and 0 V to Vss.

CNVss VPP input Input | Connectto 5V + 10 % in read-only mode, connect to 11.7 to 12.6 V in read/write mode.

RESET Reset input Input | Connect to Vss.

XIN Clock input Input | Connect a ceramic resonator between XIiN and XouT.

Xout Clock output Output

AVss Analog supply input — Connect to Vss.

VREF Reference voltage input Input | Connect to Vss.

P00-PO7 Address input (A0—A7) Input | Port PO functions as 8-bit address input (A0—A7).

Plo-P17 Address input (As—A15) Input | Port P1 functions as 8-bit address input (A8—A15).

P20-P27 Data 1/0O (Do-D7) /0 Function as 8-bit data’s 1/0O pins (Do—D7).

P30-P37 Control signal input Input | P37, P36 and P33 function as the OE, CE and WE input pins respectively. P31 functions as
the A16 input pin. Connect P30 and P32 to Vss. Input “H” or “L” to P34, P3s, or keep
them open.

P40-P47 Input port P4 Input | Connect P44, P46 to Vss. Input “H” or “L” to P40 - P43, P45, P47, or keep them open.

P50-P57 Input port P5 Input | Input “H” or “L", or keep them open.

P60-P67 Input port P6 Input | Input “H” or “L”, or keep them open.

P70-P77 Input port P7 Input | Input “H” or “L”, or keep them open.

P80-P87 Input port P8 Input | Input “H” or “L”, or keep them open.

3886 Group User’s Manual 1-69



HARDWARE
FUNCTIONAL DESCRIPTION

P31/PWM1q <t
P30/PWMog <=
P87/DQ7
P86/DQc <t~
P85/DQs <t
P84/DQ4 <>~
P83/DQz <t
P82/DQ2 <—
P81/DQ1 <
P80/DQe <t
Vce

VREF — =
AVss —=
P67/AN7 -t
P66/AN6 =
P65/ANs <t
P64/AN4 <—
P63/AN3 <t—
P62/AN2 <t—m
P61/AN1 <t—

0 999990960999969

P32
-4 P33
- P34
- P35
-4 P36
[G] -—P37
[T <« POO/P3REF
-4 P01
- P02
-4 P03
-4 P04
P05
-4 P06
-« P07
~-—»Plo
-4 P11
-« P12
-a—p-P13
[ | -a—-P1a
| &] -—»P15

SREREEFEEREERERIEERIER=

M38869FFAHP
M38869FFAGP

O
O

m|
E

P60/ANO g—p» =]
P77/SCL <at—p [~]
P76/SDA <t—p [«]
P75/INT41 <g—p- [= |
P74/INT31 < [

P73/SROV2/INT21 < [o]

=]
5]

P72/SCLK2 <t [
P71/SoUT2 -t [@]
P70/SIN2 <t [©]

P50/A0 < [S]
P47/SRoY1/S1 < [5 |
P46/ScLk1/OBF10 <t [ |

P57/DA2/PWM11 g [5]

P56/DA1/PWMo1 -t [ |
P4s/TxD -a— 3|

P55/CNTR1 <a— [
P54/CNTR0 <t [5 |
P51/INT20/50 <t [ |

P53/INT40/W ~a—
P52/INT30/R <t

-4+ Pls
-+ P17
-+ P20
-+ P21
- P22
-+ P23
-+ P24
-+ P25

-+ P27
Vss

— XouT

~— XIN

~&- Po/XcouT
~&- P41/XCIN

-4— RESET
~— CNVss

-4 P42/INTo/OBFoc
-4 PA43/INT1/OBFo1
<4 P44/RxD

\ RREEEEREE

*

éll

|

r—

* :Connect to the ceramic oscillation circuit.
(O indicates the flash memory pin.

Fig. 68 Pin connection of M38869FFAHP/GP when operating in parallel input/output mode
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Read-only Mode

The microcomputer enters the read-only mode by applying VPPL
to the VPP pin. In this mode, the user can input the address of a
memory location to be read and the control signals at the timing

HARDWARE
FUNCTIONAL DESCRIPTION

shown in Figure 69, and the M38869FFAHP/GP will output the
contents of the user’s specified address from data 1/O pin to the
external. In this mode, the user cannot perform any operation
other than read.

VIH
Address ><><><><> Valid address <><><><><><
ViL
tRC
VIH —\
CE /
ViL
ta(CE)
VIH
OE
ik |_ tWRR tDF
VIH
WE
Vic ta(OE) tDeH
VoH Floating oz /// Floating
Data oLz \\\ Dout >>>>/F7
VoL
ta(AD)

Fig. 69 Read timing

Read/Write Mode

The microcomputer enters the read/write mode by applying VPPH
to the VPP pin. In this mode, the user must first input a software
command to choose the operation (e. g., read, program, or erase)
to be performed on the flash memory (this is called the first cycle),
and then input the information necessary for execution of the com-
mand (e.g, address and data) and control signals (this is called
the second cycle). When this is done, the M38869FFAHP/GP ex-
ecutes the specified operation.

Table 23 Software command (Parallel input/output mode)

Table 23 shows the software commands and the input/output in-
formation in the first and the second cycles. The input address is
latched internally at the falling edge of the WE input; software
commands and other input data are latched internally at the rising
edge of the WE input.

The following explains each software command. Refer to Figures 70
to 72 for details about the signal input/output timings.

Symbol First cycle Second cycle
Address input Data input Address input Data I/O
Read x 0016 Read address Read data (Output)
Program x 4016 Program address Program data (Input)
Program verify x CO016 x Verify data (Output)
Erase x 2016 x 2016 (Input)
Erase verify Verify address A016 x Verify data (Output)
Reset x FF16 x FF16 (Input)
Device identification X 9016 ADI DDI (Output)

Note: ADI = Device identification address : manufacturer’s code 0000016, device code 0000116
DDI = Device identification data : manufacturer's code 1C1s, device code D016

X can be ViL or VIH.
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e Read command

The microcomputer enters the read mode by inputting command
code “0016” in the first cycle. The command code is latched into
the internal command latch at the rising edge of the WE input.
When the address of a memory location to be read is input in the
second cycle, with control signals input at the timing shown in
Figure 70, the M38869FFAHP/GP outputs the contents of the
specified address from the data 1/O pins to the external.

The read mode is retained until any other command is latched into
the command latch. Consequently, once the M38869FFAHP/GP en-
ters the read mode, the user can read out the successive memory
contents simply by changing the input address and executing the
second cycle only. Any command other than the read command
must be input beginning from its command code over again each
time the user execute it. The contents of the command latch immedi-
ately after power-on is 0016.

VIH
Address Valid address <><><><><><><
ViL
twc tRC
[
VIH
CE / \
ViL
tcH
ta(CE)
tcs
VIH
OE
ViL B
tRRW twpP tWRR tDF
[
VIH
WE /
ViL —
ta(OE)
tbs
ViH toLzf/ \
Data 0016 \ Dout /
ViL tcLz
tDH tDH
tvsc ta(AD)
VpPPH
VPP
VpPPL

Fig. 70 Timings during reading
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e Program command
The microcomputer enters the program mode by inputting com-
mand code “4016" in the first cycle. The command code is latched
into the internal command latch at the rising edge of the WE input.
When the address which indicates a program location and data is
input in the second cycle, the M38869FFAHP/GP internally
latches the address at the falling edge of the WE input and the
data at the rising edge of the WE input. The M38869FFAHP/GP
starts programming at the rising edge of the WE input in the sec-
ond cycle and finishes programming within 10 ps as measured by
its internal timer. Programming is performed in units of bytes.
Note: A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in this verification, the user must re-
peatedly execute the program command until the pass. Refer
to Figure 73 for the programming flowchart.

HARDWARE
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e Program verify command

The microcomputer enters the program verify mode by inputting
command code “C016” in the first cycle. This command is used to
verify the programmed data after executing the program com-
mand. The command code is latched into the internal command
latch at the rising edge of the WE input. When control signals are
input in the second cycle at the timing shown in Figure 71, the
M38869FFAHP/GP outputs the programmed address’s contents to
the external. Since the address is internally latched when the pro-
gram command is executed, there is no need to input it in the
second cycle.

Program verify
VIH 5 === A A KA~ AT
rogram
ViL Y N Y VA
twe tas tAH
[
VIH _— |-
CE / \ / \
ViL
tcs tcs tcs
<— <—
tCcH tCH tCH
‘ —=
VIH -——r -
OE / \
ViL
tRRW
twp tWPH twp tDP twp tWRR
VIH — — _———— |-
WE / \
ViL — — —
tbs tbs tDS!
VIH
Data 4016 b —----———{ ot p—---- ((()
ViL "
DH DH DH Verify data output
tvsc
VPPH ———
VPP \
VpPPL

Fig. 71 Input/output timings during programming (Verify data is output at the same timing as for read.)
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e Erase command
The erase command is executed by inputting command code 2016
in the first cycle and command code 2016 again in the second
cycle. The command code is latched into the internal command
latch at the rising edges of the WE input in the first cycle and in
the second cycle, respectively. The erase operation is initiated at
the rising edge of the WE input in the second cycle, and the
memory contents are collectively erased within 9.5 ms as mea-
sured by the internal timer. Note that data 0016 must be written to
all memory locations before executing the erase command.

Note: An erase operation is not completed by executing the erase
command once. Always be sure to execute an erase verify
command after executing the erase command. When the fail-
ure is found in this verification, the user must repeatedly ex-
ecute the erase command until the pass. Refer to Figure 73
for the erase flowchart.

e Erase verify command

The user must verify the contents of all addresses after complet-

ing the erase command. The microcomputer enters the erase

verify mode by inputting the verify address and command code

AO016 in the first cycle. The address is internally latched at the fall-

ing edge of the WE input, and the command code is internally

latched at the rising edge of the WE input. When control signals
are input in the second cycle at the timing shown in Figure 72, the

M38869FFAHP/GP outputs the contents of the specified address

to the external.

Note: If any memory location where the contents have not been
erased is found in the erase verify operation, execute the op-
eration of “erase - erase verify” over again. In this case,
however, the user does not need to write data 0016 to memory
locations before erasing.

Erase verify
VIH -———- Veri
Address Erase erify
address
ViL -———-
twc
VIH -—— | |-
CE / \ / \
ViL
tcs tcs tcs
- e
tCH tCH tCH
‘ —=>
VIH ——— T ----
OE / \
ViL
tRRW
twp twWPH twp tDE twp tWRR
VIH — —\ ————\ |-
WE / \
ViL — — —
tDs tDs tDS
VIH
Data 2016 %17 NN P S ((()
ViL -
Verify data output
tvsc tDH tDH tDH
VPPH _—
VPP \
VpPPL

Fig. 72 Input/output timings during erasing (verify data is output at the same timing as for read.)
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e Reset command

The reset command provides a means of stopping execution of
the erase or program command safely. If the user inputs command
code FF16 in the second cycle after inputting the erase or program
command in the first cycle and again input command code FF16 in
the third cycle, the erase or program command is disabled (i.e.,
reset), and the M38869FFAHP/GP is placed in the read mode. If
the reset command is executed, the contents of the memory does
not change.

e Device identification code command

By inputting command code 9016 in the first cycle, the user can
read out the device identification code. The command code is
latched into the internal command latch at the rising edge of the
‘WE input. At this time, the user can read out manufacture’s code
1Czis (i.e., MITSUBISHI) by inputting 000016 to the address input
pins in the second cycle; the user can read out device code D016
(i. e., IM-bit flash memory) by inputting 000116.

These command and data codes are input/output at the same tim-
ing as for read.

HARDWARE
FUNCTIONAL DESCRIPTION
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Program

( ADRS = first location )
—( 0
WRITE PROGRAM 2016
COMMAND
WRITE PROGRAM DIN
DATA
( DURATION =10 ps )
( X=X+1 )
WRITE PROGRAM-VERIFY Co16
COMMAND

( DURATION = 6 s )

FAIL

INC ADRS LAST ADRS ?

VERIFY BYTE ?

Erase

YES

ﬁﬁ/\rl\ﬁfl‘/\

A

START

( Vcec =5V, Vpp = VPPH )

ALL
BYTES = 0016 ?

PROGRAM
ALL BYTES = 0016

v

ADRS = first location

!

X=0

WRITE ERASE
COMMAND

!

WRITE ERASE
COMMAND

v

DURATION = 9.5 ms
X=X+1

v

WRITE ERASE-VERIFY
COMMAND

) AO16
v

DURATION =6 us )

2016

2016

O U U UL

FAIL
VERIFY BYTE ?
WRITE READ COMMAND 0016
( VPP = VPPL )
\‘/ ( INC ADRS LAST ADRS ?
DEVICE DEVICE
PASSED FAILED
( WRITE READ COMMAND ) 0016
( VPP = VPPL )
DEVICE DEVICE
PASSED FAILED

Fig. 73 Programming/Erasing algorithm flow chart
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Table 24 DC ELECTRICAL CHARACTERISTICS (Ta=25°C, Vcc =5V + 10 %, unless otherwise noted)

HARDWARE
FUNCTIONAL DESCRIPTION

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
IsB1 Vcc=5.5V,CE =VH 1 mA
ISB2 Vcc supply current (at standby) \éc: Vscg l/’o_z v 100 UA
lcc Vcc supply current (at read) :/R%C::155'g rYsCIEU:T \:/”6 mA 15 mA
lcc2 Vcc supply current (at program) VPP = VPPH 15 mA
lccs Vcc supply current (at erase) VPP = VPPH 15 mA
O<VppsVce 10 A
IPP1 VPP supply current (at read) Vce<svppsvee + 1.0 V 100 pA
VPP = VPPH 100 A
IPP2 VPP supply current (at program) VPP = VPPH 30 mA
IPP3 VPP supply current (at erase) VPP = VPPH 30 mA
ViL “L” input voltage 0 0.8 \%
VIH “H” input voltage 2.0 Vce \%
VoL “L” output voltage loL=2.1 mA 0.45 \%
VOH1 “H” output voltage IoH = —400 pA 2.4 \%
VOH2 loH =-100 pA Vcc-0.4 \%
VPPL VPP supply voltage (read only) Vce Vce +1.0 \%
VpPPH VPP supply voltage (read/write) 11.7 12.0 12.6 \%
AC ELECTRICAL CHARACTERISTICS (Ta=25 °C, Vcc =5V % 10 %, unless otherwise noted)
Table 25 Read-only mode
Symbol Parameter - Limits Unit
Min. Max.
tRC Read cycle time 250 ns
ta(AD) Address access time 250 ns
ta(CE) CE access time 250 ns
ta(OE) OE access time 100 ns
tcLz Output enable time (after CE) 0 ns
toLz Output enable time (after OE) 0 ns
tDF Output floating time (after OE) 35 ns
tDH Output valid time (after CE, OE, address) 0 ns
tWRR Write recovery time (before read) 6 us
Table 26 Read/Write mode
Limits .
Symbol Parameter - Unit
Min. Max.
twc Write cycle time 150 ns
tas Address set up time 0 ns
tAH Address hold time 60 ns
tbs Data setup time 50 ns
tDH Data hold time 10 ns
tWRR Write recovery time (before read) 6 us
tRRW Read recovery time (before write) 0 us
tcs CE setup time 20 ns
tCH CE hold time 0 ns
twpP Write pulse width 60 ns
tWPH Write pulse waiting time 20 ns
toP Program time 10 us
tDE Erase time 9.5 ms
tvsc VPP setup time 1 us
Note: Read timing of Read/Write mode is same as Read-only mode.
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(2) Flash memory mode 2 (serial /0 mode)

The M38869FFAHP/GP has a function to serially input/output the
software commands, addresses, and data required for operation
on the internal flash memory (e. g., read, program, and erase) us-
ing only a few pins. This is called the serial I/O (input/output)
mode. This mode can be selected by driving the SDA (serial data
input/output), SCLK (serial clock input ), and OE pins high after

connecting wires as shown in Figures 74 and powering on the Vcc
pin and then applying VPPH to the VPP pin.

In the serial I/O mode, the user can use six types of software com-
mands: read, program, program verify, erase, erase verify and
error check.

Serial input/output is accomplished synchronously with the clock,
beginning from the LSB (LSB first).

—

w
&
g
NP YL OND N mMT N O dN @S
MOMOMOOHNO0O000000O0 d oo
zzzzizzzzzzzzzzzzzzz
blfpd e pelp=p4palp2]s{pclbelpelfpelpelfelpalfe]feq]
P31/PWM1q <&~ [61] [40] <4 P16
P30/PWMog <= [62] [39] - P17
P87/DQ7 <4 [63] [38] < P20
P86/DQs < [64] [37] < P21
P85/DQs5 <#—m- [65] [36] - P22
P84/DQ4 < [66] [35] - P23
P83/DQs <4 [67] [34] < P24
P82/DQ2 < [63] % -« P2s
P81/DQ1 < [69] 32] - P26
Pauns <> [ M38869FFAHP  Ezre»
S Vee [71] 30 Vss @ ———————— @ —([Uss)
v I M38B6OFFAGP  H .5 —.
AVss — [73] [28] ~a— Xin — 0o
P67/AN7 <t [74] [27] <= P4o/Xcout
PB6/AN6 <a—- [75] [26] <a-3= p41/Xcin
P65/ANSs <t [76] % -4— RESET —
P64/AN2 <& [77] 24] «4— CNVss
P63/AN3 ~a— [78] [23] ~<—p= P42/INTo/OBFo0
P62/AN2 < [79] O [22] <a— P43/INT1/0BFo1
P61/AN1 < [80] [21] <« P44/RxD
323 2 3 3 0 2 0 D S R O e
O 4 d odd N NN g - o o o4 o Q
ZHGEEE S EEEELEBIR S
SEsZZ2Z2hps2szZz,ER058
OCr - BIVIINaao0zz52R2RF
o EREERTCSSZ3ES5SE g
goe II8LB8E 54
© Sa aan Fo
] Q
& 2e 5

*:Connect to the ceramic oscillation circuit.
(O indicates the flash memory pin.

Fig. 74 Pin connection of M38869FFAHP/GP when operating in serial I/O mode
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Table 27 Pin description (flash memory serial /0O mode)

Input

Pin Name /Output Functions

Vce, Vss Power supply — Supply 5V + 10 % to Vcc and 0 V to Vss.

CNVss VPP input Input | Connectto 11.7 to 12.6 V.

RESET Reset input Input | Connect to Vss.

XIN Clock input Input | Connect a ceramic resonator between XIN and XoOuUT.

Xout Clock output Output

AVss Analog supply input — Connect to Vss.

VREF Reference voltage input Input | Input an arbitrary level between the range of Vss and Vcc.

P00—P0O7 Input port PO Input | Input “H” or “L”, or keep them open.

P1o-P17 Input port P1 Input | Input “H” or “L”, or keep them open.

P20-P27 Input port P2 Input | Input “H” or “L”, or keep them open.
[ P30-P3s _ | InputportP3 | Jnput | Input*H”orL", orkeepthemopen. _ _ _ _ _ _ _ _ _ _ _ ___________|
P37 Control signal input Input | OE input pin

E:llo—P43, Input port P4 Input | Input “H” or “L” to P40 - P43, P45, or keep them open.

5

[Pas sbavo _ _ _ _ ___ ] VO_ _| Thispinis for serial datao. . ________________|
P46 SCLK input Input | This pin is for serial clock input.
IZZ2 BUSYoutput | Output | This pin is for BUSY signal output. ]
P50-P57 Input port P5 Input | Input “H” or “L”, or keep them open.

P60-P67 Input port P6 Input | Input “H” or “L”, or keep them open.

P70-P77 Input port P7 Input | Input “H” or “L”, or keep them open.

P80-P87 Input port P8 Input | Input “H” or “L”, or keep them open.
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Functional Outline (serial /O mode)

In the serial /0 mode, data is transferred synchronously with the
clock using serial input/output. The input data is read from the
SDA pin into the internal circuit synchronously with the rising edge
of the serial clock pulse; the output data is output from the SDA
pin synchronously with the falling edge of the serial clock pulse.

Table 28 Software command (serial /O mode)

Data is transferred in units of eight bits.

In the first transfer, the user inputs the command code. This is fol-
lowed by address input and data input/output according to the
contents of the command. Table 28 shows the software com-
mands used in the serial I/O mode. The following explains each
software command.

umber of transfers| First command .
. Second Third Fourth

Command code input

Read 0016 Read address L (Input) Read address H (Input) Read data (Output)
Program 4016 Program address L (Input) Program address H (Input) Program data (Input)
Program verify C016 Verify data (Output)

Erase 2016 2016 (Input)

Erase verify A016 Verify address L (Input) Verify address H (Input) Verify data (Output)
Error check 8016 Error code (Output)

e Read command

Input command code 0016 in the first transfer. Proceed and input
the low-order 8 bits and the high-order 8 bits of the address and
pull the OE pin low. When this is done, the M38869FFAHP/GP
reads out the contents of the specified address, and then latches

it into the internal data latch. When the OE pin is released back
high and serial clock is input to the SCLK pin, the read data that
has been latched into the data latch is serially output from the
SDA pin.

tCH tCcH
SCLK
Ao A7 As A1s Do D7
SDA  -=---- 100000000 "\ AANANAT " WNAAANAAN UMMM
Command code input (0016) Read address input (L) Read address input (H) Read data output
_ tcrR tWR tRC
=
OE
Read
BUSY “L”

Note : When outputting the read data, the SDA pin is switched for output at the first falling edge of SCLK. The SDA pin is placed
in the floating state during the period of th(c-) after the last rising edge of SCLK (at the 8th bit).

Fig. 75 Timings during reading
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e Program command

Input command code 4016 in the first transfer. Proceed and input
the low-order 8 bits and the high-order 8 bits of the address and
then program data. Programming is initiated at the last rising edge
of the serial clock during program data transfer. The BUSY pin is
driven high during program operation. Programming is completed
within 10 ps as measured by the internal timer, and the BUSY pin

is pulled low.

Note : A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in the verification, the user must re-
peatedly execute the program command until the pass in the
verification. Refer to Figure 73 for the programming flowchart.

tCH

tCH

SCLK

SDA  ------ 1000000|1[of~--"

Command code input (4016) Program address input (L) Program address input (H) ~ Program data input

tCH

BUSY

twp
Program

Fig. 76 Timings during programming

e Program verify command

Input command code CO016 in the first transfer. Proceed and drive

the OE pin low. When this is done, the M38869FFAHP/GP verify-

reads the programmed address’s contents, and then latches it into

the internal data latch. When the OE pin is released back high and
serial clock is input to the SCLK pin, the verify data that has been
latched into the data latch is serially output from the SDA pin.

SCLK

000000J11

Command code input (CO16)

\/tCRPV
=

Do D7

Verify data output

tWR tRC

BUSY ..

Verify read

Note: When outputting the verify data, the SDA pin is switched for output at the first falling edge of SCLK. The SDA pin is placed
in the floating state during the period of th(c-E) after the last rising edge of SCLK (at the 8th bit).

Fig. 77 Timings during program verify
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e Erase command

Input command code 2016 in the first transfer and command code
2016 again in the second transfer. When this is done, the
M38869FFAHP/GP executes an erase command. Erase is initi-
ated at the last rising edge of the serial clock. The BUSY pin is
driven high during the erase operation. Erase is completed within
9.5 ms as measured by the internal timer, and the BUSY pin is
pulled low. Note that data 0016 must be written to all memory loca-

tions before executing the erase command.

Note: A erase operation is not completed by executing the erase
command once. Always be sure to execute a erase verify
command after executing the erase command. When the fail-
ure is found in the verification, the user must repeatedly ex-
ecute the erase command until the pass in the verification.
Refer to Figure 73 for the erase flowchart.

tcH

SCLK

Command code input (2016) Command code input (2016)

SDA ----100000J100----7100000(10 O==---~

twe

BUSY

Erase

Fig. 78 Timings at erasing

e Erase verify command

The user must verify the contents of all addresses after complet-
ing the erase command. Input command code AO016 in the first
transfer. Proceed and input the low-order 8 bits and the high-order
8 bits of the address and pull the OE pin low. When this is done,
the M38869FFAHP/GP reads out the contents of the specified ad-
dress, and then latches it into the internal data latch. When the OE
pin is released back high and serial clock is input to the SCLK pin,

the verify data that has been latched into the data latch is serially

output from the SDA pin.

Note: If any memory location where the contents have not been
erased is found in the erase verify operation, execute the op-
eration of “erase — erase verify” over again. In this case,
however, the user does not need to write data 0016 to
memory locations before erasing.

tCH tcH
SCLK
Ao A7 A1s Do D7
SDA === 100000101l """ DDDDDDDD """"""""""""""""
Command code input (A016) Verify address input (L)  Verify address input (H) Verify data output
|_ICREV twR tRC
<

BUSY “L”

Verify read

Note : When outputting the verify data, the SDA pin is switched for output at the first falling edge of SCLK. The SDA pin is placed
in the floating state during the period of th(c-E) after the last rising edge of SCLK (at the 8th bit).

Fig. 79 Timings during erase verify
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e Error check command

Input command code 8016 in the first transfer, and the
M38869FFAHP/GP outputs error information from the SDA pin,
beginning at the next falling edge of the serial clock. If the LSB bit
of the 8-bit error information is 1, it indicates that a command error
has occurred. A command error means that some invalid com-
mands other than commands shown in Table 28 has been input.
When a command error occurs, the serial communication circuit
sets the corresponding flag and stops functioning to avoid an erro-
neous programming or erase. When being placed in this state, the
serial communication circuit does not accept the subsequent serial
clock and data (even including an error check command). There-
fore, if the user wants to execute an error check command,

HARDWARE
FUNCTIONAL DESCRIPTION

temporarily drop the VPP pin input to the VPPL level to terminate
the serial input/output mode. Then, place the M38869FFAHP/GP
into the serial /0O mode back again. The serial communication cir-
cuit is reset by this operation and is ready to accept commands.
The error flag alone is not cleared by this operation, so the user
can examine the serial communication circuit’s error conditions
before reset. This examination is done by the first execution of an
error check command after the reset. The error flag is cleared
when the user has executed the error check command. Because
the error flag is undefined immediately after power-on, always be
sure to execute the error check command.

tCH

------ 10000 0 0 of1 -~ YN~

EO

Error flag output

SCLK
SDA
Command code input (8016)
. S
OE
BUSY « »

Note: When outputting the error flag, the SDA pin is switched for output at the first falling edge of the serial clock. The SDA pin is placed
in the floating state during the period of th(c-E) after the last rising edge of the serial clock (at the 8th bit).

Fig. 80 Timings at error checking

Note: The programming/erasing algorithm flow chart of the serial
1/0 mode is the same as that of the parallel I/O mode. Re-
fer to Figure 73.
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DC ELECTRICAL CHARACTERISTICS (Ta=25°C,Vcc =5V + 10 %, VPP = 11.7 to 12.6 V, unless otherwise noted)

Icc, IpP-relevant standards during read, program, and erase are the same as in the parallel input/output mode. VIH, VIL, VOH, VoL, liH, and
liL for the SCLK, SDA, BUSY, OE pins conform to the microcomputer modes.

Table 29 AC Electrical characteristics
(Ta=25°C,Vcc =5V + 10 %, Vpp =11.7 to 12.6 V, f(XIN) = 10 MHz, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Max.
tcH Serial transmission interval 500(Note 1) ns
tcrR Read waiting time after transmission 500(Note 1) ns
twR Read pulse width 400(Note 2) ns
tRC Transfer waiting time after read 500(Note 1) ns
tCRPV Waiting time before program verify 6 us
twp Programming time 10 us
tPC Transfer waiting time after programming 500(Note 1) ns
tCREV Waiting time before erase verify 6 ns
tWE Erase time 9.5 ns
teC Transfer waiting time after erase 500(Note 1) ns
tc(CK) SCLK input cycle time 250 ns
tw(CKH) SCLK high-level pulse width 100 ns
tw(CKL) SCLK low-level pulse width 100 ns
tr(CK) SCLK rise time 20 ns
tf(CK) SCLK fall time 20 ns
td(C-Q) SDA output delay time 0 90 ns
th(C-Q) SDA output hold time 0 ns
th(C-E) SDA output hold time (only the 8th bit) 150(Note 3) | pgp(Note 4) | pg
tsu(D-C) SDA input set up time 30 ns
th(C-D) SDA input hold time 90 ns
Notes 1: When f(XIN) = 10 MHz or less, calculate the minimum value according to formula 1.
Formula 1: 2000« 106
f(XIN)
2: When f(XIN) = 10 MHz or less, calculate the minimum value according to formula 2.
. 4000 6
Formula 2 : _f(X|N) x 10
3: When f(XIN) = 10 MHz or less, calculate the minimum value according to formula 3.
. 1500 6
Formula 3 : o) x 10
4: When f(XIN) = 10 MHz or less, calculate the minimum value according to formula 4
. 2500 6
Formula 4 : o) x
AC waveforms
te(CK)
HCK)  wckL) tr(CK) tw(CKH)
SCLK
th(C-Q)
th(C-E) <>
Test conditions for AC characteristics
SDA output >_ ______
« Output timing voltage : VoL = 0.8 V, VoH = 2.0 V
tsu(D-C) | th(C-D) « Input timing voltage : ViL = 0.2 Vcc, ViH = 0.8 Vcc
SDAinput  ------------------—-—--—-——o |- --o-—--—-—-——-————-——-
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(3) Flash memory mode 3 (CPU reprogramming
mode)

The M38869FFAHP/GP has the CPU reprogramming mode where
a built-in flash memory is handled by the central processing unit
(CPU).

In CPU reprogramming mode, the flash memory is handled by
writing and reading to/from the flash memory control register (see
Figure 81) and the flash command register (see Figure 82).

The CNVSss pin is used as the VPP power supply pin in CPU repro-
gramming mode. It is necessary to apply the power-supply voltage
of VPPH from the external to this pin.

Functional Outline (CPU reprogramming mode)
Figure 81 shows the flash memory control register bit configura-
tion. Figure 82 shows the flash command register bit
configuration.

Bit O of the flash memory control register is the CPU reprogram-
ming mode select bit. When this bit is set to “1” and VpPPH is
applied to the CNVss/VPpP pin, the CPU reprogramming mode is
selected. Whether the CPU reprogramming mode is realized or
not is judged by reading the CPU reprogramming mode monitor
flag (bit 2 of the flash memory control register).

Bit 1 is a busy flag which becomes “1” during erase and program
execution.

HARDWARE
FUNCTIONAL DESCRIPTION

Whether each operation has been completed or not is judged by
checking this flag after execution of each erase or program com-
mand.

Bits 4, 5 of the flash memory control register are the erase/pro-
gram area select bits. These bits specify an area where erase and
program is operated. When the erase command is executed after
an area is specified by these bits, only the specified area is
erased. Programming is enabled only for the specified area: pro-
gramming is disabled for all other areas.

When CPU reprogramming mode is valid, the area not specified
by the erase/program area select bits cannot be read out.
Transfer the CPU reprogramming mode control program to inter-
nal RAM before entering the CPU reprogramming mode, and then
execute this program on internal RAM.

If an interrupt occurs while this program is being executed, the
flash memory area is accessed, but normal operations cannot be
performed because the flash memory area cannot be read out.
Execute processes such as interrupt disable during the CPU re-
programming mode control program.

Figure 83 shows the CPU mode register bit configuration in the
CPU reprogramming mode. Set bits 1 and 0 to “00” (single-chip
mode) in the CPU reprogramming mode.

5 4 3 2

7 6 1 0
[ Lol | ol | ]]

Flash memory control register
(FCON : address OFFEL6)

CPU reprogramming mode select bit (Note)
0 : CPU reprogramming mode is invalid. (Normal operation mode)
1: When applying 0 V or VPPL to CNVSS/VPP pin, CPU reprogramming mode is
invalid. When applying VPPH to CNVSS/VPP pin, CPU reprogramming mode is valid.

Erase/Program busy flag
0 : Erase and program are completed or not have been executed.
1: Erase/program is being executed.

CPU reprogramming mode monitor flag
0 : CPU reprogramming mode is invalid.
1: CPU reprogramming mode is valid.

Fix this bit to “0.”

Erase/Program area select bits
0 0: Addresses 100016 to FFFF16 (total 60 Kbytes)
0 1: Addresses 100016 to 7FFF16 (total 28 Kbytes)
1 0: Addresses 800016 to FFFF16 (total 32 Kbytes)
1 1: Notavailable

Fix this bit to “0.”
Not used (returns "0" when read)

Note: Bit O can be reprogrammed only when 0 V is applied to the CNVSS/VPP pin.

Fig. 81 Flash memory control register bit configuration
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e CPU reprogramming mode operation procedure
The operation procedure in CPU reprogramming mode is de-
scribed below.

< Beginning procedure >

O Apply 0 V to the CNVss/VPp pin for reset release.

O After CPU reprogramming mode control program is transferred to
internal RAM, jump to this control program on RAM. (The follow-
ing operations are controlled by this control program).

O Set “1" to the CPU reprogramming mode select bit.

O Apply VPPH to the CNVss/VPP pin.

O Wait till CNVss/VPP pin becomes 12 V.

O Read the CPU reprogramming mode monitor flag to confirm
whether the CPU reprogramming mode is valid.

O The operation of the flash memory is executed by software-com-
mand-writing to the flash command register .

Note: The following are necessary other than this:

*Control for data which is input from the external (serial 1/0
etc.) and to be programmed to the flash memory

eInitial setting for ports etc.

*Writing to the watchdog timer

< Release procedure >

O Apply OV to the CNVss/VPP pin.

O Wait till CNVss/VPP pin becomes 0V.

0 Set the CPU reprogramming mode select bit to “0.”

Each software command is explained as follows.

e Read command

When “0016" is written to the flash command register, the
M38869FFAHP/GP enters the read mode. The contents of the
corresponding address can be read by reading the flash memory
(For instance, with the LDA instruction etc.) under this condition.
The read mode is maintained until another command code is written
to the flash command register. Accordingly, after setting the read
mode once, the contents of the flash memory can continuously be
read.

After reset and after the reset command is executed, the read
mode is set.

7 6 5 4 3 2 1 0
| | | | | Flash command register

(FCMD : address OFFF16)

Writing of software command

<Software command name> <Command code>

* Read command “0016”
« Program command “4016"
« Program verify command “C016”
« Erase command “2016” + “2016”
« Erase verify command “A016"
» Reset command “FF16” + “FF16”

Note: The flash command register is write-only register.

Fig. 82 Flash command register bit configuration

b7 b0
| 1 | | 0 | Ol CPU mode register
(CPUM : address 003B16)
I—l— Processor mode bits
bl b0
0 0 : Single-chip mode

0 1 :Notavailable
1 X :Not available

Stack page selection bit
0 : 0 page
1 :1page

Fix this bit to “1".

Port Xc switch bit
0 : I/0 port function (stop oscillating)
1: XcIN-XcouT oscillating function

Main clock (XIN—XoUT) stop bit
0 : Oscillating
1: Stopped

Main clock division ratio selection bits
b7 b6
0 0 :@=f(XiN)/2 (high-speed mode)
0 1 :@=f(XiN)/8 (middle-speed mode)
1 0 :¢=f(XcIN)/2 (low-speed mode)
1 1 :Notavailable

Fig. 83 CPU mode register bit configuration in CPU rewriting
mode
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e Program command

When “4016” is written to the flash command register, the

M38869FFAHP/GP enters the program mode.

Subsequently to this, if the instruction (for instance, STA

instruction) for writing byte data in the address to be programmed

is executed, the control circuit of the flash memory executes the

program. The erase/program busy flag of the flash memory control

register is set to “1” when the program starts, and becomes “0”

when the program is completed. Accordingly, after the write in-

struction is executed, CPU can recognize the completion of the

program by polling this bit.

The programmed area must be specified beforehand by the erase/

program area select bits.

During programming, watchdog timer stops with “FFFF16” set.

Note: A programming operation is not completed by executing the
program command once. Always be sure to execute a pro-
gram verify command after executing the program command.
When the failure is found in this verification, the user must re-
peatedly execute the program command until the pass. Refer
to Figure 84 for the flow chart of the programming.

e Program verify command

When “CO016” is written to the flash command register, the
M38869FFAHP/GP enters the program verify mode. Subsequently
to this, if the instruction (for instance, LDA instruction) for reading
byte data from the address to be verified (i.e., previously pro-
grammed address), the contents which has been written to the
address actually is read.

CPU compares this read data with data which has been written by
the previous program command. In consequence of the compari-
son, if not agreeing, the operation of “program - program verify”
must be executed again.

e Erase command

When writing “2016” twice continuously to the flash command reg-

ister, the flash memory control circuit performs erase to the area

specified beforehand by the erase/program area select bits.

Erase/program busy flag of the flash memory control register be-

comes “1” when erase begins, and it becomes “0” when erase

completes. Accordingly, CPU can recognize the completion of
erase by polling this bit.

Data “0016” must be written to all areas to be erased by the pro-

gram and the program verify commands before the erase

command is executed.

During erasing, watchdog timer stops with “FFFF16” set.

Note: The erasing operation is not completed by executing the erase
command once. Always be sure to execute an erase verify
command after executing the erase command. When the fail-
ure is found in this verification, the user must repeatedly ex-
ecute the erase command until the pass. Refer to Figure 84 for
the erasing flowchart.

HARDWARE
FUNCTIONAL DESCRIPTION

e Erase verify command

When “A016” is written to the flash command register, the

M38869FFAHP/GP enters the erase verify mode. Subsequently to

this, if the instruction (for instance, LDA instruction) for reading

byte data from the address to be verified, the contents of the ad-

dress is read.

CPU must erase and verify to all erased areas in a unit of ad-

dress.

If the address of which data is not “FF16” (i.e., data is not erased)

is found, it is necessary to discontinue erasure verification there,

and execute the operation of “erase - erase verify” again.

Note: By executing the operation of “erase — erase verify” again
when the memory not erased is found. It is unnecessary to
write data “0016” before erasing in this case.

e Reset command

The reset command is a command to discontinue the program or
erase command on the way. When “FF16” is written to the command
register two times continuously after “4016” or “2016" is written to the
flash command register, the program, or erase command becomes
invalid (reset), and the M38869FFAHP/GP enters the reset mode.
The contents of the memory does not change even if the reset com-
mand is executed.

DC Electric Characteristics
Note: The characteristic concerning the flash memory part are the
same as the characteristic of the parallel /O mode.

AC Electric Characteristics
Note: The characteristics are the same as the characteristic of the
microcomputer mode.
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Program

( ADRS = flrst location

XZO

WRITE PROGRAM
COMMAND

WRITE PROGRAM
DATA

WAIT 1us

)
— )
— )
C )

( )

ERASE PROGRA
BUSY FLAG =0

C )

X=X+1
WRITE PROGRAM-VERIFY
COMMAND

( DURATION =6 ps )

FAIL

INC ADRS LAST ADRS ?

( WRITE READ COMMAND ) 0016

v

DEVICE
PASSED

4016

DIN

) CO16

VERIFY BYTE ?

DEVICE
FAILED

Erase

YES

ALL
BYTES = 0016 ?

PROGRAM
ALL BYTES = 0016

v

ADRS = first location

v

X=0

WRITE ERASE
COMMAND

v

WRITE ERASE
COMMAND

!

2016

2016

WAIT 1ps

O O U U\

ERASE PROGRAI
BUSY FLAG =0

INC ADRS

FAIL

( X=X+1 )
WRITE ERASE-VERIFY
COMMAND ) AO16

( DURATION = 6 ps )

VERIFY BYTE ?

LAST ADRS ?

( WRITE READ COMMAND ) 0016
DEVICE DEVICE
PASSED FAILED

Fig.

84 Flowchart of program/erase operation at CPU reprogramming mode
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NOTES ON PROGRAMMING

Processor Status Register

The contents of the processor status register (PS) after a reset are
undefined, except for the interrupt disable flag (I) which is “1.” Af-
ter a reset, initialize flags which affect program execution. In
particular, it is essential to initialize the index X mode (T) and the
decimal mode (D) flags because of their effect on calculations.

Interrupts

The contents of the interrupt request bits do not change immedi-
ately after they have been written. After writing to an interrupt
request register, execute at least one instruction before perform-
ing a BBC or BBS instruction.

Decimal Calculations

« To calculate in decimal notation, set the decimal mode flag (D)
to “1”, then execute an ADC or SBC instruction. After executing
an ADC or SBC instruction, execute at least one instruction be-
fore executing a SEC, CLC, or CLD instruction.

« In decimal mode, the values of the negative (N), overflow (V),
and zero (Z) flags are invalid.

Timers
If a value n (between 0 and 255) is written to a timer latch, the fre-
quency division ratio is 1/(n+1).

Multiplication and Division Instructions

* The index X mode (T) and the decimal mode (D) flags do not af-
fect the MUL and DIV instruction.

« The execution of these instructions does not change the con-
tents of the processor status register.

Ports

The contents of the port direction registers cannot be read. The

following cannot be used:

* The data transfer instruction (LDA, etc.)

* The operation instruction when the index X mode flag (T) is “1”

* The instruction with the addressing mode which uses the value
of a direction register as an index

« The bit-test instruction (BBC or BBS, etc.) to a direction register

* The read-modify-write instructions (ROR, CLB, or SEB, etc.) to
a direction register.

Use instructions such as LDM and STA, etc., to set the port direc-

tion registers.

HARDWARE
NOTES ON PROGRAMMING

Serial /O

In clock synchronous serial 1/0, if the receive side is using an ex-
ternal clock and it is to output the SRDY1 signal, set the transmit
enable bit, the receive enable bit, and the SRDY1 output enable bit
to “1.”

Serial I/01 continues to output the final bit from the TxD pin after
transmission is completed. Sout2 pin for serial /02 goes to high
impedance after transfer is completed.

When in serial /01 (clock-synchronous mode) or in serial /02, an
external clock is used as synchronous clock, write transmission
data to the transmit buffer register or serial 1/02 register, during
transfer clock is “H.”

A-D Converter

The comparator uses capacitive coupling amplifier whose charge
will be lost if the clock frequency is too low.

Therefore, make sure that f(XIN) is at least on 500 kHz during an
A-D conversion.

Do not execute the STP instruction during an A-D conversion.

D-A Converter

The accuracy of the D-A converter becomes rapidly poor under
the Vcc = 4.0 V or less condition; a supply voltage of Vcc 2 4.0 V
is recommended. When a D-A converter is not used, set all values
of D-Ai conversion registers (i=1, 2) to “0016.”

Instruction Execution Time

The instruction execution time is obtained by multiplying the pe-
riod of the internal clock @ by the number of cycles needed to
execute an instruction.

The number of cycles required to execute an instruction is shown
in the list of machine instructions.

The period of the internal clock @ is half of the XiN period in high-
speed mode.

When the ONW function is used in modes other than single-chip
mode, the period of the internal clock @ may be four times that of
the XIN.
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NOTES ON USAGE/DATA REQUIRED FOR MASK ORDERS AND ONE TIME PROM PROGRAMMING ORDERS

NOTES ON USAGE

Handling of Power Source Pins

In order to avoid a latch-up occurrence, connect a capacitor suit-
able for high frequencies as bypass capacitor between power
source pin (Vcc pin) and GND pin (Vss pin), between power
source pin (Vcc pin) and analog power source input pin (AVss
pin). Connect the same kind of capacitor between program power
source pin (CNVss/VPP) and GND pin when executing on-board
reprogramming of flash memory version. Make sure the connec-
tion between each pin is as short as possible. We recommend
using a ceramic capacitor of 0.01 pF to 0.1 pF.

EPROM version/One Time PROM version/
Flash memory version

The CNVss pin is connected to the internal memory circuit block
by a low-ohmic resistance, since it has the multiplexed function to
be a programmable power source pin (VPP pin) as well.

To improve the noise reduction, connect a track between CNVss
pin and Vss pin or Vcc pin with 1 to 10 kQ resistance.

The mask ROM version track of CNVss pin has no operational in-
terference even if it is connected to Vss pin or Vcc pin via a
resistor.

Erasing of Flash memory version

For the parallel I/O mode and the serial I/O mode, set addresses
0100016 to OFFFF16 as the memory area to be erased. If an incor-
rect address is set as the memory area to be erased, the product
may be permanently damaged.

DATA REQUIRED FOR MASK ORDERS

The following are necessary when ordering a mask ROM produc-

tion:

1.Mask ROM Confirmation Form™1

2.Mark Specification FormH2

3.Data to be written to ROM, in EPROM form (three identical cop-
ies)

DATA REQUIRED FOR One Time PROM

PROGRAMMING ORDERS

The following are necessary when ordering a PROM programming

service:

1.ROM Programming Confirmation FormH1

2.Mark Specification FormH2

3.Data to be programmed to PROM, in EPROM form (three identi-
cal copies)

For the mask ROM confirmation, the ROM programming confirma-
tion, and the mark specifications, refer to the “Mitsubishi MCU
Technical Information” Homepage.

01 Mask ROM Confirmation Forms
pttp://www.infomicom.mesc.co.jp/38000/38ordere.htrr]

02 Mark Specification Forms
http://www.infomicom.mesc.co.jp/mela/markform.htr
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FUNCTIONAL DESCRIPTION SUPPLEMENT

FUNCTIONAL DESCRIPTION SUPPLEMENT

A-D Converter

A-D conversion is started by setting AD conversion completion bit to

“0.” During A-D conversion, internal operations are performed as

follows.

1. After the start of A-D conversion, A-D conversion register goes to
“0016.”

2. The highest-order bit of A-D conversion register is set to “1,” and
the comparison voltage Vref is input to the comparator. Then, Vref
is compared with analog input voltage VIN.

3. As a result of comparison, when Vref < VIN, the highest-order bit
of A-D conversion register becomes “1.” When Vref > VIN, the
highest-order bit becomes “0.”

Table 30 Relative formula for a reference voltage VRer of A-D
converter and Vref
Whenn=0

Vref =0

VREF
1024
n: Value of A-D converter (decimal numeral)

When n =1 to 1023 Vref = On

Table 31 Change of A-D conversion register during A-D conversion

By repeating the above operations up to the lowest-order bit of the
A-D conversion register, an analog value converts into a digital
value.

A-D conversion completes at 61 clock cycles (15.25 ps at f(XIN) = 8
MHz) after it is started, and the result of the conversion is stored
into the A-D conversion register.

Concurrently with the completion of A-D conversion, A-D conversion
interrupt request occurs, so that the AD conversion interrupt request
bit is set to “1.”

Change of A-D conversion register Value of comparison voltage (Vref)
At start of conversion ‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘ 0
First comparison ‘1‘0‘0‘0‘0‘0‘0‘0‘0‘0‘ VRZEF
Second comparison ‘51‘1‘0‘0‘0‘0‘0‘0‘0‘0‘ VRzEFJ_r VZEF
Third comparison ‘51‘52‘1‘0‘0‘0‘0‘0‘0‘0‘ VRzEFJ_r VI:EF N VR8EF

~ ~

After completion of tenth A result of A-D conversion
comparison (01[02 03] 04|05]06]07] 08|09 | 0| VRZEFi VZEF toeees * \1/35:

01-010: A result of the first comparison to the tenth comparison
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Figures 85 shows the A-D conversion equivalent circuit, and Figure
86 shows the A-D conversion timing chart.

Vcec Vss

About 2 kW Q Q

Vcc AVss

-

VIN
ANo O—ANN -
O A A A ampling
AN1 clock

ANz O—AN,
ANz O— AN
ANs O— AN~

Built-in

D-A converter

Reference
clock

Chopper
amplifier

A-D conversion register (high-order)

A-D conversion register
(low-order)

AD conversion interrupt request

Fig. 85 A-D conversion equivalent circuit

Write signal for A-D
control register

AD conversion

61 cycles

completion bit

Sampling clock

Fig. 86 A-D conversion timing chart
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APPLICATION
2.1 1/0 port

2.1 1/O port

This paragraph explains the registers setting method and the notes relevant to the I/O ports.

2.1.1 Memory map

000016 | Port PO (PO)

000116 | Port PO direction register (POD)

000216 | Port P1 (P1)

000316 | Port P1 direction register (P1D)

000416 | Port P2 (P2)

000516 | Port P2 direction register (P2D)

000616 | Port P3 (P3)

000716 | Port P3 direction register (P3D)

000816 | Port P4 (P4)

000916 | Port P4 direction register (P4D)

000A16 | Port P5 (P5)

000B16 | Port P5 direction register (P5D)

000Cz16 | Port P6 (P6)

000Dz6 | Port P6 direction register (P6D)

000Ez1s | Port P7 (P7)

000F16 | Port P7 direction register (P7D)

001016 | port pg (P8)/Port P4 input register (P41)
001116 | port pg direction register (P8D)/Port P7 input register (P71)

N 7
N 3

002E16 | Port control register 1 (PCTL1)
002F16 | Port control register 2 (PCTL2)

(

Fig. 2.1.1 Memory map of registers relevant to 1/O port
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APPLICATION

2.1 1/0 port
2.1.2 Relevant registers
Port Pi
b7 b6 b5 b4 b3 b2 bl bo o
Port Pi(Pi)(i=0,1,2,3,4,5,6,7,8)
[Address : 0016, 0216, 0416, 0616, 0816, 0A16, 0C16, OE16, 1016]
I I I I I I I I
i i i i i i i i B Name Function Atreset| R [wW
i i i i i i i 0 [Port Pio * In output mode ? 1910
N Write
b L |1 |PortPia Reag | Portlatch ? |o]o
N - * Ininput mode
N T (A S — 2 | Port Piz Write : Port latch ? 19]©
I Read : Value of pins
[ T T R 3 | Port Pis 2 |O|O
| | | |
| | | |
T R 4 |Port Pia 2 |ofo
| | |
| | |
o] 5 | Port Pis ? |10|O
| |
| |
} L 6 | Port Pis 2 |O|O
|
o 7 | Port Piz 2 |ofo
Fig. 2.1.2 Structure of Port Pi (i = 0 to 8)
Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0
Port Pi direction register (PiD) (i=0,1, 2, 3,4,5,6,7,8)
N D NN S S [ [Address : 0116, 0316, 0516, 0716, 0916, 0B16, 0D16, OF16, 1116]
i i i i i i i i B Name Function Atreset| R [W
L1 1 I Lo [Port Pidirection register 0: Port Pioinput mode o |Ofo
[ 1 : Port Pio output mode
| [ |
S L777 1 0 : Port Pi1input mode o |olo
A o 1 : Port Pi1 output mode
I T 2 0 : Port Pizinput mode o |olo
b | 1 : Port Pi2 output mode
Lol Lo __ 3 0 : Port Pizinput mode o |ofo
A | 1 : Port Piz output mode
N N 4 0: Port P@4input mode o |olo
. | 1: Port Pi4 output mode
N 5 0 : Port Pisinput mode o |olo
} } [ | 1 : Port Pis output mode
} L 777777777777777 6 0 : Port Pisinput mode o |olo
| - 1 : Port Pis output mode
L 7 0 : Port Pi7input mode o |lolo
1 : Port Pi7 output mode
Fig. 2.1.3 Structure of Port Pi direction register (i = 0 to 8)
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APPLICATION
2.1 1/0 port

Port control register 1
b7 b6 b5 b4 b3 b2 bl b0

Port control register 1 (PCTL1) [Address 2E 16]

function selection bit

: Software clear and output data

bus buffer O reading
(system bus side)

I I I I I I I I
! -
i i i i i | i i Name Function At reset W
b1 111 Lo | POo—PO0s output structure 0: CMOS 0 o
o | | selection bit 1: N-channel open-drain
A T —— P04—PO07 output structure 0: CMOS 0 o
e selection bit 1: N-channel open-drain
o L P1o—P13 output structure 0: CMOS 0 o)
A selection bit 1: N-channel open-drain
A T N N P14—P17 output structure 0: CMOS 0 o
Lo selection bit 1. N-channel open-drain
R T T P30-P33 pull-up control bit 21 ’F\)|0”PU”'UP 0 e}
Lo : Pull-up
| | |
A P34—P37 pull-up control bit 0: No pull-up 0 )
L 1: Pull-up
| | - n
T —— PWMo enable bit 0: PWMo output disabled 0 o
| 1: PWMo output enabled
b PWM:1 enable bit g: Eww output disagllegl 0 o
: 1 output enable
Fig. 2.1.4 Structure of Port control register 1
Port control register 2
b7 b6 b5 b4 b3 b2 bl b0
Port control register 2 (PCTL2) [Address 2F 1¢]
I I I I I I I I
i i i i i i i i Name Function At reset W
N P4 input level selection bit 0: CMOS level input 0 e)
I ! | (P4 >—P4s) 1: TTL level input
I A P7 input level selection bit 0: CMOS level input 0 @)
N T N B (P7 0—P75s) 1: TTL level input
TR o P4 output structure selection bit| 0: CMOS 0 o)
oo (P4 2, P43, P44, P4s) 1: N-channel open-drain
A T P8 function selection bit 0: Port P8/Port P8 direction 0 o)
[ N register
| | | |
[ 1: Port P4 input register/Port P7
T input register
N R INT2, INTs, INT4 interrupt 0: INT20, INTao, INT40 interrupt 0 o
Co switch bit 1: INT21, INT31, INT41 interrupt
T Timer Y count source 0: f(Xin)/16 (f(Xcin)/16 in low- 0 e)
b selection bit speed mode)
Lo 1: f(XciN)
A Oscillation stabilizing time set | 0: Automatic set “01 16” to timer 1 0 e}
\ after STP instruction released and “FF 16" to prescaler 12
| bit 1: No automatic set
b Port output P42/P4s clear 0: Only software clear 0 o

Fig. 2.1.5 Structure of Port control register 2
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APPLICATION
2.1 1/0 port

2.1.3 Port P4/P7 input register

Port P4 input register/port P7 input register is selected by setting the port P8 function selection bit of port
control register 2 to “1". By reading port P4/P7 input register, the contents of pins can be read out even
if the pins are set as output pins. That is, the port state can be read out when the output “H” voltage is
falling or the output “L” voltage is rising.

N-channel open-drain output structure is selected by setting the P4 output structure selection bit of port
control register 2 to “1”. TTL level input is selected by setting the P4 input level selection bit and the P7
input level selection bit of port control register 2 to “1”. Pull-up is selected by setting the P30—P3s pull-up

control bit and the

P34—P37 pull-up control bit of port control register 1 to “1".

2.1.4 Handling of unused pins

Table 2.1.1 Handlin

g of unused pins (in single-chip mode)

Pins/Ports name

Handling

PO, P1, P2, P3, P4,
P5, P6, P7, P8

*Set to the input mode and connect each to Vcc or Vss through a resistor of 1 kQ
to 10 kQ.
*Set to the output mode and open at “L” or “H” level.

VRer eConnect to Vss (GND).
AVss *Connect to Vss (GND).
Xout *Open, only when using an external clock.

Table 2.1.2 Handlin

g of unused pins (in memory expansion mode, microprocessor mode)

Pins/Ports name

Handling

P30, P31

*Open.

P4, P5, P6, P7, P8

«Set to the input mode and connect each to Vcc or Vss through a resistor of 1 kQ to
10 kQ.
*Set to the output mode and open at “L” or “H” level.

VRer *Connect to Vss (GND).

ONW *Connect to Vcc through a resistor of 1 kQ to 10 kQ.
RESETour *Open.

Q *Open.

SYNC *Open.

AVss eConnect to Vss (GND).

Xout *Open, only when using an external clock.
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APPLICATION
2.1 1/0 port

2.1.5 Notes on input and output pins

(1)

(2)

Notes in stand-by state

In stand-by state*! for low-power dissipation, do not make input levels of an input port and an I/O
port “undefined”, especially for 1/0 ports of the N-channel open-drain.

Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.

When determining a resistance value, note the following points:

» External circuit

« Variation of output levels during the ordinary operation

When using built-in pull-up or pull-down resistor, note on varied current values.

« When setting as an input port: Fix its input level

* When setting as an output port: Prevent current from flowing out to external

e Reason

In 1/0 ports of the N-channel open-drain, in spite of setting as an output port with its direction
register, when the content of the port latch is “1”, the transistor becomes the OFF state, which
causes the ports to be the high-impedance state. Note that the level becomes “undefined” depending
on external circuits.

Accordingly, the potential which is input to the input buffer in a microcomputer is unstable in the
state that input levels of an input port and an I/O port are “undefined”. This may cause power
source current.

*1 stand-by state : the stop mode by executing the STP instruction
the wait mode by executing the WIT instruction

Modifying output data with bit managing instruction
When the port latch of an I/O port is modified with the bit managing instruction*2, the value of the
unspecified bit may be changed.

e Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
1/0 port, the following is executed to all bits of the port latch.
» As for a bit which is set for an input port :
The pin state is read in the CPU, and is written to this bit after bit managing.
» As for a bit which is set for an output port :
The bit value of the port latch is read in the CPU, and is written to this bit after bit managing.

Note the following :

« Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

« As for a bit of the port latch which is set for an input port, its value may be changed even when
not specified with a bit managing instruction in case where the pin state differs from its port latch
contents.

*2 bit managing instructions : SEB, and CLB instructions
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2.1 1/0 port

2.1.6 Termination of unused pins

(1) Terminate unused pins

(2)

0 Output ports : Open

0 Input ports :
Connect each pin to Vcc or Vss through each resistor of 1 kQ to 10 kQ. With regard to ports which
can select the built-in pull-up resistor, the built-in pull-up resistor can be used. As for pins whose
potential affects to operation modes such as CNVsSs pin or others, select the Vcc pin or the Vss
pin according to their operation mode.

O I/O ports :

« Set the /O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ. With regard to ports which can select the built-in pull-up resistor, the built-in pull-
up resistor can be used.

Set the 1/O ports for the output mode and open them at “L” or “H”".

* When opening them in the output mode, the input mode of the initial status remains until the mode
of the ports is switched over to the output mode by the program after reset. Thus, the potential
at these pins is undefined and the power source current may increase in the input mode. With
regard to an effects on the system, thoroughly perform system evaluation on the user side.

 Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

O The AVss pin when not using the A-D/D-A converter :
 When not using the A-D/D-A converter, handle a power source pin for the A-D/D-A converter,
AVss pin as follows:
« AVss: Connect to the Vss pin

Termination remarks

O Input ports and 1/O ports :
Do not open in the input mode.

e Reason
* The power source current may increase depending on the first-stage circuit.
« An effect due to noise may be easily produced as compared with proper termination O and
0 shown on the above.

O I/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.

e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).

O I/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through
a resistor.

e Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between ports.

< At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.
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2.2 Interrupt

2.2 Interrupt

This paragraph explains the registers setting method and the notes relevant to the interrupt.

2.2.1 Memory map

AQY

002F16 | Port control register 2 (PCTL2)
003916 | Interrupt source selection register (INTSEL)
003A16 | Interrupt edge selection register (INTEDGE)
003B16
003Cis | Interrupt request register 1 (IREQ1)
003D1s | Interrupt request register 2 (IREQ2)
003Ez1se | Interrupt control register 1 (ICON1)
003F16 | Interrupt control register 2 (ICON2)

T

Fig. 2.2.1 Memory map of registers relevant to interrupt

2.2.2 Relevant registers

Port control register 2
b7 b6 b5 b4 b3 b2 bl b0

Port control register 2 (PCTL2) [Address 2F 16]

B Name Function At reset w

0 | P4 input level selection bit 0: CMOS level input 0 ®)
(P42—P4s) 1: TTL level input

1 |P7 input level selection bit 0: CMOS level input 0 le)
(P70—P75) 1: TTL level input

2 |P4 output structure selection bitf 0: CMOS 0 o
(P42, P43, P44, P4s) 1: N-channel open-drain

3 | P8 function selection bit 0: Port P8/Port P8 direction 0 @)

register
1: Port P4 input register/Port P7
input register

4 |INT2, INT3, INT4 interrupt 0: INT20, INT30, INT40 interrupt 0 @)
switch bit 1: INT21, INT31, INT41 interrupt

5 | Timer Y count source 0: f(Xin)/16 (f(Xcin)/16 in low- 0 o)
selection bit speed mode)

1: f(Xcin)

6 | Oscillation stabilizing time set | 0: Automatic set “0116” to timer 1 0 o
after STP instruction released and “FFie” to prescaler 12
bit 1: No automatic set

7 | Port output P42/P43 clear 0: Only software clear 0 ®)

function selection bit

: Software clear and output data

bus buffer 0 reading
(system bus side)

Fig. 2.2.2 Structure of Port control register 2
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Interrupt source selection register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt source selection register [INTSEL: address 003916]

1 1 1 1 1 T 1 1
R i 1 [B Name Function Atreset| R |[W
| | | | | | |
. | L]0 INTo/input buffer full interrupt [0 : INTo interrupt 0 |o]o
R . source selection bit 1 : Input buffer full interrupt
[ } [ 1 !NTlloutput buffer empty . 0 : INTz interrupt 0 |olo
A R R interrupt source selection bit |1 : Output buffer empty interrupt
A 2 [Serial 1/01 transmit/Sci,Spa |0 : Serial /O1 transmitinterrupt 01| 0 |o o
Lo interrupt source selection bit |1 : Sci,Spa interrupt
Lo Lo 3 [ CNTRo/Sc,Spn interrupt 0 : CNTRo interrupt Uil o |(olo
} } } } source selection bit 1 : Sci,Spa interrupt
I 4 | Serial 1/02/12C interrupt 0 : Serial I/02 interrupt 02 o |olo
I source selection bit 1: I2C interrupt
| | |
N 5 | INT2/12C interrupt source 0 : INT2 interrupt 02l o0 |ofo
L selection bit 1:12C interrupt
} L 777777777777777 6 | CNTRukey-onwake-up |0 : CNTRu interrupt 03] o |lolo
| interrupt source selection bit |1 : Key-on wake-up interrupt
L 7 | AD converter/key-on wake-up [0 : A-D converter interrupt 03l 0 |olo
interrupt source selection bit |1 : Key-on wake-up interrupt
01: Do not write “1” to these bits simultaneously.
02: Do not write “1” to these bits simultaneously.
03: Do not write “1” to these bits simultaneously.
Fig. 2.2.3 Structure of Interrupt source selection register
Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0
- - Interrupt edge selection register INTEDGE) [Address : 3Azs]
1 1 1 1 1
e Fincion s R
bor | L]0 INTo interrupt edge 0 : Falling edge active 0 |olo
[ N S T R B selection bit 1: Rising edge active
| | | | | | | T
A N ] INT1 interrupt edge 0 : Falling edge active 0 |[o]o
I N selection bit 1 : Rising edge active
TR A R 2 | Nothing is allocated for this bit. This is a write disabled bit. 0 [o]o
Lo When this bit is read out, the value is “0”.
T T N 3 | INT2 interrupt edge 0 : Falling edge active 0 |lolo
A selection bit 1: Rising edge active
I R 4 | INTz interrupt edge 0 : Falling edge active 0 |olo
o selection bit 1 : Rising edge active
L] 5 | INT4 interrupt edge 0 : Falling edge active 0 |olo
I selection bit 1 : Rising edge active
} L 777777777777777 6 | Nothing is allocated for these bits. These are write disabled bits. 0 |olo
} When these bits are read out, the values are “0”.
b 7 0 [o]D

Fig. 2.2.4 Structure of Interrupt edge selection register
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Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3Cis]

1 1 1 1 1 T 1 1
| | | I | I | I -
B Name Function Atreset| R [\W
L 1 111 L0 | INTofinput buffer full interrupt |0 : No interrupt request issued 0 |[o|DO
} } } } } } } request bit 1 : Interrupt request issued
b [1 [ INTw/output buffer empty 0 : No interrupt request issued 0 |o|O
IR interrupt request bit 1 : Interrupt request issued
o ] 2 | Serial /01 receive interrupt |0 : No interrupt request issued 0 |olo
A . request bit 1 : Interrupt request issued
Lo L] 3 | serial /01 transmit/Sct, Soba |0 : No interrupt request issued 0 |o|O
} } } } interrupt reguest bit 1: Interrupt reqUeSt issued
T T T 4 | Timer X interrupt request bit |9 : NO interrupt request issued 0 |o|O
} } } 1 : Interrupt request issued
O 5 [ Timer Y interrupt request bit |0 : No interrupt request issued 0 [ofD
Lo 1: Interrupt request issued
| | " "
N 6 | Timer 1 interrupt request bit |0 : No interrupt request issued 0 |o|o
| 1 : Interrupt request issued
L 7 [ Timer 2 interrupt request bit |0 : No interrupt request issued 0 |o|CO
1: Interrupt request issued
0: These bits can be cleared to “0” by program, but cannot be set to “1”.
Fig. 2.2.5 Structure of Interrupt request register 1

Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

- Interrupt request register 2 (IREQ2) [Address : 3D1s]

1 1 1 1 T 1 1
| | | I | I | I -
B Name Function Atreset| R [\W
} } } } } } } I |0 | CNTRo/ScL, Soa interrupt 0 : No interrupt request issued 0 |olo
N } | request bit 1: Interrupt request issued
A A 1 | CNTR1/key-on wake-up 0 : No interrupt request issued 0 |olo
[ interrupt request bit 1: Interrupt request issued
I A N 2 [ Serial I102/12C interrupt 0 : No interrupt request issued 0 [ofo
} } } } } request bit 1: Interrupt request issued
R 3 [ INT2/I2C interrupt request bit |0 : No interrupt request issued 0 |olo
A 1 : Interrupt request issued
T R 4 | INTs interrupt request bit 0 : No interrupt request issued 0 |o|Oo
o 1: Interrupt request issued
T S 5 | INT4 interrupt request bit 0 : No interrupt request issued 0 |olo
Lo 1: Interrupt request issued
} L 777777777777777 6 | AD converter/key-on wake-up |0 : No interrupt request issued 0 |o|ng
| interrupt request bit 1 : Interrupt request issued
Lo 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 |ol|O
When this bit is read out, the value is “0".

0: These bits can be cleared to “0” by program, but cannot be set to “1”.

Fig. 2.2.6 Structure of Interrupt request register 2
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Interrupt control reqgister 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address : 3Eué]

1 1 1 1 1 T 1 1

EEEE RN Fincion [ R[W

oo | ! L]0 | INTo/input buffer full interrupt | O : Interrupt disabled o |olo

N } | enable bit 1: Interrupt enabled

o INT1/output buffer empty 0 : Interrupt disabled 0 |o|o

Lo interrupt enable bit 1: Interrupt enabled

TR L ,,,,,, 2 | Serial /01 receive interrupt 0 : Interrupt disabled o |lolo

I enable bit 1 : Interrupt enabled

R 3 | Serial I/O1 transmit/Sct, Sba | O : Interrupt disabled o |lolo

T interrupt enable bit 1: Interrupt enabled

T R 4 | Timer X interrupt enable bit 0 : Interrupt disabled 0 |Of|O

o 1 : Interrupt enabled

| | |

T S 5 [ Timer Y interrupt enable bit 0 : Interrupt disabled o |olo

Lo 1: Interrupt enabled

1 L 777777777777777 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled o |olo

| 1 : Interrupt enabled

e 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled o |olo
1: Interrupt enabled

Fig. 2.2.7 Structure of Interrupt control register 1
Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0

0 Interrupt control register 2 (ICON2) [Address : 3F1s]

1 1 1 1 1 | 1 1

| | | | | | |

A Name Function Atreset| R [w

} } } } } } } I 10 | CNTRo/ScL, Spa interrupt 0 : Interrupt disabled 0 |olo

. enable bit 1: Interrupt enabled

o I ___|1 | CNTRv/key-on wake-up 0 : Interrupt disabled 0 |olo

T N interrupt enable bit 1 : Interrupt enabled

N R N 2 [ Serial 17102/12C interrupt enable| 0 : Interrupt disabled 0 |lolo

Lo bit 1 : Interrupt enabled

T T N 3 | INT2/12C interrupt enable bit 0 : Interrupt disabled 0 |olo

bbb 1: Interrupt enabled

T A 4 | INTz interrupt enable bit 0 : Interrupt disabled 0 |o]o

bt 1 : Interrupt enabled

] 5 [ INT4 interrupt enable bit 0 : Interrupt disabled 0 |ofo

L 1: Interrupt enabled

1 L 777777777777777 6 | AD converter/key-on wake-up | O : Interrupt disabled 0 |olo

| interrupt enable bit 1: Interrupt enabled

L 7 | Fix this bit to *0". 0 lolo

Fig. 2.2.8 Structure of Interrupt control register 2
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2.2 Interrupt

2.2.3 Interrupt source

The 3886 group permits interrupts of 16 sources among 21 sources. These are vector interrupts with a
fixed priority system. Accordingly, when two or more interrupt requests occur during the same sampling,
the higher-priority interrupt is accepted first. This priority is determined by hardware, but a variety of priority
processing can be performed by software, using an interrupt enable bit and an interrupt disable flag.
For interrupt sources, vector addresses and interrupt priority, refer to Table 2.2.1.

Table 2.2.1 Interrupt sources, vector addresses and priority of 3886 group

Vector Addresses (Note 1)

Interrupt Request

Interrupt Source Priority High Low Generating Conditions Remarks
Reset (Note 2) 1 FFFD16 FFFC16 At reset Non-maskable
INTo At detection of either rising or | External interrupt
_________ 2 FFFB16 FrFAws | falingedge of INToinput | (active edge selectable)
Input buffer full At input data bus buffer writing
(IBF)
INT At detection of either rising or | External interrupt
L falling edge of INT1 input (active edge selectable)
_________ 3 FFF916 FFF816
Output buffer At output data bus buffer read-
empty (OBE) ing
Serial /O1 4 FFF716 FFF616 At completion of serial /01 data | |1 \yhen serial 101 is selected
reception reception
Serial 1101 At completion of serial 1/01
tr::llsamission transfer shift or when transmis- [ Valid when serial I/01 is selected
_________ 5 FFF516 FFF416 | sionbufferisempty _ _ _ _ _ _(___ __ _____________
ScL. Spa At detection of either rising or | External interrupt
’ falling edge of ScL or Spba (active edge selectable)
Timer X 6 FFF316 FFF216 At timer X underflow
Timer Y 7 FFF116 FFFO16 At timer Y underflow
Timer 1 8 FFEF16 FFEE16 At timer 1 underflow STP release timer underflow
Timer 2 9 FFED16 FFEC16 At timer 2 underflow
CNTRo At detection of either rising or | External interrupt
falling edge of CNTRo input (active edge selectable)
————————— 10 FFEB16 FFEA6 |- —=——-———— - ——— - |-
ScL. Spa At detection of either rising or | External interrupt
’ falling edge of ScL or Spba (active edge selectable)
CNTR1 At detection of either rising or | External interrupt
falling edge of CNTR1 input (active edge selectable)
“““““ = FFE916 FPEBIE I St falling of port P3 (atinpupyin- | . .~~~ -~~~ ===
Key-on wake-up put logical level AND External interrupt (falling edge valid)
. At completion of serial /02 data : : ]
Serial 1/02 12 FEE716 FEE616 transfer Valid when serial 1/02 is selected
12C At completion of data transfer
At detection of either rising or | External interrupt
INT2 13 FFE516 FEE416 falling edge of INT2 input (active edge selectable)
12C At completion of data transfer
INT At detection of either rising or | External interrupt
8 14 FFE316 FFE216 falling edge of INT3 input (active edge selectable)
INT4 At detection of either rising or | External interrupt
15 FFE116 FFEO16 falling edge of INT4 input (active edge selectable)
A-D converter At completion of A-D conversion
--------- 16 FFDF16 FFDE1e _,&tFIT'__f__tT:‘?:(_t'__t_)'____________________
alling of por at input) in- . . .
Key-on wake-up put logical level AND External interrupt (falling edge valid)
BRK instruction 17 FFDD16 FFDC16 At BRK instruction execution Non-maskable software interrupt

Notes 1: Vector addresses contain interrupt jump destination addresses.

2: Reset function in the same way as an interrupt with the highest priority.
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2.2.4 Interrupt operation
When an interrupt request is accepted, the contents of the following registers just before acceptance of the
interrupt requests is automatically pushed onto the stack area in the order of O, O and O.

OHigh-order contents of program counter (PCr)
OLow-order contents of program counter (PCL)
OContents of processor status register (PS)

After the contents of the above registers are pushed onto the stack area, the accepted interrupt vector
address enters the program counter and consequently the interrupt processing routine is executed.
When the RTI instruction is executed at the end of the interrupt processing routine, the contents of the
above registers pushed onto the stack area are restored to the respective registers in the order of O, O
and [; and the microcomputer resumes the processing executed just before acceptance of the interrupts.
Figure 2.2.9 shows an interrupt operation diagram.

Executing routine

> |
Interrupt occurs X |Contents of program counter (high-order) are pushed onto stack|

(Accepting interrupt request) Suspended |
operation

| Contents of program counter (low-order) are pushed onto stack |

| Contents of processor status register are pushed onto stack |

Resume processing
1

Interrupt
processing
routine

RTI instruction
I

| Contents of processor status register are popped from stack |

|Contents of program counter (low-order) are popped from stack |

|Contents of program counter (high-order) are popped from stack|

@I : Operation commanded by software

| | : Internal operation performed automatically

Fig. 2.2.9 Interrupt operation diagram
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(1) Processing upon acceptance of interrupt request

Upon acceptance of an interrupt request, the following operations are automatically performed.

OThe processing being executed is stopped.

OThe contents of the program counter and the processor status register are pushed onto the stack
area. Figure 2.2.10 shows the changes of the stack pointer and the program counter upon acceptance
of an interrupt request.

OConcurrently with the push operation, the jump destination address (the beginning address of the
interrupt processing routine) of the occurring interrupt stored in the vector address is set in the
program counter, then the interrupt processing routine is executed.

OAfter the interrupt processing routine is started, the corresponding interrupt request bit is automatically
cleared to “0”. The interrupt disable flag is set to “1” so that multiple interrupts are disabled.

Accordingly, for executing the interrupt processing routine, it is necessary to set the jump destination
address in the vector area corresponding to each interrupt.

Stack area
Program counter

PCL| Program counter (low-order) /_\—/

PCH| Program counter (high-order) ( Interrupt disable flag = “0” )

Stack pointer (S)

S ) v

Interrupt
request is
accepted

Program counter Stack area

PCL Vector address - /_\_/
( Interrupt disable flag = “1” )

PCH B (from Interrupt vector area)
(s)-3

Stack pointer Processor status register

s (S)-3

Program counter (low-order)

(S)| Program counter (high-order)

/_\_/

Fig. 2.2.10 Changes of stack pointer and program counter upon acceptance of interrupt request
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(2) Timing after acceptance of interrupt request
The interrupt processing routine begins with the machine cycle following the completion of the
instruction that is currently being executed.
Figure 2.2.11 shows the time up to execution of interrupt processing routine and Figure 2.2.12 shows
the timing chart after acceptance of interrupt request.

Interrupt request generated Start of interrupt processing

Y Y

_ ) Waiting time fo
Main routine post-processin
of pipeline

Stack push an
Vector fetch

Interrupt processing routine

< 0 b >ie >
! 0to 16 cycles ! 2 cycles ! 5 cycles ;
< >
| 7 to 23 cycles |
: (When f(XiN) = 8 MHz, 1.75 ps to 5.75 us) ;
0 When executing DIV instruction
Fig. 2.2.11 Time up to execution of interrupt processing routine
Waiting time for pipeline Push onto stack Interrupt operation starts
post-processing Vector fetch
¢ e >

o [T LML L1
SYNC
RD |_
WR
Address bus PC Xs, SPSXS-L SPsXs-z, SPSX BL X BH XAL, AH

Databus X Notused ¥pcnXPcLX Ps ¥ AL X AH X:

SYNC : CPU operation code fetch cycle
(This is an internal signal that cannot be observed from the external unit.)
BL, BH : Vector address of each interrupt
AL, AH : Jump destination address of each interrupt
SPS : “0016” or “0116”

Fig. 2.2.12 Timing chart after acceptance of interrupt request
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2.2.5 Interrupt control

The acceptance of all interrupts, excluding the BRK instruction interrupt, can be controlled by the interrupt
request bit, interrupt enable bit, and an interrupt disable flag, as described in detail below. Figure 2.2.13
shows an interrupt control diagram.

Interrupt request bit ——
Interrupt enable bit ——

I—O > |nterrupt request
Interrupt disable flag

BRK instruction
Reset

Fig. 2.2.13 Interrupt control diagram

The interrupt request bit, interrupt enable bit and interrupt disable flag function independently and do not
affect each other. An interrupt is accepted when all the following conditions are satisfied.

e Interrupt request bit.......... “1”
e Interrupt enable bit ........... “1”
e Interrupt disable flag ........ “0”

Though the interrupt priority is determined by hardware, a variety of priority processing can be performed
by software using the above bits and flag. Table 2.2.2 shows a list of interrupt control bits according to the
interrupt source.

(1) Interrupt request bits
The interrupt request bits are allocated to the interrupt request register 1 (address 3Cis) and interrupt
request register 2 (address 3Dus).
The occurrence of an interrupt request causes the corresponding interrupt request bit to be set to
“1". The interrupt request bit is held in the “1” state until the interrupt is accepted. When the interrupt
is accepted, this bit is automatically cleared to “0".
Each interrupt request bit can be set to “0”, but cannot be set to “1”, by software.

(2) Interrupt enable bits
The interrupt enable bits are allocated to the interrupt control register 1 (address 003Eis) and the
interrupt control register 2 (address 3Fis).
The interrupt enable bits control the acceptance of the corresponding interrupt request.
When an interrupt enable bit is “0”, the corresponding interrupt request is disabled. If an interrupt
request occurs when this bit is “0”, the corresponding interrupt request bit is set to “1” but the
interrupt is not accepted. In this case, unless the interrupt request bit is set to “0” by software, the
interrupt request bit remains in the “1” state.
When an interrupt enable bit is “1”, the corresponding interrupt is enabled. If an interrupt request
occurs when this bit is “1”, the interrupt is accepted (when interrupt disable flag = “0").
Each interrupt enable bit can be set to “0” or “1” by software.

2-16 3886 Group User’'s Manual



APPLICATION

2.2 Interrupt

(3) Interrupt disable flag

The interrupt disable flag is allocated to bit 2 of the processor status register. The interrupt disable

flag controls the acceptance of interrupt request except BRK instruction.

When this flag is “1”, the acceptance of interrupt requests is disabled. When the flag is “0”, the
acceptance of interrupt requests is enabled. This flag is set to “1” with the SEI instruction and is set

to “0” with the CLI instruction.

When a main routine branches to an interrupt processing routine, this flag is automatically set to “1”,
so that multiple interrupts are disabled. To use multiple interrupts, set this flag to “0” with the CLI
instruction within the interrupt processing routine. Figure 2.2.14 shows an example of multiple interrupts.

Table 2.2.2 List of interrupt bits according to interrupt source

Interrupt enable bit Interrupt request bit

Interrupt source - -
Address Bit Address Bit

INTo/Input buffer full 003E:s b0 003C1s b0
INT1/Output buffer empty 003E1s bl 003Cis bl
Serial I/O1 reception 003E:s b2 003Ci1s b2
Serial I/O1 transmission/SciL, Spa 003E1s b3 003Ci1s b3
Timer X 003E:s b4 003Cs b4
Timer Y 003E:s b5 003Ci1s b5
Timer 1 003E:s b6 003C1s b6
Timer 2 003Eu1s b7 003C1s b7
CNTRo/Sct, Soa 003Fs b0 003D1s b0
CNTR1/Key-on wake-up 003F1s bl 003Dss bl
Serial 1/02/12C 003F16 b2 003D1s b2
INT2/I2C 003F1s b3 003D1s b3
INT3 003F1s b4 003D1s b4
INT4 003F1s b5 003D1s b5
A-D converter/Key-on wake-up 003F1s b6 003D1s b6

3886 Group User’'s Manual
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Interrupt request

Nesting

 /

Time

Interrupt
request 1

Interrupt
request 2

=1 |
|| c1:o,|c2:o||
L
cL=1
=0

Multiple interrupt

Cc2

|

I
1=0
———

Interrupt 2

. Interrupt disable flag

. Interrupt enable bit of interrupt 1
. Interrupt enable bit of interrupt 2
: Set automatically.

: Set by software.

Fig. 2.2.14 Example of multiple

interrupts
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2.2.6 INT interrupt

The INT interrupt requests is generated when the microcomputer detects a level change of each INT pin
(INTo—INT4).

(1)

(2)

(3

Active edge selection

INTo—INT4 can be selected from either a falling edge or rising edge detection as an active edge by
the interrupt edge selection register. In the “0” state, the falling edge of the corresponding pin is
detected. In the “1” state, the rising edge of the corresponding pin is detected.

INTo—INT: interrupt sources selection

Which of interrupt source of the following interrupt sources can be selected by the interrupt source
selection register (address 3916). (Set each bit to “0” when using INT.)

*INTo or input buffer full (bit 0)

*INT: or output buffer empty (bit 1)

*INT2 or I12C (bit 5)

INT2—INT2 input pins selection

The occurrence sources of the external interrupt INT2 to INT4 can be selected from which of the
following by the INT2, INTs, INT4 interrupt switch bit of the port control register 2 (address 2Fus).
*INT20, INT30, INT40 Or

*INT21, INT31, INTa1

3886 Group User’s Manual 2-19



APPLICATION

2.2 Interrupt

2.2.7 Key input interrupt

A key input interrupt request is generated by applying “L” level to any port P3 pin that has been set to the

input mode. In other words, it is generated when AND of the input level goes from “1” to “0”".

(1) Connection example when Key input interrupt is used

When using the Key input interrupt, compose an active-low key matrix which inputs to port P3. Figure
2.2.15 shows a connection example and the port P3 block diagram when using a key input interrupt.
In the connection example in Figure 2.2.15, a key input interrupt request is generated by pressing

one of the keys corresponding to ports P30 to P3a.

\

| PortPxx
e level output
Port control register 1
Bit5="0"
Port P37
direction register = “1"
o o0, PortP37
%@ latch J
P37 output [} i 1 @>
Port P3s
direction register = “1”
0 0o , Port P36
%@ latch J
6 output .
P3 m i 1 )
Port P3s
direction register = “1"
0 T, PortP3s
%@ latch J
P3s output [} i 1 §§>
Port P34
direction register = “1”
0 00_, Port P34
%@ latch J
P34 output [ 1 1 E\
Port control register 1 Port P33
Bit 4 = “1" direction register = “0”
o T _; PortP33
P33 input % latch J
1 1 f—@ i :@7
le} o [ 1
Port P32
direction register = “0”
o 00, PortP32
P32input %}—@ latch J
S 0 l D
T 1 >
Port P31
direction register = “0”
0 a Port P31
P31 input % latch J
S L =y D——
O O i, 1
Port P30
direction register = “0”
o 0o, Port P30
P30 input % latch J
el e [ S

[

%

J

00 CMOS output buffer

%} Key input interrupt request

Port P3
Input reading circuit
Comparator circuit

O P-channel transistor for pull-up

Fig. 2.2.15 Connection example and port P3 block diagram when using key input interrupt
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(2) Relevant registers setting
Figure 2.2.16 shows the relevant registers setting (corresponding to Figure 2.2.15).

Port P3 direction register (address 0716)
b7 b0

o0 [1]1]1]s]o]o]ofo]

» Bits corresponding to P37 to P30

0: Input port
1: Output port

Port control register 1 (address 2Ez16)
b7 b0

rer [ [ [ [ ] 1]

\—> P3o to P33 pull-up

Interrupt source selection register (address 3916)
b7 b0

wrsec fefe] [ [ ]

| |
Lot » Key-on wake-up interrupt

Interrupt request register 2 (address 3D1s)
b7 b0

ez | o] [ [ [ [
| .
ffffffffff — > Key-on wake-up interrupt request (Note 2)

Interrupt control register 2 (address 3Fis)
b7 b0
|

coe Jofe] | [ ] I+
|
,,,,,,,,,, '____ 3 Key-on wake-up interrupt: Enabled (Note 3)

3

Notes 1: Set “1” to the bit which is selected as the key-on wake-up interrupt source from either b7 or b6
of the interrupt source selection register. Do not set “1” to these bits simultaneously. (When
setting “1” to b6, set “0” to b7. When setting “0” to b6, set “1” to b7.)

2: When setting “1” to b7 of the interrupt source selection register, set “0” to b6 of the interrupt
request register 2. When setting “1” to b6 of the interrupt source selection register, set “0” to
b1l of the interrupt request register 2.

3: When setting “1” to b7 of the interrupt source selection register, set “1” to b6 of the interrupt
control register 2. When setting “1” to b6 of the interrupt source selection register, set “1” to b1
of the interrupt control register 2.

Eig. 2.2.16 ﬁegisters setting relevant to key input interrupt (corresponding to Eigure 2.2.15)

(3) Key input interrupt source selection
When using a key input interrupt source, select which of the following by the interrupt source
selection register (address 39:e).
*CNTRo or key-on wake-up (bit 6)
*A-D converter or key-on wake-up (bit 7)
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2.2.8 Notes on interrupts

(1) Switching external interrupt detection edge

When switching the external interrupt detection edge, switch it in the following sequence.

| Clear an interrupt enable bit to “0” (interrupt disabled)l

!

Switch the detection edge |

!

Clear an interrupt request bit to “0”
(no interrupt request issued)

1

Set the interrupt enable bit to “1” (interrupt enabled) |

Fig. 2.2.17 Sequence of switching detection edge

m Reason

The interrupt circuit recognizes the switching of the detection edge as the change of external input

signals. This may cause an unnecessary interrupt.

(2) Check of interrupt request bit

e When executing the BBC or BBS instruction to an interrupt request bit of an interrupt request
register immediately after this bit is set to “0” by using a data transfer instruction, execute one or

more instructions before executing the BBC or BBS instruction.

|Clear the interrupt request bit to “0” (no interrupt issued)l
!

| NOP (one or more instructions) |
!

| Execute the BBC or BBS instruction |

Data transfer instruction:
LDM, LDA, STA, STX, and STY instructions

Fig. 2.2.18 Sequence of check of interrupt request bit

m Reason
If the BBC or BBS instruction is executed immediately after an interrupt request bit of an interrupt
request register is cleared to “0”, the value of the interrupt request bit before being cleared to “0”

is read.
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(3) Change of relevant register settings
When the setting of the following registers or bits is changed, the interrupt request bit may be set
to “1”.
eInterrupt edge selection register (address 3Auis)
Interrupt source selection register (address 391s)
*INT2, INT3, INT4 interrupt switch bit of port control register 2 (bit 4 of address 2Fis)
Set the above listed registers or bits as the following sequence.

| Clear an interrupt enable bit to “0” (interrupt disabled)l
!

| Set the above listed registers or bits |
!

Clear an interrupt request bit to “0”

(no interrupt request issued)

!

Set the interrupt enable bit to “1” (interrupt enabled) |

Fig. 2.2.19 Sequence of changing relevant register
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2.3 Timer

This paragraph explains the registers setting method and the notes relevant to the timers.

2.3.1 Memory map

002016
002116
002216
002316
002416
002516

002616
002716

002F16

003C16
003D1s
003E1s
003F16

A

Prescaler 12 (PRE12)

Timer 1 (T1)

Timer 2 (T2)

Timer XY mode register (TM)

Prescaler X (PREX)

Timer X (TX)

Prescaler Y (PREY)

Timer Y (TY)

bp)

Port control register 2 (PCTL2)

[ 2
2

D)

Interrupt request register 1 (IREQ1)

Interrupt request register 2 (IREQ2)

Interrupt control register 1 (ICON1)

Interrupt control register 2 (ICON2)

Fig. 2.3.1 Memory map of registers relevant to timers

2.3.2 Relevant registers

Prescaler 12, Prescaler X, Prescaler Y

b7 b6 b5 b4 b3 b2 bl b0

Pre
Pre
Pre

scaler 12 (PRE12) [Address : 20 16]
scaler X (PREX) [Address : 24 1¢]
scaler Y (PREY) [Address : 26 16]

B

Name |

Function

At reset

0

*Set a count value of each prescaler.

*The value set in this register is written to both each prescaler
and the corresponding prescaler latch at the same time.
*When this register is read out, the count value of the corres-

ponding prescaler is read out.

1

O

1

O

ol O O] ©

O

Fig. 2.3.2 Structure of Prescaler 12, Prescaler X, Prescaler Y
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Timer 1
b7 b6 b5 b4 b3 b2 bl b0
Timer 1 (T1) [Address : 2116]
I I I I I I I I
| | | | | | | |
A | o B Name | Atreset| R |W
1 1 1 | 1 | -0 |+setacountvalue of timer 1. 1 10|0
A N N || +The value set in this register is written to both timer 1 and timer 1
A I L___|1| latch atthe same time. 0 |O]O
e || *When this register is read out, the timer 1's count value is read
IR
| | | | | ||
L P o [°]°
| | | | _—
T T T 4 o |o|o
| | |
| | | —
[ I SN 5 0o [o]o
| |
| | 1
N 6 o |o|o
‘ —
o 7 o |o]o
Fig. 2.3.3 Structure of Timer 1
Timer 2, Timer X, Timer Y
b7 b6 b5 b4 b3 b2 bl b0
Timer 2 (T2) [Address : 22 16]
N B Timer X (TX) [Address : 25 16]
oL Timer Y (TY) [Address : 27 1]
| | | | | | | |
o B Name | Atreset| R |[W
|
B | o *Set a count value of each timer. 1 |ofo
} } } } } | } 1 +The value set in this register is written to both each timer and
b1} L___| 1| each timer latch at the same time. 1 |O|O
rr | | *When this register is read out, each timer’s count value is read
o R 2 | out 1 |o]o
[ N ||
I E BEE
| | | | _—
I T 4 1 |o]o
| | |
| | | —
R 5 1 |[o]o
| |
| | —
N 6 1 |O|0O
|
L 7 1 |olo

Fig. 2.3.4 Structure of Tim

er 2, Timer X, Timer Y
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Timer XY mode register
b7 b6 b5 b4 b3 b2 bl b0
Timer XY mode register (TM) [Address : 23 16]
I I I I I I I I
e Furcion e[l
11 L 1 1 I 1 |o|Timer X operating mode bits | b1 b0 o (ofo
[ T e N 0 0: Timer mode
I [ | 0 1:Pulse output mode
b | | 1 1 0: Event counter mode
A L 1 1: Pulse width measurement 0 |O]|0
e mode
| | | | |
T T 2 | CNTRo active edge selection | The function depends on the 0 |o]|o
A bit operating mode of Timer X.
[ N N (Refer to Table 2.2.1)
| | | | |
TR T T 3 | Timer X count stop bit 0 : Count start o |oflo
} } } } 1 : Count stop
A 4 | Timer Y operating mode bits | 2504 0 |ofo
o 0 0: Timer mode
Lol [ | 0 1: Pulse output mode
o 5 1 0: Event counter mode o |olo
[ 1 1: Pulse width measurement
b mode
b 6 | CNTR1 active edge selection | The function depends on the o |olo
LT bit operating mode of Timer Y.
\ (Refer to Table 2.2.1)
|
e 7 | Timer Y count stop bit 0 : Count start 0 |0O]|O
1: Count stop
Fig. 2.3.5 Structure of Timer XY mode register
Table 2.3.1 CNTRo /CNTR: active edge selection bit function
Timer X /Timer Y operation CNTRo / CNTR: active edge selection bit
modes (bits 2, 6 of address 2316) contents
Timer mode “0”"|CNTRo/ CNTRu: interrupt request occurrence: Falling edge

: No influence to timer count

“1"|CNTRo/ CNTRu: interrupt request occurrence: Rising edge
; No influence to timer count

Pulse output mode “0”| Pulse output start: Beginning at “H” level
CNTRo/ CNTR1 interrupt request occurrence: Falling edge

“1”|Pulse output start: Beginning at “L” level
CNTRo/ CNTR1: interrupt request occurrence: Rising edge

Event counter mode “0”| Timer X / Timer Y: Rising edge count
CNTRo/ CNTR1 interrupt request occurrence: Falling edge

“1"| Timer X / Timer Y: Falling edge count
CNTRo/ CNTR: interrupt request occurrence: Rising edge

Pulse width measurement mode [«0”|Timer X / Timer Y: “H” level width measurement
CNTRo/ CNTR: interrupt request occurrence: Falling edge

“1"| Timer X / Timer Y: “L” level width measurement
CNTRo/ CNTR: interrupt request occurrence: Rising edge
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Port control register 2
b7 b6 b5 b4 b3 b2 bl b0
Port control register 2 (PCTL2) [Address 2F 16]
I I I I I I I I
i i i i i i i i B Name Function Atreset [ R [w
L1 Lo | P4input level selection bit 0: CMOS level input o |o]|o
I ! | (P4 2—P4s) 1: TTL level input
A . P7 input level selection bit 0: CMOS level input 0 |O]|O
S (P7 0—P75) 1: TTL level input
o ] 2 |P4 output structure selection bit| 0: CMOS o |[o]|o
oo (P4 2, P43, P44, P4s) 1: N-channel open-drain
e 3 | P8 function selection bit 0: Port P8/Port P8 direction o |olo
bl register
I 1: Port P4 input register/Port P7
o input register
TR 4 [INT2, INTs, INT4 interrupt 0: INT20, INTs0, INT40 interrupt o |olo
Lo switch bit 1: INT21, INTa1, INTa1 interrupt
T 5 | Timer Y count source 0: f(Xin)/16 (f(Xcin)/16 in low- o |olo
b selection bit speed mode)
L 1: f(XcN)
N 6 | Oscillation stabilizing time set | O: Automatic set “01 16" to timer 1 o |olo
} after STP instruction released and “FF 16" to prescaler 12
| bit 1: No automatic set
e —— 7 | Port output P42/P4s clear 0: Only software clear o |o]o
function selection bit 1: Software clear aqd output data
bus buffer 0 reading
(system bus side)
Fig. 2.3.6 Structure of Port control register 2
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Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3C 16]

I I I I I I I I
B Funcior e [Rw
111 | Lo [INTdinput buffer full interrupt |0 : No interrupt request issued 0 0
A . | } request bit 1 : Interrupt request issued
A A INT/output buffer empty 0 : No interrupt request issued 0 0
N interrupt request bit 1 : Interrupt request issued
TR ] 2 | Serial /01 receive interrupt 0 : No interrupt request issued 0 0
b request bit 1 : Interrupt request issued
Lo L] 3 | Serial /01 transmit/Sct, Sba |0 : No interrupt request issued 0 O
Lo interrupt request bit 1 : Interrupt request issued
TR 4 | Timer X interrupt request bit O : No interrupt request issued 0 O
} } } 1 : Interrupt request issued
R 5 | Timer Y interrupt request bit |0 : No interrupt request issued 0 0
[ 1 : Interrupt request issued
| | " " . . .
R 6 | Timer Linterrupt request bit [0 : No interrupt request issued 0 0
| 1 : Interrupt request issued
L 7 | Timer 2 interrupt request bit | 0 : No interrupt request issued 0 O
1 : Interrupt request issued
0: These bits can be cleared to “0” by program, but cannot be set to “1”.
Fig. 2.3.7 Structure of Interrupt request register 1
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
- Interrupt request register 2 (IREQ2) [Address : 3D 16]
I I I I I I I
R
} } } } } } } ' 10 | CNTRo/ScL, Spa interrupt 0 : No interrupt request issued 0 0
A | ! request bit 1 : Interrupt request issued
Lo } L ___| 1 | CNTRv/key-on wake-up 0 : No interrupt request issued 0 0
} } } } } \ interrupt request bit 1: Interrupt request issued
o 2 | Serial 1/02/12C interrupt 0 : No interrupt request issued 0 0
A request bit 1 : Interrupt request issued
Lol L] 3 [ INT2/I2C interrupt request bit |0 : No interrupt request issued 0 0
. 1 : Interrupt request issued
R T T 4 | INTz interrupt request bit 0 : No interrupt request issued 0 O
. 1 : Interrupt request issued
] 5 [ INT4 interrupt request bit 0 : No interrupt request issued 0 ]
L 1 : Interrupt request issued
1 L 777777777777777 6 | AD converter/key-on wake-up |0 : No interrupt request issued 0 O
} interrupt request bit 1 : Interrupt request issued
b 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 ]

When this bit is read out, the value is “0".

0: These bits can be cleared to “0” by program, but cannot be set to “1".

Fig. 2.3.8 Structure of Interrupt request register 2
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Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 1 (ICON1) [Address : 3E 16]
I I I I I I I I
BEEE R — Funcion e[ w
L1111 Lo |INTofinput buffer full interrupt [ O : Interrupt disabled o |olo
A | ! enable bit 1 : Interrupt enabled
T S INT/output buffer empty 0 : Interrupt disabled o |olo
N interrupt enable bit 1 : Interrupt enabled
| 7
} } } } } ] 2 | Serial I/01 receive interrupt 0 : Interrupt disabled o |ofo
SR enable bit 1 : Interrupt enabled
Lo L] 3 [ Serial /01 transmit/Sct, Soa | 0 : Interrupt disabled o |olo
A interrupt enable bit 1 : Interrupt enabled
T T T 4 | Timer X interrupt enable bit 0 : Interrupt disabled 0o |[o]|o
Lo 1: Interrupt enabled
O 5 | Timer Y interrupt enable bit 0 : Interrupt disabled 0 |ofo
[ 1 : Interrupt enabled
} L 777777777777777 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled o |of|o
| 1: Interrupt enabled
Lo 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled o |o]o
1: Interrupt enabled
Fig. 2.3.9 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
0 Interrupt control register 2 (ICON2) [Address : 3Fis]
1 1 1 1 1 T 1 1
i i i i i i i i B Name Function Atreset | R [W
Lo | ! L0 | CNTRo/Sct, Spa interrupt 0 : Interrupt disabled 0 |olo
bor | ! enable bit 1: Interrupt enabled
A . 1 | CNTR1/key-on wake-up 0 : Interrupt disabled 0 |olo
} } } } } \ interrupt enable bit 1: Interrupt enabled
A R A 2 [ Serial I/02/12C interrupt enable[ 0 : Interrupt disabled 0 |[olo
Lo bit 1 : Interrupt enabled
T T N 3 | INT2/12C interrupt enable bit 0 : Interrupt disabled 0 |olo
o 1 : Interrupt enabled
T A 4 | INTz interrupt enable bit 0 : Interrupt disabled 0 |o|o
bt 1 : Interrupt enabled
] 5 | INT4 interrupt enable bit 0 : Interrupt disabled 0 |o]o
[ 1: Interrupt enabled
1 L 777777777777777 6 | AD converter/key-on wake-up | O : Interrupt disabled 0 |olo
| interrupt enable bit 1 : Interrupt enabled
L 7 | Fix this bt to *0". 0 lolo
Fig. 2.3.10 Structure of Interrupt control register 2
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2.3.3 Timer application examples
(1) Basic functions and uses

[Function 1] Control of Event interval (Timer X, Timer Y, Timer 1, Timer 2)
When a certain time, by setting a count value to each timer, has passed, the timer interrupt request
occurs.
<Use>
*Generation of an output signal timing
*Generation of a wait time

[Function 2] Control of Cyclic operation (Timer X, Timer Y, Timer 1, Timer 2)
The value of the timer latch is automatically written to the corresponding timer each time the timer
underflows, and each timer interrupt request occurs in cycles.
<Use>
eGeneration of cyclic interrupts
*Clock function (measurement of 250 ms); see Application example 1
«Control of a main routine cycle

[Function 3] Output of Rectangular waveform (Timer X, Timer Y)
The output level of the CNTRo pin or CNTR: pin is inverted each time the timer underflows (in the
pulse output mode).
<Use>
*Piezoelectric buzzer output; see Application example 2
*Generation of the remote control carrier waveforms

[Function 4] Count of External pulses (Timer X, Timer Y)
External pulses input to the CNTRo pin or CNTR: pin are counted as the timer count source (in
the event counter mode).
<Use>
*Frequency measurement; see Application example 3
«Division of external pulses
eGeneration of interrupts due to a cycle using external pulses as the count source; count of a
reel pulse

[Function 5] Measurement of External pulse width (Timer X, Timer Y)
The “H” or “L” level width of external pulses input to CNTRo pin or CNTR: pin is measured (in the
pulse width measurement mode).
<Use>
*Measurement of external pulse frequency (measurement of pulse width of FG pulse® for a
motor); see Application example 4
*Measurement of external pulse duty (when the frequency is fixed)

FG pulse® Pulse used for detecting the motor speed to control the motor speed.
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(2) Timer application example 1: Clock function (measurement of 250 ms)
Outline: The input clock is divided by the timer so that the clock can count up at 250 ms intervals.
Specifications: ¢The clock f(Xin) = 4.19 MHz (2?2 Hz) is divided by the timer.
*The clock is counted up in the process routine of the timer X interrupt which occurs
at 250 ms intervals.

Figure 2.3.11 shows the timers connection and setting of division ratios; Figure 2.3.12 shows the
relevant registers setting; Figure 2.3.13 shows the control procedure.

Dividing by 4 with software

Timer X interrupt N

Fixed Prescaler X Timer X request bit
f(XIN) = 4.19 MHz —> 1/16 1/256 1/256 Oorl 1/4
250 ms 1 second

0 : No interrupt request issued
1: Interrupt request issued

Fig. 2.3.11 Timers connection and setting of division ratios

Timer XY mode register (address 23 16)
b7

bo
e [ ] [a] Jo]e]

u—> Timer X operating mode: Timer mode
Timer X count: Stop

Clear to “0” when starting count.

Prescaler X (address 24 16)
b7 b0

PREX | 255 |

Timer X (address 25 16) Set “division ratio — 1

b7 b0
X | 255 |

Itr)lterrupt request regigter 1 (address 3C 16)
7 0

meer [ [ [ Jo] [ []]
|—> Timer X interrupt request

(becomes “1” at 250 ms intervals)

Interrupt control register 1 (address 3E 16)
b7 b0

con | | | [of [ []]
|—> Timer X interrupt: Enabled

Fig. 2.3.12 Relevant registers setting
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C

RESET )

Initialization

SEI

™ (address 2316) < xxxx1x002
IREQL  (address 3Ci16) <— XXXOXXXX2
ICON1 (address 3E1s), bit4 <— 1

PhEx (address 2416) <«—256-1

TX (address 2516) <« 256—-1
™ (address 2316), bit3 <— 0
CLI

Main processing

<Procedure for completion of clock set>

(Note 1)

™ (address 2316), bit3 «— 1
PREX (address 2416) <« 256-1
TX (address 2516) «—256-1
IREQ1 (address 3Cuis), bit4 <— 0
™ (address 2316), bit3 «— 0

/\/

N

C

Timer X interrupt process routine )

CLT (Note 2)
CLD (Note 3)
Push registers to stack

N

Clock count up (1/4 second to year)

<

Pop registers

)

C

RTI )

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

«All interrupts disabled

*Timer X operating mode : Timer mode
*Timer X interrupt request bit cleared
«Timer X interrupt enabled

«“Division ratio — 1" set to Prescaler X and Timer X

«Timer X count start

Interrupts enabled

«Timer X count stop
«Timer reset to restart count from 0 second after completion of
clock set

«Timer X count start

Note 1: Perform procedure for completion of clock set only
when completing clock set.

Note 2: When using Index X mode flag (T)
Note 3: When using Decimal mode flag (D)
*Push registers used in interrupt process routine

«Judgment whether clock stops

«Clock counted up

*Pop registers pushed to stack

Fig. 2.3.13 Control procedure

2-32

3886 Group User’'s Manual




APPLICATION
2.3 Timer

(3) Timer application example 2: Piezoelectric buzzer output
Outline: The rectangular waveform output function of the timer is applied for a piezoelectric buzzer
output.
Specifications: *The rectangular waveform, dividing the clock f(Xin) = 4.19 MHz (2% Hz) into about
2 kHz (2048 Hz), is output from the P54/CNTRo pin.
*The level of the P54/CNTRo pin is fixed to “H” while a piezoelectric buzzer output
stops.

Figure 2.3.14 shows a peripheral circuit example, and Figure 2.3.15 shows the timers connection and
setting of division ratios. Figures 2.3.16 shows the relevant registers setting, and Figure 2.3.17
shows the control procedure.

The “H” level is output while a piezoelectric buzzer output stops.
(—%

CNTRo output

P54/CNTRo PiPiPi

> > =(]/\/'

244 us 244 ps

Set a division ratio so that the
underflow output period of the timer
can be 244 ps.

X 3886 Group

Fig. 2.3.14 Peripheral circuit example

Fixed Prescaler X Timer X Fixed

f(XIN) = 4.19 MHz — 1/16 1 1/64 1/2 —> CNTRo

Fig. 2.3.15 Timers connection and setting of division ratios

3886 Group User’s Manual 2-33



APPLICATION
2.3 Timer

b7
| || ] Jafofos]

b0

Timer X (address 25 1s)

b7 b0

> | 63 |
Prescaler X (address 24 16)

b7 b0

PREX | 0 |

Timer XY mode register (address 23 16)

u—> Timer X operating mode: Pulse output mode

CNTRo active edge selection: Output starting at “H” level

Timer X count: Stop
Clear to “0” when starting count.

~ Set “division ratio — 1".

Eig. 2.3.16 Relevant registers setting

RESET

C

Initialization

P5
P5D

(address 0A16), bitd <—1
(address 0B16)

ICON1 (address 3E16), bit4d «<—0

< XXXIXXXX2

™ (address 2316)  <«— xxxx10012
TX (address 2516) <« 64-1
PREX (address 2416) <« 1-1

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

*Timer X interrupt disabled
*CNTRo output stop; Piezoelectric buzzer output stop
«“Division ratio — 1" set to Timer X and Prescaler X

Main processing

Output unit

Piezoelectric buzzer request ?

*Processing piezoelectric buzzer request, generated during

Yes Main processing, in output unit

TM (address 2316), bit3 <«— 1
TX (address 2516) <«— 64-1

TM (address 2316), bit3 <«— 0

Stop piezoelectric buzzer output

Piezoelectric buzzer output start

IEig. 2.3.17 control procedure
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(4) Timer application example 3: Frequency measurement
Outline: The following two values are compared to judge whether the frequency is within a valid
range.
*A value by counting pulses input to P5s/CNTR: pin with the timer.
*A reference value
Specifications: *The pulse is input to the P5s/CNTR:1 pin and counted by the timer Y.
*A count value is read out at about 2 ms intervals, the timer 1 interrupt interval.
When the count value is 28 to 40, it is judged that the input pulse is valid.
eBecause the timer is a down-counter, the count value is compared with 227 to 215
(Note).

Note: 227 to 215 = {255 (initial value of counter) — 28} to {255 — 40}; 28 to 40 means the number
of valid value.

Figure 2.3.18 shows the judgment method of valid/invalid of input pulses; Figure 2.3.19 shows the
relevant registers setting; Figure 2.3.20 shows the control procedure.

wouroose |11 TNTNNT - TN - T

b
I I

I I

I

— . !
N d ™~ d

71.4 ps or more 714 ps 50 us 50 us or less
(14 kHz or less) | (14 kHz) (20 kHz) (20 kHz or more)
Invalid —H Valid >4 Invalid
2ms 2ms
—=———=28 counts —=—>—=40 counts
71.4 ps 50 ps

Fig. 2.3.18 Judgment method of valid/invalid of input pulses
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Timer XY mode register (address 23 16)
b7 b0

i afafafo] []]]

‘ ‘ Timer Y operating mode: Event counter mode

> CNTR1 active edge selection: Falling edge count

> Timer Y count: Stop
Clear to “0” when starting count.

Prescaler 12 (address 20 16)
b7 b0

PRE12 | 63 |

Timer 1 (address 21 16)
b7 b0

Tl | 7 |  Set “division ratio — 1”.

Prescaler Y (address 26 16)
b7 b0

PREY | 0 |

Timer Y (address 27 16)
b7 b0

TY | 255 |

Set 255 just before counting pulses.
(After a certain time has passed, the number of input
pulses is decreased from this value.)

Interrupt control register 1 (address 3E 16)
b0

b7
cons | ool [[]]]

‘ ‘ > Timer Y interrupt: Disabled
Timer 1 interrupt: Enabled

Interrupt request register 1 (address 3C 16)
b7 b0

meor | | Jof [ [ ]]]
|

Judge Timer Y interrupt request bit.
(“1” of this bit when reading the count value indicates the 256 or more
pulses input in the condition of Timer Y = 255)

Fig. 2.3.19 Relevant registers setting
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( RESET )

Initialization e x: This bit is not used here. Set it to “0” or “1” arbitrary.
SEI «All interrupts disabled
TM (address 2316) <— 1110xxxx2 *Timer Y operating mode : Event counter mode
PRE12 (address 2016) «<—64 -1 (Count a falling edge of pulses input from CNTR 1 pin.)
T1 (address 2116) <—8-1 «Division ratio set so that Timer 1 interrupt will occur at
PREY (address 2616) «<—1-1 2 ms intervals.
TY (address 2716) <— 256 — 1
ICON1  (address 3E1s), bit6 «— 1 «Timer 1 interrupt enabled
™ (address 2316), bit7 <— 0 *Timer Y count start
CLI eInterrupts enabled
o
N2

( Timer 1 interrupt process routine )

CLT (Note 1) Note 1: When using Index X mode flag (T)
CLD (Note 2) Note 2: When using Decimal mode flag (D)
Push registers to stack *Push registers used in interrupt process routine

IREQ1(address 3C1s), bit5 ? *Processing as out of range when the count value is 256 or more

«Count value read

(A) < TY (address 2716) «Count value into Accumulator (A) stored

In range .
214 < (A) < 228 *Read value with reference value
compared
«Comparison result to flag Fpulse
> Out of range stored
Fpulse <«— 0 | | Fpulse <— 1
‘u 1
TY (address 2716) <« 256-1 «Counter value initialized
IREQ1 (address 3Cu1s), bits «<— 0 *Timer Y interrupt request bit cleared
| Process judgment result |
| Pop registers | *Pop registers pushed to stack

( RTI )

Fig. 2.3.20 Control procedure
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(5) Timer application example 4: Measurement of FG pulse width for motor
Outline: The timer X counts the “H” level width of the pulses input to the P54/CNTRo pin. An
underflow is detected by the timer X interrupt and an end of the input pulse “H” level is
detected by the CNTRo interrupt.
Specifications: *The timer X counts the “H"” level width of the FG pulse input to the P54/CNTRo pin.

<Example>
When the clock frequency is 4.19 MHz, the count source is 3.8 us, which is obtained by dividing
the clock frequency by 16. Measurement can be performed to 250 ms in the range of FFFFis to
00001s.

Figure 2.3.21 shows the timers connection and setting of division ratio; Figure 2.3.22 shows the
relevant registers setting; Figure 2.3.23 shows the control procedure.

Timer X interrupt

Fixed Prescaler X Timer X request bit
f(XiN) = 4.19 MHz —>{ 1/16 1/256 1/256 Oorl
250 ms

0 : No interrupt request issued
1: Interrupt request issued

Fig. 2.3.21 Timers connection and setting of division ratios
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Timer XY mode register (address 23 16)
b7 b0

[ ][]l ]

u—» Timer X operating mode: Pulse width measurement mode

CNTROo active edge selection: “H” level width measurement

Timer X count: Stop
Clear to “0” when starting count.

Prescaler X (address 24 16)

b7 b0

PREX | 255 |
Timer X (address 25 16) ( Set “division ratio — 1”.

b7 b0

X | 255 |

Interrupt control register 1 (address 3E 16)
b7 b0

con | | [ o] || ]]
‘—> Timer X interrupt: Enabled

Interrupt request register 1 (address 3C 16)
b7 b0

reqr | | [ fol [[]]
‘—> Timer X interrupt request

(Set to “1” automatically when Timer X underflows)

Interrupt control register 2 (address 3F 16)
b7

b0
covz [ [ | [[]]]s]

‘—» CNTRo interrupt: Enabled

Interrupt request register 2 (address 3D 16)
b7

b0
rez || [ [T o]

‘—> CNTRo interrupt request
(Set to “1” automatically when “H” level input came to the end)

Fig. 2.3.22 Relevant registers setting
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C

RESET )

Initialization

SEI

™ (address 2316) <«— Xxxx10112
PREX  (address 2416) <« 256-1
X (address 2516) < 256-1
IREQLl  (address 3C1s), bit4 <— @
ICON1  (address 3E16), bit4 <— 1
IREQ2  (address 3D1s), bit0 <— 0
ICON2  (address 3F16), bit0 <— 1

™ (address 2316), bit3 <— 0

cLI

Timer X interrupt process routine

)

Process errors

!

RTI )

CNTRo interrupt process routine

CLT (Note 1)
CLD (Note 2)
Push registers to stack

(A)

<— PREX

Low-order 8-bit result of «— Inverted (A)
pulse width measurement

(A)

<«—TX

High-order 8-bit result of «— Inverted (A)
pulse width measurement
PREX (address 2416) <— 256-—1

X

(address 2516) <«— 256 -1

Pop registers

|

RTI )

| x: This bit is not used here. Set it to “0” or “1” arbitrarily.

«All interrupts disabled

*Timer X operating mode : Pulse width measurement mode

(Measure “H” level of pulses input from CNTR o pin.)

«Set division ratio so that Timer X interrupt will occur at
250 ms intervals.

*Timer X interrupt request bit cleared

*Timer X interrupt enabled

*CNTROo interrupt request bit cleared

*CNTRo interrupt enabled

«Timer X count start

eInterrupts enabled

| *Error occurs

Note 1: When using Index X mode flag (T)
Note 2: When using Decimal mode flag (D)
*Push registers used in interrupt process routine

*Read the count value and store it to RAM

Division ratio set so that Timer X interrupt will occur at
250 ms intervals.

*Pop registers pushed to stack

Fig. 2.3.23 Control procedure
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2.3.4 Notes on timer

e If a value n (between 0 and 255) is written to a timer latch, the frequency division ratio is 1/(n+1).

e When switching the count source by the timer Y count source selection bit, the value of timer count
is altered in unconsiderable amount owing to generating of a thin pulses in the count input signals.
Therefore, select the timer count source before set the value to the prescaler and the timer.
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2.4 Serial 1/0O

This paragraph explains the registers setting method and the notes relevant to the Serial 1/0.

2.4.1 Memory map

~L

1

001816 | Transmit/Receive buffer register (TB/RB)
001916 | Serial /01 status register (SIO1STS)
001A16 | Serial I/O1 control register (SIO1CON)
001B16 | UART control register (UARTCON)
001C1s| Baud rate generator (BRG)

001D1s| Serial I/O2 control register (SIO2CON)

001F16 | Serial 1/02 register (SIO2)

~0
—~

003916 | Interrupt source selection register (INTSEL)
003A16 | Interrupt edge selection register (INTEDGE)

003C16| Interrupt request register 1 (IREQ1)
003D16| Interrupt request register 2 (IREQ2)

003Ez1s | Interrupt control register 1 (ICON1)
003F16 | Interrupt control register 2 (ICON2)

Fig. 2.4.1 Memory map of registers relevant to Serial I/O
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2.4.2 Relevant registers
Transmit/Receive buffer register
b7 b6 b5 b4 b3 b2 bl b0
Transmit/Receive buffer register (TB/RB) [Address : 1816]
1 1 1 1 1 T 1 1
i i i i i i i i B Name Function [t reset | R W
"1 1 1 1 11 L]0 | The transmission data is written to or the receive data is read out ? |O|0O
I || from this buffer register.
A R N 1 |+ At writing: A data is written to the transmit buffer register. ? |lolo
[ | [ Atreading: The contents of the receive buffer register are read
I - AEE
[ I I B |
3 3 3 3 L] 3 ? |o]o
| | | | _—
i i i [ 4 ? |o]o
| | | S—
i i [ — 5 ? lo|o
i b 6] ? |olo
|
I 7 2 [ofo
Note: The contents of transmit buffer register cannot be read out.
The data cannot be written to the receive buffer register.
Fig. 2.4.2 Structure of Transmit/Receive buffer register
Serial /01 status register
b7 b6 b5 b4 b3 b2 bl b0
- Serial 1/01 status register (SIO1STS) [Address : 1916]
1 1 1 1 T 1 1
e Fincion s [RIw
. } - L]o Transmit buffer empty flag 0 : Buffer full 0 |o|O
} } } } } } } (TBE) 1 : Buffer empty
Lo b 1 [Receive buffer full flag (RBF) | O : Buffer empty 0 |o|O
[ 1 : Buffer full
TR L 777777 2 | Transmit shift register shift 0 : Transmit shift in progress 0 |lolo
oo completion flag (TSC) 1 : Transmit shift completed
R R S 3 | Overrun error flag (OE) 0 : No error 0 |olo
Lol 1: Overrun error
T A 4 |Parity error flag (PE) 0:No error 0 |olo
} } } 1 : Parity error
R 5 |Framing error flag (FE) 0 : No error 0 |olo
I 1: Framing error
| |
L 6 | Summing error flag (SE) 0: (OE)U (PE)U (FE)=0 0 |lolo
} 1: (OE)U (PE)U (FE)=1
Lo 7 | Nothing is allocated for this bit. This is a write disabled bit. 1 |olOo
When this bit is read out, the value is “1".
Fig. 2.4.3 Structure of Serial I/O status register
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Serial I/01 control register
b7 b6 b5 b4 b3 b2 bl b0

| | I | | | I I |Serial 1/01 control register (SIO1CON) [Address : 1Az¢]

T T T T T T T T
i i i i i i i i B Name Function Atreset| R |W
'L 11110 |BRG count source 0 : f(Xin) (f(XcIN) in Low Speed Mode) 0 [ofo
L selection bit (CSS) 1 : f(XIN)/4 (f(XcINY/4 in Low Speed Mode)
Lo 1 | Serial I/O1 synchronous * In clock synchronous serial /0 0 |o|o
A clock selection bit (SCS) 0 : BRG output divided by 4
ol L,,, 1 : External clock input
ol « In UART
N N 0 : BRG output divided by 16
N N 1 : External clock input divided by 16
| | | | | |
b 2 [ Srovi output enable bit 0 : P47 pin operates as ordinary 1/0 pin 0 |o]o
A (SRDY) 1: P47 pin operates as Srovi output pin
i i i i i 3 | Transmit interrupt 0 : Interrupt when transmit buffer has emptied 0 [o]o
[ T N source selection bit (TIC) 1: Interrupt when transmit shift operation is
oo completed
R R 4 | Transmit enable bit (TE) 0 : Transmit disabled 0 |ofo
Lo 1: Transmit enabled
N 5 [Receive enable bit (RE) 0 : Receive disabled 0 |ofo
I 1: Receive enabled
Lo 6 | Serial /01 mode selection bit [0 : Clock asynchronous(UART) serial I/0O 0 (olo
e (SIOM) 1 : Clock synchronous serial 1/0
|
! 7 | Serial /01 enable bit 0 : Serial /01 disabled 0 (o]o
e (SIOE) (pins P44 to P47 operate as ordinary 1/0 pins)
1: Serial I/01 enabled
(pins P44 to P47 operate as serial 1/0O pins)
Fig. 2.4.4 Structure of Serial I/O1 control register

UART control register

b7 b6 b5 b4 b3 b2 bl b0

_ UART control register (UARTCON) [Address : 1B1¢]

1 1 T 1 1

i i i i i i i i B Name Function Atreset [ R (W
o } Lo Character length selection bit |0 : 8 bits 0 |olo
o (CHAS) 1:7 bits
A A 1 |Parity enable bit 0 : Parity checking disabled 0 |olo
L (PARE) 1 : Parity checking enabled
A T T R R 2 | Parity selection bit 0 : Even parity 0 |olo
AR R (PARS) 1 : Odd parity
T T I 3 | Stop bit length selection bit 0 : 1 stop bit 0 |olo
Lol (STPS) 1: 2 stop bits
A 4 |P45/TxD P-channel output In output mode 0 |olo
| | | I disable bit (POFF) 0: CMOS outpu’[
Co 1 : N-channel open-drain output
R 5 | Nothing is allocated for these bits. These are write disabled bits. 1 |olo
} } || When these bits are read out, the values are “1”.
T 6 1 (o]Oo
|
| -
L 7 1 (o]

Fig. 2.4.5 Structure of UART control register
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Baud rate generator
b7 b6 b5 b4 b3 b2 bl b0
Baud rate generator (BRG) [Address : 1Cis]
1 1 1 1 1 T 1 1
i i i i i i i i B Function Atreset| R [W
1111 | L]0 | Setacountvalue of baud rate generator. ? lolo
| | | | | | |
BERE R
| | | | | |
P AEE
[ Y T A ||
P dEE
| | | | —
R 4 dRE
| | | —
i i L] 5 ? |lo|o
i L 6 | ? |olo
|
b ] 7 2 |olo
Fig. 2.4.6 Structure of Baud rate generator
Serial /02 control register
b7 b6 b5 b4 b3 b2 bl b0
Serial 1/02 control register (SIO2CON) [Address : 1Di6]
1 1 1 1 1 T 1 1
i i i i i i i i B Name Function Atreset| R [W
' L1110 Internal synchronous clock b2 bl b0 0 [o]o
oro b T | selection bits 00 0: f(Xin)/8
A | 00 1: f(Xin)/16
A 1 0 1 0: f(Xin)/32
[ T 01 1: f(Xin)/64
N T S R | 11 0: f(Xin)/128
. 2 11 1: f(Xin)/256
R
A —— 3 | Serial 1102 port selection bit | 0: /O port (P71, P72) 0 |o|o
T R T 1: Sourz2,ScLk2 signal output
Lo L 7777777777 4 | Srovz output enable bit 0: 1/0O port (P73) 0 |lolo
Lo 1: Srovz signal output
o 5 | Transfer direction selection bit| 0: LSB first 0 |olo
b 1: MSB first
oL 6 | Serial 1/02 synchronous clock | 0: External clock 0 [olo
| selection bit 1: Internal clock
L 7 | Comparator reference input [ 0: POo/P3Rer input 0 |olo
selection bit 1: Reference input fixed

Fig. 2.4.7 Structure of Serial 1/02 control register
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Serial I/02 register
b7 b6 b5 b4 b3 b2 bl b0

Serial /02 register (SI02) [Address : 1Fis]

1 1 1 1 1 T 1 1
i i i i i i i i B Name Function ot reset | R [W
o 1 L0 |eserial 1102 register is the shift register for serial transfer. ? o)
oo | | || *At transmit: transmit data is set.
A A 1 | *At receive: receive data is set. ? 0]
| | | | | |
IR " °°
[ I I B |
P AEE
| | | | _—
] e : P
| | | _—
i i [ 5 ? O
i L 6 | ? o)
|
L 7 ? o
Fig. 2.4.8 Structure of Serial 1/02 register
Interrupt source selection register
b7 b6 b5 b4 b3 b2 bl b0
Interrupt source selection register [INTSEL: address 00391s]
1 1 1 1 1 T 1 1
i i i i i i i i B Name Function Atreset] R [W
Coro L fo | INTofinput buffer full interrupt [0 : INTo interrupt 0 O
i i i i i | i source selection bit 1 : Input buffer full interrupt
A S INT2/output bufferempty [0 : INTz interrupt 0 O
I R R B interrupt source selection bit |1 : Output buffer empty interrupt
A N 2 [Serial I/01 transmit/ScL,Soa |0 : Serial /01 transmit interrupt 01| 0 o
oo interrupt source selection bit |1 : ScL,Spa interrupt
ol L 3 [ CNTRo/Sct,Soa interrupt 0 : CNTRo interrupt 01l o o
} } } } source selection bit 1 : Sci,Spa interrupt
I 4 | Serial 1/02/12C interrupt 0 : Serial 1/02 interrupt 021 o O
I source selection bit 1: I2C interrupt
| | |
[ 5 [ INT2/12C interrupt source 0 : INT2 interrupt 02l o o)
b selection bit 1: 12C interrupt
} L 777777777777777 6 | CNTR/key-on wake-up 0 : CNTRuz interrupt 03] o e}
| interrupt source selection bit |1 : Key-on wake-up interrupt
L 7 | AD converter/key-on wake-up [0 : A-D converter interrupt O3] o o)
1

interrupt source selection bit

: Key-on wake-up interrupt

1: Do not write “1” to these bits simultaneously.
[J2: Do not write “1” to these bits simultaneously.
003: Do not write “1” to these bits simultaneously.

Eig. 2.4.9 Structure of Interrupt source selection register
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Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0
- - Interrupt edge selection register (INTEDGE) [Address : 3Az1e6]
1 1 1 1 1
i i i i i i i i B Name Function pireset [R [W
A | Lo INTo interrupt edge 0 : Falling edge active 0 |olo
[ N selection bit 1 : Rising edge active
|
I L,, 1 | INTz interrupt edge 0 : Falling edge active 0 |lolo
T R selection bit 1 : Rising edge active
A N 2 [ Nothing is allocated for this bit. This is a write disabled bit. 0 lolo
} } } } } When this bit is read out, the value is “0".
T A 3 | INTz interrupt edge 0 : Falling edge active 0 [olo
ol selection bit 1: Rising edge active
T A 4 | INTs interrupt edge 0 : Falling edge active 0 |olo
o selection bit 1: Rising edge active
N 5 [ INT4 interrupt edge 0 : Falling edge active 0 |olo
I selection bit 1 : Rising edge active
} L 777777777777777 6 | Nothing is allocated for these bits. These are write disabled bits. 0 |olo
} When these bits are read out, the values are “0".
b 7 0 [o]O

Fig. 2.4.10 Structure of Interrupt edge selection register
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Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3Cis]

1 1 1 1 1 T 1 1
i i i i i i i i B Name Function At reset
- |1 L]o [INTofinput buffer full interrupt [0 : No interrupt request issued 0 O
I N request bit 1 : Interrupt request issued
A 1 | INT2/output buffer empty 0 : No interrupt request issued 0 0
} } } } } | interrupt request bit 1 : Interrupt request issued
AR 2 | Serial /01 receive interrupt |0 : No interrupt request issued 0 0
oo request bit 1 : Interrupt request issued
T A 3 | Serial I/O1 transmit/ScL, Soa |0 : No interrupt request issued 0 0
T interrupt request bit 1: Interrupt request issued
R 4 | Timer X interrupt request bit [0 : No interrupt request issued 0 O
L 1 : Interrupt request issued
] 5 | Timer Y interrupt request bit |0 : No interrupt request issued 0 O
I 1 : Interrupt request issued
1 L 777777777777777 6 | Timer 1 interrupt request bit |0 : No interrupt request issued 0 0
| 1 : Interrupt request issued
L 77777777777777777 7 | Timer 2 interrupt request bit 0 : No interrupt request issued 0 0
1 : Interrupt request issued
(: These bits can be cleared to “0” by program, but cannot be set to “1”.
Fig. 2.4.11 Structure of Interrupt request register 1

Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

- Interrupt request register 2 (IREQ2) [Address : 3Dzs]

1 1 1 1 T 1 1
i i i i i i i i B Name Function At reset
. 1 | L]0 |CNTRo/Sct, Soainterrupt 0: No interrupt request issued 0 O
[ T N B } | request bit 1 : Interrupt request issued
} } } } } } L,, 1 | CNTR1/key-on wake-up 0 : No interrupt requgst issued 0 0
T interrupt request bit 1 : Interrupt request issued
IR 2 | Serial 1/02/12C interrupt 0 : No interrupt request issued 0 0
A request bit 1: Interrupt request issued
T T I 3 | INT2/12C interrupt request bit |0 : No interrupt request issued 0 0
. 1 : Interrupt request issued
A 4 | INTz interrupt request bit 0 : No interrupt request issued 0 0
Lo 1 : Interrupt request issued
| | |
S S 5 | INTa4 interrupt request bit 0 : No interrupt request issued 0 0
I 1: Interrupt request issued
oL 6 [AD converter/key-on wake-up [0 : No interrupt request issued 0 0
| interrupt request bit 1 : Interrupt request issued
o 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 0
g

When this bit is read out, the value is “0".

O: These bits can be cleared to “0” by program, but cannot be set to “1”.

Fig. 2.4.12 Structure of Interrupt request register 2
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Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 1 (ICON1) [Address : 3Eus]
1 1 1 1 1 1 1 1
i i i i i i i i B Name Function ptreset [R TW
011 L]0 | INTofinput buffer full interrupt | O : Interrupt disabled 0 |o|o
A } | enable bit 1 : Interrupt enabled
A | INT1/output buffer empty 0 : Interrupt disabled 0 |olo
} } } } } | interrupt enable bit 1 : Interrupt enabled
} } } } } L ,,,,,, 2 | Serial I/01 receive interrupt 0 : Interrupt disabled 0 |olo
oo enable bit 1 : Interrupt enabled
T T I 3 | Serial I/O1 transmit/ScL, Sba | O : Interrupt disabled 0 |olo
ol interrupt enable bit 1 : Interrupt enabled
N T 4 | Timer X interrupt enable bit | O : Interrupt disabled 0 |ofo
. 1 : Interrupt enabled
S S 5 | Timer Y interrupt enable bit 0 : Interrupt disabled 0 |olo
I 1 : Interrupt enabled
} L 777777777777777 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 |lolo
| 1 : Interrupt enabled
L 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled o0 [ofo
1 : Interrupt enabled
Fig. 2.4.13 Structure of Interrupt control register 1

Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0

0 Interrupt control register 2 (ICON2) [Address : 3Fi¢]
1 1 1 1 1 1 1 1
TR i .1 [B Name Function Atreset | R |W
| | | | | | |
I | ' L]0 | CNTRo/Sct, Spa interrupt 0 : Interrupt disabled 0 |olo
. } | enable bit 1 : Interrupt enabled
. CNTRu/key-on wake-up 0 : Interrupt disabled 0 |ol|o
} } } } } | interrupt enable bit 1 : Interrupt enabled
I 2 [ Serial 1102/12C interrupt enable| 0 : Interrupt disabled 0 |olo
Lo bit 1 : Interrupt enabled
R 3 | INT2/I2C interrupt enable bit 0 : Interrupt disabled 0 |olo
o 1 : Interrupt enabled
A 4 | INTs interrupt enable bit 0 : Interrupt disabled 0 |ofo
bt 1 : Interrupt enabled
A 5 | INTa4 interrupt enable bit 0 : Interrupt disabled 0 |o]o
I 1: Interrupt enabled
} L 777777777777777 6 | AD converter/key-on wake-up | O : Interrupt disabled 0 |olo
| interrupt enable bit 1 : Interrupt enabled
b ] 7 | Fix this bit to “0". 0 lolo

Fig. 2.4.14 Structure of Interrupt control register 2
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2.4.3 Serial 1/O connection examples

(1)

Control of peripheral IC equipped with CS pin
Figure 2.4.15 shows connection examples of a peripheral IC equipped with the CS pin.
There are connection examples using a clock synchronous serial I/0 mode.

(1) Only transmission (2) Transmission and reception
(Using the RxD pin as an I/O port)

Port CS Port €S
ScLk CLK
Scik CLK D IN
TxD DATA RxD ouT
3886 group Peripheral IC 3886 group  Peripheral IC
(OSD controller etc.) (E?PROM etc.)

(3) Transmission and reception )
(When connecting RxD with TxD) (4) Connection of plural IC
(When connecting IN with OUT in
peripheral IC)

Port CS Port CS
Scik ——»{ CLK Scik |———>» CLK
TxD IN TxD IN
RxD (j L ouT RxD ouT
3886 groupt® Peripheral ICcH2 Port Peripheral IC 1
(E°PROM etc.) 3886 group
01: Select an N-channel open-drain output for TXD pin output control. €S
02: Use the OUT pin of peripheral IC which is an N-channel open- > CLK
drain output and becomes high impedance during receiving data. L5 IN
ouT
Notes 1: “Port” means an output port controlled by software.

2: When serial 1/02 is used, Sout and SIN are used, Peripheral IC 2
not TxD and RxD.

Fig. 2.4.15 Serial 1/0 connection examples (1)
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(2) Connection with microcomputer
Figure 2.4.16 shows connection examples with another microcomputer.

(1) Selecting internal clock (2) Selecting external clock
SciLk CLK ScLk CLK
TXD IN TXD IN
RxD ouT RxD ouT

3886 group  Microcomputer 3886 group  Microcomputer

(3) Using Srov signal output function

(Selecting an external clock) (4) In UART"
SRDY RDY
Scik CLK TxD RxD
TxD IN RxD TxD
RxD ouT
3886 group  Microcomputer 3886 group  Microcomputer

0. When serial /02 is used, UART cannot be used.
Note: When serial /02 is used, SouTt and SIN are used, not TxD and RxD.

Fig. 2.4.16 Serial 1/0 connection examples (2)
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2.4.4 Setting of serial 1/O transfer data format

A clock synchronous or clock asynchronous (UART) can be selected as a data format of Serial I/O1.
A clock synchronous is used as a data format of Serial 1/02.

Figure 2.4.17 shows the serial I/O transfer data format.

1ST-8DATA-1SP

ST KB X X X X XX Xvss)/sp

1ST-7DATA-1SP

— ST LB X X X X X XusBy/sp

1ST-8DATA-1PAR-1SP

ST KLse X X X X X X XMseX pARY 'SP

1ST-7DATA-1PAR-1SP

— ST KLsB X X X X X XusBXPARY” sp

1ST-8DATA-2SP

— ST KLse X X X X X X Xuse)y/ s

1ST-7DATA-2SP

sT st X X X X X Xuss)/2sp

Serial /01— 1ST-8DATA-1PAR-2SP

— sT KLse X X X X X X XmseXpar Y 2sp

1ST-7DATA-1PAR-2SP
— sT KLsB X X X X X XMseXpARY 2sP

Clock synchronous

— UART —

~ Serial /0 LSB first
LSB first .
ST : Start bit
Serial 1/02—— glec;fz;(l %‘Chronous ( SP : Stop bit
— MSB first PAR : Parity bit

Fig. 2.4.17 Serial 1/O transfer data format
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2.4.5 Serial 1/0O application examples

(1) Communication using clock synchronous serial 1/0 (transmit/receive)
Outline : 2-byte data is transmitted and received, using the clock synchronous serial 1/0.
The Srov: signal is used for communication control.

Figure 2.4.18 shows a connection diagram, and Figure 2.4.19 shows a timing chart.
Figure 2.4.20 shows a registers setting relevant to the transmitting side, and Figure 2.4.21 shows
registers setting relevant to the receiving side.

Transmitting side Receiving side
P42/INTo SRDY1
ScLki Sciki
TxD RxD
3886 group 3886 group

Fig. 2.4.18 Connection diagram

Specifications : ¢« The Serial 1/01 is used (clock synchronous serial I/O is selected.)
e Synchronous clock frequency : 125 kHz (f(Xw) = 4 MHz is divided by 32)
» The Srovi (receivable signal) is used.
» The receiving side outputs the Srovi signal at intervals of 2 ms (generated by timer),
and 2-byte data is transferred from the transmitting side to the receiving side.

Seoi || ZZT”"

D1 XDoXDixPzXDsfPe)DsXPeRDr  XDoxPrXD2XD2)P:XDoXPeXDr 2

g8

2ms

PP
P

A SR

Fig. 2.4.19 Timing chart
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Transmitting side
Serial /01 status register (Address : 191s)
b7 b0
SIO1STS
L» Transmit buffer empty flag
« Confirm that the data has been transferred from Transmit buffer
register to Transmit shift register.
* When this flag is “1”, it is possible to write the next transmission
data in to Transmit buffer register.
Transmit shift register shift completion flag
Confirm completion of transmitting 1-byte data with this flag.
“1" : Transmit shift completed
Serial /01 control register (Address : 1A1s)
b7 b0
SIO1CON (11|01 o]0
L» BRG counter source selection bit : f(XIN)
Serial 1/01 synchronous clock selection bit : BRG/4
> Transmit enable bit : Transmit enabled
» Receive enable bit : Receive disabled
> Serial I/01 mode selection bit : Clock synchronous serial 1/0
> Serial I/01 enable bit : Serial I/01 enabled
Baud rate generator (Address : 1Cis)
b7 b0
BRG 7 Set “division ratio — 1"
Interrupt edge selection register (Address : 3A16)
b7 b0
INTEDGE 0
\—> INTo interrupt edge selection bit : Falling edge active

Fig. 2.4.20 Registers setting relevant to transmitting side
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Receiving side

Serial 1/01 status register (Address : 1916)
b7 bo

SIO1STS

|—> Receive buffer full flag

Confirm completion of receiving 1-byte data with this flag.
“1” : At completing reception
“0” : At reading out contents of Receive buffer register

Overrun error flag
“1” : When data is ready in Receive shift register while Receive buffer
register contains the data.

L » Parity error flag
“1” : When a parity error occurs in enabled parity.

Framing error flag
“1” : When stop bits cannot be detected at the specified timing.

\ 4

Summing error flag
“1" : when any one of the following errors occurs.
* Overrun error
« Parity error
* Framing error

\ 4

Serial 1/01 control register (Address : 1A1s6)
b7 b0

SIOICON |[1]|1]|1 |1 111

‘—» Serial 1/01 synchronous clock selection bit : External clock
Srov1 OUtpUt enable bit : Srov: Output enabled

Transmit enable bit : Transmit enabled
Set this bit to “1”, using Srov1 output.
Receive enable bit : Receive enabled

Serial /01 mode selection bit : Clock synchronous serial 1/0
Serial I/01 enable bit : Serial I/O1 enabled

\ 4

\/

\/

\ 4

Fig. 2.4.21 Registers setting relevant to receiving side
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Figure 2.4.22 shows a control procedure of the transmitting side, and Figure 2.4.23 shows a control
procedure of the receiving side.

RESET
( ) e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization

SIOL1CON (Address : 1A16) < 1101xx002
BRG (Address : 1C1s6) <« 8-1
INTEDGE (Address : 3A16), bit0 «— 0

« Detection of INTo falling edge

IREQ1 (Address : 3C16), bitO<«— 0

. The first byte of a « Transmission data write
TB/RB (Address : 1816)<— >
( )< transmission data Transmit buffer empty flag is set to “0”
by this writing.

A

SIO1STS (Address : 1916), bit0? * Judgment of transferring from Transmit
buffer register to Transmit shift register

(Transmit buffer empty flag)

TB/RB (Address : 1816)< The second byte of a . Transmi_ssion data write _ .
transmission data Transmit buffer empty flag is set to “0
by this writing.

 Judgment of transferring from Transmit
buffer register to Transmit shift register
(Transmit buffer empty flag)

« Judgment of shift completion of Transmit shift register
(Transmit shift register shift completion flag)

Fig. 2.4.22 Control procedure of transmitting side
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Initialization

( RESET )

SIOL1CON (Address : 1A16) <« 1111x11x2

Pass 2 ms?

Y

TB/RB (Address : 1816) <«— Dummy data

SIO1STS (Address : 1916), bitl?

1

Read out reception data from
TB/RB (Address : 1816)

&

SIO1STS (Address : 191s), bit1?

Read out reception data from
TB/RB (Address : 1816)

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

* An interval of 2 ms generated by Timer

* SrRDY1 Output

Srov1 signal is output by writing data to the TB/RB.

Using the Srovi, set Transmit enable bit
(bit4) of the SIOLCON to “1.”

» Judgment of completion of receiving
(Receive buffer full flag)

* Reception of the first byte data

Receive buffer full flag is set to “0” by reading data.

» Judgment of completion of receiving
(Receive buffer full flag)

» Reception of the second byte data.
Receive buffer full flag is set to “0” by reading data.

Fig. 2.4.23 Control procedure of receiving side
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(2) Output of serial data (control of peripheral IC)
Outline : 4-byte data is transmitted and received, using the clock synchronous serial 1/0O.
The CS signal is output to a peripheral IC through port P5a.

The example for using Serial 1/01 and the example using for Serial /02 are shown. The specification
of these examples are the same.

Figure 2.4.24 shows a connection diagram, and Figure 2.4.25 shows a timing chart.

P53 CS cs P53 CS cs
ScLK1 CLK CLK ScLk2 CLK CLK
TxD DATA DATA SouT2 DATA DATA
3886 group Peripheral IC 3886 group Peripheral IC
(1) Example for using Serial I/01 (2) Example for using Serial 1/02

Fig. 2.4.24 Connection diagram

Specifications : « The Serial 1/0 is used (clock synchronous serial 1/0O is selected.)
* Synchronous clock frequency : 125 kHz (f(Xw) = 4 MHz is divided by 32)
» Transfer direction : LSB first
*The Serial 1/O interrupt is not used.
« Port P5s is connected to the CS pin (“L” active) of the peripheral IC for transmission
control; the output level of port P53 is controlled by software.

] —

CLK > X X X

DATA XDOOX XDOlX XDOZX ><D03><

Note: When serial /02 is used, Sout2 pin is in the high-impedance state
after the transfer is completed.

Fig. 2.4.25 Timing chart
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Figure 2.4.26 shows registers setting relevant to Serial 1/01, and Figure 2.4.27 shows a setting of
serial 1/01 transmission data.

SIO1CON

UARTCON

BRG

ICON1

IREQ1

Serial 1/01 control register (Address : 1A16)

b7

b0

1]1

0

0

0f(o0

|—> BRG count source selection bit : f(Xin)
Serial /01 synchronous clock selection bit : BRG/4

SrpY1 output enable bit : Srov1 output disabled

» Transmit interrupt source selection bit : Transmit shift operating
completion

> Transmit enable bit : Transmit enabled

» Receive enable bit : Receive disabled

> Serial I/01 mode selection bit : Clock synchronous serial I/O
» Serial I/O1 enable bit : Serial I/O1 enabled

UART control register (Address : 1B16)

b7

b0

0

> P45/TxD P-channel output disable bit : CMOS output

Baud rate generator (Address : 1Cis)

b7

o]0]

7

Set “division ratio — 1".

b7

Interrupt control register 1 (Address : 3E16)

b0

0

> Serial I/01 transmit interrupt enable bit : Interrupt disabled

Interrupt request register 1 (Address : 3Cise)

b7

b0

0

» Serial I/O1 transmit interrupt request bit
Confirm completion of transmitting
1-byte data by one unit.

“1” : Transmit shift completion

Fig. 2.4.26 Registers setting relevant to Serial 1/01

TB/RB

Transmit/Receive buffer register (Address : 1816)

b7

bO

Set a transmission data.
Confirm that transmission of the previous data is

completed (bit 3 of the Interrupt request register 1
is “1”) before writing data.

Fig. 2.4.27 Setting of serial 1/0O1 transmission data
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When the registers are set as shown in Fig. 2.4.26, the Serial /01 can transmit 1-byte data by writing
data to the transmit buffer register.

Thus, after setting the CS signal to “L”, write the transmission data to the transmit buffer register by
each 1 byte, and return the CS signal to “H” when the target number of bytes has been transmitted.
Figure 2.4.28 shows a control procedure of Serial 1/01.

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

( RESET )

Initialization
SIO1CON (Address : 1A16) <« 110110002 «Serial 1/01 set
UARTCON (Address : 1B1s), bit4 <= 0
BRG (Address : 1Cis) <« 8-1
ICON1  (Address : 3Ezs), bit3 <= 0 «Serial /01 transmit interrupt : Disabled
P5 (Address : OA1s), bit3 <« 1
«CS signal output port set

P5D (Address : 0B16) € XXXX1xXX2
: (“H” level output)

»
>

P5 (Address : 0Ais), bit3 «<— 0 CS signal output level to “L” set

«Serial I/01 transmit interrupt

IREQ1 (Address : 3Cis), bit3€«— 0 request bit set to “0”

a transmission -Transmission data write

TB/RB (Address : 1816) «— data (Start of transmit 1-byte data)

«Judgment of completion of transmitting
1-byte data

*Use any of RAM area as a counter for
counting the number of transmitted bytes

«Judgment of completion of transmitting
the target number of bytes

P5 (Address : 0Azs), bit3 «<— 1

*Return the CS signal output level to “H”
when transmission of the target number
of bytes is completed

Fig. 2.4.28 Control procedure of Serial 1/01
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Figure 2.4.29 shows registers setting relevant to Serial 1/02, and Figure 2.4.30 shows a setting of
serial 1/02 transmission data.

Serial 1/02 control register (Address : 1D1s)
b7 b0

SIO2CON | X([1[|0f0]|1f{0(f1]0

» Serial 1/02 port selection bit: Serial /02 used

» SrDY2 output enable bit: Sroy2 output not used

» Transfer direction selection bit; LSB first

» Serial 1/02 synchronous clock selection bit: Internal clock

‘ ‘ |—|—|—> Internal synchronous clock selection bits: f(XIN)/32

Interrupt control register 2 (Address : 3F1s)
b7 b0

ICON2 0

|—>Serial I/02 transmit interrupt enable bit : Interrupt disabled

Interrupt request register 2 (Address : 3D1s)
b7 b0

IREQ2 0

|—, Serial 1/02 transmit interrupt request bit
Confirm completion of transmitting
1-byte data by one unit.
“1” : Transmit shift completion

Fig. 2.4.29 Registers setting relevant to Serial 1/02

Serial 1/02 register (Address : 1F16)

b7 b0 o
Set a transmission data.

SI02 Confirm that transmission of the previous data is
completed (bit 2 of the Interrupt request register 2
is “1") before writing data.

Fig. 2.4.30 Setting of serial 1/02 transmission data
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When the registers are set as shown in Fig. 2.4.29, the Serial /02 can transmit 1-byte data by writing
data to the serial 1/02 register.

Thus, after setting the CS signal to “L”, write the transmission data to Serial 1/02 by each 1 byte, and
return the CS signal to “H” when the target number of bytes has been transmitted.

Figure 2.4.31 shows a control procedure of Serial 1/02.

( RESET ) e x: This bit is not used here. Set it to “0” or “1” arbitrarily.
Initialization
SIO2CON (Address : 1D16)< 010010102 «Serial 1/02 control register set
ICON2 (Address : 3Fs), bit2 <= 0
P5 (Address : OAzs), bit3 <« 1 Serial 1/02 transmit interrupt : Disabled
P5D (Address : OB16) €= XXXX1XXX2 CS signal output port set
: (“H” level output)

>
>

P5 (Address : 0Azs), bit3 «— 0 *CS signal output level to “L” set

>
>

IREQ2 (Address : 3D16), bit2 «<— 0 «Serial /02 interrupt request bit set to “0”

feqi -Transmission data write
. a transmission
SIO2 (Address : 1F16) <— 4 .- (Start of transmit 1-byte data)

A

«Judgment of completion of transmitting 1-

IREQ2 (Address : 3Dzs), bit2? byte data

*Use any of RAM area as a counter for
counting the number of transmitted bytes

«Judgment of completion of transmitting
the target number of bytes

Complete to transmit data?

P5 (Address : 0Azs), bit3 «<— 1 *Return the CS signal output level to “H”
when transmission of the target number
of bytes is completed

Fig. 2.4.31 Control procedure of Serial 1/02
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(3) Cyclic transmission or reception of block data (data of specified number of bytes) between

two microcomputers

Outline : When the clock synchronous serial 1/0O is used for communication, synchronization of the
clock and the data between the transmitting and receiving sides may be lost because of
noise included in the synchronous clock. It is necessary to correct that constantly, using
“heading adjustment”.
This “heading adjustment” is carried out by using the interval between blocks in this
example.

Figure 2.4.32 shows a connection diagram.

ScLk ScLk

RxD TxD

TxD RxD
Master unit Slave unit

Note: When serial /02 is used, Sout and SIN are used, not TxD and RxD.

Fig. 2.4.32 Connection diagram

Specifications :
» The serial I/O is used (clock synchronous serial I/O is selected).
» Synchronous clock frequency : 131 kHz (f(Xin) = 4.19 MHz is divided by 32)
Byte cycle: 488 us
* Number of bytes for transmission or reception : 8 byte/block
Block transfer cycle : 16 ms
Block transfer term : 3.5 ms
Interval between blocks : 12.5 ms
Heading adjustment time : 8 ms

Limitations of specifications :

« Reading of the reception data and setting of the next transmission data must be
completed within the time obtained from “byte cycle — time for transferring 1-byte
data” (in this example, the time taken from generating of the serial 1/0O1 receive
interrupt request to input of the next synchronous clock is 431 ps).

» “Heading adjustment time < interval between blocks” must be satisfied.
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The communication is performed according to the timing shown in Figure 2.4.33. In the slave unit,
when a synchronous clock is not input within a certain time (heading adjustment time), the next clock
input is processed as the beginning (heading) of a block.

When a clock is input again after one block (8 byte) is received, the clock is ignored.

Figure 2.4.34 shows relevant registers setting.

Do D1 D2 D7 Do

Byte cycle i |
> i i
| | |
! Block transfer term : Interval between blocks

I Iy
g 4|
|
|
|
t

A

Block transfer cycle |

»
14}

| |
Heading adjustment time
|

| |

—————im A

Processing for heading adjustment

Fig. 2.4.33 Timing chart

Master unit Slave unit

Serial /01 control register (Address : 1A16) Serial 1/01 control register (Address : 1A16)

b7 b0 b7 b0
SIOlCONlllllllllllOlOlOl SIOlCONllllllllI |o|1| |

Transmit shift operating completion

Transmit enabled

Receive enabled
L Clock synchronous serial I/O ———> Clock synchronous serial I/O

»Serial I/01 enabled > Serial /01 enabled

Transmit enabled

L'-:BRG count source : f(XIN) LI-:Not affected by external clock
Synchronous clock : BRG/4 Synchronous clock : External clock
Srov: output disabled Srovi output disabled
Transmit interrupt source : Not use the serial /01 transmit interrupt

Receive enabled

Both of units

UART control register (Address : 1B1s)
b7 b0

varTcon| | | Jo] | [ ] ]

|—>P45/T><D pin : CMOS output

Baud rate generator (Address : 1Cis)
b7 b0

BRG | 7 | Set “division ratio — 1.

Fig. 2.4.34 Relevant registers setting
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Control procedure :

e Control in the master unit
After setting the relevant registers shown in Figure 2.4.34, the master unit starts transmission or
reception of 1-byte data by writing transmission data to the transmit buffer register.
To perform the communication in the timing shown in Figure 2.4.33, take the timing into account
and write transmission data. Additionally, read out the reception data when the serial 1/01 transmit
interrupt request bit is set to “1,” or before the next transmission data is written to the transmit
buffer register.
Figure 2.4.35 shows a control procedure of the master unit using timer interrupts.

C

Interrupt processing routine
executed every 488 us

CLT (Note 1)
CLD (Note 2)
Push register to stack

Note 1: When using the Index X mode flag (T).
Note 2: When using the Decimal mode flag (D).
*Push the register used in the interrupt
processing routine into the stack

Within a block
transfer term?

*Generation of a certain block interval
by using a timer or other functions

A

Read a reception data

Complete to transfer
a block?

Write a transmission data

Count a block interval counter

*Check the block interval counter and

determine to start a block transfer

Start a block transfer?

Write the first transmission data
(first byte) in a block

Pop registers

v

(

RTI )

*Pop registers which is pushed to stack

Fig. 2.4.35 Control procedure of master unit
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e Control in the slave unit

After setting the relevant registers as shown in Figure 2.4.34, the slave unit becomes the state
where a synchronous clock can be received at any time, and the serial I/O1 receive interrupt

request bit is set to “1” each time an 8-bit synchronous clock is received.

In the serial /01 receive interrupt processing routine, the data to be transmitted next is written to

the transmit buffer register after the received data is read out.

However, if no serial 1/01 receive interrupt occurs for a certain time (heading adjustment time or

more), the following processing will be performed.

1. The first 1-byte data of the transmission data in the block is written into the transmit buffer register.
2. The data to be received next is processed as the first 1 byte of the received data in the block.
Figure 2.4.36 shows a control procedure of the slave unit using the serial I/O1 receive interrupt

and any timer interrupt (for heading adjustment).

Serial 1/01 receive interrupt
processing routine

CLT (Note 1)
CLD (Note 2)
Push register to stack

Within a block
transfer term?

Read a reception data

A received byte counter +1

A received byte
counter = 8?

Timer interrupt processing
routine

*Push the register used in the
interrupt processing routine into
the stack

«Confirmation of the received

CLT (Note 1)
CLD (Note 2)
Push register to stack

«Push the register used in
the interrupt processing
routine into the stack

byte counter to judge the
block transfer term

Heading adjustment counter — 1

Heading adjustment
counter = 0?

Write the first transmission
data (first byte) in a block

A received byte counter «— 0

A

Write a transmission data

Write dummy data (FFie)

Pop registers

l¢

!}

*Pop registers which is
pushed to stack

Heading Initial
adjustment <«—value
counter (Note 3)

Pop registers

!

( RTI )

RTI

)

*Pop registers which is pushed to stack

Notes 1: When using the Index X mode flag (T).
2: When using the Decimal mode flag (D).

3: In this example, set the value which is equal to the

heading adjustment time divided by the timer interrupt
cycle as the initial value of the heading adjustment

counter.

For example: When the heading adjustment time is 8 ms
and the timer interrupt cycle is 1 ms, set 8
as the initial value.

Fig. 2.4.36 Control procedure of slave unit
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(4) Communication (transmit/receive) using asynchronous serial I/0O (UART)
Outline : 2-byte data is transmitted and received, using the asynchronous serial 1/0O.
Port P4o is used for communication control.

Figure 2.4.37 shows a connection diagram, and Figure 2.4.38 shows a timing chart.

Transmitting side Receiving side
P4o P4o
TxD RxD
3886 group 3886 group

Fig. 2.4.37 Connection diagram (Communication using UART)

Specifications : «The Serial 1/01 is used (UART is selected).
e Transfer bit rate : 9600 bps (f(Xin) = 4.9152 MHz is divided by 512)
*« Communication control using port P4o
(The output level of port P4 is controlled by software.)
« 2-byte data is transferred from the transmitting side to the receiving side at intervals
of 10 ms generated by the timer.

P40_I |_” Ji .....

10 N\ BB s\ BRI s 1 \SEX

10 ms
P> 4 N,
< >

Fig. 2.4.38 Timing chart (using UART)
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Table 2.4.1 shows setting examples of the baud rate generator (BRG) values and transfer bit rate
values; Figure 2.4.39 shows registers setting relevant to the transmitting side; Figure 2.4.40 shows
registers setting relevant to the receiving side.

Table 2.4.1 Setting examples of Baud rate generator values and transfer bit rate values

BRG count source ) Transfer bit rate (bps) (Note 2)
(Note 1) BRG setting value at f(XIN) = 4.9152 MHz at f(XIN) = 8 MHz
f(XIN)/4 255(FF16) 300 488.28125
f(XIN)/4 127(7F16) 600 976.5625
f(XIN)/4 63(3F16) 1200 1953.125
f(XiN)/4 31(1F1se) 2400 3906.25
f(XiN)/4 15(0F16) 4800 7812.5
f(XIN)/4 7(0716) 9600 15625
f(XIN)/4 3(0316) 19200 31250
f(XIN)/4 1(0116) 38400 62500
f(XIN) 3(0316) 76800 125000
f(XIN) 1(0116) 153600 250000
f(XIN) 0(0016) 307200 500000

Notes 1: Select the BRG count source with bit O of the serial 1/01 control register (Address : 1A1s).

2: Equa

Transfer bit rate (bps) =

tion of transfer bit rate:

f(XIN)

(BRG setting value + 1) 00 16 0 m"

Om: When bit 0 of the serial 1/01 control register (Address : 1A16) is set to “0,” a value of m

is 1.

When bit 0 of the serial 1/01 control register (Address : 1A16) is set to “1,” a value of m

is 4.
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Transmitting side

Serial /01 status register (Address : 191s)
b7 b0

SIO1STS

|—> Transmit buffer empty flag
* Confirm that the data has been transferred from Transmit buffer
register to Transmit shift register.
» When this flag is “1”, it is possible to write the next transmission
data in to Transmit buffer register.

Ly Transmit shift register shift completion flag
Confirm completion of transmitting 1-byte data with this flag.
“1" : Transmit shift completed

Serial I/01 control register (Address : 1Az1e)
b7 b0

SIOICON [1| 0|01 0|01

|—> BRG count source selection bit : f(Xin)/4
Serial 1/01 synchronous clock selection bit : BRG/16
Srov1 OUtpuUt enable bit :Srova out disabled
Transmit enable bit : Transmit enabled

\4

Receive enable bit : Receive disabled
Serial /01 mode selection bit : Asynchronous serial I/O(UART)
Serial I/01 enable bit : Serial /01 enabled

\4

\ 4

A 4

UART control register (Address : 1B1s)
b7 b0

UARTCON 01 00

|—> Character length selection bit : 8 bits
Parity enable bit : Parity checking disabled

Stop bit length selection bit : 2 stop bits
P4s/TxD P-channel output disable bit : CMOS output

\ 4

Baud rate generator (Address : 1Cis)
b7 b0

f(Xin)
BRG 7 Set -1
Transfer bitrate 0 16 O m ©
0 When bit 0 of the Serial 1/01 control register (Address : 1A1s) is setto “0,”
a value of mis 1.
When bit 0 of the Serial I/O1 control register (Address : 1A1s) is setto “1,”
a value of mis 4.

Fig. 2.4.39 Registers setting relevant to transmitting side
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Receiving side
Serial I/01 status register (Address : 191s)
b7 b0

SIO1STS

|—> Receive buffer full flag

Confirm completion of receiving 1-byte data with this flag.

(“1” : At completing reception
. “0" : At reading out contents of Receive buffer register

Overrun error flag
“1" : When data is ready in Receive shift register while Receive buffer

register contains the data.

—— > Parity error flag
“1" : When a parity error occurs in enabled parity.

Framing error flag
“1” : When stop bits cannot be detected at the specified timing.

\ 4

\4

Summing error flag
“1" : When any one of the following errors occurs.

» Overrun error
* Parity error
 Framing error

Serial 1/01 control register (Address : 1Az1e)
b7 b0

SIOICON | 1]0]1(0 00| 1

|—> BRG count source selection bit : f(Xin)/4
Serial 1/01 synchronous clock selection bit : BRG/16
Srovi OUtput enable bit : Srova out disabled
Transmit enable bit : Transmit disabled
Receive enable bit : Receive enabled

Serial /01 mode selection bit : Asynchronous serial /O(UART)
Serial /01 enable bit : Serial I/01 enabled

\ 4

\ 4

v

UART control register (Address : 1B1s)
b7 b0

UARTCON 1 0|0

|—> Character length selection bit : 8 bits
Parity enable bit : Parity checking disabled

Stop bit length selection bit : 2 stop bits

Baud rate generator (Address : 1Czis)
b7 bo

Set f(Xin)

BRG ! Transfer bit rate 0 16 O m"

00 When bit 0 of the Serial I/O1 control register (Address : 1Azs) is setto “0,”

a value of mis 1.
When bit 0 of the Serial 1/01 control register (Address : 1A1s) is setto “1,”

a value of mis 4.

-1

Fig. 2.4.40 Registers setting relevant to receiving side
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Figure 2.4.41 shows a control procedure of the transmitting side, and Figure 2.4.42 shows a control
procedure of the receiving side.

( RESET ) e x: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization

SIO1CON (Address : 1A15) < 1001x0012
UARTCON (Address : 1Bis) < 000010002

BRG (Address : 1C16) < 8-1

P4 (Address : 0816), bit0 <« 0 —

P4D (Address : 0916) < XXXXXXX12 * Port P40 set for communication control

N . .
Pass 10 ms? « An interval of 10 ms generated by Timer
Y
P4 (Address : 0816), bit0 <«— 1 « Communication start
) The first byte of a * Transmission data write
TB/RB (Address : 1816)etransmission data Transmit buffer empty flag is set to “0”
by this writing.

le
<

« Judgment of transferring data from Transmit
buffer register to Transmit shift register
(Transmit buffer empty flag)

SIO1STS (Address : 191s), bit0?

* Transmission data write
. The second byte of ; .
TB/RB (Address : 1816)< , 1o ormesion data Transmit buffer empty flag is set to “0”
by this writing.

le

» Judgment of transferring data from Transmit
buffer register to Transmit shift register
(Transmit buffer empty flag)

SIO1STS (Address : 1916), bit0?

« Judgment of shift completion of Transmit shift register

. H ’)
SIO1STS (Address : 191), bit2? (Transmit shift register shift completion flag)

P4 (Address : 0816), bitO <«— 0 « Communication completion

Fig. 2.4.41 Control procedure of transmitting side
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C RESET ) e x: This bit is not used here. Set it to “0” or “1" arbitrarily.

Initialization

SIO1CON (Address : 1A1s) «- 1010x0012
UARTCON (Address : 1B16) «- 000010002
BRG (Address : 1C16) <« 8-1

P4D (Address : 0916) <« XXXXXXX02

SIO1STS (Address : 1916), bit1? « Judgment of completion of receiving

(Receive buffer full flag)

_ * Reception of the first byte data
Read out a reception data Receive buffer full flag is set
from RB (Address : 1816) to “0” by reading data.

1 « Judgment of an error flag

SIO1STS (Address : 1916), bit6?

« Judgment of completion of
receiving
(Receive buffer full flag)

SIO1STS (Address : 1916), bit1?

« Reception of the second byte data
Receive buffer full flag is set
to “0” by reading data.

Read out a reception data
from RB (Address : 1816)

1 « Judgment of an error flag
SIO1STS (Address : 191¢), bit6?

Processing for error

P4 (Address : 08as), bit0?

SIO1CON (Address : 1A16) «<— 0000x0012 * Countermeasure for a bit slippage
SIO1CON (Address : 1A16) «— 1010x0012

Fig. 2.4.42 Control procedure of receiving side
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2.4.6 Notes on serial I/O
(1) Notes when selecting clock synchronous serial 1/0 (Serial 1/01)

O Stop of transmission operation
Clear the serial 1/01 enable bit and the transmit enable bit to “0” (Serial I/01 and transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/01 enable bit is cleared to “0” (Serial I/0O1 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, ScLk1, and SRDY1 function as I/O ports, the transmission data
is not output). When data is written to the transmit buffer register in this state, data starts to be
shifted to the transmit shift register. When the serial 1/01 enable bit is set to “1” at this time, the
data during internally shifting is output to the TxD pin and an operation failure occurs.

O Stop of receive operation
Clear the receive enable bit to “0” (receive disabled), or clear the serial /01 enable bit to “0”
(Serial 1/01 disabled).

O Stop of transmit/receive operation
Clear the transmit enable bit and receive enable bit to “0” simultaneously (transmit and receive
disabled).
(when data is transmitted and received in the clock synchronous serial /O mode, any one of data
transmission and reception cannot be stopped.)

e Reason

In the clock synchronous serial /0O mode, the same clock is used for transmission and reception.
If any one of transmission and reception is disabled, a bit error occurs because transmission and
reception cannot be synchronized.

In this mode, the clock circuit of the transmission circuit also operates for data reception. Accordingly,
the transmission circuit does not stop by clearing only the transmit enable bit to “0” (transmit
disabled). Also, the transmission circuit is not initialized by clearing the serial /01 enable bit to
“0” (Serial I/0O1 disabled) (refer to (1) O).
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(2)

(3

(4)

Notes when selecting clock asynchronous serial I/O (Serial 1/01)

O Stop of transmission operation
Clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/01 enable bit is cleared to “0” (Serial 1/01 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, ScLk1, and SRDY1 function as I/O ports, the transmission data
is not output). When data is written to the transmit buffer register in this state, data starts to be
shifted to the transmit shift register. When the serial 1/01 enable bit is set to “1” at this time, the
data during internally shifting is output to the TxD pin and an operation failure occurs.

O Stop of receive operation
Clear the receive enable bit to “0” (receive disabled).

O Stop of transmit/receive operation
Only transmission operation is stopped.
Clear the transmit enable bit to “0” (transmit disabled).

e Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/01 enable bit is cleared to “0” (Serial I/01 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, ScLk1, and SRDY1 function as I/O ports, the transmission data
is not output). When data is written to the transmit buffer register in this state, data starts to be
shifted to the transmit shift register. When the serial 1/01 enable bit is set to “1” at this time, the
data during internally shifting is output to the TxD pin and an operation failure occurs.

Only receive operation is stopped.
Clear the receive enable bit to “0” (receive disabled).

SRDY1 output of reception side (Serial 1/01)

When signals are output from the SRDY1 pin on the reception side by using an external clock in the
clock synchronous serial 1/0 mode, set all of the receive enable bit, the SRDY1 output enable bit, and
the transmit enable bit to “1” (transmit enabled).

Setting serial I/01 control register again (Serial 1/01)
Set the serial 1/01 control register again after the transmission and the reception circuits are reset
by clearing both the transmit enable bit and the receive enable bit to “0.”

Clear both the transmit enable bit (TE)
and the receive enable bit (RE) to “0”
!
Set the bits 0 to 3 and bit 6 of the
serial 1/01 control register
[ Can be set with the LDM instruction at the same time
Set both the transmit enable bit (TE) and
the receive enable bit (RE), or one of
them to “1”

Fig. 2.4.43 Sequence of setting serial 1/01 control register again

2-74

3886 Group User’'s Manual



(5)

(6)

()

(8)

APPLICATION
2.4 Serial 1/0

Data transmission control with referring to transmit shift register completion flag (Serial 1/01)
The transmit shift register completion flag changes from “1” to “0” with a delay of 0.5 to 1.5 shift
clocks. When data transmission is controlled with referring to the flag after writing the data to the
transmit buffer register, note the delay.

Transmission control when external clock is selected (Serial 1/01)

When an external clock is used as the synchronous clock for data transmission, set the transmit
enable bit to “1” at “H” of the ScLK input level. Also, write the transmit data to the transmit buffer
register (serial I/O shift register) at “H” of the ScLK input level.

Transmit interrupt request when transmit enable bit is set (Serial 1/01)

When the transmit interrupt is used, set the transmit interrupt enable bit to transmit enabled as shown

in the following sequence.

O Set the interrupt enable bit to “0” (disabled) with CLB instruction.

O Prepare serial 1/0O for transmission/reception.

O Set the interrupt request bit to “0” with CLB instruction after 1 or more instruction has been
executed.

O Set the interrupt enable bit to “1” (enabled).

e Reason

When the transmission enable bit is set to “1”, the transmit buffer empty flag and transmit shift
register completion flag are set to “1”. The interrupt request is generated and the transmission
interrupt bit is set regardless of which of the two timings listed below is selected as the timing for
the transmission interrupt to be generated.

« Transmit buffer empty flag is set to “1”

e Transmit shift register completion flag is set to “1”

Transmit data writing (Serial 1/02)
In the clock synchronous serial I/O, when selecting an external clock as synchronous clock, write the
transmit data to the serial 1/02 register (serial I/O shift register) at “H” of the transfer clock input level.
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2.5 Multi-master 1?°C-BUS interface

The multi-master I?2C-BUS interface is a serial communication circuit, conforming to the Philips I12C-BUS data
transfer format. This paragraph explains the overview and the communication example.

2.5.1 Memory map

~

I

001216 |12C data shift register (S0)

001316 |12C address register (SOD)

001416 |12C status register (S1)

001516 |12C control register (S1D)

001616 |12C clock control register (S2)

001716 |12C START/STOP condition control register (S2D)

-~
~ _~

003916 | Interrupt source selection register (INTSEL)

-~ -~
_~ —_~

003Cu1s | Interrupt request register 1 (IREQ1)
003D1s | Interrupt request register 2 (IREQ2)
003Ez16 | Interrupt control register 1 (ICON1)

003F16 | Interrupt control register 2 (ICON2)

Fig. 2.5.1 Memory map of registers relevant to 12C-BUS interface

2.5.2 Relevant registers

I2C data shift register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | 12C data shift register (S0) [Address : 121¢]
I I I I I T I I
EEREERRN: Funcior e R
L LI L0 |Thisregister is an 8-bit shift register to store receive data or write ? |lolo
Lo } ! | | transmit data.
A I ? lofe
| | | | | |
I T 2 2 lolo
| | | | |
[ Y A B ||
R R N IO 3 ? |olo
| | | |
| | | | —
R : dRE
| | | E—
i i L] 5 ? |o|o
i b 6 ? |olo
|
b 7 2 lolo
Note: Secure 8 machine cycles from clearing MST bit to “0” (slave mode) until writing
data to 12C data shift register.
If executing the read-modify-write instruction(SEB, CLB etc.) for this register
during transfer, data may become a value not intended.

Fig. 2.5.2 Structure of I12C data shift register
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[2C address register
b7 b6 b5 b4 b3 b2 bl b0

I12C address register (SOD) [Address : 131¢]

B Name Function Atreset | R [W
0 |Read / write bit (RWB) 0 : Write bit 0 [olo
1: Read bit
1 | Slave address These bits are compared with the 0 |olo

| | (SADO, SAD1, SAD2, SAD3, |address data transmitted from the

2 | SAD4, SAD5, SAD6) master. 0 [olo
3] 0 lolo
T 0 olo
5] 0 oo
6 | 0 oo
7] 0 oo

Note: If the read-modify-write instruction(SEB, CLB, etc.) is executed for this register
at detecting the stop condition, data may become a value not to intend.

Fig. 2.5.3 Structure of I2C address register

[2C status register
b7 b6 b5 b4 b3 b2 bl b0

2:
register is “0".
3:

because all bits of this register are changed by hardware.

0:

“1” can be written to this bit, but “0” cannot be written by program.

I2C status register (S1) [Address : 141s]
1 1 1 1 1 1 1 1
i i i i i i i i B Name Function Atreset | R |\W
oo L]0 | Last receive bit (LRB) 0 : Last bit =“0” ? lo|0O
L 1: Last bit = “1” (Notel)
A . ! General call detecting 0 : No general call detected 0 |ol|O
o flag(ADO) 1: General call detected(Notel, 2)
} } } } } L 777777 2 | Slave address comparison 0 : Address disagreement 0 |o]|D
I T flag (AAS) 1 : Address agreement (Notel, 2)
R 3 Arbitration lost detecting flag |0 : Not detected 0 |[olD
or (AL) 1: Detected (Notel)
T 4 | SCL pin low hold bit (PIN) 0 : SCL pin low hold 1 |o|O
. 1: SCL pin low release
] 5 | Bus busy flag (BB) 0 : Bus free 0 |olo
[ 1: Bus busy
I g | Communication mode 00 : Slave receive mode 0 |lolo
} specification bits (TRX, MST) |01 : Slave transmit mode
! Ea 10 : Master receive mode
7

b 11 : Master transmit mode 0 [of°

Notes 1: These bits and flags can be read out, but cannot be written.

These bits can be detected when data format selection bit (ALS) of *C control

Do not execute the read-modify-write instruction (SEB, CLB) for this register

Fig. 2.5.4 Structure of I2C status register
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[2C control register
b7 b6 b5 b4 b3 b2 bl b0

I2C control register (S1D) [Address :1516]

B Name Function Atreset| R [W
0 | Bit counter (Number of 0201 Db0 0 |olo
i i i 000:8
transmit/receive bits) 001.7
T (BCO, BC1, BC2) 0106
011:5
|| 100:4
2 101:3
110:2
111:1
3 | 12c-BUS interface enable bit 0 : Disabled o lolo
(ESO) 1: Enabled
4 | Data format selection bit 0 : Addressing format 0 |ofo
(ALS) 1: Free data format
5 | Addressing format selection 0 : 7-bit addressing format 0 [o]|o
bit (10 BIT SAD) 1 : 10-bit addressing format
System clock stop selection 0 : System clock stop when
6 i 0 [o]o
bit (CLKSTP) executing WIT or STP
instruction
1: Not system clock stop when
executing WIT instruction
(Do not use the STP
instruction.)
7 | 12C-BUS interface pin input 0 : CMOS input 0 [o]o
level selection bit (TISS) 1: SMBUS input

Notes : When the read-modify-write instruction is executed for this register at detecting
the START condition or at completing the byte transfer, data may become a

value not intended.

Fig. 2.5.5 Structure of I12C control register
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12C clock control register
b7 b6 b5 b4 b3 b2 bl b0

12C clock control register (S2) [Address : 1616]

1 1 1 1 1 T 1 1

i i i i i i i i B Name Function At reset W

L1 111 11 [0 ]SCL frequency control bits Refer to Table 2.5.1 0 o

. | ! ] (CCRO, CCR1, CCR2, CCR3,

Lo 1 CCR4)

T T R R T

| | | | | |

| | | | | } |

o ] 2

| | | | |

[ R T B ||

T T A S 3

| | | |

| | | | —

T 4

R

L SCL mode specification bit 0 : Standard clock mode 0 0

o (FAST MODE) 1 : High-speed clock mode

o 6 | ACK bit (ACK BIT) 0 : ACK is returned 0 o

| 1: ACK is not returned

L] 7 [ ACK clock bit (ACK) 0 : No ACK clock 0 0
1: ACK clock

Fig. 2.5.6 Structure of I2C clock control register

Table 2.5.1 Set value of 1°)C clock control register and

SCL frequency

Setting value of

SCL frequency (Note 1)

CCR4-CCRO (at = 4 MHz, unit : kHz)
Standard clock High-
CCR#|CCR3 |CCR2| CCR1| CCRO mode High-speed
0 0 0 0 0 Setting disabled Setting disabled
0 0 0 0 1 Setting disabled Setting disabled
0 0 0 1 0 Setting disabled Setting disabled
0 0 0 1 1 — (Note 2) 333
0 0 1 0 0 — (Note 2) 250
0 0 1 0 1 100 400 (Note 3)
0 0 1 1 0 83.3 166
500/CCR value 1000/CCR value
1 1 1 0 1 17.2 34.5
1 1 1 1 0 16.6 33.3
1 1 1 1 1 16.1 32.3

Notes 1: Duty of ScL clock output is 50 %. The duty becomes 35 to 45 % only when the high-speed clock mode is selected
and CCR value =5 (400 kHz, at @ = 4 MHz). “H” duration of the clock fluctuates from —4 to +2 machine cycles in
the standard clock mode, and fluctuates from —2 to +2 machine cycles in the high-speed clock mode. In the case of
negative fluctuation, the frequency does not increase because “L” duration is extended instead of “H” duration
reduction.

These are value when ScL clock synchronization by the synchronous function is not performed. CCR value is the
decimal notation value of the ScL frequency control bits CCR4 to CCRO.

2: Each value of ScL frequency exceeds the limit at @ = 4 MHz or more. When using these setting value, use ¢ of
4 MHz or less.

3: The data formula of ScL frequency is described below:
@/(8 O CCR value) Standard clock mode
@(4 O CCR value) High-speed clock mode (CCR value # 5)
@(2 O CCR value) High-speed clock mode (CCR value = 5)
Do not set 0 to 2 as CCR value regardless of ¢ frequency.
Set 100 kHz (max.) in the standard clock mode and 400 kHz (max.) in the high-speed clock mode to the ScL
frequency by setting the ScL frequency control bits CCR4 to CCRO.
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[2C START/STOP condition control register

b7 b6 b5 b4 b3 b2 bl b0

I12C START/STOP condition control register (S2D) [Address : 1716]

generating selection bit
(STSPSEL)

: Setup/Hold time long mode

B Name Function Atreset| R W
0 | START/STOP condition set bit| ScL release time ? 0O
(SSCO, SSC1, SSC2, SSC3, [ = g(us) O (SSC+1) ’
|| SSC4) (Note)
1 Set up time
= @(us) O (SSC+1)/2
2 Hold time
? = @(us) O (SSC+1)/2
4]
5 | ScL/Spa interrupt pin polarity |0 : Falling edge active 0 0
selection bit(SIP) 1 : Rising edge active
6 |ScL/Spa interrupt pin selection [ 0 : Spa valid 0 o)
bit (SIS) 1: ScL valid
7 [ START/STOP condition 0 : Setup/Hold time short mode 0 e}
1

Note: Do not set “000002” or an odd number to the START/STOP condition set bit

(SSC4 to SSCO).

Fig. 2.5.7 Structure of 12C START/STOP condition control register

Interrupt source selection reqgister

b7 b6 b5 b4 b3 b2 bl b0

Interrupt source selection register [INTSEL: address 00391s]

B Name Function Atreset| R |W

0 | INTo/input buffer full interrupt |0 : INTo interrupt 0 O
source selection bit 1 : Input buffer full interrupt

1 | INT2/output buffer empty 0 : INTz interrupt 0 O
interrupt source selection bit |1 : Output buffer empty interrupt

2 | Serial I/O1 transmit/ScL,Soa |0 : Serial I/O1 transmit interrupt 1| 0 o
interrupt source selection bit |1 : ScL,Spa interrupt

3 [ CNTRo/ScL,Spa interrupt 0 : CNTRo interrupt Ol o o}
source selection bit 1 : Sci,Spa interrupt

4 [ Serial 1102/12C interrupt 0 : Serial 1/02 interrupt 021 0 o}
source selection bit 1: I2C interrupt

5 | INT2/I2C interrupt source 0 : INTz interrupt 02l o o)
selection bit 1:12C interrupt

6 | CNTR/key-on wake-up 0 : CNTRuz interrupt 03[ o e)
interrupt source selection bit |1 : Key-on wake-up interrupt

7 | AD converter/key-on wake-up [0 : A-D converter interrupt 03] 0 @)

1

interrupt source selection bit

: Key-on wake-up interrupt

(1: Do not write “1” to these bits simultaneously.
[J2: Do not write “1” to these bits simultaneously.
003: Do not write “1” to these bits simultaneously.

Fig. 2.5.8 Structure of Interrupt source selection register
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Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3Cis]

1 1 1 1 1 T 1 1
i i i i i i i i B Name Function At reset
} } } } } } } ! |0 | INTo/input buffer full interrupt |0 : No interrupt request issued 0 0
A | ! request bit 1 : Interrupt request issued
A 1 | INT2/output buffer empty 0 : No interrupt request issued 0 0
} } } } } | interrupt request bit 1 : Interrupt request issued
‘ . . . . .
IR N T 2 | Serial /01 receive interrupt [0 : No interrupt request issued 0 O
o request bit 1 : Interrupt request issued
T A 3 | Serial I/O1 transmit/Sct, Soa |0 : No interrupt request issued 0 0
T interrupt request bit 1: Interrupt request issued
R 4 | Timer X interrupt request bit [0 : No interrupt request issued 0 O
Lo 1 : Interrupt request issued
| | |
S S 5 | Timer Y interrupt request bit |0 : No interrupt request issued 0 0
I 1 : Interrupt request issued
1 L 777777777777777 6 | Timer 1 interrupt request bit |0 : No interrupt request issued 0 0
| 1 : Interrupt request issued
L 77777777777777777 7 | Timer 2 interrupt request bit 0 : No interrupt request issued 0 0
1 : Interrupt request issued
(: These bits can be cleared to “0” by program, but cannot be set to “1”.
Fig. 2.5.9 Structure of Interrupt request register 1
Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0
- Interrupt request register 2 (IREQ2) [Address : 3Dis]
1 1 1 1 T 1 1
R i 1 [B Name Function Al reset
| | | | | | |
oL to CNTRo/Sct, Spa interrupt 0 : No interrupt request issued 0 0
I request bit 1 : Interrupt request issued
o L,, 1 | CNTRu/key-on wake-up 0 : No interrupt request issued 0 O
T N interrupt request bit 1 : Interrupt request issued
TR L 777777 2 | Serial 1/02/12C interrupt 0 : No interrupt request issued 0 0
oo request bit 1 : Interrupt request issued
T A 3 | INT2/I2C interrupt request bit |0 : No interrupt request iszued 0 0
Lo 1 : Interrupt request issue
| | | |
R 4 | INTs interrupt request bit 0 : No interrupt request issued 0 0
. 1 : Interrupt request issued
N 5 | INT4 interrupt request bit 0 : No interrupt request issued 0 0
b 1 : Interrupt request issued
oL 6 | AD converter/key-on wake-up |0 : No interrupt request issued 0 .
| interrupt request bit 1 : Interrupt request issued
L 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 0
When this bit is read out, the value is “0".

(: These bits can be cleared to “0” by program, but cannot be set to “1”.

Fig. 2.5.10 Structure of Interrupt request register 2
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Interrupt control reqgister 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address : 3Ezé]

1 1 1 1 1 T 1 1

| | | | | | | |

B Name Function Atreset| R |W

L0111 L]0 |INTofinput buffer full interrupt | O : Interrupt disabled 0 o)

A | ! enable bit 1: Interrupt enabled

A N 1 _INT1/output buffer_empty 0 : Interrupt disabled 0 @)

[ interrupt enable bit 1 : Interrupt enabled

TR L ,,,,,, 2 | Serial /01 receive interrupt 0 : Interrupt disabled 0 o)

Lo enable bit 1 : Interrupt enabled

R N 3 | Serial I/O1 transmit/Sct, Sba | O : Interrupt disabled 0 o

I interrupt enable bit 1 Interrupt enabled

R 4 | Timer X interrupt enable bit 0 : Interrupt disabled 0 o)

L 1 : Interrupt enabled

S S 5 | Timer Y interrupt enable bit 0 : Interrupt disabled 0 o

I 1 : Interrupt enabled

1 L 777777777777777 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 o)

| 1 : Interrupt enabled

L 77777777777777777 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled 0 o)
1 : Interrupt enabled

Fig. 2.5.11 Structure of Interrupt control register 1
Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0

0 Interrupt control register 2 (ICON2) [Address : 3Fie]

1 1 1 1 1 T 1 1

i i i i i i i i B Name Function ptreset [ R [W

} } } } } } } I |0 | CNTRo/ScL, Soa interrupt 0 : Interrupt disabled 0 o)

A | ! enable bit 1 : Interrupt enabled

e 1 | CNTR1/key-on wake-up 0 : Interrupt disabled 0 o)

} } } } } | interrupt enable bit 1 : Interrupt enabled

AR 2 | Serial 1/02/12C interrupt enable| 0 : Interrupt disabled 0 o)

oo bit 1 : Interrupt enabled

T T I 3 [ INT2/12C interrupt enable bit 0 : Interrupt disabled 0 0

. 1: Interrupt enabled

T A 4 | INTs interrupt enable bit 0 : Interrupt disabled 0 (@)

[ 1 : Interrupt enabled

i i L 7777777777777 5 | INT4 interrupt enable bit 0 : Interrupt disabled 0 e}

I 1 : Interrupt enabled

} L 777777777777777 6 | AD converter/key-on wake-up | O : Interrupt disabled 0 e)

| interrupt enable bit 1 : Interrupt enabled

b 7 | Fix this bit to “0”. 0 o

Fig. 2.5.12 Structure of Interrupt control register 2
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2.5.3 I12C-BUS overview

The I12C-BUS is a both directions serial bus connected with two signal lines; the SCL which transmits a
clock and the SDA which transmits data.

Each port has an N-channel open-drain structure for output and a CMOS structure for input. The devices
connected with the 1°C-BUS interface use an open drain, so that external pull-up resistors are required.
Accordingly, while any one of devices always outputs “L”, other devices cannot output “H”".

Figure 2.5.13 shows the I12C-BUS connection structure.

SCL output4>H%L ’47 SCL output
SCL mput % SCL input
SDA output—»”%lv E"i SDA output

SDA mput SDA input

’47 SCL output

—I>—>SCL input
’17 SDA output

—|>—>SDA input

Fig. 2.5.13 I2C-BUS connection structure
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2.5.4 Communication format

Figure 2.5.14 shows an I12C-BUS communication format example.
The 12C-BUS consists of the following:

*START condition to indicate communication start

*Slave address and data to specify each device

*ACK to indicate acknowledgment of address and data

*STOP condition to indicate communication completion.

’4 Bus busy term »‘

g| Slave address N7 Data Data
7 bits RIWIA 8 bits A 8 bits AlP

Fig. 2.5.14 I?’C-BUS communication format example

(1)

(2)

(3)

(4)

START condition

When communication starts, the master device outputs the START condition to the slave device. The
I12C-BUS defines that data can be changed when a clock line is “L”. Accordingly, data change when
a clock line is “H” is treated as STOP or START condition.

The data line change from “H” to “L” when a clock line is “H” is START condition.

STOP condition

Just as in START condition, the data line change from “L” to “H” when a clock line is “H” is STOP
condition.

The term from START condition to STOP condition is called “Bus busy”. The master device is
inhibited from starting data transfer during that term.

The Bus busy status can be judged by using the BB flag of I12C status register (bit 5 of address
00141s).

Slave address

The slave address is transmitted after START condition. This address consists of 7 bits and the 7-
th bit functions as the read/write (R/W) bit which indicates a data transmission method. The slave
devices connected with the same 1°C-BUS must have their addresses, individually. It is because that
address is defined for the master to specify the transmitted/received slave device.

The read/write (R/W) bit indicates a data transmission direction; “L” means write from the master to
the slave, and “H” means read in.

Data
The data has an 8-bit length. There are two cases depending on the read/write (R/V_V) bit of a slave
address; one is from the master to the slave and the other is from the slave to the master.
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(5) ACK bit

The ACK bit clock is generated by the master. This is used for indication of acknowledgment on the
SDA line, the slave’s busy and the data end.

For example, the slave device makes the SDA line “L" for acknowledgment when confirming the slave
address following the START condition. The built-in I12C-BUS interface has the slave address automatic
judgment function and the ACK acknowledgment function. “L” is automatically output when the ACK
bit of I12C clock control register (bit 6 of address 00161s) is “0” and an address data is received. When
the slave address and the address data do not correspond, “H” (NACK) is automatically output.

In case the slave device cannot receive owing to an interrupt process, performing operation or
others, the master can output STOP condition and complete data transfer by making the ACK data
of the slave address “H” for acknowledgment. Even in case the slave device cannot receive data
during data transferring, the communication can be interrupted by performing NACK acknowledgment
to the following data.

When the master is receiving the data from the slave, the master can notify the slave of completion
of data reception by performing NACK acknowledgment to the last data received from the slave.

(6) RESTART condition
The master can receive or transmit data without transmission of STOP condition while the master is
transmitting or receiving a data.
For example, after the master transmitted a data to the slave, transmitting a slave address + R
(Read) following RESTART condition can make the following data treat as a reception data.
Additionally, transmitting a slave address + W (Write) following RESTART condition can make the
following data treat as a transmission data.

Master reception Master reception

START condition iti
RESTART condition 1st-byte 2nd-byte

\ \

S| Slave address R/W|A Data A |[Sr| Slave address R/W/| A| Lower data |A| Upperdata |A|P

7 bits “0” 8 bits 7 bits “1” 8 bits 8 bits
Write Read

NACK expression end of
master reception data

S: START condition P: STOP condition [ ] Master to slave
A: ACK bit R/W: Read/Write bit [ ] Slave to master
Sr: RESTART condition

Fig. 2.5.15 RESTART condition of master reception

2.5.5 Synchronization and Arbitration lost

(1) Synchronization
When a plural master exists on the 12C-BUS and the masters, which have different speed, are going
to simultaneously communicate; there is a rule to unify clocks so that a clock of each bit can be
output correctly.
Figure 2.5.16 shows a synchronized SCL line example. The SCL (A) and the SCL (B) are the master
devices having a different speed. The SCL is synchronized waveforms.
As shown by Figure 2.5.16, the SCL lines can be synchronized by the following method; the device
which first finishes “H” term makes the SCL line “L” and the device which last remains “L” makes the
SCL line “H".
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SCL(B)

SCL

Fig. 2.5.16 SCL waveforms when synchronizing clocks

(2)

(3)

O After START condition, the masters, which have different speed, simultaneously start clock transmission.

0 The SCL outputs “L” because (A) finished counting “H” output; then (B)’s “H” output counting is
interrupted and (B) starts counting “L” output.

O The (A) outputs “H” because (A) finished counting “L” term; the SCL level does not become “H”
because (B) outputs “L”, and counting “H” term does not start but stop.

O (B) outputs “L” term.

O The SCL outputs “H” because (B) finished counting “L” term; then (B)’s “H” output counting is
started at the same time as (A).

O The SCL outputs “L” because (A) first finished counting “H” output; then (B)’s “H” output counting
is interrupted and (B) starts counting “L” output.

O The above are repeatedly performed.

Clock synchronization during communication

In the 12C-BUS, the slave device is permitted to retain the SCL line “L” and become waiting status
for transmission from the master. By byte unit, for the reception preparation of the slave device, the
master can become waiting status by making the SCL line “L”, which is after completion of byte
reception or the ACK.

By bit unit, it is possible to slow down a clock speed by retaining the SCL line “L” for slave devices
having limited hardware.

The 3886 group can transmit data correctly without reduction of data bits toward waiting status
request from the slave device. It is because the synchronization circuit is included for the case when
retaining the SCL line “L” as an internal hardware.

After the last bit, including the ACK bit, of a transmission/reception data byte, the SCL line automatically
remains “L” and waiting status is generated until completion of an interrupt process or reception
preparation.

Arbitration lost

A plural master exists on the same bus in the 12C-BUS and there are possibility to start communication
simultaneously. Even when the master devices having the same transmission frequency start
communication simultaneously, which device must transmit data correctly. Accordingly, there is the
definition to detect a communication confliction on the SDA line in the 12C-BUS.

The SDA line is output at the timing synchronized by the SCL, however, the synchronization among
the SDA signals is not performed.
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2.5.6 I?’C-BUS communication usage example

This clause explains a control example using the 12C-BUS. This is a control example as the master device
and the slave device in the Read Word protocol of 12C-BUS protocol.

The following is a communication example of E2PROM (24CO0X).

Communication specifications:

«Communication frequency = 100 kHz

«Slave address of communication destination, E2PROM, = “1010000X2” (X means the read/write bit)
*Address = E2PROM internal address

*The communication process is performed in the interrupt process. However, the main process performs
an occurrence of the first START condition and a slave address set.

A communication buffer is established. Data transfer between the main process and the interrupt process
is performed through the communication buffer.

(1) Initial setting
Figure 2.5.17 shows an initial setting example using I?C-BUS communication.
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I12C address register (address 1316)
b7 b0

SOD|1|O|1|O|O|O|O|O|

» Set slave address value AO16.

12C clock control register (address 1616)
b7 b0

%2 [1]o]o]ofo]1]o]s]

uJJJ—) Set clock 100 kHz (XIN = 8MHz)

> Standard clock mode
> ACK is returned
» ACK clock

12C status register (address 1416)
b7 b0

stfofol [of [ | ]]
% SCL pin low hold bit: fix to “1”

» Slave receive mode

I12C START/STOP condition control register (address 1716)
b7 b0

sz [1[ofo[1[1]o]1]o]

uJJ—‘—’ Set setup time hold time to 27 cycles (6.75 ps: XiNn = 8 MHz).

» SCL/SDA interrupt: Falling edge active
» SCL/SDA interrupt: SDA valid

» Set Setup/Hold time to “1” (long mode).

12C control register (address 1516)
b7 b0

s10 [o[1]o]o]1]o]o]o]

u—‘—> Set number of transmit/receive bits to “8".

12C-BUS interface: enabled
Addressing format

> 7-bit addressing format

» System clock not stopped when WIT instruction is executed
» Set CMOS input level.

Fig. 2.5.17 Initial setting example
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(2) Communication example in master device
The master device follows the procedures O to O shown by Figure 2.5.18.
Additionally, the shaded area in the figure is a transmission data from the master device and the
white area is a transmission data from the slave device.

O Generating of START condition; Transmission of slave address + write bit

O Transmission of command

O Generating of RESTART condition; Transmission of slave address + read bit
O Reception of lower data

O Reception of upper data

0 Generating of STOP condition

Figures 2.5.19 to 2.5.24 show the procedures O to 0.

<O

’ i

S| Slave address [R/W|A | Command | A |Sr| Slave address |R/W|A | Lower data | A| Upperdata |A|P

<O
<O
<

7 bits ‘0" 8 bits 7 bits “1” 8 bits 8 bits
Write Read
Interrupt request  Interrupt request Interrupt request Interrupt request  Interrupt request
S: START condition P: STOP condition [ ] Master to slave
A: ACK bit R/W: Read/Write bit [ ] Slave to master

Sr: RESTART condition

Fig. 2.5.18 Read Word protocol communication as I2C-BUS master device
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O Generating of START condition; Transmission of slave address + write bit
After confirming that other master devices do not use the bus, generate the START condition,
because the I1°C-BUS is a multi-master.
Write “slave address + write bit” to the 1°C data shift register (address 001216) before performing
to make the START condition generate. It is because the SCL of 1-byte unit is output, following
occurrence of the START condition.

If other master devices start communication until an occurrence of the START condition after
confirming the bus use, it cannot communicate correctly. However in this case, that situation does
not affect other master devices owing to detection of an arbitration lost or the START condition
duplication preventing function.

Y

| (A) — 000101102 |

| SEI (Note 1)

| * Interrupts disabled

1 (used)

BB (address 1416), bit5 ? (Note 2) * Bus use confirmation

0 (not used)

| SO(address 1216) — (A) | * Slave address value write

\
| Sl(address 1416) — 111100002

N
7
| CLI(Note 1) | « Interrupt enabled

( e )

Notes 1: In this example, the SEI instruction to disable interrupts need not be executed
because this processing is going to be performed in the interrupt processing.
When the start condition is generated out of the interrupt processing, execute
the SEl instruction to disable interrupts.
2: Use the branch bit instruction to confirm bus busy.

| « Start condition occurrence

Fig. 2.5.19 Generating of START condition and transmission process of slave address + write bit
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O Transmission of command

Confirm correct completion of communication at O before command transmission. When receiving
the STOP condition, a process not to transmit a command is required, because the internal I?C-
BUS generates an interrupt request also owing to the STOP condition transmitted to other devices.
After confirming correct completion of communication, write a command to the 12C data shift
register (address 00121¢).

In case the AL bit (bit 3 of address 00141s) is “1", check the slave address comparison flag (ASS
bit; bit 2 of address 001416) to judge whether the device given a right of master transmission owing
to an arbitration specifies itself as a slave address. When it is “1”, perform the slave reception;
when “0”, wait for a STOP condition occurrence caused by other devices and the communication
completion.

In case the AL bit is “0", check the last received bit (LRB bit; bit O of address 00141s). When it is
“1”, make the STOP condition generate and release the bus use, because the specified slave
device does not exist on the 12C-BUS.

1 (error)

» Judgment of bus hold

PIN (address 141s), bit 4 ?

0 (slave address transmitted)

1 (detected)

AL (address 1416), bit 3 ? « Judgment of arbitration lost detection

0 (not detected)

1 (NACK)

LRB (address 1416), bit 0 ? * ACK confirmation

0 (ACK)
| SO (address 1216) — 000011112 | » Command data write to 12C data shift register

( )

AAS (address 1416), bit 2 ? + Judgment of slave address comparison

O(address not corresponded) T(address corresponded)

C

Re-transmission preparation )( Slave reception )

Fig. 2.5.20 Transmission process of command
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O Generating of RESTART condition; Transmission of slave address + read bit

Confirm correct completion of communication at 00 before generating the RESTART condition.
After confirming correct completion, generate the RESTART condition and perform the transmission
process of “slave address + read bit". Note that procedure because that is different from O’s

process.

As the same reason as [, write “slave address + read bit” to the I2C data shift register (address
001216) before performing to make the START condition generate. However, when writing a slave
address to the I?C data shift register in this condition, a slave address is output at that time.
Consequently, the RESTART condition cannot be generated. Therefore, follow the slave reception

procedure before those processes.

In case the arbitration lost detecting flag (AL bit, bit 3 of address 001416) is “1”, return to the

process [, because other master devices will have priority to communicate.

When the last received bit (LRB bit; bit O of address 001416) is “1”, generate the STOP condition
and make the bus release, because acknowledgment cannot be done owing to BUSY status of the

slave device specified on the 12C-BUS or other reasons.

1 (stop condition)

PIN (address 141s), bit 4 ? * Bus judgment during hold

0(command transmission)

1 (detected)

AL (address 141s), bit 3 ?

0(not detected)

1(NACK)
LRB (address 141s6), bit 0 ? « ACK confirmation
| Sl(address 1416) — 000000002 (Note 1) | « Slave receive mode set
| (A) — 000101112 | « Slave address read out
| SEI (Note 2) | « Interrupt disabled
| SO(address 001216) — (A) | « Slave address value write
| S1(address 001416) — 111100002 | « RESTART condition occurrence
| CLI(Note 2) | « Interrupt enabled
( End )

( Re-transmission preparation ) ( Stop condition output )

Notes 1: Set to the receive mode while the PIN bit is “0”. Do not write “1” to the PIN bit.
2: In this example, the SEI instruction to disable interrupts need not be executed because this
processing is going to be performed in the interrupt processing. When the start condition is
generated out of the interrupt processing, execute the SEI instruction to disable interrupts.

« Judgment of arbitration lost detection

Fig. 2.5.21 Transmission process of RESTART condition and slave address + read bit
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O Reception of lower data
Confirm correct completion of communication at [0 before receiving the lower data. After confirming
correct completion, clear the ACK bit (bit 6 of address 001616) to “0”, in which ACK is returned,
and set to the master receive mode. After that, write dummy data to the 12C data shift register
(address 00121s).
When the MST bit (bit 7 of address 001416) is “0”, perform the error process explained as follows
and return to the process 0.
When the last received bit (LRB bit; bit 0 of address 00141¢) is “1”", generate the STOP condition
and make the bus release, because the slave device specified on the I2C-BUS does not exist.

1(STOP condition)
« Judgment of bus hold

PIN (address 141s), bit 4 ?

O(transmission of RESTART
condition)
O(slave)

MST (address 1416), bit 7 ? + Judgment of slave mode detection

1(master)

1(NACK) .
LRB (address 1416), bit0 ? * ACK confirmation

0(ACK)

| * “ACK clock is used” select and

| S2(address 1616) ~ 100001012 “ACK is returned” set

\
| Si(address 1416) 101000002

\
| SO(address 1216) — 111111112 | » Dummy data to 12C data shift register write

|
( - )

( Stop condition output )

| * Master receive mode set

1(detected)

AL (address 1416), bit 3 ? + Judgment of arbitration lost detection

0(not detected)

( Re-transmission preparation ) ( Error processing )

Fig. 2.5.22 Reception process of lower data
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O Transmission of upper data
Confirm correct completion of communication at [0 before receiving the upper data. After confirming
correct completion, store the received data (lower data).
Set the ACK bit (bit 6 of address 001616) to “1”, in which ACK is not returned and write dummy
data to the I2C data shift register (address 001216).
When the MST bit (bit 7 of address 00141s) is “0”, return to the process [, because other devices
have priority to communicate.

1(stop condition)

« Judgment of bus hold

PIN (address 141s), bit 4 ?

O(lower data transmitted)

O(slave)

MST (address 141s), bit 7 ? « Judgment of slave mode detection

1(Master)
| Receive data buffer — SO(address 1216) | * Receive data read and save
[
| S2(address 1616) — 110001012 | * “NACK is returned” set
[
| SO(address 1216) « 111111112 | « Dummy data to 12C data shift register write

( )

1(detected)

AL (address 1416), bit 3 ?  Judgment of arbitration lost detection

O(not detected)

( Re-transmission preparation ) ( Error processing )

Fig. 2.5.23 Reception process of upper data
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O Generating of STOP condition
Confirm correct completion of communication at 0 before generating the STOP condition. After
confirming correct completion, store the received data (upper data).
Clear the ACK bit (bit 6 of address 001616) to “0”, in which ACK is returned, and generate the
STOP condition. The communication mode is set to the slave receive mode by the occurrence of

STOP condition.

When the MST bit (bit 7 of address 00141s) is “0”, return to the process [, because other devices
have priority to communicate.

1 (stop condition)

PIN (address 1416), bit 4 ? « Judgment of bus hold

0 (upper data transmitted)

1 (detected)

AL (address 1416), bit 3 ? « Judgment of arbitration lost detection

0 (not detected)

| Receive data buffer — SO(address 1216) | * Receive data read and save
| S2(address 1616) — 100001012 | * Set “ACK is returned”

\
| S1(address 1416) — 110100002 | + Stop condition occurrence

1 (bus busy)

BB (address 1416), hit5 ? (Note) » Judgment of bus busy

0 (bus free)

C

Re-transmission preparation

) ( eng )

Note: Use the branch bit instruction to check bus busy.
Also, execute the time out processing separately, if neccessary.

Fig. 2.5.24 Generating of STOP condition
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(3) Communication example in slave device

The slave device follows the procedures O to O shown by Figure 2.5.25.
The only difference from the master device’s communication is an occurrence of interrupt request
after detection of STOP condition.

O Reception of START condition; Transmission of ACK bit due to slave address correspondence
O Reception of command

O Reception of RESTART condition; Reception of slave address + read bit

O Transmission of lower data

O Transmission of upper data

O Reception of STOP condition

Figures 2.5.26 to 2.5.31 show the procedures O to 0.

0] O O O 00

vy AR 2

S| Slave address [R/W|A | Command|A |Sr| Slave address [R/W|A | Lowerdata |A| Upperdata |A|P

7 bits ‘0" 8 bits 7 bits “1" 8 bits 8 bits
Write Read
Interrupt request Interrupt request Interrupt request  Interrupt request  Interrupt rinterrupt request
S: START condition P: STOP condition [ ] Master to slave
A: ACK bit R/W: Read/Write bit [ ] Slave to master

Sr: RESTART condition

Fig. 2.5.25 Communication example as slave device

2-96

3886 Group User's Manual



APPLICATION

2.5 Multi-master 1°C-BUS interface

O Reception of START condition; Transmission of ACK bit due to slave address correspondence
In the case of operation as the slave, all processes are performed in the interrupt after setting of
the slave reception in the main process, because an interrupt request does not occur until
correspondence of a slave address.

In the first interrupt, after confirming correspondence of the slave address, write dummy data to
receive a command into the I°C data shift register.

1(stop condition)

PIN (address 1416), bit 4 ? * Judgment of bus hold

O(slave address received)

0(not corresponded)

AAS (address 141s), bit 2 ? « Judgment of slave address correspondence

1(corresponded)

| SO(address 1216) — 111111112 | « Dummy data write to 12C data shift register

| Sl(address 1416) — 000100002 | « Slave receive mode set

( Error processing )

Fig. 2.5.26 Reception process of START condition and slave address
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O Reception of command
Confirm correct completion of the command reception in the interrupt after receiving the command.
After confirming correct command from the host, write dummy data to the I2C data shift register
to wait for reception of the next slave address.

1(stop condition)

PIN (address 1416), bit 4 ? * Judgment of bus hold

0(command received)

| Receive data buffer — SO(address 1216) | * Receive data read and save
\

| Judgment of receive command |

\
| S2(address 1616) — 100001012 | * “ACK clock is used” select and “ACK is returned” set

\
| SO(address 1216) — 111111112 | « Dummy data write to 12C data shift register

\
C )

| S1(address 1416) — 000100002 | * Slave receive mode set

( Error end )

Fig. 2.5.27 Reception process of command
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O Reception of RESTART condition and slave address
After receiving a slave address, prepare transmission data.
Judgment whether receiving data or transmitting is required, because the mode is automatically
switched between the receive mode and the transmit mode depending on the R/W bit of the
received slave address. Accordingly, judge whether read or write referring the slave address
comparison flag (AAS bit; bit 2 of address 0014:s).

1 (stop condition)
 Judgment of bus hold

PIN (address 141s), bit 4 ?

0 (lower data received)

0 (received)

TRX (address 1416), bit 6 ? + Judgment of transmit/receive mode

1 (transmitted)

| SO(address 1216) — lower data | * Output lower data write to 12C data shift register

Slave receive processing, etc.

|
C cna )

| S1(address 1416) " 000100002 | * Slave receive mode set

|
( Error end )

Fig. 2.5.28 Reception process of RESTART condition and slave address
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O Transmission of lower data
Before transmitting the upper data, restart to transmit the data at [0 and confirm correct completion

of transmission of the lower data set in the slave address reception interrupt.
After that, transmit the upper data.

1(stop condition)

PIN (address 141s), bit 4 ? + Judgment of bus hold

O(lower data transmission completed)

1(NACK)

LRB (address 1416), bit 0 ? * ACK confirmation

0(ACK)

| SO(address 1216) — Upper data | « Output upper data write to 12C data shift register

| Sl(address 1416) — 000100002 | « Slave receive mode set

( Error end )

Fig. 2.5.29 Transmission process of lower data
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O Transmission of upper data
Confirm correct completion of the upper data transmission. The master returns the NACK toward

the transmitted second-byte data, the upper data. Accordingly, confirm that the last received bit
(LRB bit; bit 0 of address 001416) is “1".

After that, write dummy data to the I2C data shift register and wait for the interrupt of STOP

condition.

1(stop condition)

PIN (address 141s), bit 4 ? * Judgment of bus hold

O(upper data transmission completed)
0(ACK)

LRB (address 141s), bit 0 ? * ACK confirmation

1(NACK)

| SO(address 1216) ~ 111111112 | « Dummy data write to 12C data shift register

\
C )

| Sl(address 1416) ~ 000100002 | * Slave receive mode set

( Error end )

Note: Use the branch bit instruction to check bus busy.

Fig. 2.5.30 Transmission process of upper data
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O Reception of STOP condition

Confirm that the STOP condition is correctly output and the bus is released.

O(address or data received)

PIN (address 141s), bit 4 ?

1(stop condition)

| End processing |

| Sl(address 1416) — 000100002 |

C )

| S1(address 1416) ~ 000100002 |

( Error end )

« Judgment of bus hold

« Slave receive mode set

« Slave receive mode set

Fig. 2.5.31 Reception of STOP condition
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2.5.7 Notes on multi-master 12°C-BUS interface

(1) Read-modify-write instruction
Precautions for read-modify-write instructions, such as SEB and CLB, when used for any of the
registers of the multi-master 12C-BUS interface, are described below.

O I12C data shift register (S0: address 00121s)
When executing the read-modify-write instruction for this register during transfer, data may become
an unexpected value.

O I?C address register (SOD: address 00131s)
When the read-modify-write instruction is executed for this register at detecting the STOP condition,
data may become an unexpected value.

e Reason
Because hardware changes the read/write bit (RWB) at detecting the STOP condition.

O I12C status register (S1: address 00141s)
Do not execute the read-modify-write instruction for this register because all bits of this register
are changed by hardware.

O I2C control register (S1D: address 001516)
When the read-modify-write instruction is executed for this register at detecting the START condition
or at completing the byte transfer, data may become an unexpected value.

e Reason
Because hardware changes the bit counter (BCO to BC2).

O I2C clock control register (S2: address 00161s)
The read-modify-write instruction can be executed for this register.

O 12C START/STOP condition control register (S2D: address 00171s)
The read-modify-write instruction can be executed for this register.
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(2

3

4)

Procedure for generating START condition using multi-master
O Procedure example (The necessary conditions for the procedure are described in Items 0O to O
below).

LDA #SLADR (Take out slave address value)

SEI (Disable interrupt)

BBS 5, S1, BUSBUSY (BB flag confirmation and branch process)
BUSFREE:

STA SO (Write slave address value)

LDM #$F0, S1 (Trigger START condition generation)

CLI (Enable interrupt)
BUSBUSY:

CLI (Enable interrupt)

0 Use “Branch on Bit Set” of “BBS 5, S1, —" for the BB flag confirmation and branch process.
0 Use “STA”, “STX” or “STY” of the zero page addressing instruction for writing the slave address
value to the I2C data shift register (S0: address 00121s).
0 Execute the branch instruction of above O and the store instruction of above [0 continuously shown
the above procedure example.
O Disable interrupts during the following three process steps:
* BB flag confirmation
* Write slave address value
e Trigger START condition generation
When the BB flag is in bus busy state, enable interrupts immediately.

Procedure for generating RESTART condition

This procedure cannot be applied to M38867M8A and M38867E8A when the external memory is

used and the bus cycle is extended by ONW function.

O Procedure example (The necessary conditions for the procedure are described in Items O to O
below). Execute the following procedure when the PIN bit is “0".

LDM #$00, S1 (Select slave receive mode)

LDA #SLADR (Take out slave address value)

SEI (Disable interrupt)

STA SO (Write slave address value)

LDM #$F0, S1 (Trigger RESTART condition generation)

CLI (Enable interrupt)

O Select the slave receive mode when the PIN bit is “0”. Do not write “1” to the PIN bit. Neither “0” nor
“1” is specified as input to the BB bit. The TRX bit becomes “0” and the SDA pin is released.
0 The SCL pin is released by writing the slave address value to the I12C data shift register.
O Disable interrupts during the following two process steps:
* Write slave address value
e Trigger RESTART condition generation

Writing to 12C status register

Do not execute an instruction to set the PIN bit to “1” from “0” and an instruction to set the MST and
TRX bits to “0” from “1” simultaneously. Because it may enter the state that the SCL pin is released
and the SDA pin is released after about one machine cycle. Do not execute an instruction to set the
MST and TRX bits to “0” from “1” simultaneously when the PIN bit is “1”. Because it may become
the same as above.
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Process of after STOP condition generating

Do not write data in the 12C data shift register (S0) and the 12C status register (S1) until the bus busy
flag BB becomes “0” after generating the STOP condition in the master mode. Because the STOP
condition waveform might not be normally generated. Reading to the above registers does not have
the problem.

STOP condition input at 7th clock pulse
The SDA line may be held at LOW even if flag BB is set to “0” when all the following conditions are
satisfied:
*The STOP condition is input at the 7th clock pulse while receiving a slave address or data.
*The clock pulse is continuously input.
*In the slave mode
Countermeasure:
Write dummy data to the I2C data shift register or reset the ESO bit in the S1D register (ESO = “L”
- ESO = “H") during a stop condition interrupt routine with flag BB = “0".
Note: Do not use the read-modify-write instruction at this time. Furthermore, when the ESO bit is
set to “0”, the SDA pin becomes a general-purpose port ; so that the port must be set to input
mode or output “H".

ESO bit switch
In standard clock mode when SSC = “000102" or in high-speed clock mode, flag BB may switch to
“1” if ESO bit is set to “1” when SDA is “L".
Countermeasure:
Set ESO to “1” when SDA is “H".
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2.6 PWM

This paragraph explains the registers setting method and the notes relevant to the PWM.

2.6.1 Memory map

A

~_

o

002Eu1s |Port control register 1 (PCTL1)

003016 |PWMOH register (PWMOH)

003116 |PWMOL register (PWMOL)
003216 |PWM1H register (PWM1H)
003316 |PWMLL register (PWM1L)
003416 |AD/DA control register (ADCON)

/\\_/
s

22

Fig. 2.6.1 Memory map of registers relevant to PWM
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2.6.2 Relevant registers
Port control register 1
b7 b6 b5 b4 b3 b2 bl b0
Port control register 1 (PCTL1) [Address 2E 16]

1 1 1 1 1 T 1 1
i i i i i i i i B Name Function Atreset|R (W
1 {0 | POo—P0s output structure 0: CMOS 0 |Ofo
Lo selection bit 1: N-channel open-drain
B L777 1 | P04—PO7 output structure 0: CMOS 0 |olo
T selection bit 1: N-channel open-drain
I N R T 2 | P1o—P1s output structure 0: CMOS 0 [olo
. selection bit 1: N-channel open-drain
R 3 [P14—P17 output structure 0: CMOS 0 |olo
o selection bit 1: N-channel open-drain
T 4 | P30—P3s pull-up control bit 0: No pull-up 0 |O|o
. 1: Pull-up
R 5 | P34—P37 pull-up control bit 0: No pull-up 0 |Oolo
Lo 1: Pull-up
| L ,,,,,,,,,,,,,,, 6 | PWMo enable bit 0: PWMo output disabled 0 |olo
| 1: PWMo output enabled
] 7 | PWMz enable bit 0: PWM: output disabled 0 |olo

1: PWM1 output enabled

Fig. 2.6.2 Structure of Port control register 1

3886 Group User’'s Manual

2-107



APPLICATION

2.6 PWM

PWMOH register

b7 b6 b5 b4 b3 b2 bl b0

PWMOH register (PWMOH) [Address : 3016]

1 1 1 1 1 T 1 1

i i i i i i i i B Function Atreset| R |W

"1 1 1 1 11 ]0 [+ The high-order 8 bits of the PWMOH output data are set. ? |o]O

I ||« At writing: A written data is transferred to PWMO latch at every

T A 1 sub-period (64 ps). ? oo

[ || (f(Xin) = 8 MHz)

AR 2 | * At reading: The contents of the PWMOH register are read out. 2 lolo

| | | | |

[ I I B |

3 3 3 3 ] 3 ? |ofo

| | | | _—

i i i [ 4 ? |olo

| | | S—

T 5 ? |o|o

| |

i b 6 ? |olo

|

b 7 2 |olo

Fig. 2.6.3 Structure of PWMOH register

PWMOL register

b7 b6 b5 b4 b3 b2 bl b0

|:- PWMOL register (PWMOL) [Address : 3116]

1 1 1 T 1 1
i i i i i i i i B Function Atreset| R (W
R T | A O The low-order 6 bits of the PWMOL output data are set. ? |lolo
[ — * At writing: A written data is transferred to PWMO latch at every >
e repetitive period (4096 pis). T 19]©
S S — 2 (f(XiN) = 8 MHz) ?2 lolo
Lo — * At reading: The low-order 6 bits of PWMO latch are read out.
T T T 3 2 |ofo
i i i e 4 ? |o]o
B GReEEEEEs 5 ? |o]o
L 6 |Nothing is allocated for this bit. This is a write disabled bit. 2 |olo
| When this bit is read out, the value is “0".
[ 7 | + The completion of transfer to the PWMO latch is indicated. ? lo|o
0: Transfer completed.
1: Not transferred.
« At writing: This bit is set to “1".

Fig. 2.6.4 Structure of PWMOL register
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PWM1H reqister
b7 b6 b5 b4 b3 b2 bl b0
PWM1H register (PWM1H) [Address : 3216]
1 1 1 1 1 T 1 1
i i i i i i i i B Function Atreset| R|W
"1 1 L 1 11 210 [+ The high-order 8 bits of the PWM1H output data are set. ? |[o]o
A || < At writing: A written data is transferred to PWM1 latch at every
A 1 sub-period (64 ps). ? oo
[ || (f(Xin) = 8 MHZz)
A 2 | » Atreading: The contents of the PWM1H register are read out. 2 lolo
| | | | |
[ N ||
R 3 2 oo
| | | |
| | | | —
i i i [ 4 ? |o]o
i i L ,,,,,,,,,,,,, 5 | ? |o|o
| |
i b 6 | ? |o|o
|
L] 7 2 |ofo
Fig. 2.6.5 Structure of PWM1H register

PWMLL regqister

b7 b6 b5 b4 b3 b2 bl b0

|:- PWMLL register (PWM1L) [Address : 3316]

1 1 1 T 1 1
TR i i i B Function Atreset| R (W
| | | | |
R T | A O The low-order 6 bits of the PWM1L output data are set. ? |lolo
[ — * At writing: A written data is transferred to PWML1 latch at every >
AR i repetitive period (4096 us). 7 1010
S S — 2 (f(XiN) = 8 MHz) ?2 lolo
Lo — ¢ At reading: The low-order 6 bits of PWM1 latch are read out.
T T T 3 2 |ofo
i i i e 4 ? |o]o
bl b 5 ? |ofo
L 6 |Nothing is allocated for this bit. This is a write disabled bit. 2 |olo
| When this bit is read out, the value is “0”".
[ 7 | * The completion of transfer to the PWML1 latch is indicated. ? |lo|O
0: Transfer completed.
1: Not transferred.
« At writing: This bit is set to “1".
Fig. 2.6.6 Structure of PWMI1L register
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AD/DA control register
b7 b6 b5 b4 b3 b2 bl b0

AD/DA control register (ADCON) [Address : 3416]

1 1 1 1 1 1 1 1

T

0011 I 1[0 ] Analog input pin selection bits | b2 b1 b0 0 o}

[ N N N 0 0 0: P60/ANo

ol | 0 0 1:P61/AN1

[ 1 0 1 0:P62/AN2

A 0 1 1:P63/ANs

[ N N 1 0 0:P64/ANa

T T S = 1 0 1:P65/ANs

[ R T R R R 2 1 1 0:P66/ANs

B 11 1:P67/AN7

| | | | | = =

A —— 3 | AD conversion completion bit | 0 : Conversion in progress 1

(I B 1 : Conversion completed

Lo L 7777777777 4 | PWMo output pin selection bit | 0: P5e/PWMo1 0

B 1: P30/PWMoo

by 5 | PWM: output pin selection bit | 0: P57/PWM11 0

o 1: P31/PWMio

oL 6 | DAL output enable bit 0: DA output disabled 0

| 1: DA1 output enabled

L] 7 | DAz output enable bit 0: DAz output disabled 0
1: DAz output enabled

Fig. 2.6.7 Structure of AD/DA control register

2-110 3886 Group User’'s Manual



APPLICATION

2.6 PWM

2.6.3 PWM application example

(1) Control of VS tuner

Figure 2.6.8 shows a connection diagram, and Figure 2.6.9 shows the setting of relevant registers.

P56/DA1/PWMo1

3886 Group

Filter

VS tuner

VT

0-32V

ANT

Fig. 2.6.8 Connection diagram

3886 Group User’'s Manual
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Outline: « Control of VS tuner by using the 14-bit resolution PWMo output function
o f(Xiw) = 8 MHz

AD/DA control register (address 341e)

ADCON 0

> Select P5s/PWMoz output pin

PWM control register 1 (address 2Ez1e)

PCTL1 1

» Enable PWMo output

Note: The PWMo output function has priority even when
the bit corresponding to P5s pin of port P5 direction
register is set to the input mode.

PWMOH register (address 3016)

PWMOH
| | | | | | | l » Set high-order 8 bits (N) of 14-bit data to be output
Note: Depending on data (N) of the high-order 8 bits, the period (250
O N) of “H” level during the sub-period (64 pus) is determined.
PWMOL register (address 3116)
PWMOL

» Set low-order 6 bits (m) of 14-bit data to be output

Note: Depending on data (m) of the low-order 6 bits, the number of
sub-period to which the ADD bit is to be added within the
repetitive cycle consisting of 64 sub-periods is determined.
When output data is written to the PWMOL register, bit 7 of this
register becomes “1”. When completing to transfer data from
the PWMOL register to the PWMO latch, bit 7 becomes “0”".

Fig. 2.6.9 Relevant registers setting
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Control procedure: PWM waveform is output to the external by setting relevant registers shown
Figure 2.6.9. This PWMo output is integrated through the low pass filter and
converted into DC signals for control of the VS tuner.
Figure 2.6.10 shows the control procedure.

2
N

ADCON (address 003416), bit4  4— 0

|

PCTL1 (address 002Ezs), bité —1

PWMOH (address 00301s) 4— Data to be
PWMOL (address 003116) 4— output

v

N
N

P56/DA1/PWMoz pin set as the PWM output pin

PWMo enabled

After setting data, PWM waveform
corresponding to the new data is output from
the next repetitive period.

Fig. 2.6.10 Control procedure
2.6.4 Notes on PWM

e For PWMo output, “L” level is output first.

e After data is set to the PWMOL and the PWMOH registers, PWM waveform corresponding to the new data

is output from next repetitive period.

f 1

J L

i

PWMo output data is Updated data is output from next
updated. repetitive period.

Fig. 2.6.11 PWMo output
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2.7 A-D converter

This paragraph explains the registers setting method and the notes relevant to the A-D converter.

2.7.1 Memory map

A

=

003416

AD/DA control register (ADCON)

003516

A-D conversion register 1 (AD1)

003816

A-D conversion register 2 (AD2)

003916

Interrupt source selection register (INTSEL)

003D16

Interrupt request register 2 (IREQ2)

003F16

Interrupt control register 2 (ICON2)

=

T

—

Fig. 2.7.1 Memory map of registers relevant to A-D converter

2.7.2 Relevant registers

AD/DA control register
b7 b6 b5 b4 b3 b2 bl b0

AD/DA control register (ADCON) [Address : 3416]

: DAz output enabled

1 1 1 1 1 T 1 1

i i i i i i i i B Name Function Atreset| R[W

L0111 1[0 | Analog input pin selection bits | b2 bl b0 0 o)

[ 0 0 0: P60/ANo

A [ | 0 0 1:P61/AN1

[ 1 0 1 0:P62/AN2

A 0 1 1:P63/ANs

[ 1 0 0: P64/AN4

T T S B 1 0 1:P6s/ANs

[ E R S R 1 1 0:P66/ANe

B 11 1:P67/AN7

[ N —

A 3 | AD conversion completion bit | 0 : Conversion in progress 1 @)

I B 1: Conversion completed

Lo L 7777777777 4 | PWMo output pin selection bit | 0: P5s/PWMo1 0 o

Lo 1: P3o/PWMoo

o] 5 | PWM1 output pin selection bit | 0: PS7/PWMu1 0 e

b 1: P31/PWM1o

b 6 | DA output enable bit 0: DA: output disabled 0 o

| 1: DA: output enabled

L] 7 | DAz output enable bit 0: DAz output disabled 0 0
1

Fig. 2.7.2 Structure of AD/DA

control register
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A-D conversion register 1
b7 b6 b5 b4 b3 b2 bl b0
A-D conversion register 1 (AD1) [Address : 3516]
1 1 1 1 1 T 1 1
i i i i i i i i B Function Atreset| R [W
Lo b1 L0 | The read-only register in which the A-D conversion’s results are ? |o]|D
| | | | | | | stored.
| | | | | | | P
I A S ? |o|0
| | | | | |
| | | | | | | H
2 < 8-hit read> Py
L T b7 b0 -
i i i i ] 3] b9 |b8|b7|b6 |b5 |b4 (b3 |b2 2 [olo
| | | | —
i i i R 4 < 10-bit read> ? |o|o
[ - b7
A - 5 b7[b6[b5[ba[b3][b2[b1]b0 ? |o|0
| |
| | —
i [ 6 ? |lol|O
Lo 7] 2 |olo
Fig. 2.7.3 Structure of A-D conversion register 1
A-D conversion register 2
b7 b6 b5 b4 b3 b2 bl b0
L—__ A-D conversion register 2 (AD2) [Address : 3816 ]
1 1
i i i i i i i i Name | Function Atreset] R[W
11 1 1 | 1 | o] Theread-only register in which the A-D conversion’s results are ? |o]|D
I
T } | — < 10-bit read>
A A | 2 i CE
RN R o
L 5
e 2 | Nothing is allocated for these bits. These are write disabled bits. o]0
[ N L__| When these bits are read out, the values are “0”".
P o Jo["
| | | | —
i i i L 4 0 |o]|O
i i o 5 | 0 |o|D
| |
i I 6 o oo
|
L] 7 | Conversion mode selection bit | 0: 10-bit A-D mode 0 |olo
1: 8-bit A-D mode
Fig. 2.7.4 Structure of A-D conversion register 2
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Interrupt source selection register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt source selection register (INTSEL) [Address 391¢]

1 1 1 1 1 T 1 1

i i i i i i i i B Name Function Atreset| R |W

011 I L]0 |INTofinput buffer full interrupt |0 : INTo interrupt 0 |lolo

o | } source selection bit 1 : Input buffer full interrupt

A e . INT1/output buffer empty 0 : INTz interrupt 0 |of|o

B interrupt source selection bit |1 : Output buffer empty interrupt

I 2 | Serial /01 transmit/Sct,Soa |0 : Serial /O1 transmit interrupt 01| 0 | o |o

Lo interrupt source selection bit |1 : Sc,Spa interrupt

R R 3 [ CNTRo/Sct,Soa interrupt 0 : CNTRo interrupt O o0 |olo

A source selection bit 1: Sci,Spa interrupt

T 4 | Serial 1/02/12C interrupt 0 : Serial 1/02 interrupt 02l o |olo

L source selection bit 1: I2C interrupt

N S S 5 | INT2/I2C interrupt source 0 : INTz interrupt 02 0o |olo

I selection bit 1: I2C interrupt

[ 6 | CNTR1/key-on wake-up 0 : CNTRu interrupt 03l o |olo

| interrupt source selection bit | 1 : Key-on wake-up interrupt

] 7 | AD converter/key-on wake-up |0 : A-D converter interrupt 03[ o |olo
interrupt source selection bit |1 : Key-on wake-up interrupt

01: Do not write “1” to these bits simultaneously.
(02: Do not write “1” to these bits simultaneously.
03: Do not write “1” to these bits simultaneously.

Fig. 2.7.5 Structure of Interrupt source selection register
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Interrupt request register 2
b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 2 (IREQ2) [Address : 3Dzie]

1 1 1 1 T 1 1

i i i i i i i i B Name Function Atreset R |\W
I | L]0 CNTRo/ScL, Spa interrupt 0 : No interrupt request issued 0 0
bor | ! request bit 1 : Interrupt request issued
. 1 | CNTR1/key-on wake-up 0 : No interrupt request issued 0 0
} } } } } | interrupt request bit 1 : Interrupt request issued

I 2 | Serial 1102/12C interrupt 0 : No interrupt request issued 0 -
bor request bit 1 : Interrupt request issued

R 3 [ INT2/I12C interrupt request bit |0 : No interrupt request issued 0 0
o 1 : Interrupt request issued

T 4 | INTs interrupt request bit 0 : No interrupt request issued 0 O
. 1 : Interrupt request issued

A 5 | INT4 interrupt request bit 0 : No interrupt request issued 0 0
o 1 : Interrupt request issued

[ 6 | AD converter/key-on wake-up |0 : No interrupt request issued 0 0
| interrupt request bit 1: Interrupt request issued
b 7 [ Nothing is allocated for this bit. This is a write disabled bit. 0 0

When this bit is read out, the value is “0".
O: These bits can be cleared to “0” by program, but cannot be set to “1”".
Fig. 2.7.6 Structure of Interrupt request register 2

Interrupt control register 2

b7 b6 b5 b4 b3 b2 bl b0

0 Interrupt control register 2 (ICON2) [Address : 3Fi¢]

1 1 1 1 1 T 1 1

i i i i i i i i B Name Function Atreset [ R |\W
b ro 10 | CNTRo/Sci, Spa interrupt 0 : Interrupt disabled 0 0O
N T R I enable bit 1 : Interrupt enabled

|

R ! L,, 1 | CNTR1/key-on wake-up 0 : Interrupt disabled 0 (@)
} } } } } | interrupt enable bit 1 : Interrupt enabled

R L ,,,,,, 2 | Serial 1/02/12C interrupt 0 : Interrupt disabled 0 ®)
o enable bit 1 : Interrupt enabled

R 3 | INT2/I2C interrupt enable bit 0 : Interrupt disabled 0 0
o 1 : Interrupt enabled

T N R 4 | INTs interrupt enable bit 0 : Interrupt disabled 0 (@)
. 1 : Interrupt enabled

T S 5 | INT4 interrupt enable bit 0 : Interrupt disabled 0 o
I 1: Interrupt enabled

} L 777777777777777 6 | AD converter/key-on wake-up | O : Interrupt disabled 0 Ie)
| interrupt enable bit 1 : Interrupt enabled
. 7 | Fix this bit to “0". 0 5

Fig. 2.7.7 Structure of Interrupt control register 2
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2.7.3 A-D converter application examples

(1) Conversion of analog input voltage
Outline : The analog input voltage input from a sensor is converted to digital values.

Figure 2.7.8 shows a connection diagram, and Figure 2.7.9 shows the relevant registers setting.

P60/ANo Sensor

3886 Group

Fig. 2.7.8 Connection diagram

Specifications : *The analog input voltage input from a sensor is converted to digital values.
*P60/ANo pin is used as an analog input pin.

AD/DA control register (address 3416)
b7 b0

wocon [ T [o[o]o[r]
—
‘—) Analog input pin : P6o/ANo selected

A-D conversion start

A-D conversion register 2 (address 3816)
b7 b0

-

A-D conversion register 1 (address 3516)
b7 b0

por [ [J]]]]] ®easom

~

\—> A result of A-D conversion is stored (Note).

Note: After bit 3 of ADCON is set to “1”, read out that contents.
When reading 10-bit data, read address 003816 before address 00351s;
when reading 8-bit data, read address 003516 only.
When reading 10-bit data, bits 2 to 6 of address 003816 are “0".

Fig. 2.7.9 Relevant registers setting
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An analog input signal from a sensor is converted to the digital value according to the relevant
registers setting shown by Figure 2.7.9. Figure 2.7.10 shows the control procedure for 8-bit read, and
Figure 2.7.11 shows the control procedure for 10-bit read.

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

2
ADCON (address 3416) <— XXXX00002 *P60/ANo pin selected as analog input pin
*A-D conversion start

ADCON (address 3416), bit3 ? «Judgment of A-D conversion completion

Read out AD1 (address 3516) *Read out of conversion result

Fig. 2.7.10 Control procedure for 8-bit read

e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

2
/‘\/

*P60/ANo pin selected as analog input pin

ADCON (address 3416) €— XXXX00002 <A-D conversion start

|
i
e

ADCON (address 341s), bit3 ? «Judgment of A-D conversion completion

Read out AD2 (address 3816) *Read out of high-order digit (b9, b8) of conversion result
Read out AD1 (address 3516) *Read out of low-order digit (b7 — b0) of conversion result
v
%

Fig. 2.7.11 Control procedure for 10-bit read
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2.7.4 Notes on A-D converter

(1)

(2)

(3)

Analog input pin

Make the signal source impedance for analog input low, or equip an analog input pin with an external
capacitor of 0.01 pF to 1 pF. Further, be sure to verify the operation of application products on the
user side.

e Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when
signals from signal source with high impedance are input to an analog input pin, charge and
discharge noise generates. This may cause the A-D conversion precision to be worse.

A-D converter power source pin

The AVss pin is an A-D converter power source pin. Regardless of using the A-D conversion function
or not, connect them as following :

* AVss : Connect to the Vss line

e Reason
If the AVss pin id opened, the microcomputer may have a failure because of noise or others.

Clock frequency during A-D conversion

The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D conversion.

e f(XIN) is 500 kHz or more

* Do not execute the STP instruction
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2.8 D-A Converter

This paragraph explains the registers setting method and the notes relevant to the D-A converter.

2.8.1 Memory map

L

000B16 | Port P5 direction register (P5D)

2

b))

[4S
b))
[4S

003416 | AD/DA control register (ADCON)

003616 | D-Al conversion register (DA1)

003716 | D-A2 conversion register (DA2)

~v

T T

Fig. 2.8.1 Memory map of registers relevant to D-A converter
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2.8.2 Relevant registers

Port P5 direction register

b7 b6 b5 b4 b3 b2 bl b0

Port P5 direction register
(P5D: address 0B16)

i i i i i i i i b Name Functions Atreset|R EW
i i1 11 1 11 [o|Port P5direction |0 : Port P50 input mode 0o [XiO
A | | register 1 : Port P50 output mode i
A 1 0 : Port P51 input mode 0 3{e)
A - 1 : Port P51 output mode l
R T T A 2 0 : Port P52 input mode 0 Xi0
oo - 1 : Port P52 output mode i
A 3 0 : Port P53 input mode o [XiO
i i i i | 1 : Port P53 output mode !
A 4 0 : Port P54 input mode 0 X10
oo - 1 : Port P54 output mode |
N 5 0 : Port P5s input mode 0 [XiO
o L 1 : Port P55 output mode i
i i ____________________ 6 0 : Port P56 input mode 0 Xi0
i ] 1 : Port P56 output mode !
e 7 0 : Port P57 input mode 0 X 10
1 : Port P57 output mode :
Fig. 2.8.2 Structure of Port P5 direction register
AD/DA control register
b7 b6 b5 b4 b3 b2 bl b0
AD/DA control register

—t L (ADCON: address 3416)

A A L Name Functions At reset|R W
bbb b b o[ Analoginputpin |0k 0o |00
Pt S (SEIECHORIIS 00 0: P60/ANo i
A . 00 1: P61/AN1 i

I T T T B 1 01 0: P62/AN2 0 0!0
B R 01 1: P63/AN3 ;

T T T T 1 0 0: P64/AN4 i
Pl ] 10 1: P65/AN5 ;
N 2 110: P66/ANs 0 |00
Pppr T 111: P67/AN? |

i i i i i_ ___________ 3 | AD conversion 0: Conversion in progress 1 0.0
oo completion bit 1: Conversion completed i
S 4 [PWMo output pin | 0: P56/PWMo1 o |00
P selection bit 1: P3o/PWMoo |
Pl 5 | PWM1 output pin  |0: P57/PWM11 0 [0:0
i i selection bit 1: P31/PWM10 !

A 6 | DA1 output enable |[0: DA1 output disabled 0 0:0
! bit 1: DA1 output enabled :

i 7 | DA2 output enable |[0: DA2 output disabled 0 00
"""""""""""" bit 1: DA2 output enabled |

Fig. 2.8.3 Structure of AD/DA control register
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D-Ai conversion register

b7 b6 b5 b4 b3 b2 bl b0

D-Ai conversion register (i = 1, 2)
(DAi: addresses 3616, 3716)

Functions

At reset

--1.0 | This is D-A output value stored bits. This is write
I | 1 [ exclusive register.

0

o|lo|o|o|o|o|o

X[ X XXX X[X]X| D |
o|o|o|o|o|o|olo| =

Fig. 2.8.4 Structure of D-Ai converter register
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2.8.3 D-A converter application example

(1) Speaker output volume modulation

Outline: The volume of a speaker output is modulated by using D-A converter.

Specifications: «Timer X modulates the period of sound for the pitch interval, so that a fixed pitch
(“la”: approx. 440 Hz) can be output. Modulating the amplitude with the D-A output
value controls the volume.

*Use f(Xin) = 6 MHz.
*Use DA1 (P5s/DA:1 pin) as D-A converter.

Figure 2.8.5 shows a peripheral circuit example and Figure 2.8.6 shows a speaker output example.
Figure 2.8.7 shows the relevant registers setting.

3886 Group

Amplification
P56/DA1 circuit

Power

amplifier T M

Fig. 2.8.5 Peripheral circuit example

Modulation of volume
(amplitude is set ~ VREF '— === - — - ——m o - - — - — - -

by D-A1 output)
Vss ﬂ
A

A A A A A

: : : : ! :

: I ! ! : :
Timer X Timer X Timer X Timer X Timer X Timer X
interrupt interrupt interrupt interrupt interrupt interrupt

\ J
Y

Modulation of pitch interval: 440 Hz
(Cycle is set by timer X)

Fig. 2.8.6 Speaker output example
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b7 b0

%

b7 b0

E

b7 b0

Port P5 direction register (P5D) (address 0B16)

P56/DA1: Input mode

AD/DA control register (ADCON) (address 3416)

DA:1 output enabled

Timer XY mode register (TM) (address 2316)

Timer X count: Stop

Timer mode

016

1

b7 b0

1

b7 b0

%

b7 b0

%

b7 b0

|

b7 b0

[ [o]ofo] ]

Prescaler X (PREX) (address 2416)

Set division ratio —1

Timer X (TX) (address 2516)

Set division ratio —1

Interrupt request register 1 (IREQ1) (address 3Czi6)

Timer X interrupt request

Interrupt control register 1 (ICON1) (address 3Ez1s)

Timer X interrupt: Enabled

D-A1l conversion register (DA1) (address 3616)

Set conversion value (n)
VREF x n

Analog voltage V =
9 g 256

(n=0 to 255)

Timer XY mode register (TM) (address 2316)

Timer X count: Start

Fig. 2.8.7 Relevant registers setting
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When the registers are set as shown in Figure 2.8.7, the speaker output volume is modulated by the
D-A output value. Figure 2.8.8 shows the control procedure.

( RESET ) e x: This bit is not used here. Set it to “0” or “1” arbitrarily.
Initialization
SEI
CLT (Note 1) «All interrupts disabled
CLD (Note 2)
ICON1 (address 3Ezs), bit4 «<—0 *Timer X interrupt disabled
P5D (address OB1s6), hit6 <—0 *Set port P56 to input mode
ADCON (address 3416) €«— X1 XXXXXX2 *DA1 output enabled
™ (address 2316) €<—XX001XXX2 *Timer Y: Timer mode, Timer X count: Stop
PREX (address 2416)<—2-1 «Set “division ratio — 1" to Prescaler X
TX (address 2516) «— D616 — 1 *Set “division ratio — 1" to Timer X
WORK flag (Note 3) <—1
IREQ1 (address 3Cus), bit4 <—0 «Timer X interrupt request bit cleared
ICON1 (address 3Ezs), bit4 <—1 *Timer X interrupt: Enabled
DA1 (address 3616)(*5& output value (volume) *D-A converter start
CLI «All interrupts enabled
™ (address 2316) <—XX000XXX2 *Timer X count start

Notes 1: When using Index X mode flag

- - 2: When using Decimal mode flag

Main processing 3: The WORK flag is a user flag for work. When this flag is
“1", a value other than Vss is output from the DA output
pin. When this flag is “0”, Vss is output from the DA output

pin.

( Timer X interrupt process routine )

| Push registers to stack | «Push registers used in interrupt process routine

Value of WORK flag ?

Set value except Vss to D-Al conversion
register.

Set value of Vss to D-A1 conversion register.

Set “0” to WORK flag. | | Set “1” to WORK flag.

Pop registers *Pop registers pushed to stack

|
( RTI )

Fig. 2.8.8 Control procedure
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2.8.4 Notes on D-A converter
(1) Vcc when using D-A converter
The D-A converter accuracy when Vcc is 4.0 V or less differs from that of when Vcc is 4.0 V or more.
When using the D-A converter, we recommend using a Vcc of 4.0 V or more.

(2) D-Ai conversion register when not using D-A converter
When a D-A converter is not used, set all values of the D-Ai conversion registers (i = 1, 2) to “001".
The initial value after reset is “0016".
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2.9 Bus interface

2.9 Bus interface
This paragraph explains the registers setting method and the programming examples relevant to the bus
interface.

2.9.1 Memory map

L L

3 ~

002816 | Data bus buffer register 0 (DBBO)

002916 | Data bus buffer status register 0 (DBBSTSO0)
002A16| Data bus buffer control register (DBBCON)
002B16| Data bus buffer register 1 (DBB1)

002C16| Data bus buffer status register 1 (DBBSTS1)

002F16 | Port control register 2 (PCTL2)

003916 | Interrupt source selection register (INTSEL)

~ Al

003C16| Interrupt request register 1 (IREQ1)

003Ez1s| Interrupt control register 1 (ICON1)

~ Al

T T

Fig. 2.9.1 Memory map of registers relevant to bus interface
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2.9 Bus interface

2.9.2 Relevant registers

Data bus buffer register i
b7 b6 b5 b4 b3 b2 bl b0

Data bus buffer register i (DBBi) (i=0, 1) [Address : 2816/2B16]

B Name | Function Atreset| R [W
0 |« Buffer register to write output data and read input data. ? |o|o
|| < atwrite: data is written to output data buffer register.

1| -atread: the contents of input data buffer register are read out. ? |o|oO
2] ? |ofo
3] 2 [olo
4] 2 |lolo
5| 2 [olo
6 | 2 [o]o
7] 2 |olo

The contents of output data bus buffer register cannot be read out.
Writing to input data bus buffer register is disabled.

Note: Output data bus buffer and input data bus buffer are assigned to the same address.

Fig. 2.9.2 Structure of Data bus buffer register i

Data bus buffer status reqister i
b7 b6 b5 b4 b3 b2 bl b0
Data bus buffer status register i (DBBSTSI) (i=0, 1) [Address 2916/2C1s]
1 1 1 1 1 T 1 1
i i i i i i i i B Name Function Atreset|R |\W
o b L |0 | Output buffer full flag i 0 : Buffer empty 0 |o|O
} } } } } } } 1 : Buffer full
A 1 | Input buffer full flag i 0 : Buffer empty 0 |o|O
o 1 : Buffer full
TR L 777777 2 | User definable flags (This flag can be defined by user freely.) 0 |o]o
| | | | |
| | | | |
ol L] 3 | Adi flag This flag indicates the conditionof| 0 |o|O
A Aoi status when the IBFi flag is set.
i i i e i User definable flags (This flag can be defined by user freely.) 0 |o|o
i 5 0 |o|o
i T 6 0 |olo
e e EE R TR 7 0 |o|o
Fig. 2.9.3 Structure of Data bus buffer status register i
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2.9 Bus interface

Data bus buffer control register

b7 b6 b5 b4 b3 b2 bl b0

Data bus buffer control register (DBBCON) [Address 2Aze]

interrupt source selection bit

: Key-on wake-up interrupt

1 1 1 1 T 1 1
| | | | | | | |
B Name Function Atreset R |\W
I | ! L]0 |Data bus buffer enable bit 0 : P50-P53, P8 I/O port 0 o)
B ! | 1 : Data bus buffer enabled
I L 1 | Data bus buffer function 0 : Single data bus buffer mode 0 O
[ selection bit (P4 7 functions as 1/O port.)
T T S 1 : Double data bus buffer mode
T T S (P4 7 functions as Sz input.)
I N A S 2 | OBFo output selection bit 0 : OBFoo valid 0 o
[ N 1: OBFoz valid
| | | | |
T T S 3 | OBFoo output enable bit 0 : P42 functions as port I/O pin. 0 o)
Lo 1 : P42 functions as OBFoo output
N bin
A 4 | OBFo1 output enable bit 0 : P4s functions as port I/0 pin. 0 O
. 1 : P43 functions as OBFoz output
Lo pin.
o L 7777777777777 5 | OBF1o output enable bit 0 : P4 functions as port I/O pin. 0 0]
b 1 : P4s functions as OBF1o0 output
I pin.
R 6 | Input level selection bit 0 : CMOS level input 0 o)
} 1:TTL level input
L] 7 | Fix this bit to “0". 0 o

Fig. 2.9.4 Structure of Data bus buffer control register
Interrupt source selection register
b7 b6 b5 b4 b3 b2 bl b0
Interrupt source selection register (INTSEL) [Address 391¢]
1 1 1 1 1 T 1 1
| | | | | | | |
o |B Name Function Atreset| R|W
} } } } } } } I |10 | INTo/input buffer full interrupt |0 : INTo interrupt 0 o)
A source selection bit 1 : Input buffer full interrupt
A . ! INT1/output buffer empty 0 : INTz interrupt 0 0]
} } } } } | interrupt source selection bit |1 : Output buffer empty interrupt
R 2 | Serial I/01 transmit/Sct,Spa |0 : Serial I/01 transmit interruptJ1| 0 o
Lo interrupt source selection bit |1 : Sci,Spa interrupt
T A 3 | CNTRo/ScL,Spa interrupt 0 : CNTRo interrupt 01 o o
Lo source selection bit 1 : Sct,Soa interrupt
A T 4 | Serial 1/02/12C interrupt 0 : Serial /02 interrupt 021 o o)
I source selection bit 1: I12C interrupt
S S 5 | INT2/I2C interrupt source 0 : INTz interrupt 02 o o
o selection bit 1: I12C interrupt
oL 6 | CNTRu/key-on wake-up 0 : CNTRuz interrupt 03 o o
} interrupt source selection bit | 1 : Key-on wake-up interrupt
L 7 | AD converter/key-on wake-up |0 : A-D converter interrupt 03] o o)
1

1: Do not write “1” to these bits simultaneously.
02: Do not write “1” to these bits simultaneously.
0J3: Do not write “1” to these bits simultaneously.

Fig. 2.9.5 Structure of Interrupt source selection register
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Interrupt request register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3Cue]

1 1 1 1 1 T 1 1

| | | | | | | |

A R R R I Name Function Atreset| R W

I | ! L]0 | INTo/input buffer full interrupt |0 : No interrupt request issued 0 |olno

bor | ! request bit 1 : Interrupt request issued

. A 1 [ INT1/output buffer empty 0 : No interrupt request issued 0 |olno

[ T N interrupt request bit 1 : Interrupt request issued

I 2 [ Serial /01 receive interrupt |0 : No interrupt request issued 0 loln

Lo request bit 1 : Interrupt request issued

R 3 | Serial I/01 transmit/Sct, Soa |0 : No interrupt request issued 0 lolo

AR interrupt request bit 1 : Interrupt request issued

T 4 | Timer X interrupt request bit |0 : No interrupt request issued 0 |o|Oo

. 1 : Interrupt request issued

A 5 | Timer Y interrupt request bit |0 : No interrupt request issued 0 |o|o

I 1 : Interrupt request issued

} L 777777777777777 6 | Timer 1 interrupt request bit 0 : No interrupt request issued 0 |lolno

| 1 : Interrupt request issued

Lo 7 | Timer 2 interrupt request bit [0 : No interrupt request issued 0o |o|Do
1 : Interrupt request issued

O: These bits can be cleared to “0” by program, but cannot be set to “1".
Fig. 2.9.6 Structure of Interrupt request register 1
Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0
Interrupt control register 1 (ICON1) [Address : 3Ezi¢]
1 1 1 1 1 T 1 1
|

i i i i i | i i B Name Function Atreset| R |W

} } } } } } } L {0 INTo/inpqt buffer full interrupt [ 0 : Interrupt disabled 0 |olo

IR enable bit 1: Interrupt enabled

o L,, 1 | INT1/output buffer empty 0 : Interrupt disabled 0 [olo

T interrupt enable bit 1 : Interrupt enabled

I 2 [ Serial 1/01 receive interrupt 0 : Interrupt disabled 0 lolo

A T enable bit 1 : Interrupt enabled

R 3 | Serial I/O1 transmit/Sct, Spa | 0 : Interrupt disabled 0 |olo

AR interrupt enable bit 1 : Interrupt enabled

T R 4 | Timer X interrupt enable bit 0 : Interrupt disabled 0 |o|o

. 1 : Interrupt enabled

T T S 5 | Timer Y interrupt enable bit 0 : Interrupt disabled 0 |olo

I 1: Interrupt enabled

} L 777777777777777 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled 0 |olo

‘ 1 : Interrupt enabled

|

L 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled 0 |olo
1 : Interrupt enabled

Fig. 2.9.7 Structure of Interrupt control register 1

3886 Group User’'s Manual

2-131



APPLICATION

2.9 Bus interface

Port control register 2

b7 b6 b5 b4 b3 b2 bl b0

Port control register 2 (PCTL2) [Address 2F 16]

B Name Function Atreset| R [W

0 | P4 input level selection bit 0: CMOS level input 0 e}
(P42—P4s) 1: TTL level input

1 |P7 input level selection bit 0: CMOS level input 0 e}
(P70—P7s) 1: TTL level input

2 |P4 output structure selection bi 0: CMOS 0 o)
(P42, P4s, P44, P4s) 1: N-channel open-drain

3 | P8 function selection bit 0: Port P8/Port P8 direction 0 @)

register
1: Port P4 input register/Port P7
input register

4 |INT2, INTs, INT4 interrupt 0: INT20, INTs0, INT40 interrupt 0 e}
switch bit 1: INT21, INT31, INT41 interrupt

5 | Timer Y count source 0: f(XiN)/16 (f(Xcin)/16 in low- 0 o)
selection bit speed mode)

1: f(Xcin)

6 | Oscillation stabilizing time set | 0: Automatic set “0116” to timer 1 0 0
after STP instruction released and “FF16” to prescaler 12
bit 1: No automatic set

7 | Port output P42/P4s clear 0: Only software clear 0 o
function selection bit 1: Software clear and output data

bus buffer 0 reading
(system bus side)

Fig. 2.9.8 Structure of Port control register 2
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2.9 Bus interface

2.9.3 Bus interface overview

The 3886 group has the built-in bus interface of two bytes to activate itself as a slave microcomputer.

A slave microcomputer is the microcomputer which is operated owing to the host CPU’s indication. Data
is asynchronously transmitted/received between the host CPU and the slave microcomputer, through the
bus interface of these two bytes. Accordingly, the slave microcomputer can be treated as well as two
general peripheral LSIs on the host CPU side. Consequently, it is easy to change its function by updating

the slave’s program.

The performance overview of 3886 group’s built-in bus interface is as follows:

* 8-bit data bus

 Built-in data bus buffer of two levels for input and output each
« Possible externally to output input/output buffer state as status.

Figure 2.9.9 shows the bus interface block diagram.

Host CPU

Data bus

ﬁ DBB1

Data bus

ﬁ DBB2

3886 Group

Slave
CPU

Fig. 2.9.9 Bus interface block diagram
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2.9 Bus interface

2.9.4 Input/Output operation

(1)

(2)

Input operation

The bus interface input operation is explained as the following:

0 When the logical OR of Si (i = 0, 1) and W is “0”, the data bus status is latched into the data bus
buffer register i (DBBI) at the rising of W input signal.

O When the data is latched into the input data bus buffer register i, the IBFi flag of the data bus
buffer status register i is simultaneously set to “1”.

O When the IBFi flag is set to “1”, the input buffer full interrupt request occurs and the input buffer
full interrupt request bit is set to “1".

O At the timing O, the AO level is stored into bit 3 of the data bus buffer status register i. Bit 3
indicates that the contents of the input data bus buffer register i are data or a command.

Output operation

The bus interface output operation is explained as the following:

O Writing data to the DBBI sets the OBFi flag of the data bus status register i to “1”.

O When the logical OR of Si, R and A0 is “0”, the contents of the output data bus buffer register i
are output on the system bus and the OBFi flag is simultaneously cleared to “0”.

O At the rising of the R input signal, the output buffer empty interrupt request occurs and the output
buffer empty interrupt request bit is set to “1".

Table 2.9.1 Bus control signals and data bus status

Si R w AO Data bus status Data on data bus
0 0 1 0 Read Output data

0 0 1 1 Read Status information

0 1 0 0 Write Input data (Data)

0 1 0 1 Write Input data (Command)
1 O a O High impedance —
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2.9.5 Relevant registers setting
Figure 2.9.10 shows the relevant registers setting.

Data bus buffer control register (address 2Az16)
b7 b0

DBBCON| | | | |1|0|0|1|

\—> Enable data bus buffer
Select single data bus buffer mode

Validate OBFoo
Set P42 to OBFoo pin

Interrupt source selection register (address 3916)
b7 o]

0
wrsec [ [ [ [ ] ] 2]
L) Select input buffer full interrupt
Select output buffer empty interrupt
<Input > < Output >
Data bus buffer status register O (address 2916) Data bus buffer status register O (address 2916)
b7 b0 b7 b0
oeesrso| | | [ [o] [ ]| eesrso| | | [ [ [ ] ]o]
‘—) The condition of AQo status ‘—» Confirm that the buffer is
is stored. empty (Note).
Data bus buffer register O (address 2816) Data bus buffer register O (address 2816)
b7 b0 b7 b0
oeeol | | [ [[[]] oeeo| | | || [[]]
Y hd
\—> Input data is stored (Note). ‘—) Write output data.
Note: When the condition of AQo status is “0”, this is treated as Note: When using the output buffer empty interrupt, it is
data. unnecessary to check the output buffer full flag 0.
When the condition is “1”, this is treated as a command.

Fig. 2.9.10 Relevant registers setting
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Figure 2.9.11 shows the control procedure using the interrupt.

~
/\‘/

DBBCON (address 2A16) «— XXXX10012

INTSEL (address 3916) <— XXXXXX112

L
N
<Input >

~
N

Read out DBBSTSO (address 2916)

DBBSTSO (address 2916), bit3 ?

e Xx: This bit is not used here. Set it to “0” or “1” arbitrarily.

« Data bus buffer enabled
« Single data bus buffer mode selected
» OBFoo validated (P42 output)

* Input buffer full interrupt source selected
« Output buffer empty interrupt source selected

< Output >

~
/‘\/

Write data to DBBO(address 2816)

~_
o

Read out DBBO (address 2816) as command

Read out DBBO (address 2816) as data

~
~

~
~o

Fig. 2.9.11 Control procedure using interrupt
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2.10 Watchdog timer

This paragraph explains the registers setting method and the notes relevant to the watchdog timer.

2.10.1 Memory map

o ~

001E1e | Watchdog timer control register (WDTCON)

2
T

b))
[Q

003B16 | CPU mode register (CPUM)

2

ﬁt

Fig. 2.10.1 Memory map of registers relevant to watchdog timer

2.10.2 Relevant registers

Watchdog timer control reqgister
b7 b6 b5 b4 b3 b2 bl b0

Watchdog timer control register (WDTCON) [Address : 1Es]

1 1

i i B Name [ Function Atreset| R [W
I L {0 [ watchdog timer H (for read-out of high-order 6 bits) 1 (o]|O
|

‘ fr—

Lo |1 1 |o|D

N
=
o
O

[ ? 1 oo
Do 4] 1 |Jolo
|
| —

o] 5 1 |(o|O
|
L 777777777777777 6 | STP instruction disable bit 0 : STP instruction enabled 0 |olo
1: STP instruction disabled
] 7 | Watchdog timer H count 0 : Watchdog timer L underflow 0 |olo
source selection bit 1 : f(Xin)/16 or f(Xcin)/16

Fig. 2.10.2 Structure of Watchdog timer control register
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CPU mode register

b7 b6 b5 b4 b3 b2 bl bo
4]

CPU mode register
(CPUM: address 3B16)

b Name

Functions

At reset

0 | Processor mode
bits

00 : Single-chip mode

01 : Memory expansion mode (Note)

0

1 0: g=f(XcIN)/2
(low-speed mode)
1 1: Not available

1 10 : Microprocessor mode (Note) * @) i O
11 : Not available :

2 | Stack page 0: 0 page 0 00
selection bit 1:1 page i
Fix this bit to “1”. 1 0i0

4 | Port Xc switch bit  [0: 1/0 port function 0 0:0

(oscillation stopped) :
1: XcIN-XcouT oscillation !
function |

5 | Main clock (XIN- 0: Oscillating 0 10
Xour) stop bit 1: Stopped i

6 | Main clock division |57 1 e}

; ; ; 0 0: @=f(XIN)/2 i
t lection bit . i
ratio selection bits (high-speed mode) |
0 1: ¢=f(XIN)/8 i
7 (middle-speed mode) 0 0 0

*: The initial value of bit 1 depends on the CNVss level.
Note: This mode is not available for M38869M8A/MCA/MFA or the
flash memory version.

Fig. 2.10.3 Structure of CPU mode register
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2.10.3 Watchdog timer application examples

(1) Detection of program runaway

Outline: If program runaway occurs, let the microcomputer reset, using the internal timer for detection
of program runaway.

Specifications: <An underflow of watchdog timer H is judged to be program runaway, and the
microcomputer is returned to the reset status.
«Before the watchdog timer H underflows, “0” is set into bit 7 of the watchdog timer
control register at every cycle in a main routine.
*High-speed mode is used as a main clock division ratio.
«An underflow signal of the watchdog timer L is supplied as the count source of
watchdog timer H.

Figure 2.10.4 shows a watchdog timer connection and division ratio setting; Figure 2.10.5 shows the
relevant registers setting; Figure 2.10.6 shows the control procedure.

Fixed Watchdog timer L Watchdog timer H

f(XIN) = 8 MHz ——» 1/16 |—®{ 1/256 —®{ 1/256

RESET o@}

STP instruction disable bit
STP instruction

Reset
circuit

—— Internal reset

Fig. 2.10.4 Watchdog timer connection and division ratio setting
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CPU mode register (address 3B16)
b7 b0

ceum [ofofo] [ | [o]o]
u—> Processor mode: Single-chip mode

Main clock (XiNn-XouT): Operating
Main clock division ratio: f(Xin)/2 (high-speed mode)

Yy v

Watchdog timer control register (address 1E16)
b7

b0
wotcon [ofo] | | | | 1]

Watchdog timer H (for read-out of high-order 6 bits)
E

nable STP instruction
Watchdog timer H count source: Watchdog timer L underflow

»
>
»
>
3
>

Fig. 2.10.5 Relevant registers setting

=

Initialization
SEI *All interrupts disabled
CLT
CLD *Processor mode: Single-chip mode

CPUM (address 3B16) <—— 000XXX002 *Main clock f(Xin): Operating
: *High-speed mode selected as main clock division ratio

CLI sInterrupts enabled

|

WDTCON (address 1Ezs), hit7,bit6 <«— 002 [ «Watchdog timer L underflow selected as Watchdog
timer H count source
*STP instruction enabled

Main processing

Fig. 2.10.6 Control procedure

2.10.4 Notes on watchdog timer
e Make sure that the watchdog timer does not underflow while waiting Stop release, because the watchdog

timer keeps counting during that term.
e When the STP instruction disable bit has been set to “1”, it is impossible to switch it to “0” by a program.
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2.11 Reset

2.11.1 Connection example of reset IC

1 | ¢ Vcc
Power source|

Me2022L |5 Output

RESET
4 Delay capacity
GND L o1 uF
3 Vss
3886 Group

777

Fig. 2.11.1 Example of poweron reset circuit

Figure 2.11.2 shows the system example which switches to the RAM backup mode by detecting a drop of
the system power source voltage with the INT interrupt.

System power . Voo
source voltage o +
+5V Z 7 L
77 Vccl
RESETP RESET
2 3
Vce2 INT INT

AA
VVy

Vss
L1 gnp COfP— 7J; 3886 Group
4
7z 777 7;1;

M62009L, M62009P, M62009FP

Fig. 2.11.2 RAM backup system
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2.11.2 Notes on RESET pin

Connecting capacitor
In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the

RESET pin and the Vss pin. Use a 1000 pF or more capacitor for high frequency use. When

connecting the capacitor, note the following :
* Make the length of the wiring which is connected to a capacitor as short as possible.

« Be sure to verify the operation of application products on the user side.

e Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may

cause a microcomputer failure.
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2.12 Clock generating circuit
This paragraph explains how to set the registers relevant to the clock generating circuit and describes an

application example.

2.12.1 Relevant registers

CPU mode register

b7 b6 b5 b4 b3 b2 bl bo

1| | | CPU mode register
Attt LI (CPUM: address 3Bi6)
E E E Pl |b Name Functions Atreset|R W
I b0 : :
S T A R W 0 [ Processor mode 00 : Single-chip mode 0 ©) :O
i i i i i i i L 01 : Memory expansion mode (Note) !
I A T T R 1 10 : Microprocessor mode (Note) * 0.0
i i i i i i 11 : Not available :
S N . 2 | Stack page 0: 0 page 0 00
Pt selection bit 1:1 page |
A 3 | Fix this bit to “1”, 1 [oi0
P 4 | Port Xc switch bit ~ [0: 1/0 port function 0 0:0
P (oscillation stopped) |
[ 1: XcIN-XcouT oscillation !
Pl function |
i i i 5 [ Main clock (XIN- 0: Oscillating 0 0.0
b TTTTTTET T Xour) stop bit 1: Stopped !
i i 6 | Main clock division |7 1 00
vy ratio selection bits |0 0: @=f(XIN)/2 l
! (high-speed mode) '
i 0 1: ¢=f(XIN)/8 |
! ] (middle-speed mode) '
i 7 1 0: @=f(XcIN)/2 0 © EO
"""""""""""" (low-speed mode) '

1 1: Not available i

*: The initial value of bit 1 depends on the CNVss level.
Note: This mode is not available for M38869M8A/MCA/MFA or the
flash memory version.

Fig. 2.12.1 Structure of CPU mode register

3886 Group User's Manual

2-143



APPLICATION

2.12 Clock generating circuit

2.12.2 Clock generating circuit application example
(1) Status transition during power failure
Outline: The clock counts up every second by using the timer interrupt during a power failure.

Input port [«——— Power failure detection signal
(Note)

3886 Group

Note: A signal is detected when input to input port, interrupt
input pin, or analog input pin.

Fig. 2.12.2 Connection diagram

Specifications: *Reducing power dissipation as low as possible while maintaining clock function
*Clock: f(Xin) = 8 MHz, f(Xcin) = 32.768 kHz
*Port processing
Input port: Fixed to “H” or “L” level externally.
Output port: Fixed to output level that does not cause current flow to the external.
(Example) Fix to “H” for an LED circuit that turns on at “L” output
level.
I/0 port: Input port — Fixed to “H” or “L” level externally.
Output port - Output of data that does not consume current
Vrer pin: Terminate A-D conversion operation
Stop Vrer current dissipation by setting value of D-Ai conversion register
to “0016".

Figure 2.12.3 shows the status transition diagram during power failure and Figure 2.12.4 shows the
setting of relevant registers.

Reset released Power failure detected

] ]

xen | AT

Middle-speed High-speed mode Low-speed mode

Internal system clock | joge :
Change internal system After detection, change internal system clock to
T clock to high-speed mode  low-speed mode and stop oscillating Xin-Xout

Xcin-Xcout oscillation function selected

Fig. 2.12.3 Status transition diagram during power failure
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b7 b0
cpuM |ofo]o]of1] [o[o] CPU mode register (CPUM) (address 3Bus)

Main clock: High-speed mode (f(Xin)/2) (Note 1)

b7 b0
CPUM |0|0|0|1| 1| |0| 0| CPU mode register (CPUM) (address 3B16)
(Note 2)

Port Xc: Xcin—Xcout oscillation function

b7 b0
cPuM [1]ofo]1]1] [o]o] cPU mode register (CPUM) (address 3B1s)

Internal system clock: Low-speed mode (f(Xcin)/2)

b7 b0
cPuM [1fo]1[z]1] Jo[o] cPU mode register (CPUM) (address 3B1s)

Main clock f(XiN): Stopped

Notes 1: This setting is necessary only when selecting the high-speed mode.
2: When selecting the middle-speed mode, bit 6 is “1”.

Fig. 2.12.4 Setting of relevant registers
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2.12 Clock generating circuit

Control procedure: To prepare for a power failure, set the relevant registers in the order shown
below.

RESET e X: This bit is not used here. Set it to “0” or “1” arbitrarily.

Initialization
CPUM (address 3Bs), bit?, bit6 <4— 0,0 When selecting main clock f(Xin)/2 (high-speed mode)
CPUM (address 3B1s), bit 4 1 Port Xc: Xcin-Xcout oscillation function

eece

N
Detect power failure ? i
CPUM (address 3Bis), bit7, bit 64— 1, 0 (Note) Internal system clock: f(Xcin)/2 (low-speed mode)
CPUM (address 3Bzs), bits <4— 1 (Note) Main clock f(Xin) oscillation stopped

At power failure, clock count is performed during

Set timer interrupt to occurs every second. . . .
timer interrupt processing (every second).

Execute WIT instruction.

Return condition from power failure
completed ?

Return processing from power failure

Note: Do not switch simultaneously.

Fig. 2.12.5 Control procedure
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2.13 Standby function

The 3886 group is provided with standby functions to stop the CPU by software and put the CPU into the
low-power operation.

The following two types of standby functions are available.

*Stop mode using STP instruction

*Wait mode using WIT instruction

2.13.1 Stop mode

The stop mode is set by executing the STP instruction. In the stop mode, the oscillation of both clocks (Xin—
Xout, Xein—Xcour) stop and the internal clock ¢ stops at the “H” level. The CPU stops and peripheral units
stop operating. As a result, power dissipation is reduced.

(1) State in stop mode
Table 2.13.1 shows the state in the stop mode.

Table 2.13.1 State in stop mode

Item State in stop mode

Oscillation Stopped.

CPU Stopped.

Internal clock ¢ Stopped at “H” level.

I/O ports PO-P8 Retains the state at the STP instruction execution.

Timer Stopped. (Timers 1, 2, X, Y)
However, Timers X and Y can be operated in the event counter
mode.

PWMO0, PWM1 Stopped.

Watchdog timer Stopped.

Serial 1/01, Serial 1/02 Stopped.
However, these can be operated only when an external clock
is selected.

I2C-BUS interface Stopped.

A-D converter Stopped.

D-A converter Retains output voltage.

Comparator Stopped.

Bus interface Operating.
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(2) Release of stop mode
The stop mode is released by a reset input or by the occurrence of an interrupt request. Note the
differences in the restoration process according to reset input or interrupt request, as described
below.
m Restoration by reset input
The stop mode is released by holding the RESET pin to the “L” input level during the stop mode.
Oscillation is started when all ports are in the input state and the stop mode of the main clock (Xin-
Xour) is released.
Oscillation is unstable when restarted. For this reason, time for stabilizing of oscillation (oscillation
stabilizing time) is required. The input of the RESET pin should be held at the “L" level until oscillation
stabilizes.
When the RESET pin is held at the “L" level for 16 cycles or more of X after the oscillation has
stabilized, the microcomputer will go to the reset state. After the input level of the RESET pin is
returned to “H”, the reset state is released in approximately 10.5 to 18.5 cycles of the X input.
Figure 2.13.1 shows the oscillation stabilizing time at restoration by reset input.
At release of the stop mode by reset input, the internal RAM retains its contents previous to the
reset. However, the previous contents of the CPU register and SFR are not retained.
For more details concerning reset, refer to “2.11 Reset".
Oscillation 16 cycles or
. Stop mode stabilizing time Imore of XINI . Operating mode
< > >
Vce § i i i §
i : ' Time to hold internal reset state =
: : approximately 10.5 to 18.5 cycles of Xin input
! i ; P
RESET i | : | i

xin JUUUVVVV ATV VAV VAV VA AV AVAVEVAVAVAVATRVAVATA

—»!
(Note) V¥ _ .
Execute Stop instruction

Note: Some cases may occur in which no waveform is input to Xin (in low-speed mode).

Fig. 2.13.1 Oscillation stabilizing time at restoration by reset input
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m Restoration by interrupt request

The occurrence of an interrupt request in the stop mode releases the stop mode. As a result,
oscillation is resumed. The interrupts available for restoration are:

*INTo—INT4

*CNTRo, CNTR:

«Serial 1/0 (1, 2) using an external clock

*Timer X, Y using an external event count

*Key input (key-on wake-up)

*Bus interface

*Sci/Spa

However, when using any of these interrupt requests for restoration from the stop mode, in order to
enable the selected interrupt, you must execute the STP instruction after setting the following conditions.

[Necessary register setting]

O Interrupt disable flag | = “0” (interrupt enabled)

O Timer 1 interrupt enable bit = “0” (interrupt disabled)

O Interrupt request bit of interrupt source to be used for restoration = “0” (no interrupt request
issued)

O Interrupt enable bit of interrupt source to be used for restoration = “1” (interrupts enabled)

For more details concerning interrupts, refer to “2.2 Interrupts”.

Oscillation is unstable when restarted. For this reason, time for stabilizing of oscillation (oscillation
stabilizing time) is required. For restoration by an interrupt request, waiting time prior to supplying
internal clock @ to the CPU is automatically generated™ by Prescaler 12 and Timer 17t This waiting
time is reserved as the oscillation stabilizing time on the system clock side. The supply of internal
clock @ to the CPU is started at the Timer 1 underflow.

Figure 2.13.2 shows an execution sequence example at restoration by the occurrence of an INTo
interrupt request.

01: If the STP instruction is executed when the oscillation stabilizing time set after STP instruction
released bit is “0”, “FF1s” and “0li6” are automatically set in the Prescaler 12 counter/latch and
Timer 1 counter/latch, respectively. When the oscillation stabilizing time set after STP instruction
released bit is “1”, nothing is automatically set to either Prescaler 12 or Timer 1. For this reason,
any suitable value can be set to Prescaler 12 and Timer 1 for the oscillation stabilizing time.

02: Immediately after the oscillation is started, the count source is supplied to the prescaler 12 so
that a count operation is started.
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e When restoring microcomputer from stop mode by INTo interrupt (rising edge selected)

Stop mode : Oscillation stabilizing time

«—>
XN Or XCin M
(System clock) | X H R AVIVAVRV AV ATATAVAVAVAVAVAVAVAVAVAVAVAVA
{ Xcin; in high-impedance state

INTo pin

512 counts

'
! '
P »
- Lg

Prescaler 12 counter \,—\l\l\

{0116" ! !
Timer 1 counter T :

: ! I
INTo interrupt request bit
Peripheral device  operaing| Stopped Operating
CPU  Operatig| Stopped Operating
A A A
*Execute STP +INTo interrupt signal +512 counts down by
instruction input (INTo interrupt prescaler 12
request occurs) «Start supplying internal
+Oscillation start clock @to CPU
-Prescaler 12 count start  .Accept INTo interrupt
request

Note: f(Xin)/16 or f(Xcin)/16 is input as the prescaler 12 count source.

Fig. 2.13.2 Execution sequence example at restoration by occurrence of INTo interrupt request

(3) Notes on using stop mode
m Restarting oscillation
Usually, when the MCU stops the clock oscillation by STP instruction and the STP instruction has
been released by an external interrupt source, the fixed values of Timer 1 and Prescaler 12 (Timer
1 = Olis, Prescaler 12 = FFi6) are automatically reloaded in order for the oscillation to stabilize. The
user can inhibit the automatic setting by writing “1” to bit 6 of the port control register 2 (address
002F1s).
However, by setting this bit to “1”, the previous values, set just before the STP instruction was
executed, will remain in Timer 1 and Prescaler 12. Therefore, you will need to set an appropriate
value to each register, in accordance with the oscillation stabilizing time, before executing the STP
instruction.
*Reason
Oscillation will restart when an external interrupt is received. However, internal clock phi is supplied
to the CPU only when Timer 1 underflows. This ensures time for the clock oscillation using the
ceramic resonators to be stabilized.
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mClock restoration

After restoration from the stop mode to the normal mode by an interrupt request, the contents of
the CPU mode register previous to the STP instruction execution are retained. Accordingly, if both
main clock and sub clock were oscillating before execution of the STP instruction, the oscillation
of both clocks is resumed at restoration.

In the above case, when the main clock side is set as a system clock, the oscillation stabilizing
time for approximately 8,000 cycles of the X input is reserved at restoration from the stop mode.
At this time, note that the oscillation on the sub clock side may not be stabilized even after the
lapse of the oscillation stabilizing time of the main clock side.

2.13.2 Wait mode

The wait mode is set by execution of the WIT instruction. In the wait mode, oscillation continues, but the
internal clock ¢ stops at the “H” level.

The CPU stops, but most of the peripheral units continue operating.

(1) State in wait mode
The continuation of oscillation permits clock supply to the peripheral units except 12C-BUS interface.

Table 2.13.2 shows the state in the wait mode.

Table 2.13.2 State in wait mode

Item State in wait mode
Oscillation Operating.
CPU Stopped.
Internal clock @ Stopped at “H” level.
I1/0 ports PO-P8 Retains the state at the WIT instruction execution.
Timer Operating.
PWMO, PWM1 Operating.
Watchdog timer Operating.
Serial 1/01, Serial 1/02 Operating.
I12C-BUS interface Stopped.

However, this operates when the system clock stop selection
bit (bit 6 of address 15i6) is “1".

A-D converter Operating.
D-A converter Retains output voltage.
Comparator Operating.
Bus interface Operating.
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(2) Release of wait mode
The wait mode is released by reset input or by the occurrence of an interrupt request. Note the
differences in the restoration process according to reset input or interrupt request, as described
below.
In the wait mode, oscillation is continued, so an instruction can be executed immediately after the
wait mode is released.
m Restoration by reset input
The wait mode is released by holding the input level of the RESET pin at “L” in the wait mode.
Upon release of the wait mode, all ports are in the input state, and supply of the internal clock
@to the CPU is started. To reset the microcomputer, the RESET pin should be held at an “L” level
for 16 cycles or more of Xin. The reset state is released in approximately 10.5 cycles to 18.5 cycles
of the Xiv input after the input of the RESET pin is returned to the “H” level.
At release of wait mode, the internal RAM retains its contents previous to the reset. However, the
previous contents of the CPU register and SFR are not retained.
Figure 2.13.3 shows the reset input time.
For more details concerning reset, refer to “2.11 Reset”".
5 Wait mode . | Operating mode
« > <
Vee § f §
: Time to hold internal reset state =
16 cycles of XiN approximately 10.5 to 18.5 cycles of Xin input
! ——r———P!
RESET | l |

v (Note) i

Execute WIT instruction

Note: Some cases may occur in which no waveform is input to Xin (in low-speed mode).

Fig. 2.13.3 Reset input time
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m Restoration by interrupt request

In the wait mode, the occurrence of an interrupt request releases the wait mode and supply of the
internal clock @ to the CPU is started. At the same time, the interrupt request used for restoration
is accepted, so the interrupt processing routine is executed.

However, when using an interrupt request for restoration from the wait mode, in order to enable the
selected interrupt, you must execute the STP instruction after setting the following conditions.

[Necessary register setting]

O Interrupt disable flag | = “0” (interrupt enabled)

O Interrupt request bit of interrupt source to be used for restoration = “0” (no interrupt request issued)
O Interrupt enable bit of interrupt source to be used for restoration = “1” (interrupts enabled)

For more details concerning interrupts, refer to “2.2 Interrupts”.

Notes on wait mode

m Clock restoration
If the wait mode is released by a reset when Xc is set as the system clock and X oscillation is
stopped during execution of the WIT instruction, Xcin oscillation stops, X oscillations starts, and
Xin is set as the system clock.
In the above case, the RESET pin should be held at “L” until the oscillation is stabilized.
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2.14 Processor mode

This paragraph explains usage examples and others relevant to the processor mode.
(Support product: M38867M8A/EBA)

2.14.1 Memory map

003B1s6

CPU mode register (CPUM)

Fig. 2.14.1 Memory map of registers relevant to processor mode

2.14.2 Relevant registers

CPU mode register

b7 b6 b5 b4 b3 b2 bl bo

CPU mode register
(CPUM: address 3B16)

1 0: @g=f(XcIN)/2
(low-speed mode)

b Name Functions Atreset|R EW
b1 b0 !

0 | Processor mode 00 : Single-chip mode 0 O EO
|| bits 01 : Memory expansion mode (Note) H

1 10 : Microprocessor mode (Note) * O EO
11 : Not available i

2 | Stack page 0: 0 page 0 0:0
selection bit 1:1 page |

3 | Fix this bit to “1”. 1 [OiO

4 | Port Xc switch bit | 0: I/O port function 0 00
(oscillation stopped) |
1: XcIN-XcouT oscillation !
function |

5 | Main clock (XIN- 0: Oscillating 0 o:0
Xour) stop bit 1: Stopped i

6 | Main clock division |7 1 00
ratio selection bits |0 0¢ @=F(XIN)/2 :
(high-speed mode) i
0 1: ¢=f(XIN)/8 i

7 (middle-speed mode) 0 00

1 1: Not available

*: The initial value of bit 1 depends on the CNVss level.
Note: This mode is not available for M38869M8A/MCA/MFA or the
flash memory version.

Fig. 2.14.2 Structure of CPU mode register
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APPLICATION

2.14 Processor mode

(1) External memory connection example unusing ONW (one wait) function
Outline: An external memory is accessed, using the microprocessor mode. The RAM which meets
the following conditions can be used at f(Xiw) = 8 MHz:
*OE access time: taor) < 50 ns
eData set up time at write: tsup) < 65 ns.

For example, the M5M5256BP-10, whose address access time is 100 ns, can be used.
Figure 2.14.3 shows the expansion example of 32-Kbytes ROM and RAM.

HEHHEH e

3886 group
CNVss
AD15
ON
P30, P31
AD14
P4 to
ADo
P5
DBo
to
P6 DB7
P7 -
RD
WR
P8

74F04

M5M27C256AK-10

CE

Ao to A14

EPROM

Do to D7

,—— Ao to A14

M5M5256BP-10

S

SRAM

DQ1 to DQs

OE W

f |:| is MHz Vcc=5.0V +10 %

i 7l

000016

000816
004016
044016

800016

FFFF16

Memory map

External RAM area
(M5M5256BP)

SFR area

Internal RAM area

External RAM area
(M5M5256BP)

External ROM area
(M5M27C256AK)

Fig. 2.14.3 Expansion example of 32-Kbytes ROM and RAM
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Figures 2.14.4 to 2.14.6 show the basic timing at 8 MHz (no wait) operating.

Ao to A7
(Port P0O)

Low-order address

As to A14
(Port P1)

High-order address

S
(AD15)

BER

OE
(3886 group’s RD)

td(AL-RD)

0

tWL(ﬁ)

125ns—40 ns (min.)

125 ns—10 ns (min.)

DQ1 to DQs
(Port P2)

ta(OE)
50 ns (max.)
k :: Data wﬁ
‘ tsu(DB—RD) .
65 ns (min.)

W "
(3886 group’s WR)

" level

td(AL—RD)
twi(RD)
ta(OE)
tsu(DB—RD) :

: RD delay time after address output of 3886 group
: RD pulse width of 3886 group

: Output enable access time of M5M5256BP

Data bus set up time before RD of 3886 group

Fig. 2.14.4 Read cycle (OE access, SRAM)

Ao to A7
(Port PO)

)

Low-order address

As to A14
(Port P1)

K

High-order address

R

CE
5.8 ns (max.)

— tPHL
—

OE

td(AL—RD)

twL(RD)

(3886 group’s RD)

125 ns—40 ns (min.)

125 ns—10 ns (min.)

ta(OE)

50 ns (max.)' Data

Do to D7
(Port P2)

tsu(DB—RD)
6

5 ns (min.)

tPHL
td(AL—RD)
tWL(@)
ta(OE)
tsu(DB—RD) :

: Output delay time of 74F04

: RD delay time after address output of 3886 group
: RD pulse width of 3886 group

: Output enable access time of M5M27C256AK

Data bus set up time before RD of 3886 group

Fig. 2.14.5 Read cycle (OE access, EPROM)
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2.14 Processor mode

Ao to A7
(Port PO) ( Low-order address \ x
A(?Dg?téll‘; X> High-order address x x
5
(AD15)
W tdAL—WR) .\ o tWL(WR) _
(3886 group's WR) 125ns—40ns (min.) | 125 ns—10 ns (min.)
td(WR—DB) _
65 ns (max.) o
DQito DQs Data
(Port P2) tsu(D)
35 ns (min.)
OE “H” level
(3886 group’s RD)
td(AL—WR) : WR delay time after address output of 3886 group
twi(WR) : WR pulse width of 3886 group
td(WR—DB) : Data bus delay time after WR of 3886 group
tsu(D) : Data set up time of M5M5256BP

Fig. 2.14.6 Write cycle (W control, SRAM)
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(2) External memory connection example using ONW (one wait) function
Outline: When the access time of an external memory is slow, the ONW function is used.

When “L” level is input to the P32/ONW pin in the state that the CPU reads or writes, a read
or write cycle is extended by one cycle of ¢ The RD or WR signal retains “L” level during
the extended time.
The ONW function is valid for read or write to addresses 000016 to 000716 and 044016 to
FFFFis.
Figure 2.14.7 shows the usage example using the ONW function.

3886 group
ﬁ CNVss
AD15 PS
74F04
<Z| P30, P31 M5M27C256AK-10 | M5M5256BP-10
ON ® CE _
S
AD14
P4 to| 15
e \ Aoto A4 | ,—— AotoAls
EPROM SRAM
DBo 8
ﬂ P5 to Do to D7 DQ1 to DQs
DB7 - L Memory map
OE OE w 000016 External RAM area
\ / (M5M5256BP)
=5 000816 "SFR area
P6 WR 004016 [|nternal RAM area
044016 External RAM area
(M5M5256BP)
f |:| }is MHz Vcc=5.0V+10% 800016
External ROM area
(M5M27C256AK)
EER - FFFF16

Fig. 2.14.7 Usage example of ONW function
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(3) External memory connection example at f(Xw) = 8 MHz or more
Outline: When the access time of an external memory is fast, it is possible to use at f(Xi) = 8 MHz
or more. The RAM which meets the following conditions can be used at f(Xin) = 9 MHz:
«OE access time: taos) < 35 ns
eData set up time at write: tsup) < 50 ns.

For example, the M5M5256BP-70, whose address access time is 70 ns, can be used.
Figure 2.14.8 shows the expansion example of 32-Kbytes ROM and RAM.

3886 group
g CNV
S3 AD15
ONW
M5M27C256AK-85 M5M5256BP-70
<I| P30, P31 _ =
CE S
AD14 74F04
P4 15
“ﬂ Aég < Ao to A4 —— Ao to A14
EPROM SRAM
”ﬂ P5
DBo s
to Do to D7 DQ1 to DQs
P6 DB7 - T Memory map
OE OE W 000016
External RAM area
\ / (M5M5256BP)
p7 RD 000816 SFR area
WR 004016 Internal RAM area
Pg 044016
External RAM area
(M5M5256BP)
f |:| )fMHZ Vee=5.0V £10 % 800016
External ROM area
(M5M27C256AK)
B FFFF16

Fig. 2.14.8 Expansion example of 32-Kbytes ROM and RAM at f(Xw) = 8 MHz or more
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Figures 2.14.9 to 2.14.11 show the basic timing at 9 MHz (no wait) operating.

'(APOO?Q); w Low-order address \ x
Asto A
(?:’ort pi‘; X>\ High-order address \ |
S
(AD15)
OE td(AL—RD) .\ o twi(RD)
(3886 group's RD) 111 ns—40ns (min.) =~ | 111 ns—10 ns (min.) .y
ta(OE)
35 ns (max.)
DQz1to DQs Data
(PortP2) tsu(DB—RD)
50 ns (min.)
WR “H” level — —
td(AL—RD) : RD delay time after address output of 3886 group
twi(RD) : RD pulse width of 3886 group
ta(OE) : Output enable access time of M5M5256BP
tsu(DB—RD) : Data bus set up time before RD of 3886 group

Fig. 2.14.9 Read cycle (OE access, SRAM)

/(Apootr? l%; XK Low-order address
A(?: g?tﬁlll;r XK High-order address
e tPHL
—
5.8 ns (max.)
e tWL(@)
(3886 group’s RD) 111 ns—40 ns (min.) 111 ns—10ns (min.)

N
N
-

ta(OE)

45 ns (max.) \
Data \,
Do to D7 .
(Port P2) , tsu(DB—RD)
50 ns (min.)
WR “H” level
tPHL : Output delay time of 74F04
td(AL—RD) : RD delay time after address output of 3886 group
twL(RD) : RD pulse width of 3886 group
ta(OE) : Output enable access time of M5M27C256AK
tsu(DB—RD) : Data bus set up time before RD of 3886 group

Fig. 2.14.10 Read cycle (OE access, EPROM)
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Ao to A7
(Port PO) < Low-order address \ K
Ag to A14 X) High-order address \ )
(Port P1)
s
(AD15)
W td(AL—WR)  \ tWL(WR)
(3886 group’s WR) 111ns—35ns (min.) = | 111 ns—10 ns (min.) o
td(WR—DB)
DO1 to DQs 30 ns (max.) Baia
(Port P2)
tsu(D)
o 30 ns (min.)
E “H” level
(3886 group’s RD) — — -
td(AL—WR) : WR delay time after address output of 3886 group
twL(WR) : WR pulse width of 3886 group
td(WR—DB) : Data bus delay time after WR of 3886 group
tsu(D) : Data set up time of M5M5256BP

Fig. 2.14.11 Write cycle (W control, SRAM)

3886 Group User’s Manual 2-161



APPLICATION

2.15 Flash memory

2.15 Flash memory

This paragraph explains the registers setting method and the notes relevant to the flash memory version.

2.15.1 Overview

The functions of the flash memory version are similar to those of the mask ROM version except that the
flash memory is built-in and some of the SFR area differ from that of the mask ROM version (refer to
“2.15.2 Memory map”).

In the flash memory version, the built-in flash memory can be programmed or erased by using the following
three modes.

¢ CPU reprogramming mode

e Parallel input/output mode

e Serial input/output mode

2.15.2 Memory map
M38869FFAHP/GP have 60 Kbytes of built-in flash memory.
Figure 2.15.1 shows the memory map of the flash memory version.

000016
SFR area
— 004016
Internal RAM area
RAM (2 Kbytes)
L 083F16
r ROM ar
084016 User ROM area
Not used 100@16
OFFO16
OFEE16 SFR area
28 Kbytes
Not used L7 y
100016
7FFF16
800016
Built-in flash memory area
(60 Kbytes) 32 Kbytes
FFFF16 FFFF16

Fig. 2.15.1 Memory map of flash memory version for 3886 Group
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2.15.3 Relevant registers

L

h———

contents are “0".

disabled bit. When this bit is read out, the

OFFE1s| Flash memory control register (FCON)
OFFF16| Flash command register (FCMD)
= T
Fig. 2.15.2 Memory map of registers relevant to flash memory
Flash memory control register
b7 b6 b5 b4 b3 b2 bl b0
I:l Ol | Ol | | Flash memory control register

A 1 1 1111 1 (FCON:address FFE16)

i i i i i i i i b Name Functions Atreset|R W
i+ 4 1 1 111 [0 |CPUreprogramming|0 : CPU reprogramming 0 00
bbb mode select bit mode is invalid. (Normal !
A (Note) operation mode) |
A 1: When applying 0 V to :
T A A A W CNVss/Vpp pin, CPU |
A reprogramming mode is !
Pror invalid. When applying |

! i i i i i i VpPPH to CNVss/VPP pin, 1
A CPU reprogramming !
A mode is valid. '
Pl 1 | Erase/Program 0 : Erase and program are 0 00
A busy flag completed or have not |

i I R A Rt been executed. !
P 1 : Erase/program is being |
P executed. '
Pl 2 | CPU reprogramming|0 : CPU reprogramming 0 0:0
P mode monitor flag mode is invalid :
A 1: CPU reprogramming '
Pl mode is valid |
T T S 3 | Fix this bit to “0". o |00
i P Erase/Program bs b4 !

! P 4 area Se|ec% bits 0 0: Address 100016 to 0 O 1 ©
T FFFF1s (total 60Kbytes) |
bl 0 1: Address 100016 to !
b 5 | 7FFFis (total 28Kbytes) [ o0 01O
o 1 0: Address 800016 to !

T FFFF1s (total 32Kbytes) ;
b 1 1: not available !

R S — 6 | Fix this bit to 0", o |0io
i 7 |Nothing is arranged for this bit. This is a write 0 Oi X

Note: Bit 0 can be reprogrammed only when 0 V is applied to the CNVss/Vpe pin.

Fig. 2.15.3 Structure of Flash memory control register
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Flash command register

b7 b6 b5 b4 b3 b2 bl b0

Flash command register
(FCMD: address FFF1s)

b Functions At reset| R {W
1.0 | Writing of software command 0 Xi0
| 1 | <Software command name> <Command code> 0 Xi0

2 | * Read command * “0016” 0 Xi0
? * Program command * “4016" 0 X0
— |+ Program verify command  « “C016" i

4 w40 0__|XiO
—1* Erase command * “2016"+ “2016 o)
L2 1. Erase verify command * “A016" 0 X}
| 6 |+ Reset command * “FF16”" + “FF16” 0 X0

7 0 X110

Note: The flash command register is a write-only register.

Fig. 2.15.4 Structure of Flash command register

2.15.4 Parallel 1/O mode

In the parallel /O mode, program/erase to the built-in flash memory can be performed by a general EPROM

programmer.

Set the programming mode of the EPROM programmer to M5M28F101 and set the memory area of
program/erase from 010001 to OFFFF16. Be especially careful when erasing; if the memory area is not set
correctly, the products will be damaged eternally.
Table 2.15.1 shows the setting of EPROM programmers when programming in the parallel I/O mode.

Table 2.15.1 Setting of EPROM programmers when parallel programming

Products Programming adapter Programming mode Memory area
M38869FFAHP PCA4738HF-80 M5M28F101 0100015 to OFEEE
M38869FFAGP PCA4738GF-80 e 0 °
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2.15.5 Serial I/O mode

Table 2.15.2 shows a pin connection example using MSP-I/MSP-II® between the programmer and the
microcomputer when programming in the serial /O mode.

OMSP-I/MSP-II provided by Suisei Electronics System Co., Ltd. (http://www.suisei.co.jp/index_e.htm)
(product available in Asia and Oceania only)

Table 2.15.2 Connection example to programmer when serial programming

MSP-I/MSP-II 3886 Group flash memory version
Signal name Target connector Pin name Pin number
Line number
BUSY 1 P47/Srov1 18
VPP (Note 1) 2 CNVss (Note 1) 24
VDD (Note 3) 3 Vce (Note 3) 71
SCL 4 P46/ScLk1 19
SDA 5 P44/RxD 21
PGM/OE 6 P37 55
RESET 7 RESET 25
GND (Note 2) 8 Vss, AVss (Note 2) 30, 73

Notes 1: Connect an approximate 0.01 pF capacitor between CNVss/Ver and GND for noise elimination.
2: When connecting a serial programmer, first connect both GNDs to the same GND level.
3: When the Vcc power is already supplied to the target board, do not connect the VDD supply pin
of the serial programmer to Vcc of the target board.
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2.15.6 CPU reprogramming mode

In the CPU reprogramming mode, issuing software commands through the Central Processing Unit (CPU)
can reprogram the built-in flash memory. Accordingly, the contents of the built-in flash memory can be
reprogrammed with the microcomputer itself mounted on board, without using the EPROM programmer.
Store the reprogramming control program to the built-in flash memory in advance. The built-in flash memory
cannot be read in the CPU reprogramming mode. Accordingly, after transferring the reprogramming control
program to the internal RAM, execute it on the RAM.

The following commands can be used in the CPU reprogramming mode: read, program, program verify,
erase, erase verify, and reset. For details concerning each command, refer to “CHAPTER 1 Flash memory
mode 3 (CPU reprogramming mode)”.

(1) CPU reprogramming mode beginning/release procedures
Operation procedure in the CPU reprogramming mode for the built-in flash memory is described
below.
As for the control example, refer to “2.15.7 (2) Control example in the CPU reprogramming mode.”

[Beginning procedure]

O Apply 0 V to the CNVss/Ver pin for reset release.

O After CPU reprogramming mode control program is transferred to internal RAM, jump to this
control program on RAM. (The following operations are controlled by this control program).

0 Set “1” to the CPU reprogramming mode select bit (bit 0 of address OFFEus).

O Apply VeeH to the CNVss/Ver pin.

O Wait until CNVss/Vee pin becomes 12 V.

O Read the CPU reprogramming mode monitor flag (bit 2 of address OFFEis) to confirm that the
CPU reprogramming mode is valid.

O Flash memory operations are executed by writing software-commands to the flash command
register (address OFFFus).

Note: The following procedures are also necessary.
» Control for data which is input from the external (serial I/O etc.) and to be programmed
to the flash memory.
« Initial setting for ports, etc.
« Writing to the watchdog timer

[Release procedure]
O Apply 0 V to the CNVss/Vee pin.
O Wait until CNVss/Ver pin becomes 0 V.
O Set the CPU reprogramming mode select bit (bit 0 of address OFFEis) to “0”.
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Also, execute the following processing before the CPU reprogramming mode is selected so that interrupts
will not occur during the CPU reprogramming mode.

« Set the interrupt disable flag (I) to “1”

In the CPU reprogramming mode, write to the watchdog timer control register (address 1Eis) periodically
to prevent the generation of a reset by the underflow of the watchdog timer H.

In the program state (programming time: max. 9.5 ps), watchdog timer H and L are set to “FFis”, and the
count stop. The count is started again after the program state or the erase state is completed. Accordingly,
the write period of the watchdog timer control register is calculated except for the program time and erase
time.

When the interrupt request or reset occurs in the CPU reprogramming mode, the microcomputer enters the
following states;

(1) Interrupt

This may cause a program runaway because the flash memory that has an interrupt vector area cannot
be read.

(2) Underflow of watchdog timer H, reset

This may cause a microcomputer reset; the built-in flash memory control circuit and the flash memory
control register are reset.

Also, note that, when the interrupt or reset occurs during program/erase, error data may still exist after
reset release because the reprogramming of the flash memory has not been completed. In this case,
setting the proper program code to the flash memory in the parallel I/O mode or serial /O mode is required.

2.15.7 Flash memory mode application examples
The control pin processing example on the system board in the serial I/0O mode and the control example
in the CPU reprogramming mode are described below.

(1) Control pin connection example on the system board in serial I/O mode
As shown in Figure 2.15.5, in the serial I/O mode, the built-in flash memory can be reprogrammed
with the microcomputer mounted on board. Connection examples of control pins (P37, P44, P4s, P47,
CNVss and RESET pin) in the serial 1/O mode are described below.

| —'T| RS-232C  geyial programmer

Master ROM

Fig. 2.15.5 Reprogramming example of built-in flash memory in serial 1/0 mode
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O When control signals are not affected to user system circuit
When the control signals in the serial /O mode are not used or not affected to the user system
circuit, they can be connected as shown in Figure 2.15.6.

Target board

Not use’fi or to user system circuit

M38869FF
. SDA(P44) ay
. J| SCLK(P46)
. » OE(P37) VCCJ
. BUSY(P47)

AVss

*- »;/\/\/\/_,—b VPP(CNVsSs) Vss
77

‘—’\/\/\/? o= 777
ED RESET Xin - Xout
User reset signal (Low active) ﬁui

]/" % : When not used, set to input mode and pull up or pull down, or set to output mode and open.

Fig. 2.15.6 Connection example in serial I/O mode (1)

O When control signals are affected to user system circuit-1
Figure 2.15.7 shows an example that the jumper switch cut-off the control signals not to supply
to the user system circuit in the serial I/0O mode.

Target board

v

To user system circuit

v

ol
o

M38869FF
SI »| SDA(P44) <
[ood
» SCLK(P46) Vee
food ——
» OE(P37)
food
BUSY (P47)
AVss
e VPP(CNVss) Vss
‘—’\/\/\/? 7 777
ED »RESET XN Xout
—7|/7 User reset signal (Low active) 7ﬁ|:|7}j7

Fig. 2.15.7 Connection example in serial /O mode (2)

2-168 3886 Group User’'s Manual



APPLICATION
2.15 Flash memory

O When control signals are affected to user system circuit-2
Figure 2.15.8 shows an example that the analog switch (74HC4066) cut-off the control signhals not
to supply to the user system circuit in the serial 1/0 mode.

Target board

74HC4066
B To user system circuit
M38869FF
- o » SDA(P44)
° » SCLK(P46)
. + OE(P37) Vee
« ° BUSY(P47)
AVss
. ,;.;’\/WJ » VPP(CNVss) Vss
—‘_WV? Za RESET e
XN Xout
—77L User reset signal (Low Active) 7j;“:|7}j7

Fig. 2.15.8 Connection example in serial /O mode (3)
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(2) Control example in CPU reprogramming mode
In this example, the built-in flash memory is reprogrammed in the CPU reprogramming mode by
serial 1/0O, receiving the reprogramming data (updated data).
Figure 2.15.9 shows an example of the reprogramming system for the built-in flash memory in the
CPU reprogramming mode.

M38869FF
Port for CPU reprogramming mode _9_
switch 1 3/Pi2
(CPU reprogramming mode is
selected/released by port Pi2 input signal) Vee
i Pio
Reprogramming data input control y CLK1
(Updated data is received by serial /0) _— 3IRxD1 Vss
«——TxD1
VPP circuit control port .
ON/OFF of Vep control Pi1
circuit is controlled by OV €—»12V RESET
port Pi1 output. " VpPr(CNVss)
Vpp User reset signal
control
circuit XN Xout
O
(i=0to8)
10 MHz
* Refer to Figure 2.15.14 and Figure 2.15.15.

Fig. 2.15.9 Example of reprogramming system for built-in flash memory in CPU reprogramming
mode

e Specifications
0 CPU reprogramming mode is selected/released by the input signal to Pi-.
0 Updated data is received by serial 1/0.
O The transfer enable state of serial transmit side is judged by “L” level input to Pio.
O Vee control circuit is turned ON/OFF by the output from Pi: (refer to Figure 2.15.14 and Figure
2.15.15).
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Note: In this example, the following program is transferred to and executed on the internal
RAM.

CPU reprogramming In this program example, the flash memory is reprogrammed by
control program example/ receiving each 1 byte of data from serial 1/O.

Serial 1/O initialization O Preparing for transition to CPU
set reprogramming mode

Disable the interrupt of built-in
peripheral functions in this processing.
------------------------- Also, initialize watchdog timer (write to

| |Interrupt disable processing| |

CPU reprogramming mode watchdog timer control register) to
select bit = "1" prevent generation of watchdog timer
[ 1oV lied cireuit interrupt.
_aqn applied circui
Port Pi1 =*1
| to Vep “ON”
Apply Vpp voltage = VrrPH
waiting for stabilization *1
0 Transition to CPU reprogramming mode
PU reprogramming A Initialize watchdog timer (write to
mode inglqltgr flag watchdog timer control register) to prevent
_ generation of watchdog timer interrupt
during this processing.
Confirmation that CPU
- >reprogramming mode
Wait 5 ms 2 is valid.
CPU reprogramming
mode monitor flag

—ur 9

Continued to “CPU reprogramming control
program example (2)” on the next page.

*1: Waiting by software until VPp input voltage is stabilized at VprPH

is recommended. (Refer to Figures 2.15.14 and 2.15.15 Vpp voltage control timing(A).)
*2: The waiting time depends on Vprp control circuit (Refer to Figures

2.15.14 and 2.15.15 VPP voltage control timing ©).)

Fig. 2.15.10 CPU reprogramming control program example (1)
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page)

To a (next

Continued from “CPU
reprogramming control program
example (1)” on previous page.

All addresses
< “0016" ?

Program/program verify
processing
All bytes = “0016”

Set erase verify
start address

Initialization of software
counter (retry counter) for
erasure retry counter = “0”

Refer to “0 Program/program verify” for
program/program verify flow chart.

From b (next »
page)

| Retry counter + 1 |

I “2016” is written twice continuously
| Issue erase command to flash command register
(address OFFF16)

|| Wait 1 ps *1 ||

Erase/program

NO usy flag = “0” 2

YES

—
el

“A016” is written to flash
| Issue erase verify command | command register
| (address OFFF16)

|| Wait 6 ps *2 ||

Erase verify
data check

Erase verify
last address

| Erase verify address +1

Continued to “CPU reprogramming control
program example (4)” on the page after next

*1: The wait processing time shown in the flow chart is required
regardless of the external clock input frequency.

*2: The waiting time depends on Vprp control circuit (Refer to Figure
2.15.14 and Figure 2.15.15 VPP voltage control timing(C).)

O Erasure of reprogramming area

Initialize watchdog timer (write to watchdog
timer control register) to prevent generation
of watchdog timer interrupt during this
processing.

_______________________________________________ LA

Fig. 2.15.11 CPU reprogramming control program example (2)
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Continued to “CPU reprogramming
control program example (2)” on
previous page

b

Continued from “CPU reprogramming
control program example (2)” on
previous page

a

No Retry counter

=1000 ?

Port Pi1 =“0”

Apply Vrp voltage = VppL
waiting for stabilizing *1

CPU reprogramming
mode monitor flag
T

YES
| Wait 5 ms *2 |

CPU reprogramming mode
select bit = “0”

CPU reprogramming
mode select bit

CPU reprogramming error

*1: Waiting by software until VPp input voltage is stabilized at VppL
is recommended. (Refer to Figure 2.15.14 and Figure 2.15.15
VPP voltage control timing(B))

*2: The wait time depends on Vpp control circuit (Refer to Figure
2.15.14 and Figure 2.15.15 Vpp voltage control timing(@C))

A

Continued from O

0 CPU reprogramming mode release

Initialize watchdog timer (write to
watchdog timer control register) to
prevent generation of watchdog timer
interrupt during this processing.

Fig. 2.15.12 CPU reprogramming control program example (3)
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Continued from “CPU reprogramming control
program example (2)” on page before previous

| Set program start address

=

Initialization of software counter
(retry counter) for reprogramming
retry count = “0”

Reprogramming data receive
from serial 1/0

| Retry counter + 1 |

I “4016” is written to flash
| Issue program command | command register

I (address OFFFu16)
Reprogramming data is written
to program address

[
|| Wait 1 ps *1 ||

Erase/program
busy flag = “0" 2

Waiting for program
completed

“C016” is written to flash

| Issue program verify command | command register
I (address OFFFu16)

|| Wait 6 ps *1 ||

FAIL

Program verify

Retry counter
=25?

data check

Port Pi1 = “0"

Apply Vpp voltage = VpPpL
waiting for stabilizing *2

PASS
Program last addres
| VES | Program address + 1 |
L |
[P—— 12V applied circuit
| | Port Pix = 0 to Ve “OFF"

CPU reprogramming
mode monitor flag
Q2

YES

Apply Vpp voltage = VrpL
waiting for stabilizing *2

CPU reprogramming

Wait 5 ms *3

mode monitor flag

CPU reprogramming
mode select bit = “0”

| | Wait 5 ms *3 |

CPU reprogramming
mode select bit
s

CPU reprogramming error

| CPU reprogramming mode |
select bit = “0”

Waiting for release of CPU
reprogramming mode

CPU reprogramming
mode select bit

O Program/program verify

Initialize watchdog timer (write to
watchdog timer control register) to
prevent generation of watchdog
timer interrupt during this
processing.

0 CPU reprogramming mode release

Initialize watchdog timer (write to
watchdog timer control register) to
prevent generation of watchdog timer
interrupt during this processing.

e LA

*1: The wait processing time shown in the flow chart is required regardless of the external clock input frequency.

*2: Waiting by software until VPp input voltage is stabilized at VppL is recommended. (Refer to Figure 2.15.14 and
Figure 2.15.15 VPP voltage control timing(B))

*3: The w%i:)ting time depends on Vpp control circuit (Refer to Figure 2.15.14 and Figure 2.15.15 Vpp voltage control
timing(C))

Fig. 2.15.13 CPU reprogramming control program example (4)
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e When 12 V voltage is supplied to target system

At Pi1 = L output, VPP =11.8 V
Vin=12V 28A1364 At Pi1 = H output, VPP =0 V
System power source () O Vep

47 yF

2.7kQ
at OFF signal =

1kQ

: (O Piz (Vrp circuit control port)
"""""""" ON/OFF signal

Input ON/OFF signal

7J7_ so that this point
is 1.5 V or more at OFF

state of Vep output.

-

VPP voltage control timing

Pii=H
Pii=L -
Vep=12V ] L e
: @\
Vep =0V ‘ @ 7777777777777777777777777777777777777
Transition to CPU reprogramming Transition to CPU reprogramming
mode enable cannot be allowed mode disable cannot be allowed
until Vep = VppH. until Vep = VppL.

Fig. 2.15.14 Ver control circuit example (1)

e When only 5 V voltage is supplied to target system

Schottky At Pi1 = L output, VP = 12V

ViN=5V RT1P137P 100 pH Diode AtPi1=H output VeP =0V
System power source Q_T_. SO P! QVpp
100 pF 777 Keep VF as
100 Q small as 33kQ
possible. L0 uF 0.1 uF
¢ C OUT 3.9k
10 kQ
E OUT 2SD1972
M62212FP
J \ N
, Set radiation about
DTC GND 036W0O5
RTIN144C | °
1kQ - o .1 uF
(VPP circuit control port) Pi 7

ON/OFF signal

2SC3580
47 kQ

Vpp voltage control timing

Pii=H
Pii=L
Vep =12V
Vep =0V
Transition to CPU reprogramming Transition to CPU reprogramming
mode enable cannot be allowed mode disable cannot be allowed
until Vep = VepH. until Vep = VepL.

Fig. 2.15.15 Vee control circuit example (2)
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2.15.8 Notes on CPU reprogramming mode

€]

(2

3

4)

Transfer the CPU reprogramming mode control program to the internal RAM before selecting the
CPU reprogramming mode, and then, execute it on the internal RAM. Additionally, when the subroutine
or stack operation instruction is used in the control program, make sure the control program is not
destroyed by the stack operation.

Make sure each instruction description (specified address etc.) is correct, because the CPU reprogramming
mode control program is transferred to the internal RAM and executed on the internal RAM.

In order to avoid generation of a watchdog timer reset, write to the watchdog timer control register
periodically during the CPU reprogramming mode control program (refer to “2.7 Watchdog timer”).

Notes on flash memory version

The CNVss pin is connected to the internal memory circuit block by a low-ohmic resistance, since it
works as a program power source pin (Vee pin), as well.

To improve the noise margin, connect the CNVss pin to Vss through 1 to 10 kQ resistor.

When the CNVss pin of the mask ROM version is connected to Vss through this resistor, the function
of mask ROM version works well in the same manner as flash memory version.
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3.1 Electrical characteristics

3.1 Electrical characteristics

3.1.1 Absolute maximum ratings

Table 3.1.1 Absolute maximum ratings

Symbol Parameter Conditions Ratings Unit
Vcc Power source voltages (Note 1) -0.3t07.0 \
Vcc Power source voltages (Note 2) -0.3t06.5 \%

Input voltage  P00-P07, P1o-P17, P20-P27,
Vi P30-P37, P40—P47, P50-P57, —-0.3to Vcc +0.3 \%
P60-P67, P80—P87, VREF
VI Input voltage P70-P77 -0.3t05.8 vV
Vi Input voltage RESET, XIN All Vo|[ages are based on Vss. -0.3to Vcc +0.3 \Y
Vi Input voltage CNVss (Note 3) Output transistors are cut off. -0.3t07 v
Vi Input voltage CNVss (Note 4) -0.3to Vcc +0.3 \%
Vi Input voltage ~ CNVss (Note 5) -0.3t0 13 \%
Output voltage POo—P07, P1o-P17, P20-P27,
Vo P30-P37, P40—P47, P50-P57, —-0.3to Vcc +0.3 \%
P60-P67, P80—-P87, XouT

Vo Output voltage P70-P77 -0.3t05.8 \%
Pd Power dissipation Ta=25°C 500 mw
Topr Operating temperature —-20to 85 °C
Tstg Storage temperature —40 to 125 °C
Notes 1: M38867M8A, M38867E8A

2: M38869M8A, M38869MCA, M38869MFA, M38869FFA

3: M38867M8A

4: M38869M8A, M38869MCA, M38869MFA

5: M38867E8A, M38869FFA
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3.1.2 Recommended operating conditions

Table 3.1.2 Recommended operating conditions (1)

(Vcc=2.7t0 5.5V, Vcc =4.0to 5.5 V for flash memory version, Ta =—-20 to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits .
Symbol Parameter i Tvp. Mo, Unit
vee Power source voltage (f(XIN) < 4.1 MHz) 2.7 5.0 5.5 v
Power source voltage (f(XIN) = 10 MHz) 4.0 5.0 5.5
Vce Power source voltage (flash memory version) 4.0 5.0 5.5 \4
Vss Power source voltage 0 \%
VREF Analog reference voltage (when A-D converter is used) 2.0 \Y/elo} Y
Analog reference voltage (when D-A converter is used) 2.7 \Y/ele}
AVss Analog power source voltage 0 \
Via A-D converter input voltage ANo-AN7 AVss Ve \Y
Vi T input voliage a7, PS0-PS7. PaO-Por, PBOPEY T [08veS voe | v
VIH “H” input voltage P76, P77 0.8vVcc 5.5 Y,
ViH “H” input voltage (when 12C-BUS input level is selected) 0.7Vce 55 Vv
SDA, ScL
VIH “H” input voltage (when SMBUS input level is selected) 1.4 55 Vv
SDA, SCL
VIH H” input voltage (when CMOS |ngztzl_e';/fé’|%s§)lfggg?wlﬁ’§)’ $1 Ao 0.8vee vee v
VIH H” input voltage (when CMOS |ng%l_e$/7e; is selected) 0.8vee 55 v
VIH “H” input voltage (when TTL input level is selected) 20 vee v
P42-P46, DQo-DQ7, W, R, So, S1, Ao (Note) :
VIH “H” input voltage (when TTL input level is selected) 20 5.5
P70-P75 (Note)
VIH “H” input voltage RESET, XIN, XcIN, CNVss 0.8vVcc Vce
o [ineuvotage B bl Ptz e b PP |
VIL “L” input voltage (when 12C-BUS gs:t Isee/tal is selected) 0 0.3Vee v
VIL “L” input voltage (when SMBUS input level is selected) 0 0.6 v
SDA, ScL
VIL “L” input voltage (when CMOS input level is selected) - 0 0.2vee v
P42—-P46, P70-P75, DQ0—DQ7, W, R, So, S1, Ao
VIL “L” input voltage (when TTL input level is selected) I 0 0.8 v
P42—P46, P70-P75, DQo-DQ7, W, R, So, S1, Ao (Note)
ViL “L” input voltage RESET, CNVss 0 0.2Vcc | Vv
ViL “L” input voltage XIN, XCIN 0 0.16vcc| V
Note : When Vccis4.0to 5.5 V.
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Table 3.1.3 Recommended operating conditions (2)
(Vcc=2.7t0 5.5V, Vcc =4.0to 5.5V for flash memory version, Ta =-20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
YloH(peak) | “H” total peak output current P00-P07, P10-P17, P20-P27, P30-P37, P80—-P87 (Note) -80 mA
YloH(peak) | “H” total peak output current P40-P47, P50-P57, P60—P67 (Note) -80 mA
>10L(peak) “L” total peak output current P00-P07, P10-P17, P20-P23, P30-P37, P80—-P87 (Note) 80 mA
In single-chip mode 80 mA
5| c “L” total peak output current -
OL(peak) P24-P27 (Note) In memory expansion mode 20 mA
In microprocessor mode
>10L(peak) “L” total peak output current P40-P47,P50-P57, P60-P67, P70-P77 (Note) 80 mA
>10H(avg) “H” total average output current P00—P07, P1o-P17, P20-P27, P30-P37, P80—P87 (Note) -40 mA
>10H(avg) “H” total average output current P40—P47,P50-P57, P60—P67 (Note) -40 mA
>l0L(avg) “L” total average output current P00—P07, P1o-P17, P20-P23, P30-P37, P80—P87 (Note) 40 mA
In single-chip mode 40 mA
SloL “L” total average output current - d
(avg) P24-P27 (Note) In memory expansion mode 40 mA
In microprocessor mode
Sl0L(avg) “L” total average output current P40-P47,P50-P57, P60-P67, P70—-P77 (Note) 40 mA

Note : The total output current is the sum of all the currents flowing through all the applicable ports. The total average current is an average value measured
over 100 ms. The total peak current is the peak value of all the currents.

Table 3.1.4 Recommended operating conditions (3)
(Vcc=2.7t0 5.5V, Vcc =4.0to 5.5 V for flash memory version, Ta =-20 to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
“H” peak output current P00-PO07, P10-P17, P20—P27, P30-P37, P40-P47, _
10H(peak) P50-P57, P60—P67, P80—P87 (Note 1) 10 | mA
“L” peak output current P00-PO07, P10-P17, P20-P23, P30-P37, P40-P47,
0L (peal) P50-P57, P60—P67, P70-P77, P80—P87 (Note 1) 10 | mA
In single-chip mode 20 mA
o ¢ “L” peak output current -
L(peak) P24-P27 (Note 1) In memory expansion mode 10 mA
In microprocessor mode
I0H(avg) “H" average output current P00-PO07, P1o-P17, P20-P27, P30-P37, P40-P47, _5 mA
P50-P57, P60-P67, P80—P87 (Note 2)
I0L(avg) “L” average output current P00-PO07, P1o-P17, P20—P23, P30-P37, P40-P47, 5 mA
P50-P57, P60—P67, P70-P77, P80—P87 (Note 2)
o In single-chip mode 15 mA
loL(avg) L” peak output current | - q
9 P24-P27 (Note 2) n memory expansion mode
In microprocessor mode 5 mA
High-speed mode
4.0V<VcCc <55V 10 | Mhz
High-speed mode
2.7V<Vcc<4.0V 45Vee-8| MHz
F(XIN) Main clock input oscillation Middle-speed mode
frequency (Note 3) 40V<Vcc <55V 10 MHz
Middle-speed mode
2.7 V< Vce £ 4.0 V (Note 5) 10| MHz
Middle-speed mode
2.7 V< Vce < 4.0 V (Note 5) 45Vee-8| MHz
f(XcIN) Sub-clock input oscillation frequency (Notes 3, 4) 32.768 50 kHz

Notes 1: The peak output current is the peak current flowing in each port.
2: The average output current loL(avg), loH(avg) are average value measured over 100 ms.

a b~ w

the max. 4.5Vcc-8 (MHz).

: When the oscillation frequency has a duty cycle of 50%.
: When using the microcomputer in low-speed mode, set the sub-clock input oscillation frequency on condition that f(XCIN) < f(XIN)/3.
: When using the timer X/Y, timer 1/2, serial 1/01, serial /02, A-D converter, comparator, and PWM, set the main clock input oscillation frequency to
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3.1.3 Electrical characteristics

Table 3.1.5 Electrical characteristics (1)

(Vec=2.7t0 5.5V, Vcc =4.0to 5.5V for flash memory version, Vss=0V, Ta=-20to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Limits
Symbol Parameter Test conditions Min Tvp Max Unit
“H” output voltage loH=-10 mA
v P00-P07, P10-P17, P20-P27 Vcc=4.01055V vee-2.0 v
OH P30-P37, P40-P47, P50-P57 IoH=-1.0 mA Vee-1.0 v
P60—P67, P80—P87 (Note) Vcc=27t055V T
“L” output voltage loL=10 mA 2.0 vV
VoL P00-P07, P1o-P17, P20-P27 Vcc=4.0t05.5V )
P30-P37, P40—P47, P50-P57 loL=1.6 mA 0.4 v
P60-P67, P70-P77, P80—P87 Vcc=27t055V )
Hysteresis
T CNTRo, CNTR1, INTo, INT1
VIe=VT INT20-INT40, INT21-INT41 04 v
P30-P37
Hysteresis
VT+=VT- RXD, SCLK1, SIN2, SCLK2 0.5 v
VT+-VT- Hysteresis RESET 0.5 Vv
“H” input current Vi = Vee
I P00—P07, P10-P17, P20-P27 (Pin floating. Pull-up 50 uA
P30-P37, P40—P47, P50-P57 transistors “off")
P60-P67, P70-P77, P80—P87
lIH “H” input current  RESET, CNVss Vi=\Vcc 5.0 HA
IIH “H” input current ~ XIN Vi=Vcc 4 HA
“L” input current
Vi=Vss
P00-P07, P10—-P17, P20-P27 : :
- P30-P37, P40-P47, P50-P57 Egrr]‘sfi';’titr'ggbg,‘;”'“p -5.0 WA
P60-P67, P70—P77, P80—P87
I “L” input current RESET,CNVss VI=Vss -5.0 HA
I “L” input current  XIN VI=Vss —4 HA
Vi=Vss
. -20 -60 -120
m “L” input current Vcc=4.0to 5.5V WA
P30-P37 (at Pull-up) Vi=Vss _10 A
Ve =2.710 5.5V a5
VRAM RAM hold voltage When clock stopped 2.0 5.5 \Y

Note: PO0—P03 are measured when the PO0—P03 output structure selection bit of the port control register 1 (bit O of address 002E16) is “0”.
P04—P07 are measured when the P04—P07 output structure selection bit of the port control register 1 (bit 1 of address 002Ez1s) is “0”".
P1lo-P13 are measured when the P10—-P13 output structure selection bit of the port control register 1 (bit 2 of address 002Ez1s6) is “0”.
P14-P17 are measured when the P14—P17 output structure selection bit of the port control register 1 (bit 3 of address 002Ez1s) is “0”".

P42, P43, P44, and P46 are measured when the P4 output structure selection bit of the port control register 2 (bit 2 of address 002F16) is “0”.

P45 is measured when the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B16) is “0”.
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APPENDIX

3.1 Electrical characteristics

Table 3.1.6 Electrical characteristics (2)
(Vcc=2.7t0 5.5V, Vcc =4.0to 5.5V for flash memory version, Vss=0V, Ta=-20 to 85 °C, unless otherwise noted)

Limits
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
High-speed mode
f(XIN) = 10 MHz
f(XCIN) = 32.768 kHz 8.0 15 mA
Output transistors “off”
High-speed mode
f(XIN) = 8 MHz
f(XCIN) = 32.768 kHz 6.8 13 mA
Output transistors “off”
High-speed mode_
f(XIN) = 10 MHz (in WIT state) 16 mA

f(XcIN) = 32.768 kHz
Output transistors “off”

Low-speed mode
f(XIN) = stopped

f(XCIN) = 32.768 kHz 60 200 HA
Output transistors “off”

Low-speed mode
f(XIN) = stopped

Icc Power source current | f(XcIN) = 32.768 kHz (in WIT state) 20 40 HA
Output transistors “off”

Low-speed mode (Vcc =3 V)
f(XIN) = stopped

f(XcIN) = 32.768 kHz

Output transistors “off”

20 55 HA

Low-speed mode (Vcc =3 V)
f(XIN) = stopped

f(XCIN) = 32.768 kHz (in WIT state) 8.0 200 WA
Output transistors “off”

Middle-speed mode
f(XiN) = 10 MHz
f(XCIN) = stopped
Output transistors “off”

4.0 7.0 mA

Middle-speed mode
f(XIN) = 10 MHz (in WIT state)

f(XcIN) = stopped 15 mA
Output transistors “off”

Increment when A-D conversion is
executed 800 UA
f(XIN) = 10 MHz

All oscillation stopped | Ta = 25 °C 0.1 1.0 HA
(in STP state)
Output transistors “off’ | Ta = 85 °C 10 HA
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3.1.4 A-D converter characteristics

Table 3.1.7 A-D converter characteristics (1)
(Vec=2.7t0 5.5V, Vcc =4.0to 5.5 V for flash memory version, VREF = 2.0 V to Vcc, Vss = AVss =0V, Ta = -20 to 85 °C, unless otherwise noted)
10-bit A-D mode (when conversion mode selection bit (bit 7 of address 003816) is “0")

APPENDIX

3.1 Electrical characteristics

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
- Resolution 10 bit
- Absolute accuracy (excluding quantization error) | Vcc=VREF=5.0 V 4 LSB
{CONV Conversion time 61 2tc(XIN)
RLADDER Ladder resistor 12 35 100 kQ
IVREF Reference power at A-D converter operated | VREF=5.0 V 50 150 200 UA
source input current | ¢ A_D converter stopped | VREF=5.0 V 5 HA
lI(AD) A-D port input current 5.0 A

Table 3.1.8 A-D converter characteristics (2)
(Vec=2.7t0 5.5V, Vcc =4.0to 5.5 V for flash memory version, VREF = 2.0 V to Vcc, Vss = AVss =0V, Ta = -20 to 85 °C, unless otherwise noted)

8-bit A-D mode (when conversion mode selection bit (bit 7 of address 003816) is “1")

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
- Resolution 8 bit
- Absolute accuracy (excluding quantization error) | Vcc=VREF=5.0V +2 LSB
{CONV Conversion time 50 2tc(XIN)
RLADDER Ladder resistor 12 35 100 kQ
IVREF Reference power at A-D converter operated | VREF=5.0 V 50 150 200 MA
source input current | 5t A-D converter stopped | VREF=5.0 V 5 HA
lI(AD) A-D port input current 5.0 PA

3.1.5 D-A converter characteristics

Table 3.1.9 D-A converter characteristics
(Vec=2.7t0 5.5V, Vcc =4.0to 5.5V for flash memory version, VREF = 2.7 V to Vcc, Vss = AVss = 0V, Ta=-20 to 85 °C, unless otherwise noted)

Symbol Parameter Test conditions - Limits Unit
Min. Typ. Max.
- Resolution 8 Bits
Vcc=40to55V 1.0 %
- Absolute accuracy
Vcc=27t04.0V 2.5 %
tsu Setting time 3 us
RO Output resistor 1 2.5 4 kQ
IVREF Reference power source input current (Note 1) 3.2 mA
Note 1: Using one D-A converter, with the value in the D-A conversion register of the other D-A converter being “0016”.
3.1.6 Comparator characteristics
Table 3.1.10 Comparator characteristics
(Vcc =2.7t0 5.5V, Vcc =4.0to 5.5V for flash memory version, Vss =0V, Ta =-20 to 85 °C, unless otherwise noted)
» Limits i
Symbol Parameter Test conditions - Unit
Min. Typ. Max.
- Absolute accuracy 1LSB = Vcc/16 1/2 LSB
at 10 MHz operating 2.8 us
TCONV Conversion time at 8 MHz operating 3.5 us
at 4 MHz operating 7 us
VIA Analog input voltage 0 \4ele \%
lIA Analog input current 5.0 pA
RLADDER Ladder resistor 20 40 50 kQ
Internal reference voltage 29vce
CMPREF /32
External reference input voltage Vcc/32 Vcc
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APPENDIX

3.1 Electrical characteristics

3.1.7 Timing requirements

Table 3.1.11 Timing requirements (1)

(Vcc=4.0t05.5V,Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter - Unit
Min. Typ. Max.

tw(RESET) Reset input “L” pulse width 16 XIN cycles
tc(XIN) Main clock input cycle time 100 ns
tWH(XIN) Main clock input “H” pulse width 40 ns
tWL(XIN) Main clock input “L” pulse width 40 ns
tc(XCIN) Sub-clock input cycle time 20 us
tWH(XCIN) Sub-clock input “H” pulse width 5 us
twL(XCIN) Sub-clock input “L” pulse width 5 us
tc(CNTR) CNTRo, CNTR1 input cycle time 200 ns
tWH(CNTR) CNTRo, CNTR1 input “H” pulse width 80 ns
tWL(CNTR) CNTRo, CNTR1 input “L” pulse width 80 ns

INTo, INT1, INT20, INT30, INT40, INT21, INT31, INT41

tWH(INT) input “H” pulse width 80 ns
WL(INT) :r’:gl?t “III_\iTpll,Jllé\leTvzvci)altlr\]lT30, INT40, INT21, INT31, INT41 80 ns
tC(ScLK1) Serial 1/01 clock input cycle time (Note) 800 ns
tWH(SCLK1) Serial I/01 clock input “H” pulse width (Note) 370 ns
twL(SCLK1) Serial 1/01 clock input “L” pulse width (Note) 370 ns
tsu(RxD-SCLK1) Serial 1/01 input setup time 220 ns
th(ScLk1-RxD) Serial I/01 input hold time 100 ns
tC(SCLK2) Serial 1/02 clock input cycle time 1000 ns
tWH(SCLK2) Serial 1/02 clock input “H” pulse width 400 ns
twL(SCLK2) Serial 1/02 clock input “L” pulse width 400 ns
tsu(SIN2-SCLK2) Serial /02 input setup time 200 ns
th(SCLK2-SIN2) Serial /02 input hold time 200 ns

Note : When bit 6 of address 001A16 is “1” (clock synchronous).
Divide this value by four when bit 6 of address 001A16 is “0” (UART).

3-8
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APPENDIX

3.1 Electrical characteristics

Table 3.1.12 Timing requirements (2)
(Vcc=2.7t04.0V,Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

Limits )
Symbol Parameter Vi, Typ. | Max. Unit
tw(RESET) Reset input “L” pulse width 16 XIN cycles
tc(XIN) Main clock input cycle time 1000/(4.5Vcc-8) ns
tWH(XIN) Main clock input “H” pulse width 400/(4.5Vcc-8) ns
tWL(XIN) Main clock input “L” pulse width 400/(4.5Vcc-8) ns
tc(XcIN) Sub-clock input cycle time 20 ps
tWH(XCIN) Sub-clock input “H” pulse width 5 us
twL(XCIN) Sub-clock input “L” pulse width 5 us
tc(CNTR) CNTRo, CNTR1 input cycle time 500 ns
twH(CNTR) CNTRo, CNTR1 input “H” pulse width 230 ns
tWL(CNTR) CNTRo, CNTR1 input “L” pulse width 230 ns
INTo, INT1, INT20, INT30, INT40, INT21, INT31, INT41
tWH(INT) input “H” pulse width 230 ns
WL(INT) :r’:‘;;rL?t “IE’Tplﬁllgleij?’dlt’r\:TSO’ INT40, INT21, INT31, INT41 230 ns
tc(ScLk) Serial 1/01 clock input cycle time (Note) 2000 ns
twH(SCLK1) Serial 1/01 clock input “H” pulse width (Note) 950 ns
twL(SCLK1) Serial I/01 clock input “L” pulse width (Note) 950 ns
tsu(RxD-ScCLK1) Serial I/01 input setup time 400 ns
th(ScLK1-RxD) Serial I/01 input hold time 200 ns
tc(ScLk2) Serial 1/02 clock input cycle time 2000 ns
tWH(SCLK2) Serial 1/02 clock input “H” pulse width 950 ns
twWL(SCLK2) Serial 1/02 clock input “L” pulse width 950 ns
tsu(SIN2-ScLK2) Serial I/02 input setup time 400 ns
th(SCLK2-SIN2) Serial I/02 input hold time 300 ns

Note : When bit 6 of address 001A1s6 is “1” (clock synchronous).
Divide this value by four when bit 6 of address 001A16 is “0” (UART).
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APPENDIX

3.1 Electrical characteristics

3.1.8 Timing requirements for system bus interface

Table 3.1.13 Timing requirements for system bus interface (1)
(Vcc=4.0t0 5.5V, Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

Limits .
Symbol Parameter - Unit
Min. Typ. Max.
tsu (S-R) So, S1 setup time 0 ns
tsu (S-W) So, S1 setup time 0 ns
th (R-S) S0, S1 hold time 0 ns
th (W-S) So, S1 hold time 0 ns
tsu (A-R) A0 setup time 10 ns
tsu (A-W) A0 setup time 10 ns
th (R-A) A0 hold time 0 ns
th (W-A) A0 hold time 0 ns
tw (R) Read pulse width 120 ns
tw (W) Write pulse width 120 ns
tsu (D-W) Before write data input setup time 50 ns
th (W-D) After write data input hold time 0 ns
Table 3.1.14 Timing requirements for system bus interface (2)
(Vcc=2.7t04.0V,Vss =0V, Ta=-20to 85 °C, unless otherwise noted)
Limits )
Symbol Parameter - Unit
Min. Typ. Max.

tsu (S-R) So, S1 setup time 0 ns
tsu (S-W) So, S1 setup time 0 ns
th (R-S) S0, S1 hold time 0 ns
th (W-S) S0, S1 hold time 0 ns
tsu (A-R) A0 setup time 30 ns
tsu (A-W) A0 setup time 30 ns
th (R-A) A0 hold time 0 ns
th (W-A) AO hold time 0 ns
tw (R) Read pulse width 250 ns
tw (W) Write pulse width 250 ns
tsu (D-W) Before write data input setup time 130 ns
th (W-D) After write data input hold time 0 ns
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3.1.9 Switching characteristics

Table 3.1.15 Switching characteristics (1)
(Vcc=4.0t0 5.5V,Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

APPENDIX

3.1 Electrical characteristics

Symbol Parameter Test - Limits Unit
conditions Min. Typ. | Max.
twH (SCLK1) Serial 1/01 clock output “H” pulse width tc(ScLk1)/2-30 ns
twL (ScLK1) Serial 1/01 clock output “L” pulse width tc(ScLk1)/2-30 ns
td (SCLK1-TxD) Serial /01 output delay time (Note 1) ) 140 ns
tv (SCcLK1-TxD) Serial /01 output valid time (Note 1) Fig.3.1.1 -30 ns
tr (SCLK1) Serial /01 clock output rising time 30 ns
tf (SCLK1) Serial /01 clock output falling time 30 ns
twH (SCLK2) Serial 1/02 clock output “H” pulse width tc(ScLk2)/2-160 ns
twL (ScLK2) Serial 1/02 clock output “L” pulse width tc(ScLk2)/2-160 ns
td (ScLk2-SouT2) | Serial /02 output delay time Fig. 3.1.2 200 ns
tv (ScLk2-SouTt2) | Serial /02 output valid time 0 ns
tf (SCLK2) Serial 1/02 clock output falling time 30 ns
tr (CMOS) CMOS output rising time (Note 2) Fig. 3.1.1 10 30 ns
tf (CMOS) CMOS output falling time (Note 2) 10 30 ns
Notes 1: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001Bz16) is “0".
2: The Xourt pin is excluded.
Table 3.1.16 Switching characteristics (2)
(Vcc=2.7t04.0V,Vss =0V, Ta=-20to 85 °C, unless otherwise noted)

Symbol Parameter cor-lrc?itsi:)ns Min. T Typ. | Max. Unit
twH (SCLK1) Serial 1/01 clock output “H” pulse width tc(ScLk1)/2-50 ns
twL (ScLK1) Serial 1/01 clock output “L” pulse width tc(ScLk1)/2-50 ns
td (SCLK1-TxD) Serial /01 output delay time (Note 1) _ 350 ns
tv (SCcLK1-TxD) Serial 1/01 output valid time (Note 1) Fig.3.1.1 -30 ns
tr (SCLK1) Serial /01 clock output rising time 50 ns
tf (SCLK1) Serial /01 clock output falling time 50 ns
twH (SCLK2) Serial 1/02 clock output “H” pulse width tc(ScLk2)/2-240 ns
twL (ScLk2) Serial 1/02 clock output “L” pulse width tc(ScLk2)/2-240 ns
td (ScLk2-SouTt2) | Serial /02 output delay time Fig. 3.1.2 400 ns
tv (ScLk2-SouTt2) | Serial /02 output valid time 0 ns
tf (SCLK2) Serial 1/02 clock output falling time 50 ns
tr (CMOS) CMOS output rising time (Note 2) Fig. 3.1.1 20 50 ns
tf (CMOS) CMOS output falling time (Note 2) 20 50 ns

Notes 1: When the P45/TxD P-channel output disable bit of the UART control register (bit 4 of address 001B1s) is “0”.
2: The Xourt pin is excluded.
3.1.10 Switching characteristics for system bus interface
Table 3.1.17 Switching characteristics for system bus interface (1)
(Vec=4.0t0 5.5V,Vss =0V, Ta=-20to 85 °C, unless otherwise noted)
Limits
Symbol Parameter - Unit
Min. Typ. Max.
ta(R-D) After read data output enable time 80 ns
tv(R-D) After read data output disable time 0 30 ns
tPLH(R-OBF) After read OBFoo, OBFo01, OBF10 output propagation time 150 ns
Table 3.1.18 Switching characteristics for system bus interface (2)
(Vcc =2.7t0 4.0V, Vss =0V, Ta=-20to 85 °C, unless otherwise noted)
Limits ]

Symbol Parameter Min, Typ. Mo, Unit
ta(R-D) After read data output enable time 130 ns
tv(R-D) After read data output disable time 0 85 ns
tPLH(R-OBF) After read OBFoo, OBFo1, OBF10 output propagation time 300 ns
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APPENDIX

3.1 Electrical characteristics

3.1.11 Timing requirements in memory expansi

on mode and microprocessor mode

Table 3.1.19 Timing requirements in memory expansion mode and microprocessor mode
(Vcc=4.0t055V,Vss=0V, Ta=-20to 85 °C, in high-speed mode, unless otherwise noted)

Limits
Symbol Parameter - Unit
Min. Typ. Max.

tsu (ONW-() ONW input setup time -20 ns
th (¢-ONW) ONW input hold time -20 ns
tsu (DB-@) Data bus setup time 50 ns
th (¢-DB) Data bus hold time 0 ns
tsu (ONW-RD), tsu (ONW-WR) | ONW input setup time -20 ns
th (RD-ONW), th (WR-ONW) ONW input hold time —-20 ns
tsu (DB-RD) Data bus setup time 50 ns
th (RD-DB) Data bus hold time 0 ns
3.1.12 Switching characteristics in memory expansion mode and microprocessor mode

Table 3.1.20 Switching characteristics in memory expansion mode and microprocessor mode

(Vcc=4.0t0 5.5V,Vss=0V, Ta=-20to 85 °C, in high-speed mode, unless otherwise noted)

Symbol Parameter con-[:leizz)ns Min. LImItSTyp. Mo, Unit
tc(g) @ clock cycle time 2tc(XIN) ns
twH() @ clock “H” pulse width tc(XIN)-10 ns
twL(p) @clock “L” pulse width tc(XIN)-10 ns
td(@-AH) AD15-ADs delay time 16 35 ns
td(@-AL) AD7-ADo delay time 20 40 ns
tv(@-AH) AD15-ADs valid time 2 5 ns
tv(@-AL) AD7-ADo valid time 2 5 ns
td(¢-SYNC) SYNC delay time 16 ns
tv(@-SYNC) SYNC valid time Fig. 3.1.1 5 ns
td(e-DB) Data bus delay time 15 30 ns
tv(¢-DB) Data bus valid time 10 ns

o - RD pulse width, WR pulse width tc(XIN)-10 ns
twL(RD), twL(WR) RD pulse width, WR pulse width 3tc(XiN)-10 ns

(When one-wait is valid)

td(AH-RD), td(AH-WR) | AD15-ADs delay time tc(XIN)-35 tc(XIN)-16 ns
td(AL-RD), td(AL-WR) AD7-ADo delay time tc(XIN)-40 tc(XIN)—20 ns
tv(RD-AH), tv(WR-AH) | AD15—ADs valid time 2 5 ns
tv(RD-AL), tv(WR-AL) | AD7-ADo valid time 2 5 ns
td(WR-DB) Data bus delay time 15 30 ns
tv(WR-DB) Data bus valid time 10 ns
td(RESET-RESEToUT) RESETouT output delay time 200 ns
tv(@-RESETOUT) RESETouT output valid time (Note) 0 100 ns

Note: The RESETouT output goes “H” in synchronized with the rise of the ¢ clock that is anywhere between a few cycles and 10-several cycles after RESET

input goes “H".

Measurement output pin O—l—>
; 100 pF

CMOS output

1kQ

N-channel open-drain output

Measurement output pin

Fig. 3.1.1 Circuit for measuring output switching characteristics (1)

Fig. 3.1.2 Circuit for measuring output switching characteristics (2)
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INTo,INT1

XIN

XCIN

ScCLK1
ScLK2

RxD
SIN2

XD
SouTt2

CNTRo, CNTR1

INT20,INT30,INT40
INT21,INT31,INT41

RESET

Timing diagram in single-chip mode

-

S

{

{

/

tc(scika),

)’\‘( 0.2Vcc A

tC(CNTR)
TWH(CNTR) L fWL(CNTR)
0.8Vcc /
)’\L 0.2Vcc A
TWH(INT) | tWL(INT) |
0.8V S
e )’\‘( 0.2Vcc
tW(RESET) )
0.8Vcc
0.2Vcc
tcxing
. TWH(XIN) . tWL(XIN)
0.8V /
/“ cc )’\‘( 0.2Vcc ;
tc(xeiny
tWH(XCIN) o twL(XCIN)
0.8Vcc /

tc(scLk2)

twL(ScLk1), twL(ScLK2)

tr TWH(SCLK1), tWH(SCLK2)

|

N

0.2Vcc
N

tsu(RxD-SCLK1),
tsu(SIN2-SCLK2)

0.8Vcc

th(scLk1-RxD),th(ScLk2-SIN2)

N

:

~0.8Vce
. 0.2Vce

RS

8K

td(ScLK1-TXD),td(SCLK2-SoUT2)

tv(SCLK1-TXD),
tv(ScLk2-SouT2)

Fig. 3.1.3 Timing diagram (1) (in single-chip mode)
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APPENDIX

3.1 Electrical characteristics

Timing diagram in memory expansion mode and microprocessor mode (1)

AD15-ADs

AD7-ADo

SYNC

ONW

DBo-DB7

(At CPU reading)

DBo-DB7

(At CPU writing)

tc(o)
tWH(¢) twi(g)
Y 0.5Vce \\ 4
td(e-AH) tv(e-AH)
%kOEVCC %<
td(e-AL) tv(e-AL)
7‘<>l<0.5ch _>l<><
td(e-SYNC) tv(e-SYNC)
@KO.SVCC ‘%<
td(@WR) tv(@WR)
;l; 0.5Vce
tSUONW-g) th(@-ONW)
¢ 0.2Vce 4
_tsu(DB-9 th(¢-DB)
0.8Vcc _‘E
0.2Vcc p
td(¢-DB) tv(¢-DB)
0.5Vce —

Timing diagram in microprocessor mode

RESET

RESETout 4& 0.5Vce

N

0.8Vcc
. 0.2Vcee " £

(

td(RESET- RESETOUT)

)

I(a

pJ

tv(¢- RESETOUT)

Fig. 3.1.4 Timing diagram (2) (in memory expansion mode and microprocessor mode)
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3.1 Electrical characteristics

Timing diagram in memory expansion mode and microprocessor mode (2)

tWL(RD)
tWL(WR)
RD,WR \\o.stc 4
td(AH-RD) tv(RD-AH)
. td(AH-WR) fVOWR-AH)
AD15-ADs ><>><0.st0 ;l<><
Ed(AL'ED) tv(RD-AL)
| dAL-WR) tv(WR-AL)
AD7—ADo ><>><0-5ch ;l<><
tsu(ONW-RD) th(@-m)
tsu(ONW-WR) th(WR-ONW)
P NTYY f 0.8Vcc 3
ONW CRXXXXXXXX XA 5avee X,
(At CPU reading)
RD \\o.stc /
tsu(DB-RD) . th(RD-DB)
0.8Vce
DBo-DB7 O2Vee
(At CPU writing)
WR \\0.5Vcc 4
td(WR-DB) tv(wR-DB)
DBo-DB7 0.5Vce
Fig. 3.1.5 Timing diagram (3) (in memory expansion mode and microprocessor mode)
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3.1 Electrical characteristics

Read operation

A0

So.S1

|

DQo-DQ7

OBFoo0,0BFo1,0BF10

Write operation

AO

So.St

g

DQo-DQ7

System bus interface timing diagram
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—>
0.8vcd 54 [(0.8Vc0)
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0.45((0.2Vcc)

/ 0.45 (0.2Vcce)

tw(R)

2.4 (0.8Vce)
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L 0.45 (0.2Vcc) :

/2.4 (0.8Vcc)
0.45 (0.2Vcc)

N

2.0 (0.8Vcce)

0.8 (0.2Vcce)

2.0 (0.8Vcc)
0.8 (0.2Vcc)

ta(R-D) |le—m ]

tv(R-D)

| tPLH(R-OBF)

\’&3 (0.2Vce)

th(W-A)

(>

o N
NN

(0.8Vcce)

5/(0.2Vcc)

tsu(S-W) th(W-S)

0.45|(0.2Vcc)

Y 0.45 (0.2Vcc)

tw(W)

2.4 (0.8Vce)

1
N

 0.45 (0.2Vce) -

/ 2.4 (0.8Vcc)
0.45 (0.2Vcce)

th(W-D)

0.8Vcc)

2.4
0.45 (0.2Vcc)

2.4 (0.8Vcc)
0.45 (0.2Vcce)

tsu(D-W)

Outside of parenthesis : TTL I/O
Inside of parenthesis : CMOS I/O

Fig. 3.1.6 Timing diagram (4) (system bus interface)
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3.1.13 Multi-master I1°C-BUS bus line characteristics

Table 3.1.21 Multi-master 12C-BUS bus line characteristics

APPENDIX

3.1 Electrical characteristics

Standard clock mode | High-speed clock mode
Symbol Parameter Min. Max. Min. Max. Unit
tBUF Bus free time 4.7 13 us
tHD;STA Hold time for START condition 4.0 0.6 us
tLow Hold time for ScL clock = “0” 4.7 1.3 us
R Rising time of both ScL and SpA signals 1000 20+0.1Cb 300 ns
tHD;DAT Data hold time 0 0 0.9 us
tHIGH Hold time for ScL clock = “1" 4.0 0.6 us
tF Falling time of both ScL and SpA signals 300 20+0.1Cb 300 ns
tSU;DAT Data setup time 250 100 ns
tSU;STA Setup time for repeated START condition 4.7 0.6 us
tsu;sTO Setup time for STOP condition 4.0 0.6 us
Note: Cb = total capacitance of 1 bus line
Ty \ e il /- 1/
AN SN SN SN
SR i - I g
e | e thosTA tsuSTO e
S e Hetr il L
il N
e TADSTA tHD:DAT ;HIGH tsu:DA tsu:STA-": b

S : START condition
Sr: RESTART condition
P : STOP condition

Fig. 3.1.7 Timing diagram of multi-master 12C-BUS
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3.2 Standard characteristics

3.2.1 Power source current characteristic examples
Figure 3.2.1, Figure 3.2.2, Figure 3.2.3, Figure 3.2.4, Figure 3.2.5, Figure 3.2.6 and Figure 3.2.7 show
power source current characteristic examples.

[Measuring condition: 25 °C, in high-speed mode, A-D conversion and comparator operating]

16.0

14.0

12.0

10.0 /

|
cCimAl 8.0 W “10MHzZ

: 8MHz

. 4MHz

1 2MHz

: 500kHz

Note: External clock input

cemOO

6.0

4.0

e
i
~
2.0 P

0.0

25 30 35 40 45 50 55 6.0
VDD [V]

Fig. 3.2.1 Power source current characteristic examples (in high-speed mode, A-D conversion and
comparator operating)

[Measuring condition: 25 °C, in high-speed mode]

8.0
7.0
6.0 >,/
1
50 N - 10MHz
L 0: 8MHz
/ m: 4MHz
ICC[mA] 4.0 p eo: 2MHz
M 0: 500kHz
Note: External clock input
/

2.0

¢ ./"
1.0 T/ J
Y I I
25 3.0 3.5 4.0 45 50 55
VDD [V]

6.0

Fig. 3.2.2 Power source current characteristic examples (in high-speed mode)
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2.00

1.75

1.50

1.25

ICC [mA] 1.00

0.75

0.50

0.25

0.0

e

At

—

25

30 35 40 45 50 55 6.0
VDD [V]

[Measuring condition: 25 °C, in high-speed mode, WAIT execution]

: 10MHz

: 8MHz

: 4MHz

: 2MHz

: 500kHz

Note: External clock input

cemO<

Fig. 3.2.3 Power source current characteristic examples (in high-speed mode, WAIT execution)

4.0

3.5

3.0

25

ICC[mA] 2.0

15

1.0

0.5

0.0

[Measuring condition: 25 °C, in middle-speed mode]

A
i
]
é/
T /T/.
2.5 3?;;2%5 6.0

VDD [V]

: 10MHz

: 8MHz

: 4MHz

: 2MHz

: 500kHz

Note: External clock input

ocemO<o

Fig. 3.2.4 Power source current characteristic examples (in middle-speed mode)
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[Measuring condition: 25 °C, in middle-speed mode, WAIT execution]

1.000
0.875 //
0.750 /) :
0.625 // //
: 10MH
ICC [mA] 0.500 v ~ <m>: 8MHZZ
/ m: 4MHz
y ®: 2MHz
0.375 O: 500kHz
Note: External clock input
0.250
//I;/p/l
0.125 E ‘
0.0 — —T

25 30 35 40 45 50 55 6.0
VDD [V]

Fig. 3.2.5 Power source current characteristic examples (in middle-speed mode, WAIT execution)

[Measuring condition: 25 °C, in low-speed mode]

80.0
70.0
60.0 <: Normal operation
® : Wait instruction
U Normal operation (oscillator)
50.0 B : Wait instruction (oscillator)
ICC [MA]  40.0 //
30.0 //
/Ié/ e
20.0 —
10.0 71//‘

=
0.0 Té

25 30 35 40 45 50 55 6.0
VDD [V]

Fig. 3.2.6 Power source current characteristic examples (in low-speed mode)
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[Measuring condition: 25 °C, at reset]

4.0
35
3.0
25
ICC[mA] 2.0 Q:é'(\)/ll\{l_::z
o:
/T//D m: 4MHz
1.5 e 2MHz
/ o: 500kHz
Note: External clock input
1.0 Q//
0.5 iﬁ
0.0 —
25 30 35 40 45 50 55 6.0
VDD [V]

Fig. 3.2.7 Power source current characteristic examples (at reset)
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3.2.2 Port standard characteristic examples
Figures 3.2.8, Figures 3.2.9, Figures 3.2.10, Figures 3.2.11, Figure 3.2.12, and Figure 3.2.13 show port
standard characteristic examples.

Port POo IoH-VOH characteristics (P-channel drive) [Ta=25 °C]
(Pins with same characteristic: PO, P1, P2, P3, P4, P5, P6, P8)

Vce=5V
lon -30 \‘

mA I
[ ]—25 ~ Vcc=4.OVR\

AN
-20
-15 Vee=2.7V \\\
-10 S N
-5 ™\ N N
0 ~N N

0 05 10 15 20 25 30 35 40 45 50 55

VOH [V]

Fig. 3.2.8 Standard characteristic examples of CMOS output port at P-channel drive (Ta=25 °C)

Port POo loH-VOH characteristics (P-channel drive) [Ta=90 °C]
(Pins with same characteristic: PO, P1, P2, P3, P4, P5, P6, P8)

lon =30 ™~
[mA] Vce=5V

15 Vee=4.0V ™

\\ q

-5 _f\\ \\ \
Vee=2.7V I

0 | | N \

0 05 1.0 15 20 25 3.0 35 40 45 50 55
VOH [V]

Fig. 3.2.9 Standard characteristic examples of CMOS output port at P-channel drive (Ta=90 °C)
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50

45

40

35

loL 30
[mA] 25
20

15

10

5
0

Port POo loL-VoL characteristics (N-channel drive) [Ta=25 °C]
(Pins with same characteristic: PO, P1, P20—P23, P3, P4, P5,
P6, P7, P8, and P24—P27 except at single-chip mode)

|
7 Vee=5V
)y
/
/ //' Vce=4.0V
//
/
y/4 Vce=2.7V
/f//
//

0 05 10 15 20 25 3.0 35 40 45 50 55

VoL[V]

Fig. 3.2.10 Standard characteristic examples of CMOS output port at N-channel drive (Ta=25 °C)
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15

10

5
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Port POo loL-VoL characteristics (N-channel drive) [Ta=90 °C]
(Pins with same characteristic: PO, P1, P20-P23, P3, P4, P5,
P6, P7, P8, and P24—P27 except at single-chip mode)

Vce=5V
'/
/, Vce=4.0V __|
/
A
S A
/// Vce=2.7V
o |
y/ 4

0 05 10 15 20 25 30 35 40 45 50 55

VoL[V]

Fig. 3.2.11 Standard characteristic examples of CMOS output port at N-channel drive (Ta=90 °C)
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Port P24 loL-VoL characteristics (N-channel drive) [Ta=25 °C]
(Pins with same characteristic: P24—P27 at single-chip mode)

\
100 / Vce=5V
90

70 /
loL 60
mAl V4
wl| Y
30 /4

J
20 »
w0 |/

0 05 10 15 20 25 30 35 40 45 50 55

VoL[V]

80 / Vce=4.0V
/

Vee=2.7V

/

Fig. 3.2.12 Standard characteristic examples of CMOS large current output port at N-channel drive (Ta=25 °C)

Port P24 loL-VoL characteristics (N-channel drive) [Ta=90 °C]
(Pins with same characteristic: P24—P27 at single-chip mode)

\ [
100 Vce=5V _|

/

90
80 A
70
loL 60
[mA] 50 /1 /
40
30 /
20 A//
/&

0 05 10 15 20 25 3.0 35 40 45 50 55

VoL[V]

Vce=4.0V

Vce=2.7V

Fig. 3.2.13 Standard characteristic examples of CMOS large current output port at N-channel drive (Ta=90 °C)
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3.2.3 Input port standard characteristic examples
Figures 3.2.14 and Figure 3.2.15 show port standard characteristic examples.

Port P30 liL-VIL characteristics (at pull-up) [Ta=25 °C]
(Pins with same characteristic: P3)

-100
—-90
-80 ™~
~70 \\ Vce=5V
e -60
WA 50 Vee=4.0V N\
—40 N N\
a0 ~N N\
IR
10 \\/ECZZ.7V \ \
0 o~ AN
0 05 1.0 15 20 25 30 35 40 45 50 55
VIL[V]

Fig. 3.2.14 Standard characteristic examples of CMOS input port at pull-up (Ta=25 °C)

Port P30 liL-VIL characteristics (at pull-up) [Ta=90 °C]
(Pins with same characteristic: P3)

-100
-90
-80
-70 —~
N Vce=5V
. —60 \\
Al ¢ _
40 ——— Vce=4.0V
~
-30 \\
0 Vee=2.7V \\
-10 \\\ N
0 N \
0 05 10 15 20 25 30 35 40 45 50 55
VIL[V]

Fig. 3.2.15 Standard characteristic examples of CMOS input port at pull-up (Ta=90 °C)
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3.2.4 A-D conversion standard characteristics
Figure 3.2.16 shows the A-D conversion standard characteristics.
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Fig. 3.2.16 A-D conversion standard characteristics
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3.2.5 D-A conversion standard characteristics

Figure 3.2.17 shows the D-A conversion standard characteristics.
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3886 Group D-A CONVERTER ERROR & STEP WIDTH MEASUREMENT

Vee =5.12 [V], VREF=5.12 [V]
XiNn=8[MHz], Temp = 25 [deg.]
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Fig. 3.2.17 D-A conversion standard characteristics
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3.3 Notes on use

3.3.1 Notes on input and output pins

(1) Notes in stand-by state

In stand-by state*! for low-power dissipation, do not make input levels of an input port and an 1/O
port “undefined”, especially for I/O ports of the N-channel open-drain.

Pull-up (connect the port to Vcc) or pull-down (connect the port to Vss) these ports through a
resistor.

When determining a resistance value, note the following points:

« External circuit

e Variation of output levels during the ordinary operation

When using built-in pull-up or pull-down resistor, note on varied current values:

* When setting as an input port : Fix its input level

* When setting as an output port : Prevent current from flowing out to external

(2

Reason

In 1/0 ports of the N-channel open-drain, in spite of setting as an output port with its direction
register, when the content of the port latch is “1”, the transistor becomes the OFF state, which
causes the ports to be the high-impedance state. Note that the level becomes “undefined” depending
on external circuits.

Accordingly, the potential which is input to the input buffer in a microcomputer is unstable in the
state that input levels of an input port and an I/O port are “undefined”. This may cause power
source current.

*1 stand-by state : the stop mode by executing the STP instruction
the wait mode by executing the WIT instruction

Modifying output data with bit managing instruction
When the port latch of an 1/O port is modified with the bit managing instruction*2, the value of the
unspecified bit may be changed.

Reason
The bit managing instructions are read-modify-write form instructions for reading and writing data
by a byte unit. Accordingly, when these instructions are executed on a bit of the port latch of an
I/0O port, the following is executed to all bits of the port latch.
¢ As for a bit which is set for an input port :

The pin state is read in the CPU, and is written to this bit after bit managing.
« As for a bit which is set for an output port :

The bit value of the port latch is read in the CPU, and is written to this bit after bit managing.

Note the following :

« Even when a port which is set as an output port is changed for an input port, its port latch holds
the output data.

« As for a bit of the port latch which is set for an input port, its value may be changed even when
not specified with a bit managing instruction in case where the pin state differs from its port latch
contents.

*2 bit managing instructions : SEB, and CLB instructions
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3.3.2 Termination of unused pins

(1) Terminate unused pins

(2

O Output ports : Open

O Input ports :
Connect each pin to Vcc or Vss through each resistor of 1 kQ to 10 kQ. With regard to ports which
can select the built-in pull-up resistor, the built-in pull-up resistor can be used.
As for pins whose potential affects to operation modes such as the CNVss pin or others, select
the Vcc pin or the Vss pin according to their operation mode.

O I/O ports :

« Set the 1/O ports for the input mode and connect them to Vcc or Vss through each resistor of
1 kQ to 10 kQ. With regard to ports which can select the built-in pull-up resistor, the built-in pull-
up resistor can be used.

Set the 1/O ports for the output mode and open them at “L” or “H”".

* When opening them in the output mode, the input mode of the initial status remains until the
mode of the ports is switched over to the output mode by the program after reset. Thus, the
potential at these pins is undefined and the power source current may increase in the input mode.
With regard to an effects on the system, thoroughly perform system evaluation on the user side.

« Since the direction register setup may be changed because of a program runaway or noise, set
direction registers by program periodically to increase the reliability of program.

O The AVss pin when not using the A-D/D-A converter :
* When not using the A-D/D-A converter, handle a power source pin for the A-D/D-A converter, AVss pin
as follows:
e AVss: Connect to the Vss pin

Termination remarks

O Input ports and I/O ports :
Do not open in the input mode.

m Reason
* The power source current may increase depending on the first-stage circuit.
« An effect due to noise may be easily produced as compared with proper termination O and
O shown on the above.

O I/O ports :
When setting for the input mode, do not connect to Vcc or Vss directly.

m Reason
If the direction register setup changes for the output mode because of a program runaway or
noise, a short circuit may occur between a port and Vcc (or Vss).
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O I/O ports :
When setting for the input mode, do not connect multiple ports in a lump to Vcc or Vss through a resistor.

m Reason
If the direction register setup changes for the output mode because of a program runaway or

noise, a short circuit may occur between ports.

« At the termination of unused pins, perform wiring at the shortest possible distance (20 mm or less)
from microcomputer pins.

3.3.3 Notes on interrupts

(1) Switching external interrupt detection edge
When switching the external interrupt detection edge, switch it in the following sequence.

| Clear an interrupt enable bit to “0” (interrupt disabled)l
!

| Switch the detection edge |
!

Clear an interrupt request bhit to “0”

(no interrupt request issued)

!

Set the interrupt enable bit to “1” (interrupt enabled) |

Fig. 3.3.1 Sequence of switching the detection edge

m Reason
The interrupt circuit recognizes the switching of the detection edge as the change of external input
signals. This may cause an unnecessary interrupt.

(2) Check of interrupt request bit
e When executing the BBC or BBS instruction to an interrupt request bit of an interrupt request
register immediately after this bit is set to “0” by using a data transfer instruction, execute one or
more instructions before executing the BBC or BBS instruction.

|Clear the interrupt request bit to “0” (no interrupt issued)l
!

| NOP (one or more instructions) |
|

| Execute the BBC or BBS instruction |

Data transfer instruction:
LDM, LDA, STA, STX, and STY instructions

Fig. 3.3.2 Sequence of check of interrupt request bit
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m Reason
If the BBC or BBS instruction is executed immediately after an interrupt request bit of an interrupt
request register is cleared to “0”, the value of the interrupt request bit before being cleared to “0”
is read.

(3) Change of relevant register setting
When the setting of the following register or bit is changed, the interrupt request bit may be set to
“1”.
eInterrupt edge selection register (address 3Auis)
eInterrupt source selection register (address 391s)
*INT2, INT3, INT4 interrupt switch bit of port control register 2 (bit 4 of address 2Fis)
Set the above listed registers or bits as the following sequence.

| Clear an interrupt enable bit to “0” (interrupt disabled)l
!

| Set the above listed registers or bits |
!

Clear an interrupt request bit to “0”

(no interrupt request issued)

!

Set the interrupt enable bit to “1” (interrupt enabled) |

Fig. 3.3.3 Sequence of changing relevant register
3.3.4 Notes on timer

e |f a value n (between 0 and 255) is written to a timer latch, the frequency division ratio is 1/(n+1).

e When switching the count source by the timer Y count source selection bit, the value of timer count
is altered in unconsiderable amount owing to generating of a thin pulses in the count input signals.
Therefore, select the timer count source before set the value to the timer.
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3.3.5 Notes on serial I/O

(1) Notes when selecting clock synchronous serial 1/0 (Serial 1/01)

0 Stop of transmission operation

Clear the serial I/0O1 enable bit and the transmit enable bit to “0” (Serial 1/01 and transmit disabled).

Reason

Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/01 enable bit is cleared to “0” (Serial 1/01 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, ScLk1, and SRDY1 function as 1/O ports, the transmission data
is not output). When data is written to the transmit buffer register in this state, data starts to be
shifted to the transmit shift register. When the serial I/01 enable bit is set to “1” at this time, the
data during internally shifting is output to the TxD pin and an operation failure occurs.

Stop of receive operation
Clear the receive enable bit to “0” (receive disabled), or clear the serial I/O1 enable bit to “0”
(Serial I/01 disabled).

Stop of transmit/receive operation

Clear both the transmit enable bit and receive enable bit to “0” (transmit and receive disabled).
(when data is transmitted and received in the clock synchronous serial I/O mode, any one of data
transmission and reception cannot be stopped.)

Reason

In the clock synchronous serial /O mode, the same clock is used for transmission and reception.
If any one of transmission and reception is disabled, a bit error occurs because transmission and
reception cannot be synchronized.

In this mode, the clock circuit of the transmission circuit also operates for data reception. Accordingly,
the transmission circuit does not stop by clearing only the transmit enable bit to “0” (transmit
disabled). Also, the transmission circuit is not initialized by clearing the serial I/O1 enable bit to
“0” (Serial I/O1 disabled) (refer to (1) O).
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(2) Notes when selecting clock asynchronous serial 1/0 (Serial 1/01)

O Stop of transmission operation
Clear the transmit enable bit to “0” (transmit disabled).

m Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/01 enable bit is cleared to “0” (Serial I/01 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, ScLK1, and SRDY1 function as I/O ports, the transmission data
is not output). When data is written to the transmit buffer register in this state, data starts to be
shifted to the transmit shift register. When the serial I/01 enable bit is set to “1” at this time, the
data during internally shifting is output to the TxD pin and an operation failure occurs.

O Stop of receive operation
Clear the receive enable bit to “0” (receive disabled).

O Stop of transmit/receive operation
Only transmission operation is stopped.
Clear the transmit enable bit to “0” (transmit disabled).

m Reason
Since transmission is not stopped and the transmission circuit is not initialized even if only the
serial 1/01 enable bit is cleared to “0” (Serial I/O1 disabled), the internal transmission is running
(in this case, since pins TxD, RxD, ScLk1, and SRDY1 function as I/O ports, the transmission data
is not output). When data is written to the transmit buffer register in this state, data starts to be
shifted to the transmit shift register. When the serial I/01 enable bit is set to “1” at this time, the
data during internally shifting is output to the TxD pin and an operation failure occurs.

Only receive operation is stopped.
Clear the receive enable bit to “0” (receive disabled).

(3) SRbDY1 output of reception side (Serial 1/01)
When signals are output from the SRDY1 pin on the reception side by using an external clock in the
clock synchronous serial 1/0 mode, set all of the receive enable bit, the SrRDY1 output enable bit, and
the transmit enable bit to “1” (transmit enabled).

(4) Setting serial 1/01 control register again (Serial 1/01)
Set the serial 1/01 control register again after the transmission and the reception circuits are reset
by clearing both the transmit enable bit and the receive enable bit to “0.”

Clear both the transmit enable
bit (TE) and the receive enable
bit (RE) to “0”
!
Set the bits 0 to 3 and bit 6 of the
serial /0 control register Can be set with the
! LDM instruction at
Set both the transmit enable bit the same time
(TE) and the receive enable bit
(RE), or one of them to “1”

Fig. 3.3.4 Sequence of setting serial 1/01 control register again
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®)

(6)

)

(8)

Data transmission control with referring to transmit shift register completion flag (Serial 1/01)
The transmit shift register completion flag changes from “1” to “0” with a delay of 0.5 to 1.5 shift
clocks after writing the data to the transmit buffer register. When data transmission is controlled with
referring to the flag after writing the data to the transmit buffer register, note the delay.

Transmission control when external clock is selected (Serial 1/01)

When an external clock is used as the synchronous clock for data transmission, set the transmit
enable bit to “1” at “H” of the ScLk input level. Also, write the transmit data to the transmit buffer
register (serial I/O shift register) at “H” of the ScLk input level.

Transmit interrupt request when transmit enable bit is set (Serial 1/01)

When the transmit interrupt is used, set the transmit interrupt enable bit to transmit enabled as shown

in the following sequence.

O Set the interrupt enable bit to “0” (disabled) with CLB instruction.

O Prepare serial I1/O for transmission/reception.

O Set the interrupt request bit to “0” with CLB instruction after 1 or more instruction has been
executed.

O Set the interrupt enable bit to “1” (enabled).

m Reason

When the transmission enable bit is set to “1”, the transmit buffer empty flag and transmit shift
register completion flag are set to “1”. The interrupt request is generated and the transmission
interrupt bit is set regardless of which of the two timings listed below is selected as the timing for
the transmission interrupt to be generated.

e Transmit buffer empty flag is set to “1”

« Transmit shift register completion flag is set to “1”

Transmit data writing (Serial 1/02)
In the clock synchronous serial 1/0, when selecting an external clock as synchronous clock, write the
transmit data to the serial I/02 register (serial 1/0O shift register) at “H” of the transfer clock input level.
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3.3.6 Notes on multi-master 12°C-BUS interface

1)

(2

Read-modify-write instruction
Precautions for read-modify-write instructions, such as SEB and CLB, when used for any of the
registers of the multi-master 12C-BUS interface, are described below.

O I12C data shift register (S0: address 00121s)
When executing the read-modify-write instruction for this register during transfer, data may become
an unexpected value.

O I?C address register (SOD: address 00131s)
When the read-modify-write instruction is executed for this register at detecting the STOP condition,
data may become an unexpected value.

m Reason
Because hardware changes the read/write bit (RWB) at detecting the STOP condition.

O I12C status register (S1: address 00141s)
Do not execute the read-modify-write instruction for this register because all bits of this register
are changed by hardware.

O I2C control register (S1D: address 001516)
When the read-modify-write instruction is executed for this register at detecting the START condition
or at completing the byte transfer, data may become an unexpected value.

m Reason
Because hardware changes the bit counter (BCO to BC2).

O I2C clock control register (S2: address 00161s)
The read-modify-write instruction can be executed for this register.

O 12C START/STOP condition control register (S2D: address 00171s)
The read-modify-write instruction can be executed for this register.

Procedure for generating START condition using multi-master
O Procedure example (The necessary conditions for the procedure are described in Items O to O

below).

LDA #SLADR (Take out slave address value)

SEI (Disable interrupt)

BBS 5, S1, BUSBUSY (BB flag confirmation and branch process)
BUSFREE:

STA SO (Write slave address value)

LDM #$FO, S1 (Trigger START condition generation)

CLI (Enable interrupt)
BUSBUSY:

CLI (Enable interrupt)

0 Use “Branch on Bit Set” of “BBS 5, S1, —" for the BB flag confirmation and branch process.
O Use “STA”", “STX" or “STY” of the zero page addressing instruction for writing the slave address
value to the 12C data shift register (S0: address 00121s).
0 Execute the branch instruction of above O and the store instruction of above [0 continuously shown
the above procedure example.
O Disable interrupts during the following three process steps:
» BB flag confirmation
» Write slave address value
» Trigger START condition generation
When the BB flag is in bus busy state, enable interrupts immediately.
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3)

4)

©)

(6)

)

Procedure for generating RESTART condition

This procedure cannot be applied to M38867M8A and M38867E8A when the external memory is

used and the bus cycle is extended by ONW function.

O Procedure example (The necessary conditions for the procedure are described in Items O to O
below). Execute the following procedure when the PIN bit is “0".

LDM #$00, S1 (Select slave receive mode)

LDA #SLADR (Take out slave address value)

SEI (Disable interrupt)

STA SO (Write slave address value)

LDM #$F0, S1 (Trigger RESTART condition generation)

CLI (Enable interrupt)

0 Select the slave receive mode when the PIN bit is “0”. Do not write “1” to the PIN bit. Neither “0” nor
“1” is specified as input to the BB bit. The TRX bit becomes “0” and the SDA pin is released.
O The SCL pin is released by writing the slave address value to the 12C data shift register.
O Disable interrupts during the following two process steps:
« Write slave address value
e Trigger RESTART condition generation

Writing to 12C status register

Do not execute an instruction to set the PIN bit to “1” from “0” and an instruction to set the MST and
TRX bits to “0” from “1” simultaneously. Because it may enter the state that the SCL pin is released
and the SDA pin is released after about one machine cycle. Do not execute an instruction to set the
MST and TRX bits to “0” from “1” simultaneously when the PIN bit is “1”. Because it may become
the same as above.

Process of after STOP condition generating

Do not write data in the 12C data shift register (S0) and the I12C status register (S1) until the bus busy
flag BB becomes “0” after generating the STOP condition in the master mode. Because the STOP
condition waveform might not be normally generated. Reading to the above registers does not have
the problem.

STOP condition input at 7th clock pulse
The SDA line may be held at LOW even if flag BB is set to “0” when all the following conditions are
satisfied:
*The STOP condition is input at the 7th clock pulse while receiving a slave address or data.
*The clock pulse is continuously input.
In the slave mode
Countermeasure:
Write dummy data to the 12C shift register or reset the ESO bit in the S1D register (ESO = “L" -
ESO = “H") during a stop condition interrupt routine with flag PIN = “1”.
Note: Do not use the read-modify-write instruction at this time. Furthermore, when the ESO bit is
set to “0”, the SDA pin becomes a general-purpose port ; so that the port must be set to input
mode or output “H".

ESO bit switch
In standard clock mode when SSC = “000102" or in high-speed clock mode, flag BB may switch to
“1" if ESO bit is set to “1” when SDA is “L".
Countermeasure:
Set ESO to “1” when SDA is “H".
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e After data is set to the PWMOL and the PWMOH
registers, PWM waveform corresponding to the

new data is output from next repetitive period. U U
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1)

(2
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3.3.9
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Notes on PWM

PWMo output, “L” level is output first.

f 1

PWMo output data is Updated data is output from next
updated. repetitive period.

Fig. 3.3.5 PWMo output
Notes on A-D converter

Analog input pin

Make the signal source impedance for analog input low, or equip an analog input pin with an external
capacitor of 0.01 pF to 1 pF. Further, be sure to verify the operation of application products on the
user side.

m Reason
An analog input pin includes the capacitor for analog voltage comparison. Accordingly, when
signals from signal source with high impedance are input to an analog input pin, charge and
discharge noise generates. This may cause the A-D conversion precision to be worse.

A-D converter power source pin

The AVss pin is an A-D converter power source pin. Regardless of using the A-D conversion function
or not, connect them as following :

* AVss : Connect to the Vss line

m Reason
If the AVss pin is opened, the microcomputer may have a failure because of noise or others.

Clock frequency during A-D conversion

The comparator consists of a capacity coupling, and a charge of the capacity will be lost if the clock
frequency is too low. Thus, make sure the following during an A-D conversion.

 f(XIN) is 500 kHz or more

* Do not execute the STP instruction

Notes on D-A converter

Vcc when using D-A converter
The D-A converter accuracy when Vcc is 4.0 V or less differs from that of when Vcc is 4.0 V or more.
When using the D-A converter, we recommend using a Vcc of 4.0 V or more.

D-Ai conversion register when not using D-A converter
When a D-A converter is not used, set all values of the D-Ai conversion registers (i = 1, 2) to “001¢".
The initial value after reset is “0016".
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3.3.10 Notes on watchdog timer

e Make sure that the watchdog timer does not underflow while waiting Stop release, because the
watchdog timer keeps counting during that term.

e When the STP instruction disable bit has been set to “1”, it is impossible to switch it to “0” by a
program.

3.3.11 Notes on RESET pin

€]

Connecting capacitor

In case where the RESET signal rise time is long, connect a ceramic capacitor or others across the
RESET pin and the Vss pin. Use a 1000 pF or more capacitor for high frequency use. When
connecting the capacitor, note the following :

* Make the length of the wiring which is connected to a capacitor as short as possible.

« Be sure to verify the operation of application products on the user side.

m Reason
If the several nanosecond or several ten nanosecond impulse noise enters the RESET pin, it may
cause a microcomputer failure.

3.3.12 Notes on CPU reprogramming mode

€]

(2

3

4)

Transfer the CPU reprogramming mode control program to the internal RAM before selecting the
CPU reprogramming mode, and then, execute it on the internal RAM. Additionally, when the subroutine
or stack operation instruction is used in the control program, make sure the control program is not
destroyed by the stack operation.

Make sure each instruction description (specified address etc.) is correct, because the CPU reprogramming
mode control program is transferred to the internal RAM and executed on the internal RAM.

In order to avoid generation of a watchdog timer reset, write to the watchdog timer control register
periodically during the CPU reprogramming mode control program (refer to “2.7 Watchdog timer”).

Notes on flash memory version

The CNVss pin is connected to the internal memory circuit block by a low-ohmic resistance, since it
works as a program power source pin (Ver pin), as well.

To improve the noise margin, connect the CNVss pin to Vss through 1 to 10 kQ resistor.

When the CNVss pin of the mask ROM version is connected to Vss through this resistor, the function
of mask ROM version works well in the same manner as flash memory version.

3.3.13 Notes on using stop mode

mClock restoration

After restoration to the normal mode from the stop mode by an interrupt request, the contents of
the CPU mode register previous to the STP instruction execution are retained. Accordingly, if both
main clock and sub clock were oscillating before execution of the STP instruction, the oscillation
of both clocks is resumed at restoration.

In the above case, when the main clock side is set as a system clock, the oscillation stabilizing
time for approximately 8,000 cycles of the X input is reserved at restoration from the stop mode.
At this time, note that the oscillation on the sub clock side may not be stabilized even after the
lapse of the oscillation stabilizing time of the main clock side.
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3.3.14 Notes on wait mode
m Clock restoration
If the wait mode is released by a reset when Xcw is set as the system clock and Xin oscillation is
stopped during execution of the WIT instruction, Xcn oscillation stops, X oscillation starts, and X
is set as the system clock.
In the above case, the RESET pin should be held at “L” until the oscillation is stabilized.

3.3.15 Notes on low-speed operation mode

(1) Using sub-clock
To use a sub-clock, fix bit 3 of the CPU mode register to “1” and control the Rd (refer to Figure 3.3.6)
resistance value to a certain level to stabilize an oscillation. For resistance value of Rd, consult the
oscillator manufacturer.

XcIN Xcout

Con —— —_ Ccour

Fig. 3.3.6 Ceramic resonator circuit

m Reason
When the bit 3 of the CPU mode register is set to “0”, the sub-clock oscillation may stop.

3.3.16 Notes on restarting oscillation

(1) Restarting oscillation

Usually, when the MCU stops the clock oscillation by STP instruction and the STP instruction has
been released by an external interrupt source, the fixed values of Timer 1 and Prescaler 12 (Timer
1 = 01, Prescaler 12 = FFi6) are automatically reloaded in order for the oscillation to stabilize. The
user can inhibit the automatic setting by writing “1” to bit 6 of the port control register 2 (address
002F1s).

However, by setting this bit to “1”, the previous values, set just before the STP instruction was
executed, will remain in Timer 1 and Prescaler 12. Therefore, you will need to set an appropriate
value to each register, in accordance with the oscillation stabilizing time, before executing the STP
instruction.

m Reason
Oscillation will restart when an external interrupt is received. However, internal clock phi is supplied
to the CPU only when Timer 1 underflows. This ensures time for the clock oscillation using the
ceramic resonators to be stabilized.
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3.3.17 Notes on programming

(1) Processor status register

O Initializing of processor status register
Flags which affect program execution must be initialized after a reset.
In particular, it is essential to initialize the T and D flags because they have an important effect

on calculations.

m Reason
After a reset, the contents of the processor status register (PS) are undefined except for the |

flag which is “1”.

C Reset D)

!

| Initializing of flags |
!

| Main program |

Fig. 3.3.7 Initialization of processor status register

O How to reference the processor status register
To reference the contents of the processor status register (PS), execute the PHP instruction once
then read the contents of (S+1). If necessary, execute the PLP instruction to return the PS to its
original status.
A NOP instruction should be executed after every PLP instruction.

/_\/

(PLP instruction execution) (S)
!
NOP

(S)+1 Stored PS

Fig. 3.3.8 Sequence of PLP instruction execution Fig. 3.3.9 Stack memory contents after PHP
instruction execution
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(2) BRK instruction

O Detection of interrupt source
It can be detected that the BRK instruction interrupt event or the least priority interrupt event by
referring the stored B flag state. Refer to the stored B flag state in the interrupt routine.

/—\/
S |7 4 0
(S)+1 1| =Bflag PS

(S)+2 [PCL (Low-order of program counter)

(S)+3 |PCH (High-order of program counter

Fig. 3.3.10 Interrupt routine

O Interrupt priority level
When the BRK instruction is executed with the following conditions satisfied, the interrupt execution
is started from the address of interrupt vector which has the highest priority.
* Interrupt request bit and interrupt enable bit are set to “1”.
* Interrupt disable flag (I) is set to “1” to disable interrupt.

(3) Decimal calculations

O Execution of decimal calculations
The ADC and SBC are the only instructions which will yield proper decimal notation, set the
decimal mode flag (D) to “1” with the SED instruction. After executing the ADC or SBC instruction,
execute another instruction before executing the SEC, CLC, or CLD instruction.

O Notes on status flag in decimal mode
When decimal mode is selected, the values of three of the flags in the status register (the N, V,
and Z flags) are invalid after a ADC or SBC instruction is executed.
The carry flag (C) is set to “1” if a carry is generated as a result of the calculation, or is cleared
to “0” if a borrow is generated. To determine whether a calculation has generated a carry, the C
flag must be initialized to “0” before each calculation. To check for a borrow, the C flag must be
initialized to “1" before each calculation.

( Set D flag to “1” )

!
ADC or SBC instruction
|
NOP instruction
|
SEC, CLC, or CLD instruction

Fig. 3.3.11 Status flag at decimal calculations
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(4) JIMP instruction
When using the JMP instruction in indirect addressing mode, do not specify the last address on a
page as an indirect address.

3.3.18 Programming and test of built-in PROM version

As for in the One Time PROM version (shipped in blank) and the built-in EPROM version, their built-in
PROM can be read or programmed with a general-purpose PROM programmer using a special programming
adapter.

The built-in EPROM version is available only for program development and on-chip program evaluation.
The programming test and screening for PROM of the One Time PROM version (shipped in blank) are not
performed in the assembly process and the following processes. To ensure reliability after programming,
performing programming and test according to the Figure 3.3.12 before actual use are recommended.

|Programming with PROM programmer

Screening (Caution)
(Leave at 150 °C for 40 hours)

| Verification with PROM programmer |

Caution: The screening temperature is far higher than the
storage temperature. Never expose to 150 °C
| Functional check in target device | exceeding 100 hours.

Fig. 3.3.12 Programming and testing of One Time PROM version
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3.3.19 Notes on built-in PROM version

(1) Programming adapter
Use a special programming adapter shown in Table 3.3.1 and a general-purpose PROM programmer
when reading from or programming to the built-in PROM in the built-in PROM version.

Table 3.3.1 Programming adapters
Microcomputer

Programming adapter
PCA4738L-80A
PCA4738H-80A

M38867E8AFS
M38867E8AHP (One Time PROM version shipped in blank)

(2) Programming/reading
In PROM mode, operation is the same as that of the M5M27C101AK, but programming conditions
of PROM programmer are not set automatically because there are no internal device ID codes.
Accurately set the following conditions for data programming/reading. Take care not to apply 21 V
to VPP pin (is also used as the CNVss pin), or the product may be permanently damaged.
e Programming voltage: 12.5 V
» Setting of PROM programmer switch: refer to Table 3.3.2.

Table 3.3.2 PROM programmer address setting

Product name format

PROM programmer
start address

PROM programmer
end address

M38867E8AFS

Address 0808016

Address OFFFD16

M38867E8AHP
Note: Addresses 808016 to FFFD16 in the built-in PROM corresponds to addresses 0808016 to OFFFD16 in
the PROM programmer.

(3) Erasing
Contents of the windowed EPROM are erased through an ultraviolet light source of the wavelength
2537 Angstrom. At least 15 W « sec/cm? are required to erase EPROM contents.
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3.4 Countermeasures against noise

Countermeasures against noise are described below. The following countermeasures are effective against
noise in theory, however, it is necessary not only to take measures as follows but to evaluate before actual use.

3.4.1 Shortest wiring length

(1) Wiring for RESET pin
Make the length of wiring which is connected to the RESET pin as short as possible. Especially,
connect a capacitor across the RESET pin and the Vss pin with the shortest possible wiring (within
20mm).

e Reason
The width of a pulse input into the RESET pin is determined by the timing necessary conditions.
If noise having a shorter pulse width than the standard is input to the RESET pin, the reset is
released before the internal state of the microcomputer is completely initialized. This may cause
a program runaway.

Noise
/ U/
Reset é Z Reset
circuit RESET circuit ™ T RESET
Vss Vss Vss--T Vss
N.G.
O.K.

Fig. 3.4.1 Wiring for the RESET pin

(2) Wiring for clock input/output pins
* Make the length of wiring which is connected to clock I/O pins as short as possible.
* Make the length of wiring (within 20mm) across the grounding lead of a capacitor which is connected
to an oscillator and the Vss pin of a microcomputer as short as possible.
e Separate the Vss pattern only for oscillation from other Vss patterns.

e Reason
If noise enters clock I/O pins, clock waveforms may be deformed. This may cause a program
failure or program runaway. Also, if a potential difference is caused by the noise between the Vss
level of a microcomputer and the Vss level of an oscillator, the correct clock will not be input in
the microcomputer.

Noise
—— XIN 1+ XIN
= =
{—3 Xout H—{XouTt
Vss IVss
7T
N.G. O.K.

Fig. 3.4.2 Wiring for clock I/O pins
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(3) Wiring to CNVss pin
Connect the CNVss pin to the Vss pin with the shortest possible wiring.

e Reason
The processor mode of a microcomputer is influenced by a potential at the CNVss pin. If a
potential difference is caused by the noise between pins CNVss and Vss, the processor mode may
become unstable. This may cause a microcomputer malfunction or a program runaway.

Noise
_U_ _U_
CNVss é CNVss
Vss Vss
N.G. O.K.

Fig. 3.4.3 Wiring for CNVss pin

(4) Wiring to VPP pin of One Time PROM version and EPROM version
Connect an approximately 5 kQ resistor to the VpPp pin the shortest possible in series and also to the
Vss pin. When not connecting the resistor, make the length of wiring between the Vpp pin and the
Vss pin the shortest possible.

Note: Even when a circuit which included an approximately 5 kQ resistor is used in the Mask ROM
version, the microcomputer operates correctly.

e Reason
The VPP pin of the One Time PROM and the EPROM version is the power source input pin for
the built-in PROM. When programming in the built-in PROM, the impedance of the Vpp pin is low
to allow the electric current for writing flow into the PROM. Because of this, noise can enter easily.
If noise enters the VPP pin, abnormal instruction codes or data are read from the built-in PROM,
which may cause a program runaway.

Approximately
5kQ

CNVss/VrP

Vss

In the shortest
distance

Fig. 3.4.4 Wiring for the VpPp pin of the One Time PROM version and the EPROM version
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3.4.2 Connection of bypass capacitor across Vss line and Vcc line

Connect an approximately 0.1 uF bypass capacitor across the Vss line and the Vcc line as follows:
« Connect a bypass capacitor across the Vss pin and the Vcc pin at equal length.

« Connect a bypass capacitor across the Vss pin and the Vcc pin with the shortest possible wiring.
» Use lines with a larger diameter than other signal lines for Vss line and Vcc line.

« Connect the power source wiring via a bypass capacitor to the Vss pin and the Vcc pin.

Vcc Vcc
e ot |
A z
st VSIS Vss
N.G. O.K.

Fig. 3.4.5 Bypass capacitor across the Vss line and the Vcc line

3.4.3 Wiring to analog input pins

» Connect an approximately 100 Q to 1 kQ resistor to an analog signal line which is connected to an analog
input pin in series. Besides, connect the resistor to the microcomputer as close as possible.

« Connect an approximately 1000 pF capacitor across the Vss pin and the analog input pin. Besides,
connect the capacitor to the Vss pin as close as possible. Also, connect the capacitor across the analog
input pin and the Vss pin at equal length.

e Reason

Signals which is input in an analog input pin (such as an A-D converter/comparator input pin) are
usually output signals from sensor. The sensor which detects a change of event is installed far
from the printed circuit board with a microcomputer, the wiring to an analog input pin is longer
necessarily. This long wiring functions as an antenna which feeds noise into the microcomputer,
which causes noise to an analog input pin.

If a capacitor between an analog input pin and the Vss pin is grounded at a position far away from
the Vss pin, noise on the GND line may enter a microcomputer through the capacitor.

Noise

(Note) _
Microcomputer

)| Analog
' input pin
o o]
§ Vss

Note : The resistor is used for dividing
resistance with a thermistor.

2
Thermistor

3—| |—e
=z
®

Fig. 3.4.6 Analog signal line and a resistor and a capacitor
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3.4.4 Oscillator concerns

Take care to prevent an oscillator that generates clocks for a microcomputer operation from being affected

by other signals.

(1) Keeping oscillator away from large current signal lines

Install a microcomputer (and especially an oscillator) as far as possible from signal lines where a
current larger than the tolerance of current value flows.

e Reason

In the system using a microcomputer, there are signal lines for controlling motors, LEDs, and
thermal heads or others. When a large current flows through those signal lines, strong noise

occurs because of mutual inductance.

Microcomputer

Mutual inductance IUUU ~

Large = == XIN
current JJ | =15 Xout
Vss

GND

Fig. 3.4.7 Wiring for a large current signal line

(2) Installing oscillator away from signal lines where potential levels change frequently
Install an oscillator and a connecting pattern of an oscillator away from signal lines where potential
levels change frequently. Also, do not cross such signal lines over the clock lines or the signal lines

which are sensitive to noise.

e Reason

Signal lines where potential levels change frequently (such as the CNTR pin signal line) may affect
other lines at signal rising edge or falling edge. If such lines cross over a clock line, clock waveforms
may be deformed, which causes a microcomputer failure or a program runaway.

Do not cross

N.G.

CNTR

XIN

HOH

XouTt

i

Vss

il

\/

Fig. 3.4.8 Wiring of RESET pin
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(3) Oscillator protection using Vss pattern
As for a two-sided printed circuit board, print a Vss pattern on the underside (soldering side) of the
position (on the component side) where an oscillator is mounted.
Connect the Vss pattern to the microcomputer Vss pin with the shortest possible wiring. Besides,
separate this Vss pattern from other Vss patterns.

An example of Vss patterns on the
underside of a printed circuit board

Oscillator wiring
pattern example
s XIN
st XouT
5 Vss

Separate the Vss line for oscillation from other Vss lines

IEig. 3.4.9 Vss pattern on the underside of an oscillator

3.4.5 Setup for I/O ports
Setup I/O ports using hardware and software as follows:

<Hardware>
e Connect a resistor of 100 Q or more to an I/O port in series.

<Software>
« As for an input port, read data several times by a program for checking whether input levels are
equal or not.
« As for an output port, since the output data may reverse because of noise, rewrite data to its port
latch at fixed periods.
» Rewrite data to direction registers at fixed periods.

Note: When a direction register is set for input port again at fixed periods, a several-nanosecond short pulse
may be output from this port. If this is undesirable, connect a capacitor to this port to remove the noise

pulse.
Noise
Data bus a2
™

N.G. %
Port latch H—r

I/O port

pins

Fig. 3.4.10 Setup for I/O ports
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3.4.6 Providing of watchdog timer function by software

If a microcomputer runs away because of noise or others, it can be detected by a software watchdog timer
and the microcomputer can be reset to normal operation. This is equal to or more effective than program
runaway detection by a hardware watchdog timer. The following shows an example of a watchdog timer

provided by software.

In the following example, to reset a microcomputer to normal operation, the main routine detects errors of
the interrupt processing routine and the interrupt processing routine detects errors of the main routine.
This example assumes that interrupt processing is repeated multiple times in a single main routine processing.

<The main routine>

« Assigns a single byte of RAM to a software watchdog timer (SWDT) and writes the initial value
N in the SWDT once at each execution of the main routine. The initial value N should satisfy the

following condition:

N+1 = (Counts of interrupt processing executed in each main routine)
As the main routine execution cycle may change because of an interrupt processing or others,

the initial value N should have a margin.

« Watches the operation of the interrupt processing routine by comparing the SWDT contents with
counts of interrupt processing after the initial value N has been set.

 Detects that the interrupt processing routine has failed and determines to branch to the program
initialization routine for recovery processing in the following case:
If the SWDT contents do not change after interrupt processing.

<The interrupt processing routine>

» Decrements the SWDT contents by 1 at each interrupt processing.

» Determines that the main routine operates normally when the SWDT contents are reset to the
initial value N at almost fixed cycles (at the fixed interrupt processing count).

* Detects that the main routine has failed and determines to branch to the program initialization
routine for recovery processing in the following case:
If the SWDT contents are not initialized to the initial value N but continued to decrement and if

they reach 0 or less.

(' Main routine ) Qnterrupt processing routine)
(SWDT) « N

[(swDT) - (swDT)—1|

| Interrupt processing |

Main processing

Return

Interrupt processing Main routine
routine errors errors

Fig. 3.4.11 Watchdog timer by software
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3.5 List of registers

Port Pi
b7 b6 b5 b4 b3 b2 bl b0

Port Pi (Pi) (i1=0, 1, 2,3, 4,5,6,7, 8)
[Address : 0016, 0216, 0416, 0616, 0816, 0A16, 0C16, OE16, 1016]

1 1 1 1 1 T 1 1
L 1 [B Name Function Atreset| R [W
| | | | | | | |
1 0 1 1 | “]0|PortPio « In output mode Undefined O | O
| | | | | | | Write
| | | | | | | "
A A 1 |Port Pi1 Read } Port latch Undefined e}
A T R _ « Ininput mode
[ N A 2 |Port Piz Write : Port latch Undefined O | O
TR Read : Value of pins
A 3 | Port Pis Undefined 0]
| | | |
| | | |
} } } [ 4 | Port Pia Undefined O
| | |
| | |
} } U 5 | Port Pis Undefined O
| |
| | "
} . 6 |Port Pis Undefined (@]
|
L ,,,,,,,,,,,,,,,,, 7 |Port Pi7 Undefined O
Fig. 3.5.1 Structure of Port Pi
Port Pi direction register
b7 b6 b5 b4 b3 b2 bl b0
Port Pi direction register (PiD) (i=0, 1, 2, 3,4, 5,6, 7, 8)
N D NN S S [ [Address : 0116, 0316, 0516, 0716, 0916, 0B16, OD16, OF 16, 1116]
i i i i i i i i B Name Function At reset W
L1111 Lo |Port Pidirection register 0 : Port Pioinput mode 0 e}
[ 1: Port Pio output mode
| 1 .
S L,, 1 0 : Port Pizinput mode 0 e)
N 1: Port Pi1output mode
I 2 0 : Port Piz input mode 0 e}
b 1: Port Pi2 output mode
Lol Lo __ 3 0 : Port Pizinput mode 0 o
. 1 : Port Piz output mode
N 4 0 : Port Piainput mode 0 ¢)
. ] 1: Port Pia output mode
O 5 0 : Port Pisinput mode 0 o
Lo [ | 1 : Port Pis output mode
| L 777777777777777 6 0 : Port Pis input mode 0 e}
| 1: Port Pis output mode
o 7 0 : Port Pi7input mode 0 0o
1: Port Pi7 output mode

Fig. 3.5.2 Structure of Port

Pi direction register
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I2C data shift register
b7 b6 b5 b4 b3 b2 bl b0

I2C data shift register (S0) [Address : 121¢]

I I I I 1 I 1 I

i i i i i i i i B Function Atreset| R [W
'L 1111 L_|O |This register is an 8-bit shift register to store receive data or write | ? [0 |0
borr | [ transmit data.

AN T A A S P ? |ofo
| | | | | |

EERRRE P
[ ||

R — ABE
| | | | —

T T
| | | —

i i SR — S ? |o|o
i L 6 | ? |ofo
|

L 7 2 [olo

data to 12C data shift register.

Note: Secure 8 machine cycles from clearing MST bit to “0” (slave mode) until writing

If executing the read-modify-write instruction(SEB, CLB etc.) for this register
during transfer, data may become a value not intended.

Fig. 3.5.3 Structure of I12C data shift register

I2C address register
b7 b6 b5 b4 b3 b2 bl b0

I2C address register (SOD) [Address : 131¢]

B Name Function Atreset| R |W
0 |Read / write bit (RWB) 0 : Write bit 0 |lolo
1: Read bit
1 | Slave address These bits are compared with the 0 |olo

| | (SADO, SAD1, SAD2, SAD3, |address data transmitted from the

2| SAD4, SAD5, SAD6) master. 0 |olo
4] 0 |o|o
? 0 olo
? 0 olo
7] 0 |olo

Note: If the read-modify-write instruction(SEB, CLB, etc.) is executed for this register
at detecting the stop condition, data may become a value not to intend.

Fig. 3.5.4 Structure of 12C address register
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[2C status register
b7 b6 b5 b4 b3 b2 bl b0

I2C status register (S1) [Address : 141s]

1 1 1 1 1 T 1 1
i i i i i i i i B Name Function At reset | R W
o Lo [ Last receive bit (LRB) 0 : Last bit =“0” ? lo|O
o 1: Last bit ="“1" (Notel)
I I 1 | General call detecting 0 : No general call detected 0 |olDO
[ flag(ADO) 1: General call detected(Notel, 2)
N 2 | Slave address comparison 0 : Address disagreement 0 |lolo
I flag (AAS) 1: Address agreement (Notel, 2)
} } } } L 3 Arbitration lost detecting flag [0 : Not detected 0 [o|O
A (AL) 1: Detected (Notel)
T 4 | SCL pin low hold bit (PIN) 0 : SCL pin low hold 1 |o|O
b 1: SCL pin low release
b ] 5 | Bus busy flag (BB) 0 : Bus free 0 [olo
I 1: Bus busy
I g | Communication mode 00 : Slave receive mode 0 |olo
‘ specification bits (TRX, MST) |01 : Slave transmit mode
|
! | 10 : Master receive mode

7
b 11 : Master transmit mode 0 [of0

Notes 1: These hits and flags can be read out, but cannot be written. )
2: These bits can be detected when data format selection bit (ALS) of I'C control
register is “0”".
3: Do not execute the read-modify-write instruction (SEB, CLB) for this register
because all bits of this register are changed by hardware.
[: “1” can be written to this bit, but “0” cannot be written by program.

Fig. 3.5.5 Structure of I1?2C status register
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I2C control register
b7 b6 b5 b4 b3 b2 bl b0

12C control register (S1D) [Address :1516]

B Name Function Atreset| R [\W
0 | Bit counter (Number of b2 b1 b0 0 |olo
transmit/receive bits) 8 8 2 : 575
011:5
[ | 100:4
2 101:3
110:2
111:1
3 | 12C-BUS interface enable bit 0 : Disabled o lolo
(ESO) 1: Enabled
4 [ Data format selection bit 0 : Addressing format 0 (o]0
(ALS) 1: Free data format
5 [ Addressing format selection 0 : 7-bit addressing format 0 |olo
bit (10 BIT SAD) 1: 10-bit addressing format
System clock stop selection 0 : System clock stop when
6 : 0 |olo
bit (CLKSTP) executing WIT or STP
instruction
1 : Not system clock stop when
executing WIT instruction
(Do not use the STP
instruction.)
7 | 12C-BUS interface pin input 0 : CMOS input 0 |o|o
level selection bit (TISS) 1: SMBUS input

Notes : When the read-modify-write instruction is executed for this register at detecting
the START condition or at completing the byte transfer, data may become a

value not intended.

Fig. 3.5.6 Structure of I2C control register
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I2C clock control register
b7 b6 b5 b4 b3 b2 bl b0

12C clock control register (S2) [Address : 161¢]

I I I I 1 T 1 I

i i i i i i i i B Name Function At reset W

b1 1[0 | SCL frequency control bits Refer to Table 3.5.1 0 o

b | ! 1 (CCRO, CCR1, CCR2, CCRS3,

I | CCR4)

A A T T AT B

| | | | | |

| | | | | } ]

I N N 2

| | | | |

| | | | | -

D R T 3

| | | |

| | | | _—

T R 4

B

N 5 |SCL mode specification bit 0 : Standard clock mode 0 o

o (FAST MODE) 1 : High-speed clock mode

L] 6 | ACK bit (ACK BIT) 0: ACK is returned 0 S

| 1: ACK is not returned

L 7 | ACK clock bit (ACK) 0 : No ACK clock 0 0
1: ACK clock

Fig. 3.5.7 Structure of I?C clock control register

Table 3.5.1 Set value of I?C clock control register and SCL frequency

Setting value of

SCL frequency

CCR4-CCRO (at @ = 4 MHz, unit : kHz) (Note 3)

CCR4|CCR3|CCR2| CCRL| CCRO Standare clok High-speed

0 0 0 0 0 Setting disabled Setting disabled

0 0 0 0 1 Setting disabled Setting disabled

0 0 0 1 0 Setting disabled Setting disabled

0 0 0 1 1 — (Note 1) 333

0 0 1 0 0 — (Note 1) 250

0 0 1 0 1 100 400 (Note 2)

0 0 1 1 0 83.3 166

500/CCR value 1000/CCR value

1 1 1 0 1 17.2 34.5

1 1 1 1 0 16.6 33.3

1 1 1 1 1 16.1 32.3

Notes 1: Each value of ScL frequency exceeds the limit at @ = 4 MHz or more. When using these setting value, use @ of

4 MHz or less.

2: The data formula of ScL frequency is described below:
@/(8 O CCR value) Standard clock mode
@/(4 O CCR value) High-speed clock mode (CCR value # 5)
@(2 O CCR value) High-speed clock mode (CCR value = 5)
Do not set 0 to 2 as CCR value regardless of ¢ frequency.

Set 100 kHz (max.) in the standard clock mode and 400 kHz (max.) in the high-speed clock mode to the ScL
frequency by setting the ScL frequency control bits CCR4 to CCRO.

3: Duty of ScL clock output is 50 %. The duty becomes 35 to 45 % only when the high-speed clock mode is selected
and CCR value = 5 (400 kHz, at @ = 4 MHz). “H” duration of the clock fluctuates from —4 to +2 machine cycles in
the standard clock mode, and fluctuates from —2 to +2 machine cycles in the high-speed clock mode. In the case of
negative fluctuation, the frequency does not increase because “L” duration is extended instead of “H” duration
reduction.

These are value when Sct clock synchronization by the synchronous function is not performed. CCR value is the
decimal notation value of the ScL frequency control bits CCR4 to CCRO.
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I12C START/STOP condition control register
b7 b6 b5 b4 b3 b2 bl b0

I12C START/STOP condition control register (S2D) [Address : 1716]

1 1 1 1 1 T 1 1
i i i i i i i i B Name Function Atreset| R [W
e START/STOP condition set bit| ScL release time= ? lolo
[ R T R R F B (SSCO, SSC1, SSC2, SSC3, @(us) O (SSC+1)
11 sscy (Note)
TR | I Set up time=
I @lus) O (SSC+1)/2
| | | | | | |
N 2 Hold time=
TR EX ®(us) O (SSC+1)/2
| | | | -]
N -
4
| | | L
| | |
i i L 7777777777777 ScL/Soa interrupt pin polarity [0 : Falling edge active 0 |olo
I selection bit(SIP) 1 : Rising edge active
oL 6 |SCL/SDA interrupt pin selection | 0 - Spa valid 0 lolo
| bit (SIS) 1: ScL valid
L 7 | START/STOP condition 0 : Setup/Hold time short mode 0 |of|o
generating selection bit 1 : Setup/Hold time long mode

(STSPSEL)

Note: Do not set “000002” or an odd number to the START/STOP condition set bit
(SSC4 to SSCO).

Fig. 3.5.8 Structure of 12C START/STOP condition control register

Transmit/Receive buffer register
b7 b6 b5 b4 b3 b2 bl b0

Transmit/Receive buffer register (TB/RB) [Address : 1816]

1 1 1 1 1 T 1 1

i i i i i i i i B Name [ Function it reset | R [W
TR } i L0 | The transmission data is written to or the receive data is read out ? |o|o
I || from this buffer register.

- 1 |« At writing: A data is written to the transmit buffer register. ? |olo
[ | [+ Atreading: The contents of the receive buffer register are read

BRI - 7 o[
[ Y T A |

P dEE
| | | | _—

e : AEE
| | | _—

i i L S) ? |ofo
i L ,,,,,,,,,,,,,,, 6 | ? |ofo
|

b 7 2 |ofo

Note: The contents of transmit buffer register cannot be read out.
The data cannot be written to the receive buffer register.

Fig. 3.5.9 Structure of Transmit/Receive buffer register
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Serial I/O1 status register

b7 b6 b5 b4 b3 b2 bl b0

Serial I/01 status register (SIO1STS) [Address : 1916]

(pins P44 to P47 operate as serial /0 pins)

1 1 1 1 T 1 1
i i i i i i i i B Name Function Atreset| R [W
Lo r L o | Transmit buffer empty flag 0 : Buffer full 0 |o|O0
B (TBE) 1 : Buffer empty
| | | | | |
N [ 1 | Receive buffer full flag (RBF) | O : Buffer empty 0 |o]|O
N 1 : Buffer full
TR L 777777 2 | Transmit shift register shift 0 : Transmit shift in progress 0 |lolo
oo completion flag (TSC) 1: Transmit shift completed
A T T R S 3 | Overrun error flag (OE) 0 No error 0 |o|O
A 1 : Overrun error
T A 4 | Parity error flag (PE) 0 : No error 0 |o]|O
. 1 : Parity error
D] 5 |Framing error flag (FE) 0 : No error 0 |o]|o
I 1: Framing error
| L ,,,,,,,,,,,,,,, 6 | Summing error flag (SE) 0: (OE)U(PE)U (FE)=0 0 |lolo
| 1: (OE)U (PE)U (FE)=1
oo 7 | Nothing is allocated for this bit. This is a write disabled bit. 1 |olo
When this bit is read out, the value is “1”.
Fig. 3.5.10 Structure of Serial 1/01 status register
Serial I/01 control register
b7 b6 b5 b4 b3 b2 bl b0
| | | | | | | | | Serial 1/01 control register (SIO1CON) [Address : 1A1¢]
T T T T T T T T
i i i i i i i i B Name Function Atreset | R W
oo BRG count source 0 : f(XIN) (f(XcIN) in Low Speed Mode) 0 |o|o
A selection bit (CSS) 1 : f(XIN)/4 (f(XcIN)/4 in Low Speed Mode)
A . 1 | Serial /01 synchronous * In clock synchronous serial I/0 0 |o|o
Lo clock selection bit (SCS) 0 : BRG output devided by 4
[ e 1: External clock input
. « In UART
R R 0 : BRG output devided by 16
T N 1 : External clock input devided by 16
| | | | | |
I 2 | Srov: output enable bit 0 : P47 pin operates as ordinary /O pin 0 |o|o
A (SRDY) 1: P47 pin operates as Srovi output pin
B 3 | Transmit interrupt 0 : Interrupt when transmit buffer has emptied 0 [o|o
T R source selection bit (TIC) 1 : Interrupt when transmit shift operation is
b completed
R 4 |Transmit enable bit (TE) 0 : Transmit disabled 0 |o]o
Lol 1 : Transmit enabled
o] 5 |Receive enable bit (RE) 0 : Receive disabled 0 |o|o
o 1: Receive enabled
I 6 | Serial /01 mode selection bit |0 : Clock asynchronous(UART) serial I/O 0 |olo
Co T T (SIOM) 1 : Clock synchronous serial I/O
|
} 7 | Serial I/01 enable bit 0 : Serial 1/01 disabled 0 |ofo
e (SIOE) (pins P44 to P47 operate as ordinary 1/O pins)
1: Serial /01 enabled

Fig. 3.5.11 Structure of Serial I/O1 control register
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UART control register
b7 b6 b5 b4 b3 b2 bl b0

_ UART control register (ULARTCON) [Address : 1B1s]

1 1 1 1 1
i i i i i i i i B Name Function Atreset | R |W
.11 111 L 10 |Character length selection bit 0 : 8 bits 0 |olo
[ } | (CHAS) 1:7 bits
o L,, 1 | Parity enable bit 0 : Parity checking disabled 0 |olo
N T S R (PARE) 1 : Parity checking enabled
T T L 777777 2 | Parity selection bit 0 : Even parity 0 |olo
oo (PARS) 1: Odd parity
T T N 3 | Stop bit length selection bit 0 : 1 stop bit 0 |olo
Lo (STPS) 1 : 2 stop bits
o 4 |P4s/TxD P-channel output In output mode 0 [o]o
A disable bt (POFF) 0 : CMOS output _
Lo 1 : N-channel open-drain output
o] 5 | Nothing is allocated for these bits. These are write disabled bits. 1 |olo
o || When these bits are read out, the values are “1”.
R S 6 1 (o]0
|
| |
L 7 1 |o|O

Fig. 3.5.12 Structure of UART control register

Baud rate generator
b7 b6 b5 b4 b3 b2 bl b0

Baud rate generator (BRG) [Address : 1Cis]

i i i i i i i i B Function Atreset| R |\W
b1 Lo [ Setacount value of baud rate generator. ? lolo
% % % % % % i———fT ? |olo
ARRRRE ags
L PP
T 1o
i i L] 5] ? |ofo
% i, ,,,,,,,,,,,,,,, 6 | ? |o]o
e 7] ? |olo

Fig. 3.5.13 Structure of Baud rate generator
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Serial I/0O2 control register
b7 b6 b5 b4 b3 b2 bl b0

Serial 1/02 control register (SIO2CON) [Address : 1D1s]

1 1 1 1 1 T 1 1
i i i i i i i i B Name Function At reset| R [W
L1 1 11 0] Internal synchronous clock b2 bl b0 0 0
A selection bits 00 0: f(Xin)/8
R R R B [ | 00 1: f(Xin)/16
R R 1 01 0: f(Xin)/32 0 0
N T 01 1: f(Xin)/64
A | 11 0: f(Xin)/128
. 2 11 1: f(Xin)/256 0 o
EERE
N IV 3 | Serial 1102 port selection bit | 0: /O port (P71, P72) 0 o)
Lo 1: Sour2,ScLk2 signal output
T 4 | Srovz output enable bit 0: I/O port (P73) 0 e}
Lol 1: Srovz signal output
T 5 | Transfer direction selection bit| 0: LSB first 0 5
| 1: MSB first
Dol 6 | Serial 1/02 synchronous clock | 0: External clock 0 o
| selection bit 1: Internal clock
L 7 | Comparator reference input | 0: POo/P3rer input 0 0
selection bit 1: Reference input fixed
Fig. 3.5.14 Structure of Serial 1/02 control register
Watchdog timer control register
b7 b6 b5 b4 b3 b2 bl b0
Watchdog timer control register (WDTCON) [Address : 1Ezie]
1 1 1 1 1 T 1 1
i i i i i i i i B Name | Function Atreset| R|W
b1 11 L0 | watchdog timer H (for read-out of high-order 6 bits) 1 O
| | | | | | |
R A ry WG
L a
P o[
[ I N B ||
R T 3 1 0
| | | |
| | | | —
] e 4 AEE
N 8 ol
| |
} L 777777777777777 6 | STP instruction disable bit 0 : STP instruction enabled 0 o
| 1: STP instruction disabled
e 7 | Watchdog timer H count 0 : Watchdog timer L underflow 0 o
source selection bit 1 : f(Xin)/16 or f(Xcin)/16

Fig. 3.5.15 Structure of Watchdog timer control register
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Serial 1/02 register
b7 b6 b5 b4 b3 b2 bl b0

Serial I/02 register (SIO2) [Address : 1Fi¢]

1 1 1 1 1 1 1 1

i i i i i i i i B Name | Function At reset | R [W
L0 1111 L0 |eSerial /02 register is the shift register for serial transfer. ? |ofo
Lo | | || *At transmit: transmit data is set.

. A 1 [+At receive: receive data is set. ? lolo
| | | | | |

P AEE
N |

P o
| | | | —

RIS Gk
| | | —

i i [ — 5 ? |lolo
i L 6 | ? |o|o
|

b 7 2 |olo

Fig. 3.5.16 Structure of Serial 1/02 register

Prescaler 12, Prescaler X, Prescaler Y
b7 b6 b5 b4 b3 b2 bl b0

Prescaler 12 (PRE12) [Address : 20 16]
Prescaler X (PREX) [Address : 24 16]
Prescaler Y (PREY) [Address : 26 16]

I

|

|

. |B Name | Function Atreset | R [W
|

B

I I I I I I I

| | | | | | |

| | | | | | |

| | | | | | |

I R T

L1 1} 1 L]0 |<Seta count value of each prescaler. 1 |O9]©
T | } | +The value set in this register is written to both each prescaler

I 1 1 1 1 1 L___|1[ and the corresponding prescaler latch at the same time. 1 |O|O
T T || *When this register is read out, the count value of the corres-

R 2 | ponding prescaler is read out. 1 |lolo
| | | | |

| | | | | —

A A 3 1 [ofo
| | | |

| | | | —

i i i . 4 1 O|0
T I S 5| 1 [ofo
| | —

L ___ 6 1 |ofo
|

| —

o 7 1 |ofo

Fig. 3.5.17 Structure of Prescaler 12, Prescaler X, Prescaler Y
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Timer 1
b7 b6 b5 b4 b3 b2 bl b0

Timer 1 (T1) [Address : 21 16]

I I I I I I I I

| | | | | | | |

I } b B Name | Function At reset Wi

1 L 1 1 1 1 40 |ssetacount value of timer 1. 1 o

A N N || +The value set in this register is written to both timer 1 and timer 1

oo Il L___[1] latch atthe same time. 0 O

e || *When this register is read out, the timer 1's count value is read

i i i i i S 2| out 0 ¢)

| | | | | ||

L o [°]°

| | | | —

R : o 1o°

| | | —

i i R — 5 0 o

| | 1

Do 6 0 @)

‘ —

Lo 7 0 o
Fig. 3.5.18 Structure of Timer 1

Timer 2, Timer X, Timer Y
b7 b6 b5 b4 b3 b2 bl b0
Timer 2 (T2) [Address : 22 16]

N B Timer X (TX) [Address : 25 16]

oL L LD Timer Y (TY) [Address : 27 16]

| | | | | | | |

I } b B Name | Function At reset Wi

| | | | | | | | .

s 0 | +set a count value of each timer. 1 O

} } } } } | } L1 +The value set in this register is written to both each timer and

b1} L___|1| eachtimer latch at the same time. 1 O

rr || *When this register is read out, each timer’s count value is read

s 2| o 1 [ofo

[ N ||

R ——E BEE

| | | | _—

B : ol

| | | —

R 5 1 o

| |

| | —

T — 6 1 o

|

L 7 1 o

Fig. 3.5.19 Structure of Timer 2, Timer X, Timer Y
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Timer XY mode register
b7 b6 b5 b4 b3 b2 bl b0

Timer XY mode register (TM) [Address : 23 16]

I I I I I I I I

i i i i i i i i B Name Function atreset| R [w

"1 1 1 1 | | | [o]TimerX operating mode bits |b1b0 o |ofo

[ T T R O S B 0 0: Timer mode

N T N N 0 1: Pulse output mode

o T 1 0: Event counter mode o lolo

R T T A 1 1: Pulse width measurement

o mode

| | | | | |

A 2 | CNTRo active edge selection | The function depends on the 0 |ofo

oL T bit operating mode of Timer X.

[ R R (Refer to Table 3.5.2)

| | | | |

A S T S 3 [ Timer X count stop bit (1) : gOU”: 5:3” 0 |OfO

I I I I . count stop

| | | |

A 4 | Timer Y operating mode bits 85 :’)4 Timer mode 0 [©]©

o -

o | 0 1: Pulse output mode

. 5 1 0: Event counter mode o |olo

Loy T T T T T T T T T T 1 1 : Pulse width measurement

[ mode

| |

Lo 6 | CNTR1 active edge selection | The function depends on the o |lolo

LT bit operating mode of Timer Y.

| (Refer to Table 3.5.2)

|

e 7 | Timer Y count stop bit 0 : Count start 0 [Oof0
1: Count stop

Fig. 3.5.20 Structure of Timer XY mode register

Table 3.5.2 CNTRo /CNTR: active edge selection bit function

Timer X /Timer Y operation CNTRo / CNTR1 active edge selection bit
modes (bits 2, 6 of address 2316) contents
CNTRo/ CNTR1: interrupt request occurrence: Falling edge
; No influence to timer count
CNTRo/ CNTR: interrupt request occurrence: Rising edge
; No influence to timer count
Pulse output start: Beginning at “H” level
CNTRo/ CNTR: interrupt request occurrence: Falling edge
Pulse output start: Beginning at “L” level
CNTRo/ CNTR: interrupt request occurrence: Rising edge
Timer X / Timer Y: Rising edge count
CNTRo/ CNTR1: interrupt request occurrence: Falling edge
Timer X / Timer Y: Falling edge count
CNTRo/ CNTR: interrupt request occurrence: Rising edge
Timer X / Timer Y: “H” level width measurement
CNTRo/ CNTR1: interrupt request occurrence: Falling edge
Timer X / Timer Y: “L” level width measurement
CNTRo/ CNTR: interrupt request occurrence: Rising edge

Timer mode “0”

nln

Pulse output mode “Q”

nln

Event counter mode “0”

w1

Pulse width measurement mode |«g”

nln
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Data bus buffer register i
b7 b6 b5 b4 b3 b2 bl b0

Data bus buffer register i (DBBi) (i=0, 1) [Address : 2816/2B1s]

I I I I 1 I 1 I

i i i i i i i i B Name [ Function Atreset] R W
b L0 ). Buffer register to write output data and read input data. ? |0|0o
I || - atwrite: data is written to output data buffer register.

A 1| -atread: the contents of input data buffer register are read out. ? |olo
| | | | | |

IR R 7 o]
[ Y T B |

T N A 3 2 [olo
| | | |

| | | | |

i i i [ 4 ? |o|o
| | | _—

i i R — 5 ? |o]o
i b 6 | ? |olo
|

b 7 ? |olo

The contents of output data bus buffer register cannot be read out.
Writing to input data bus buffer register is disabled.

Note: Output data bus buffer and input data bus buffer are ssigned to the same address.

Fig. 3.5.21 Structure of Data bus buffer register

Data bus buffer status register i
b7 b6 b5 b4 b3 b2 bl b0

Data bus buffer status register i (DBBSTSI) (i=0, 1) [Address 2916/2Cus]

1 1 1 1 1 T 1 1

i i i i i i i i B Name Function Atreset| R |W
b1 L]0 | Output buffer full flag i 0 : Buffer empty 0 |o|O
} } } } } } } 1 : Buffer full

A 1 | Input buffer full flag i 0 : Buffer empty 0 |o|0O
TR 1 : Buffer full

TR L 777777 2 | User definable flags (This flag can be defined by user freely.) 0 |olo
| | | | |

| | | | |

o L] 3 | Adi flag This flag indicates the conditonof| 0 |[o|O
T Aoi status when the IBFi flag is set.

i i i b i User definable flags (This flag can be defined by user freely.) 0 |olo
il 5 0 |ojo
i T 6 0 |olo
e B E LR E e 7 0 |ofo

Fig. 3.5.22 Structure of Data bus buffer status register
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Data bus buffer control register
b7 b6 b5 b4 b3 b2 bl b0

- Data bus buffer control register (DBBCON) [Address 2A16]

1 1 1 1 T 1 1
| | | | | | | |
B Name Function Atreset| R |W
oo | I L_| 0 [Data bus buffer enable bit 0 : P50—P53, P8 I/O port 0 |olo
o 1 : Data bus buffer enabled
oo b 1 | Data bus buffer function 0 : Single data bus buffer mode 0 |ofo
N selection bit (P47 functions as /O port.)
I N 1 : Double data bus buffer mode
I N (P47 functions as S1 input.)
T T A 2 | OBFo output selection bit 0 : OBFoo valid 0 lolo
} } } } } 1: OBFo: valid
A T A 3 | OBFoo output enable bit 0 : P42 functions as port I/O pin. 0 |o|o
Lo 1 : P42 functions as OBFoo output
S bin
A 4 | OBFo1 output enable bit 0 : P4s functions as port I/O pin. 0 Jo|o
[ 1 : P4s functions as OBFo1 output
Lo pin.
o L 7777777777777 5 | OBF10 output enable bit 0 : P4s functions as port I/O pin. 0 |olo
b 1 : P4e functions as OBF10 output
o pin.
R 6 | Input level selection bit 0 : CMOS level input 0 |olo
} 1:TTL level input
L ____ 7 | Fix this bit to “0". 0 |lolo

Fig. 3.5.23 Structure of Data bus buffer control register

Comparator data register
b7 b6 b5 b4 b3 b2 bl b0

Comparator data register (CMPD) [Address : 2D 16]

I I I I I I I I

| | | | | | | |

A - Name | Function Atreset| R |W
|

TR | o « At writing: The voltage comparison is immediately performed by ? |9|©

R — writing operation.

oo R — 1 [« At reading: The comparison result is read out. ? 10|10

| | | | | |

S NEE

| | | | | ||

s AEE

| | | | _—

R 4 2 |olo

| | |

| | | —

R 5 ?2 10|10

| |

A 5 2 [o[o

‘ —

o 7 2 |olo

Fig. 3.5.24 Structure of Comparator data register
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Port control reqgister 1
b7 b6 b5 b4 b3 b2 bl b0

Port control register 1 (PCTL1) [Address 2Ezs]

function selection bit

1: Software clear and output data
bus buffer 0 reading
(system bus side)

1 1 1 1 1 T 1 1
i i i i i i i i B Name Function Atreset| R |W
T | | L0 | POo—POs output structure 0: CMOS 0 |olo
. ! | selection bit 1: N-channel open-drain
} } } } } } I __ |1 |POs—PO7 output structure 0: CMOS 0 |olo
N selection bit 1: N-channel open-drain
TR L 777777 2 | P1lo—P1s output structure 0: CMOS 0 |olo
oo selection bit 1: N-channel open-drain
T R 3 | P14—P17 output structure 0: CMOS 0 |o]o
ol selection bit 1: N-channel open-drain
T A 4 | P30—P3s pull-up control bit (1): SO”pull-up 0 |olo
[ . Pull-up
| | |
R A 5 | P34—P37 pull-up control bit 0: No pull-up 0 |olo
L 1: Pull-up
| L ,,,,,,,,,,,,,,, 6 [PWMo enable bit 0: PWMo output disabled 0 |olo
| 1: PWMo output enabled
oo 7 | PWM1 enable bit 0: PWM: output disabled 0 |o|o
1. PWM: output enabled
Fig. 3.5.25 Structure of Port control register 1
Port control register 2
b7 b6 b5 b4 b3 b2 bl b0
Port control register 2 (PCTL2) [Address 2Fis]
1 1 1 1 1 T 1 1
i i i i i i i i B Name Function Atreset | R W
o } A 0] P4 input level selection bit 0: CMOS level input 0 |olo
I (P42—P4s) 1: TTL level input
| | | | | | " o "
I 1 1 1 1 1 1|1 |P7inputlevel selection bit 0: CMOS level input 0 |o|o
N (P70—P7s) 1: TTL level input
I T 2 |P4 output structure selection bit) 0: CMOS 0 |lolo
oo (P42, P4s, P44, P4s) 1: N-channel open-drain
} } } } ] 3 | P8 function selection bit 0: Port P8/Port P8 direction 0 |o]o
| | | | H
Lo register
[ 1: Port P4 input register/Port P7
i i i i input register
T 4 |INT2, INTs, INT4 interrupt 0: INT20, INT30, INT40 interrupt 0 olo
bl switch bit 1: INT21, INTa1, INTa1 interrupt
Vo L] 5 [Timer Y count source 0: fOXN)/16 (F(Xcin)/16 in low- 0 lolo
o selection bit speed mode)
o 1: f(Xcin)
N 6 | Oscillation stabilizing time set | 0: Automatic set “0116” to timer 1 0 |olo
} after STP instruction released and “FF1e” to prescaler 12
| bit 1: No automatic set
e 7 | Port output P42/P4s clear 0: Only software clear 0 |olo

Fig. 3.5.26 Structure of Port control register 2
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PWMOH register
b7 b6 b5 b4 b3 b2 bl b0

PWMOH register (PWMOH) [Address : 301s6]

1 1 1 1 1 T 1 1
i i i i i i i i B Function Atreset| R|W
"1 1 1 1 1 | S“]0 [+ The high-order 8 bits of the PWMOH output data are set. ? |0|0O
I N R || « At writing: A written data is transferred to PWMO latch at every
N A 1 sub-period (64 ps). ? |ofo
N [ (f(Xin) = 8 MHz)
AR 2 | « Atreading: The contents of the PWMOH register are read out. 2 lolo
| | | | |
[ I N B ||
P o
| | | | —
] e 4 "o
i i ] 5 | ? |o|o
| |
i b 6 | ? |olo
|
b 7 2 [ofo
Fig. 3.5.27 Structure of PWMOH register

PWMOL register

b7 b6 b5 b4 b3 b2 bl b0

L—_- PWMOL register (PWMOL) [Address : 3116]

1 1 1 T 1 1
i i i i i i i i B Function Atreset| R [W
oo | ! L]0 |+ The low-order 6 bits of the PWMOL output data are set. ? |lolo
[ N N — * At writing: A written data is transferred to PWMO latch at every >
A i repetitive period (4096 ps). 7 10]0
I R 2 (fXn) = 8 MHz) 2 oo
N — * At reading: The low-order 6 bits of PWMO latch are read out.
I 3 ? [o]o
i i i e mm o 4 ? |o]o
T ity 5 ? |o]o
I 6 |Nothing is allocated for this bit. This is a write disabled bit. ? lol|Oo
} When this bit is read out, the value is “0".
b __ 7 [+ The completion of transfer to the PWMO latch is indicated. 2 lolo
0: Transfer completed.
1: Not transferred.
At writing: This bit is set to “1”.

Fig. 3.5.28 Structure of PWMOL register
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PWM1H reqister
b7 b6 b5 b4 b3 b2 bl b0

PWM1H register (PWM1H) [Address : 3216]

0: Transfer completed.
1: Not transferred.
« At writing: This bit is set to “1".

1 1 1 1 1 T 1 1
i i i i i i i i B Function Atreset| R|W
1L L 1 11 210 [+ The high-order 8 bits of the PWM1H output data are set. ? |[o]o
I N A || « At writing: A written data is transferred to PWML latch at every
N A 1 sub-period (64 ps). ? |olo
[ || (f(Xin) = 8 MHz)
R N 2 | » Atreading: The contents of the PWM1H register are read out. 2 lolo
| | | | |
[ N N |
3 3 3 3 ] 3 ? |o|o
| | | | —
i i i [ 4 ? |o]o
| | | —
i i L S ? |ofo
i b 6 | ? |o|o
|
b 7 2 |olo
Fig. 3.5.29 Structure of PWM1H register

PWMLL regqister

b7 b6 b5 b4 b3 b2 bl b0

|:- PWMLL register (PWM1L) [Address : 3316]

1 1 1 T 1 1

i i i i i i i i B Function Atreset| R |W
T | Lo The low-order 6 bits of the PWML1L output data are set. ? |lolo
[ — * At writing: A written data is transferred to PWML1 latch at every >
e b repetitive period (4096 ps). ‘T 1©]©
R 2 (f(XIN) = 8 MHz) ? lolo
N — ¢ At reading: The low-order 6 bits of PWM1 latch are read out.
o T 3 ? |o]o
i i i P 4 ? |o]o
bl b 5 ? |ofo
} L 777777777777777 6 |Nothing is allocated for this bit. This is a write disabled bit. ? o|O
| When this bit is read out, the value is “0”.
b 7 | » The completion of transfer to the PWM1 latch is indicated. ? |lo|O

Fig. 3.5.30 Structure of PWMI1L register
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AD/DA control register

b7 b6 b5 b4 b3 b2 bl b0

AD/DA control register
(ADCON: address 3416)

Pl |b Name Functions At reset|R W
i bbb | o[ Analoginput pin b2 b1 b0 0 00
A selection bits 0 0 0: P60/ANo i
AR 00 1: P61/AN1 i
A N 01 0: P62/AN2 !
AR R 01 1: P63/AN3 0 |0i0
Pl 10 0: P64/ANa |
A A — 10 1: P65/ANs L
SRR 2 11 0: P66/ANs 0 |00
N 11 1: P67/AN7 !
1 1 1 1 1 :
T T R R — 3 [ AD conversion 0: Conversion in progress 1 00
oo completion bit 1: Conversion completed i
S 4 [ PWMo output pin  |0: P56/PWMoz o [oio
b selection bit 1: P30/PWMoo |
A 5 | PWM1 output pin ~ [0: P57/PWM11 0 C.0
i i selection bit 1: P31/PWM10 !
N 6 | DAL output enable [0: DA1 output disabled 0o |[oi0
! bit 1: DA1 output enabled i
E_ ______________________ 7 | DA2 output enable |0: DA2 output disabled 0 010
bit 1: DA2 output enabled |
Fig. 3.5.31 Structure of AD/DA control register
A-D conversion register 1
b7 b6 b5 b4 b3 b2 bl b0
A-D conversion register 1 (AD1) [Address : 3516]
RERRRRNIC
11 1 1 11 L{0 | The read-only register in which the A-D conversion’s results are ? |o
I | | stored.
SRR R
| | | | | |
| | | | | | | H
2 < 8-bit read> )
L T > ’
[ N B 3] b9 [b8 |b7 |b6 [b5 |b4 [b3 |b2 )
e o
| | | | _—
T T S — 4 < 10-bit read> ? |0
o | b7 bo
T 5 b7 [b6 [b5[ba [b3 [b2]b1[bo ? |o
| |
| | 1
i L 6 ? |o
o 7] 2 |o

Fig. 3.5.32 Structure of AD conversion register 1
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D-Ai conversion register

b7 b6 b5 b4 b3 b2 bl b0
| D-Ai conversion register (DAI) (i= 1, 2)
[Address: 3616, 3716]

i i i i i i i i b Functions Atreset|R iW
i i i i i i i "---i This is D-A output value stored bits. This is write 0 X : O
P14 111 t-----[ 1 | exclusive register. 0 [X:O
REEE B 0_IXi0
Pl e 3] 0 X0
T 4] 0 Xi0
bl e 5| o [X:O
b 6 0 [XiO
- 7 o [XiO
Fig. 3.5.33 Structure of D-Ai conversion register
A-D conversion register 2
b7 b6 b5 b4 b3 b2 bl b0
I:_ A-D conversion register 2 (AD2) [Address : 3815 ]
1 1
i i i i i i i i B Name [ Function At reset
' 1 1 1 1 | 1 [0]Theread-only register in which the A-D conversion’s results are ?
C ] |stored
} } } } } } } | < 10-bit read>
I A . - > ?
REREN
i 2 Nothing is allocated for these bits. These are write disabled bits. ?
A L__| When these bits are read out, the values are “0”".
N 3 f)
I
| | | | —T
T S 4 ?
| | | ||
] 5 7
| |
i ] 6 2
|
L 7 | Conversion mode selection bit | 0: 10-hit A-D mode ?
1: 8-bit A-D mode

Fig. 3.5.34 Structure of A-D convesion register 2
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Interrupt source selection register

b7 b6 b5 b4 b3 b2 bl b0

Interrupt source selection register [INTSEL: address 003916]

1 1 1 1 1 T 1 1
R i 1 [B Name Function Atreset| R [W
| | | | | | |
e INTo/input buffer full interrupt [0 : INTo interrupt 0 |ofo
R source selection bit 1 : Input buffer full interrupt
| | | | | | | N
' 11 1 1 1 |1 [INTi/output bufferempty [0 : INTzinterrupt 0 |o|o
N T S R interrupt source selection bit |1 : Output buffer empty interrupt
A 2 [ Serial I/01 transmit/Sci,Soa |0 : Serial /O1 transmitinterrupt 01| 0 |o | o
Lo interrupt source selection bit |1 : Sci,Spa interrupt
Lo Lo 3 [ CNTRo/Sc,Spn interrupt 0 : CNTRo interrupt il o |(olo
} } } } source selection bit 1 : Sci,Soa interrupt
I 4 | Serial 1102/12C interrupt 0 : Serial /02 interrupt b2 0 |o]o
I source selection bit 1:12C interrupt
| | |
I 5 | INT2/12C interrupt source 0 : INTz interrupt 02 o0 |ofo
b selection bit 1: 12C interrupt
} L 777777777777777 6 | CNTRu/key-on wake-up 0 : CNTRu interrupt 03] o |olo
| interrupt source selection bit |1 : Key-on wake-up interrupt
L 7 | AD converter/key-on wake-up |0 : A-D converter interrupt 031 0 |olo
interrupt source selection bit |1 : Key-on wake-up interrupt
01: Do not write “1” to these bits simultaneously.
J2: Do not write “1” to these bits simultaneously.
03: Do not write “1” to these bits simultaneously.
Fig. 3.5.35 Structure of Interrupt source selection register
Interrupt edge selection register
b7 b6 b5 b4 b3 b2 bl b0
- - Interrupt edge selection register (INTEDGE) [Address : 3Az1¢]
1 1 1 1 1
e Ficlon e Rl
bor | Lo INTo interrupt edge 0 : Falling edge active 0 |olo
[ N selection bit 1 : Rising edge active
| | | | | | | T
A S 1 INT: interrupt edge 0 : Falling edge active 0 |ofo
o selection bit 1 : Rising edge active
TR A R 2 | Nothing is allocated for this bit. This is a write disabled bit. 0 lol|o
oo When this bit is read out, the value is “0”.
T T N 3 | INTz interrupt edge 0 : Falling edge active 0 [olo
A selection bit 1 : Rising edge active
T A 4 | INTs interrupt edge 0 : Falling edge active 0 |olo
A selection bit 1: Rising edge active
N 5 | INT4 interrupt edge 0 : Falling edge active 0 |olo
o selection bit 1 : Rising edge active
| L ,,,,,,,,,,,,,,, 6 | Nothing is allocated for these bits. These are write disabled bits. 0 |ol|Do
| | When these bits are read out, the values are “0".
b 7 0 [o]O

Fig. 3.5.36 Structure of Interrupt edge selection register
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CPU mode register

b7 b6 b5 b4 b3 b2 bl bo

4]

CPU mode register
(CPUM: address 3B16)

1 0: @=f(XcIN)/2
(low-speed mode)
1 1: not available

b Name Functions Atreset| R W
bl b0 T
0 | Processor mode 00 : Single-chip mode 0 O : o
|| bits 01 : Memory expansion mode (Note) H
1 10 : Microprocessor mode (Note) * O i O
11 : Not available i
2 | Stack page 0: 0 page 0 0:0
selection bit 1:1 page :
Fix this bit to “1”. 1 00
4 | Port Xc switch bit [0 I/0 port function o |00
(oscillation stopped) i
1: XcIN-XcouT oscillation !
function :
5 | Main clock (XIN- 0: Oscillating 0 Ol
XourT) stop bit 1: Stopped :
6 | Main clock division [ 576 1 O!
; ; ; 0 0: @=f(XIN)/2 i
t lect bit: |
ratio selection bits (high-speed mode) :
0 1: ¢=f(XIN)/8 :
7 (middle-speed mode) 0 00

*: The initial value of bit 1 depends on the CNVss level.
Note: This mode is not available for M38869M8A/MCA/MFA or the
flash memory version.

Fig. 3.5.37 Structure of CPU mode register
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Interrupt request register 1

b7 b6 b5 b4 b3 b2 bl b0

Interrupt request register 1 (IREQ1) [Address : 3Cue]

1 1 1 1 1 T 1 I
| | | | | | | |
B Name Function Atreset| R [W
011 L0 | INTofinput buffer full interrupt |0 : No interrupt request issued 0 |[o|O
. ! | request bit 1: Interrupt request issued
A L 1 | INT</output buffer empty 0 : No interrupt request issued 0 |olo
. | interrupt request bit 1 : Interrupt request issued
N T A N 2 | Serial /01 receive interrupt |0 : No interrupt request issued 0 |olo
A request bit 1 : Interrupt request issued
A 3 | serial /01 transmit/Sct, Spa |0 : No interrupt request issued 0 |o|o
. interrupt request bit 1 : Interrupt request issued
TR R R S — 4 | Timer X interrupt request bit |9 - NO interrupt request issued 0 |o|O
Lo 1: Interrupt request issued
A 5 [ Timer Y interrupt request bit O : No interrupt request issued 0 |o|o
[ 1 : Interrupt request issued
| | " S
O, 6 | Timer 1 interrupt request bit [0 : No interrupt request issued 0 |olo
| 1 : Interrupt request issued
L 7 | Timer 2 interrupt request bit |0 : No interrupt request issued 0 |o|o
1 : Interrupt request issued
0: These bits can be cleared to “0” by program, but cannot be set to “1”.
Fig. 3.5.38 Structure of Interrupt request register 1

Interrupt request register 2

b7 b6 b5 b4 b3 b2 bl b0

- Interrupt request register 2 (IREQ2) [Address : 3Dzs]

1 1 1 1 T 1 I

i i i i i i i i B Name Function Atreset| R |W
I | ' L]0 |CNTRo/Sct, Spa interrupt 0 : No interrupt request issued 0 |olo
bor | ! request bit 1 : Interrupt request issued
e 1 | CNTR1/key-on wake-up 0 : No interrupt request issued 0 (oo
} } } } } | interrupt request bit 1 : Interrupt request issued
N T 2 [ serial 1102/12C interrupt 0 : No interrupt request issued 0 |ofo
} } } } } request bit 1 : Interrupt request issued
T T N 3 | INT2/12C interrupt request bit |0 : No interrupt request issued 0 |olo
. 1 : Interrupt request issued
T A 4 | INT3 interrupt request bit 0 : No interrupt request issued 0 |o|o
Lo 1: Interrupt request issued
R 5 | INT4 interrupt request bit 0 : No interrupt request issued 0 |olo
I 1 : Interrupt request issued
i L 777777777777777 6 AD converter/key-pn wake-up |0 : No interrupt request issued 0 |olg
| interrupt request bit 1 : Interrupt request issued
o 7 | Nothing is allocated for this bit. This is a write disabled bit. 0 |olo

When this bit is read out, the value is “0".

O: These bits can be cleared to “0” by program, but cannot be set to “1”.

Fig. 3.5.39 Structure of Interrupt request register 2
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Interrupt control register 1
b7 b6 b5 b4 b3 b2 bl b0

Interrupt control register 1 (ICON1) [Address : 3Eus]

1 1 1 1 1 T 1 1
i i i i i i i i B Name Function Atreset| R |W
0011 L0 [INTo/input buffer full interrupt | O : Interrupt disabled o |olo
A | ! enable bit 1 : Interrupt enabled
T 1 | INT1/output buffer empty 0 : Interrupt disabled 0 |o]o
} } } } } | interrupt enable bit 1 : Interrupt enabled
R L ,,,,,, 2 | Serial /01 receive interrupt 0 : Interrupt disabled o |lolo
o enable bit 1 : Interrupt enabled
T T 3 | Serial I/O1 transmit/ScL, Soa | 0 : Interrupt disabled o lolo
ol interrupt enable bit 1 : Interrupt enabled
A R S 4 | Timer X interrupt enable bit | O : Interrupt disabled o |olo
. 1 : Interrupt enabled
R 5 | Timer Y interrupt enable bit 0 : Interrupt disabled o |lolo
I 1 : Interrupt enabled
} L 777777777777777 6 | Timer 1 interrupt enable bit 0 : Interrupt disabled o |lolo
| 1: Interrupt enabled
L 7 | Timer 2 interrupt enable bit 0 : Interrupt disabled o l[olo
1: Interrupt enabled
Fig. 3.5.40 Structure of Interrupt control register 1
Interrupt control register 2
b7 b6 b5 b4 b3 b2 bl b0
0 Interrupt control register 2 (ICON2) [Address : 3Fuie]
1 1 1 1 1 | 1 1
i i i i i i i i B Name Function Atreset| R |\\/
} } } } } } } I 10 | CNTRo/Sct, Spa interrupt 0 : Interrupt disabled 0 |olo
Lo enable bit 1 : Interrupt enabled
B I ___|1 | CNTRu/key-on wake-up 0 : Interrupt disabled 0 |olo
N interrupt enable bit 1 Interrupt enabled
I 2 [Serial I702/12C interrupt enable| 0 : Interrupt disabled 0 [olo
oo bit 1 : Interrupt enabled
T T 3 [ INT2/12C interrupt enable bit 0 : Interrupt disabled 0 |olo
. 1 : Interrupt enabled
A N 4 | INTz interrupt enable bit 0 : Interrupt disabled 0 |o|o
. 1 : Interrupt enabled
I 5 | INT4 interrupt enable bit 0 : Interrupt disabled 0 |olo
o 1 : Interrupt enabled
} L 777777777777777 6 | AD converter/key-on wake-up | O : Interrupt disabled 0 |olo
| interrupt enable bit 1 : Interrupt enabled
b 7 | Fix this bit to *0". 0 lolo

Fig. 3.5.41 Structure of Interrupt control register 2

3-72

3886 Group User’'s Manual




3.5

APPENDIX

List of registers

Flash memory control register

b7 b6 b5 b4 b3 b2 bl bO

Lo

o] | ]

Flash memory control register
(FCON : address FFEz16)

_______________________

b Name Functions Atreset| R W
0 | CPU reprogramming (0 : CPU reprogramming 0 Oi0
mode select bit mode is invalid. (Normal :
(Note) operation mode) |

1: When applying 0V to i
CNVss/Vpp pin, CPU |
reprogramming mode is i
invalid. When applying i
VpPPH to CNVss/VPP pin, i
CPU reprogramming i
mode is valid. i
1 | Erase/Program 0 : Erase and program are 0 0:0
busy flag completed or have not i
been executed. i
1: Erase/program is being i
executed. |
2 | CPU reprogramming|0 : CPU reprogramming 0 0:0
mode monitor flag mode is invalid :
1: CPU reprogramming '
mode is valid |
3 | Fix this bit to “0”". 0 0i0
b5 b4 I
4 E{j;i’gre‘;%ﬁ?; 0 0: Address 100016 to ° |0 i ©
FFFF16 (total 60Kbytes) :
0 1: Address 100016 to '
5| 7FFF1s (total 28Kbytes) 0 00
1 0: Address 800016 to !
FFFF1s (total 32Kbytes) |
1 1: not available !

6 | Fix this bit to “0". o |00
7 |Nothing is arranged for this bit. This is a write 0 O X
disabled bit. When this bit is read out, the i
contents are “0”. i

Note: Bit 0 can be reprogrammed only when 0 V is applied to the CNVss/Vpe pin.

Fig. 3.5.42 Structure of Flash memory control register
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Flash command register

b7 b6 b5 b4 b3 b2 bl bo

Flash command register
(FCMD: address FFF16)

b Functions Atreset|R W
1.0 | Writing of software command 0 X:0
| 1 [<Software command name> <Command code> 0 Xi0

2 | * Read command *“0016” 0 Xi0
3 | Program command * “4016" 0 X110
ik Program verify command  « “C016” 0 X0
—  Erase command e “2016"+ “2016" :
LS 1. Erase verify command * “AO16" 0 X} O
| 6 |« Reset command * “FF16”" + “FF16” 0 X0

7 0 X0

Note: The flash command register is a write-only register.

Fig. 3.5.43 Structure of Flash command register
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3.6 Package outline

80P6Q-A MMP Plastic 80pin 12012mm body LQFP
EIAJ Package Code JEDEC Code Weight(g) Lead Material MD

LQFP80-P-1212-0.5 - 0.47 Cu Alloy B DDj}:D 7

L
D ~ T =
sl |
= =
AEAAAARAAAAAAARAAAAA 0
@E O O E Recommended Mount Pad
% g Svmbol Dimension in Millimeters
== = Y Min Nom Max
= = w| w A — — 1.7
= = - AL | © 0.1 02
== = A2 - 1.4 -
= == b 0.13 0.18 0.28
= == c 0.105| 0.125| 0.175
Q D | 119 | 120 | 121
L L) E [ 119 [ 120 12.1
@ le] - 0.5 -
A HD 13.8 14.0 14.2
HE 13.8 14.0 14.2
L 0.3 0.5 0.7
L1 - 1.0 —
T Lp 0.45 0.6 0.75
o - 0.25 =
< X - - 0.08
R y - - 0.1
- [/ 0° — 10°
< b2 - 0.225 -
12 0.9 = -
MD — 12.4 -
ME — 12.4 —
80D0 Glass seal 80pin QFN
EIAJ Package Code JEDEC Code Weight(g)
21.0+0.2 3.32MAX 18.4+0.15
_ | 178TYP _0.8TYP 0.6TYP
Tﬁ ‘HWH [N ] H‘
= @ =€
= 1 ! =
= = =&
N = 5 - = 5|9
b = o 5 = oo
© = B = &
S = a] = = Y
= > = =
= = =
= | 3 @i =
vR *QE CO00OOO000O00000A0000000|€9
INDEX 7 @1 21vp )
=}
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APPENDIX

3.7 Machine instructions

3.7 Machine instructions

Symbol

Function

Details

Addressing mode

IMP

A

BIT,A/R

zP

BIT, ZP, R

OP| n

IoP

n

OP| n| #

IoP

OP| n

#

ADC
(Note 1)
(Note 5)

When T =0
A-A+M+C

WhenT=1
M(X) « M(X)+M+C

When T = 0, this instruction adds the contents
M, C, and A; and stores the results in A and C.
When T = 1, this instruction adds the contents
of M(X), M and C; and stores the results in
M(X) and C. When T=1, the contents of A re-
main unchanged, but the contents of status
flags are changed.

M(X) represents the contents of memory
where is indicated by X.

69

65

AND
(Note 1)

When T =0
A - AAM

WhenT=1
M(X) — M(X) AM

When T = 0, this instruction transfers the con-
tents of A and M to the ALU which performs a
bit-wise AND operation and stores the result
back in A.

When T = 1, this instruction transfers the con-
tents M(X) and M to the ALU which performs a
bit-wise AND operation and stores the results
back in M(X). When T = 1 the contents of A re-
main unchanged, but status flags are
changed.

M(X) represents the contents of memory
where is indicated by X.

29

25

ASL

g-—-0

This instruction shifts the content of A or M by
one bit to the left, with bit 0 always being set to
0 and bit 7 of A or M always being contained in
C.

0A

06

BBC
(Note 4)

Ai or Mi =0?

This instruction tests the designated bit i of M
or A and takes a branch if the bit is 0. The
branch address is specified by a relative ad-
dress. If the bit is 1, next instruction is
executed.

13142
20i

7|5

20i

BBS
(Note 4)

Aior Mi=1?

This instruction tests the designated bit i of the
M or A and takes a branch if the bit is 1. The
branch address is specified by a relative ad-
dress. If the bit is 0, next instruction is
executed.

BCC
(Note 4)

This instruction takes a branch to the ap-
pointed address if C is 0. The branch address
is specified by a relative address. If C is 1, the
next instruction is executed.

BCS
(Note 4)

c=1?

This instruction takes a branch to the ap-
pointed address if C is 1. The branch address
is specified by a relative address. If C is 0, the
next instruction is executed.

BEQ
(Note 4)

This instruction takes a branch to the ap-
pointed address when Z is 1. The branch
address is specified by a relative address.

If Z is 0, the next instruction is executed.

BIT

This instruction takes a bit-wise logical AND of
A and M contents; however, the contents of A
and M are not modified.

The contents of N, V, Z are changed, but the
contents of A, M remain unchanged.

24

BMI
(Note 4)

This instruction takes a branch to the ap-
pointed address when N is 1. The branch
address is specified by a relative address.

If N is 0, the next instruction is executed.

BNE
(Note 4)

Zz=0?

This instruction takes a branch to the ap-
pointed address if Z is 0. The branch address
is specified by a relative address. If Z is 1, the
next instruction is executed.

Addressing mode Processor status register

ZP, X ZP, Y ABS ABS, X | ABS,Y IND ZP, IND IND, X IND, Y REL SP 7|6|5(4|3[2|1]0
OP| n OP| n | # [OP| n OP| n| # |OP #|OP| n|# |OP| n|# |OP| n|# [OP #|OP|n|#|OPn|#|N|V|T|B|D|I|Z|C
75| 4 6D| 4 7D| 5| 3|79 3 61(6|2]|71 2 N[V [e]e|le|e]Z]|C
35/ 4 2D| 4 3D(5(3]39 3 21|16 2|31 2 Nje|[e|e|e]]|Z]-
16| 6 OE| 6 1E{ 7|3 Nfe|e]e|ls|]Z]|C
90|22 clelel el e]e]]-

BO|2 |2 PN R O O O (N I

Fol 2|2 PR S S O R I

2C| 4 M7|Me| o | e | e |e|Z]«

30(2 |2 oo o] e el

Doj2 |2 oo oo e]e]o]e
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Addressing mode Addressing mode Processor status register
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 7|6|5(4|3[2|1]0
OP| n| #|OP| n| # |OP| n |# |OP| n| # [OP| n | # |OP| n | # OP| n | # |OP| n|#|OP| n|# |OP| n| #|OP| n| #|OP| n|#|OP| n|#|OP| n|# |OP|n|#|OP| n|#|OP|n|#|N|V|T|B|D|I|Z]|C
BPL N=0? This instruction takes a branch to the ap- 10(2(2 C IR R BT O N B IR
(Note 4) pointed address if N is 0. The branch address

is specified by a relative address. If N is 1, the
next instruction is executed.

BRA PC ~ PC * offset This instruction branches to the appointed ad- 80 4|2 L3 IS OIS O3S U BN B
dress. The branch address is specified by a
relative address.

BRK B -1 When the BRK instruction is executed, the [00| 7 | 1 L I B S U B O B B
(PC) « (PC)+2 CPU pushes the current PC contents onto the
M(S) — PCH stack. The BADRS designated in the interrupt
S-S-1 vector table is stored into the PC.
M(S) — PCL
S~S-1
M(S) ~ PS
S~S-1
-1
PCL ~ ADL
PCH — ADH
BVC V=0? This instruction takes a branch to the ap- 50|22 oo oo ]
(Note 4) pointed address if V is 0. The branch address

is specified by a relative address. If V is 1, the
next instruction is executed.

BVS V=1? This instruction takes a branch to the ap- 7012 |2 E BN O O A O S Y
(Note 4) pointed address when V is 1. The branch
address is specified by a relative address.
When V is 0, the next instruction is executed.

CLB AiorMi - 0 This instruction clears the designated bit i of A B|2 1 1F|5(2 el e oo e]e]e]e
or M. 20i 20i

cLC C-0 This instruction clears C. 8|2 (1 eflofe]e]elele]0
CLD D~0 This instruction clears D. D8| 2 |1 ele|efe]|O]o]e]e
CLI -0 This instruction clears I. 58|12 (1 ele]|o]|e]elo]e]s
CLT T-0 This instruction clears T. 1212 |1 el e|Ofe]|e]o]e]e
CLvV V<0 This instruction clears V. B8| 2 |1 e |0 efe]|e]e]e]e
CMP WhenT =0 When T = 0, this instruction subtracts the con- Col2|2 C5(3 |2 D5( 4 |2 CD| 4 |3 |DD| 5|3 |D9|5 |3 Cl1|6|2[D1|6 |2 N|[e[e|e]|e]|Z]|C
(Note 3) | A-M tents of M from the contents of A. The result is

WhenT=1 not stored and the contents of A or M are not

M(X) = M modified.

When T = 1, the CMP subtracts the contents
of M from the contents of M(X). The result is
not stored and the contents of X, M, and A are
not modified.

M(X) represents the contents of memory
where is indicated by X.

coMm MM This instruction takes the one's complement of 445 |2 N|{e|e|e|e]e]Z]-
the contents of M and stores the result in M.

CPX X-M This instruction subtracts the contents of M EO(2 |2 E4(3 |2 EC|4 |3 N|e|e|e|e]e]Zz]|C
from the contents of X. The result is not stored
and the contents of X and M are not modified.

CPY Y-M This instruction subtracts the contents of M Co| 2|2 C4|3 |2 ICC| 4 |3 N|{e|e|e|e]e]z]|C
from the contents of Y. The result is not stored
and the contents of Y and M are not modified.

DEC A-A-lor This instruction subtracts 1 from the contents Al2]1 C6|5 |2 D6| 6 | 2 CE|6 |3 [DE| 7 |3 N ele|e]e]elz]-
M~ M-1 of A or M.
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3.7 Machine instructions 3.7 Machine instructions
Addressing mode Addressing mode Processor status register
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 7|6|5(4|3[2|1]0
OP| n| #|OP| n| # |OP| n |# |OP| n| # [OP| n | # |OP| n | # OP| n | # |OP| n|#|OP| n|# |OP| n| #|OP| n| #|OP| n|#|OP| n|#|OP| n|# |OP|n|#|OP| n|#|OP|n|#|N|V|T|B|D|I|Z]|C
DEX X e X-1 This instruction subtracts one from the current |CA[ 2 | 1 Nje|e|[e]=]|"|Z]"
contents of X.
DEY Y-Y-1 This instruction subtracts one from the current Nfefe|efe|=]|Z]|"
contents of Y.
DIv A« (M(zz+ X +1), Divides the 16-bit data in M(zz+(X)) (low-order L R I N L L B
M(zz + X)) 1 A byte) and M(zz+(X)+1) (high-order byte) by the
M(S) «~ one's comple- | contents of A. The quotient is stored in A and
ment of Remainder the one's complement of the remainder is
S<S-1 pushed onto the stack.
EOR When T =0 When T = 0, this instruction transfers the con- Nfe|[e]efe|[]|Z]"
(Notel) | A~ AVM tents of the M and A to the ALU which
performs a bit-wise Exclusive OR, and stores
When T =1 the resultin A.
M(X) « M(X) ¥M When T = 1, the contents of M(X) and M are
transferred to the ALU, which performs a bit-
wise Exclusive OR and stores the results in
M(X). The contents of A remain unchanged,
but status flags are changed.
M(X) represents the contents of memory
where is indicated by X.
INC A-A+lor This instruction adds one to the contents of A Njelefe]=]=|Z]"
M-M+1 or M.
INX X X+1 This instruction adds one to the contents of X. Nfefe]|efe|e]|Z]|"
INY Ye-Y+1 This instruction adds one to the contents of Y. Nje|e|e]=]"|Z]"
JMP If addressing mode is ABS This instruction jumps to the address desig- L3 N B N O L B
PCL ~ ADL nated by the following three addressing
PCH « ADH modes:
If addressing mode is IND Absolute
PCL « M (ADH, ADL) Indirect Absolute
PCH —~ M (ADH, ADL + 1) | Zero Page Indirect Absolute
If addressing mode is ZP, IND
PCL ~ M(00, ADL)
PCH « M(00, ADL + 1)
JSR M(S) « PCH This instruction stores the contents of the PC 22( 52| o] |"
S-s-1 in the stack, then jumps to the address desig-
M(S) ~ PCL nated by the following addressing modes:
S-S-1 Absolute
After executing the above, Special Page
if addressing mode is ABS, | Zero Page Indirect Absolute
PCL ~ ADL
PCH — ADH
if addressing mode is SP,
PCL ~ ADL
PCH ~ FF
If addressing mode is ZP, IND,
PCL ~ M(00, ADL)
PCH « M(00, ADL + 1)
LDA When T =0 When T = 0, this instruction transfers the con- Nfef|e|efeo|[s]|Z]~
(Note2) | A M tents of M to A.
When T =1 When T = 1, this instruction transfers the con-
M(X) = M tents of M to (M(X)). The contents of A remain
unchanged, but status flags are changed.
M(X) represents the contents of memory
where is indicated by X.
LDM M~ nn This instruction loads the immediate value in 3C{ 4|3 L IR R L L AN I I
M
LDX X <M This instruction loads the contents of M in X. A2[ 2|2 A6| 3|2 B6| 4 |2 |AE| 4 |3 BE| 5|3 Nfefe]|sf[|]|Z]|"
LDY Y -M This instruction loads the contents of M in Y. A0l 2|2 A4l 3|2 B4l 4 |2 AC| 4 | 3|BC| 5|3 Nfefe]|esf|=]|Z]|"
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3.7 Machine instructions 3.7 Machine instructions
Addressing mode Addressing mode Processor status register

Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 7|6|5(4|3[2|1]0

OP| n| #|OP| n| # |OP| n |# |OP| n| # [OP| n | # |OP| n | # OP| n | # |OP| n|#|OP| n|# |OP| n| #|OP| n| #|OP| n|#|OP| n|#|OP| n|# |OP|n|#|OP| n|#|OP|n|#|N|V|T|B|D|I|Z]|C

LSR 7 0 This instruction shifts either A or M one bit to 4A|2 |1 46 |5 | 2 56| 6|2 4E(6 |3 |5E| 7|3 Ofe|*|*|*|*|Z]|C
o-[_1-@d the right such that bit 7 of the result always is

set to 0, and the bit 0 is stored in C.

MUL M(S) « A « AOM(zz + X) | Multiplies Accumulator with the memory speci- 62[15| 2 sl

S-s-1 fied by the Zero Page X address mode and

stores the high-order byte of the result on the
Stack and the low-order byte in A.

NOP PC - PC+1 This instruction adds one to the PC but does [EA|[ 2 | 1 L3 R N B B B B
no otheroperation.
ORA When T =0 When T = 0, this instruction transfers the con- 09| 2|2 05(3 | 2 15| 4|2 0D| 4 |3]|1D|5|3|19|5]| 3 01| 6| 211|162 Nje|[e|[e]e|]|Z]~
(Notel) | A-AVM tents of A and M to the ALU which performs a
bit-wise “OR”", and stores the result in A.
When T =1 When T = 1, this instruction transfers the con-
M(X) « M(X) VM tents of M(X) and the M to the ALU which

performs a bit-wise OR, and stores the result
in M(X). The contents of A remain unchanged,
but status flags are changed.

M(X) represents the contents of memory
where is indicated by X.

PHA S<S-1 This instruction pushes the contents of A to cle el
the memory location designated by S, and [48]3 |1
decrements the contents of S by one.

PHP M(S) - PS This instruction pushes the contents of PS to o e efo] o]l
S-S-1 the memory location designated by S and dec- [08| 3 | 1
rements the contents of S by one.
PLA S<S+1 This instruction increments S by one and Nje|[e|e|e]|Z]~
A~ M(S) stores the contents of the memory designated [68| 4 | 1
by Sin A.
PLP S-S+1 This instruction increments S by one and (Value saved in stack)
PS < M(S) stores the contents of the memory location |28|4 |1

designated by S in PS.

ROL 7.0 This instruction shifts either A or M one bit left 2A(2 (1 26(5 (2 36|62 2E| 6 [3|3E| 7|3 N|je|e|e|e]|Z]|C
through C. C is stored in bit 0 and bit 7 is
stored in C.
ROR 7 0 This instruction shifts either A or M one bit 6A[ 2|1 6652 76/ 6| 2 6E| 6| 3|7E| 7| 3 N|je|[e|e]e|s|Z]|C
- 1- right through C. C is stored in bit 7 and bit 0 is
== stored in C.
RRF 70 This instruction rotates 4 bits of the M content 82(8 |2 L I O R RO IR S
Ny ¢ to the right.
RTI S<S+1 This instruction increments S by one, and (Value saved in stack)
PS « M(S) stores the contents of the memory location [40|6 |1
S<S+1 designated by S in PS. S is again incremented
PCL — M(S) by one and stores the contents of the memory
S<S+1 location designated by S in PCL. S is again
PCH « M(S) incremented by one and stores the contents of
memory location designated by S in PCH.
RTS S<S+1 This instruction increments S by one and L3 BN L RN RN U B A
PCL ~ M(S) stores the contents of the memory location [60|6 |1
S<S+1 designated by S in PCL. S is again
PCH « M(S) incremented by one and the contents of the
(PC) - (PC)+1 memory location is stored in PCH. PC is

incremented by 1.
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Addressing mode Addressing mode Processor status register
Symbol Function Details IMP IMM A BIT, A ZP BIT, ZP ZP, X ZP, Y ABS ABS, X ABS, Y IND ZP, IND IND, X IND, Y REL SP 7|6|5(4|3[2|1]0
OP| n| #|OP| n| # |OP| n |# |OP| n| # [OP| n | # |OP| n | # OP| n | # |OP| n|#|OP| n|# |OP| n| #|OP| n| #|OP| n|#|OP| n|#|OP| n|# |OP|n|#|OP| n|#|OP|n|#|N|V|T|B|D|I|Z]|C
SBC When T =0 When T = 0, this instruction subtracts the E9[ 2|2 E5| 3|2 F5( 42 ED| 4 |3 |FD|5|3|F9| 5|3 E1{6|2|F1|6|2 N|V|[e|[e|e]e]Z]|C
(Notel) | A« A-M-CT value of M and the complement of C from A,
(Note 5) and stores the results in A and C.
When T =1 When T = 1, the instruction subtracts the con-
M(X) « M(X)-M-C tents of M and the complement of C from the
contents of M(X), and stores the results in
M(X) and C.
A remain unchanged, but status flag are
changed.
M(X) represents the contents of memory
where is indicated by X.
SEB AiorMi « 1 This instruction sets the designated bit i of A oB|2 |1 oF| 5|2 L3 B NS BN B B O Y
o
orM. 20i 20i
SEC C-1 This instruction sets C. 382 |1 el ] ]2
SED D-1 This instruction set D. 8|2 |1 L B R B IS I BN I
SEI -1 This instruction set I. 782 |1 el e |L] ]
SET T-1 This instruction set T. 3202 |1 L N I S B N I BN B
STA M- A This instruction stores the contents of A in M. 85|14 |2 955 | 2 8D| 5|3 |9D|6|3]99/6]|3 8117|291/ 7 |2 LI IO A O IO B I
The contents of A does not change.
STP This instruction resets the oscillation control F/ (42| 2 | 1 LI OO AU R IR B I
F and the oscillation stops. Reset or interrupt
input is needed to wake up from this mode.
STX M« X This instruction stores the contents of X in M. 86|42 965 |2 |8E|5 |3 L IR R I IO R IO IR
The contents of X does not change.
STY MY This instruction stores the contents of Y in M. 84(4 |2 94|15 |2 8C|5 |3 L3 RN BE3N R U B B
The contents of Y does not change.
TAX X <A This instruction stores the contents of Ain X. [AA[ 2 | 1 Nfef|[e]efe|e]|Z]"
The contents of A does not change.
TAY Y <A This instruction stores the contents of Ain Y. [A8] 2 | 1 Nfefe]efe|]|Z]"
The contents of A does not change.
TST M =0? This instruction tests whether the contents of 64(3 |2 Njeo|[e|e|e]]Z]-
M are “0" or not and modifies the N and Z.
TSX XS This instruction transfers the contents of Sin [BA| 2 | 1 Nfjelele]e]|Z]"
X
TXA A< X This instruction stores the contents of Xin A.  [8A[ 2 | 1 N|efefefe]|=]|Z]"
TXS S« X This instruction stores the contents of XinS.  [9A| 2 | 1 LI RO A O IO B I
TYA A-Y This instruction stores the contents of Yin A.  [98] 2 | 1 Nfelele]e]|Z]"
WIT The WIT instruction stops the internal clock |C2| 2 | 1 L3 N U BN NCRN BO B A
but not the oscillation of the oscillation circuit
is not stopped.
CPU starts its function after the Timer X over
flows (comes to the terminal count). All regis-
ters or internal memory contents except Timer
X will not change during this mode. (Of course
needs VDD).

Notes 1 : The number of cycles “n” is increased by 3 when T is 1.
2 : The number of cycles “n” is increased by 2 when T is 1.
3: The number of cycles “n” is increased by 1 when T is 1.
4 : The number of cycles “n” is increased by 2 when branching has occurred.
5

: N, V, and Z flags are invalid in decimal operation mode.
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3.7 Machine instructions

Symbol Contents Symbol Contents
IMP Implied addressing mode + Addition
IMM Immediate addressing mode - Subtraction
A Accumulator or Accumulator addressing mode O Multiplication
BIT, A Accumulator bit addressing mode / Division
BIT, A, R Accumulator bit relative addressing mode N Logical OR
ZP Zero page addressing mode \% Logical AND
BIT, ZP Zero page bit addressing mode ¥ Logical exclusive OR
BIT, ZP, R Zero page bit relative addressing mode — Negation
ZP, X Zero page X addressing mode p Shows direction of data flow
ZP, Y Zero page Y addressing mode X Index register X
ABS Absolute addressing mode Y Index register Y
ABS, X Absolute X addressing mode S Stack pointer
ABS, Y Absolute Y addressing mode PC Program counter
IND Indirect absolute addressing mode PS Processor status register
PCH 8 high-order bits of program counter
ZP, IND Zero page indirect absolute addressing mode PCL 8 low-order bits of program counter
ADH 8 high-order bits of address
IND, X Indirect X addressing mode ADL 8 low-order bits of address
IND, Y Indirect Y addressing mode FF FF in Hexadecimal notation
REL Relative addressing mode nn Immediate value
SP Special page addressing mode zz Zero page address
C Carry flag M Memory specified by address designation of any ad-
z Zero flag dressing mode
| Interrupt disable flag M(X) Memory of address indicated by contents of index
D Decimal mode flag register X
B Break flag M(S) Memory of address indicated by contents of stack
T X-modified arithmetic mode flag pointer
Y, Overflow flag M(ADH, ADL) Contents of memory at address indicated by ADH and
N Negative flag ADL, in ADH is 8 high-order bits and ADL is 8 low-or-
der bits.
M(00, ADL) Contents of address indicated by zero page ADL
Ai Biti (i = 0 to 7) of accumulator
Mi Biti (i = 0 to 7) of memory
OP Opcode
n Number of cycles
# Number of bytes
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3.8 List of instruction code

3.8 List of instruction code

D3-Do | 0000 | 0001 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111 | 1000 | 1001 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111
D7 — Da Hexa:jg;”ﬂ 0 1 2 3 4 5 6 7 8 9 A B c D E F
oon | o o |08 s ses | |Om | AsL | 8BS |y | | ASL| S | omA | ASL] seo
oo | 1 e |90 v | 380 | | ome | ast BB cic | OBA | ofc | o | OB LASL | cio
0010 2 JSR | AND | JSR BBS BIT AND | ROL BBS PLP AND | ROL SEB BIT AND | ROL SEB
ABS [IND, X| SP 1,A ZP ZP ZP 1, ZP IMM A 1,A ABS | ABS | ABS | 1,ZzP
oot | s M G SET LS | = | Zeix [ zpix [nzp | SEC amsv| A | 1 | 26 aeS, x{aes.x| .z¢
oo |4 | R RL ST S [T | e | 2 |2z | P | | A | 2A | ABS | ABS | ABS | 220
owor | s eve | GR L — IS | = [ zex |zox |2 | 1 [aesy| — | 2A | T |aes x|aes x| 2 20
0110 s | rrs | ADC | MUL | BBS [ TST | ADC | ROR | BBS |  , | ADC | ROR | SEB | JMP | ADC | ROR | SEB
IND, X | ZP, X | 3,A ZP ZP ZP 3, ZP IMM A 3,A IND ABS | ABS | 3, ZP
ot |7 evs |GOS L = |G | = [ Zex |zex |z | 5P [aesy| — | 5A |~ |aes x|aesx| .20
000 | s eRA | T A | T | o | 2o |mee | PEY | — | T4 | GR | Aes | nes | aes |4z
w01 o fece R — |9 Lo [z | zpy [aze | T laesiy| TS | aa | = les — |4z
100 | A |t (norx| | A | 20 | 20 | 2o [size | ™ | | ™| sa | ABs | aBS | aes |5 zp
011 | 8| BCS [N ool sa [ zeix | zpox | zpy [sizp | OV laesiv| TS | 5a |as x|ags, x|ags. ¥| 5 z¢
wov | o [ S e | | 85 | chY | ol | oEo | BB v | P | oex | 60 | GEY | B f ORC | sc
wo | o [sne| oWl | Sc| | ow ok |B8CH cio |OUR) | oo | |OWR | OEC cio
1110 g | CPXx | SBC | DIV | BBS | CPX | SBC | INC [ BBS | . | SBC | oo | SEB [ CPX | SBC | INC | SEB
IMM |IND, X | ZP, X | 7, A ZP ZP ZP 7,ZP IMM 7, A ABS | ABS | ABS | 7,ZP
mr | Fofeee oSl = VSR = [ ex | ok | e | S0 lasy| — | 7oA | T laes x|aesx| 720

: 3-byte instruction

: 2-byte instruction

: 1-byte instruction
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3.9 SFR memory map

000016
000116
000216
000316
000416
000516
000616
000716
000816
000916
000A16
000B16
000C16
000D16
000E16
000F16
001016
001116
001216
001316
001416
001516
001616
001716
001816
001916
001A16
001B1s6
001C16
001D16
001E16
001F16

Port PO (PO)

Port PO direction register (POD)

Port P1 (P1)

Port P1 direction register (P1D)

Port P2 (P2)

Port P2 direction register (P2D)

Port P3 (P3)

Port P3 direction register (P3D)

Port P4 (P4)

Port P4 direction register (P4D)

Port P5 (P5)

Port P5 direction register (P5D)

Port P6 (P6)

Port P6 direction register (P6D)

Port P7 (P7)

Port P7 direction register (P7D)

Port P8 (P8)/Port P4 input register (P4l)

Port P8 direction register (P8D)/Port P7 input register (P71)

12C data shift register (S0)

12C address register (SOD)

12C status register (S1)

12C control register (S1D)

12C clock control register (S2)

12C start/stop condition control register (S2D)

Transmit/Receive buffer register (TB/RB)

Serial I/O1 status register (SIO1STS)

Serial I/01 control register (SIO1CON)

UART control register (UARTCON)

Baud rate generator (BRG)

Serial I/02 control register (SIO2CON)

Watchdog timer control register (WDTCON)

Serial 1/02 register (S102)

002016
002116
002216
002316
002416
002516
002616
002716
002816
002916
002A16
002B16
002C16
002D16
002E16
002F16
003016
003116
003216
003316
003416
003516
003616
003716
003816
003916
003A16
003B16
003C16
003D16
003E16
003F16

OFFE16
OFFF16

Prescaler 12 (PRE12)

Timer 1 (T1)

Timer 2 (T2)

Timer XY mode register (TM)

Prescaler X (PREX)

Timer X (TX)

Prescaler Y (PREY)

Timer Y (TY)

Data bas buffer register 0 (DBBO)

Data bas buffer status register 0 (DBBSTSO0)

Data bas buffer control register (DBBCON)

Data bas buffer register 1 (DBB1)

Data bas buffer status register 1 (DBBSTS1)

Comparator data register (CMPD)

Port control register 1 (PCTL1)

Port control register 2 (PCTL2)

PWMOH register (PWMOH)

PWMOL register (PWMOL)

PWM1H register (PWM1H)

PWML1L register (PWM1L)

AD/DA control register (ADCON)

A-D conversion register 1 (AD1)

D-A1 conversion register (DA1)

D-A2 conversion register (DA2)

A-D conversion register 2 (AD2)

Interrupt source selection register (INTSEL)

Interrupt edge selection register (INTEDGE)

CPU mode register (CPUM)

Interrupt request register 1 (IREQ1)

Interrupt request register 2 (IREQ2)

Interrupt control register 1 (ICON1)

Interrupt control register 2 (ICON2)

Flash memory control register (FCON)

Flash command register (FCMD)

Note: Flash memory version only

(Note)
(Note)
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3.10 Pin configurations

PIN CONFIGURATION (TOP VIEW) |5 5
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the function pin may change by the

Package type : 80P6Q-A

kind of package.

Fig. 3.10.1 M38867M8A-XXXHP, M38867E8AHP pin configuration

PIN CONFIGURATION (TOP VIEW)

Package type : 80D0
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Fig. 3.10.2 M38867E8AFS pin configuration
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PIN CONFIGURATION (TOP VIEW)
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Package type : 80P6S-A/80P6Q-A

: Flash memory version

Note: The pin number and the position of the
function pin may change by the kind of
package.

Fig. 3.10.3 M38869MFA-XXXGP/HP, M38869FFAGP/HP pin configuration
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