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Cautions

Keep safety first in your circuit designs!

1

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

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

Notes regarding these materials

1

These materials are intended as areference to assist our customersin the selection of the Renesas
Technology Corporation product best suited to the customer's application; they do not convey any
license under any intellectual property rights, or any other rights, belonging to Renesas Technology
Corporation or athird party.

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

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

The information described here may contain technical inaccuracies or typographical errors.

Renesas Technology 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 Renesas Technology Corporation by various
means, including the Renesas Technology Corporation Semiconductor home page
(http://www.renesas.com).

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

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

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

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

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

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

1. Hitachi neither warrants nor grants licenses of any rights of Hitachi’s or any third party’s
patent, copyright, trademark, or other intellectual property rights for information containged in
this document. Hitachi bears no responsibility for problems that may arise with third party’s
rights, including intellectual property rights, in connection with use of the information
contained in this document.

2. Products and product specifications may be subject to change without notice. Confirm that y
have received the latest product standards or specifications before final design, purchase or
use.

3. Hitachi makes every attempt to ensure that its products are of high quality and reliability.
However, contact Hitachi’s sales office before using the product in an application that
demands especially high quality and reliability or where its failure or malfunction may directly
threaten human life or cause risk of bodily injury, such as aerospace, aeronautics, nuclear
power, combustion control, transportation, traffic, safety equipment or medical equipment for
life support.

4. Design your application so that the product is used within the ranges guaranteed by Hitachi
particularly for maximum rating, operating supply voltage range, heat radiation characteristic
installation conditions and other characteristics. Hitachi bears no responsibility for failure or
damage when used beyond the guaranteed ranges. Even within the guaranteed ranges,
consider normally foreseeable failure rates or failure modes in semiconductor devices and
employ systemic measures such as fail-safes, so that the equipment incorporating Hitachi
product does not cause bodily injury, fire or other consequential damage due to operation of
the Hitachi product.

5. This product is not designed to be radiation resistant.

6. No one is permitted to reproduce or duplicate, in any form, the whole or part of this documer
without written approval from Hitachi.

7. Contact Hitachi’s sales office for any questions regarding this document or Hitachi
semiconductor products.







Comparison between H8S/2199 Series and
H8S/2199R Series

Item H8S/2199 Series H8S/2199R Series Remarks
0OSsD
Initialization Initialized by a reset, or in Initialized by a reset. Bit 12: FSCIN (4/2fsc
mode of bits 12 module stop mode, sleep \yhen rewriting bits 12 input select bit)
and 11 in the mode, standby modg, and 11, make sure the Bit 11: FSCEXT (4/2fsc
OSP format watch mode, subactive o1 stop bit in the external input select bit)
register mode, or subsleep mode. sync separator is not
(DFORM) cleared to 0.
Character Number of characters in  Number of characters in
display size at arowis 16 arow is 32
vertical 2 times
x horizontal 2
times
4/2fsc clock in  Necessary Unnecessary
superimposed
mode
Horizontal H reference face H reference face
display output

mask area in
superimposed
mode

cvin \_L_/JWJWJL

AFCH m
_,‘ \— (internal sync H) !

AFCH
(internal sync H)

cvin w

H display output ’_‘—1 H display output J—ﬁ

mask area
‘..»L.—>{
'

Approx. 3.0us * Approx. 8.0ps

mask area

‘
1
‘

Approx. 4.0us‘ Approx. 7.0us

Vertical display
output mask

NTSC, 4.43 NTSC, and
MPAL: 16 lines after

NTSC, 4.43 NTSC, and
MPAL: 6 lines after

areain external Vsync is external Vsync is

superimposed  detected detected

mode PAL, SECAM, and PAL, SECAM, and NPAL:
NPAL: 21 lines after 6 lines after external
external Vsync is Vsync is detected
detected

Horizontal Compared to when Same position as when

starting display
position when
HCKSEL =1

HCKSEL = 0, shifted left
by approx. 1.7 ps if AFC
= 9 MHz, and by approx.
1.1 ps if AFC =7 MHz

HCKSEL =0
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Item H8S/2199 Series H8S/2199R Series Remarks
0OsD
Dot clock AFC reference clock AFC reference clock or  The data slicer can
source in text 4/2fsc clock operate when 4/2fsc
display mode clocks is selected in text
display mode.
Bit 1 in SEPA CR:
DOTCKSL
Data slicer
Operating AFC reference clock =9 AFC reference clock = 7
frequency MHz or 9 MHz
Data bit size 16 bits 16 or 32 bits Bit 0 in SEPA CR:
DSL32B
Sync separator
Register Initialized by a reset. Initialized by a reset, or in Bit 5: CCMPSL
initialization module stop mode, sleep (selection of Csync
mode mode, standby mode, separation comparator
watch mode, subactive  input and control of
mode, or subsleep mode. input/output of
Note that bit 5 (CCMPSL) Csync/Hsync terminal)
in SEPIMR is only
initialized by a reset.
HHKON2 No corresponding bit Bit is available Bit 1 in SEPCR:
HHKON2
New bits Bit 1 in SEPCR: Bit 1 in SEPCR:
Reserved HHKON2

Controls HHK operation
during V-blanking.

Bitl Description
HHKON2
0 Does not operate
(initial value)
1 Operates

Bit 1 in SEPA CR:
Reserved

Bit 1 in SEPA CR:
DOTCKSL

Selects the dot clock
source. When this bit is
set to 1, clear bit 3
(HCKSEL) in SEPCR to
0.

The data slicer can
operate when 4/2fsc
clocks is selected in text
display mode.
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Item H8S/2199 Series H8S/2199R Series Remarks

Bitl Description
DOTCKSL

0 AFC reference clock
(initial value)

1 4/2fsc clock

Sync separator

New bits Bit 0 in SEPA CR: Bit 0 in SEPA CR:
Reserved DSL32B

Selects the slice mode
for the data slicer.

Bit0 Description
DSL32B
0 16-bit mode
(initial value)
1 32-bit mode

The data slicer can
operate when AFC is set
to either 7 or 9 MHz.
However, the slice line
must be set to one line.
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Preface

This LSl is a single-chip microcomputer made up of the H8S/2000 CPU with an internal 32-bit
architecture as its core, and the peripheral functions required to configure a system.

This LSl is equipped with ROM, RAM, digital servo circuits, a sync separator, an OSD, a data
slicer, seven types of timers, three types of PWMs, two types of serial communication interfaces
(SCls), anC bus interface (IIC), a D/A converter, an A/D converter, and /O ports as on-chip
supporting modules. This LSl is suitable for use as an embedded processor for high-level contre
systems. Its on-chip ROM is flash memory (F-ZTXY that provides flexibility as it can be
reprogrammed in no time to cope with all situations from the early stages of mass production to
full-scale mass production. This is particularly applicable to application devices with
specifications that will most probably change.

Note: * F-ZTAT" is a trademark of Hitachi, Ltd.

Target Users: This manual was written for users who will be using the H8S/2199R Series and
H8S/2199R F-ZTAT" in the design of application systems. Members of this
audience are expected to understand the fundamentals of electrical circuits, logica
circuits, and microcomputers.

Objective:  This manual was written to explain the hardware functions and electrical
characteristics of the H8S/2199R Series and H8S/2199R F-ZTiéThe above
audience. Refer to the H8S/2600 Series, H8S/2000 Series Programming Manual f
a detailed description of the instruction set.

Notes on reading this manual:

» In order to understand the overall functions of the chip

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

* In order to understand the details of the CPU's functions
Read the H8S/2600 Series, H8S/2000 Series Programming Manual.
* In order to understand the details of a register when its name is known

The addresses, bits, and initial values of the registers are summarized in Appendix B, Intern:
I/O Registers.

Example: Bit order: The MSB is on the left and the LSB is on the right.

Related Manuals:  The latest versions of all related manuals are available from our web site.
Please ensure you have the latest versions of all documents you require.
http://www.hitachi.co.jp/Sicd/English/Products/micome.htm
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H8S/2199R Series and H8S/2199R F-ZTAmanuals:

Manual Title ADE No.
H8S/2199R Series, H8S/2199R F-ZTAT™ Hardware Manual This manual
H8S/2600 Series, H8S/2000 Series Programming Manual ADE-602-083
Users manuals for development tools:

Manual Title ADE No.
C/C++ Compiler Users Manual ADE-702-059
Simulator Debugger (for Windows) Users Manual ADE-702-037
Hitachi Embedded Workshop Users Manual ADE-702-201
Application Notes:

Manual Title ADE No.
C/C++ Compiler Edition ADE-502-044
H8S Series Technical Q & A ADE-502-059
F-ZTAT Technical Q & A ADE-502-046

Rev. 1.0, 02/01, page ii of xxii
RENESAS



Contents

SECHON 1 OVEIVIEW . .ciiiii ettt e e e e e e e et e e et e et e eeens 1
R O 1= o T PP 1.
N 1 1) (=1 g = LI =1 o Tod 1 T Vo | = o 7
1.3 Pin Arrangement and FUNCHONS...........oiiiiiiiii e e e e e e e e eees 9
0 A =T o A 4 - g Vo [T 4 1= o | P 9
I T 1o T U Vo 1T PP 1’
SECHON 2 CPU Lo e 1
P2 N © =T V= PSSP 19.......
201 FBATUIES. ettt e et e n e e e e aae 1
2.1.2 Differences between H8S/2600 CPU and H8S/2000.CPU.............cccccen.... 20
2.1.3 Differences from H8/300 CRUL.........cciiiiiiiiiiiiiiiii e 20
2.1.4 Differences from H8/300H CPRU...........ouuuiiiiiiiieiiiiiii e 21
Y ©F = U @ 1= = 11 o 1Y, [T [ 2
2.2.1 Normal Mode (Not available for this LSI).........cccooeiiiiiiiiiiiiiii e 22
2.2.2  AQVANCEA MOUE ...ovveiiiiiiiee e 2/
A T Yo [0 | (TSI o= Lo = 27
2.4  Register ConfiguratiOnl.........ccceeuiiiii e e 28
P R @ 1= oo PSSP PUTPTR 28
A €1 g =Y = L =T 1S3 (T £ 2
A T O o 1 (0] B (=T o 1S (= = T 30
2.4.4  Initial REQISIEr VAIUES .....uuiieiii e e e e e e 31
2.5 DAtA FOMMALS ...ttt ettt e et e e e b e e e e e e nb e 2, 3
2.5.1 General Register Data FOrMats ........cocuuiiiiiiiiiiii e 3.
2.5.2 Memory Data FOMMALS ........ccuuiiiiiieiiei e e e e e e e e e e e e e e e eaanaeees 34
2.6 INSIIUCLION SEL....iiiiiiiiiiiiiiiie e e e e e e ettt e e e e e e e e 35.......
2.6.1  OVEIVIEW. ..eetttiiiii e e e ettt st e e ettt e s e e e e et e e e e e e ae bbb e e e e e e e e e e eeeseennnnnnns 35
2.6.2 Instructions and Addressing MOES...........coveiiiiiiiiiiiiii e 3¢
2.6.3 Table of Instructions Classified by FUNCtiON.............cccoiiiiiiiiiii e, 37
2.6.4  Basic INStruCtion FOIMALS ......ccooiiiiiiiiiiiiiiie e 47
2.6.5 Notes on Use of Bit-Manipulation INStruCtionS...........cccccvvvviiiiiviiiiii e eeeeens 48
2.7 Addressing Modes and Effective Address Calculatian...............cccceevieeviiiineeeennnnn. 49
2.7.1  AdAressing MOGE.........oociiiiiiii e e e e 49
2.7.2 Effective Address CalCulation..............oooiiiiiiiiiiiiiiiii e 52
P T wd (0 o= 1Ty g o ] r= L (= TR (S !
P2 S B R © 1= oo PSSP PPURTTRT 56
2.8.2  RESEE SHaALE. ... 5
2.8.3 Exception-Handling State............ccouiiiiiiiiiiii e 58
2.8.4 Program EXECULION StALE........cccuuiiiiieiiii i e e e e e e e e e eaa e eens 59

Rev. 1.0, 02/01, page iii of xxii
RENESAS



2.8.5  POWEI-DOWN SEALE.....uiuiiiiiiiii e e e 60

NS I = - T ol I 0 411 o PR 1. 6
2.9.1  OVEIVIEW ...ttt e e ettt e e e e e e et et e 61
2.9.2  On-Chip Memory (ROM, RAM).......couuiiiiiiiiii et 61
2.9.3 On-Chip Supporting Module ACCeSS TIMING........cccuuuiiiiiiiiiiieaeeiiie e 62
200 USAQE NOTE ...ttt ettt e e et e e e e et a 63........
2.10.1 TAS INSIIUCTION ....coeeeiiiieeeeeeete ettt e e e e e e e e ennnnnnaanas 63
2.10.2 STM/LDM INSTUCTION....ceettitiiiiiee ettt ettt e e e 63
Section 3 MCU Operating MOUES .......ccouuuuiiiiiiiiiiii e 65
il OVBIVIBW .ttt ettt ettt e e e 65.......
3.1.1  Operating MOde SEIECHON .....ooieiiiie et 65
3.1.2 Register Configuration............oooiieeuiiiie e 65
3.2 ReQISter DESCHPLIONS .. .ceeetiie ettt e e et e e et e e e e et e e e e e et e e e eebaa s 66
3.2.1 Mode Control Register (MDCR)......ccuuuiiiiiiiii e 66
3.2.2 System Control Register (SYSCR).....oo oo 66
3.3 Operating MOOE (IMOUE 1) .....uuiiiiii ettt e e e e e e e e et e e e eeaan s 67
3.4 Address Map in Each Operating MOGE.........ccccuuiiiiiiiiiiieeii e 68
Section 4 PoOWer-DOWN SEAte ........ccoovuiiiiiiiiiiii e 7’
A1 OVERIVIEW ...ttt ettt et e e ettt et e bbb e e e e e e et et e e b bbb e e e e e e e e 1.
4.1.1 Register CONfIQUIAtION..........uiiiiiiii e 75
4.2 RegiSter DESCIIPIIONS .. c.uti ettt e et e e ettt e e et e e ettt s e e e eeta e e aeeann e aaeees 76
4.2.1 Standby Control Register (SBYCRY).......iiiiiiiiiiiiiiiii e 76
4.2.2 Low-Power Control Register (LPWRCR) .........oiiiiiiiiiiiiiii e 78
4.2.3 Timer RegiSter A (TMA) ...t 80
4.2.4 Module Stop Control Register (MSTPCR).......ccocuviiiiiiiiiiiieeeeiiie e 81
4.3 Medium-SPEEU MOE........ccooieiieeiit et eaaan s 82
A4 SIECEP MOUE. ... . et a e e aaans 83.........
441 SICEP MOUE ... .ot 83
4.4.2 Clearing SIEep MOE ........couuuiiiiii e 83
4.5  MOAUIE SEOP MOGE... .ot e et a e e ab e 84
451 Module StOP MOUE......couuiiiiii e 84
4.6 StANADY MOGE...... .ottt eeaaas 85
4.6.1  Standby MOGE........ oo e 85
4.6.2 Clearing Standby MOGE .........coouuiiiiiii e 85
4.6.3 Setting Oscillation Settling Time after Clearing Standby Mode ............c........... 85
A7 WALCN IMOOE ... ettt e e e e e e et e e e e 87
4.7.1 WaLCh MOUE.....cooiiiiii e 87
4.7.2 Clearing WatCh MOGE..........cooeuiiiii e 87
4.8 SUDSIEEP MOUE ...t e e e e e e e et et a e e e e e e e e eaaarare 88
4.8.1  SUDSIEED MOUE ... ..ccciiiieeeeie et 88
4.8.2 Clearing SUDSIEEP MOUE........ccoiiiiiiiieiee e 88

Rev. 1.0, 02/01, page iv of xxii

RENESAS



e I T | o F= Tt 1Y TN 1Y, (oo [T 8

4.9.1  SUDACHVE MOUE......cii ittt e e e e e e eeeennne 8¢
4.9.2 Clearing SUDACHVE MOUE.......... it 8¢
4.10 DIreCt TraNSIION ...cceeeeieieiiitiie e e e ettt ettt e e e e et e e e e e e e e e e e ennnnnea s aa........
4.10.1 Overview Of DIreCt TranSItiON ........uuveeuriiiie e e e 90
Section 5 EXxception HaNAING ......ccoouuiiiiiiiiiii e 9
5.1 OVEBIVIEW ...ttt e ettt e et et e e e al.......
5.1.1 Exception Handling Types and Priority ... 91
5.1.2 Exception Handling OPeration ...........ccuuuuieiieiiiiiiaeiiiie et eeei e 92
5.1.3 Exception Sources and Vector Table..........ccoouiiiiiiiiiiii e 92
5.2 RSB it 9.....
B.2.1  OVEBIVIEW. ..ttt ettt ettt ettt e e ettt e e e e e et e e e e e e e 94
5.2.2  RESEE SEOUEINCE. ... .ottt ettt e et e et e et e e et e e et e e e e eea e enans ¢
5.2.3  INterrupts after RESEL ... .coceeiieeee e e 9!
5.3 INEEITUPES ..ttt e et e e et e e e e e e e et e ean s 96.....
5.4 Trap INSITUCTION ..c..ueiieii e et e e e et e e e eebaaaaees VAT 9
5.5  Stack Status after Exception Handling ...........coouiiiiiiiiiii e 9
5.6 Notes 0N Use Of the STACK ........iiiiiii e 9
Section 6 Interrupt CoNtroller.............i i 1
B.1  OVBIVIEW ...ttt ettt e e ettt e e e e et et e e e 101.....
B.1.1  FRAIUIES.....oeiiiiiei e e 1
6.1.2  BIOCK DIaQIam .. .ceueiiieiii ettt e e e 10
6.1.3  Pin CONfIQUIALION ... .ciiiiiiie et e et e e e s 10
6.1.4 Register Configuration............ooouiuuiiiiiiii e 103
6.2  REQISEr DESCHPLIONS ...ttt ettt e e e e et e e e e e et s e e e eatb e e aeeann s aaaeee 1
6.2.1 System Control Register (SYSCR)....ccoouuiiiiiiii e 1C
6.2.2 Interrupt Control Registers Ato D (ICRA O ICRD).........ccuuiiiiiiiiiiieeeeiiinnnn. 105
6.2.3 IRQ Enable Register (IENR)........coooiiiiii e 10
6.2.4 IRQ Edge Select Registers (IEGR).......ccuuuiiiiiiiiiiae e 1(
6.2.5 IRQ Status Register (IRQR)......ccouutuiiiiiii e 1C
6.2.6 Port Mode Register 1 (PMRL)......i it 10
6.3 INEEITUPL SOUICES. ...ttt e et et e et e e et e e e ta e e et e e et aeenns 10....... 1
6.3.1  EXternal INTEITUPLS ....ccuun e 110
6.3.2  INterNal INTEITUPLS. ...ceuui ettt e e e e e et e aees 111
6.3.3 Interrupt Exception Vector Table ... 11
(SR N [ 01 (=T ¢ (] o @] 01T 7= Ui o] o O PSP UPPPPTTRPN 5. 1
6.4.1 Interrupt Control Modes and Interrupt Operation.............cceeevieeiiiieeeeiiineeeeeene. 11
6.4.2 Interrupt Control MO O .......coiiiiiiiieeeei e 11
6.4.3  Interrupt Control MOOE L .......cooiiiiiiieiieii e e 11
6.4.4 Interrupt Exception Handling SEQUENCE .........uuiiiiiiiiiiieiciciieeee e 12
6.4.5 INterrupt RESPONSE TIMES. . .. ittt i e eiiieieeieiiiiie e e e e et e et e e e e e e e eeaeeeaennnas 123

Rev. 1.0, 02/01, page v of xxii
RENESAS



6.5 USAGE NOLES. .. et 124........
6.5.1 Contention between Interrupt Generation and Disabling................ccc..u..... 124
6.5.2 Instructions that Disable INterrupLS. ... 125
6.5.3 Interrupts during Execution of EEPMOV Instructian.............cccoeeeeviiiienennn. 125
Y= Tox 1o o I A (@ 1 P 12
T 1 OVEBIVIBW ..ttt ettt e e e ettt et e e e bbb e e e e e e e et e e e e e e e 127.....
4% T R =1 o o3 1 B - To | - Vs PP PUPPPN 127
7.2 Overview Of FIash MemOIY.........u e 12¢
7. 2.1 FRAIUIES....coii it 12
7.2.2  BlOCK DIQQIAIM ...ttt e et e e e et e e e e eaa e e eaeneen 129
7.2.3 Flash Memory Operating MOAES.........uoiiiiiiiiiieiei e 130
7.2.4  Pin CoNfIQUIALION .......uiiiiii ettt e et e e e e e e e eeeeas 134
7.2.5 Register Configuration........... oo 134
7.3  Flash Memory Register DeSCHPONS......c..uui it 135
7.3.1 Flash Memory Control Register 1 (FLMCRL)........cooiiiiiiiiiiiiiiiiieeieeiie e 135
7.3.2 Flash Memory Control Register 2 (FLMCRZ2).........ocoiiiiiiiiiiiiiiieeieeiie e 138
7.3.3 Erase Block Register 1 (EBRL).....ccouuiiiiiiiii e 141
7.3.4 Erase Block Register 2 (EBR2) ..o 141
7.3.5 Serial/Timer Control Register (STCR) .....ccoouuuiiiiiiiiiiie e 142
7.4 On-Board Programming MOGES........ccoeuuuuiiiiiiiiiie ettt e e e e e e eeees 144
TAL  BOOUMOGE.... .ot 145
7.4.2  USEr Program MOE.........ccoouuuiiiiiiiie et eeaaa s 150
7.5 Programming/Erasing Flash MemaQry...........cooiiiiiiiiiiii e 151
7.5.1 Program Mode (n=1 when the target address range is H'00000 to H'3FFFF
and n=2 when the target address range is H'40000 to H'4ZFEE)............... 151
7.5.2 Program-Verify Mode (n = 1 when the target address range is H'00000 to
H'3FFFF and n = 2 when the target address range is H'40000 to H'47ZEERp2
7.5.3 Erase Mode (n = 1 when the target address range is H'00000 to H'3FFFF
and n = 2 when the target address range is H'40000 to H4ZEEF)............. 154
7.5.4 Erase-Verify Mode (n = 1 when the target address range is H'00000 to
H'3FFFF and n = 2 when the target address range is H'40000 to H'47ZEEER6
7.6 Flash Memory ProteCHON. ........coiiiiiiiiiiiiie it e e ettt e e e e e e e e e e e s e e e e e e eaeeeeenes 157
7.6.1  Hardware ProteCHON........cooiiiiiiii ittt et e e e e e e e e e e e e e 15°
7.6.2  SOftWAre ProtECHON ......occiiiiiiit ittt 15¢
7.6.3  EFTOr PrOtECHION.....uuuiiiiieiiiieeeee ettt a e e e 159
7.7 Interrupt Handling when Programming/Erasing Flash Memaory............ccccooeeeeeeennn. 160
7.8  Flash Memory Programmer MOGE.........cooeiiiiiiiiiiiiiiiis et e e e e e e eaanenannens 161
7.8.1 Programmer MOAe SEtNGg........cuuuuuriiiiiieeiiiiiieiiiiiie e e e 161
7.8.2 Socket Adapters and MemMOrY Map .........uueiiiieeeeiiiiiiiiiiiiinane e e e eeeeeeiiia e 161
7.8.3 Programmer Mode OPEratiQn.............ueiiiieeeiiiieiiiiiiiiiaaaeeeeeeeeeeesiiiin e eeeens 162
7.8.4 Memory REAU MOUE........uuuiiiiiiieiiiiiiee et e e e e as 16
7.8.5 AULO-Program MOAE..........uuiiiiiiiiiiiiiiiiiee e e e e e 166

Rev. 1.0, 02/01, page vi of xxii



7.8.6  AULO-Erase MOAE ........ouniiiiii e e e e 1€

7.8.7 Status REAd MOUE.........coiiiiiiiiiiii e 1
7.8.8  SEAIUS POHING ettt e e e e eens 17
7.8.9 Programmer Mode Transition TiMe.........ccoouuuiiiiiiiiiieeeii e 172
7.8.10 Notes on Memory Programmiig...........cceeuuunaeeeruunaareeinaeeeeiineeeeesenaaaeeeenns 172
7.9 Note on Switching from F-ZTAT Version to Mask-ROM Version...............cc.uuue.... 173
SECHON 8 RAM L. e aae 1
8.1 OVEBIVIEW ...ttt ettt e et e e e 175.....
< 700 I R =1 (o Tod 1 B = To | =Yg E TP 17
Section 9 Clock PulSe GENEIAtOr ..........ociiiiiiiiie e i
9.1 OVBIVIEW ..ttt ettt e ettt e e e et et n bbb e e e 177.....
1S 20 I R =1 (o Tod 1 B = To | - Vs E TSP 17
9.1.2 Register ConfigUIation............ooouiuuiiiiiiii e 177
0.2 REQIStEr DESCHPLIONS ...c.uti ittt e ettt e et e e e et e e e e e et e e e e eabb e e aeeann s aaaeee 1
9.2.1 Standby Control Register (SBYCR)........occiiuiuiiiiiiiii e 178
9.2.2 Low-Power Control Register (LPWRCR) .........oiiiiiiiiiiiiiii e 17¢
9.3 OSCHIATON ... e 18Q...
9.3.1 Connecting a Crystal RESONALOL.........cccuuuiiiiiiiiii e 180
9.3.2  EXternal ClOCK INPUL..... oottt 182
9.4 Duty AIUSIMENT CIFCUIL ....ue et e ettt et e e et e e e e e e e e e e b e e e eeeannas 18
9.5  Medium-Speed ClOCK DIVIAET ........oiiieiii ettt 18
9.6 Bus Master CIoCK SeleCtion CirCUIL...........ooeeiiiiiiiiiiiiiii et 1€
9.7  SUbCIOCK OSCIllAtOr CIFCUIL .....ceeeeeiiieiiiiiiies et e e e e e e e eeennnnes 18
9.7.1 Connecting 32.768 kHz Crystal ReSonatr............ccoovieiiiiiiiiiiiiieeieii e 186
9.7.2 When Subclock is NOt NEEUEd..........ouviiiiiiiiiee e 1
9.8 Subclock Waveform Shaping CirCUIL..........coieeueiieiiiii e 187
9.9  NOteS 0N the RESONALON ... .cciiiiiiiiiiitii ettt e e e e e e e s i
Y= Tox (o) o I O 1@ 2N = o] ¢ PPN 1
LO.1  OVEIVIEBW ...ttt ettt e e ettt ettt st e e e e e e e et e e e st bbb n s e e e e eeeeeeeem 189....
10.1.1 POt FUNCHONS ..uuttiiie ettt e e e e e e et r e e e e e e e e eeeennes 1¢
T10.1.2 PO INPUL ..t e e e et e et e e e et e e et e e et e eeba e eeens 1€
10.1.3 MOS PUll-UpP TranSISTQIS . ..ccuuueeeiiiie ettt e e e e e s 192
L0.2 PO Dttt ettt ettt et e e e e e e e e e e e e e e e e e e e e e e eeanans 193.
L0.2. 1 OVEIVIEW. ...ttt ettt e e ettt e e e bbb e e e e e e e e e et e et bbb e e e e e e e 1€
10.2.2 Register CONfIQUIAtIONL. .....ccuuuniiiiii ettt eeeeaa e 194
10.2.3 PiN FUNCHONS. ...ttt e e e e e et e et bbb e e e e e e e eeeeennne 1
10.2.4 PN SEALES ..oeiitiiiii ettt ettt e 1
ORI = o] ¢ A R PP P P PP PP PP TU PR 196.
L0.3. 1 OVEIVIEW. ...ttt ettt e e ettt e bbb e e e e e e e e e e e et bbb e e e e e e e 1€
10.3.2 Register CONfIQUIAtIONL. .. ..ccuuuniiiiii et e e e e e e 196

Rev. 1.0, 02/01, page vii of xxii
RENESAS



10.3.3 PN FUNCHONS .. ettt ettt e et e e et e e e et e e e e e et e ea s easaaanss 20(

10.3.4 PN SEALES ...iiiiiiiiiiii ettt e et e e e e e e e e eeane 20
R = o] 4 AT TP TP PPPUPPP 202
L0.4.1L OVEIVIEW ..eiiiiiiiee ettt et e et e et e e e e e e e e e e e e e e e e e e e e s s aaaannaaae 202
10.4.2 Register CONfIQUIAtIQIL.......coieueiieeeeii et e e e e e eaaanes 202
10.4.3 PiN FUNCHONS ...ttt ettt e e e et e e s 20!
10.4.4 PN SEALES . .oiiiiiiiitiie ettt e ettt e e e et e e e e e e e eeaen 20
ORI = o] 4 A F TP UPPPPPPPP 208
LO.5.1 OVEIVIEW ..ottt et et e e e e e e e e e e e e e e e e e e e e e e e e s aa e anaaaes 20¢
10.5.2 Register CONfIQUIAtIQIL.......cooeuunieieeiii et e e e e e eaaanes 208
10.5.3 PiN FUNCHONS ..ottt et e e et 21:
L10.5.4 PN SEALES «...oiiiiiiiiiiiii ettt e ettt e e e et eaeeeeane 21
O ST = o] 4 A S TP UPPUPUPPP 216
L0.6.1 OVEIVIEW ...eiiiiiiiieeiiee ettt ettt et et et e e e e e e e e e e e e e e e e e e e e e e s aanaannann 21¢€
10.6.2 Register CONfIQUIAtIQIL.......coieuunieeeiiiie e e e e e e e eaaanes 216
10.6.3 PiN FUNCHONS ..ottt e e e 21
10.6.4 PN SEALES ...oiiiiiiiiiiii ettt e e ettt e e e e e e e e eeeeann 22
O A = o] 4 A T TP UPPRPUPPP 222,
LO.7.1 OVEIVIEW ..eeiiiiiiieeee ettt et e et et e e e e e e e e e e e e e e e e e e e e e s s e e anaaaes 227
10.7.2 Register CoNfigUratiQml...........uiiiieeeeeieeieeiiiiiis e e e e e e e e e e e e e e e eeeeeeeaeanne 223
10.7.3 PN FUNCHONS ...ttt e e e e e e e e e e aaaaaaaaaaeas 22
O A @ o T - 4o ] [ USSP 23
L10.7.5 PN SEAES .ottt e e e e e e e e e e bbbt aeeaaa s 23
O T = o] o A TSP UPPPPUPPP 232
L0.8.1 OVEIVIEW ..oeiiiiiiiieiiiee ettt ettt ettt e e e e e e e e e e e aaaaaeaeaaasaaanannane 232
10.8.2 Register CONfiQUratiQm...........eeiiieeeeieeeiieiiiiiis e e e e e e e e eeeeereies e e e e eeeeeeeenaanee 233
10.8.3 PN FUNCHONS ....uutiiiiiiiiiiiieeiit ettt e e e e e e e e e e e aaaaaaaaaeas 23
ORI A @ o1 - 4o ] [ SSRPP 23
10.8.5 PN SEAES .ottt e e e e e e e e e bbbt eeaaaaas 24
OIS T = o] 4 0 F TP UPPPPUPPP 241
L0.9. 1 OVEIVIEW ..ottt et ettt e e e e e e e e e e e e e e e e e e e e e e s e aaaannanes 241
10.9.2 Register CONfiQUIatiQml..........uuiiiieeeeieeeieeiiiiiis e e e e e e e e eeeeeab e e e e e eeeeeeeaennee 242
10.9.3 PN FUNCHONS ...ttt ettt e e e e e e e e e e aaaaeaaaaaeas 24!
10.9.4 PN SEAES .ottt e e e e e e e e e bbb aeaaa e s 25
Y= Tox 1o o I 5 A 0 1= PP 25
P11 OVRIVIEW ...ttt ettt e e e e e ettt ettt e e e e e e e e e e et e e e bbb e e e e e 251....
O O A =T 1 = F PP SUPPPTPPI 25
5 2 = (o Tod @ B =T | = o TSP 252
11.1.3 Register CONfIQUIAtIQIL.......cooeuuiieeeiii et e e e e e eaaan s 252
11.2 REQIStEr DESCIIPIIONS ...ttt e ettt e e et e e et e et e e e e eabb e e eeeenn e aeeeees 25
11.2.1 Timer Mode Register A (TIMA) ... 253
11.2.2 Timer COUNEE A (TCA) .. et 255

Rev. 1.0, 02/01, page viii of xxii



11.2.3 Module Stop Control Register (MSTPCR).......coooiiiiiiiiiiiiiiieeeeeei e 255

S B @ o= = 11 o] o F PRSPPI 256....
11.3.1 Operation as the INterval TIMEI ........c..i i 2F
11.3.2 Operation as ClOCK TIMET .......iiiiiiii e e e e e e eeees 2F
11.3.3 Initializing the COUNIS......couuiiiii e et 256

Y= Tox (o) o I 52 10 U= g = PP 2

L2.1  OVEIVIEW ...ttt ettt e e e ettt st e e e e e e e et e e e se bbb e e e e e eeeeeeeems 257....
L12.1.1 FRAIUIES. ... ittt 2
12.1.2 BIOCK DIAQIAIM ...ttt e et e e et e e e e et e e e e eaaa e aaees 25
12.1.3 Pin Configuration ..........ioiieiie et e et eeeaa e eees 25
12.1.4 Register CONfIQUIAtIONL. ... .couuuniiieiii ettt eeeaaa e 258

12.2 REQIStEr DESCIIPIIONS ...ttt ettt ettt e et e e e e et e et e et e e e e ebba e e aeeennnas 2
12.2.1 Timer Mode Register B (TMB)......ccouuiiiiiiiiiieeiii e 25¢
12.2.2 Timer Counter B (TCB)....uuuu ittt e e e eees 261
12.2.3 Timer Load Register B (TLB)......uu it 26
12.2.4 Port Mode Register A (PMRA) ... ..o 26:
12.2.5 Module Stop Control Register (MSTPCR).......cooiiiiiiiiiiiiiiiie e 263

D2 B @ o= = 11 o] o DTSRRI 264....
12.3.1 Operation as the INterval TIMEI........c..i i 2€
12.3.2 Operation as the Auto Reload TIMer ........ccoouuiiiiiiiii e 2¢
12.3.3 EVENE COUNLEL....cciiitiiieiiiii ettt e e ea e e enes 264

Y= Tox 1o I 0 R o 1= O z

P31 OVEIVIEBW ...ttt ettt e ettt ettt e e e e e e e e et e e s ee bbb a e e e e eeeeeeeems 265....
L13.1.1 FRAIUIES. ... ittt 2
13.1.2 BIOCK DIAQIAIM ...ttt e et e e e e et e e e e eaaa e aaees 26
13.1.3 Pin ConfigUuIation ..........ioiiiiieeeieiii ettt e et e e e eaa e eees 26
13.1.4 Register CONfIQUIAtIONL. ... cccuuuniiieii et e e e e e e e eaea e 267

13.2 REQIStEr DESCIIPIIONS ... ettt ettt e et e e e e et e e e e et e e e e ebba e e aeeennnas 2
13.2.1 Timer Mode RegiSter J (TMUJ) ... 26
13.2.2 Timer J Control Register (TMJC)........ i 27
13.2.3 Timer J Status Register (TMJS) ....c.uui i 274
13.2.4 Timer COUNEr J (TCJ).. . ettt e et e e e e e e 275
13.2.5 Timer Counter K (TCK) .. .ot 275
13.2.6 Timer Load RegiSter J (TLJ) .....uiiiieiiiieeeeeiti et ettt eeeeaa e 27
13.2.7 Timer Load Register K (TLK) ......iiiiiiiiiaeieeiie e 27¢
13.2.8 Module Stop Control Register (MSTPCR).......coooiiiiiiiiiiiiiiiie e 277

S IS B @ o= = 11 o] o D USRI 218....
13.3.1 8-bit Reload Timer (TMJ-1).......uii i 278
13.3.2 8-bit Reload Timer (TIMJ-2).......ui i 278
13.3.3 Remote Controlled Data TranSmiSSION ..........uuureuuriiieeeeeeeiiieiiiiiiiniae e eeeeeeeeeennnns 2]
13.3.4 TMJ-2 EXPansion FUNCHION...........iiiiiiii et 28

Rev. 1.0, 02/01, page ix of xxii
RENESAS



SECHON 14  TIMBE Lo e e e e e 28

LA 1 OVEIVIEW ...eeeeeeee i e ettt et ettt e e e e e e e e e e e s e e e s s e e e e bbb bbbt s be e s s e e e e e e e e 283....
L4011 FRAIUIES. . .uui e ee ettt e e ettt e e e e e e e e e e e e 28
I A =1 [o Tod 1 D= 1o | = 1o [PPSR 284
14.1.3 Register CONfIQUIatiQm..........uuiiiieeeiiiiieieiiiiies e e e e e e e e eeeeeaneees 285

14.2 ReQIStEr DESCIIPLONS ...ceeitiiiiiiie e e ettt e e e ettt e e e e e e e e e e e e eabbbb e e e eeaeeeaeeas 28
14.2.1 Timer L Mode Register (LIMR).......ouuuuuiiiiiiieee ittt 286
14.2.2 Linear TIMe Counter (LTC)....iuuuuiiiiiiiiiie ettt e e 288
14.2.3 Reload/Compare Match Register (RCR) ........cuvviiiiiiiiiieieiiiiiiiiiiiiiie e e 28t
14.2.4 Module Stop Control Register (MSTPCR)........covvvviiiiiiiiiiiieeeeeeeeeeiiiiii 289

I B @ =] = 11 1RSSR 290....
14.3.1 Compare Match Clear OpPeration..........cccooeveeeeiiiiiiiiiiiiiie e 29(
14.3.2 AUtO-Rel0ad OPEratioN.........ccoiiiiiiiiiiiiiiie e e e 29!
14.3.3 Interval TIMer OPEration ........uuuuuiiiiieee it e e e e e e et e e e e e e eeeeeeenene 292
14.3.4 INTEITUPL REOQUEST ... ..eiii ettt ettt e e e et e e e e et e e e 29;

14,4 TYPICAI USAQE.....uuuuuiiiiieeieieiiieei ettt s e e e e e e e e e eeeaabb b n s aeeeeeaaeeeeaes 293.......

14.5 Reload Timer Interrupt Request Signal..........coooiiiiiiiiiiiiii e 293

SECliON 15 TIMEI R..oeeiiiii et 2€

15,1 OVEIVIEW ...eieeieeei e ettt ettt et e e e e e e e e e e e e e e e e st e e s e bbb bbb e b b e s s e e e e e e e e 295....
L15.1.1 FRAIUIES. . .uui e ettt ettt n e e e e e e 29
LT A =1 To Tod 1 D= 1o | = 1o [PPSR 295
15.1.3 Pin ConfiQUIAtioN ......coeveiiiiiiiiisi et e e e e e e eaeea s 297
15.1.4 Register CONfIQUIAtiQ.........uuuiiiieeeiiieiieiiiiiiis e e e e e e e e e e eeeeeennees 297

15.2 REQIStEr DESCIIPLONS ...eevitiiiiiiie e e e ettt e e e e et ettt e e e e e e e e e e e e eabbbe e e e e eaeeeaeeas 29
15.2.1 Timer R Mode Register 1 (TMRML).....oiiiiiieiiiiiiiiiiiiiiie e 298
15.2.2 Timer R Mode Register 2 (TMRM2)......cooiiiiiiiiiiiiiiiiiie e 300
15.2.3 Timer R Control/Status Register (TMRCS).........ccoviiiiiiiiiiiiiin e 303
15.2.4 Timer R Capture Register 1 (TMRCPL) .......couuuiiiiiiiiieieiiieeeiiiiiies e eeeeennns 305
15.2.5 Timer R Capture Register 2 (TMRCP2) .........ouuuiiiiiiiiieeieiieeeeiiiiien e eeeeeennes 306
15.2.6 Timer R Load Register 1 (TMRLL).......uuuuriiiiieeeiiiiiiiiiiiiiiine e 306
15.2.7 Timer R Load Register 2 (TMRL2)........uuuuiiiiiieeeiiieiiiiiiiiien e 307
15.2.8 Timer R Load Register 3 (TMRL3)......cuuuuiiiiiiieeeiiiiiiiiiiiiien e 307
15.2.9 Module Stop Control Register (MSTPCR)........coovvviiiiiiiiiiiieeeeieeeeeiiiiiin 308

ST T @ =] = 110 1RSSR 3009....
15.3.1 Reload Timer Counter Equipped with Capturing Function TMRU:-1......... 309
15.3.2 Reload Timer Counter Equipped with Capturing Function TMRU:-2......... 310
15.3.3 Reload Counter Timer TMRURS........uuuiiiiiiiiiiiiiiieiiieiete e e e 310
15.3.4 Mode IdentifiCation ...........ooii i 311
15.3.5 REEING CONLIOIS. . ..ottt a e e e e e eeeeeeees 31!
15.3.6 Acceleration and Braking Processes of the Capstan Motor................ccceeeeeneennn. 31
15.3.7 Slow Tracking Mono-Multi FUNCLION .............iiiiiiiieiiice e 312

15.4  INTEITUPE CABUSE ....oeriiieiieeii ettt ettt ettt e ettt e e e et et e e e e e ab e e e eebb e e eeennnns 314.......

Rev. 1.0, 02/01, page x of xxii



15.5 Settings for RESPECtiVE FUNCHONS .........iiiiiiii e 3
15.5.1 Mode IdentifiCation ..........euuuuueeiiiiie e 31
15.5.2 REEING CONLIOIS. ... .ttt e e e e 31
15.5.3 Slow Tracking Mono-Multi FUNCLION ............oooiiiiiiiii e 316
15.5.4 Acceleration and Braking Processes of the Capstan Motor..............cccccceeieeeeees 3!

Y= Tox 1o ) o I G T 10 1= Gt 3

L16.1  OVEIVIEW ...ttt ettt e e ettt ettt rr e e e e e e e e et e e e ae bbb s s e e e e eeeeeeeems 319....
L16.1.1 FRAIUIMES. ...ttt 3
16.1.2 BIOCK DIAQIAIM ...eeniiiiii ettt e e ettt e e e e et e e e e eaaan e aaees 32
16.1.3 Pin Configuration ..........ooiiiiie it e et e e e e e eees 32
16.1.4 Register CONfIQUIAtIONL. ... .ccuuuniiiiii et e e e e 322

16.2 REQIStEr DESCIIPIIONS ....uiieeiti ettt ettt e et e e e e et e e e e et e e e eebba e e aeeennnas 3
16.2.1 Free Running Counter (FREC).........uu i 323
16.2.2 Output Comparing Registers A and B (OCRA and OCRB)....................... 324
16.2.3 Input Capture Registers A through D (ICRA through ICRD)...................... 325
16.2.4 Timer Interrupt Enabling Register (TIER) ..., 32
16.2.5 Timer Control/Status Register X (TCSRX) ....ccouuiiiiiiiiiiiieeii e 33K
16.2.6 Timer Control Register X (TCRX) ... oot 334
16.2.7 Timer Output Comparing Control Register (TOCR) ........c.coiiiiiiiiiiiiiiiiiiiieeeeene, 33
16.2.8 Module Stop Control Register (MSTPCR).......coooiiiiiiiiiiiiiiie e 338

GRS B @ o= = 11 o] o F PRSPPI 339....
16.3.1 Operation Of TIMEE XL ...... i eere s 33
16.3.2 Counting Timing of the FRC........ouui e 340
16.3.3 Output Comparing Signal Outputting TimMiNg........cccuuriaiiiiiiiiii e 34
16.3.4 FRC Clearing TiMING ........cuuuiiaeeiii et eet e e e eea e e e eebb e e e eeanaaeaaeees 34
16.3.5 Input Capture Signal INPUtting TiMING......ccoiveeiiiiiieiiiiiiine e 342
16.3.6 Input Capture Flag (ICFA through ICFD) Setting Up Timing..........ccccco..... 343
16.3.7 Output Comparing Flag (OCFA and OCFB) Setting Up Timing ............cccccveeu. 344
16.3.8 Overflow Flag (CVF) Setting Up TiMiNg ........covvviiiiiiiiiieeeeeeeeeeeeeiiine e 344

16.4 Operation Mode Of TIMET XL .....iiiiiiieiiiiieieiie e e e e e e e e e e 3/

16.5 INLEITUPE CAUSES ... coeiiiii ettt ettt e e e e e e e e e e e e e eees 346........

16.6 Exemplary Uses Of TIMEI XL ....oooiiiiiiiiiiiiiie sttt e e e e e e e e e 3¢

16.7 Precautions When UsSiNg TIMEr X1 ......uuuuiiiiiiiieeeeeieeiiiiiiiiiins s e e e e eeeeeeevvaetinn s s e e eeeseaeaennes 3
16.7.1 Competition between Writing and Clearing with the FRC ..........cccooeeviieiiin. 34¢
16.7.2 Competition between Writing and Counting Up with the ERC................... 349
16.7.3 Competition between Writing and Comparing Match with the OCR.................. 35(C
16.7.4 Changing Over the Internal Clocks and Counter Operations ...........cccceeeeeeeeennnn. 3t

Section 17 Watchdog Timer (WDT).....coouuuiiiiiieeeeeeeeeiee e 3t

L1710 OVERIVIEW ...ttt ettt e ettt s e e e e e e e e et e e e et bbb s aaeeeeeeeeeesm 353....
L17.0.1 FRAIUIES. ... ittt 3
17.1.2 BIOCK DIAQIAIM ...ttt ettt e ettt e e e e et e e e e eaba e aaees 35



17.1.3 Register CONfIQUIAtIQIL.......cooeuunieieiii e eeeaaanes 355

17.2 REQIStEr DESCIIPIIONS ....et ettt ettt e e e et e e e e e e e e e e eabb e e eeeena e aaeenes 35
17.2.1 Watchdog Timer Counter (WTCNT)....... oo 356
17.2.2 Watchdog Timer Control/Status Register (WTCSR)......cc.uuiviiiiiiiiiiiiiiiiiieeeeennnn, 356
17.2.3 System Control Register (SYSCR)....cccuuuiiiiiiiiie e 35¢
17.2.4 NOES ON REGISIEI ACCESS. ... cetui ettt e e e e et e e eeaa e eaeee 36

RS T @ o= = 11 o] o P PP TUPPPTRRPPN 361....
17.3.1 Watchdog Timer OPEratioN..........c.uuu i aiiiiiii et e et e et eeeana e aeees 361
17.3.2 Interval TIMer OPEIatiON ........ccuuui ittt e et e e e e eaba e e eeeaanas 362
17.3.3 Timing of Setting of Overflow Flag (OVE)........cooouiiiiiiiiiii e 363

A 01 (<T 4 (U] o E PP P PP UPRT 364...

17.5 USAQE NOLES. .. ...ttt e et ettt et e e e e e et e e e e e e ea e eean s 364.......
17.5.1 Contention between Watchdog Timer Counter (WTCNT) Write and Increment 364
17.5.2 Changing Value of CKS2 t0 CKSO ........iiiiiiiiiiieieiii e 365
17.5.3 Switching between Watchdog Timer Mode and Interval Timer Made....... 365

Section 18 8-Bit PWM......ouiiiiiiii e 36

L18.1  OVRIVIEBW ...ttt e e e ettt e e e e e e e e e e et e e e bbb e e e e 367.....
L18.1.1 FRAIUIES. ...ttt e 36
RS 2 = (o Tod S B =T [ = o 4 TSP 367
18.1.3 Pin CoNfigUIation .......cccuuuiiiiiiii et e e 368
18.1.4 Register CONfIQUIAtIQIL.......coveueiieeeiii et e e e e e eaaanes 368

18.2 REQIStEr DESCIIPIIONS ...t ettt ettt e et e e e et e s e e e eabb e e aeeena e aaaenes 36
18.2.1 8-bit PWM Data Registers 0, 1, 2 and 3 (PWRO, PWR1, PWR2, RWR3) 369
18.2.2 8-bit PWM Control Register (PW8BCR)..........uiiiiiiiiiiiiiiiiie e 370
18.2.3 Port Mode Register 3 (PIMR3) .....uuuiiiiiiiiaei e eeeens 371
18.2.4 Module Stop Control Register (MSTPCR)......c.uuiiiiiiiiiiiiiiiiiieeeeiie e 372

18.3  8-Bit PWM OPEIaALION......cciitiiieieii ettt e ettt e e e et e e e ee b e e e eeaaa e eaeeenas 373

SecCtion 19 12-Bit PWM.... oo e e e e e e e eees 37

LO.1  OVRIVIBW ...ttt ettt e e e ettt e e e e e e e e e e et e e e bbb e e e e e 375....
JO.1.1 FRAIUIES. ettt ettt e 37
19.1.2 BIOCK DIAQIAM ...ttt ettt e et e e et e e e eara s 376
19.1.3 Pin ConfigUIation ........ccuuuiiiiiiiie ettt e e e e 377
19.1.4 Register CONfIQUIAtIQIL.......cooeueiieeeiiii e e e e e e eaaanes 377

19.2 REQIStEr DESCIIPIIONS ...ttt ettt e e e et e e et e et e e e eabb e e aeeena e aaeeees 37
19.2.1 12-Bit PWM Control Registers (CPWCR, DPWCR).........coooiviiiiiiiieiiiieeees 378
19.2.2 12-Bit PWM Data Registers (DPWDR, CPWDR).............uviiiiiiieeiiiiiiinninns 381
19.2.3 Module Stop Control Register (MSTPCR)......ccuuiiiiiiiiiiiiiiiiiieeeeiie e 382

SRS B @ o= = 11 o] o P PP TUPPRTRRRPPN 383....
19.3.1 OULPUL WAVETOIMM ...ttt e e et e e e et e eaeeaanns 383

Rev. 1.0, 02/01, page xii of xxii
RENESAS



Section 20 14-Bit PWM ... e 3

20.1  OVEIVIBW ...ttt ettt ettt ettt e e e e e e e e e e e e e e e s e et e b e e e et e ettt e e e e e eeeeeeeeeeessnm 385....
20.1.1 FATUIES. . cciiiieeittiii e e ettt e e e e e e ettt e e r e e e e e e e et e e e e n e e e e e e e eeenne 3
PO B = [Tt S B T- To | - L 4 ISR 38
20.1.3 Pin CONfIQUIALION ....uvuiiiiiie e e e e e e e 38
20.1.4 Register ConfigUIation..........ooeuiiiiiiiiiiiii e 387
20.2 REQIStEr DESCIIPLIONS ... eiiieeeeeeeeiie et e ettt r e e e e e e et e e e e e e e e e e eeabbban e e eeeas 3
20.2.1 PWM Control Register (PWECR) ......iiieeiiiiiieieiiiis et eeeeaees 38
20.2.2 PWM Data Registers U and L (PWDRU, PWDRL)..........cccoovviiiiiiiiiiiiieeeeeeee 38¢
20.2.3 Module Stop Control Register (MSTPCR)........cuiiiiiiieieiiiiiiiiiiienee e 390
20.3  14-Bit PWM OPEIatiON........ceeieiiiiieiiiiiieiie e e e e e et ettt s s s e e e e e e e e eeeeeataba s s eeeeaaaeeeeensnnes 391
Section 21 Prescalar UNit.........c.uu oot K
211 OVEIVIBW ...ttt ettt ettt et e e e e e e e e e e e e e e e e e e b bbb e b e e e et e ettt e e e e e eeeeeeeeeeessnm 393....
2 T O R T L (1 PSSR PPPPPPPTPN 3
P I A = [0 Tod B T- Vo | = L 4 ISR 39
21.1.3 Pin CONfIQUIALION ...uuvviiiieie e e e e e 39
21.1.4 Register ConfigUIation..........oovuiiiiiiiiiiiii e 395
P N o LT 1) (= £ T 396...
21.2.1 Input Capture Register 1 (ICRL).......ccouuuuiuiiiiiieeeiiiiiiiiiiieie e 396
21.2.2 Prescalar Unit Control/Status Register (PCSR).........ccccvuviiiiiiiiieeeeiiiiieiiinns 396
21.2.3 Port Mode Register 1 (PMRL)......couuuiiiiiiiiiieeeeeieeeeiiiies e 39
21.3  NOISE CANCEI CIICUIL .....ii ittt e e e e e e e e r e e e eeeaeeeeeeas 4
P I @ o 1= = 11T o F USSP UPTTTPRPPRUPPPUPPRRRTRRRY | 0|0 NI
21.4.10 PreScalar S (PSS)......coi ittt 400
21.4.2 PreScalar W (PSW) .. .ot e et a e e e e e aeeeeees 4
21.4.3 Stable Oscillation Wait TiMe COUNL........uuuuriiiiiiiiiiiiiieie e e 401
21.4.4 8-DIt PWM. oottt 402
21.4.5 8-bit Input Capture UsiNg IC RiN..........uuuiiiiiiiiiieiiieeiiees e 402
21.4.6 Frequency Division ClOCK OUIPUL .......ccoiiiiieiiiiiiiiii e 40
Section 22 Serial Communication Interface 1 (SCI1).......ccooeveviiieiinnnnenens 403
221 OVEIVIBW ...ttt ettt ettt e e e e e e e e e e e e e e e e e e bbb bbb e e e et ettt e e e e e e e eeeeeeeeeessnm 403....
22.1.1 FALUIES....ciieeeeiitiie ettt et et e ettt rr e e e e e e e et e e e e e e e e eeenne 4
N B =1 [0 Tod S B T- To | - L o ISR 40
22.1.3 Pin CONfIQUIALION ....uvviiiieiee et e e e e e 40
22.1.4 Register ConfiguIation...........ouvuiiiiiiiiiiiie e 406
N & =T 1S (=T g B =TT od ] o] (o o P 4
22.2.1 Receive Shift Register L (RSRL) .....cccoiiiiiiiiiiiiiiiee e A(
22.2.2 Receive Data Register L (RDRL).......cuuuuiiiiiiiieeiiiiiiiiiiiiieee e A(
22.2.3 Transmit Shift Register 1 (TSRL).....uuuiiiiiiieeiiiiiiiiiiiiiie e 40
22.2.4 Transmit Data Register 1 (TDRL) .....cccoviiiiiiiiiiiiiieiie e e e eeeeaeees 40

Rev. 1.0, 02/01, page xiii of xxii
RENESAS



22.2.5 Serial Mode Register 1 (SMRL) .....coouuiiiiiiiii e 40¢

22.2.6 Serial Control Register 1 (SCRL).....cccuuuiiiiiiii i 412
22.2.7 Serial Status Register 1 (SSRL)......uui ittt 41
22.2.8 Bit Rate Register 1 (BRRL)........oi ittt 419
22.2.9 Serial Interface Mode Register 1 (SCMRL) .....ccoiiiiiiiiiiiiiiieeeii e 426
22.2.10 Module Stop Control Register (MSTPCR)........cooiiiiiiiiiiiiiiieeeeeei e 427
22.3  OPBIALION. .. iiiiie ettt ettt e et e eeann e e eenn e eennnnn e eeeenn 28000
22.3. 1 OVEIVIBW ..ttt et et e e e e ettt sttt ettt et e e e et e e aaaaaaaaaaaeesseaaaanannns 42¢
22.3.2 Operation in ASynchronous MOGE.........ccuuiiiiiiiiiiiiiiii e 430
22.3.3 Multiprocessor Communication FUNCLON. ...........uuiiiiiiiiiieieiii e 440
22.3.4 Operation in SYyNchronous MOE. ..........cooiuuiiiiiiiiie e 448
224 SCIINTEITUPES .ottt ettt et e e e e et e e e b e e an e aeaan s 456......
22.5 USAQE NOUES. ...uiiii ettt ettt e e et e et e e et e e e e ean e et e enaa e d A457.......
Section 23 T BUs INErfaCe(llC)........ccueeiieeiieeie e 465
23,1 OVEIVIEW ...ttt ettt st e e e e e e e et e e e et bbb e e e e e e e e e e e e 465....
23,11 FRAIUIES. ... ittt 46
23.1.2 BIOCK DIBGIAM ..ttt ettt e et e e e e et e e e e e tb e e e aeaaa e aaees 46€
23.1.3 Pin CONfIQUIALION ....oieeti et e et e e e et eaeeaa e eaees 467
23.1.4 Register CONfIQUIAtIANL. ......c.uuuiiiiii et eeeaaa e 468
23.2 REQIStEr DESCIIPLIONS ...ttt ettt e et e e e e et e e e e et e e e eebba e e aeeeaanas 46
23.2.1 fC Bus Data RegISter (ICDR)...... i 469
23.2.2 Slave ADdress RegiSter (SAR) .....cciiuuuui it 47
23.2.3 Second Slave Address Register (SARX) .....uui it 47.
23.2.4 fC Bus Mode Register (ICMR) ... oo 475
23.2.5 fC Bus Control RegISter (ICCR)......uiiiiiiii e 479
23.2.6 fC Bus Status Register (ICSR).....ccouiiiiii e 486
23.2.7 Serial/Timer Control Register (STCR) .....uiiiiiiiiiieieiii e 490
23.2.8 DDC Switch Register (DDCSWR)......ccutiiiiiiiiiaieaaeeaee e 491
23.2.9 Module Stop Control Register (MSTPCR).......coooiiiiiiiiiiiiiiieeeeee e 494
A RS I O 1=] 71 1o o FH P UUPP PP UPUPPRRRUPPRRIY Lo Lo SN
23.3.1 fC BUS DA FOMAL.............cocvereerericeereessseieseeseese s, 495
23.3.2 Master TranSmit OPEratioN ...........cuuuieiiiiiii et e et e et e e e e e e eaie e 49¢
23.3.3 Master ReCeIVE OPEIatiON..........iiiiiiiiiae it e e eeeaaa s 49
23.3.4 Slave ReCIVE OPEIatiON........ccceuuuuieaiiiiie ettt e e e e e e eeeaans 50
23.3.5 Slave TranSmit OPEration ............ooeieeuuiiaiiiii e e et e eeaa s 50!
23.3.6 IRIC Setting Timing and SCL Contral............cc.uuiiiiiiiiiiiiiiii e, 506
23.3.7 Automatic Switching from Formatless Transfef@®Bus Format Transfer ..... 508
23.3.8 NOISE CANCEIRT ....ueeii ettt e e e e e eeeenens 50
23.3.9 Sample FIOWCNAITS ........iiii et e e e e 50
23.3.10 Initializing INternal STAtUS..........uuiiiiii et 513
234 USAQE NOUES. ...eiiie ittt e et e ettt e et e et e et e e e b e e e eaa e 515.......

Rev. 1.0, 02/01, page xiv of xxii



SECHON 24 AID CONVEITET ... e 5

24,1 OVEIVIBW ...ttt ettt ettt et e e e e e e e e e e e e s e e e et e e e b bbb et e e et e ettt e e e et eeeeeeeeeeessnm h21....
24.1.1 FEALUIES....cieieeeiitiite ittt e e et et ettt rr e e e e e e e et et e e a e e e e e e e eeeenne 5
P A = [0 Tod S B T- To | - L 4 ISR 52
24.1.3 Pin CONfIQUIALION ....uvviiiiii e e e e 52
24.1.4 Register ConfigUIation..........oouuiuiiiiiiiiiiie e 524

24.2 ReQIStEr DESCIIPLIONS ... eiiiieeeeeetiiiie ettt e e et e et e e e e e e e e e e e eabbba e e e eeeas 5
24.2.1 Software-Triggered A/D Result Register (ADR) .........ucviiiiiieiiiiiiiiiiiiiiiiieeeeeen, 52!
24.2.2 Hardware-Triggered A/D Result Register (AHR) ......ccovviiiieiiiiiiiiiiiiiieeeeeee, 52!
24.2.3 A/D Control Register (ADCR) ....uuuuiiiiieeeiiieiieiiiiie st e e e e e eeeeenes 52¢
24.2.4 AJ/D Control/Status Register (ADCSR) ........covvviiiiiiiiiiieeeeeeeeieeeiiiiiin e eeeeeeeeens 52
24.2.5 Trigger Select Register (ADTSR) ...oiooeiiiiiiiiiiiiiiieee et e e e e e e eeeeennees 53
24.2.6 Port Mode Register 0 (PMRO)........cuuuuiiiiiiiiieeeieeeeeiiiis e 53
24.2.7 Module Stop Control Register (MSTPCR)........uuciiiiiiieiiiiiiiiiiiiiiinee e 533

24.3 INterface t0 BUS MASIEN .....ueiiiiiiiiiiii ettt e e e e e e e e 5

P @ o 1= - 11 To] o F PSPPIt 535....
24.4.1 Software-Triggered A/D CONVEISION.........uuuuuiiiieeeeiieeieiiiiiiiiaasseeeeeeeeeesnnnnnnnnnn 53
24.4.2 Hardware- or External-Triggered A/D CONVErSiQN.........coovveeevvveeeiiiininnnnnnns 536

24.5 INTEITUPE SOUICES. ... ciiiii ettt e ettt e et e ettt e et e et s e e e ee bt e e eeeaaaaeeeenes 537.......

Section 25 Address Trap Controller (ATC) ..o 5!

25.1  OVEIVIBW ...ttt ettt ettt e e e e e e e e e e e e e e e e e e b bbb e e e et e ettt e e e et e eeeeeeeeeessnm 539....
25.1.1 FATUIES. . .ciiieeeiitii ettt e et e ettt e e e e e ettt e e e e e e e e e eenne 5
P A = (0Tt S B T- To | = L 4 ISR 53
25.1.3 Register Configuration...........ouuuuiiiiiiiiiiie e 540

P N = =T 1S (=T g =TT ol ] o] (o o T 5
25.2.1 Address Trap Control Register (ATCR)......uuuuiiiiieeeiieiiiiiiiiiiies e e e e e eeeeennns 540
25.2.2 Trap Address Register 210 0 (TAR2 t0 TARO)........uuuuuiiiiiiieeeiiiieiiiiiiene e 54

25.3 PreCautionNS iN USAQE ........oovuiiiiiiiiiiee ettt e e e e e e e ettt a e e e e e e e e e e e aatbbb e e eeeeas £
25.3.1 BaASIC OPEIALIONS ....iieeeeieeieieeeiiiiie s e e e e e e e e ettt e s e e e e e e e e eeeeeeabtb s reeeeeeeeeeeeennnes 5.
25.3.2 ENADING....coiiiiiiieee e 5¢
25.3.3 BCC INSLIUCLION ...ttt e e e e e e e e e e e e 54
25.3.4 BSR INSIUCLION ...ttt ettt e e e e e e e e eeeeeas 54
25.3.5 ISR INSIIUCHON ....ceieiiiiii ittt e e e e e e e bbb e e 5t
25.3.6  IMP INSEIUCHION. .....uiiiiiiiiiiiiieii ettt e e e e e e e e e eeeens 552
25.3.7 RTS INSIIUCTION ...ttt e e e e e e e e e e e eeeeas 5E
25.3.8 SLEEP INSIUCHION ...ttt ettt eee e 5E
25.3.9 ComMPeting INtEITUPL .. ..uuiiie e e e e e e e 558

SECiON 26 SEIVO CIFCUILS ...cvvuuieiii et e e et e et e et e e eae e eees 5

26.1  OVEIVIBW ...ttt ettt ettt et e e e e e e e e e e e e e e e e e e et e b et e e et e ettt e e e e e eeeeeeeeeeessnm 563....
26.1.1 FUNCHOMNS. ..ttt et e e e e e e e e e e e e e e e s s e e e e et et e e et e aeeaeeaeens 5¢
P B = [0 Tod S D= To | = L 4 SRR 56



26.2

26.3

26.4

26.5

26.6

26.7

26.8

SEIVO POIL..oe et 565
26.2. 1 OVEIVIEW ..ettteitiieeeeeeeee et e e e e e e e e e e e e e e e et e ettt sttt ettt et e e e e e e aaaaaaaaaaaaaassaaaaaannnnns 56¢
26.2.2 BlOCK DIBGIAM ..ttt ettt e e e et e e e e et e e e e eeb e e e e eaaa e aaees 565
26.2.3 Pin CONfIQUIALION ....ciiiei e e et e et e e e e e aa e eeees 568
26.2.4 Register CONfIQUIAtIANL. ... ..cuuuuiiiiiiiie et e e 569
26.2.5 RegiSter DESCIIPLION ...cuuui ittt et e e e e e e e raa e 56¢
26.2.6 DFG/DPG INPUL SIQNQAIS.....ceuuieeiiiiie ettt 573
Reference Signal GENEIALOIS ........coiiuui ittt eeeaa e e aeees 5
26.3. 1 OVEIVIEW .ttteieiieeieee et ettt e e e e e e e e e et e e e e ettt e bbb ettt et e e e e e aaaaaaaaaaeaaaassaaaaaanannns 574
26.3.2 BlOCK DIBGIAM ...ttt ettt e et e e e et e e e e et e e e e e aaa e aaees 574
26.3.3 Register CoNfIQUIAtIONL. ... ....uuuiiieiiie e e e 576
26.3.4 RegiSter DESCIIPLION ...cuuuiiiiiiite et ettt et e e e e e e e raa s 57
26.3.5 OPBIALION ..ttt e e et e e e e e e e e 58:
HSW (Head-switch) Timing GENEratOr...........u i 597
26.4. 1 OVEIVIEW ...tttieeiieeeeee e et et e e e e e e e e e e et e e e e ettt bttt ettt et e e e e e e aaaaaaaaaaaaaassaaaaannannn 597
26.4.2 BlOCK DIBQIAM ..ttt e et e e e e et e e e e et e e e e e aaa e aaees 597
26.4.3 HSW Timing Generator Configuration..............oooeeuuuiiiaiiiiiiiieeeeiie e 599
26.4.4 Register CONfIQUIAtIANL. ... ..c.uuniiiiii et e e 600
26.4.5 RegiSter DESCIIPLION ....evvviiiiiii e e e e e e ettt e e et e e e e e e e e e eaeaee s 60(
26.4.6 OPEIALION ..eeevitiiiiet e e e e e e ettt ettt er e e e e e e e e e e e eea et e e e e e e e e e e e eaa bbb aaaaaeaaeeaeaaarre 61
AR o A | 1 (=] £ (0] o) £ T TPV 62(
26.4.8 CAULIONS ...t ittt ettt e e et e e e e e e e e e e e e e e e e e e e e bbb bbb bbbt ettt e e e e e e e e aaaaaaas 62:
High-Speed Switching Circuit for Four-Head Special Playback...............c............. 622
26.5.1 OVEIVIEW ...tttiieiieeeiee et ettt e ettt ettt et e e e e e e e e aaaaaeaaaeeessaaaaaanannn 622
LRI =1 [0 Tod S B T- Vo | - L 4 RS 622
26.5.3 Pin CONfIQUIrAtioN .......uvueiiiiiie e et e e e e e e et e e e aee e 623
26.5.4 RegiSter DESCIIPLION ....evvvtiiiiiiie e e e ettt e e et a e e e e e e e e eaeaeaa s 628
Drum SPeed ErTOr DEIECION. ...uvvvviiii i i e e e ettt e e e e e e e e e aaaae s 626
26.6.1 OVEIVIEW ...etttiieiieeeeee ettt et e e e e e e e e e e e et e et b bbbttt ettt e e e et aeaaaaaaaaaaaeassaaaaaananne 626
L N A = [0 Tod S B T- Vo | - L o ISR 626
26.6.3 Register ConfigUIatiOnl..........cceiiiiiiiiiiiiiiii e 628
26.6.4 RegiSter DESCIIPLION .....vvviiiiiiiie e e e ettt e e et et a e e e e e e e e earaaea s 62¢
26.6.5 OPEIALION ..eeeiitiiiii i e e e e e e e ettt e e e e e e e e et e ettt e e e e e e e e e e aaa— e aaaeaaeearaaarre 63
26.6.6 fH Correction in Trick Play MOE...........coiiiiieiiiiiiiiiiiiiiis e 636
Drum Phase ErrOr DEIECIAL. ......uueeiiiiiiiiiiiieeiee e e e e e e e e e 637
26.7. 1 OVEIVIEW ...ttteeeiieeeeee ettt et e e e e e e e e e et e e e ettt ettt ettt e e e e e e e aaaaaeaaaaaaaaassaaaaaanannns 637
L A =1 [0 Tod S B T- Vo | - L 4 S 638
26.7.3 Register ConfiQUIatiOL..........cceiiiiiiiiiiiiiiiie e 639
26.7.4 RegiSter DESCIIPLION .....vvviiiiii it e e ee ettt e e et e e e e e e e e eeaeaaea s 64(
26.7.5 OPCIALION ..eeeetiiiiiie it e ettt e e e e e e e e e et e e et st e e e e e e e e eeeaaatr b aaaaeeeaaeeeeearrre 64:
26.7.6 Phase COMPAIISON ....uiiieeeiiieiieiiiiiiie e s e e e e e e e e e eeeeatbt e s s e aeaeeeeeeeessrrta s aaaaaaaaeeeeees 64
Capstan Speed Error DELECIAL............ivviiiiiiiiiiie e 646
26.8.1 OVEIVIEW ...ttteieiiieeeeeeee et e e e e e e e e e e e e e e e et b bbbttt ettt et e e e et e e aaaaeaaaasaaassaaaaanaannn 64¢€

Rev. 1.0, 02/01, page xvi of xxii



26.8.2 BIOCK DIBGIAM ... ettt e et e e ettt e e e e et e e e e et e e aeeaans 64

26.8.3 Register CoONfIQUIAtION........... i 648
26.8.4 RegiSter DESCIIPLION ...ttt e e e e ee e e e e eaa e aaeees 64
26.8.5 OPBIALION ...vun ittt ettt e e et e e arra s 6!
26.9 Capstan Phase ErrOr DEECLOL .......ccceuuti ittt e e e e e eeeaas 656
26.9.1  OVEIVIEW. ...ttt ettt e e e e et ettt r e e e e e e e e e et e e e e bbb e e e e e e e e 68
26.9.2 BlOCK DIBGIAM ... ittt e e et e e e e et e e e eeta e e aeeaans 65
26.9.3 Register CoONfIQUIAtION.........uu it e 658
26.9.4 RegiSter DESCIIPLION ... ittt e e e e e et e e e e eaa e aeeees 6"
26.9.5 OPBIALION ...vueeiteet ettt e e et e e et e e e ara s 6¢
26.10 X-Value and Tracking AdjuStment CirCUIL...........ccouuuuiieiieii e e e 66
26.00.1 OVEIVIBW. ...ttt ettt et e e et e e e e e e e e e e et e e e e s o e e bbb bbbt bbb st e e et e e et e eaaaeaaaaaaaaaaaaans 6¢
26.10.2 BIOCK DIGQIAIM ...ccuuiiiieiit ettt e et e e e et eeeeaaa s 66
26.10.3 RegiSter DESCIIPLION ...ceevt ittt e e e et e e e et e e e eaaa e 6¢
26.171 DIgital FilTEIS.....e ettt e et e e e e 669..
26.00.1 OVEIVIEBW. ...ttt ettt ettt et e e et e e e e e e e e e e et e e e e e o e bbb bbb bbbt s e e e e e e e e eaaaeaaaaaaaaaaaaans 6¢
26.11.2 BIOCK DIGQIAIM ...ttt ettt e e e e e et e e e eeaaa s 67
26.11.3 ArithmetiC BUFTEI ... 67:
26.11.4 Register ConfiguratiQrl............cuuuuureriiiiiee et e e e e e e e e e e e e e e 673
26.11.5 RegiStEr DESCHPLION ...cceiiiiiiiiiiie ettt e e e e e ettt s s e e e e e aeeeeaesaenees 6’
26.11.6 Filter CharaCteriStCS ... .uueiiiiiiiiiiiiiee e e e e e e e e e 6
26.11.7 Operations in Case of TranSient RESPONSE.........cccvvvvviiviiiiiiiiiiie e €
26.11.8 INItiAliZation Of Z-L.....cooiiiiiiiieeeeii et e e e 68:
26.12 Additional V Signal GENEIALON ........ccciiiiiiiiiiiiie et e e e e e e e e aeaeaes 6¢
26.02.1 OVEIVIEBW. ...ttt ettt ettt et e e et e e e e e e e e e e e e e e e e e o e e e bbb bbbt bbb st s et e e e e e e eaaaeaaaaaaaaaaaaans 6¢
26.12.2 Pin CoNfIgUIALION ......ceiiiiiiiiiie s e e e e e e e e e e eaaaaenn s 68
26.12.3 Register ConfiguratiQrl............cuuuuurreiiiiiee e e e e e e e e e e e e e 687
26.12.4 RegiSter DESCHPLION ...ccciiiieiiiiiie ettt e e e e e e e et et s e e e e e e eeeeeeeeaenees 6¢
26.12.5 Additional V PUISE SigNal........coiiiiiiiiiiiiiiiiiiee e 68
26.13 CTL ClICUIT t.uvttteiiieeeeeee e ee ettt e e e e e e e e e e e e e e e e aeaaaaaassaaanaand 692....
26.13.1 OVEIVIBW. ...ttt ettt ettt et e et e e e e e e e e e e et e e e e s o e bbbt bbb bbbt s s e e e e e e e eaaaeaaaaaaaaaaaaaas 6¢
26.13.2 BIOCK DIAQIAIM .....eceieiieeeeeeieiie ettt s s e e e e e e e et e s n e e e e e e e e aesaesnnnnnnas 69
26.13.3 Pin ConfigUIation .......covviiiiiiiiiie e e et e e e e e e e e eaeeeen s 69
26.13.4 Register ConfiguratiQrl............cuuueururiiiiiiee et e e e e e e e e e e e e 694
26.13.5 ReQIStEr DESCHPLION ...cciiiiieiiiiiie ettt e e e e e e et r e e e e e eeeeeeesaenees 6¢
26.13.6 OPEIALION ...cevveeieiiiie et e e e e e e ettt e e e e e e e e e e e eeeaebb et e e e e aeaeeeeeaaatrr i raaaeaaaaaeaaares 7
P G iy A o I o o 101 ST =T 1 o SRR 71
26.13.8 DULY DISCHIMINALOT ... uuutiiiieeeeeeeeeeiiitiiee s s s e e e e e e e e eettbaa s e e e e e e e eaeeasreenaaaaeaaeaees 71
26.13.9 CTL OULPUL SECHION. .. .ciieeeeeiiiieeiitiiee et e e e e e e e e e b e e e e e e e eeees 72
26.13.10 Trapezoid Waveform CirCUIL...........couvvvieiiiiiisiee e ee e e e e e e e eeeaeeee 72
26.13.11 NoOte 0N CTL INTEITUPL ...ttt e e e e e e e eea s 72
26.14 FrequENCY DIVIEIS........uuuiiiiiii ettt e e e e e e e e e e e e e G....... 7
26.14.1 OVEIVIEBW. ....eiiiiiiitiittitee ettt ettt et e e et e e e e e e e e e e e e e e e e e o e e bbb bbb bbb st s et e e e e e e eaaaeaaaaaaaaaaaaans 7



26.14.2 CTL FrequenCy DIVIAE .........ccuiiuii ettt 726

26.14.3 CFG FrequeNCY DIVIAEI ... ...... et 73(C
26.14.4 DFG N0ise REMOVAI CIFCULL........vvuueiiieeeeeeeiiieeeiii e 739
26.15 SYNC SIgNAl DEIECTION. .. .cieieii et e e et e e e eaa e 1. 74
26.15.1 OVEIVIBW ... ettt ettt e e et e e e e e e e e e e e e s e e e s s e bbbt bbbt b bbseeeeeeeeeeaas 741
26.15.2 BIOCK DIQIAIM ..ottt ettt e e et e e e en s 747
26.15.3 Pin CONFIQUIALION ... .ceieiiiieee et e e et e e e ebaa s 74:
26.15.4 Register ConfiguIatiQn............ooiieeuiieie i 743
26.15.5 RegiSter DESCHIPLION ... cceiiieeee ettt e e et e e et e eeeaaanas 74
26.15.6 NOISE DELECHION.....cceeiiiiieiiiiiiti ettt et et e e e e e e e eennnneeaaas 75:
26.15.7 Activation of the Sync Signal Detector...........coooeuuiiiiiiiii e 755
26.16 SEIVO INTEITUPDL ... e eee ettt ettt et e et e et e e et e e e e e e et e e et e e eeneaeaneeeen 756
26.16.1 OVEIVIBW ..o ee ettt ettt et e et e e e e e e e e e e e e s e e e s s e bbbt bbb b bbb s e eeeeeeeeeaas 75¢
26.16.2 Register ConfiguIatiQn............ooiiieuiieei e 756
26.16.3 RegiSter DESCHIPLION ... ceeeite ettt e et e e et e e e eaaanas 75¢
Section 27 Sync Separator for OSD and Data Slicer ...........cccoeveviiiiiiveineeennn. 7
27. 1 OVEIVIEW ...ttt ettt r e e e e e e e e et e e e sn bbb na e e e e e eeeeeesm 765....
27. 1.1 FAIUIMES. ... ciieii ettt ettt et e 76
27.1.2 BlOCK DIBQIAM ..ttt ettt e e et e e e e et e e e e etb e e e e eaaa e aaees 766
27.1.3 Pin CONfIQUIALION ....oiiiti et e et e e e e et e e e e eaa e aaees 768
27.1.4 Register CONfIQUIAtIANL. ... ..c.uuuiiiiiii et e e e 768
27.2 ReQIStEr DESCIIPLION. ...ttt e e e e e e et e e e eebba e aees Q... 76
27.2.1 Sync Separation Input Mode Register (SEPIMR)............coiiiiiiiiiiiiiiiinne. 769
27.2.2 Sync Separation Control Register (SEPCR)........cccouuiiiiiiiiiinieeeeii e 77
27.2.3 Sync Separation AFC Control Register (SEPACR) .......coovviiiiiiiiiiiiiiieeceiiieeees 777
27.2.4 Horizontal Sync Signal Threshold Register (HVTHR)..........ocooouiiiiiiiiiiiineneenn, 779
27.2.5 Vertical Sync Signal Threshold Register (VVTHR)........ooooiiiiiiiiiiiiiiiiiiiees 783
27.2.6 Field Detection Window Register (FWIDR)...........coiiiiiiiiiiieiiiiiiieeeeii e 786
27.2.7 H Complement and Mask Timing Register (HCMMR)...........cccoouiiiiiiiiiiiiinanenn. 788
27.2.8 Noise Detection Counter (NDETC).......coouuiuiiiiiiiieeeeeii e 790
27.2.9 Noise Detection Level Register (NDETR)........cooiiiiiiiiiiiiiiieeee e, 791
27.2.10 Data Slicer Detection Window Register (DDETWR).........coooviiiiiiiiiiiiineeieennnnn. 792
27.2.11 Internal Sync Frequency Register (INFRQR) ........cccouiiiiiiiiiiiiiiiiieeeceii e 794
AR T O 1= -1 o) o PSPPSR 795....
27.3.1 Selecting Source Signals for Sync Separation.............ccooeueiiiiveeiinneeeennnnnn 795
27.3.2 VSYNC SEPATALION. ....ceuuiiiiiiit ettt ettt e et e e e et e e e e ebb e e e e eanaaaaaeees 80:
27.3.3 HSYNC SEPATALION.....cceiiiiiieiiiiiiiii it e e e e et ettt r e e e e e e e e eee e e s e e e e e eeeeeessasnnnnnns 80
27.3.4 Field DEIECHON .. ..coi ittt e e e e e e 80s
27.3.5 NOISE DEIECLON .....uutiiiiiiiiiiei et e e e e e e e e 80:
27.3.6 Automatic Frequency Controller (AFC).........ovvvviiiiiiiiiieeeeeeeceeeie e 804
27.3.7 Module Stop Control Register (MSTPCR)........uuuviiiiiiiieeiiiiiiiiiiieiee e 809

Rev. 1.0, 02/01, page xviii of xxii
RENESAS



SECHON 28 DaAtA SHCOI . e e e &

28.1  OVEIVIBW ...ttt ettt ettt e e e e e e e e e e e e e e e s e e bbb bbb e e et e ettt et e e e e eeeeeeeeeessnm 811....
28.1.1 FALUIES....ciieieeitttiee ettt e e e ettt e e e e e e et e e e e e e e e eeeenne 8
S B A = [0 Tod S B T- To | = L 4 ISR 81
28.1.3 Pin CONfIQUIALION ....uvviiiiiee e e e e e e e 81
28.1.4 Register ConfiguIation...........ouuiuuiiiiiiiiiie e 814
28.1.5 Data Slicer USe CONAItIONS. .....uuururerieiiiiiiiiiiiieeeeeeee e 814

28.2 ReEQIStEr DESCIIPLION. . ceeiittiiiiiee it e ettt e et e e e e e e e e e e e e bbb e e eeeas 5. 8
28.2.1 Slice Even- (Odd-) Field Mode Register (SEVFD, SODED)...................... 815
28.2.2 Slice Line Setting Registers 1 to 4 (SLINEL to SLINE4) .........ccovvvvvvvvviiiiiiinnnns 81¢
28.2.3 Slice Detection Registers 1t0 4 (SDTCT1 10 SDTCT4)...cuvuviiiiiieeeeeeiieieeieenninns 82
28.2.4 Slice Data Registers 1 t0 4 (SDATAL t0 SDATAL)....covvvviiiiiiiiieeeeeeeeeeeiiins 824
28.2.5 Module Stop Control Register (MSTPCR)........uuiiiiiiieiiiiiiiiiiiiiiiinee e 825
28.2.6 Monitor Output Setting Register (DOUT) ....oooovviiiiiiiiiiiiiineee e 82¢

S T B O o 1= - 11T o H PSSPt 821....
28.3.1 Slice Line SPECIfiCatiON ........ccoiiiiiiiiiiiiiiie e 82
28.3.2 SlICE SEUUEICE ..uvuuniiiieeeeeeeeeeeette et e ettt st e e e e e e e e e et eeatbbbe s e aeaeeeaeeeeennnes 8

28.4  32-Bit SIICE OPEIAtION......cuutiiiiiiiee et e e e e e e e e e 831

Section 29 On-Screen Display (OSD) ......uiiiiiiiiiiiiieeee e 8

20.1  OVEIVIBW ...ttt ettt ettt ettt e e e e e e e e e e e e e e e s e e bbb bbb e e e e et e ettt et e et e eeeeeeeeeessnm 835....
20.1.1 FATUIES....ciiieeeititie ettt e e e e ettt r e e e e et e et e e e e e e e eenne 8
A B = (o Tod S D= To | - L 4 ISR 83
29.1.3 Pin CONfIQUIALION ....uvuiiiiii e e e e e 83
29.1.4 Register ConfigUIation..........covvuiiiiiiiiiiiie e 839
29.1.5 TV Formats and Display MOES...........ccuuuuuiiiiiiiiiieeiiiieeiiiieee e 84

29.2 Description of Display FUNCHONS...........oouiiiiiiiiiiii et 8/
29.2.1 Superimposed Mode and Text Display MOAe ...........coovvviiiiiiiiiiiiiieeeiieeeeeiiiiiinnnn 8/
29.2.2 Character ConfiguIation...........coiiiiieeiiiiiiiies e e e e e e eeeaaees 841
29.2.3 On-Screen Display Configuration..............ouuuuuuiiiiiiinneeee e 842

29.3 Settings iN CharaCter UNITS..........uuiiiiiieiiiiiiiiiiiis et e e 8
29.3.1 Character ConfiguIation............ooiiieeeiiiiiiiiiiss e e e e e e eeeaaees 843
29.3.2 CharaCter COlOrS......cuiiiiiiieeeee ettt e e e e e e e e e e 8:
29.3.3 HalftONES/CUISOLS. ...ttt ettt ee e 844
29.3.4 BlINKING 1o a e 84
29.3.5 BULLON DISPIAY ..eevvvviiiiiiiii e ettt e e e e e e e e e et a e e 84
29.3.6 Character Data ROM (OSDROM).......uuuuiiiiiieeiiiieiiiiiiiiiiinsae e e e e e eeeeaieiinns 847
29.3.7 Display Data RAM (OSDRAM)......ccuutiiiiiiiiiiiee ettt e e eeeaaaeaenns 849

29.4  SettingS IN ROW UNITS.....oiiiiiiiiiiiiiie et e e e e et a e e e e e e e e 8!
29.4.1 BULION PattINS .....cciiiiiiiiiiiiiiis et 8!
29.4.2 Display ENlArgemeNnt .........uuuuuiiiiieeeiiiiieiiii e 8t
29.4.3 Character BrightNESS. ....cccceeiiiiiiieiiiiii e 8

Rev. 1.0, 02/01, page xix of xxii
RENESAS



29.4.4 Cursor Color, Brightness, Halftone Levels.............ccocoviiiiiiiiiiiiiiiieei 854

29.4.5 Row Registers (CLINEN, N = rOWS 110 12) ....ccoouuiiiiiiiiiiieeeiiie e 856
29.5 SettingS iN SCreeN UNILS .....uiiiiii et e et et e e e e e e enta e aees 86
29.5.1 DiSPlAY POSIIONS. .....iiiiiii ettt e et e e e et e e e eba s 86
29.5.2 Turning the OSD Display On and Off..........cc.uoiiiiiiiiiiiiiii e 862
29.5.3 Display MELNOM..........uiiiiiie e 862
29.5.4 BIliNKING PO ... .t e et e e e e e aeees 862
20.5.5 BOIUEBIS. ... ittt 863
29.5.6 Background Color and BrightnNess.........c..uiiiiiiiiiiiiiiiiie e 863
29.5.7 Character, Cursor, and Background Chroma Saturation..............cccc......... 863
29.5.8 Display Position Registers (HPOS and VPOS)........ccooiiiiiiiiiiiiiiiiieeeeiiie, 864
29.5.9 Screen Control RegiSter (DCNTL) .....ciiieeiiee ettt eea e 866
290.6  Other SEIINGS . .eeetueeiiii ettt e et et e et et e e e e e aa e e eeaba e 871......
29.6.1 TV FOMMIAL ..oiiiiiiiiiii e e e 871
29.6.2 Display Data RAM CONIOL ........iiiiiiiii et 871
29.6.3 Timing of OSD Display Updates Using Register Rewriting....................... 871
29.6.4  AFSCI2TSC...ceeeeeiitie e e e 87
29.6.5 OSDV INTeITUPLS. .. ettt et e et e e e et e e e e e eanns 871
29.6.6 OSD Format Register (DFORM)......coiiiiiieiiiiiiiiiiiiiie e 872
20.7  DIGItAl OULPUL......uetiiiiiiiiiiiie ettt r e e e e e e e e e e e aaaaeaaaan 816.....
29.7.1 R, G, and B OUIPULS ......cceeiiiiiiiiiiiiiieeeeeeeeeeeeeiiitie s s e e e e e e e e eeeeaaabata s s s eaeeeaeeeeeennnes 87
29.7.2 YCO and YBO OULPULS ....cceeeiiiiii ittt ettt et e e e e e e e e e e e e e e s s e e e inennnees 879
29.7.3 Digital Output Specification Register (DOUT) ......ucviiiiieiiiiiiiiiiiiiiiiiieeeeeeeeeeeenns 880
29.7.4 Module Stop Control Register (MTSTPCR).......ccoeeeiiiiiiiiiiiiiiiiiieeeeeeeeeeeeinns 882
29.8 NOtes 0N OSD FONt CrEatiON......ccuiiiiiiiiee ettt e e e e e e e e e e e e e e e e e e e e e s aanes 88
29.8.1 Note 1 on Font Creation (FONt Width)............cuuiiiiiiiiiiiiiiiiice e 884
29.8.2 Note 2 on Font Creation (BOFAEIS)..........uuuuiriiiiieeeeieeeiiiiiiiiiasseeeeeeeeeeeeanannes 884
29.8.3 Note 3 on Font Creation (BIINKING)..........uuuurueiiiiiieeeiiiiiiiiiiiiiee e e e e e 886
29.8.4 Note 4 on Font Creation (BUONS) .......uuuuiiiiieeeeieieeeiiiiiiinee e e e e e e ee e 887
29.9 OSD Oscillator, AFC, and DOt CIOCK...........ooiiiiiiiiiiiiiiiii et 888
29.9.1  SYNC SIGNAIS...eiiiiiiiiiiiiiee ettt e e et a e e e et e aaaaaaaaaaa 88
29.9.2  AFC CHICUIL. ...ttt ettt et ettt e e e e e e e e e e e e e e e e e e bbb bbbt e st e e e e et e e e aeeaaaaaaeaaens 888
29.9.3 DOt ClOCK.....ciiiiiiiiieeeeeee ettt e e e e e e e e e e e e e e e e 88¢
20.9.4  A2MSC e 88!
29.10 OSD Operation in CPU Operation MOUES.............cuvuiiiiiiiiiieeeeeeeeeieiiiins e e e eeeeeeenns 891
29.11 Character Data ROM (OSDROM) Access by CRPU........ccoeiiiiiiiiiiiiiieiieee e 892
29.11.1 Serial Timer Control Register (STCR) .....ccviiviiiiiiiiiiiie e e e e e eeeeens 892
Section 30 Power SUPPIY CIFCUIT .....uui et 89
0.1 OVEIVIEW ...ttt ettt ettt b st e e e e e e e e et e e e sa bbb rr e e e e eeeeeee e 893....
30.2 Power Supply Connection (Internal Power Supply Step-Down Circuit On-Chip).. 893

Rev. 1.0, 02/01, page xx of xxii

RENESAS



Section 31 Electrical CharacCteriStiCS. .....e e 8

31.1
31.2

31.3

31.4

Absolute Maximum RAtINGS .....cooiiieiiiiiiiiis e e e e e e e e e e e e eaeeeeenes 8¢
Electrical Characteristics of HD6432199R, HD6432198R, HD6432197R, and
[ [y e T 89
31.2.1 DC Characteristics of HD6432199R, HD6432198R, HD6432197R, and

[ [y e LT S 896
31.2.2 Allowable Output Currents of HD6432199R, HD6432198R, HD6432197R, and

[ [y e T S 903
31.2.3 AC Characteristics of HD6432199R, HD6432198R, HD6432197R, and

[ [y e LT S 904
31.2.4 Serial Interface Timing of HD6432199R, HD6432198R, HD6432197R, and

[ [y e T 907
31.2.5 A/D Converter Characteristics of HD6432199R, HD6432198R, HD6432197R, anc

[ [Ty e LY S 911
31.2.6 Servo Section Electrical Characteristics of HD6432199R, HD6432198R,

HD6432197R, and HDBA432196R...........coieiiiiieieeieie e 912
31.2.7 OSD Electrical Characteristics of HD6432199R, HD6432198R, HD6432197R, an

[ [ DLy e T S 914
Electrical Characteristics of HD6432197S and HD6432196S............coooevvveevevnnnnen. 918
31.3.1 DC Characteristics of HD6432197S and HD6432196S - Preliminary.-....918
31.3.2 Allowable Output Currents of HD6432197S and HD6432196S................ 925
31.3.3 AC Characteristics of HD6432197S and HD6432196S............ccooevvvvneennn.. 926
31.3.4 Serial Interface Timing of HD6432197S and HD6432196S....................... 929
31.3.5 A/D Converter Characteristics of HD6432197S and HD6432196S........... 933
31.3.6 Servo Section Electrical Characteristics of HD6432197S and HD64321 968!
31.3.7 OSD Electrical Characteristics of HD6432197S and HD6432196S.......... 936
Electrical Characteristics of HDB4AF2199R .........coovviiiiiiieiii e 9/
31.4.1 DC Characteristics of HDB4F2199R .........ccuoiiiiiiiiiiiiieii e 940
31.4.2 Allowable Output Currents of HDB4F2199R...........uuuiiiiiiiieeiiiiiiiiiiinee e 947
31.4.3 AC Characteristics Of HDBAF2199R.........ccccviiiiiiieiiiieeiieeee e 948
31.4.4 Serial Interface Timing of HDB4F2109R..........ccvviiiiiiieiieeeeeeeeiie e 951
31.4.5 A/D Converter Characteristics of HDB64F2199R.........cccooveiviiiiiiieeeiiieeeiis 955
31.4.6 Servo Section Electrical Characteristics of HD64F2199R.................ccoo.... 956
31.4.7 OSD Electrical Characteristics of HD64F2199R.............coovevvviiiiiieeeiieeeann. 958
31.4.8 Flash Memory CharacteriStiCS........uuuuuuiiiiiiieeeiiiiiiiieee e 962

AppendiX A INSLIUCHON SEL.........uiiiiiiii e ot

A.l
A.2
A.3
A4
A5

L1y (U ex 10 1P 965....
INSTIUCLION COUBS ..uuiiiviciii et e e e et e e bt e e et e e et e eaaas 6....... 9
OPEration COUE MEAP ......uuuuiiiiie et ettt e e e e e e e e e e eeaarte s aaaaeeaeeeeeennes 9
NUMbBEr Of EXECULION STAES ......iiviiiiiiieci et e e e et e eeba e 9
Bus Status during INStruction EXECULION...........ccovviviiiiiiiiiiiieeeeeeeceeeeiiine e 1000

Rev. 1.0, 02/01, page xxi of xxii
RENESAS



A.6  Change of Condition COAES........oiiiiiiiiiieiei e 1014

Appendix B Internal /O REQISIEIS ......ccooviuiiiiie e 101¢
B.1  AQOIESSES . ...ceeiiiiiiiii ettt ettt e e e e e eeeae 1019...

B.2  FUNCHON LiSt..ceiiiiiiiiiieeeeiceeeieei e e e e e e e e e e e e eeeeeennns 028....
Appendix C  Pin CirCuit DIagramsS..........couuvuiiiiiiieeeeeieiiie e 1159
C.1  Pin CirCUIt DIBQIAMS. ..c.uuu ittt e et e et e et e e e et e e e e eta e e eeaaanas 1159....
Appendix D Port States in Each Processing State.............c.uvviiiinnieiiiiieiinnns

D.1  Pin CirCUIt DIBgIamIS. ... i eieeiii it e ettt e e e et e e e eab e e e eabt e e e e ean e e aeebranaaaaes 1173...
Appendix B USAge NOTES ........uuiiieiiiiiiiie e

E.1 Power Supply Rise and Fall Order..........c.uuuiiiiiiiiiiiiiiii e 1174....

E.2 Sample EXternal CirCUITS..........ii ittt 1176....

E.3 Handling of Pins When OSD IS NOt USed..........cooiiiiiiiiiiiiiiiieeciii e 1181...
Appendix F Product LINEUP .......coouuueiiiiieiiiiiei e 118:
Appendix G Package DIMENSIONS .........iiiiiiiiiiiiiiiee et

Rev. 1.0, 02/01, page xxii of xxii
RENESAS



Section 1 Overview

1.1 Overview

The H8S/2199R Series comprises microcomputers (MCUSs) built around the H8S/2000 CPU,
adopting Hitachi's proprietary architecture, and equipped with on-chip supporting modules.
The H8S/2000 has an internal 32-bit architecture, is provided with sixteen 16-bit general
registers and a concise, optimized instruction set designed for high-speed operation, and can
address a 16-Mbyte linear address space.

The H8S/2199R Series is equipped with a digital servo circuit, sync sep&@afoy dta slicer,
ROM, RAM, seven types of timers, three types of PWM, two types of serial communication
interface, an’C bus interface, A/D converter, and 1/O port as on-chip supporting modules.

The on-chip ROM is either flash memory (F-ZTBT) or mask ROM, with a capacity of 256,

128, 112, 96, or 80 kbytes. ROM is connected to the CPU via a 16-bit data bus, enabling bott
byte and word data to be accessed in one state. Instruction fetching has been speeded up, ar
processing speed increased.

Using the H8S/2199R Series can implement a system suitable for VTR control. This manual
describes the H8S/2199R Series hardware. For details on instructions, see the H8S/2600 and
H8S/2000 Series Programming Manual.

Note: *F-ZTATO is a trademark of Hitachi, Ltd.
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Table 1.1 Features of the H8S/2199R Series

Iltem Specifications

CPU ¢ General-register architecture

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

¢ High-speed operation suitable for real-time control
O Maximum operating frequency: 10 MHz/4 to 5.5 V
O High-speed arithmetic operations
8/16/32-bit register-register add/subtract: 100 ns (10-MHz operation)
16 x 16-bit register-register multiply: 2000 ns (10-MHz operation)
32 + 16-bit register-register divide: 2000 ns (10-MHz operation)
¢ Instruction set suitable for high-speed operation
O Sixty-five basic instructions
O 8/16/32-bit transfer/arithmetic and logic instructions
O Unsigned/signed multiply and divide instructions
O Powerful bit-manipulation instructions
¢ CPU operating modes
O Advanced mode: 16-Mbyte address space

Timer * Seven types of timer are incorporated
O Timer A
* 8-bit interval timer

¢ Clock source can be selected among 8 types of internal clock of
which frequencies are divided from the system clock (¢ and

subclock (¢SUB)
¢ Functions as clock time base by subclock input
O Timer B

* Functions as 8-bit interval timer or reload timer

¢ Clock source can be selected among 7 types of internal clock or
external event input

O TimerJ

¢ Functions as two 8-bit down counters or one 16-bit down counter
(reload timer/event counter timer/timer output, etc., 5 types of
operation modes)

¢ Remote controlled transmit function
¢ Take up/Supply Reel Pulse Frequency division
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Iltem Specifications

Timer ad

Timer L

.

.

.

8-bit up/down counter

Clock source can be selected among 2 types of internal clock,
CFG frequency division signal, and PB and REC-CTL (control
pulse)

Compare-match clearing function/auto reload function

Timer R

.

.

.

.

.

Three reload timers

Mode discrimination

Reel control

Capstan motor acceleration/deceleration detection function
Slow tracking mono-multi

Timer X1 (except for the H8S/2197S and H8S/2196S)

.

16-bit free-running counter

Clock source can be selected among 3 types of internal clock and
DVCFG

Two output compare outputs
Four input capture inputs

Watchdog timer

Functions as watchdog timer or 8-bit interval timer
Generates reset signal or NMI at overflow

Prescaler unit ad

t
t
t

Divides system clock frequency and generates frequency division
clock for supporting module functions

Divides subclock frequency and generates input clock for Timer A
(clock time base)

Generates 8-bit PWM frequency and duty period

8-bit input capture at external signal edge

Frequency division clock output enabled

PWM e Three types of PWM are incorporated

g

14-bit PWM: Pulse resolution type x 1 channel (except for the
H8S/2197S and H8S/2196S)

8-bit PWM: Duty control type x 4 channels (H8S/2197S and
H8S/2196S : 2 channel)

12-bit PWM: Pulse pitch control type x 2 channels
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Item

Specifications

Serial
communication
interface (SCI)

a

Asynchronous mode or synchronous mode selectable
Desired bit rate selectable with built-in baud rate generator
Multiprocessor communication function

I°C bus interface
(2 channels)
(H8S/2197S and
H8S/2196S :

1 channel)

I [ I B

Conforms to Phillips I°’C bus interface standard
Start and stop conditions generated automatically

Selection of acknowledge output levels when receiving, and automatic

loading of acknowledge bit when transmitting

Selection of acknowledgement mode or serial mode (without
acknowledge bit)

A/D converter

0O O

Resolution: 10 bits

Input: 12 channels

High-speed conversion: 13.4 us minimum conversion time (10 MHz
operation)

Sample-and-hold function

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

Address trap
controller

Iy I B

Interrupt occurs when the preset address is found during bus cycle

To-be-trapped addresses can be individually set at three different
locations

1/0 port

t
t
t

56 input/output pins
8 input-only pins
Can be switched for each supporting module

Servo circuit

Digital servo circuits on-chip

a
a
a

Input and output circuits
Error detection circuit
Phase and gain compensation

Sync signal
(servo)

On-chip sync signal detection circuit

a
a

Can separately detect horizontal and vertical sync signals
Noise detection function

Sync separator
for OSD and
data slicer

Sync separator including AFC

g

Horizontal and vertical sync signals separated from the composite
video signal

Noise detection
Selection of sync separation methods
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Item

Specifications

OSD (On Screen
Display)

t
t

Screen of 32 characters x 12 lines

384 types of characters (H8S/2199R F-ZTAT : 512 types of characters
H8S/2197S and H8S/2196S : 256 types of characters)

Character configuration: 12 dots x 18 lines
Character colors:  Eight hues
Background colors: Eight hues

Cursor colors: Eight hues

Halftone display

Button display

Data slicer

Slice lines: Four lines (H8S/2197S and H8S/2196S : two lines)
Slice levels: Seven levels

Sampling clock generated by AFC

Slice interrupt

Error detection

Memory

O oo ooo0oooooOooOooao

Flash memory or mask ROM (Refer to the product line-up)
High-speed static RAM
Product Name ROM RAM

H8S/2199R 128 k (256 k*) 4 k (8 k*) bytes
bytes

H8S/2198R 112 k bytes 4 k bytes
H8S/2197R 96 k bytes 4 k bytes
H8S/2196R 80 k bytes
H8S/2197S 96 k bytes 3 k bytes
H8S/2196S 80 k bytes

Power-down
state

O 0O o0ooOod

Medium-speed mode
Sleep mode

Module stop mode
Standby mode

Subclock operation
Subactive mode, watch mode, subsleep mode

Interrupt
controller

0O O

Six external interrupt pins (IRQ5 to IRQO)

44 internal interrupt sources (H8S/2197S and H8S/2196S : 35 internal
interrupt sources)

Three priority levels settable
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Iltem Specifications

Clock pulse * Two types of clock pulse generator on-chip

generator O System clock pulse generator: 8 to 10 MHz
O Subclock pulse generator: 32.768 kHz

Packages 0 112-pin plastic QFP (FP-112)

Product lineup

Product Code

Mask ROM F-ZTAT ROM/RAM
Series Versions Versions (bytes) Packages
H8S/2199R HD6432199R HD64F2199R 128 k/4 k FP-112
(256 k*/
8 k*)
HD6432198R [ 112 k/4 k FP-112
HD6432197R O 96 k/4 k FP-112
HD6432196R [ 80 k/4 k FP-112
HD6432197S O 96 k/3 k FP-112
HD6432196S O 80 k/3 k FP-112

Note: * F-ZTAT version
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1.2 Internal Block Diagram

Figure 1.1 shows an internal block diagram of the H8S/2199R Series.
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Figure 1.1 Internal Block Diagram of H8S/2199R Series (except for the H8S/2197S and
H8S/2196S)
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Figure 1.2 shows an internal block diagram of the H8S/2197S and H8S/2196S.
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Figure 1.2 Internal Block Diagram of the H8S/2197S and H8S/2196S
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1.3

131

Pin Arrangement

Pin Arrangement and Functions

Figure 1.3 shows the pin arrangement of the H8S/2199R Series.
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Figure 1.3 Pin Arrangement of H8S/2199R Series (except for the H8S/2197S and
H8S/2196S)
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Figure 1.4 shows the pin arrangement of the H8S/2197S and H8S/2196S.
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Figure 1.4 Pin Arrangement of H8S/2197S and H8S/2196S
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1.3.2 Pin Functions
Table 1.2 summarizes the functions of the H8S/2199R Series pins.

Table 1.2  Pin Functions

Type Symbol Pin No. 1/O Name and Function
Power Ve 56, 112 Input Power supply:
supply All Vcc pins should be connected to the system
power supply (+5V)
Vo 57, 79, Input Ground:
110 All Vss pins should be connected to the system
power supply (0V)
SV, 10 Input Servo power supply:

SVcc pin should be connected to the servo
analog power supply (+5V)

SV 1 Input Servo ground:
SVss pin should be connected to the servo

analog power supply (0V)

AV . 36 Input Analog power supply:
Power supply pin for A/D converter. It should be
connected to the system power supply (+5V)

when the A/D converter is not used

AV 23 Input Analog ground:
Ground pin for A/D converter. It should be

connected to the system power supply (0V)

OV, 18 Input OSD power supply:
OV, should be connected to the OSD analog

power supply (+5 V)

OV, 20 Input OSD ground:
OV, should be connected to the OSD analog

power supply (0 V)

o 81 Input Smoothing capacitor connection:
Connect 0.1-pF power-smoothing capacitance
between V_ and V

Clock 0osc1 78 Input Connected to a crystal oscillator. It can also
0SC2 80 Output input an external clock. .See sectlonlg, Clock
Pulse Generator, for typical connection
diagrams for a crystal oscillator and external
clock input

X1 76 Input Connected to a 32.768 kHz crystal oscillator.
X2 75 Output See sec.tlon 9 Clock Pulse Generator, for typical
connection diagrams
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Type Symbol Pin No. 1/O Name and Function
Operating MDO 82 Input Mode pin:
mode This pin sets the operating mode. This pin
control should not be changed while the MCU is in
operation
System RES 77 Input Reset input:
control When this pin is driven low, the chip is reset
FWE 74 Input Flash memory enable:
Enables/disables flash memory programming.
This pin is available only with MCU with flash
memory on-chip.
Interrupts  IRQO 37 Input External interrupt request O:
External interrupt input pin for which rising edge
sense, falling edge sense or both edges sense
are selectable
IRQ1 38 Input External interrupt requests 1 to 5:
IRQ2 39 External interrupt input pins for which rising or
IRQ3 40 falling edge sense are selectable
IRQ4 41
IRQ5 42
Prescaler IC 43 Input Input capture input:
unit Input capture input pin for prescaler unit
TMOW 44 Output Frequency division clock output:
Output pin for clock of which frequency is divided
by prescaler
Timers TMBI 45 Input Timer B event input:
Input pin for events to be input to Timer B
counter
IRQ1 38 Input Timer J event input:
IRQ2 39 Input pin for events to be input to Timer J RDT-
lor RDT-2 counter
TMO 53 Output Timer J timer output:
Output pin for toggle at underflow of RDT-1 of
Timer J, or remote controlled transmit data
BUZZ 54 Output Timer J buzzer output:

Output pin for toggle which is selectable among
fixed frequency, 1Hz frequency divided from
subclock (32 kHz), and frequency division CTL
signal
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Type Symbol Pin No. 1/O Name and Function
Timers 1IRQ3 40 Input Timer R input capture:
Input pin for input capture of Timer R TMRU-1 or
TMRU-2
FTOA* 68 Output Timer X1 output compare A and B output:
FTOB* 67 Output pin for output compare A and B of Timer
X1
FTIA* 72 Input Timer X1 input capture A, B, C and D input:
FTIB* 71 Input pin for input capture A, B, C and D of
FTIC* 70 Timer X1
FTID* 69
PWM PWMO 85 Output 8-bit PWM square waveform output:
PWM1 84 Output pin for waveform generated by 8-bit
PWM2* 83 PWMO, 1,2 and 3
PWM3* 55
PWM14* 73 Output 14-bit PWM square waveform output:
Output pin for waveform generated by 14-bit
PWM
Serial SCK1 63 Input SCI clock input/output:
commu- /output Clock input pins for SCI 1
plcatflon Si1 65 Input SCI receive data input:
|(nst(e:r|)ace Receive data input pins for SCI 1
SO1 64 Output SCI transmit data output:
Transmit data output pins for SCI 1
I°C bus SCLO* 59 Input I°C bus interface clock input/output:
interface SCL1 61 /output Clock input/output pin for I°C bus interface
SDAO* 60 Input I°C bus interface data input/output:
SDA1l 62 /output Data input/output pin for I’C bus interface
SYNCI* 58 Input I’C bus interface clock input:

I°C formatless serial clock input
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Type Symbol Pin No. 1/O Name and Function

A/D AN7 to 28to 35 Input Analog input channels 7 to O:
converter  ANO Analog data input pins. A/D conversion is
started by a software triggering

AN8 27 Input Analog input channels 8, 9, A and B:
AN9 26 Analog data input pins. A/D conversion is
ANA 25 started by an external trigger, a hardware
ANB 24 trigger, or software
ADTRG 46 Input A/D conversion external trigger input:

A/D conversion for analog data input pins 8, 9,
A, and B is started by an external trigger

Servo AUDIO FF 106 Output Audio FF:
circuits Output pin for audio head switching signal
VIDEO FF 105 Output Video FF:
Output pin for video head switching signal
CAPPWM 108 Output Capstan mix:

12-bit PWM output pin giving result of capstan
speed error and phase error after filtering

DRMPWM 107 Output Drum mix:
12-bit PWM output pin giving result of drum
speed error and phase error after filtering

Vpulse 109 Output Additional V pulse:
Three-level output pin for additional V signal
synchronized to the VIDEO FF signal

C.Rotary 99 Output Color rotary signal:
Output pin for color signal processing control
signal in four-head special-effects playback

H.AmpSW 100 Output Head-amp switch:
Output pin for preamplifier output select signal in
four-head special-effects playback.

COMP 101 Input Compare input:
Input pin for signal giving the result of
preamplifier output comparison in four-head
special-effects playback.

CTL (+) 3 Input CTL head (+) and (-) pins:
CTL (-) 4 /output 1/0 pins for CTL signals
CTL Bias 5 Input CTL primary amp bias supply:

Bias supply pin for CTL primary amp
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Type Symbol Pin No. 1/O Name and Function
Servo CTL Amp 7 Output CTL amp output:
circuits (0) Output pin for CTL amp
CTLSMT 8 Input CTL Schmitt amp input:
0] Input pin for CTL Schmitt amp
CTLFB 6 Input CLT feedback input:
Input pin for CTL amp high-range characteristics
control
CTLREF 2 Output CTL amp reference voltage output:
Output pin for 1/2Vcc (SV)
CFG 9 Input Capstan FG input:
Schmitt comparator input pin for CFG signal
DFG 104 Input Drum FG input:
Schmitt input pin for DFG signal
DPG 103 Input Drum PG input:
Schmitt input pin for DPG signal
EXCTL 98 Input External CTL input:
Input pin for external CTL signal
Csync 111 Input Mixed sync signal input:
Input pin for mixed sync signal
EXCAP 97 Input Capstan external sync signal input:
Signal input pin for external synchronization of
capstan phase control
EXTTRG 102 Input External trigger signal input:
Signal input pin for synchronization with
reference signal generator
Sv1 87 Output Servo monitor output pin 1:
Output pin for servo module internal signal
SvV2 86 Output Servo monitor output pin 2:
Output pin for servo module internal signal
PPG7 to 951088 Output PPG:
PPGO Output pin for HSW timing generator. To be

used when head switching is required as well as
AUDIO FF and VIDEO FF
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Type Symbol Pin No. I/O Name and Function
Sync Csync/ 14 Input/ Sync signal input/output:
separator Hsync output Composite sync signal input/output or horizontal
sync signal input
VLPF/ 15 Input Sync signal input:
Vsync Pin for connecting external LPF for vertical sync
signal or input pin for vertical sync signal
AFC pc 11 Input/ AFC oscillation:
output Pin for connecting external circuit for AFC
oscillation
AFC osc 12 Input/ AFC oscillation:
output Pin for connecting external circuit for AFC
oscillation
AFC LPF 13 Input/ Pin for connecting external LPF for AFC
output
4 fscin/ 22 Input fsc oscillation:
2 fscin Input pin for subcarrier oscillator. 4fsc or 2fsc
can be selected
fsc: Subcarrier frequency
4 fsc out/ 21 Output fsc oscillation:
2 fsc out Output pin for subcarrier oscillator. 4fsc or 2fsc
can be selected
fsc: Subcarrier frequency
CVin2 16 Input Composite video input:
Composite video signal input. Input 2-Vp-p
composite video signal, and the sync tip of the
signal is clamped to about 2.0 V
OsD CVinl 17 Input Composite video input:
Composite video signal input for OSD. Input 2-
Vp-p composite video signal, and the sync tip of
the signal is clamped to about 1.4 V
CVout 19 Output Composite video output:
Composite video signal output for OSD. 2-Vp-p
composite video signal is output
R 99 Output OSD digital output:
Color signal R output
G 100 Output OSD digital output:
Color signal G output
B 101 Output OSD digital output:

Color signal B output
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Type Symbol Pin No. 1/O Name and Function

OsD YCO 96 Output OSD digital output:
Character data output
YBO 97 Output OSD digital output:
Character display position output
Data CVin2 16 Input Composite video input:
slicer Composite video signal input. Input 2-Vp-p

composite video signal, and the sync tip of the
signal is clamped to about 2.0 V.

1/0 port P07 to POO 28t0 35 Input Port 0:
8-bit input pins

P17to P10 44to 37 Input Port 1:
/output 8-bit /O pins

P27to P20 58to 65 Input Port 2:
/output 8-bit 1/O pins

P37to P30 53to55 Input Port 3:
83to 87 /output 8-bit 1/O pins

P47to P40 66to 73 Input Port 4:
/output 8-bit 1/O pins

P67 to P60 45t0o52 Input Port 6:
/output 8-bit /O pins

P77to P70 95t088 Input Port 7:
/output 8-bit 1/O pins

P87 to P8O 103 to Input Port 8:
96 /output 8-bit 1/O pins

RP7to RPO 45to52 Output Realtime output port:
8-bit realtime output pins

RPB to 95t0 92 Output Realtime output port:
RP8 4-bit realtime output pins
RPTRG 66 Input Realtime output port trigger input:

Input pin for realtime output port trigger

Note: * Not available in the H8S/2197S or H8S/2196S.
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Section 2 CPU

2.1 Overview

The H8S/2000 CPU is a high-speed central processing unit with an internal 32-bit architecture
that is upward-compatible with the H8/300 and H8/300RUE. The H8S/2000 CPU hastsign
16-bit general registers, can address a 16-Mbyte (architecturally 4-Ghyte) linear address spac
and is ideal for realtime control.

2.1.1 Features

The H8S/2000 CPU has the following features.

Upward-compatible with H8/300 and H8/300H CPUs

Can execute H8/300 and H8/300H object programs
General-register architecture

Sixteen 16-bit general registers (also usable as sixteen 8-bit registers or eight 32-bit registe
Sixty-five basic instructions

8/16/32-bit arithmetic and logic instructions

Multiply and divide instructions

Powerful bit-manipulation instructions

Eight addressing modes

Register direct [Rn]

Register indirect [@ERN]

Register indirect with displacement [@(d:16,ERn) or @(d:32,ERn)]
Register indirect with post-increment or pre-decrement [@ERN+ or @-ERn]
Absolute address [@aa:8, @aa:16, @aa:24, or @aa:32]
Immediate [#xx:8, #xx:16, or #xx:32]

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

Memory indirect [@ @aa:8]

16-Mbyte address space

Program: 16 Mbytes

Data: 16 Mbytes (4 Ghytes architecturally)

High-speed operation

All frequently-used instructions execute in one or two states

Maximum clock rate: 10 MHz
8/16/32-bit register-register add/subtract: 100 ns
8 x 8-hit register-register multiply: 1200 ns
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16 + 8-bit register-register divide: 1200 ns
16 x 16-bit register-register multiply: 2000 ns
32+ 16-bit register-register divide: 2000 ns
» Two CPU operating modes
Normal mode*/Advanced mode
* Power-down state
Transition to power-down state by SLEEP instruction
CPU clock speed selection
Note: *Normal mode is not available for this LSI.

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

* Register configuration
The MAC register is supported only by the H8S/2600 CPU.
» Basic instructions

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

* Number of execution states
The number of execution states of the MULXU and MULXS instructions differ as follows.
Number of Execution States

Instruction Mnemonic H8S/2600 H8S/2000

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

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

There are also differences in the address space, EXR register functions, power-down state, etc
depending on the product.

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

* More general registers and control registers
Eight 16-bit extended registers, and one 8-bit control register, have been added.
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» Expanded address space
Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
Advanced mode supports a maximum 16-Mbyte address space.

* Enhanced addressing mode

The addressing modes have been enhanced to make effective use of the 16-Mbyte addres
space.

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

» Higher speed
Basic instructions execute twice as fast.

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

» Additional control register
One 8-bit control register has been added.

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

» Higher speed
Basic instructions execute twice as fast.
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2.2 CPU Operating Modes

The H8S/2000 CPU has two operating modes: normal and advanced. Normal mode supports &
maximum 64-kbyte address space. Advanced mode supports a maximum 16-Mbyte total
address space (architecturally the maximum total address space is 4 Ghytes, with a maximum
16 Mbytes for the program area and a maximum of 4 Gbytes for the data area).

The mode is selected by the mode pins of the microcontroller.

Maximum 64 kbytes for program
*
Normal mode and data areas combined

CPU operating mode }7

Maximum 16 Mbytes for program

Advanced mode and data areas combined

Note: * Normal mode is not available for this LSI.

Figure 2.1 CPU Operating Modes

221 Normal Mode (Not available for this LSI)
The exception vector table and stack have the same structure as in the H8/300 CPU.

(1) Address Space
A maximum address space of 64 kbytes can be accessed.
(2) Extended Registers (En)

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

(3) Instruction Set

All instructions and addressing modes can be used. Only the lower 16 bits of effective
addresses (EA) are valid.
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(4) Exception Vector Table and Memory Indirect Branch Addresses

In normal mode the top area starting at H'0000 is allocated to the exception vector table.
One branch address is stored per 16 bits. The configuration of the exception vector table i
normal mode is shown in figure 2.2. For details of the exception vector table, see section -
Exception Handling.

H'0000 |
H'0001
H'0002 |
H'0003
H'0004 |
H0005 | (Reserved for system use) i
H'0006 | I Exception vector table
H'0007
H'0008
H'0009
H'000A
H'000B

Reset exception vector -

M- Exception vector 1 -

F-- Exception vector 2 -]

N

Figure 2.2 Exception Vector Table (Normal Mode)

The memory indirect addressing mode (@ @aa:8) employed iiMReand JSR instations

uses an 8-bit absolute address included in the instruction code to specify a memory operar
that contains a branch address. In normal mode the operand is a 16-bit word operand,
providing a 16-bit branch address. Branch addresses can be stored in the top area from
H'0000 to H'OOFF. Note that this area is also used for the exception vector table.
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(5) Stack

When the program counter (PC) is pushed onto the stack in a subroutine call, and the PC ar
condition-code register (CCR) are pushed onto the stack in exception handling, they are
stored as shown in figure 2.3. The extended control register (EXR) is not pushed onto the

Structure

stack. For details, see section 5, Exception Handling.

sP— |

\/—\

PC
(16 bits)

\/—\

(a) Subroutine Branch

Note: * Ignored when returning.

sp —

\/\

CCR
CCR*

PC
(16 bits)

\/\

(b) Exception Handling

222

(1) Addre

Linear access is provided to a 16-Mbyte maximum address space (architecturally a maximu
16-Mbyte program area and a maximum 4-Gbyte data area, with a maximum of 4 Gbytes fo

Figure 2.3 Stack Structure in Normal Mode

Advanced Mode

ss Space

program and data areas combined).
(2) Extended Registers (En)

The extended registers (EO to E7) can be used as 16-bit registers, or as the upper 16-bit

segments of 32-bit registers or address registers.
(3) Instruction Set
All instructions and addressing modes can be used.
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(4) Exception Vector Table and Memory Indirect Branch Addresses

In advanced mode the top area starting at H'00000000 is allocated to the exception vector
table in units of 32 bits. In each 32 bits, the upper 8 bits are ignored and a branch address
stored in the lower 24 bits (figure 2.4). For details of the exception vector table, see sectiol
5, Exception Handling.

H'00000000 Reserved A
7 Reset exception vector a
H'00000003
H00000004 | Reserved |
H'00000007 | B
H'00000008
o > Exception vector table
H'0000000B | a
F--- (Reserved for system use) -
H'0000000C | N
H'00000010 Reserved
i Exception vector 1 N

Figure 2.4 Exception Vector Table (Advanced Mode)

The memory indirect addressing mode (@ @aa:8) employed iiMReand JSR instations

uses an 8-bit absolute address included in the instruction code to specify a memory operar
that contains a branch address. In advanced mode the operand is a 32-bit longword opera
providing a 32-bit branch address. The upper 8 bits of these 32 bits are a reserved area th
is regarded as H'00. Branch addresses can be stored in the area from H'00000000 to
H'000000FF. Note that the first part of this range is also the exception vector table.
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(5) Stack Structure
In advanced mode, when the program counter (PC) is pushed onto the stack in a subroutine
call, and the PC and condition-code register (CCR) are pushed onto the stack in exception
handling, they are stored as shown in figure 2.5. The extended control register (EXR) is not

pushed onto the stack. For details, see section 5, Exception Handling.

\/—\

\/—\

SP—~| Reserved | SP—~ CCR
PC PC
(24 bits) (24 bits)

\_/_\

(a) Subroutine Branch

\/\

(b) Exception Handling

Figure 2.5 Stack Structure in Advanced Mode
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2.3 Address Space

Figure 2.6 shows a memory map of the H8S/2000 CPU. The H8S/2000 CPU provides linear
access to a maximum 64-kbyte address space in normal mode, and a maximum 16-Mbyte
(architecturally 4-Gbyte) address space in advanced mode.

H'0000 H'00000000
H'FFFF Program area
H'OOFFFFFF | Data area
Cannot be used
with this LSI
H'FFFFFFFF
(@) Normal mode* (b) Advanced mode
Note: * Normal mode is not available for this LSI.

Figure 2.6 Memory Map
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24 Register Configuration

2.4.1 Overview

The CPU has the internal registers shown in figure 2.7.

general registers and control registers.

There are two types of registers:

General Registers (Rn) and Extended Registers (En)

15 07 07 0
ERO EO ROH ROL
ER1 El R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L
Control Registers (CR)
23 0
| PC |
76543210
EXR'[T|-|-[-|-i2]i1]i0]
76543210
AT NINENE
Legend:
SP . Stack pointer H . Half-carry flag
PC . Program counter U . User bit
EXR : Extended control register N  : Negative flag
T . Trace bit 4 . Zero flag
12t0 10 : Interrupt mask bits \Y, : Overflow flag
CCR : Condition-code register C : Carry flag
| . Interrupt mask bit
ul . User bit or interrupt mask bit

Note: * Does not affect operation in this LSI.

Figure 2.7 CPU Registers
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2.4.2 General Registers

The CPU has eight 32-bit general registers. These general registers are all functionally alike ¢
can be used as both address registers and data registers. When a general register is used as
data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register. When the general registc
are used as 32-bit registers or address registers, they are designated by the letters ER (ERO ft
ER?7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) anc
(RO to R7). These registers are functionally equivalent, providing a maximum of sixteen 16-bi
registers. The E registers (EO to E7) are also referred to as extended registers.

The R registers divide into 8-bit general registers designated by the letters RH (ROH to R7H)
RL (ROL to R7L). These registers are functionally equivalent, providing a maximum of sixteen
8-bit registers.

Figure 2.8 illustrates the usage of the general registers. The usage of each register can be
selected independently.

e Address registers

e 32-bit registers e 16-bit registers e 8-bit registers
E registers (extended registers)
(EO to E7)
ER registers RH registers
(ERO to ER7) (ROH to R7H)
R registers
(RO to R7)
RL registers
(ROL to R7L)

Figure 2.8 Usage of General Registers

General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.9 shows tt
stack.
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Free area

SP (ER7) —»

Stack area

/\/

Figure 2.9 Stack

24.3 Control Registers

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

(1) Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute. The
length of all CPU instructions is 2 bytes (one word), so the least significant PC bit is ignored.
(When an instruction is fetched, the least significant PC bit is regarded as 0.)

(2) Extended Control Register (EXR)
An 8-bit register. In this LSI, this register does not affect operation.
Bit 7: Trace Bit (T)
This bit is reserved. In this LSI, this bit does not affect operation.
Bits 6 to 3: Reserved
These bits are reserved. They are always read as 1.
Bits 2 to 0: Interrupt Mask Bits (12 to 10)
These bits are reserved. In this LSI, these bits do not affect operation.
(3) Condition: Code Register (CCR)
This 8-bit register contains internal CPU status information, including an interrupt mask bit
(I) and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.
Bit 7: Interrupt Mask Bit (1)
Masks interrupts other than NMI when set to 1. (NMI is accepted regardless of the | bit
setting.) The | bit is set to 1 by hardware at the start of an exception-handling sequence.
For details, see section 6, Interrupt Controller.
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Bit 6: User Bit or Interrupt Mask Bit (Ul)

Can be written and read by software using the LDC, SIND)C, ORC, and XORC
instructions. This bit can also be used as an interrupt mask bit. For details, see sectior
Interrupt Controller.

Bit 5: Half-Carry Flag (H)

When the ADD.B, ADDX.B, SUB.B, SUBX.B, CMP.B, or NEG.B insttion is

executed, this flag is set to 1 if there is a carry or borrow at bit 3, and cleared to 0
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instian is executed, the

H flag is set to 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise. Whet
the ADD.L, SUB.L, CMP.L, or NEG.L instation is executed, the H flag is set to 1 if

there is a carry or borrow at bit 27, and cleared to 0 otherwise.

Bit 4: User Bit (U)

Can be written and read by software using the LDC, SIND)C, ORC, and XORC

instructions.
Bit 3: Negative Flag (N)

Stores the value of the most significant bit (sign bit) of data.
Bit 2: Zero Flag (2)

Set to 1 to indicate zero data, and cleared to O to indicate non-zero data.
Bit 1: Overflow Flag (V)

Set to 1 when an arithmetic overflow occurs, and cleared to O otherwise.
Bit 0: Carry Flag (C)

Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:

(a) Add instructions, to indicate a carry

(b) Subtract instructions, to indicate a borrow

(c) Shift and rotate instructions, to store the carry
The carry flag is also used as a bit accumulator by bit-manipulation instructions.
Some instructions leave some or all of the flag bits unchanged. For the action of each
instruction on the flag bits, see section 29, Appendix A.1, List of Instructions.
Operations can be performed on the CCR bits by the LDC, STC, ANDC, ORC, and XORC
instructions. The N, Z, V, and C flags are used as branching conditions for conditional
branch (Bcc) instructions.

2.4.4 Initial Register Values

Reset exception handling loads the CPU's program counter (PC) from the vector table, clears
trace bit in EXR to 0, and sets the interrupt mask bits in CCR and EXR to 1. The other CCR b
and the general registers are not initialized. In particular, the stack pointer (ER7) is not
initialized. The stack pointer should therefore be initialized by@w.L instruction executed
immediately after a reset.
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2.5 Data Formats

The CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit (longword) data.
Bit-manipulation instructions operate on 1-bit data by accessing bit n (n = Q,.1720of byte
operand data. THBAA and DAS ccimal-adjust instructions treat byte data as two digits of 4-
bit BCD data.

251 General Register Data Formats

Figure 2.10 shows the data formats in general registers.

Data type General Register Data Format
7 o
1-bit data RnH 7161514132} 1 0| _______ Dontcare !
______________________ 7 0
1-bit data RnL : Don't care | 7i6i5i4i3i2i1]0
7 4 3 0
4-bit BCD data RnH . [Tttt .
| Upper d|g|t| Lower d|g|t| Don't care '
4-bit BCD data RnL e 7 4 3 0
i Don't care | Upper digit |Lower digit |
Byte data RnH 7 o
[ T R A A | Don't care :
1 1 1 1 1 1 N
MSB LSB
Byte data R, 7 0
' Don't care | [T T T T
______________________ 1 1 1 1 1 1 1
MSB LSB

Figure 2.10 General Register Data Formats (1)
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Data Type General Register Data format
Word data Rn
15 0
MSB LSB
Word data En
15 0
MSB LSB
Longword data ERn
31 16 15 0
MSB En RN LSB
Legend:
ERn : General register ER
En : General register E
Rn : General register R
RnH : General register RH
RnL : General register RL
MSB : Most significant bit
LSB : Least significant bit

Figure 2.11 General Register Data Formats (2)

RENESAS
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25.2 Memory Data Formats
Figure 2.12 shows the data formats in memory.

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

Data Type Data Format
Address /\/
7 0
1-bit data Address L 7|6|5|4|3|2|1|0
Byte data AddressL [MSB: i i i i i 1SB
Word data Address 2M MSBE . . . . , ,
Address2M+1| @ i 1 i 1 1 ILSB
Longword data Address 2N MSBE : : : : : :
Address 2N+1| ¢ ¢
Address 2N+2 : : : : : : :
Address 2N+3 : : : : : : ELSB

Figure 2.12 Memory Data Formats

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

2.6.1 Overview

The H8S/2000 CPU has 65 types of instructions. The instructions are classified by function in
table 2.1.

Table 2.1 Instruction Classification

Function Instructions Size Types
Data transfer MOV BWL 5
POP**, PUSH** WL
LDM*®, STM*® L
MOVFPE**, MOVTPE** B
Arithmetic ADD, SUB, CMP, NEG BWL 19
ADDX, SUBX, DAA, DAS B
INC, DEC BWL
ADDS, SUBS L
MULXU, DIVXU, MULXS, DIVXS BW
EXTU, EXTS WL
TAS* B
Logic operations AND, OR, XOR, NOT BWL 4
Shift SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, BWL
ROTXL, ROTXR
Bit manipulation RSET, BCLR, BNOT, BTST, BLD, BILD, BST, B 14
BIST, BAND, BIAND, BOR, BIOR, BXOR, BIXOR
Branch Bce*?, IMP, BSR, JSR, RTS O 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, g
XORC, NOP
Block data transfer EEPMOV O 1

Total: 65 types

Notes: B: byte size; W: word size; L: longword size.

1. POP.W Rn and PUSH.W Rn are identical to MOV.W @SP+, Rn and MOV.W Rn, @-
SP.
POP.L ERn and PUSH.L ERn are identical to MOV.L @SP+, ERn and MOV.L ERn,
@-SP.
Bcc is the general name for conditional branch instructions.
Cannot be used in the H8S/2199 Series.
Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
Only registers ERO to ER6 should be used when using the STM/LDM instruction.
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2.6.2 Instructions and Addressing Modes

Table 2.2 indicates the combinations of instructions and addressing modes that the H8S/2000
CPU can use.

Table 2.2  Combinations of Instructions and Addressing Modes

Addressing Modes
c 2
2 < = 4 —~
] Instruction & & %J) c Q
z ¢ | o | = 9 S | Sl s | %
& 2 o 4 @ e P o ) = g
% clu | 2| 2| Y g g § | § s | 2| @
# [od ® ® ® ® ® ® ® ® ® ® ® |
& | Mov BWL | BWL | BWL | BWL | BWL | BWL B BWL | — |[BwWL | — — — —
2 | PoP, PUSH — — — — — — — — — T wL
= [ LDM*3, STM*3| — — — — — — — — — | = — — — L
S | MOVFPE, _ _ . _ — — — B _ _ _ — — —
MOVTPE*!
ADD, CMP BWL | BWL | — — — — — — — — — — — —
SUB WL [ BWL | — — — — — — — — — — — —
» |ADDX,SUBX | B B — — — — — — = — — — — —
& |ADDS,suUBS | — L — — — — — — — — — _ —_ —_
® | INC, DEC — BWL | — — — — — — — — — — — —
0§ DAA, DAS — B — — — — — — — — — — — —
o | MULXU,
g DIVXU - BW - - - - - - - - - B B -
£ [ mMuLxs, — — —
% |Divxs i A e e e e e e e el
NEG — [BwL| — — — _ —_ — — — — — — —
EXTU,EXTS | — WL — — — _ — — — — — — — —
TAS*2 — — B - - = — — — — — — — —
8 -‘g Qgg’ OR, BWL | BWL | — — — — — — _ _ _ _ _
& [Not — |BwL ]| — — — — — — — | = — — — —
Shift — | BwL | — — — — — — — _ — —
Bit manipulation — B B — — — B B — B — — — —_
Bcc, BSR — — — — — — — — — — @) [@) — —
Branch| JMP, JSR — — — — — — — — O — — — @) —
RTS — — — — — — — — — — — — O
TRAPA — — — — — — — — — — — — — o
S |RTE — — — — — — — — — — — — — @)
S |[SLEEP — — — — — — - — — — — — — O
g [Lbc B B w w w w — w — w — — — —
g [sTC — B W w W w — W — w _ —_ — —
2. ['TANDC,
? lorc,xorc | B — — — | — | — — — i - = | =
NOP — — — — — — — — — — — — — O
Block data transfer — — — — — — — — — — — — — BW

Legend:

B: Byte

W: Word

L: Longword

Notes: 1. Cannot be used in this LSI.
2. Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction.
3. Only registers ERO to ER6 should be used when using the STM/LDM instruction.

Rev. 1.0, 02/01, page 36 of 1184
RENESAS



2.6.3 Table of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the functions of the instructions. The notation used in table 2.3
defined below.

Operation Notation

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

Rn General register*

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

(EASs) Source operand

EXR Extended control register

CCR Condition-code register

N N (negative) flag in CCR

z Z (zero) flag in CCR

\% V (overflow) flag in CCR
C C (carry) flag in CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

Disp Displacement

+ Addition

- Subtraction

X Multiplication

+ Division

O Logical AND

O Logical OR

O Logical exclusive OR

- Move

O NOT (logical complement)
:8/:16/:24/:32 8-, 16-, 24-, or 32-bit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit registers (ERO to ER7).
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Table 2.3 Data Transfer Instructions

Instruction Size *! Function

MOV B/W/L (EAs) — Rd, Rs — (EAd)

Moves data between two general registers or between a general
register and memory, or moves immediate data to a general

register
MOVFPE B Cannot be used in this LSI
MOVTPE B Cannot be used in this LSI
POP Wi/L @SP+ - Rn

Pops a general register from the stack
POP.W Rn is identical to MOV.W @SP+, Rn
POP.L ERn is identical to MOV.L @SP+, ERn

PUSH Wi/L Rn - @-SP
Pushes a general register onto the stack
PUSH.W Rn is identical to MOV.W Rn, @-SP
PUSH.L ERn is identical to MOV.L ERn, @-SP

LDM*? L @SP+ - Rn (register list)
Pops two or more general registers from the stack
STM*? L Rn (register list) -~ @-SP

Pushes two or more general registers onto the stack

Note: 1. Size refers to the operand size.
B: Byte
W:  Word
L: Longword
2. Only registers ERO to ER6 should be used when using the STM/LDM instruction.
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Table 2.4

Arithmetic Instructions

Instruction Size ** Function

ADD B/W/L Rd+Rs - Rd, Rdz#MM - Rd

Sus Performs addition or subtraction on data in two general registers,
or on immediate data and data in a general register. (Immediate
byte data cannot be subtracted from byte data in a general
register. Use the SUBX or ADD instruction)

ADDX B Rd+Rs+C - Rd, Rd+# MM +C - Rd

SuBX Performs addition or subtraction with carry on byte data in two
general registers, or on immediate data and data in a general
register

INC B/W/L Rd+1 - Rd, Rd+2 - Rd

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

ADDS B Rd+1 - Rd, Rd+2 -~ Rd, Rd+4 . Rd

SUBS Adds or subtracts the value 1, 2, or 4 to or from data in a 32-bit
register

DAA B/W Rd decimal adjust - Rd

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

MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general
registers: either 8 bits x 8 bits — 16 bits or 16 bits x16 bits - 32
bits

MULXS B/W Rd xRs - Rd
Performs signed multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x16 bits — 32 bits

DIVXU B/W Rd+Rs - Rd

Performs unsigned division on data in two general registers:
either 16 bits + 8 bits x 8-bit quotient and 8-bit remainder or 32
bits + 16 bits x 16-bit quotient and 16-bit remainder
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Instruction Size ** Function

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

CMP B/W/L Rd - Rs, Rd - #IMM
Compares data in a general register with data in another
general register or with immediate data, and sets CCR bits
according to the result

NEG B/W/L 0-Rd - Rd
Takes the two's complement (arithmetic complement) of data in
a general register

EXTU W/L Rd (zero extension) - Rd
Extends the lower 8 bits of a 16-bit register to word size, or the
lower 16 bits of a 32-bit register to longword size, by padding
with zeros on the left

EXTS WI/L Rd (sign extension) —» Rd
Extends the lower 8 bits of a 16-bit register to word size, or the
lower 16 bits of a 32-bit register to longword size, by extending
the sign bit

TAS B @ERd - 0, 1 - (<hit 7> of @ERd)**

Tests memory contents, and sets the most significant bit (bit 7)
tol

Notes: 1. Size refers to the operand size.
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Table 2.5 Logic Instructions

Instruction Size * Function

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

OR B/W/L Rd ORs - Rd, Rd O#MM - Rd
Performs a logical OR operation on a general register and
another general register or immediate data

XOR B/W/L Rd O Rs - Rd, RdO#IMM - Rd
Performs a logical exclusive OR operation on a general register
and another general register or immediate data

NOT B/W/L ~Rd - Rd

Takes the one's complement (logical complement) of general
register contents

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table 2.6  Shift Instructions

Instruction Size * Function

SHAL B/WI/L Rd (shift) -~ Rd

SHAR Performs an arithmetic shift on general register contents
A 1-bit or 2-bit shift is possible

SHLL B/WI/L Rd (shift) -~ Rd

SHLR Performs a logical shift on general register contents
A 1-bit or 2-bit shift is possible

ROTL B/WI/L Rd (rotate) — Rd

ROTR Rotates general register contents
1-bit or 2-bit rotation is possible

ROTXL B/WI/L Rd (rotate) — Rd

ROTXR

Rotates general register contents through the carry flag
1-bit or 2-bit rotation is possible

Note: * Size refers to the operand
B: Byte
W: Word
L: Longword

size.
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Table 2.7  Bit Manipulation Instructions

Instruction Size * Function

BSET B 1 - (<bit-No.> of <EAd>)
Sets a specified bit in a general register or memory operand to
1. The bit number is specified by 3-bit immediate data or the
lower three bits of a general register

BCLR B 0 - (<bit-No.> of <EAd>)
Clears a specified bit in a general register or memory operand
to 0. The bit number is specified by 3-bit immediate data or the
lower three bits of a general register

BNOT B ~ (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory operand.
The bit number is specified by 3-bit immediate data or the lower
three bits of a general register

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

BAND B C 0O (<bit-No.> of <EAd>) - C
ANDs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag

BIAND B C O [~(<bit-No.> of <EAd>)] - C
ANDs the carry flag with the inverse of a specified bit in a
general register or memory operand and stores the result in the
carry flag
The bit number is specified by 3-bit imnmediate data

BOR B C O (<bit-No.> of <EAd>) - C
ORs the carry flag with a specified bit in a general register or
memory operand and stores the result in the carry flag

BIOR B CO [~(<bit-No.> of <EAd>)] - C

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

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

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

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

BIXOR B C O [~ (<bit-No.> of <EAd>)] -~ C

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

The bit number is specified by 3-bit immediate data

BLD B (<bit-No.> of <EAd>) - C

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

BILD B ~ (<bit-No.> of <EAd>) - C

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

BST B C - (<bit-No.> of <EAd>)

Transfers the carry flag value to a specified bit in a general
register or memory operand

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

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

Note: * Size refers to the operand size.
B: Byte
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Table 2.8 Branch Instructions

Instruction Size * Function

Bcc O Branches to a specified address if a specified condition is true
The branching conditions are listed below

Mnemonic  Description Condition
BRA (BT) Always (True) Always
BRN (BF) Never (False) Never
BHI High Cvz=0
BLS Low of Same Cvz=1
BCC (BHS) Carry Clear (High or Cc=0
Same)

BCS (BLO) Carry Set (LOw) c=1
BNE Not Equal Z=0
BEQ EQual Z=1
BVC oVerflow Clear V=0
BVS oVerflow Set V=1
BPL PLus N=0
BMI MIinus N=1
BGE Greater or Equal NV =0
BLT Less Than NOV=1
BGT Greater Than ZONOV)=0
BLE Less or Equal ZONOV)=1

JMP O Branches unconditionally to a specified address

BSR O Branches to a subroutine at a specified address

JSR O Branches to a subroutine at a specified address

RTS O Returns from a subroutine
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Table 2.9  System Control Instructions

Instruction Size * Function

TRAPA O Starts trap-instruction exception handling

RTE O Returns from an exception-handling routine

SLEEP O Causes a transition to a power-down state

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

STC B/W CCR - (EAd), EXR - (EAd)
Transfers CCR or EXR contents to a general register or
memory. Although CCR and EXR are 8-bit registers, word-size
transfers are performed between them and memory. The upper
8 bits are valid

ANDC B CCR O#IMM - CCR, EXR O#IMM - EXR
Logically ANDs the CCR or EXR contents with immediate data

ORC B CCRO#IMM - CCR, EXRO#IMM - EXR
Logically ORs the CCR or EXR contents with immediate data

XORC B CCR O #IMM - CCR, EXR O #IMM - EXR
Logically exclusive-ORs the CCR or EXR contents with
immediate data

NOP g PC+2 - PC

Only increments the program counter

Note: * Size refers to the operand size.

B: Byte

W: Word
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Table 2.10 Block Data Transfer Instructions

Instruction Size *

Function

EEPMOV.B a

EEPMOV.W g

if R4L # 0 then
Repeat @ER5+ - @er6+
R4L-1-R4L
Until R4L =0
else next;

if R4 # 0 then
Repeat @ER5+ - @er6+
R4-1 R4
Until R4 =0
else next;

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

R4L or R4: size of block (bytes)

ERS5: starting source address

ER®6: starting destination address

Execution of the next instruction begins as soon as the transfer
is completed
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2.6.4 Basic Instruction Formats

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

Figure 2.13 shows examples of instruction formats.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

op rn rm ADD.B Rn, Rm, etc.

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

op rn rm

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

EA (disp)

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

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

Figure 2.13 Instruction Formats (Examples)

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

(2) Register Field
Specifies a general register. Address registers are specified by 3 bits, data registers by 3 |
or 4 bits. Some instructions have two register fields. Some have no register field.
(3) Effective Address Extension
Eight, 16, or 32 bits specifying immediate data, an absolute address, or a displacement.
(4) Condition Field
Specifies the branching condition of Bcc instructions.
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2.6.5 Notes on Use of Bit-Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, carry out bit
manipulation, then write back the byte of data. Caution is therefore required when using these
instructions on a register containing write-only bits, or a port.

The BCLR instruction can be used to clear internal 1/O register flags to 0. In this case, the
relevant flag need not be read beforehand if it is clear that it has been set to 1 in an interrupt
handling routine, etc.
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2.7 Addressing Modes and Effective Address Calculation

2.7.1 Addressing Mode

The CPU supports the eight addressing modes listed in table 2.11. Each instruction uses a su
of these addressing modes. Arithmetic and logic instructions can use the register direct and
immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit-manipulation instructions use register direct, registe!
indirect, or absolute addressing mode to specify an operand, and register direct (BSET, BCLR
BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit number i

the operand.

Table 2.11 Addressing Modes

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

(1) Register Direct—Rn

The register field of the instruction code specifies an 8-, 16-, or 32-bit general register
containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. |
to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as

32-bit registers.
(2) Register Indirect—@Ern

The register field of the instruction code specifies an address register (ERn) which contains
the address of the operand in memory. If the address is a program instruction address, the
lower 24 bits are valid and the upper 8 bits are all assumed to be 0 (H'00).

(3) Register Indirect with Displacement—-@(d:16, ERn) or @(d:32, ERn)
A 16-bit or 32-bit displacement contained in the instruction is added to an address register
(ERnN) specified by the register field of the instruction, and the sum gives the address of a
memory operand. A 16-bit displacement is sign-extended when added.
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(4) Register Indirect with Post-Increment or Pre-Decrement—-@ERn+ or @-ERn

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

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

(5) Absolute Address—@aa:8, @aa:16, @aa:24, or @aa:32

The instruction code contains the absolute address of a memory operand. The absolute

address may be 8 bits long (@aa:8), 16 bits long (@aa:16), 24 bits long (@aa:24), or 32 bits

long (@aa:32).

To access data, the absolute address should be 8 bits (@aa:8), 16 bits (@aa:16), or 32 bits

(@aa:32) long. For an 8-bit absolute address, the upper 24 bits are all assumed to be 1

(H'FFFF). For a 16-bit absolute address the upper 16 bits are a sign extension. A 32-bit

absolute address can access the entire address space.

A 24-bit absolute address (@aa:24) indicates the address of a program instruction. The

upper 8 bits are all assumed to be 0 (H'00).

Table 2.12 indicates the accessible absolute address ranges.

Table 2.12 Absolute Address Acess Ranges

Absolute Address Normal Mode Advanced Mode
Data address 8 bits H'FF00 to H'FFFF  H'FFFFO0 to H'FFFFFF
(@aa:8)
16 bits H'0000 to H'FFFF  H'000000 to HOO7FFF, H'FF8000 to
(@aa:16) H'FFFFFF
32 bits H'000000 to H'FFFFFF
(@aa:32)
Program instruction 24 bits
address (@aa:24)

Rev. 1.0, 02/01, page 50 of 1184
RENESAS



(6) Immediate—#xx:8, #xx:16, or #xx:32

The instruction contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immediate data as
an operand.

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

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

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

(8) Memory Indirect—-@ @aa:8

This mode can be used by the JMP and JSR gigins. The instruction code contains an 8-
bit absolute address specifying a memory operand. This memory operand contains a bran
address. The upper bits of the absolute address are all assumed to be 0, so the address r:
is 0 to 255 (H'0000 to H'0O0FF in normal mode, H'000000 to H'0O000FF in advanced mode).
In normal mode the memory operand is a word operand and the branch address is 16 bits
long. In advanced mode the memory operand is a longword operand, the first byte of whicl
is assumed to be all 0 (H'00).

Note that the first part of the address range is also the exception vector area. For further
details, see section 5, Exception Handling.

w w

Specified by._, Specified by_, Reserved
@aa:8 Lo~ Branch address  ---- (@ETK: T

\/_\

(@) Normal Mode* (b) Advanced Mode

Note: * Not available for this LSI

Figure 2.14 Branch Address Specification in Memoryndirect Mode
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If an odd address is specified in word or longword memory access, or as a branch address,
the least significant bit is regarded as 0, causing data to be accessed or an instruction code
be fetched at the address preceding the specified address. (For further information, see
section 2.5.2, Memory Data Formats.)

2.7.2 Effective Address Calculation
Table 2.13 indicates how effective addresses are calculated in each addressing mode.

In normal mode* the upper 8 bits of the effective address are ignored in order to generate a 16-
bit address.

Note: * Not available for this LSI.
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Table 2.13 Effective Address Calculation

Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address (EA)
1 Register direct (Rn) Operand is general register
contents
op |rm|rm
2 Register indirect (@ERN)
31 0 31 2423
»| General register contents p| Don't
care
op r
3 Register indirect with displacement
@(d:16, ERn) or @(d:32, ERN)
31 0
»| General register contents
\ 31 2423
. Don't
op r disp care
31 0
Sign extension disp
4 Register indirect with post-increment or pre-decrement
* Register indirect with post-increment @ERN+
31 0 31 2423
»|  General register contents > Eg?g
A
op
1,2, 0r
4
* Register indirect with pre-decrement @-ERn
31 0
»  General register contents
1 31 2423
A‘ Don’t
op @—> care
Operand | Value j
Size | Added | [120f
Byte 1
Word 2
Longword 4
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Addressing Mode and Effective Address

No. Instruction Format Calculation Effective Address (EA)
5 Absolute address
@aa:8 31 2423 87 0
Don't ’
op | abs care HFFFF

@aa:16
31 2423 1615 0
.« | Sign
Don’t
op abs exten-
care sion
@aa:24
31 2423 0
Don't
op abs care
@aa:32
op 31 2423 0
Don't
abs care
6 Immediate #xx:8/#xx:16/#xx:32 Operand is immediate data
op IMM
7 Program-counter relative

@(d:8, PC)/@(d:16, PC)
23 0

PC contents

op disp 23 0
Sign
exten- disp 31 2423 y 0
sion
Don't
T care

Rev. 1.0, 02/01, page 54 of 1184
RENESAS



Addressing Mode and Effective Address

No. Instruction Format Calculation Effective Address (EA)

8 Memory indirect @ @aa:8

* Normal mode*

op abs

31 87y 0
H'000000 abs 31 2423 1615 0
Don’t ,
care | H00
15 0
Memory
contents
* Advanced mode
op abs
31 87 y 0
H'000000 abs
31 0 31 2423 0
Memory contents Don't
care

Note: * Not available for this LSI.
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2.8 Processing States

2.8.1 Overview

The CPU has four main processing states: the reset state, exception-handling state, program
execution state, and power-down state. Figure 2.15 shows a diagram of the processing states.
Figure 2.16 indicates the state transitions.

— Reset state

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

Exception-handling
state

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

Processing Program execution
states state

The CPU executes program instructions in sequence.

Sleep mode
L { Power-down state
CPU operation is stopped Standby mode
to conserve power.*

Note: * The power-down state also includes a medium-speed mode, modue stop mode, sub-active mode,
sub-sleep mode and watch mode.

Figure 2.15 Processing States
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External interrupt request

Exception-handling state Standby mode

_ ! Power-down state 2 3
RES = High e

Reset state !

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

2. The power-down state also includes a watch mode, subactive mode, subsleep mode, etc. For
details, see section 4, Power-Down State.

Figure 2.16 State Transitions

2.8.2 Reset State

When theRES input goes low all current processing stops and the CPU enters the reset state.
All interrupts are disabled in the reset state. Reset exception handling starts wWRES the

signal changes from low to high.
The reset state can also be entered by a watchdog timer overflow. For details, see section 17

Watchdog Timer.

Rev. 1.0, 02/01, page 57 of 1184
RENESAS



2.8.3 Exception-Handling State

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

(1) Types of Exception Handling and Their Priority
Exception handling is performed for resets, interrupts, and trap instructions. Table 2.14
indicates the types of exception handling and their priority. Trap instruction exception
handling is always accepted in the program execution state.
Exception handling and the stack structure depend on the interrupt control mode set in
SYSCR.

Table 2.14 Exception Handling Types and Priority

Priority  Type of Exception  Detection Timing Start of Exception Handling
High Reset Synchronized with Exception handling starts
clock immediately after a low-to-high

transition at the RES pin, or when the
watchdog timer overflows

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

Trap instruction When TRAPA Exception handling starts when a trap

Low instruction is executed  (TRAPA) instruction is executed*?

Notes: 1. Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC
instructions, or immediately after reset exception handling.

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

(2) Reset Exception Handling

After theRES pin has gone low and the reset state has been enteredRE®ewes high
again, reset exception handling starts. When reset exception handling starts the CPU fetche
a start address (vector) from the exception vector table and starts program execution from
that address. All interrupts, including NMI, are disabled during reset exception handling and
after it ends.

(3) Interrupt Exception Handling and Trap Instruction Exception Handling

When interrupt or trap-instruction exception handling begins, the CPU references the stack
pointer (ER7) and pushes the program counter and other control registers onto the stack.

Next, the CPU alters the settings of the interrupt mask bits in the control registers. Then the
CPU fetches a start address (vector) from the exception vector table and program execution
starts from that start address.
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Figure 2.17 shows the stack after exception handling ends.

Normal Mode*2

SP—

\/—\

CCR
CCR*1

PC
(16 bits)

\/\

Advanced Mode

J\

SP-—~

Notes: 1. Ignored when returning.

CCR

PC
(24 bits)

J\

2. Normal mode is not available for this LSI.

Figure 2.17 Stack Structure after Exception Handling (Examples)

284 Program Execution State

In this state the CPU executes program instructions in sequence.
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2.8.5 Power-Down State

The power-down state includes both modes in which the CPU stops operating and modes in
which the CPU does not stop. There are five modes in which the CPU stops operating: sleep
mode, standby mode, subsleep mode, and watch mode. There are also three other power-dow
modes: medium-speed mode, module stop mode, and subactive mode. In medium-speed mod
the CPU operates on a medium-speed clock. Module stop mode permits halting of the operatic
of individual modules, other than the CPU. Subactive mode, subsleep mode, and watch mode
are power-down modes that use subclock input. For details, see section 4, Power-Down State.

(1) Sleep Mode

A transition to sleep mode is made if the SLEEP instruction is executed while the software
standby bit (SSBY) in the standby control register (SBYCR) and the LSON bit in the low-
power control register (LPWRCR) are both cleared to 0. In sleep mode, CPU operations sto
immediately after execution of the SLEEP instruction. The contents of CPU registers are
retained.

(2) Standby Mode

A transition to standby mode is made if the SLEEP instruction is executed while the SSBY
bit in SBYCR is set to 1 and the LSON bit in LPWRCR and the TMAS3 bit in the TMA

(timer A) are both cleared to 0. In standby mode, the CPU and clock halt and all MCU
operations stop. As long as a specified voltage is supplied, the contents of CPU registers ar
on-chip RAM are retained.
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2.9 Basic Timing

2.9.1 Overview

The CPU is driven by a system clock, denoted by the sygb®he period from one rising edge
of @to the next is referred to as a “state.” The memory cycle or bus cycle consists of one or tw
states. Different methods are used to access on-chip memory and on-chip supporting module

2.9.2 On-Chip Memory (ROM, RAM)

On-chip memory is accessed in one state. The data bus is 16 bits wide, permitting both byte ¢
word transfer instruction. Figure 2.18 shows the on-chip memory access cycle.

Bus cycle !

0 /A N
Internal address bus X Address X
Internal read signal —\ /_
: Read: data >—
Internal write signal 4\ /_
Write data >—

Read access

Internal data bus

N

Write access !

N

Internal data bus

Figure 2.18 On-Chip Memory Access Cycle
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2.9.3 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in two states. The data bus is either 8 bits or 16
bits wide, depending on the particular internal 1/O register being accessed. Figure 2.19 shows
the access timing for the on-chip supporting modules.

| Bus cycle !

1 T1 ‘ T2

m o

Internal address bus X Address

Internal read signal "\

Internal data bus

Read access

Internal write signal

“‘7“‘7\‘“‘ K“

Write access

Internal data bus Write data

-
Read data >—
/~
-

Figure 2.19 On-Chip Supporting Module Acess Cycle
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2.10 Usage Note

2.10.1 TAS Instruction

Only register ERO, ER1, ER4, or ER5 should be used when using the TAS instruction. The TA
instruction is not generated by the Hitachi H8S and H8/300 series C/C++ compilers. If the TAS
instruction is used as a user-defined intrinsic function, ensure that only register ERO, ER1, ER
or ER5 is used.

2.10.2 STM/LDM Instruction

ER7 is not used as the register that can be saved (STM)/restored (LDM) when using STM/LDN\
instruction, because ERY7 is the stack pointer. Two, three, or four registers can be saved/restc
by one STM/LDM instruction. The following ranges can be specified in the register list.

Two registers : ERO ER1, ERZ] ER3, or ER4] ER5
Three registers : ERDER2 or ER4] ER6
Four registers : ERDERS3

The STM/LDM instruction including ER7 is not generated by the Hitachi H8S and H8/300 serie
C/C++compilers.
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Section 3 MCU Operating Modes

3.1 Overview

3.1.1 Operating Mode Selection

This LSI has one operating mode (mode 1). This mode is selected depending on settings of t
mode pin (MDO).
Table 3.1 lists the MCU operating modes.

Table 3.1 MCU Operating Mode Selection

MCU Operating Mode MDO CPU Operating Mode Description
0 0 O O
1 1 Advanced Single-chip mode

The CPU's architecture allows for 4 Gbytes of address space, but this LS| actually accesses a
maximum of 16 Mbytes.

Mode 1 operation starts in single-chip mode after reset release.

This LSI can only be used in mode 1. This means that the mode pins must be set at mode 1.
not changes the inputs at the mode pins during operation.

3.1.2 Register Configuration

This LSI has a mode control register (MDCR) that indicates the inputs at the mode pin (MDO)
and a system control regist&YSCR) and that controls the operation of this LSI. Table 3.2
summarizes these registers.

Table 3.2 MCU Registers

Name Abbreviation R/W Initial Value Address  *
Mode control register MDCR R Undetermined H'FFE9
System control register SYSCR R/W H'09 H'FFE8

Note: * Lower 16 bits of the address.
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3.2 Register Descriptions

3.2.1 Mode Control Register (MDCR)

Bit : 7 6 5 4 3 2 1 0

— — — — — — — MDSO0
Initial value : 0 0 0 0 0 0 0 —*
R/W : — — — — — — — R

Note: * Determined by MDO pin

MDCR is an 8-bit read-only register monitors the current operating mode of this LSI.

Bits 7 to 1: Reserved.
These bits cannot be modified and are always read as 0.

Bit 0: Mode Select 0 (MDSO0)

This bit indicates the value which reflects the input levels at mode pin (MDO) (the current
operating mode). Bit MDSO corresponds to MDO pin. They are read-only bits-they cannot be
written to. The mode pin (MDO) input levels are latched into these bits when MDCR is read.

3.2.2 System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

| — | — | INTM1 | INTMO | XRST | — | — | — |
Initial value : 0 0 0 0 1 0 0 1
R/W : — — R R/W R — — —

Bits 7 and @1 Reserved:These bits cannot be modified and are always read as O.
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Bits 5 and 41 Interrupt control modes 1 and O (INTM1, INTMO)
These bits are for selecting the interrupt control mode of the interrupt controller. For details of
the interrupt control modes, see section 6.4.1, Interrupt Control Modes and Interrupt Operatior

Bit 5 Bit 4
Interrupt
INTM1 INTMO Control Mode Description
0 0 0 Interrupt is controlled by bit | (Initial value)
1 1 Interrupt is controlled by bits I and Ul, and ICR
1 0 O Cannot be used in this LSI
1 O Cannot be used in this LSI

Bit 300 External Reset (XRST):Indicates the reset source. When the watchdog timer is used, &
reset can be generated by watchdog timer overflow as well as by external reset input. XRST |
read-only bit. Itis set to 1 by an external reset and cleared to 0 by watchdog timer overflow.

Bit 3
TXRST Description
0 A reset is generated by watchdog timer overflow
1 A reset is generated by an external reset (Initial value)

Bits 2 and 1 Reserved:These bits cannot be modified and are always read as O.

Bit 000 Reserved:This bit is always read as 1.

3.3 Operating Mode (Mode 1)

The CPU can access a 16 Mbyte address space in advanced mode.
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3.4

Address Map in Each Operating Mode

H'000000

H'0000FF

H'007FFF

H'013FFF

H'040000

H'045FFF

H'FF8000

H'FFD000
H'FFD2FF

H'FFD800
H'FFDAFF
H'FFEFBO

H'FFFFO0

H'FFFFAF
H'FFFFBO

H'FFFFFF

H8S/2196R

direct

Vector area

On-chip ROM
(80 kbytes)

Absolute address, 16 bits

branch address

* Memory in

OSD ROM
(24 kbytes)

Internal 1/O register

OSD RAM (768 bytes)

On-chip RAM

Absolute address, 16 bits

4 kbytes

Internal 1/O register

Absolute address,

8 bits

H'000000

H'017FFF

H'040000

H'045FFF

H'FFDO00

H8S/2197R

Vector area

On-chip ROM
(96 kbytes)

OSD ROM

(24 kbytes)

HFFD2FF | Internal 1/0 register‘

H'FFD800
H'FFDAFF
H'FFEFBO

H'FFFFAF
H'FFFFBO

H'FFFFFF

OSD RAM (768 bytes)

On-chip RAM
(4 kbytes)

Internal I/O register
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H'000000

H'O1BFFF

H'040000

H'045FFF

H'FFDO000
H'FFD2FF

H'FFD800
H'FFDAFF
H'FFEFBO

HFFFFAF
H'FFFFBO

H'FFFFFF

H8S/2198R

Vector area

On-chip ROM
(112 kbytes)

OSD ROM
(24 kbytes)

Internal 1/O register

OSD RAM (768 bytes)

On-chip RAM
(4 kbytes)

Internal 1/O register

H8S/2199R
H'000000
Vector area
On-chip ROM
(128 kbytes)
H'O1FFFF | !
H'040000 | !
OSD ROM
24 Kl
Ho4sFEF L (24 KDytes)

H'FFDO00 -
HEED2EE Internal 1/O register

FFDARF | 05D RAV (768 bytes) |
LIFFDARF | OSD RAM (768 bytes)

H'FFEFBO
On-chip RAM
(4 kbytes)
H'FFFFAF
H'FFFFBO
Internal 1/O register
H'FFFFFF

H8S/2199R (F-ZTAT version)

H'000000

H'03FFFF

H'047FFF

H'FFDO000
HFFD2FF

H'FFD800
H'FFDAFF
H'FFDFBO

HFFFFAF
H'FFFFBO

H'FFFFFF

Vector area

Flash memory
(256 kbytes)

Flash memory (OSD)
(32 khytes)

Internal 1/O register

0SD RAM (768 bytes)

On-chip RAM
(8 kbytes)

Internal 1/O register

Figure 3.2 Address Map (2)
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H'000000

H'013FFF

H'040000

H'043FFF

H'FFDO00

H'FFD2FF

H'FFD800

H'FFDAFF

H'FFF3B0

H'FFFFAF
H'FFFFBO

H'FFFFFF

H8/2196S

Vector area

On-chip ROM
(80k bytes)

OSD ROM

(16k bytes)

Internal I/O register

OSD RAM
(768 bytes)

On-chip RAM
(3k bytes)

Internal I/O register

H8/2197S

H'000000
Vector area
On-chip ROM
(96k bytes)
H'O17FFF | !
H'040000 OSD ROM
Hoa3rrF | (16K bytes)
H'FFDO0O | !
Internal 1/O register
H'FFD2FF | ‘
H'FFD80O | |
OSD RAM
(768 bytes)
H'FFDAFF
H'FFF3BO | |
On-chip RAM
(3k bytes)
H'FFFFAF
H'FFFFBO _
Internal 1/O register
H'FFFFFF

Figure 3.3 Address Map (3)
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Section 4 Power-Down State

4.1 Overview

In addition to the normal program execution state, this LS| has a power-down state in which
operation of the CPU and oscillator is halted and power dissipation is reduced. Low-power
operation can be achieved by individually controlling the CPU, on-chip supporting modules, an
S0 on.

This LSI operating modes are as follows:

High-speed mode
Medium-speed mode
Sub-active mode
Sleep mode
Sub-sleep mode
Watch mode

Module stop mode
Standby mode

© No ok wDdPE

Of these, 2 to 8 are power-down modes. Certain combinations of these modes can be set.
After a reset, the MCU is in high-speed mode.

Table 4.1 shows the internal chip states in each mode, and table 4.2 shows the conditions for
transition to the various modes. Figure 4.1 shows a mode transition diagram.
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Table 4.1 HB8S/2199R Series Internal States in Each Mode

Medium- Module
Function High-Speed Speed Sleep Stop Watch Sub-active Sub-sleep Standby
System clock Functioning Functioning Functioning Functioning Halted Halted Halted Halted
Subclock pulse generator Functioning Functioning Functioning Functioning Functioning Functioning Functioning Functioning
CPU Instructions  Functioning Medium- Halted Functioning Halted Subclock  Halted Halted
operation Registers speed Retained Retained operation Retained  Retained
External IRQO Functioning Functioning Functioning Functioning Functioning Functioning Functioning Functioning
interrupts = ———
IRQ1
IRQ2 Halted Halted Functioning Halted
IRQ3
IRQ4
IRQ5
On-chip l[e] Functioning Functioning Retained Functioning Halted Functioning Retained  Halted
fnug)dplj)kretlng Timer A Functioning Functioning Functioning Functioning Subclock  Subclock  Subclock  Halted
operation /halted operation  operation  operation (retained)
(retained)
Timer B Functioning Functioning Functioning Functioning Halted Halted Halted Halted
- /halted (retained)  (retained) (retained) (retained)
Timer J (retained)
Timer L
TimerR Functioning Halted Halted Halted Halted
Timer X2 é?gétgg (reset) (reset) (reset) (reset)
Watchdog Functioning Functioning Functioning Functioning Halted Halted Halted Halted
timer (retained)  (retained) (retained) (retained)
8-bit PWM  Functioning Functioning Functioning Functioning Halted Halted Halted Halted
—_— /halted (retained)  (retained) (retained) (retained)
14-bit PWM* (retained)
12-bit PWM  Functioning Functioning Halted Functioning Halted Halted Halted Halted
(reset) /halted (reset) (reset) (reset) (reset)
(reset)
PSU Functioning Functioning Functioning Functioning Subclock  Subclock  Subclock  Halted
/halted operation  operation  operation
Sci1 Functioning Functioning Functioning Functioning Halted**  Halted*'  Halted*"  Halted**
[halted**
Ic Functioning Halted Halted Halted Halted
/halted (retained)  (retained) (retained) (retained)
(retained)
AID Functioning Halted Halted Halted Halted
/halted (reset) (reset) (reset) (reset)
(reset)
Servo circuit Functioning Functioning Halted Functioning Halted Halted Halted Halted
(reset) /halted (reset) (reset) (reset) (reset)
(reset)
Sync Functioning Functioning Halted Functioning Halted Halted Halted Halted
separator (retained)  /halted (retained)  (retained) (retained) (retained)
(retained)
Data slicer  Functioning Functioning Halted Functioning Halted Halted Halted Halted
(reset) /halted (reset) (reset) (reset) (reset)
(reset)

OosD

Notes: 1. "Halted (retained)" means that internal register values are retained. The internal state
is "operation suspended.”

2. "Halted (reset)" means that internal register values and internal states are initialized.
3. In module stop mode, only modules for which a stop setting has been made are halted

(reset or retained).
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4. In the power-down mode, the analog section of the servo circuits are not turned off,
therefore Vcc (Servo) current does not go low. When power-down is needed,
externally shut down the analog system power.

*1 The SCI1 status differs from the internal register. For details, refer to section 22, Serial
Communication Interface 1.

*2 Not available in the H8S/2197S or H8S/2196S.

Reset state

Program-halted state Program execution state Program-halted state

| : !
| : !
| _SLEE LEEP | !
standb | |nstructEJn @ Active in2taon ® ! Sleep :
e | (high-speed) | (high-speed) | !
mode ! Interrupt @ . Interrupt @ ; el !
| ! !
SLEE] i I
: in%tl?ﬁgtfén instructﬁm 3 !
| @ @ ! !
| : |
! I
: :
|nstructﬁm@ ! 3
! 1
Interrupt @ | |
! |
! |
! 1
3 :
! I
SLEE !
instriction @ ! |
| Subsleep !
Interrupt @ 3 mode 3
! I
! 1

C) Power-down mode

Conditions for mode transition (1) Conditions for mode transition (2)

Flag |[LSON SSBY TMA3 DTON Interruption factor

@ 0 1 0 * @ | IRQotO 1

® * 1 1 0 (@ | IRQO to 1, Timer A interruption

© 0 1 1 1 @ All interruption (excluding servo system)

@ 1 1 1 1 @ | IRQO to 5, Timer A interruption

O O * *

© Note: When a transition is made between

® | 1 0 1 * modes by means of an interrupt,

@ |SCK1to0=0 transition cannot be made on interrupt
- — source generation alone. Ensure that

® |SCK1100#0 (either 1bit =0) interrupt handling is performed after

accepting the interrupt request
Note: * Don't care pting ptreq

Figure 4.1 Mode Transitions
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Table 4.2 Power-Down Mode Transition Conditions

Control Bit States at Time of

State before Transition State after Transition State after Return

Transition SSBY TMA3 LSON DTON by SLEEP Instruction by Interrupt

High-speed/ 0 * 0 * Sleep High-speed/
medium- medium-speed**
speed 0 * 1 * 0 o
0 0 * Standby High-speed/
medium-speed**
1 0 1 * O O
1 0 0 Watch High-speed/
medium-speed**
1 1 1 0 Watch Subactive
1 1 0 1 O O
1 1 1 1 Subactive ad
Subactive 0 0 * * ad ad
0 1 0 * O O
0 1 1 * Subsleep Subactive
1 0 * * O O
1 1 0 0 Watch High-speed/
medium-speed*?
1 1 0 Watch Subactive
1 1 0 1 High-speed/ |
medium-speed*?
1 1 1 1 O O
Notes: * Don't care
[0 : Do not set.
1. Returns to the state before transition.
2. Mode varies depending on the state of SCK1 to SCKO.
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41.1 Register Configuration

The power-down state is controlled by the SBYCR, LPWRCR, TMA (Timer A), and MSTPCR
registers. Table 4.3 summarizes these registers.

Table 4.3 Power-Down State Registers

Name Abbreviation ~ R/W Initial Value  Address *
Standby control register SBYCR R/W H'00 H'FFEA
Low-power control register LPWRCR R/W H'00 H'FFEB
Module stop control register ~MSTPCRH R/W H'FF H'FFEC
MSTPCRL R/W H'FF H'FFED
Timer mode register A TMA R/W H'30 H'FFBA

Note: * Lower 16 bits of the address.
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4.2 Register Descriptions

4.2.1 Standby Control Register (SBYCR)

Bit : 7 6 5 4 3 2 1 0
SSBY STS2 STS1 STSO — — SCK1 SCKO

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W — — R/W R/W

SBYCR is an 8-bit readable/writable register that performs power-down mode control.
SBYCR is initialized to H'00 by a reset.

Bit 70 Software Standby (SSBY):.Determines the operating mode, in combination with other
control bits, when a power-down mode transition is made by executing a SLEEP instruction.
The SSBY setting is not changed by a mode transition due to an interrupt, etc.

Bit 7

SSBY Description

0 Transition to sleep mode after execution of SLEEP instruction in high-speed mode
or medium-speed mode
Transition to subsleep mode after execution of SLEEP instruction in subactive
mode (Initial value)

1 Transition to standby mode, subactive mode, or watch mode after execution of

SLEEP instruction in high-speed mode or medium-speed mode

Transition to watch mode or high-speed mode after execution of SLEEP
instruction in subactive mode
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Bits 6 to 41 Standby Timer Select 2 to 0 (STS2 to STSOY hese bits select the time the MCU
waits for the clock to stabilize when standby mode, watch mode, or subactive mode is cleared
and a transition is made to high-speed mode or medium-speed mode by means of a specific
interrupt or instruction. With crystal oscillation, see table 4.5 and make a selection according 1
the operating frequency so that the standby time is at least 10 ms (the oscillation settling time)

Bit 6 Bit 5 Bit 4

STS2 STS1 STSO Description

0 0 0 Standby time = 8192 states

0 0 1 Standby time = 16384 states
0 1 0 Standby time = 32768 states
0 1 1 Standby time = 65536 states
1 0 0 Standby time = 131072 states
1 0 1 Standby time = 262144 states
1 1 * Reserved

Note: * Don't care

Bits 3 and 41 Reserved:These bits cannot be modified and are always read as O.

Bits 1 and 01 System Clock Select 1 and 0 (SCK1, SCKO)hese bits select the CPU clock
for the bus master in high-speed mode and medium-speed mode.

Bit 1 Bit 0
SCK1 SCKO Description
0 0 Bus master is in high-speed mode (Initial value)

Medium-speed clock is /16

0 1
1 0 Medium-speed clock is ¢/32
1 1 Medium-speed clock is /64

Rev. 1.0, 02/01, page 77 of 1184
RENESAS



4.2.2 Low-Power Control Register (LPWRCR)

Bit : 7 6 5 4 3 2 1 0
DTON LSON NESEL — — — SAl SAO0

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W — — — R/W R/W

LPWRCR is an 8-bit readable/writable register that performs power-down mode control.
LPWRCR is initialized to H'00 by a reset.

Bit 70 Direct-Transfer on Flag (DTON): Specifies whether a direct transition is made between
high-speed mode, medium-speed mode, and subactive mode when making a power-down
transition by executing a SLEEP instruction. The operating mode to which the transition is
made after SLEEP instruction execution is determined by a combination of other control bits.

Bit 7
DTON Description
0 ¢ When a SLEEP instruction is executed in high-speed mode or medium-speed
mode, a transition is made to sleep mode, standby mode, or watch mode
* When a SLEEP instruction is executed in subactive mode, a transition is made
to subsleep mode or watch mode (Initial value)
1 ¢ When a SLEEP instruction is executed in high-speed mode or medium-speed

mode, transition is made directly to subactive mode, or a transition is made to
sleep mode or standby mode

* When a SLEEP instruction is executed in subactive mode, a transition is made
directly to high-speed mode, or a transition is made to subsleep mode
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Bit 600 Low-Speed on Flag (LSON)Determines the operating mode in combination with other
control bits when making a power-down transition by executing a SLEEP instruction. Also
controls whether a transition is made to high-speed mode or to subactive mode when watch
mode is cleared.

Bit 6
LSON Description
0 ¢ When a SLEEP instruction is executed in high-speed mode or medium-speed
mode, transition is made to sleep mode, standby mode, or watch mode
* When a SLEEP instruction is executed in subactive mode, a transition is made
to watch mode, or directly to high-speed mode
« After watch mode is cleared, a transition is made to high-speed mode
(Initial value)
1 ¢ When a SLEEP instruction is executed in high-speed mode a transition is made

to watch mode, subactive mode, sleep mode or standby mode

* When a SLEEP instruction is executed in subactive mode, a transition is made
to subsleep mode or watch mode

« After watch mode is cleared, a transition is made to subactive mode

Bit 50 Noise Elimination Sampling Frequency Select (NESEL)Selects the frequency at
which the subclockgwv) generated by the subclock pulse generator is sampled with the @lock (
generated by the system clock oscillator. Wéen5 MHz or higher, clear this bit to 0.

Bit 5

"NESEL Description
0 Sampling at @divided by 16
1 Sampling at @divided by 4

Bits 4 to 21 Reserved:These bits cannot be modified and are always read as O.

Bits 1 and 1 Subactive Mode Clock 8lect 1 and 0 (SAL, SAO)These bits select the CPU
operating clock in the subactive mode. These bits cannot be modified in the subactive mode.

Bit 1 Bit 0

SAl SAO0 Description

0 0 Operating clock of CPU is @w/8 (Initial value)
0 1 Operating clock of CPU is @w/4

1 * Operating clock of CPU is @w/2

Note: * Don'’t care
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4.2.3 Timer Register A (TMA)

Bit :

Initial value :
R/IW :

7 6 5 4 3 2 1 0
TMAOV | TMAIE — — TMA3 TMA2 TMAL TMAO
0 0 1 1 0 0 0 0
R/(W)* R/W R/W R/W R/W R/W R/W R/W

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

The timer register A (TMA) controls timer A interrupts and selects input clock.
Only bit 3 is explained here. For details of other bits, see section 11.2.1, Timer Mode Register

A.

TMA is a readable/writable register which is initialized to H'30 by a reset.

Bit 300 Clock Source, Prescaler Select (TMA3)Selects timer A clock source betwde8S and
PSW. It also controls transition operation to the power-down mode. The operation mode to
which the MCU is transited after SLEEP instruction execution is determined by the combination
with other control bits.

For details, see the description of clock select 2 to 0 in section 11.2.1, Timer Mode Register A.

Bit 3
TMA3 Description
0 ¢ Timer A counts @based prescaler (PSS) divided clock pulses
¢ When a SLEEP instruction is executed in high-speed mode or medium-speed
mode, a transition is made to sleep mode or software standby mode
(Initial value)
1 ¢ Timer A counts @w-based prescaler (PSW) divided clock pulses

When a SLEEP instruction is executed in high-speed mode or medium-speed
mode, a transition is made to sleep mode, watch mode, or subactive mode

When a SLEEP instruction is executed in subactive mode, a transition is made
to subsleep mode, watch mode, or high-speed mode
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4.2.4 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bt: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4| MSTP3| MSTP2| MSTP1| MSTPO|

Initalvalue: 212 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

MSTPCR comprises two 8-bit readable/writable registers that perform module stop mode
control.
MSTPCR is initialized to HFFFF by a reset.

MSTRCRH and MSTPCRL Bits 7 to 000 Module Stop (MSTP 15 to MSTP 0):These bits
specify module stop mode. See table 4.4 for the method of selecting on-chip supporting
modules.

MSTPCRH, MSTPCRL

Bits 7to 0

MSTP 15 to MSTP 0 Description

0 Module stop mode is cleared

1 Module stop mode is set (Initial value)
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4.3 Medium-Speed Mode

When the SCK1 and SCKO bits in SBYCR are set to 1 in high-speed mode, the operating mode
changes to medium-speed mode at the end of the bus cycle. In medium-speed mode, the CPL
operates on the operating clogid §, ¢32 or@b64) specified by the SCK1 and SCKO bits. The
on-chip supporting modules other than the CPU always operate on the high-speeg).clock (

In medium-speed mode, a bus access is executed in the specified number of states with respe
to the bus master operating clock. For examplgléfis selected as the operating clock, on-
chip memory is accessed in 16 states, and internal 1/O registers in 32 states.

Medium-speed mode is cleared by clearing the both bits SCK1 and SCKO to 0. A transition is
made to high-speed mode and medium-speed mode is cleared at the end of the current bus cy:

If a SLEEP instruction is executed when the SSBY bit in SBYCR andSkNLbit in
LPWRCR are cleared to 0, a transition is made to sleep mode. When sleep mode is cleared by
an interrupt, medium-speed mode is restored.

If a SLEEP instruction is executed when the SSBY bit in SBYCR is set to 1, an8@i¢ hit

in LPWRCR and the TMAS3 bit in TMA (Timer A) are both cleared to 0, a transition is made to
software standby mode. When standby mode is cleared by an external interrupt, medium-spee
mode is restored.

When theRES pin is driven low, a transition is made to the reset state, and medium-speed mode
is cleared. The same applies in the case of a reset caused by overflow of the watchdog timer.

Figure 4.2 shows the timing for transition to and clearance of medium-speed mode.

Medium-speed mode

e ol cock g111111ﬂﬂ1
L L L L

CPU clock

Internal address bus < SBYCR >< >< >< SBYCR >< ><

Internal write signal

-

Figure 4.2 Medium-Speed Mode Transition and Clearance Timing
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4.4 Sleep Mode

4.4.1 Sleep Mode

If a SLEEP instruction is executed when the SSBY bit in SBYCR andSk\Lbit in

LPWRCR are both cleared to 0, the CPU will enter sleep mode. In sleep mode, CPU operatio
stops but the contents of the CPU's internal registers are retained. Other supporting modules
(excluding some functions) do not stop.

4.4.2 Clearing Sleep Mode
Sleep mode is cleared by any interrupt, or withRES pin.

Clearing with an Interrupt: When an interrupt request signal is input, sleep mode is cleared
and interrupt exception handling is started. Sleep mode will not be cleared if interrupts are
disabled, or if interrupts other than NMI have been masked by the CPU.

Clearing with the RES Pin: When theRES pin is driven low, the reset state is entered. When
theRES pin is driven high after the prescribed reset input period, the CPU begins reset excepti
handling.
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4.5 Module Stop Mode

45.1 Module Stop Mode

Module stop mode can be set for individual on-chip supporting modules.

When the corresponding MSTP bit in MSTPCR is set to 1, module operation stops at the end o
the bus cycle and a transition is made to module stop mode. The CPU continues operating
independently.

Table 4.4 shows MSTP bits and the on-chip supporting modules.

When the corresponding MSTP bit is cleared to 0, module stop mode is cleared and the module
starts operating again at the end of the bus cycle. In module stop mode, the internal states of
modules excluding some modules are retained.

After reset release, all modules are in module stop mode.

When an on-chip supporting module is in module stop mode, read/write access to its registers i
disabled.

Table 4.4 MSTP Bits and Corresponding On-Chip Supporting Modules

Register Bit Module
MSTPCRH MSTP15 Timer A
MSTP14 Timer B
MSTP13 Timer J
MSTP12 Timer L
MSTP11 Timer R
MSTP10 Timer X1*
MSTP9 Sync separator
MSTP8 Serial communication interface 1 (SCI1)
MSTPCRL MSTP7 I°C bus interface (IIC0)*
MSTP6 I°C bus interface (IIC1)
MSTP5 14-bit PWM*
MSTP4 8-bit PWM
MSTP3 Data slicer
MSTP2 A/D converter
MSTP1 Servo circuit, 12-bit PWM
MSTPO OSsD

Note: * This bit has no function in the H8S/2197S or H8S/2196S.
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4.6 Standby Mode

4.6.1 Standby Mode

If a SLEEP instruction is executed when the SSBY bit in SBYCR is set to 1StBH bit in
LPWRCR is cleared to 0, and the TMA3 bit in TMA (Timer A) is cleared to 0, standby mode
will be entered. In this mode, the CPU, on-chip supporting modules, and oscillator (except for
subclock oscillator) all stop. However, the contents of the CPU's internal registers and data in
the on-chip RAM, as well as on-chip peripheral circuits (with some exceptions), are maintainec
in the current state. (Timer X1 and SCI1 are partially reset.) The 1/O port, at this time, is
caused to the high impedance state.

In this mode the oscillator stops, and therefore power dissipation is significantly reduced.

4.6.2 dearing Standby Mode

Standby mode is cleared by an external interruptIf@0 to IRQ1), or by means of thRES
pin.

Clearing with an Interrupt: When anRQO to IRQ1 interrupt request signal is input, clock
oscillation starts, and after the elapse of the time set in bits STS2 to SF88ER, stable

clocks are supplied to the entire chip, standby mode is cleared, and interrupt exception handlii
is started.

Standby mode cannot be cleared witHR€0 to IRQ1 interrupt if the corresponding enable bit
has been cleared to 0 or has been masked by the CPU.

Clearing with the RES Pin: When theRES pin is driven low, clock oscillation is started. At

the same time as clock oscillation starts, clocks are supplied to the entire chip. Note that the
RES pin must be held low until clock oscillation stabilizes. WherRES pin goes high, the

CPU begins reset exception handling.

4.6.3 Setting Oscillation Settling Time after Clearing Stadby Mode
Bits STS2 to STSO0 in SBYCR should be set as described below.

Using a Crystal Oscillator: Set bits STS2 to STSO0 so that the standby time is at least 10 ms (th
oscillation settling time).

Table 4.5 shows the standby times for different operating frequencies and settings of bits STS
to STSO.
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Table 4.5 Oscillation Settling Time Settings

STS2 STS1 STSO Standby Time 10 MHz 8 MHz Unit
0 0 0 8192 states 0.8 1.0 ms
1 16384 states 1.6 2.0
1 0 32768 states 3.3 4.1
1 65536 states 6.6 8.2
1 0 0 131072 states 13.1%* 16.4%*
1 262144 states 26.2 32.8
1 * Reserved O O

Notes: * Don't care
1. Recommended time setting

Using an External Clock: Any value can be set.
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4.7 Watch Mode

4.7.1 Watch Mode

If a SLEEP instruction is executed in high-speed mode, medium-speed mode or subactive mo
when the SSBY in SBYCR is set to 1, the DTON bit in LPWRCR is cleared to 0, and the TMAZ
bit in TMA (Timer A) is set to 1, the CPU will make a transition to watch mode.

In this mode, the CPU and all on-chip supporting modules except timer A stop. As long as the
prescribed voltage is supplied, the contents of CPU registers, some on-chip supporting module
registers, and on-chip RAM, are retained, and 1/O ports are placed in the high-impedance stat

4.7.2 Clearing Watch Mode

Watch mode is cleared by an interrupt (Timer A interrupt, ol RO to IRQ1), or by means of
theRES pin.

Clearing with an Interrupt: When an interrupt request signal is input, watch mode is cleared
and a transition is made to high-speed mode or medium-speed mode if the LSON bit in
LPWRCR is cleared to 0, or to subactive mode if tB®ON bit is set to 1. When making a
transition to medium-speed mode, after the elapse of the time set in bits STS2 to STSO in
SBYCR, stable clocks are supplied to the entire chip, and interrupt exception handling is starte

Watch mode cannot be cleared withIRQO to IRQ1 interrupt if the corresponding enable bit
has been cleared to 0, or with an on-chip supporting module interrupt if acceptance of the
relevant interrupt has been disabled by the interrupt enable register or masked by the CPU.

See section 4.6.3, Setting Oscillation Settling Time after Clearing Standby Mode, for the
oscillation settling time setting when making a transition from watch mode to high-speed mode
or medium-speed mode.

Clearing with the RES Pin: See Clearing with thRES Pin in section 4.6.2, Clearing Standby
Mode.
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4.8 Subsleep Mode

4.8.1 Subteep Mode

If a SLEEP instruction is executed in subactive mode when the SSBY in SBYCR is cleared to O
the LSON bit in LPWRCR is set to 1, and the TMAS3 bit in TMAn{(er A) is set to 1, the CPU

will make a transition to subsleep mode.

In this mode, the CPU and all on-chip supporting modules other than Timer A stop. As long as
the prescribed voltage is supplied, the contents of CPU registers, some on-chip supporting
module registers, and on-chip RAM, are retained, and I/O ports are placed in the high-
impedance state.

4.8.2 Clearing Subkep Mode

Subsleep mode is cleared by an interrupt (Timer A interrupt, diRgd0 to IRQ5), or by means
of theRES pin.

Clearing with an Interrupt: When an interrupt request signal is input, subsleep mode is cleared
and interrupt exception handling is started. Subsleep mode cannot be clearedIR(0 &m

IRQ5 interrupt if the corresponding enable bit has been cleared to 0, or with an on-chip
supporting module interrupt if acceptance of the relevant interrupt has been disabled by the
interrupt enable register or masked by the CPU.

Clearing with the RES Pin: See (2) Clearing with thRES Pin in section 4.6.2, Clearing
Standby Mode.
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4.9 Subactive Mode

4.9.1 Subactive Mode

If a SLEEP instruction is executed in high-speed mode when the SSBY bit in SBYCR, the
DTON bit in LPWRCR, and the TMA3 bit in TMA (timer A) are all set to 1, the CPU will make
a transition to subactive mode. When an interrupt is generated in watch mode SONebit

in LPWRCR is set to 1, a transition is made to subactive mode. When an interrupt is generate
in subsleep mode, a transition is made to subactive mode.

In subactive mode, the CPU performs sequential program execution at low speed on the
subclock. In this mode, all on-chip supporting modules other than timer A stop.

4.9.2 Clearing Subactive Mode
Subsleep mode is cleared by a SLEEP instruction, or by meansRi.$han.

Clearing with a SLEEP Instruction: When a SLEEP instruction is executed while the SSBY

bit in SBYCR is set to 1, the DTON bit in LPWRCR is cleared to 0, and the TMAS3 bit in TMA
(timer A) is set to 1, subactive mode is cleared and a transition is made to watch mode. Wher
SLEEP instruction is executed while the SSBY bit in SBYCR is cleared to 0S@a! bit in
LPWRCR is set to 1, and the TMA3 bit in TMA (timer A) is set to 1, a transition is made to
subsleep mode. When a SLEEP instruction is executed while the SSBY bit in SBYCR is set tc
1, the DTON bit is set to 1 and the LSON bitlisared to 0 in LPWRCR, and the TMA3 bit in
TMA (timer A) is set to 1, a transition is made directly to high-speed or medium-speed mode.

For details of direct transition, see section 4.10, Direct Transition.

Clearing with the RES Pin: See Clearing with thRES Pin in section 4.6.2, Clearing Standby
Mode.
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4.10 Direct Transition

4.10.1 Overview of Direct Transition

There are three operating modes in which the CPU executes programs: high-speed mode,
medium-speed mode, and subactive mode. A transition between high-speed mode and subact
mode without halting the program* is called a direct transition. A direct transition can be
carried out by setting the DTON bit in LPWRCR to 1 and executing a SLEEP instruction. After
the transition, direct transition interrupt exception handling is started.

Direct Transition from High-Speed Mode toSubactive Mode:If a SLEEP instruction is

executed in high-speed mode while the SSBY bit in SBYCR, §@NLbit and DTON bit in
LPWRCR, and the TMAS bit in TMA (Timer A) are all set to 1, a transition is made to
subactive mode.

Direct Transition from Subactive Mode to High-Speed Mod/Medium-Speed Modelf a

SLEEP instruction is executed in subactive mode while the SSBY bit in SBYCR is set to 1, the
LSON bit iscleared to 0 and the DTON bit is set to 1 in LPWRCR, and the TMAS3 bit in TMA
(timer A) is set to 1, after the elapse of the time set in bits STS2 to STS0 in SBYCR, a transitior
is made to directly to high-speed mode or medium-speed mode.

Note: * At the time of transition from subactive mode to high- or medium-speed mode, an
oscillation stabilization wait time is generated.
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Section 5 Exception Handling

51 Overview

5.1.1 Exception Handling Types and Priority

As table 5.1 indicates, exception handling may be caused by a reset, trap instruction, or
interrupt. Exception handling is prioritized as shown in table 5.1. If two or more exceptions
occur simultaneously, they are accepted and processed in order of priority. Trap instruction
exceptions are accepted at all times in the program execution state.

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

Table 5.1 Exception Types and Priority

Exception
Priority Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the RES pin, or
A when the watchdog timer overflows
Trace** Starts when execution of the current instruction or exception
handling ends, if the trace (T) bit is setto 1
Interrupt Starts when execution of the current instruction or exception

handling ends, if an interrupt request has been issued*?

Direct transition  Started by a direct transition resulting from execution of a SLEEP
instruction

Trap instruction  Started by execution of a trap instruction (TRAPA)
Low (TRAPA)*®

Notes: 1. Traces are enabled only in interrupt control modes 2 and 3. (They cannot be used in
this LSI.) Trace exception handling is not executed after execution of an RTE
instruction.

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

3. Trap instruction exception handling requests are accepted at all times in the program
execution state.
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5.1.2 Exception Handling Operation

Exceptions originate from various sources. Trap instructions and interrupts are handled as
follows:

1. The program counter (PC) and condition-code register (CCR) are pushed onto the stack.
2. The interrupt mask bits are updated. The T bit is cleared to 0.

3. A vector address corresponding to the exception source is generated, and program executic
starts from that address.

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

51.3 Exception Sources and Vector Table

The exception sources are classified as shown in figure 5.1. Different vector addresses are
assigned to different exception sources.

Table 5.2 lists the exception sources and their vector addresses.

( * Reset

* Trace (cannot be used in this LSI)

External interrupts --- NMI*, IRQ5 to IRQO

Exception sources < * Interrupts
Internal interrupts --- Interrupt sources in on-chip supporting modules

« Direct transition

\_ ¢ Trap instruction

Note: * In this LSI, the watchdog timer generates NMIs.

Figure 5.1 Exception Sources
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Table 5.2  Exception Vector Table

Exception Source Vector Number Vector Address ~ **
Reset 0 H'0000 to H'0003
Reserved for system use 1 H'0004 to H'0007
2 H'0008 to H'000B

3 H'000C to H'000F

4 H'0010 to H'0013

5 H'0014 to H'0017

Direct transition 6 H'0018 to HO01B
External interrupt NMI*? 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027

10 H'0028 to H'002B

11 H'002C to H'002F

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

14 H'0038 to H'003B

15 H'003C to H'003F

Address trap #0 16 H'0040 to H'0043
#1 17 H'0044 to H'0047

#2 18 H'0048 to H'004B

Internal interrupt (I1C) 19 H'004C to H'004F
Internal interrupt (HSW1) 20 H'0050 to H'0053
External interrupt IRQO 21 H'0054 to H'0057
IRQ1 22 H'0058 to H'005B

IRQ2 23 H'005C to H'005F

IRQ3 24 H'0060 to H'0063

IRQ4 25 H'0064 to H'0067

IRQ5 26 H'0068 to H'006B

Internal interrupt*’ 27 H'006C to H'006F
3|1 H|'007C to H'007F

Reserved 32 H'0080 to H'0083
3|3 H|'0084 to H'0087

Internal interrupt*® 34 H'0088 to H'008B
6|7 H|'01oc to H'010F

Notes: 1. Lower 16 bits of the address.
2. In this LSI, the watch dog timer generates NMiIs.
3. For details on internal interrupt vectors, see section 6.3.3, Interrupt Exception Vector
Table.
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5.2 Reset

5.2.1 Overview

A reset has the highest exception priority. WhenRBS8 pin goes low, all processing halts and

the LSI enters the reset state. A reset initializes the internal state of the CPU and the registers
on-chip supporting modules. Immediately after a reset, interrupt control mode 0 is set.

Reset exception handling begins whenRIS pin changes from low to high.

The LSIs can also be reset by overflow of the watchdog timer. For details, see section 17,
Watchdog Timer.

5.2.2 Reset Sequence

The LSl enters the reset state whenRES pin goes low.

To ensure that the chip is reset, holdRIES pin low during the oscillation stabilizing time of
the clock oscillator when powering on. To reset the chip during operation, hd#&$hein low

for at least 20 states. For pin states in a reset, see Appendix D, Port States in the Different
Processing States.

When theRES pin goes high after being held low for the necessary time, the chip starts reset
exception handling as follows:

1. The internal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitis set to 1 in CCR.

2. The reset exception vector address is read and transferred to the PC, and program executic
starts from the address indicated by the PC.

Figure 5.2 shows examples of the reset sequence.
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Internal
processing

Vector
fetch

Fetch of first program
instruction

RES

Internal address bus

Internal read signal

Internal write signal

Internal data bus

)
@)
®
4)

3 ! High level |

(@Y

iE

: Reset exception vector address ((1) = H'0000 or H'000000)
: Start address (contents of reset exception vector address)
: Start address ((3) = (2))

: First program instruction

523

Figure 5.2 Reset Sequence (Mode 1)

Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, the PC a
CCR will not be saved correctly, leading to a program crash. To prevent this, all interrupt

requests, including NMlI, are disabled immediately after a reset. Since the first instruction of a
program is always executed immediately after the reset state ends, make sure that this instruc
initializes the stack pointer (exampMOV.L #xx:32, SP).

RENESAS
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5.3 Interrupts

Interrupt exception handling can be requested by six external solREst0 IRQO) and

internal sources in the on-chip supporting modules. Figure 5.3 shows the interrupt sources and
the number of interrupts of each type.

The on-chip supporting modules that can request interrupts include the watchdog timer (WDT),
prescaler unitfSU),Timers A, B, J, L, R and X1 (TMR), serial communication interface (SCI),
A/D converter (ADC), iIC bus interface (IIC), servo circuits, sync detection, data si®n,

address trap, etc. Each interrupt source has a separate vector address.

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

For details on interrupts, see section 6, Interrupt Controller.

-~ NMI*1 (1)
External
interrupts IRQ5 to IRQO (6)

WDT*2 (1)
Interrupts PSU (1)
TMR (15)*3
SCI (4)
ADC (1)

IIC (3)*4

Internal
interrupts

Servo circuits (9)
Synchronized detection (1)

Address trap (3)

~

Notes: Numbers in parentheses are the numbers of interrupt sources.
1. Inthis LSI, the watchdog timer generates NMls.
2. When the watchdog timer is used as an interval timer, it generates an interrupt
request at each counter overflow.
3. The number of interrupt sources is eight in the H8S/2197S or H8S/2196S.
4. The number of interrupt sources is one in the H8S/2197S or H8S/2196S.

Figure 5.3 Interrupt Sources and Number of Interrupts
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5.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA iogtm is executed. Trap
instruction exception handling can be executed at all times in the program execution state.
The TRAPA instration fetches a start address from a vector table entry corresponding to a
vector number from 0 to 3, as specified in the instruction code.

Table 5.3 shows the status of CCR and EXR after execution of trap instruction exception

handling.

Table 5.3  Status of CCR and EXR after Trap Instruction Exception Handling

CCR EXR*
Interrupt
Control Mode I ul 12to 10 T
0 1 O O O
1 1 O O
Legend:
1: Setto 1
0: Cleared to O
O: Retains value prior to execution.
*

RENESAS

Does not affect operation in this LSI.
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5.5 Stack Status after Exception Handling

Figures 5.4 and 5.5 show the stack after completion of trap instruction exception handling and
interrupt exception handling.

SP- CCR
CCR*
PC

(16 bits)

~_

Interrupt control modes 0 and 1

Note: * Ignored on return.

Figure 5.4 Stack Status after Exception Handling (Normal Mode)*

Note: * Normal mode is not available for this LSI.

N N

SP- CCR

e —
| (24 bits) |

~N_ ——

Interrupt control modes 0 and 1

Figure 5.5 Stack Status after Exception Handling (Advanced Mode)
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5.6 Notes on Use of the Stack

When accessing word data or longword data, this chip assumes that the lowest address bit is |
The stack should always be accessed by word transfer instruction or longword transfer
instruction, and the value of the stack pointer (SP: ER7) should always be kept even.

Use the following instructions to save registers:
PUSHW Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)
Use the following instructions to restore registers:
POP.WRn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERn)
Setting SP to an odd value may lead to a malfunction. Figure 5.6 shows an example of what
happens when the SP value is odd.

N — N\ N — N\ N —
CCR SP—~ RIL HFFFEFA
SP—= HFFFEFB
T pc | | pPc | HFFFEFC
I T I " | HFFFEFD
SP—~ HFFFEFF

TRAPA instruction executed MOV.B RI1L, @-ER7

_—

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

[Legend] CCR : Condition-code register
PC : Program counter
R1L : General register R1L
SP : Stack pointer

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

Figure 5.6 Operation when SP Value is Odd
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Section 6 Interrupt Controller

6.1 Overview

6.1.1 Features

This LSI controls interrupts by means of an interrupt controller. The interrupt controller has the
following features:

Two Interrupt Control Modes

O Either of two interrupt control modes can be set by means of the INTM1 and INTMO bits
in the system control registe8YSCR).

Priorities Settable with ICR

O An interrupt control register (ICR) is provided for setting interrupt priorities. Three
priority levels can be set for each module for all interrupts except NMI.

Independent Vector Addresses

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

Six External Interrupt Pins

O NMI is the highest-priority interrupt, and is accepted at all times.

O Falling edge, rising edge, or both edge detection can be selected for interrupt IRQO.
O Falling edge or rising edge can be individually selected for interrupts IRQ5 to IRQ1.

Note: *In this LSI, the watch dog timer generates NMils.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the interrupt controller.

| INTM1, INTMO
SYSCR | U
Interrupt
request _
Vector
number
RO i IRQ input
IRQ input > ) >
unit IRQR Priority
n m determina-
tion 1, Ul
| EGR || ENR | ™ ccR
Internal
interrupt
requests . CPU
ICR
Interrupt controller
Legend:

IEGR :IRQ edge select register
IENR :IRQ enable register
IRQR :IRQ status register

ICR : Interrupt control register
SYSCR : System control register

Figure 6.1 Block Diagram of Interrupt Controller
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6.1.3 Pin Configuration

Table 6.1 summarizes the pins of the interrupt controller.

Table 6.1 Interrupt Controller Pins

Name Symbol 1/0 Function

External interrupt IRQO Input Maskable external interrupts; rising, falling, or both
request 0 edges can be selected

External interrupt IRQ1 to Input Maskable external interrupts: rising, or falling
requests 1to 5 IRQ5 edges can be selected

6.1.4 Register Configuration

Table 6.2 summarizes the registers of the interrupt controller.

Table 6.2 Interrupt Controller Registers

Name Abbreviation R/W Initial Value Address *!
System control register SYSCR R/W H'00 H'FFES8
IRQ edge select register IEGR R/W H'00 H'FFFO
IRQ enable register IENR RIW H'00 H'FFF1
IRQ status register IRQR R/ (W)**  H00 H'FFF2
Interrupt control register A ICRA R/W H'00 H'FFF3
Interrupt control register B ICRB R/W H'00 H'FFF4
Interrupt control register C ICRC R/W H'00 H'FFF5
Interrupt control register D ICRD R/W H'00 H'FFF6
Port mode register 1 PMR1 R/W H'00 H'FFCE

Notes: 1. Lower 16 bits of the address.

2. Only 0 can be written, for flag clearing.

RENESAS
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6.2 Register Descriptions

6.2.1 System Control Register (SYSCR)

Bit: 7 6 5 4 3 2 1 0
| — | — | ntm2 [ iNntmo | xmsT — — —

Initial value : 0 0 0 0 1 0 0 0
RW:  — — R RIW R — — -

SYSCR is an 8-bit readable register that selects the interrupt control mode.

Only bits 5, 4, 2 and 1 are described here; for details on the other bits, see section 3.2.2, Syste
Control Register (SYSCR).

SYSCR is initialized to H'08 by a reset.

Bits 5 and 41 Interrupt Control Mode (INTM1, INTMO): These bits select one of two
interrupt control modes for the interrupt controller. The INTM1 bit must not be set to 1.

Bit 5 Bit 4 Interrupt Control
INTM1 INTMO Mode Description
0 0 0 Interrupts are controlled by | bit (Initial value)

Interrupts are controlled by I and Ul bits and ICR

1 1
1 0 ad Cannot be used in this LSI
1 ad Cannot be used in this LSI
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6.2.2 Interrupt Control Registers A to D (ICRA to ICRD)

Bit : 7 6 5 4 3 2 1 0
| 1cr7 | 1cre | 1crRs | 1cra | 1crs | 1crR2 | IcR1 | IcRro

Initial value : 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW  RW  RW  RW

The ICR registers are four 8-bit readable/writable registers that set the interrupt control level fc
interrupts other than NMI.

The correspondence between ICR settings and interrupt sources is shown in table 6.3.

The ICR registers are initialized to H'00 by a reset.

Bits 7 to (O Interrupt Control Level (ICR7 to ICRO0): Set the control level for the
corresponding interrupt source.

Bit n
ICRn Description
0 Corresponding interrupt source is control level 0 (non-priority) (Initial value)
1 Corresponding interrupt source is control level 1 (priority)
(n=7100)
Table 6.3 Correspondence between Interrupt Sources anl@R Settings
ICRA ICRA7 ICRA6 ICRA5 ICRA4 ICRA3 ICRA2 ICRA1 ICRAO
Reserved Input HSW1 IRQO IRQ1 IRQ2 IRQ4 Sync
capture IRQ3 IRQ5 separator,
OosD
ICRB ICRB7 ICRB6 ICRB5 ICRB4 ICRB3 ICRB2 ICRB1 ICRBO
Data slicer Sync Servo Timer A Timer B Timer J Timer R Timer L
separator  (drum,
capstan
latch)
ICRC ICRC7 ICRC6 ICRC5 ICRC4 ICRC3 ICRC2 ICRC1 ICRCO
Timer X1* Synchro-  Watchdog Servo lIcC1 SCI1 IICO* A/ID
nized timer (UART)
detection
ICRD ICRD7 ICRD6 ICRD5 ICRD4 ICRD3 ICRD2 ICRD1 ICRDO
HSW2 Reserved Reserved Reserved Reserved Reserved Reserved Reserved

Note: * This bit has no function in the H8S/2197S or H8S/2196S.
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6.2.3 IRQ Enable Register (IENR)

Bit : 7 6 5 4 3 2 1
| — | — | rose | R4E | IRQ3E | IRQ2E | IRQIE | IRQOE
Initial value : 0 0 0 0 0 0 0 0
RW:  — _ RIW RIW RIW RIW RIW RIW

IENR is an 8-bit readable/writable register that controls enabling and disabling of interrupt
requests IRQ5 to IRQO.
IENR is initialized to H'00 by a reset.

Bits 7 and @1 Reserved:These bits are always read as 0. Do not write 1 to them.

Bits 5 to (O IRQ5 to IRQO Enable (IRQ5E to IRQOE): These bits select whether IRQ5 to
IRQO are enabled or disabled.

Bit n

H?QT Description
0 IRQn interrupt disabled (Initial value)
1 IRQn interrupt enabled

(n=5100)
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6.2.4 IRQ Edge Select Registers (IEGR)

Bit : 7 6 5 4 3 2 1 0
— IRQ5EG | IRQ4EG | IRQ3EG | IRQ2EG | IRQ1EG |IRQOEG1|IRQOEGO

Initial value : 0 0 0 0 0 0 0 0
RW:  — RIW RIW RIW RIW RIW RIW RIW

IEGR is an 8-bit readable/writable register that selects detected edge of the inpuiRQpites
IRQO.
IEGR register is initialized to H'00 by a reset.

Bit 700 Reserved:This bit is always read as 0. Do not write 1 to it.

Bits 6 to Z1 IRQ5 to IRQ1 Pins Detected Edge Select (IRQ5EG to IRQ1EGThese bits
select detected edge for interrupts IRQ5 to IRQL1.

Bits 6 to 2
IRQNEG Description

0 Interrupt request generated at falling edge of IRQn pin input (Initial value)

1 Interrupt request generated at rising edge of IRQn pin input

(n=5t01)

Bits 1 and 1 IRQO Pin Detected Edge Select (IRQOEG1, IRQOEGOY hese bits select
detected edge for interrupt IRQO.

Bit 1 Bit 0
IRQOEG1 IRQOEGO Description
0 0 Interrupt request generated at falling edge of IRQO pin input (Initial
value)
0 1 Interrupt request generated at rising edge of IRQO pin input
* Interrupt request generated at both falling and rising edges of TRQO pin
input

Note: * Don't care
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6.2.5 IRQ Status Register (IRQR)

Bit: 7 6 5 4 3 2 1 0
| — | — | irosF | IRQaF | 1IRQ3F | IRQ2F | IRQIF | IRQOF |
Initial value : 0 0 0 0 0 0 0 0
RW: — — —  RIW* RIW)F RIW) RIW)E RIW)* RIW)*

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

IRQR is an 8-bit readable/writable register that indicates the status of IRQ5 to IRQO interrupt
requests.
IRQR is initialized to H'00 by a reset.

Bits 7 and @1 Reserved:These bits are always read as 0. Do not write 1 to them.

Bits 5 to (O IRQ5 to IRQO Flags: These bits indicate the status of IRQ5 to IRQO interrupt
requests.

Bit n
IRQNF Description

0 [Clearing conditions] (Initial value)
Cleared by reading IRQnF set to 1, then writing 0 in IRQnF

When IRQn interrupt exception handling is executed

1 [Setting conditions]

* When a falling edge occurs in IRQn input while falling edge detection is set
(IRQNEG = 0)

« When a rising edge occurs in IRQn input while rising edge detection is set
(IRQNEG = 0)

« When a falling or rising edge occurs in IRQO input while both-edge detection is
set (IRQOEG1 =1)

(n=5100)
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6.2.6 Port Mode Register 1 (PMR1)

Bit : 7 6 5 4 3 2
PMR17 | PMR16 | PMR15 | PMR14 PMR13 PMR12 PMR11 PMR10
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Port Mode Register 1 (PMR1) controls pin function switching-over of port 1. Switching is
specified for each bit.

PMR1 is an 8-bit readable/writable register and is initialized to H'00 by a reset.

Only bits 5 to 0 are explained here. For details, see section 10.3.2, Register Configuration.

Bits 5 to (O P15ARQ5 to P10ARQO pin switching (PMR15 to PMR10): These bits are for
setting the P1@RQn pin as the input pin for P1n or as ®)n pin for external interrupt
request input.

Bit n

"PMRL1n Description
0 P1n/IRQn pin functions as the P1n input/output pin (Initial value)
1 P1n/IRQn pin functions as the IRQn input/output pin

(n=5100)

Notes on switching the pin function by PMR1 are as follows:

« When the port is set as th@ input pin orflRQ5 to IRQO input pin, the pin level must be high
or low regardless of active mode or power-down mode. Do not set the pin level at medium
« Switching the pin function of P18z or P15IRQ5 to P10IRQO may be mistakenly identified
as edge detection and detection signal may be generated. To prevent this, operate as follc
0 Set the interrupt enable/disable flag to disable before switching the pin function.

O Clear the applicable interrupt request flag to 0 after switching the pin function and
executing another instruction.

Program example

MOV.B ROL,@IENR [T Interrupt disabled
MOV.B R1L,@PMR1 MIPin function change
NOP [0 Optional instruction
BCLR m @IRQR [ Applicable interrupt clear
MOV.B R1L,@IENR [ Interrupt enabled
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6.3 Interrupt Sources

Interrupt sources comprise external interrupts (IRQ5 to IRQO0) and internal interrupts.

6.3.1 External Interrupts

There are six external interrupt sources; IRQ5 to IRQ0. Of these, IRQ1 to IRQO can be used to

restore this chip from standby mode.

* IRQ5 to IRQO Interrupts: Interrupts IRQ5 to IRQO are requested by an input signal at pins

IRQ5 to IRQO. Interrupts IRQ5 to IRQO have the following features:

(a) Using IEGR, it is possible to select whether an interrupt is requested by a falling edge,

rising edge, or both edges, at pin IRQO.

(b) Using IEGR, it is possible to select whether an interrupt is requested by a falling edge or

rising edge at pinRQ5 to IRQI.

(c) Enabling or disabling of interrupt requests IRQ5 to IRQO can be selected with IENR.

(d) The interrupt control level can be set with ICR.

(e) The status of interrupt requests IRQ5 to IRQO is indicated in IRQR. IRQR flags can be

cleared to 0 by software.

Figure 6.2 shows a block diagram of interrupts IRQ5 to IRQO.

>

IRQn input

IRQNEG IRQNF
Edge detection s
circuit
Q
R

Clear signal

-

IRQNE

IRQn interrupt
request

Note: n=5t00

Figure 6.2 Block Diagram of Interrupts IRQ5 to IRQO

Rev. 1.0, 02/01, page 110 of 1184

RENESAS




Figure 6.3 shows the timing of IRQNF setting.

Internal @ L
IRQn
input pin

IRQNF

Figure 6.3 Timing of IRQnF Setting

The vector numbers for IRQ5 to IRQO interrupt exception handling are 21 to 26.
Upon detection of IRQ5 to IRQO interrupts, the applicable pin is set in the port register 1
(PMR1) adRQn pin.

6.3.2 Internal Interrupts
There are 38 sources for internal interrupts from on-chip supporting modules.

» For each on-chip supporting module there are flags that indicate the interrupt request statu
and enable bits that select enabling or disabling of these interrupts. If any one of these is <
to 1, an interrupt request is issued to the interrupt controller.

* The interrupt control level can be set by means of ICR.

» The NMlI is the highest priority interrupt and is always accepted regardless of the control
mode and CPU interrupt mask bit. In this LSI, NMIs are used as interrupts generated by the
watchdog timer.
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6.3.3 Interrupt Exception Vector Table

Table 6.4 shows interrupt exception handling sources, vector addresses, and interrupt priorities
For default priorities, the lower the vector number, the higher the priority.

Priorities among modules can be set by means of ICR. The situation when two or more module
are set to the same priority, and priorities within a module, are fixed as shown in table 6.4.

Table 6.4 Interrupt Sources, VectorAddresses, and Interrupt Priorities

Origin of Interrupt ~ Vector

Priority  Interrupt Source Source No. Vector Address  ICR Remarks
High Reset External pin 0 H'0000 to H'0003 [
A Reserved 0 1 H'0004 to H'0007 [
0 2 H'0008 to H'000B O
0 3 H'000C to H'O00F O
O 4 H'0010 to H'0013 [
O 5 H'0014 to H'0017 O
Direct transition Instruction 6 H'0018 to H'001B [
NMI Watchdog timer 7 H'001C to H'O0O1F O
Trap instruction TRAPA#0 Instruction 8 H'0020 to H'0023 [
TRAPA#1 9 H'0024 to H'0027 O
TRAPA#2 10 H'0028 to H'002B [
TRAPA#3 11 H'002C to H'002F O
Reserved O 12 H'0030 to H'0033 O
13 H'0034 to H'0037
14 H'0038 to H'003B
Low
15 H'003C to H'003F
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Origin of Interrupt ~ Vector

Priority Interrupt Source Source No. Vector Address  ICR Remarks
High Address trap #0 ATC 16 H'0040 to H'0043 [
A #1 17 H'0044 to H'0047
#2 18 H'0048 to H'004B
IC PSU 19 H'004C to H'004F ICRA6
HSW1 Servo circuit 20 H'0050 to H'0053  ICRA5
IRQO External pin 21 H'0054 to H'0057  ICRA4
IRQ1 22 H'0058 to H'005B  ICRA3
IRQ2 23 H'005C to H'005F ICRA2
IRQ3 24 H'0060 to H'0063
IRQ4 25 H'0064 to H'0067 ICRA1
IRQ5 26 H'0068 to H'006B
External V interrupt Sync separator 27 H'006C to H'0O06F ICRAO
OSD V interrupt OSD 28 H'0070 to H'0073
Data slicer odd field interrupt Data slicer 29 H'0074 to H'0077 ICRB7
Data slicer even field interrupt 30 H'0078 to H'007B
Noise interrupt Sync separator 31 H'007C to H'007F ICRB6
Reserved O 32 H'0080 to H'0083 O
33 H'0084 to H'0087
Drum latch 1 (speed) Servo circuit 34 H'0088 to H'008B  ICRB5
Capstan latch 1 (speed) 35 H'008C to H'008F
TMAI Timer A 36 H'0090 to H'0093  ICRB4
TMBI Timer B 37 H'0094 to H'0097  ICRB3
T™MJ1I Timer J 38 H'0098 to H'009B  ICRB2
T™J2I 39 H'009C to H'009F
TMR1I Timer R 40 H'00AO to H'00A3 ICRB1
TMR2I 41 H'00A4 to H'00A7
TMR3I 42 H'00A8 to H'00AB
Low TMLI Timer L 43 H'00AC to H'00AF ICRBO
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Origin of Interrupt ~ Vector
Priority Interrupt Source Source No. Vector Address  ICR Remarks
High ICXA* Timer X1* 44 H'00BO to H'00B3  ICRC7
A ICXB* 45 H'00B4 to H'00B7
ICXC* 46 H'00B8 to H'00BB
ICXD* 47 H'00BC to H'00BF
OCX1* 48 H'00CO to H'00C3
OCX2* 49 H'00C4 to H'00C7
OVEX* 50 H'00C8 to H'00CB
VD interrupts Sync signal 51 H'00CC to H'0OOCF ICRC6
detection
Reserved O 52 H'00DO to H'00D3
8-bit interval timer Watchdog timer 53 H'00D4 to H'00D7 ICRC5
CTL Servo circuit 54 H'00D8 to H'0O0DB  ICRC4
Drum latch 2 (speed) 55 H'00DC to H'0O0ODF
Capstan latch 2 (speed) 56 H'00EO to H'00E3
Drum latch 3 (phase) 57 H'00E4 to H'00D7
Capstan latch 3 (phase) 58 H'00E8 to H'00EB
lIc1 lIC1 59 H'00EC to H'00OEF ICRC3
SCi1 ERI SCi1 60 H'00F0 to H'OOF3  ICRC2
RXI (UART) 61  HOOF4 to HOOF7
TXI 62 H'00F8 to H'0O0FB
TEI 63 H'00FC to H'00FF
lIICO* lIICO* 64 H'0100 to H'0103 ICRC1
DDCSW* 65  HO0104to H0107
A/D conversion end A/ID 66 H'0108 to H'010B  ICRCO
Low HSW2 Servo circuit 67 H'010C to H'010F ICRD7
Note: * Not available in the H8S/2197S or H8S/2196S.
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6.4 Interrupt Operation

6.4.1 Interrupt Control Modes and Interrupt Operation

Interrupt operations in this LSI differ depending on the interrupt control mode.

The NMI interrupt* and address trap interrupts are accepted at all times except in the reset ste
In the case of IRQ interrupts and on-chip supporting module interrupts, an enable bit is provide
for each interrupt. Clearing an enable bit to O disables the corresponding interrupt request.
Interrupt sources in which the enable bits are set to 1 are controlled by the interrupt controller.
Table 6.5 shows the interrupt control modes.

The interrupt controller performs interrupt control according to the interrupt control mode set b
the INTM1 and INTMO bits in SYSCR, the priorities set in ICR, and the masking state indicatec
by the I and Ul bits in the CPU’s CCR.

Note: *In this LSI, the NMI interrupt is generated by the watchdog timer.

Table 6.5 Interrupt Control Modes

Interrupt  SYSCR

Control Priority Setting Interrupt

Mode INTM1 INTMO Register Mask Bits  Description

0 0 0 ICR | Interrupt mask control is
performed by the | bit
Priority can be set with ICR

1 1 ICR I, Ul 3-level interrupt mask control is

performed by the | and Ul bits
Priority can be set with ICR
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Figure 6.4 shows a block diagram of the priority decision circuit.

ICR | ul

J ||

Interr n L
terrupt acceptance Default priority

— control and 3-level D .
Interrupt source mask control determination > Vector number

|

Interrupt control modes 0 and 1

Figure 6.4 Block Diagram of Interrupt Priority Determination Operation

* Interrupt Acceptance Control and 3-Level Control: In interrupt control modes 0 and 1,
interrupt acceptance control and 3-level mask control is performed by means of the | and Ul
bits in CCR, and ICR (control level).

Table 6.6 shows the interrupts selected in each interrupt control mode.

Table 6.6 Interrupts Selected in Each Interrupt Control Mode

Interrupt Interrupt Mask Bit
Control
Mode | ul Selected Interrupts
0 0 * All interrupts (control level 1 has priority)
1 * NMI** and address trap interrupts
1 0 * All interrupts (control level 1 has priority)
1 0 NMI**, address trap and control level 1 interrupts

NMI** and address trap interrupts

Notes: * Don't care
1. Inthis LSI, the NMlI interrupt is generated by the watchdog timer.

» Default Priority Determination: If the same value is set for ICR, acceptance of multiple
interrupts is enabled, and so only the interrupt source with the highest priority according to
the preset default priorities is selected and has a vector number generated.

Interrupt sources with a lower priority than the accepted interrupt source are held pending.
Table 6.7 shows operations and control signal functions in each interrupt control mode.
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Table 6.7 Operations and Control Signal Functions in Each Interrupt Control Mode

Interrupt Acceptance Control,

Interrupt .

Control Setting 3-Level Control Default Priority
Mode INTM1 INTMO | ul ICR Determination
0 0 0 O IM O PR O

1 1 O IM IM PR O

Legend:

O: Interrupt operation control performed

IM: Used as interrupt mask bit

PR: Sets priority

O: Not used

6.4.2 Interrupt Control Mode 0

Enabling and disabling of IRQ interrupts and on-chip supporting module interrupts can be set |
the I bit in the CPU’s CCR, and ICR. Interrupts are enabled when the | bit is cleared to 0, and
disabled when set to 1. Control level 1 interrupt sources have higher priority.

Figure 6.5 shows a flowchart of the interrupt acceptance operation in this case.

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

When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt
requests are held pending. If a number of interrupt requests with the same control level
setting are generated at the same time, the interrupt request with the highest priority
according to the priority system shown in table 6.4 is selected.

The | bit is then referenced. If the | bit is cleared to 0, the interrupt request is accepted. If
the | bit is set to 1, only an NMTor an address trap interrupt is accepted, and other interrupt
requests are held pending.

When an interrupt request is accepted, interrupt exception handling starts after execution o
the current instruction has been completed.

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

Next, the | bit in CCR is setto 1. This disables all interrupts except NMI* and address trap.
A vector address is generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.

Note: *In this LSI, the NMI interrupt is generated by the watchdog timer.
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[ Program execution state
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generated?
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!
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[Branch to interrupt handling routine]
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Figure 6.5 Flowchart of Procedure Up to Interrupt Acceptance in
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6.4.3 Interrupt Control Mode 1

Three-level masking is implemented for IRQ interrupts and on-chip supporting module
interrupts by means of the | and Ul bits in the CPU’s CCR and ICR.

» Control level 0 interrupt requests are enabled when the | bit is cleared to 0, and disabled
when set to 1.

» Control level 1 interrupt requests are enabled when the | bit or Ul bit is cleared to 0, and
disabled when both the | bit and the Ul bit are set to 1.

For example, if the interrupt enable bit for an interrupt request is set to 1, and H'04, H'00, H'0C
and H'00 are set in ICRA, ICRB, ICRC and ICRD respectively, (i.e. IRQZ2 interrupt is set to
control level 1 and other interrupts to control level 0), the situation is as follows:

 When | =0, all interrupts are enabled

(Priority order: NMI > IRQ2 > IC > HSW1 =.)
* When | =1 and Ul =0, only NMI, address trap and IRQ?2 interrupts are enabled
* Whenl|=1and Ul =1, only NMI and address trap interrupts are enabled

Figure 6.6 shows the state transitions in these cases.

I <0
All interrupts enabled ) Only NMI, address trap and
> IRQ2 interrupts enabled
Il «1,Ul -0
-0 ul
Exception handling Exception handling
execution or executionor Ul « 1

I« 1,Ul 1 Only NMI and address trap
interrupts enabled

Figure 6.6 Example of State Transitions in Interrupt Control Mode 1

Figure 6.7 shows an operation flowchart of interrupt reception.
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(1) If an interrupt source occurs when the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

(2) When interrupt requests are sent to the interrupt controller, a control level 1 interrupt,
according to the control level set in ICR, has priority for selection, and other interrupt
requests are held pending. If a number of interrupt requests with the same control level
setting are generated at the same time, the interrupt request with the highest priority
according to the priority system shown in table 6.4 is selected.

(3) The I bit is then referenced. If the I bit is cleared to 0, the Ul bit has no effect.

An interrupt request set to interrupt control level O is accepted when the | bit is cleared to 0.
If the | bit is set to 1, only NMI* and address trap interrupts are accepted, and other interrupt
requests are held pending.

An interrupt request set to interrupt control level 1 has priority over an interrupt request set
to interrupt control level 0, and is accepted if the | bit is cleared to O, or if the | bitis setto 1
and the Ul bit is cleared to 0.

When both the | bit and the Ul bit are set to 1, only NMI* and address trap interrupts are
accepted, and other interrupt requests are held pending.

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

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

(6) Next, the | and Ul bits in CCR are set to 1. This masks all interrupts except NMI* and
address trap.

(7) A vector address is generated for the accepted interrupt, and execution of the interrupt
handling routine starts at the address indicated by the contents of that vector address.

Note: *In this LSI, the NMI interrupt is generated by the watchdog timer.
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Figure 6.7 Flowchart of Procedure Up to Interrupt Acceptance in
Interrupt Control Mode 1
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Interrupt Exception Handling Sequence

6.4.4

Figure 6.8 shows the interrupt exception handling sequence. The example shown is for the cas
where interrupt control O is set in advanced mode, and the program area and stack area are in

chip memory.
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Interrupt Exception Handling

Figure 6.8
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6.4.5 Interrupt Response Times

Table 6.8 shows interrupt response times-the interval between generation of an interrupt reque
and execution of the first instruction in the interrupt handling routine. The symbols used in tab
6.8 are explained in table 6.9.

Table 6.8 Interrupt Response Times

No. Number of States Advanced Mode
1 Interrupt priority determination** 3

2 Number of wait states until executing instruction ends** 1 to 19+2[3,

3 PC, CCR stack save 23,

4 Vector fetch 23,

5 Instruction fetch*® 213,

6 Internal processing** 2

Total (using on-chip memory) 12 to 32

Notes: 1. Two states in case of internal interrupt.
2. Refers to MULXS and DIVXS instruction.
3. Prefetch after interrupt acceptance and interrupt handling routine prefetch.

4. Internal processing after interrupt acceptance and internal processing after vector
fetch.

Table 6.9 Number of States in Interrupt Handling Routine Execution

Object of Access

Symbol Internal Memory
Instruction fetch S, 1
Stack operation SK 1
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6.5 Usage Notes

6.5.1 Contention between Interrupt Generation and Disabling

When an interrupt enable bit is cleared to O to disable interrupts, the disabling becomes effecti\
after execution of the instruction.

In other words, when an interrupt enable bit is cleared to 0 by an instruction such as BCLR or
MOV, if an interrupt is genated during execution of the instruction, the interrupt concerned

will still be enabled on completion of the instruction, and so interrupt exception handling for that
interrupt will be executed on completion of the instruction. However, if there is an interrupt
request of higher priority than that interrupt, interrupt exception handling will be executed for
the higher-priority interrupt, and the lower-priority interrupt will be ignored.

The same also applies when an interrupt source flag is cleared to 0.

Figure 6.9 shows an example in which the OCIAE bit in timer X1 TIER is cleared to O.

TIER write cycle OCIA interrupt
by CPU exception handling

Internal ; \
address bus X TIER address X

Internal w
write signal

OCIAE

OCFA

OCIA i
interrupt signal |

Figure 6.9 Contention between Interrupt Generation and Disabling
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The above contention will not occur if an enable bit or interrupt source flag is cleared to 0 while
the interrupt is masked.

6.5.2 Instructions that Disable Inerrupts

Instructions that disable interrupts are LDC, ANDC, ORC, and XORC. After any of these
instructions is executed, all interrupts including NMI are disabled and the next instruction is
always executed. When the | bit or Ul bit is set by one of these instructions, the new value
becomes valid two states after execution of the instruction ends.

6.5.3 Interrupts during Execution of EEPMOV Instruction

Interrupt operation differs between the MOV .B instriction and the EEPMOV.W instetion.

With the EEFPMOV.B instriction, an interrupt request (including NMI) issued during the transfer
is not accepted until the move is completed.

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

Therefore, if an interrupt is generated during execution of &MEBEV. W instriction, the

following coding should be used.

L1: EEPMOV.W
MOV.W R4,R4
BNE L1
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Section 7 ROM

7.1 Overview

The H8S/2199R has 128 kbytes or 256 kbytes of on-chip ROM (flash memory or mask ROM), tt
H8S/2198R has 112 kbytes, the H8S/2197R and H8S/2197S have 96 kbytes, and the H8S/21 9
and H8S/2196S have 80 kbytes*. The ROM is connected to the CPU by a 16-bit data bus. The
CPU accesses both byte and word data in one state, enabling faster instruction fetches and hig!
processing speed.

The flash memory versions of the H8S/2199R can be erased and programmed on-board as wel
with a general-purpose PROM programmer.

Note: * For details on product line-up, refer to section 1, Overview.

7.1.1 Block Diagram

Figure 7.1 shows a block diagram of the ROM.

Internal data bus (upper 8 bits)

A

Internal data bus (lower 8 bits)

H'000000 H'000001
H'000002 H'000003
H'O1FFFE H'O1FFFF

Figure 7.1 ROM Block Diagram (H8S/2199R)
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7.2 Overview of Flash Memory

7.2.1 Features

The features of the flash memory are summarized below.

Four flash memory operating modes
0 Program mode

O Erase mode

O Program-verify mode

O Erase-verify mode
Programming/erase methods

The flash memory is programmed 128 bytes at a time. Erasing is performed by block erase (i
single-block units). When erasing all blocks, the individual blocks must be erased
sequentially. Block erasing can be performed as required on 4-kbyte, 32-kbyte, and 64-kbyte
blocks. (In OSD ROM, block erasing can be performed on 1-kbyte, 2-kbyte, and 28-kbyte
blocks).

Programming/erase times

The flash memory programming time is 10 ms (typ.) for simultaneous 128-byte programming,
equivalent to 78is (typ.) per byte, and the erase time is 100 ms (typ.) per block.

Reprogramming capability

The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/verified on-board:
O Boot mode

0 User program mode

Automatic bit rate adjustment

If data transfer on boot mode, automatic adjustment is possible at host transfer bit rates and
LSI's bit rates.

Protect modes

There are three protect modes, hardware, software, and error protect, which allow protected
status to be designated for flash memory program/erase/verify operations.

Programmer mode

Flash memory can be programmed/erased in programmer mode, using a PROM programmer
as well as in on-board programming mode.
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7.2.2 Block Diagram

Figure 7.2 shows a block diagram of the flash memory.

Internal address bus

Internal data bus (16 bits)

<> sTCR O

< >| FLMCR1 Operat- .
Bus interface/controller ing [=— FWE pin

< >[FLmMCR2 e Mode pin

S0 0

Flash memory
(OSD ROM)
(32 kbytes)

Module bus

Flash memory
(256 kbytes)

Legend:

STCR  : Serial timer control register
FLMCRL1 : Flash memory control register 1
FLMCR2 : Flash memory control register 2
EBR1 : Erase block register 1

EBR2 : Erase block register 2

Figure 7.2 Block Diagram of Flash Memory (H8S/2199R Only)
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7.2.3 Flash Memory Operating Modes

Mode Transitions

When each mode pin and the FWE pin are set in the reset state and a reset-start is executed, the
MCU enters one of the operating modes shown in figure 7.3. In user mode, flash memory can be
read but not programmed or erased.

Flash memory can be programmed and erased in boot mode, user program mode, and programr
mode.

Reset state

1

0,

P14

Programmer
mode

FWE ~ 1, MDO
P12 £ P13

program
mode

Note: Only make a transition between user mode
and user program mode when the CPU is not
accessing the flash memory.

Boot mode

On-board program mode

Figure 7.3 Flash Memory Mode Transitions
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On-Board Programming Modes
Boot mode

1.

3.

Initial state

The flash memory is in the erased state when the
device is shipped. The description here applies to
the case where the old program version or data is
being rewritten. The user should prepare the
programming control program and new application
program beforehand in the host.

<Host>

Programming control
program

New application )
program

<This LSI>

SCI

k Boot program ‘

<Flash memory> <RAM>

Application
program
(old version)

Flash memory initialization
The erase program in the boot program area (in
RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, entire flash
memory erasure is performed, without regard to
blocks.

<Host>

Programming control
program

New application
program

<This LSI>

Boot program scl

<Flash memory> <RAM>

_ Boot program area

Flash memory erase

2. Writing control program transfer

When boot mode is entered, the boot program in
this LSI chip (originally incorporated in the chip) is
started, and SCI communication check is carried
out, and the boot program required for flash memory
erasing is automatically transferred to the RAM boot

program

<This LSI>

area.

<Host>

Programming control
program

New application
program

N
A\ Boot program \

<Flash memory>

SCI

<RAM>

p

Application

(old version)

Boot program area

rogram

4. Writing n

ew application program

The programming control program transferred from
the host to RAM by SCI communication is executed,
and the new application program in the host is
written into the flash memory.

<Host>

]

<This LSI>

<Flash memory>

=y
<RAM> 1

New application
program

Programming control
program

R Program execution state

Figure 7.4 Boot Mode
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User program mode

1.

Initial state

(1) The FWE assessment program that confirms that
the FWE pin has been driven high, and (2) the
program that will transfer the programming/erase
control program from the flash memory to on-chip RAM
should be written into the flash memory by the user
beforehand. (3) The programming/erase control
program should be prepared in the host or in the flash
memory.

<Host>

Programming/erase control program

New application ‘
program
<This LSI>
SCI
<Flash memory> <RAM>

FWE assessment program

Transfer program

Application
program
(old version)

3. Flash memory initialization

The programming/erase control program in RAM is

executed, and the flash memory is initialized (to H'FF).
Erasing can be performed in block units, but not in byte

units.
<Host>
New application ‘
program
<This LSI>
SCI
<Flash memory> <RAM>

FWE assessment program

Transfer program

q
Programminglerase control program
N

Flash memory erase

. Programming/erase control program transfer

When the FWE pin is driven high, user software
confirms this fact, executes the transfer program in the
flash memory, and transfers the programming/erase
control program to RAM.

<Host>

New application
program
<This LSI>
SCI
s
<Flash memory> <RAM> t

Transfer program

Programming/erase
control program

Application
program
(old version)

. Writing new application program

Next, the new application program in the host is written
into the erased flash memory blocks. Do not write to
unerased blocks.

<Host>

<This LSI>

SCI
_—
<RAM>

<Flash memory>

WE assessment program

Transfer program

- <
Programminglerase control program
N

New application
program

Program execution state

Figure 7.5 User Program Mode (Example)
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Differences between Boot Mode and User Program Mode

Boot Mode User Program Mode
Entire memory erase Yes Yes
Block erase No Yes
Programming control program* Program/program-verify Erase/erase-verify

Program/program-verify

Note: * To be provided by the user, in accordance with the recommended algorithm.

Block Configuration
The main ROM area is divided into three 64-kbyte blocks, one 32-kbyte block, and eight 4-kbyte
blocks. The OSD ROM area is divided into two 1-kbyte blocks, one 2-kbyte block, and one 28-

kbyte block.

Address H'00000 1 Address H'40000 ——
————4 kbytes x 8——— 1 Kbyte
1 kbyte
32 kbytes
2 kbytes
(%]
g
>
» 64 kbytes 3
9 N
) [32)
e}
=
g 28 kbytes
N
64 kbytes
Address H'47FFF —
OSD ROM area
64 kbytes
Address H3FFFF -1

Main ROM area

Figure 7.6 Flash Memory Block Configuration
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7.2.4 Pin Configuration
The flash memory is controlled by means of the pins shown in table 7.1.

Table 7.1 Flash Memory Pins

Pin Name Abbreviation 1/0 Function

Reset RES Input Reset

Flash write enable FWE Input Flash program/erase protection by hardware
Mode 0 MDO Input Sets this LSI operating mode

Port 12 P12 Input Sets this LSI operating mode when MDO = 0
Port 13 P13 Input Sets this LSI operating mode when MDO = 0
Port 14 P14 Input Sets this LSI operating mode when MDO = 0
Transmit data SO1 Output  Serial transmit data output

Receive data Si1 Input Serial receive data input

7.2.5 Register Configuration

Table 7.2 shows the registers used to control the flash memory when enabled.
In order for these registers to be accessed, the FLSHE bit must be setto 1 in STCR.

Table 7.2 Flash Memory Registers

Register Name Abbreviation R/W Initial Value  Address  **
Flash memory control register 1 ~ FLMCR1*® R/W*? H'00*° H'FFF8
Flash memory control register 2~ FLMCR2*® R/W*? H'00** H'FFF9
Erase block register 1 EBR1** R/W** H'00** H'FFFA
Erase block register 2 EBR2** R/W** H'00** H'FFFB
Serial timer control register STCR R/W H'00 H'FFEE

Notes: 1. Lower 16 bits of the address.
2. When the FWE bit in FLMCR1 is not set at 1, writes are disabled.
3. When a high level is input to the FWE pin, the initial value is H'80.
4. When a low level is input to the FWE pin, or if a high level is input and the SWE bit in
FLMCR1 is not set, these registers are initialized to H'00.
5. FLMCR1, FLMCR2, EBR1, and EBR2 are 8-bit registers. Only byte accesses are valid
for these registers, the access requiring 2 states.
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7.3 Flash Memory Register Descriptions

7.3.1 Flash Memory Control Register 1 (FLMCR1)

Bit: 7 6 5 4 3 2 1 0
| FWE | SWE1 | ESU1 | PSU1 | EV1 | PV1 | El | P1 |
Initial value : —* 0 0 0 0 0 0 0
R/W: R R/W R/W R/W R/W R/W R/W R/W

Note: * Determined by the state of the FWE pin.

FLMCRL1 is an 8-bit register used for flash memory operating mode control. With addresses
H'00000 to H'3FFFF, program-verify mode or erase-verify mode is entered by setting SWE to 1
when FWE = 1, then setting the PV1 bit and EV1 bit. Program mode is entered by setting SWE
when FWE = 1, then setting the SWEL bit and PSU1, and finally setting the P1 bit. With
addresses H'00000 to H'3FFFF, erase mode is entered by setting SWE1 when FWE = 1, then
setting the ESUL1 bit, and finally setting the E1 bit. FLMCR1 is initialized by a reset, in standby
mode or watch mode, when a low level is input to the FWE pin, and when a high level is input tc
the FWE pin while the SWEZ1 bit in FLMCR1 is not set to 1. Its initial value is H'80 when a high
level is input to the FWE pin, and H'00 when a low level is input. When on-chip flash memory is
disabled, a read will return H'00, and writes are invalid.

Writes to the SWEL bit in FLMCR1 are enabled only when FWE = 1; writes to the ESU1, PSU1,
EV1 and PV1 bits only when FWE = 1 and SWEL1 = 1; writes to the E1 bit only when FWE =1,
SWEL1 =1, and ESU1 = 1; and writes to the P1 bit only when FWE =1, SWE1 =1, and PSU1 =

Bit 70 Flash Write Enable (FWE): Sets hardware protection against flash memory
programming/erasing.

Bit 7

FWE Description
0 When a low level is input to the FWE pin (hardware-protected state)
1 When a high level is input to the FWE pin
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Bit 600 Software Write Enable (SWE): Enables or disables flash memory programming. SWE
should be set before setting bits 5 to 0, bits 7 to 0 in EBR1, and bits 3 to 0 in EBR2.

Bit 6

TSWEL Description
0 Writes are disabled (Initial value)
1 Writes are enabled

[Setting condition]
Setting is available when FWE = 1 is selected

Bit 500 Erase Set-Up 1 (ESU1)Prepares for erase mode. ESU1 should be set to 1 before setting
the E1 bitin FLMCR1 to 1. Do not set the SWE1, PSUL, EV1, PV1, E1, or P1 bit at the same
time.

Bit 5

ESU1 Description

0 Erase set-up cleared (Initial value)
1 Transition to erase set-up mode

[Setting condition]
Setting is available when FWE =1 and SWEL1 = 1 are selected

Bit 400 Program Set-Up 1 (PSU1)Prepares for program mode. PSU1 should be set to 1 before
setting the P1 bit in FLMCR1 to 1. Do not set the SWE1, ESU1, EV1, PV1, E1 or P1 bit at the
same time.

Bit 4

“psur Description
0 Program set-up cleared (Initial value)
1 Transition to program set-up mode

[Setting condition]
Setting is available when FWE =1 and SWEL1 = 1 are selected
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Bit 300 Erase-Verify (EV1): Selects erase-verify mode transition or clearing. Do not set the
SWE]1, ESU1, PSU1, PV1, E1, or P1 bit at the same time.

Bit 3

EV1 Description

0 Erase-verify mode cleared (Initial value)
1 Transition to erase-verify mode

[Setting condition]
Setting is available when FWE =1 and SWEL1 = 1 are selected

Bit 200 Program-Verify (PV1): Selects program-verify mode transition or clearing. Do not set
the SWE1, ESU1, PSU1, EV1, E1, or P1 bit at the same time.

Bit 2

PVl Description
0 Program-verify mode cleared (Initial value)
1 Transition to program-verify mode

[Setting condition]
Setting is available when FWE =1 and SWEL1 = 1 are selected

Bit 100 Erase (E1):Selects erase mode transition or clearing. Do not set the SWE1, ESU1, PSU
EV1, PV1, or P1 bit at the same time.

Bit 1
El Description
0 Erase mode cleared (Initial value)

Transition to erase mode
[Setting condition]
Setting is available when FWE = 1, SWE1 = 1, and ESU1 = 1 are selected

Bit 000 Program (P1): Selects program mode transition or clearing (target address range :
H'00000 to H'3FFFF). Do not set the SWE1, PSU1, ESU1, EV1, PV1, or E1 bit at the same tim

Bit0
P1 Description
0 Program mode cleared (Initial value)

Transition to program mode
[Setting condition]
Setting is available when FWE =1, SWE1 = 1, and PSU1 =1 are selected
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7.3.2 Flash Memory Control Register 2 (FLMCR?2)

Bit : 7 6 5 4 3 2 1 0
| FLER | SWE2 | ESU2 | PSuU2 | EV2 | PV2 | E2 | P2 |
Initial value : 0 0 0 0 0 0 0 0
R/W : R R/W R/W R/W R/W R/W R/W R/W

FLMCR?2 is an 8-bit register used for flash memory operating control mode.

With addresses H'40000 to H'47FFF, program-verify mode and erase-verify mode is entered by
setting SWE2 when FWE (FLMCR1) = 1, then setting the EV2 bit and the PV2 bit. Program modk
is entered by setting SWE2 when FWE (FLMCR1) = 1, then setting the SWE?2 bit and PSU2 bit,
and finally setting the P2 bit.

With addresses H'40000 to H'47FFF, erase mode is entered by setting SWE2 when FWE
(FLMCR1) = 1, then setting the ESUZ2 bit , and finally setting the E2 bit. FLMCR2 is initialized to
H'00 by a reset, in standby mode or watch mode, when a low level is input to the FWE pin, and
when a high level is input to the FWE pin while the SWE2 bit in FLMCR?2 is set to 1. FLER can
be initialized only by a reset.

Writes to the SWE2 bit in the FLMCR2 are enabled only when FWE (FLMCR1) = 1; writes to the
ESU2, PSV2, EV2, and PV2 bits only when FWE (FLMCR1) = 1 and SWE2 = 1; writes to the E2
bit only when FWE (FLMCR1) =1, SW2 =1, and ESU2 = 1, writes to the P2 bit only when FWE
(FLMCR1) =1, SWE2 =1, and PSU2 = 1.

Bit 700 Flash Memory Error (FLER): Indicates that an error has occurred during an operation
on flash memory (programming or erasing). When FLER is set to 1, flash memory goes to the
error-protection state.

Bit 7
FLER Description
0 Flash memory is operating normally
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]
Reset (Initial value)
1 An error has occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection) is enabled
[Setting condition]
See section 7.6.3, Error Protection
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Bit 60 Software Write Enable 2 (SWEZ2):Enables or disables flash memory programming
(target address range: H'40000 to H'47FFF). SW2 should be set when setting bits 5 to 0 and bit
to 4 in EBR2.

Bit 6

TSWE2 Description
0 Writes are disabled (Initial value)
1 Writes are enabled

[Setting condition]
Setting is available when FWE=1 is selected

Bit 500 Erase Set-up 2 (ESU2)Prepares for erase mode. (Target address range: H'40000 to
H'47FFF). Do not set the PSU2, EV2, PV2, W2, P2 bits at the same time.

Bit 5

ESU2 Description

0 Erase set-up cleared (Initial value)
1 Transition to erase set-up mode

[Setting condition]
Setting is enabled when FWE=1 and SWE2=1 are selected

Bit 400 Program Set-up 2 (PSU2)Prepares for program mode (Target address rang: H'40000 to
H'47FFF). Do not set the ESU2, EV2, PV2, E2, P2 bits at the same time.

Bit 4

“psu2 Description
0 Program set-up cleared (Initial value)
1 Transition to program set-up mode

[Setting condition]
Setting is enabled when FWE=1 and SWE2=1 are selected

Bit 300 Erase-Verify 2 (EV2): Selects erase-verify mode transition or clearing (target address
range : H'40000 to H'47FFF). Do not set the ESU2, PSU2, PV2, E2, P2 bits at the same time.

Bit 3

EV2 Description

0 Erase-verify mode cleared (Initial value)
1 Transition to erase-verify mode

[Setting condition]
Setting is available when FWE=1 and SWE2=1 are selected
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Bit 200 Program-Verify 2 (PV2): Selects program-verify mode transition or clearing (target
address range: H'40000 to H'47FFF). Do not set the ESU2, PSU2, EV2, E2, and P2 bits at the

same time.

Bit 2

PV2 Description

0 Program-verify mode cleared

1

Transition to program-verify mode
[Setting condition]
Setting is available when FWE=1 and SWE2=1 are selected

Bit 101 Erase 2 (E2):Selects erase mode transition or clearing (target address range: H'40000 to
H'47FFF, do not set the ESU2, PSU2, EV2, PV2, and P2 bhits at the same time.

Bit 1
E2 Description
0 Erase mode cleared

Transition to erase mode
[Setting condition]
Setting is available when FWE=1, SWE2=1, and ESU2=1 are selected

Bit 000 Program 2 (P2): Selects program mode transition or clearing (target address range:
H'40000 to H'47FFF). Do not set the ESU2, PSU2, EV2, PV2, and E2 bits at the same time.

Bit0
P2 Description
0 Program mode cleared

Transition to program mode
[Setting condition]
Setting is available when FWE=1, SWE2=1, and PSU2=1 are selected

Rev. 1.0, 02/01, page 140 of 1184

RENESAS



7.3.3 Erase Block Register 1 (EBR1)

Bit : 7 6 5 4 3 2 1 0
EBR2 1| EB7 | EB6 | EB5 | EB4 | EB3 | EB2 | EB1 | EBO |
Initial value : 0 0 0 0 0 0 0 0

RW :  R/W R/W R/W R/W R/W R/W R/W R/W
EBR1 is an 8-bit register that specify the flash memory erase area block by block.

EBR1 is initialized to H'00 by a reset, in standby mode or watch mode, when a low level is input
to the FWE pin, and when a high level is input to the FWE pin and the SWEL1 bit in FLMCR1 is
not set. When a bit in EBR1 is set to 1, the corresponding block can be erased. Other blocks ar
erase-protected. Set only one bit in EBR1 and EBR2. More than one bit cannot be set. If set, all
bits are cleared to 0.

Table 7.3 shows the flash memory block configuration.

7.3.4 Erase Block Register 2 (EBR2)

Bit : 7 6 5 4 3 2 1 0
EBR2 1| EB15 | EB14 | EB13 | EB12 | EB11 | EB10 | EB9 | EBS8 |
Initial value : 0 0 0 0 0 0 0 0

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

EBR2 is an 8-bit register that specify the flash memory erase area block by block; EBR2 is

initialized to H'00 by a reset, in standby mode or watch mode, and when a low level is input to t
FWE pin. Bits 3 to 0 are initialized to 0 when a high level is input to the FWE pin and the SWE1
in FLMCR1 is not set. Bits7 to 4 are initialized to 0 when the SWE2 in FLMCRZ2 is not set. Wher
a bit in EBR2 is set to 1, the corresponding block can be erased. Other blocks are erase-protect

Set only one bit in EBR1 and EBR2. More than one bit cannot be set. If set, all bits are cleared t
0.

The flash memory block configuration is shown in table 7.3.
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Table 7.3  Flash Memory Erase Blocks

Block (Size) Address

EBO (4 kbytes) H'000000 to H'000FFF
EB1 (4 kbytes) H'001000 to H'001FFF
EB2 (4 kbytes) H'002000 to H'002FFF
EB3 (4 kbytes) H'003000 to H'003FFF
EB4 (4 kbytes) H'004000 to H'004FFF
EB5 (4 kbytes) H'005000 to H'005FFF
EB6 (4 kbytes) H'006000 to H'006FFF
EB7 (4 kbytes) H'007000 to H'007FFF
EB8 (32 kbytes) H'008000 to H'00FFFF
EB9 (64 kbytes) H'010000 to H'01FFFF
EB10 (64 kbytes) H'020000 to H'02FFFF
EB11 (64 kbytes) H'030000 to H'03FFFF
EB12 (1 kbyte) H'040000 to H'0403FF
EB13 (1 kbyte) H'040400 to H'0407FF
EB14 (2 kbytes) H'040800 to H'040FFF
EB15 (28 kbytes) H'041000 to H'047FFF

7.3.5 Serial/Timer Control Register (STCR)

Bit : 7 6 5 4 3 2 1 0

| — | IICX1 | 1ICX0 | — | FLSHE |OSROME| — | — |
Initial value 0 0 0 0 0 0 0 0
R/W : — R/W R/W — R/W R/W — —

STCR is an 8-bit read/write register that controls #@ebus interface operating mode, on-chip
flash memory (in F-ZTAT versions), and OSD ROM. For details on IIC bus interface, refer to
section 23,C Bus Interface. If a module controlled by STCR is not used, do not write 1 to the
corresponding bit. STCR is initialized to H'00 by a reset.

Bits 6 and 31 I°C Control (IICX1, IICX0): These bits control the operation of th& bus
interface. For details, see section 23, Bus Interface.
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Bit 300 Flash Memory Control Register Enable (FLSHE):Setting the FLSHE bit to 1 enables
read/write access to the flash memory control registers. If FLSHE is cleared to 0, the flash
memory control registers are deselected. In this case, the flash memory control register conten
are retained.

Bit 3

FLSHE Description

0 Flash memory control registers deselected (Initial value)
1 Flash memory control registers selected

Bit 20 OSD ROM Enable (OSROME): Controls the OSD character data ROM (OSDROM)
access. When this bit is set to 1, the OSDROM can be accessed by the CPU, and when this bit
cleared to 0, the OSDROM cannot be accessed by the CPU but accessed by the OSD module.

Before writing to or erasing the OSDROM in the F-ZTAT version, be sure to set this bit to 1.

Note: During OSD display, the OSDROM cannot be accessed by the CPU. Before accessing t
OSDROM by the CPU, be sure to clear the OSDON bit in the screen control register to C
then set the OSROME bit to 1. If the OSROME bit is set to 1 during OSD display, the
character data ROM cannot be accessed correctly by CPU.

Bit 2

" OSROME Description
0 OSD ROM is accessed by the OSD (Initial value)
1 OSD ROM is accessed by the CPU

Bits 7, 4, 1 and O Reserved:Always read as 0. Do not write 1 to these bits.
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7.4 On-Board Programming Modes

When pins are set to on-board programming mode, program/erase/verify operations can be
performed on the on-chip flash memory. There are two on-board programming modes: boot moc
and user program mode. The pin settings for transition to each of these modes are shown in tab
7.4. For a diagram of the transitions to the various flash memory modes, see figure 7.3.

Table 7.4  Setting On-Board Programming Modes

Mode Pin

Mode Name FWE MDO P12 P13 P14
Boot mode 1 0 1** 1** 1*?
User program mode 1** 1 g g g

Notes: 1. In user program mode, the FWE pin should not be constantly setto 1. Set FWE to 1 to
make a transition to user program mode before performing a program/erase/verify

operation.

2. Can be used as I/O ports after boot mode is initiated.
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7.4.1 Boot Mode

When boot mode is used, the flash memory programming control program must be prepared in
host beforehand. The channel 1 SCI to be used is set to asynchronous mode.

When a reset-start is executed after the LSI’'s pins have been set to boot mode, the boot progra
built into the LSI is started and the programming control program prepared in the host is serially
transmitted to the LSI via the SCI. In the LSI, the programming control program received via the
SCI is written into the programming control program area in on-chip RAM. After the transfer is
completed, control branches to the start address of the programming control program area and
programming control program execution state is entered (flash memory programming is
performed).

The transferred programming control program must therefore include coding that follows the
programming algorithm given later.

Figure 7.7 shows the system configuration in boot mode. Figure 7.8 shows the boot program m
execution procedure.

This LSI

Flash memory

Host Write data reception i
Verify data _
e SCI1 -
- transmission so1 On-chip RAM

Figure 7.7 System Configuration in Boot Mode
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Set pins to boot mode
and execute reset-start

Host transfers data (H'00)
continuously at prescribed bit rate

The LSI measures low period
of H'00 data transmitted by host

The LSI calculates bit rate and
sets value in bit rate register

Host transmits number
of programming control program
bytes (N), upper byte followed

by lower byte
I

After bit rate adjustment, the LSI
transmits one H'00 data byte to
host to indicate end of adjustment

The LSI transmits received
number of bytes to host as verify
data (echo-back)
|

Host confirms normal reception
of bit rate adjustment end
indication (H'00), and transmits

Host transmits programming control

program sequentially in byte units

one H'55 data byte
|

After receiving H'55,
LSI transmits one H'AA
data byte to host

The LSI transmits received
programming control program to
host as verify data (echo-back)

Transfer received programming
control program to on-chip RAM

<
Y

es

End of transmission

Check flash memory data, and
if data has already been written,
erase all blocks

After confirming that all flash
memory data has been erased,
The LSI transmits one H'AA
data byte to host
I

Execute programming control
program transferred to on-chip RAM

Crien ]

Note: If a memory cell does not operate normally and cannot be erased, one H'FF byte is
transmitted as an erase error, and the erase operation and subsequent operations

are halted.

Figure 7.8 Boot Mode Execution Procedure
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Automatic SCI Bit Rate Adjustment

St oy | p1 | p2 | b3 | Da | D5 | D6 | D7 | S
bit bit
- Low period (9 bits) measured (H'00 data) ; ‘High peric;j

(1 or more bits)

Figure 7.9 Automatic SCI Bit Rate Adjustment

When boot mode is initiated, the LSl measures the low period of the asynchronous SCI
communication data (H'00) transmitted continuously from the host. The SCI transmit/receive
format should be set as follows: 8-bit data, 1 stop bit, no parity. The LSI calculates the bit rate ¢
the transmission from the host from the measured low period, and transmits one H'00 byte to th:
host to indicate the end of bit rate adjustment. The host should confirm that this adjustment enc
indication (H'00) has been received normally, and transmit one H'55 byte to the LSI. If receptiot
cannot be performed normally, initiate boot mode again (reset), and repeat the above operation:
Depending on the host's transmission bit rate and the LSI system clock frequency, there will be
discrepancy between the bit rates of the host and the LSI. To ensure correct SCI operation, the
host's transfer bit rate should be set to (4800, 9600, 19200) bps.

Table 7.5 shows typical host transfer bit rates and system clock frequencies for which automatic
adjustment of the LSI’s bit rate is possible. The boot program should be executed within this
system clock range.

Table 7.5  System Clock Frequencies for which Automatic Adjustment of This LSI Bit
Rate Is Possible

Host Bit Rate (bps) System Clock Frequency
4800 8 MHz to 10 MHz
9600 8 MHz to 10 MHz
19200 8 MHz to 10 MHz
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On-Chip RAM Area Divisions in Boot Mode: In boot mode, the 2048-byte area from

H'FFDFBO to H'FFE7AF is reserved for use by the boot program, as shown in figure 7.10. The
area to which the programming control program is transferred is H'FFE7BO0 to HFFFFAF (6144
bytes). The boot program area can be used when the programming control program transferred
into RAM enters the execution state. A stack area should be set up as required.

H'FFDFBO
Boot program
area*
(2048 bytes)
H'FFE7AF
Programming
control program
area
(6144 bytes)
H'FFFFAF
Note: * The boot program area cannot be used until a transition is made to the execution
state for the programming control program transferred to RAM. Note that the boot
program reamins stored in this area after a branch is made to the programming
control program.

Figure 7.10 RAM Areas in Boot Mode
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Notes on Use of Boot Mode:

1. When the LSI comes out of reset in boot mode, it measures the low period of the input at the
SCI's SI1 pin. The reset should end with SI1 pin high. After the reset ends, it takes about 1(
states for the LSI to get ready to measure the low period of the SI1 pin input.

2. In boot mode, if any data has been programmed into the flash memory (if all data is not 1),
flash memory blocks are erased. Boot mode is for use when user program mode is
unavailable, such as the first time on-board programming is performed, or if the program
activated in user program mode is accidentally erased.

3. Interrupts cannot be used while the flash memory is being programmed or erased.
4. The SI1 and SO1 pins should be pulled up on the board.

5. Before branching to the programming control program (H'FFE7BO0 in RAM area), the LSI
terminates transmit and receive operations by the on-chip SCI (channel 1) (by clearing the R
and TE bits in SCR to 0), but the adjusted bit rate value remains set in BRR. The transmit d.
output pin, SO1, goes to the high-level output state (P21PCR =1, P21PDR =1).

The contents of the CPU's internal general registers are undefined at this time, so these
registers must be initialized immediately after branching to the programming control program
In particular, since the stack pointer (SP) is used implicitly in subroutine calls, etc., a stack
area must be specified for use by the programming control program.
The initial values of other on-chip registers are not changed.

6. Boot mode can be entered by making the pin settings shown in table 7.4 and executing a re:
start.
When the LSI detects the boot mode setting at reset release?, it retains that state internally.
Boot mode can be cleared by driving the reset pin low, waiting at least 20 states, then setting
the FWE pin and mode pins, and executing reset release*. Boot mode can also be cleared |
WDT overflow reset.
If the mode pin input levels are changed in boot mode, the boot mode state will be maintaine
in the microcomputer, and boot mode continued, unless a reset occurs. However, the FWE
must not be driven low while the boot program is running or flash memory is being
programmed or erased.

Note: * Mode pin and FWE pin input must satisfy the mode programming setup jigve 4t
states) with respect to the reset release timing.
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7.4.2 User Program Mode

When set to user program mode, the LSI can program and erase its flash memory by executing ¢
user program/erase control program. Therefore, on-board reprogramming of the on-chip flash
memory can be carried out by providing on-board means of FWE control and supply of
programming data, and storing a program/erase control program in part of the program area as
necessary.

In this mode, the LSI starts up in mode 1 and applies a high level to the FWE pin.

The flash memory itself cannot be read while the SWEL1 bit is set to 1 to perform programming or
erasing, so the control program that performs programming and erasing should be run in on-chip
RAM or external memory.

Figure 7.11 shows the procedure for executing the program/erase control program when
transferred to on-chip RAM.

Write the FWE assessment program and
transfer program (and the program/erase
control program if necessary) beforehand

MDO =1
Reset start

!

Transfer program/erase
control program to RAM

'

Branch to program/erase control
program in RAM area

'

FWE = high

'

Execute program/erase control
program (flash memory rewriting)

!

Clear FWE

'

Branch to flash memory
application program

Note: Do not apply a constant high level to the FWE pin. Apply a high level to the FWE pin only
when the flash memory is programmed or erased. Also, while a high level is applied to the
FWE pin, the watchdog timer should be activated to prevent overprogramming or
overerasing due to program runaway, etc.

Figure 7.11 User Program Mode Execution Procedure
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7.5 Programming/Erasing Flash Memory

In the on-board programming modes, flash memory programming and erasing is performed by
software, using the CPU. There are four flash memory operating modes: program mode, erase
mode, program-verify mode, and erase-verify mode. With addresses H'00000 to H'3FFFF,
transitions to these modes can be made by setting the PSU1, ESU1, P1, E1, PV1 and EV1 bits
FLMCR1. With addresses H'40000 to H'47FFF, transitions to these modes can be made by sett
the PSU2, ESU2, P2, E2, PV2, and EV2 bits in the FLMCR?2.

The flash memory cannot be read while being programmed or erased. Therefore, the program 1
controls flash memory programming/erasing (the programming control program) should be
located and executed in on-chip RAM or external memory.

Notes: 1. Operation is not guaranteed if setting/resetting of the SWE1, ESU1, PSU1, EV1, PV:
E1, and P1 bits in FLMCR1, and the SWE2, ESU2, PSU2, EV2, PV2, E2, and P2 in
FLMCR?2, is executed by a program in flash memory.

2. When programming or erasing, set FWE to 1 (programming/erasing will not be
executed if FWE = 0).

3. Perform programming in the erased state. Do not perform additional programming or
previously programmed addresses.

4. Do not write to addresses H'00000 to H'3FFFF and H'40000 to H'47FFF at the same
time. Otherwise operation cannot be guaranteed.

5. Do not operate the OSD when writing or erasing addresses H'40000 to H'47FFF. Do
not set the OSROME in STCR to 1 before manipulating the flash control register.

7.5.1 Program Mode (n=1 when the target address range is H'00000 to H'3FFFF and
n=2 when the target address range is H'40000 to H'47FFF)

Follow the procedure shown in the program/program-verify flowchart in figure 7.12 to write data
or programs to flash memory. Performing program operations according to this flowchart will
enable data or programs to be written to flash memory without subjecting the device to voltage
stress or sacrificing program data reliability. Programming should be carried out 128 bytes at a
time.

Following the elapse of 1)@ or more after the SWEn bit is set to 1 in flash memory control
register n (FLMCRn), 128-byte program data is stored in the program data area and reprogram
data area, and the 128-byte data in the reprogram data area written consecutively to the write
addresses. The lower 8 bits of the start address written to must be H'00, or H'80. One hundred
and twenty-eight consecutive byte data transfers are performed. The program address and
program data are latched in the flash memory. A 128-byte data transfer must be performed eve
writing fewer than 128 bytes; in this case, H'FF data must be written to the extra addresses.
Next, the watchdog timer is set to prevent overprogramming in the event of program runaway, e
Set 6.6 ms as the WDT overflow period. After this, preparation for program mode (program
setup) is carried out by setting the PSUn bit in FLMCRn, and after the elapspobbfhore, the
operating mode is switched to program mode by setting the Pn bit in FLMCRn. The time during
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which the Pn bit is set is the flash memory programming time. Make a program setting for one
programming operation using the table in the programming flowchart.

7.5.2 Program-Verify Mode (n = 1 when the target address range is H'00000 to H'3FFFF
and n = 2 when the target address range is H'40000 to H'47FFF)

In program-verify mode, the data written in program mode is read to check whether it has been
correctly written in the flash memory.

After the elapse of a given programming time, the programming mode is exited (the Pn bit in
FLMCRn is cleared, then the PSUn bit is cleared at lepstlater). The watchdog timer is

cleared after the elapse ofi§ or more, and the operating mode is switched to program-verify
mode by setting the PVn bit in FLMCRn. Before reading in program-verify mode, a dummy write
of H'FF data should be made to the addresses to be read. The dummy write should be executed
after the elapse of 4s or more. When the flash memory is read in this state (verify data is read in
16-bit units), the data at the latched address is read. Wait at |esaft2r the dummy write

before performing this read operation. Next, the originally written data is compared with the
verify data, and reprogram data is computed (see figure 7.12) and transferred to the reprogram
data area. After 128 bytes of data have been verified, exit program-verify mode, wait for at least
ps, then clear the SWEn bit in FLMCRn. If reprogramming is necessary, set program mode agai
and repeat the program/program-verify sequence as before. However, ensure that the
program/program-verify sequence is not repeated more than 1,000 times on the same bits.
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Start of programming

[ Set SWEL (2) bit in FLMCR(2) |

| tsswe: Wait 1 ps |

Write pulse application subroutine

(Prugramming pulse apply subvcutine) Store 128-byte program data in program <4
3 data area and reprogram data area
[ Enable WDT | v
[ n=1 ]
[ setpsu1 (2) bitin FLMCRL (2) | v
| ) |
I tspsu: Wait 50 ps I v
v Write 128-byte program data in RAM reprogram 1
| Set P1 (2) bit in FLMCR1 (2) | data area consecutevely to flash memory
all subroutine
¥ Call subrouti
tsp10 or tsp30 or tsp200: *5 Programming pulse 30 ps or 200 ps Refer to note *6
Wait 10 pis or 30 pis or 200 pis v for the pulse width

[ Set PV1(2) bit in FLMCR1(2) |

[ clear P1(2) bitin FLMCR1 (2) ]

I I tspv: Wait 4 ps I
>y

[ H'FF dummy write to verify address |

I tcp: Wait 5 ps

| _clear PSU1(2) bitin FLMCR1 (2) |
L2

[ Topsu- Wail 5 15 | [ incrementaddress | | tspvr: Wait 2 pis |
v
[ Disable WDT ] [ Read verify data ]*2
End of subroutine
Note: 6. Programming pulse width Program data= verify data?
Number of times Programming
of programming time (z) ps
T 30 oy 1€
: D o
2 30 | Calculate additional program data |
Z gg | Transfer i program data to i program data area | *4
.
7 200
8 200 I Calculate reprogram data |*3
9 200
10 200 | Transfer reprogram data to reprogram data area |*4
11 200
l; 200 Complete 128-byte
L NG data verification?
998 200 [ Clear PV1(2) bit in FLMCR1(2) |
999 200 A4
1000 200 [ tcpv: Wait 2 pis |

The programming pulse must be 10 ps in

addiional programming R

RAM oK

| Write 128-byte program data in RAM additional

Program data storage are data area consecutively to flash memory
(128 bytes) v Call subroutine
I I Write pulse additional program pulse 10 ps I I
T

Reprogram data storage

area (128 bytes) @ NG @ NG

OK OK
Additional program data [ Clear SWE1(2) bit in FLMCR1(2) I Clear SWE1 (2) bit in FLMCR1(2) |
storage area (128 bytes) v v
I tcswe: Wait 100 ps " tcwe: Wait 100 ps I
End of programming Programming Failure
Perform programming after erasing data. Do not perform to that have already been written to.

Notes: 1. Data transfer is performed by byte transfer. The lower elght bits of the start address must be H'00 or H'80. A 128-byte data transfer must be performed even if writing
fewer than 128 bytes: in this case, H'FF must be written to the extra addresses.

2. Verify data is read in 16-bit (word) units.
3. Evenin case of the bit which is already-programmed in the 128-byte programming loop, perform additional programming if the bit fails at the next verify.
4. An area for storing program data (128 bytes), reprogram data (128 bytes), and additional program (128bytes) must be provided in RAM. The contents of the reprogram
and additional program areas are rewritten as programming processes.
5. A 30 ps or 200 ps programming pulse must be applied.
For details on programming pulse, refer to Notes*6.
To perform additional data programming, apply a programming pulse of 10 ps. Reprogram data X' is the reprogram data after program pulse is applied.
Reprogram Data Calculation Table Additiona | program data table
Source Data (D) | Verify data (V) | Reprogram data (X) Comments [Reprogram data ()] Verify data (V) | Additional program data (Y) Comments
1 0 0 0 Additional programming
0 1 0 Programming incomplete; reprogram 0 1 1 Additional programming not performed
1 0 1 1 0 1
1 1 1 Still in erased state; no action 1 1 1 Additional programming not performed

Figure 7.12 Program/Program-Verify Flowchart
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7.5.3 Erase Mode (n = 1 when the target address range is H'00000 to H'3FFFF and n = 2
when the target address range is H'40000 to H'47FFF)

Flash memory erasing should be performed block by block following the procedure shown in the
erase/erase-verify flowchart (single-block erase) shown in figure 7.13.

To perform data or program erasure, make a 1 bit setting for the flash memory area to be erased
erase block register 1 or 2 (EBR1 or EBR?2) at leas after setting the SWEnR bit to 1 in flash
memory control register n (FLMCRn). Next, the watchdog timer is set to prevent overerasing in
the event of program runaway, etc.

Set more than 19.8 ms as the WDT overflow period. After this, preparation for erase mode (erase
setup) is carried out by setting the ESUn bit in FLMCRn, and after a elapse o &0@nore, the
operating mode is switched to erase mode by setting the En bit in FLMCRn. The time during
which the En bit is set is the flash memory erase time. Ensure that erase time does not exceed 1
ms.

Note: With flash memory erasing, preprogramming (setting all data in the memory to be erased
to 0) is not necessary before starting the erase procedure.
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START *1

[ set SWE1 (2) bitin FLMCRL (2) |
¥

| tsswe: Wait 1 ps |
ot ]
I n=1 |
L]
[ Set EBRL (2) | +3

[ Enable WDT |
[]

[ setEsui (2)bitin FLMCR1 (2) |
1]

[ tsesu: Wait 100 ps |

[ setEi(@bitinFLMCR1(2) |
1

| tse: Wait 10 ms |

[ clearE1(2) bitin FLMCR1(2) |
1]

| tce: Wait 10 ps |

[ clear ESUL (2) bitin FLMCR1 (2) |

| tcesu: Wait 10 ps |
[
[ Disable WDT |

[ setEvibitinFLMCRL (2) |
[}

[ tsev: W:it 20 ps | nen+l

Set block start address to
verify address

[ HFF dummy write to verify address |

[ tsevr: Wait 2 ps |

Increment
address

Read verify data | *2

NO

Verify data =
all1?

Last address
of block?

[ clear Ev1 (2) bitin FLMCR1 (2) | [ clear EV1 (2) bitin FLMCR1 (2) |
| tcev: Wait 4 ps | | tcev: Wait 4 ps |
*4 *5
NO End of erasing of NO

all erase blocks?
YES
[ clear SWEL (2) bitin FLMCR1 (2) | [ clear SWE1 (2) bitin FLMCR1 (2) |
[ teswe: Wait 100 pis | [ teswe: Wait 100 pis |

End of erasing

Notes: 1. Preprogramming (setting erase block data to all 0) is not necessary.

2. Verify data is read in 16-bit (word) units.

3. Set only one bitin EBR. More than two bit cannot be set.

4. Erasing is performed in block units. To erase a number of blocks, the individual blocks must be erased sequentially.
5. For the value of N, see table 31.32, Flash Memory Characteristics.

Figure 7.13 Erase/Erase-Verify Flowchart
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754 Erase-Verify Mode (n = 1 when the target address range is H'00000 to H'3FFFF
and n = 2 when the target address range is H'40000 to H'47FFF)

In erase-verify mode, data is read after memory has been erased to check whether it has been
correctly erased.

After the elapse of the erase time, erase mode is exited (the En bit in FLMCRn is cleared, then tf
ESUn hit is cleared at least 8 later), the watchdog timer is cleared after the elapse jo$ H0

more, and the operating mode is switched to erase-verify mode by setting the EVn bit in
FLMCRn. Before reading in erase-verify mode, a dummy write of H'FF data should be made to
the addresses to be read. The dummy write should be executed after the elapse af B.ore.

When the flash memory is read in this state (verify data is read in 16-bit units), the data at the
latched address is read. Wait at legss 2fter the dummy write before performing this read
operation. If the read data has been erased (all 1), a dummy write is performed to the next
address, and erase-verify is performed. If the read data has not been erased, set erase mode ac
and repeat the erase/erase-verify sequence in the same way. However, ensure that the erase/el
verify sequence is not repeated more than 100 times. When verification is completed, exit erase
verify mode, and wait for at leasié. If erasure has been completed on all the erase blocks, clear
the SWEnN bit in FLMCRn. If there are any unerased blocks, make a 1 bit setting for the flash
memory area to be erased, and repeat the erase/erase-verify sequence in the same way.
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7.6 Flash Memory Protection

There are three kinds of flash memory program/erase protection: hardware protection, software
protection, and error protection.

7.6.1 Hardware Protection

Hardware protection refers to a state in which programming/erasing of flash memory is forcibly
disabled or aborted. Hardware protection is reset by settings in flash memory control registers :
and 2 (FLMCR1, FLMCR?2) and erase block registers 1 and 2 (EBR1, EBR2). (See table 7.6.)

In error protected state, the FLMCR1, FLMCR2, EBR1, and EBR2 settings are maintained.

Table 7.6 Hardware Protection

Functions

Item Description Program Erase
FWE pin ¢ When a low level is input to the FWE pin, FLMCR1, Yes Yes
protection FLMCR?2 (excluding the FLER bit), EBR1, and EBR2

are initialized, and the program/erase-protected state

is entered
Reset/standby < In areset (including a WDT overflow reset) and in Yes Yes
protection standby mode or watch mode, FLMCR1, FLMCR2,

EBR1, and EBR2 are initialized, and the
program/erase-protected state is entered

« In areset via the RES pin, the reset state is not
entered unless the RES pin is held low until oscillation
stabilizes after powering on. In the case of a reset
during operation, hold the RES pin low for the RES
pulse width specified in the AC characteristics
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7.6.2 Software Protection

Software protection can be implemented by setting the SWE1 bit in FLMCR1 and SWE?2 bit in
FLMCR2 and erase block registers 1 and 2 (EBR1, EBR2). When software protection is in effect
setting the P1 or E1 bit in flash memory control register 1 (FLMCRZ1) or P2 or E2 bit in flash
memory control register 2 (FLMCR2) does not cause a transition to program mode or erase mod:
(See table 7.7.)

Table 7.7  Software Protection

Functions

Item Description Program Erase
SWE bit ¢ Clearing the SWE bit to 0 in FLMCRL1 sets the Yes Yes
protection program/erase-protected state for all blocks

(Execute in on-chip RAM or external memory)
Block ¢ Erase protection can be set for individual blocks by g Yes
specification settings in erase block registers 1 and 2 (EBR1, EBR2)
protection ¢ Setting EBR1 and EBR2 to H'00 places all blocks in

the erase-protected state
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7.6.3 Error Protection

In error protection, an error is detected when MCU runaway occurs during flash memory
programming/erasing, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

If the MCU malfunctions during flash memory programming/erasing, the FLER bit is setto 1 in
FLMCR2 and the error protection state is entered. The FLMCR1, FLMCR2, EBR1, and EBR2
settings are retained, but program mode or erase mode is aborted at the point at which the errol
occurred. Program mode or erase mode cannot be re-entered by re-setting the P or E bit.
However, PV1, PV2, EV1 and EV2 bit setting is enabled, and a transition can be made to verify
mode.

FLER bit setting conditions are as follows:

* When flash memory is read during programming/erasing (including a vector read or instructic
fetch)

* Immediately after exception handling (excluding a reset) during programming/erasing
* When a SLEEP instruction (including standby) is executed during programming/erasing

Error protection is released only by a reset and in hardware standby mode.

Figure 7.14 shows the flash memory state transition diagram.

Reset
(hardware protection)

Program mode
Erase mode

DVFPRERFLER=0

FLMCR1, FLMCR2,
EBR1, EBR?2 initialization

Error protection
mode (power-down mode)

Error protection mode

Power-down mode
_ T
—————————

Power-down mode release

FLMCR1, FLMCR?2 (except FLER bit), EBR1, EBR2
initialization state

Legend:

RD: Memory read possible RD: Memory read impossible
VF: Verify-read possible VF : Verify-read impossible
PR: Programming possible PR: Programming impossible
ER: Erasing possible ER: Erasing impossible

Figure 7.14 Flash Memory State Transitions

Rev. 1.0, 02/01, page 159 of 1184
RENESAS



7.7 Interrupt Handling when Programming/Erasing Flash Memory

All interrupts are disabled when flash memory is being programmed or erased (when the P1 or E
bit is set in FLMCR1, or the P2 or E2 bit is set in FLMR?2), and while the boot program is
executing in boot modeto give priority to the program or erase operation. There are three
reasons for this:

» Interrupt during programming or erasing might cause a violation of the programming or
erasing algorithm, with the result that normal operation could not be assured.

* In the interrupt exception handling sequence during programming or erasing, the vector woulc
not be read correctfy possibly resulting in MCU runaway.

» If interrupt occurred during boot program execution, it would not be possible to execute the
normal boot mode sequence.

For these reasons, in on-board programming mode alone there are conditions for disabling
interrupt, as an exception to the general rule. However, this provision does not guarantee norma
erasing and programming or MCU operation. All requests must therefore be disabled inside and
outside the MCU during FWE application. Interrupt is also disabled in the error-protection state
while the P1 or E1 bit remains set in FLMCR1, or the P2 or E2 bit remains set in FLMCR2.

Notes: 1. Interrupt requests must be disabled inside and outside the MCU until data write by the
write control program is complete.
2. The vector may not be read correctly in this case for the following two reasons:
» If flash memory is read while being programmed or erased (while the P or E bit is
setin FLMCR1 or FLMCR?2), correct read data will not be obtained (undetermined
values will be returned).

 If the interrupt entry in the interrupt vector table has not been programmed yet,
interrupt exception handling will not be executed correctly.
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7.8 Flash Memory Programmer Mode

7.8.1 Programmer Mode Setting

Programs and data can be written and erased in programmer mode as well as in the on-board
programming modes. In programmer mode, flash memory read mode, auto-program mode, aut
erase mode, and status read mode are supported with these device types. In auto-program mo
auto-erase mode, and status read mode, a status polling procedure is used, and in status read |
detailed internal signals are output after execution of an auto-program or auto-erase operation.

7.8.2 Socket Adapters and Me

mory Map

In programmer mode, a socket adapter is mounted on the PROM programmer. The socket ada

product codes are listed in table 7.

8.

Figure 7.15 shows the memory map in programmer mode.

Table 7.8  Socket Adapter Product Codes

Product Codes Package Socket Adapter Product Code
HD64F2199R 112-pin QFP ME2199ESHF1H
(Minato Electronics)
H8S/2199R
MCU mode Programmer mode
H'000000 H'00000
On-chip ROM area
H'047FFF H'47FFF

Figure 7.15 Memory Map in Programmer Mode

RENESAS
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7.8.3 Programmer Mode Operation

Table 7.9 shows how the different operating modes are set when using programmer mode, and
table 7.10 lists the commands used in programmer mode. Details of each mode are given below

* Memory Read Mode: Memory read mode supports byte reads.

» Auto-Program Mode: Auto-program mode supports programming of 128 bytes at a time.
Status polling is used to confirm the end of auto-programming.

» Auto-Erase Mode: Auto-erase mode supports automatic erasing of the entire flash memory.
Status polling is used to confirm the end of auto-erasing.

» Status Read Mode: Status polling is used for auto-programming and auto-erasing, and norma
termination can be confirmed by reading the 106 signal. In status read mode, error
information is output if an error occurs.

Table 7.9  Settings for Each Operating Mode in Programmer Mode

Pin Names
Mode FWE CE OE WE I00to 107  AOto Al7
Read HorlL L L H Data output  Ain
Output disable HorlL L H H Hi-z X
Command write  Hor L*® L H L Data input Ain*?
Chip disable** HorL H X X Hi-z X

Notes: 1. Chip disable is not a standby state; internally, it is an operation state.
2. Ain indicates that there is also address input in auto-program mode.

3. For command writes when making a transition to auto-program or auto-erase mode,
input a high level to the FWE pin.

Table 7.10 Programmer Mode Commands

1st Cycle 2nd Cycle
Number of
Command Name Cycles Mode  Address Data Mode  Address Data
Memory read mode 1+n write X H'00 Read RA Dout
Auto-program mode 129 write X H'40 write WA Din
Auto-erase mode 2 write X H'20 write X H'20
Status read mode 2 write X H'71 write X H'71

Notes: 1. In auto-program mode. 129 cycles are required for command writing by a simultaneous
128-byte write.
2. In memory read mode, the number of cycles depends on the number of address write
cycles (n).
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7.8.4 Memory Read Mode

» After the end of an auto-program, auto-erase, or status read operation, the command wait st
is entered. To read memory contents, a transition must be made to memory read mode by
means of a command write before the read is executed.

» Command writes can be performed in memory read mode, just as in the command wait state
* Once memory read mode has been entered, consecutive reads can be performed.
» After power-on, memory read mode is entered.

Table 7.11 AC Characteristics in Memory Read Mode (1) — Preliminary -
Conditions: V.. =5.0 V+10%, V=0V, Ta = 28C +5°C
Item Symbol Min Max Unit
Command write cycle _ 20 O ps
CE hold time t,, 0 ns
CE setup time t,. 0 0 ns
Data hold time t, 50 O ns
Data setup time t, 50 O ns
Write pulse width toep 70 O ns
WE rise time t 0 30 ns
WE fall time t, 0 30 ns
Command write Memory read mode
Al18 to AO >< ADDRESS STABLE
— e |
CE ey eon ] \ /
— T e e !
oE b 1 [

Note: Data is latched on the rising edge of WE.

Figure 7.16 Memory Read Mode Timing Waveforms after Command Write
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Table 7.12 AC Characteristics when Entering Another Mode from Memory Read Mode

— Preliminary -

Conditions: V.. =5.0 V+10%, V=0V, Ta = 28C +5°C
Item Symbol Min Max Unit
Command write cycle toe 20 O ps
CE hold time t, 0 ns
CE setup time t,. 0 ns
Data hold time t, 50 O ns
Data setup time t, 50 O ns
Write pulse width toep 70 O ns
WE rise time t 0 30 ns
WE fall time t, 0 30 ns

| Other mode command write

A18 to AO >< ADDRESS STABLE

107 to 100 DATA

Note: Do not enable WE and OE at the same time.

Figure 7.17 Timing Waveforms when Entering Another Mode from Memory Read Mode
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Table 7.13 AC Characteristics in Memory Read Mode (2) — Preliminary -

Conditions: V.= 5.0 V+10%, \[,= 0 V, Ta = 25C +5°C

Item Symbol Min Max Unit
Access time toce O 20 ps
CE output delay time t, 0 150 ns
OE output delay time t, 0 150 ns
Output disable delay time ty O 100 ns
Data output hold time t, 5 O ns

Al8 to AO D< ADDRESS STABLE >< ADDRESS STABLE ><

A
m

‘ viL
°F : — face - VL
WE ! ! — 1 i— VH
——-— | —— -
| tacc | on, 1 on'!
107 to 100 : < DATA ! > < DATA | >

Figure 7.18 Timing Waveforms forCE/OE Enable State Read

Al8to AO 3< ADDRESS STABLE >< ADDRESS STABLE ><
! tacc

E — L
i : fee 3 ¥ : e 1 ;
ﬁ 3 3 \ th 3 3 y: 3 ~ toe 3 ‘

_ : : VIH
WE : ! e : - e
- 1 it 3 o
107 to 100 3 < DATA | > < DATA| >>—
: - : -
ton toh

Figure 7.19 Timing Waveforms forCE/OE Clocked Read
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7.8.5 Auto-Program Mode

AC Characteristics

Table 7.14 AC Characteristics in Auto-Program — Preliminary -
Conditions: V.. =5.0 V+10%, V=0V, Ta = 28C +5°C

Item Symbol Min Max Unit
Command write cycle toe 20 O ps
CE hold time t,, 0 ns
CE setup time t,. 0 ns
Data hold time t, 50 O ns
Data setup time t, 50 O ns
Write pulse width e 70 O ns
Status polling start time te O ms
Status polling access time tea 150 ns
Address setup time s O ns
Address hold time t 60 O ns
Memory write time te 3000 ms
WE rise time t 0 30 ns
WE fall time t, 0 30 ns
Write setup time ts 100 O ns
Write end setup time t 100 O ns
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FWE
tpns tpnh
A18 to A0 ADDRESS STABLE
— —- | )
CE _\ tee \ tas tan| \ / \ -
| tnxtc —
OE
T_. tnxtc
WE Pt \_VS \ / Data transfer twsts tspd
ces 1 byte to 128 bytes tyrite(1 to 3,000 ms)
t t, I\ Programming operation !
107 ' N
7 - —
tys
tan Programming normal end
106 [ \ ( \ < > identification signal \ |
— — —\ Programming wait
105 to 100 \ H'40 ) \ DATA;, \QDATA;, H'00

Figure 7.20 Auto-Program Mode Timing Waveforms

Notes on Use of Auto-Program Mode

* In auto-program mode, 128 bytes are programmed simultaneously. This should be carried c
by executing 128 consecutive byte transfers.

» A 128-byte data transfer is necessary even when programming fewer than 128 bytes. In this
case, H'FF data must be written to the extra addresses.

* The lower 8 bits of the transfer address must be H'00 or H'80. If a value other than an effect
address is input, processing will switch to a memory write operation but a write error will be
flagged.

* Memory address transfer is performed in the second cycle (figure 7.20). Do not perform
transfer after the second cycle.

* Do not perform a command write during a programming operation.

» Perform one auto-programming operation for a 128-byte block for each address.
Characteristics are not guaranteed for two or more programming operations.

» Confirm normal end of auto-programming by checking 106. Alternatively, status read mode
can also be used for this purpose (107 status polling uses the auto-program operation end
identification pin).

» The status polling 106 and 107 pin information is retained until the next command write.
Until the next command write is performed, reading is possible by enatHimmdOE.
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7.8.6

AC Characteristics

Auto-Erase Mode

Table 7.15 AC Characteristics in Auto-Erase Mode — Preliminary -
Conditions: V.. =5.0 V+10%, V=0V, Ta = 28C +5°C
Item Symbol Min Max Unit
Command write cycle toe 20 O ps
CE hold time t,, 0 ns
CE setup time t,. 0 ns
Data hold time t, 50 O ns
Data setup time t, 50 O ns
Write pulse width toep 70 O ns
Status polling start time b 1 O ms
Status polling access time tea O 150 ns
Memory erase time erase 100 40000 ms
WE rise time t 0 30 ns
WE fall time t, 0 30 ns
Erase setup time [ 100 O ns
Erase end setup time to, 100 O ns
FWE /. ]
Tens tenn
A18 to A0
I e o / \ )
OE L toxtc fests o ]
WE t; \;W: t, \—/ Torase (100 t0 4000pms) fotc \—
| . /\ dentitation gignal —
> - \_/Erase normalend| _<:
106 I\ /" \identification signa
/ / _/—\—C
CLj, DLin
105 to 100 @ @ < H00

Figure 7.21 Auto-Erase Mode Timing Waveforms
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Notes on Use of Erase-Program Mode
* Auto-erase mode supports only entire memory erasing.
* Do not perform a command write during auto-erasing.

» Confirm normal end of auto-erasing by checking 106. Alternatively, status read mode can al
be used for this purpose (107 status polling uses the auto-erase operation end identification
pin).

* The status polling 106 and |07 pin information is retained until the next command write.
Until the next command write is performed, reading is possible by engliirgdOE.

7.8.7 Status Read Mode

Status read mode is used to identify what type of abnormal end has occurred. Use this mode w
an abnormal end occurs in auto-program mode or auto-erase mode.

The return code is retained until a command write for other than status read mode is performed.

Table 7.16 AC Characteristics in Status Read Mode — Preliminary -

Conditions: V.= 5.0 V+10%, \[,= 0 V, Ta = 25C +5°C

Item Symbol Min Max Unit
Command write cycle toe 20 O ps
CE hold time t,, 0 ns
CE setup time e 0 ns
Data hold time t, 50 O ns
Data setup time t, 50 O ns
Write pulse width toep 70 O ns
OE output delay time ” 0 150 ns
Disable delay time ty O 100 ns
CE output delay time " 0 150 ns
WE rise time t 0 30 ns
WE fall time t 0 30 ns
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Al18 to AO

CE
toxte
tee
OE (| toxc [
twep twep
WE [-— e |
WE tees | ——[tcen tees teen foe Lot —
——- —
& & 1 &
tas tas|
{dh Edh
107 to 100 H71 >> < H71 < DATA >7

Note: 102 and 103 are undefined.

Figure 7.22 Status Read Mode Timing Waveforms

Table 7.17 Status Read Mode Return Commands

Pin Name 107 106 105 104 103 102 101 100

Attribute Normal end Command Programming Erase error 0O O Programming Effective
identification error error or erase count address

exceeded error

Initial value 0 0 0 0 0 0 0 0

Indications Normal Command  Programming Erase error: 1 O O Count Effective
end: 0 error: 1 error: 1 Otherwise: 0 exceeded: 1 addrt.ass
Abnormal Otherwise: 0 Otherwise: 0 Otherwise; 0 &0+ 1
end: 1 Otherwise: 0

Note: 102 and 103 are undefined.
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7.8.8 Status Polling
The 107 status polling flag indicates the operating status in auto-program or auto-erase mode.

The 106 status polling flag indicates a normal or abnormal end in auto-program or auto-erase
mode.

Table 7.18 Status Polling Output Truth Table

Internal Operation

Pin Names in Progress Abnormal End O Normal End
107 0 1 0 1
106 0 0 1 1
100 to 105 0 0 0 0
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7.8.9 Programmer Mode Transition Time

Commands cannot be accepted during the oscillation stabilization period or the programmer moc
setup period. After the programmer mode setup time, a transition is made to memory read mode

Table 7.19 Command Wait State Transition Time Specifications

Item Symbol Min Max Unit
Standby release te 10 O ms
(oscillation stabilization time)
Programmer mode setup time  t_ 10 O ms
V. hold time toun 0 O ms
I (( 1
| | | | ) | | \_
}4—»}4—*—*—88—*—*—*—
Vee votosct 1 tomv ! ¢ ! v tdwn !

(
i | | )J | ‘ |
_— | /‘ ' Memory read | Auto-program mode ;Co_rtr1nt1atnd \Don't care!
RES — | i mode | Auto-erase mode wait state 4 :

' Command wait Normal/abnorma

i
3 | S ‘end identifica-! -
! | state tion . !
! ! ¢ ! +Don't care!
i J i

-~ I~

Note: Except in auto-program mode and auto-erase mode, drive the FWE input pin low.

Figure 7.23 Oscillation Stabilization Time,
Boot Program Transfer Time, and Power Supply Fall Sequence

7.8.10 Notes on Memory Programming

* When programming addresses which have previously been programmed, carry out auto-
erasing before auto-programming.

* When performing programming using programmer mode on a chip that has been
programmed/erased in an on-board programming mode, auto-erasing is recommended befor
carrying out auto-programming.

Notes: 1. The flash memory is initially in the erased state when the device is shipped by Hitachi
For other chips for which the erasure history is unknown, it is recommended that auto-
erasing be executed to check and supplement the initialization (erase) level.

2. Auto-programming should be performed once only on the same address block.
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7.9 Note on Switching from F—ZTAT Version to Mask-ROM Version

The mask ROM version does not have the internal registers for flash memory control that are
provided in the F-ZTAT version. Table 7.20 lists the registers that are present in the F-ZTAT
version but not in the mask ROM version. If a register listed in table 7.20 is read in the mask
ROM version, an undefined value will be returned. Therefore, if application software developed
on the F-ZTAT version is switched to a mask ROM version product, it must be modified to ensut
that the registers in table 7.20 have no effect.

Table 7.20 Registers Present in F-ZTAT Version but Absent in Mask ROM Version

Register Abbreviation Address

Flash memory control register 1 FLMCR1 H'FFF8
Flash memory control register 2 FLMCR2 H'FFF9
Erase block register 1 EBR1 H'FFFA
Erase block register 2 EBR2 H'FFFB
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Section 8 RAM

8.1 Overview

The H8S/2199R, H8S/2198R, H8S/2197R, and H8S/2196R have 4 kbytes, H8S/2197S, and

H8S/2196S have 3 kbytes, and H8S/2199R F-ZTAT version has 8 kbytes of on-chip high-speed
static RAM. The on-chip RAM is connected to the CPU by a 16-bit data bus, enabling both byte
data and word data to be accessed in one state. This makes it possible to perform fast word da

transfer.

8.1.1 Block Diagram

Figure 8.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 hits)

N

Internal data bus (lower 8 bits)

))

H'FFEFBO H'FFEFB1
H'FFEFB2 H'FFEFB3
H'FFEFB4 H'FFEFB5
HFFFFAE HFFFFAF

Figure 8.1 Block Diagram of RAM (H8S/2199R)

Rev. 1.0, 02/01, page 175 of 1184

RENESAS




Rev. 1.0, 02/01, page 176 of 1184
RENESAS



Section 9 Clock Pulse Generator

9.1 Overview

This LSI has a built-in clock pulse generator (CPG) that generates the systengltwk jus
master clock, and internal clocks.

The clock pulse generator consists of a system clock oscillator, a duty adjustment circuit, clock
selection circuit, medium-speed clock divider, subclock oscillator, and subclock division circuit.

9.1.1 Block Diagram

Figure 9.1 shows a block diagram of the clock pulse generator.

@16, @32, @64
12, ewl4, ew/8
0sSCl1 —| System Duty Medium- [ o S?JNB iz, e
clock  — adjustment speed clock | | | POTPSTE e Bus master clock
0sc2 —{ oscillator circuit divider To CPU
Clock
selection
circuit
@SUB
X1 —1 subclock Subclock
oscillator || division '
X2 — circuit Internal clock
To supporting modules
Timer A
count clock GSUB (gw/2, gwi4, gwis)

Figure 9.1 Block Diagram of Clock Pulse Generator

9.1.2 Register Configuration

The clock pulse generator is controlled by SBYCR and LPWRCR. Table 9.1 shows the register
configuration.

Table 9.1 CPG Registers

Name Abbreviation R/W Initial Value Address *
Standby control register SBYCR R/W H'00 H'FFEA
Low-power control register LPWRCR R/W H'00 H'FFEB

Note: * Lower 16 bits of the address.

Rev. 1.0, 02/01, page 177 of 1184
RENESAS



9.2 Register Descriptions

9.2.1 Standby Control Register (SBYCR)

Bit : 7 6 5 4 3 2 1 0
SSBY STS2 STS1 STSO — — SCK1 SCKO0

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W — — R/W R/W

SBYCR is an 8-bit readable/writable register that performs power-down mode control.
Only bits 0 and 1 are described here. For a description of the other bits, see section 4.2.1, Stanc
Control Register (SBYCR). SBYCR is initialized to H'00 by a reset.

Bits 1 and @ System Clock Select 1 and 0 (SCK1, SCK(OJhese bits select the bus master
clock for high-speed mode and medium-speed mode.

Bit 1 Bit 0

SCK1 SCKO Description

0 0 Bus master is in high-speed mode (Initial value)
1 Medium-speed clock is (/16

1 0 Medium-speed clock is ¢/32
1 Medium-speed clock is /64
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9.2.2 Low-Power Control Register (LPWRCR)

Bit: 7 6 5 4 3 2 1 0
DTON LSON | NESEL — — — SAl SAO0

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W — — — R/W R/W

LPWRCR is an 8-bit readable/writable register that performs power-down mode control.

Only bit 1 and 0 is described here. For a description of the other bits, see section 4.2.2, Low-
Power Control Register (LPWRCR).

LPWRCR is initialized to H'0O by a reset.

Bits 1 and @ Subactive Mode Clock Select (SA1, SAOBelect CPU clock for subactive mode.
In subactive mode, writes are disabled.

Bit 1 Bit 0

SAl SAO0 Description

0 0 CPU operating clock is @w/8 (Initial value)
CPU operating clock is @w/4

1 * CPU operating clock is @w/2

Note: * Don't care
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9.3 Oscillator

Clock pulses can be supplied by connecting a crystal resonator, or by input of an external clock.

9.3.1 Connecting a Crystal Resonator

Circuit Configuration: A crystal resonator can be connected as shown in the example in figure
9.2. An AT-cut parallel-resonance crystal should be used.

Cus
—
CLl = CL2 =10to 22pF
osc2 L| }—77‘7
| Cio

Figure 9.2 Connection of Crystal Resonator (Example)

Crystal Resonator: Figure 9.3 shows the equivalent circuit of the crystal resonator. Use a crystal

resonator that has the characteristics shown in table 9.2 and the same frequency as the system
clock (.

L Rs
osc1 0SsC2

AT-cut parallel-resonance type

o—-+
&) —

Figure 9.3 Crystal Resonator Equivalent Circuit

Table 9.2  Crystal Resonator Parameters

Frequency (MHz) 8 10
R.max (Q) 80 60
C,max (pF) 7 7
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Note on Board DesignWhen a crystal resonator is connected, the following points should be
noted.

Other signal lines should be routed away from the oscillator circuit to prevent induction from
interfering with correct oscillation. See figure 9.4.

When designing the board, place the crystal resonator and its load capacitors as close as possil
to the OSC1 and OSC2 pins.

Avoid —— = Signal A Signal B
CLo This LSI
= | T oscC1
—
| 1 0sc2
Cu

Figure 9.4 Example of Incorrect Board Design
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9.3.2 External Clock Input

Circuit Configuration: An external clock signal can be input as shown in the examples in figure
9.5. If the OSC2 pin is left open, make sure that stray capacitance is no more than 10 pF.

In example (b), make sure that the external clock is held high in standby mode, subactive mode,
subsleep mode, and watch mode.

0osc1 J_|_|—|_|_|_ External clock input

0OSsC2 Open

(a) OSC2 pin left open

0oscC1 J_|_|—|_|_|_ External clock input

0SsC2 j

(b) Inverted-phase clock input at OSC2 pin

Figure 9.5 External Clock Input (Examples)
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External Clock: The external clock signal should have the same frequency as the system clock

(.
Table 9.3 and figure 9.6 show the input conditions for the external clock.

Table 9.3  External Clock Input Conditions

V.. =40t055V

Item Symbol  Min Max Unit Test Conditions
External clock input low  t_, 40 O ns Figure 9.6
pulse width
External clock input high  t_,, 40 O ns
pulse width
External clock rise time  t_, O 10 ns
External clock fall time toxs O 10 ns
texn texe

0oscC1

Figure 9.6 External Clock Input Timing

Table 9.4 shows the external clock output settling delay time, and figure 9.7 shows the external
clock output settling delay timing. The oscillator and duty adjustment circuit have a function for
adjusting the waveform of the external clock input at the OSC1 pin. When the prescribed clock
signal is input at the OSC1 pin, internal clock signal output is fixed after the elapse of the extern
clock output settling delay time {,). As the clock signal output is not fixed during thet

period, the reset signal should be driven low to maintain the reset state.
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Table 9.4  External Clock Output Settling Delay Time

Conditions: \,,=4.0Vto55V,AY.,=4.0V1to55V, \(ZAV, =0V

Item Symbol Min Max Unit Notes
External clock output settling toer™ 500 g ps Figure 9.7
delay time

Note: * t_.,, includes 20 t_,. of RES pulse width (t,.,)-

Vee 40 vjﬁ )

: I IAVAYAVAVAVAVAVAY

(Internal)

RES

*
tDE)(T

Note: * tpeyr includes 20 t,. of RES pulse width (tgesy)-

Figure 9.7 External Clock Output Settling Delay Timing
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9.4 Duty Adjustment Circuit

When the oscillator frequency is 5 MHz or higher, the duty adjustment circuit adjusts the duty
cycle of the clock signal from the oscillator to generate the system giock (

9.5 Medium-Speed Clock Divider

The medium-speed divider divides the system clock to gengfid@gp'32, andg@'64 clocks.

9.6 Bus Master Clock Selection Circuit

The bus master clock selection circuit selects the system gpok ¢ne of the medium-speed
clocks €16, @32 or@64) to be supplied to the bus master (CPU), according to the settings of bit
SCK2 to SCKO in SBYCR.
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9.7 Subclock Oscillator Circuit

9.7.1 Connecting 32.768 kHz Crystal Resonator

When using a subclock, connect a 32.768 kHz crystal resonator to X1 and X2 pins as shown in
figure 9.8.

For precautions on connecting, see Note on Board Design, in section 9.3.1 Connecting a Crystal
Resonator.

X1 | i
X2 ml

(1

C1=Cy =15 pF (Typ)

Figure 9.8 Connecting a 32.768 kHz Crystal Resonator (Example)

Figure 9.9 shows a crystal resonator equivalent circuit.

Cs

LS RS
X1 X2

o—+
&) —

Cpo = 1.5 pF (Typ)
Rs =14 kQ (Typ)
fy = 32.768 kHz

Type: MX38T (Nihon Denpa Kogyo Co., Ltd.)

Note: Values shown are the reference values.

Figure 9.9 32.768 kHz Crystal Resonator Equivalent Circuit
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9.7.2 When Subclock is not Needed

Connect X1 pin to ), and X2 pin should remain open as shown in figure 9.10.

T Ve
X1

X2 Open

Figure 9.10 Terminal When Subclock is not Needed

9.8 Subclock Waveform Shaping Circuit

To eliminate noise in the subclock input from the X1 pin, this circuit samples the clock using a
clock obtained by dividing th@ clock. The sampling frequency is set with the NESEL bit in
LPWRCR. For details, see section 4.2.2, Low-Power Control Register (LPWRCR). The clock i
not sampled in subactive mode, subsleep mode, or watch mode.

9.9 Notes on the Resonator

Resonator characteristics are closely related to the user board design. Perform appropriate
assessment of resonator connection, mask version and F-ZTAT, by referring to the connection
example given in this section. The resonator circuit rate differs depending on the free capacity ¢
the resonator and the execution circuit, so consult with the resonator manufacturer before
determination. Make sure the voltage applied to the resonator pin does not exceed the maximu
rated voltage.
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Section 10 /O Port

10.1 Overview

10.1.1  Port Functions

This LSI has seven 8-bit I/O ports (including one CMOS high-current port), and one 8-bit input
port. Table 10.1 shows the functions of each port. Each I/O part a port control register (PCR) tl
controls an input and output and a port data register (PDR) for storing output data. The input ar
output can be controlled in a unit of bit. The pin whose peripheral function is used both as an
alternative function can set the pin function in a unit of bit by a port mode register (PMR).

10.1.2  Port Input

* Reading a Port
O When a general port of PCR = 0 (input) is read, the pin level is read.
O When a general port of PCR = 1 (output) is read, the value of the corresponding PDR bit
read.

O When the pins (excluding AN7 to ANO and RPB7 to RPO pins) set to the peripheral
function are read, the results are as given in items (1) and (2) according to the PCR value

e Processing Input Pins
The general input port or general I/O port is gated by read signals. Unused pins can be left
open if they are not read. However, if an open pin is read, a feedthrough current may apply
during the read period according to an intermediate level. The read period is about one-stat
Relevant ports: PO, P1, P2, P3, P4, P5, P6, P7, and P8

When an alternative pin is set to an alternative function other than the general I/O, always se¢
the pin level to a high or low level. If the pin is left open, a feedthrough current applies
according to an intermediate level, which adversely affects reliability, causes malfunctions,
and in the worst case may damage the pin.

Because the PMR is not initialized in low power consumption mode, pay attention to the pin
input level after the mode has been shifted to the low power consumption mode.

Relevant pinsiC, IRQO to IRQ5, SCK1, SI1, SDA1, SCL1, SDAO*, SCLO*, SYNCI*,
FTIA*, FTIB*, FTIC*, FTID*, RPTRG, TMBI, ADTRG, EXCTL, COMP, DPG, EXCAP,
and EXTTRG

Note: * Not available in the H8S/2197S or H8S/2196S.
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Table 10.1 Port Functions

Function
Switching
Port Description Pins Alternative Functions Register
Port0 P07 to POO input- P0O7/AN7 to Analog data input channels 7 to 0 PMRO
only ports POO/ANO
Port1 P17 to P101/O ports P17/TMOW Prescalar unit frequency division clock PMR1
(Built-in MOS pull-up output
transistors) P16/1C Prescalar unit input capture input
P15/RQ5 to External interrupt request input
P10/IRQO
Port2 P27 to P20 1/O ports  P27/SYNCI Formatless serial clock input* STCR
(Built-in MOS pull-up  p2g/scLO I’C bus interface clock I/O* ICCR
transistors) P25/SDAO FC bus interface data I/O*
P24/SCL1 I’C bus interface clock I/O
P23/SDA1 I’C bus interface data I/O
P22/SCK1 SCI1 clock 11O SMR
P21/Ss0O1 SCI1 transmit data output SCR
P20/sI1 SCI1 receive data input
Port3 P37 to P301/O ports  P37/TMO Timer J timer output PMR3
(Built-in MOS pull-up — p3g/BUZZ Timer J buzzer output
transistors) P35/PWM3 8-bit PWM3 output*
P34/PWM2 8-bit PWM2 output*
P33/PWM1 8-bit PWM1 output
P32/PWMO 8-bit PWMO output
P31/SVv2 Servo monitor output
P30/SV1
Port4 P47 to P40 1/O ports  P47/RPTRG Realtime output port trigger input O
P46/FTOB Timer X output compare B output* TOCR
P45/FTOA Timer X output compare A output*
P44/FTID Timer X input capture D input* O
P43/FTIC Timer X input capture C input*
P42/FTIB Timer X input capture B input*
P41/FTIA Timer X input capture A input*
P40/PWM14 14-bit PWM output* PMR4
Port 6 P63 to P60 1/O ports  P67/RP7/ Realtime output port PMR6
T™MBI Timer B event output PMRA
P66/RP6/ Realtime output port
ADTRG A/D conversion start external trigger
input
P65/RP5 to Realtime output port
P60/RPO
Port7 P77 to P701/0O ports  P77/PPG7/ PPG output PMR7
RPB to P74/ Realtime output port PMRB
PPG4/RP8
P73/PPG3 to PPG output
P70/PPGO
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Function

Switching
Port Description Pins Alternative Functions Register
Port8 P87 to P80 /O ports  P87/DPG DPG signal input PMR8
P86/EXTTRG  External trigger signal input PMRC
P85/COMP/B  Pre-amplifier output result signal
input
Color signal output (B)
P84/H.Amp Pre-amplifier output select signal
SW/IG input
Color signal output (G)
P83/C.Rotary/  Control signal output for
R processing color signals
Color signal output (R)
P82/EXCTL External CTL signal input
P81/EXCAP/ External capstan signal input
Y8o OSD character position output
P80/YCO OSD character data output
Note: This LSI does not have port 5.

*  These alternative functions are not available in the H8S/2197S or H8S/2196S.
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10.1.3 MOS Pull-Up Transistors

The MOS pull-up transistors in ports 1 to 3 can be switched on or off by the MOS pull-up select
registers 1 to 3 (PUR1 to PURS3) in units of bits. Settings in PUR1 to PUR3 are valid when the pi
function is set to an input by PCR1 to PCR3. If the pin function is set to an output, the MOS pull-
up transistor is turned off. Figure 10.1 shows the circuit configuration of a pin with a MOS pull-
up transistor.

STBY

\_“ ( } ' PUR

= ey pa S
—b

PDR

’\Q Input data

Legend

STBY : Low power consumption mode signal
(The pull-up MOS transistor is turned off by the STBY signal in low power
consumption mode except for sleep mode)

PUR  : MOS pull-up select register
PCR  :Port control register
PDR  : Port data register

Figure 10.1 Circuit Configuration of Pin with MOS Pull-Up Transistor
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10.2 Port O

10.2.1  Overview

Port 0 is an 8-bit input-only port. Table 10.2 shows the port O configuration.
Port 0 consists of pins that are used both as standard input ports (P07 to PO0) and analog input
channels (AN7 to ANO). It is switched by port mode register 0 (PMRO).

Table 10.2 Port 0 Configuration

Port Function Alternative Function

Port 0 P07 (standard input port) AN7 (analog input channel)
P06 (standard input port) ANG6 (analog input channel)
PO5 (standard input port) AN5 (analog input channel)
P04 (standard input port) AN4 (analog input channel)
P03 (standard input port) ANS3 (analog input channel)
P02 (standard input port) AN2 (analog input channel)
P01 (standard input port) ANL1 (analog input channel)
P00 (standard input port) ANO (analog input channel)
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10.2.2  Register Configuration
Table 10.3 shows the port O register configuration.

Table 10.3 Port 0 Register Configuration

Name Abbrev. R/W Size Initial Value  Address *
Port mode register 0 PMRO R/W Byte H'00 H'FFCD
Port data register 0 PDRO R Byte O H'FFCO

Note: * Lower 16 bits of the address.

Port Mode Register 0 (PMRO)

Bit : 7 6 5 4 3 2 1
| PMRO7 | PMRO06 | PMRO5 PMRO04 PMRO03 PMRO02 PMRO1 PMROO
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Port mode register 0 (PMRO) controls switching of each pin function of port 0. The switching is
specified in a unit of bit.
PMRO is an 8-bit read/write enable register. When reset, PMRO is initialized to H'0O0.

Bits 7 to 0 PO7/AN7 to POO/ANO Pin Switching (PMRO7 to PMROO)PMRO7 to PMROO set
whether the POn/ANN pin is used as a POn input pin or an ANn pin for the analog input channel o
an A/D converter.

Bit n

"PMROn Description
0 The POn/ANnN pin functions as a POn input pin (Initial value)
1 The POn/ANN pin functions as an ANn input pin

(n=7t00)
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Port Data Register 0 (PDRO)

Bit @ 7 6 5 4 3 2 1
PDRO7 | PDR06 | PDRO5 | PDR04 | PDR0O3 | PDR0O2 | PDRO1 | PDROO
Initial value : — — — — — — — _
R/W : R R R R R R R R

Port data register 0 (PDRO) reads the port states. When the corresponding bit of PMRO is 0
(general input port), the pin state is read if PDRO is read. When the corresponding bit of PMRO
1 (analog input channel), 1 is read if PDRO is read.

PDRO is an 8-bit read-only register. When PDRO is reset, its values become undefined.

10.2.3  Pin Functions
This section describes the pin functions of port O and their selection methods.

PO7/AN7 to POO/ANO:PO7/AN7 to POO/ANO are switched according to the PMROnN bit of PMRO
as shown below.

PMRON Pin Function
0 POn input pin
1 ANn input pin

(n=7t00)
10.2.4  Pin States
Table 10.4 shows the pin O states in each operation mode.
Table 10.4 Port 0 Pin States
Pins Reset Active Sleep Standby Watch Subactive  Subsleep
PO7/AN7 to  High- High- High- High- High- High- High-
POO/ANO impedance impedance impedance impedance impedance impedance impedance
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10.3 Port 1

10.3.1  Overview

Port 1 is an 8-bit I/O port. Table 10.5 shows the port 1 configuration.

Port 1 consists of pins that are used both as standard I/O ports (P17 to P10) and frequency divisi
clock output (TMOW), input capture inputd), or external interrupt request inputRQ5 to

IRQO). lItis switched by port mode register 1 (PMR1) and port control register 1 (PCR1).

Port 1 can select the functions of MOS pull-up transistors.

Table 10.5 Port 1 Configuration

Port Function Alternative Function

Port 1 P17 (standard 1/O port) TMOW (frequency division clock output)
P16 (standard 1/O port) IC (input capture input)
P15 (standard 1/O port) 1RQ5 (external interrupt request input)
P14 (standard 1/O port) 1RQ4 (external interrupt request input)
P13 (standard 1/O port) 1RQ3 (external interrupt request input)
P12 (standard 1/O port) 1RQ2 (external interrupt request input)

P11 (standard 1/O port)
P10 (standard 1/O port)

(external interrupt request input)

IRQ1
IRQO (external interrupt request input)

10.3.2 Register Configuration
Table 10.6 shows the port 1 register configuration.

Table 10.6 Port 1 Register Configuration

Name Abbrev. R/W Size Initial Value  Address *
Port mode register 1 PMR1 R/W Byte H'00 H'FFCE
Port control register 1 PCR1 W Byte H'00 H'FFD1
Port data register 1 PDR1 R/W Byte H'00 H'FFC1
MOS pull-up select PUR1 R/W Byte H'00 H'FFE1
register 1

Note: * Lower 16 bits of the address.
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Port Mode Register 1 (PMR1)

Bit : 7 6 5 4 3 2 1
| PMR17 | PMR16 | PMR15 | PMR14 | PMR13 | PMR12 | PMR11 PMR10
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Port mode register 1 (PMR1) controls switching of each pin function of port 1. The switching is
specified in a unit of bit.
PMR1 is an 8-bit read/write enable register. When reset, PMRL1 is initialized to H'0O0.

Note the following items when the pin functions are switched by PMR1.

« |If port 1 is set to afC input pin andRQ5 to IRQ0 by PMR1, the pin level needs be set to the
high or low level regardless of the active mode and low power consumption mode. The pin
level must not be set to an intermediate level.

« When the pin functions of P16l and P19PQ5 to P10IRQO are switched by PMR1, they are
incorrectly recognized as edge detection according to the state of a pin signal and a detectio
signal may be generated. To prevent this, perform the operation in the following procedure.

O Before switching the pin functions, inhibit an interrupt enable flag from being interrupted.

O After having switched the pin functions, clear the relevant interrupt request flag to 0 by a
single instruction.

Program Example:

MOV.B ROL,@IENR [ Interrupt disabled
MOV.B R1L,@PMR1 MIIPin function change
NOP MMM Optional instruction
BCLR m @IRQR [MMApplicable interrupt clear
MOV.B R1L,@IENR [MInterrupt enabled
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Bit 70 P17/TMOW Pin Switching (PMR17): PMR17 sets whether the P17/TMOW pin is used
as a P17 1/0O pin or a TMOW pin for the frequency division clock output.

Bit 7

"PMR17 Description
0 The P17/TMOW pin functions as a P17 1/O pin (Initial value)
1 The P17/TMOW pin functions as a TMOW output pin

Bit 600 P16AC Pin Switching (PMR16): PMR16 sets whether the PKB/pin as a P16 1/O pin or
anIC pin for the input capture input of the prescalar unit. IThgin has a built-in noise cancel
circuit. See section 21, Prescalar Unit.

Bit 6

"PMR16 Description
0 The P16/IC pin functions as a P16 1/O pin (Initial value)
1 The P16/IC pin functions as an IC input pin

Bits 5 to 0 P154ARQS5 to P10ARQO Pin Switching (PMR15 to PMR10):PMR15 to PMR10 set
whether the P1BRQn pin is used as a P1n I/O pin orl®Qn pin for the external interrupt
request input.

Bit n
PMR1n Description
0 The P1n/IRQn pin functions as a P1n I/O pin (Initial value)
1 The P1n/IRQn pin functions as an IRQnN input pin
(n=5t00)
Port Control Register 1 (PCR1)
Bit : 7 6 5 4 3 2 1
| PCR17 | PCR16 | PCR15 PCR14 PCR13 PCR12 PCR11 PCR10
Initial value : 0 0 0 0 0 0 0 0
RW:  w W w w w w w w

Port control register 1 (PCR1) controls the 1/Os of pins P17 to P10 of port 1 in a unit of bit.

When PCR1 is set to 1, the corresponding P17 to P10 pins become output pins, and when it is st
to 0, they become input pins. When the relevant pin is set to a general 1/O by PMR1, settings of
PCR1 and PDR1 become valid.

PCR1 is an 8-bit write-only register. When PCR1 isread, 1 isread. When reset, PCR1 is
initialized to H'00.
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Bits 7 to 0 P17 to P10 Pin Switching (PCR17 toPCR10)

Bit n
PCR1n Description
0 The P1n pin functions as an input pin (Initial value)
1 The P1n pin functions as an output pin
(n=7t00)
Port Data Register 1 (PDR1)
Bit - 6 5 4 3 2 1
| PDR17 | PDR16 | PDR15 PDR14 PDR13 PDR12 PDR11 PDR10
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Port data register 1 (PDR1) stores the data for the pins P17 to P10 of port 1. When PCR1is 1
(output), the PDR1 values are directly read if port 1 is read. Accordingly, the pin states are not
affected. When PCR1 is O (input), the pin states are read if port 1 is read.

PDR1 is an 8-bit read/ write enable register. When reset, PDR1 is initialized to H'00.

MOS Pull-Up Select Register 1 (PUR1)

Bit :
| PUR17 | PUR16 | PUR1S | PUR14 | PUR1Z | PUR12 | PUR1L | PURI1O
Initial value : 0 0 0 0 0 0 0 0
RW: RMW RIW RIW RIW RIW RIW RIW RIW

MOS pull-up selector register 1 (PUR1) controls the on and off of the MOS pull-up transistor of
port 1. Only the pin whose corresponding bit of PCR1 was set to 0 (input) becomes valid. Whe
the corresponding bit of PCR1 is set to 1 (output), the corresponding bit of PUR1 becomes inval
and the MOS pull-up transistor is turned off.

PURZ1 is an 8-bit read/ write enable register. When reset, PURL1 is initialized to H'00.

Bits 7 to 01 P17 to P10 MOS Pull-Up Control (PCR17 to PCR10)

Bit n

"PURILn Description
0 The P1n pin has no MOS pull-up transistor (Initial value)
1 The P1n pin has a MOS pull-up pin

(n=7t00)
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10.3.3  Pin Functions
This section describes the port 1 pin functions and their selection methods.

P17/TMOW: P17/TMOW is switched as shown below according to the PMR17 bit in PMR1 and
the PCR17 bit in PCR1.

PMR17 PCR17 Pin Function
0 0 P17 input pin
1 P17 output pin
1 * TMOW output pin

Note: * Don'’t care

P16AC: P16IC is switched as shown below according to the PMR16 bit in PMR1, the NC on/off
bit in prescalar unit control/status register (PCSR), and the PCR16 bit in PCR1.

PMR16 PCR16 NC on/off Pin Function
0 0 * P16 input pin
1 P16 output pin
1 * 0 IC input pin Noise cancel invalid
1 Noise cancel valid

Note: * Don'’t care

P15/RQ5 to P10ARQO: P15iRQ15 to P10IRQO are switched as shown below according to the
PMR1n bit in PMR1 and the PCR1n bit in PCR1.

PMR1n PCR1n Pin Function

0 0 P1n input pin
1 P1n output pin

1 * IRQn input pin

(n=5t00)
Notes: 1. * Don't care.
2. The @to 1RQO input pins can select the leading or falling edge as an edge sense
(the IRQO pin can select both edges). See section 6.2.4, IRQ Edge Select Register
(IEGR).
3. IRQ1 or IRQ2Z can be used as a timer J event input and IRQ3 can be used as a timer R
input capture input. For details, see section 13, Timer J or section 15, Timer R.
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10.3.4  Pin States
Table 10.7 shows the port 1 pin states in each operation mode.

Table 10.7 Port 1 Pin States

Pins Reset Active Sleep Standby Watch Subactive  Subsleep
P17/TMOW High- Operation Holding High- High- Operation Holding
P16/C impedance impedance impedance

P15/IRQ5

to

P10/IRQ0

Note: If the IC input pin and IRQS5 to IRQO input pins are set, the pin level need be set to the high
or low level regardless of the active mode and low power consumption mode. Note that the
pin level must not reach an intermediate level.
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10.4 Port 2

10.4.1  Overview

Port 2 is an 8-bit I/O port. Table 10.8 shows the port 2 configuration.

Port 2 consists of pins that are used both as standard I/O ports (P27 to P20) and SCI clock I/O
(SCK1), receive data input (SI1), send data output (S&Jus interface clock 1/0 (SCLO,

SCL1), or data I/O (SDAOQ, SDA1). Itis switched by serial mode register (SMR), serial control
register (SCR), and port control register 2 (PCR2).

Port 2 can select the MOS pull-up function.

Table 10.8 Port 2 Configuration

Port Function Alternative Function

Port 2 P27 (standard 1/O port) SYNCI (Formatless serial clock input)
P26 (standard 1/O port) SCLO (F’C bus interface clock 1/0)
P25 (standard 1/O port) SDAO (I’C bus interface data 1/0)
P24 (standard 1/0O port) SCL1 (I’C bus interface clock 1/0)
P23 (standard 1/O port) SDA1 (I’C bus interface data I/0)
P22 (standard 1/O port) SCK1 (SCI1 clock 1/0)
P21 (standard 1/O port) SO1 (SCI1 transmit data output)
P20 (standard 1/O port) SI1 (SCI1 receive data input)

Note: The H8S/2197S and H8S/2196S do not have SYNCI, SCLO, and SDAO pin functions.

10.4.2 Register Configuration
Table 10.9 shows the port 2 register configuration.

Table 10.9 Port 2 Register Configuration

Name Abbrev. R/W Size Initial Value  Address *
Port control register 2 PCR2 W Byte H'00 H'FFD2
Port data register 2 PDR2 R/W Byte H'00 H'FFC2
MOS pull-up select PUR2 R/W Byte H'00 H'FFE2
register 2

Note: * Lower 16 bits of the address.
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Port Control Register 2 (PCR2)

Bit : 6 5 4 3 2 1
| PCR27 | PCR26 | PCR25 PCR24 PCR23 PCR22 PCR21 PCR20
Initial value : 0 0 0 0 0 0 0 0
R/W : w W W wW w w W %

Port control register 2 (PCR2) controls the 1/0Os of pins P27 to P20 of port 2 in a unit of bit.
When PCR2 is set to 1, the corresponding P27 to P20 pins become output pins, and when it is
to 0, they become input pins. When the relevant pin is set to a general 1/O, settings of PCR2 an
PDR2 are valid.

PCR2 is an 8-bit write-only register. When PCR2 is read, 1 is read. When reset, PCR2 is
initialized to H'00.

Bits 7 to 0 P27 to P20 Pin Switching (PCR27 to PCR20)

Bit n

"PCR2n Description
0 The P2n pin functions as an input pin (Initial value)
1 The P2n pin functions as an output pin

(n=7t00)

Port Data Register 2 (PDR2)

Bit :
| PDR27 | PDR26 | PDR25 PDR24 PDR23 PDR22 PDR21 PDR20
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Port data register 2 (PDR2) stores the data for the pins P27 to P20 of port 2. When PCR2 is 1
(output), the PDR2 values are directly read if port 2 is read. Accordingly, the pin states are not
affected. When PCR2 is O (input), the pin states are read if port 2 is read.

PDR?2 is an 8-bit read/write enable register. When reset, PDR2 is initialized to H'0O.
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MOS Pull-Up Select Register 2 (PUR2)

Bit: 7 6 5 4 3 2 1
| PUR27 | PUR26 | PUR25 | PUR24 | PUR23 | PUR22 | PUR21 | PUR20
Initial value : 0 0 0 0 0 0 0 0
RW:  R/W R/W R/W RIW R/W R/W R/W RIW

MOS pull-up selector register 2 (PUR2) controls the ON and OFF of the MOS pull-up transistor
of port 2. Only the pin whose corresponding bit of PCR2 was set to 0 (input) becomes valid. If
the corresponding bit of PCR2 is set to 1 (output), the corresponding bit of PUR2 becomes invali
and the MOS pull-up transistor is turned off.

PURZ2 is an 8-bit read/write enable register. When reset, PUR2 is initialized to H'0O.

Bits 7 to 01 P27 to P20 Pull-Up MOS Control (PUR27 to PUR20)

Bit n

"PUR2n Description
0 The P2n pin has no MOS pull-up transistor (Initial value)
1 The P2n pin has a MOS pull-up transistor

(n=7t00)
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10.4.3  Pin Functions
This section describes the port 2 pin functions and their selection methods.

P27/SYNCI: P27/SYNCI is switched as shown below according to the PCR27 bit in PCR2.

PCR Pin Function
0 P27 input pin
1 P27 output pin

Notes: Because the SYNCI always functions, the alternative pin need always be set to the high or
low level regardless of active mode or low power consumption mode.

The H8S/2197S and H8S/2196S do not have SYNCI pin function.

P26/SCLO: P26/SCLO is switched as shown below according to the PCR26 bit in PCR2 and the
ICE bit in the 1C Bus control register 0 (ICCRO).

ICE PCR26 Pin Function

0 0 P26 input pin
1 P26 output pin

1 * SCLO I/O pin

Notes: * Don't care
The H8S/2197S and H8S/2196S do not have SCLO pin function.

P25/SDAQ:P25/SDAQ is switched as shown below according to the PCR25 bit in PCR2 and the
ICE bit in the 1C Bus control register 0 (ICCRO).

ICE PCR25 Pin Function

0 0 P25 input pin
1 P25 output pin

1 * SDAO I/O pin

Notes: * Don't care
The H8S/2197S and H8S/2196S do not have SDAO pin function.
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P24/SCL1:P24/SCL1 is switched as shown below according to the PCR24 bit in PCR2 and the
ICE bit in the 1C Bus control register 1 (ICCR1).

ICE PCR24 Pin Function

0 0 P24 input pin
1 P24 output pin

1 * SCL1 I/O pin

Note: * Don'’t care

P23/SDA1:P23/SDA1 is switched as shown below according to the PCR23 bit in PCR2 and the
ICE bit in the 1C Bus control register 1 (ICCR1).

ICE PCR23 Pin Function

0 0 P23 input pin
1 P23 output pin

1 * SDA1 /O pin

Note: * Don'’t care

P22/SCK1:P22/SCK1 is switched as shown below according to the PCR22 bit in PCR2Athe C/
bit in SMR, and the CKE1 and CKEO bits in SCR.

CKE1 C/IA CKEO PCR22 Pin Function
0 0 0 0 P22 input pin
1 P22 output pin
1 * SCK1 output pin
1 *
1 * SCK1 input pin

Note: * Don'’t care

P21/S01:P21/S01 is switched as shown below according to the PCR21 bit in PCR2 and the TE
bitin SCR.

TE PCR21 Pin Function

0 0 P21 input pin
1 P21 output pin

1 * SO1 output pin

Note: * Don'’t care
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P20/S11:P20/SI1 is switched as shown below according to the PCR20 bit in PCR2 and the RE
in SCR.

RE PCR20 Pin Function
0 0 P20 input pin

1 P20 output pin
1 * SI1 input pin

Note: * Don'’t care

10.4.4  Pin States
Table 10.10 shows the port 2 pin states in each operation mode.

Table 10.10 Port 2 Pin States

Pins Reset Active Sleep Standby Watch Subactive  Subsleep

P27/SYNCI  High- Operation Holding High- High- Operation Holding
P26/SCLO impedance impedance impedance

P25/SDAO

P24/SCL1

P23/SDA1

P22/SCK1

P21/SO1

P20/S11

Note: Because the SYNCI, SCLO, SDAO, SCL1, and SDA1 always function, the alternative pin
need always be set to the high or low level regardless of active mode or low power
consumption mode.

If the SCK1, and SI1 input pins are set, the pin level needs be set to the high or low level
regardless of the active mode and low power consumption mode. Note that the pin level
must not reach an intermediate level.
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10.5 Port 3

10.5.1 Overview

Port 3 is an 8-bit I/O port. Table 10.11 shows the port 3 configuration.

Port 3 consists of pins that are used both as standard 1/0O ports (P37 to P30) and timer J timer
output (TMO), buzzer output (BUZZ), 8-bit PWM outputs (PWM3 to PWMO0), SCI2 strobe output
(STRB), or chip select inpu€f). It is switched by port mode register 3 (PMR3) and port control
register 3 (PCR3).

Port 3 can select the MOS pull-up function.

Table 10.11 Port 3 Configuration

Port Function Alternative Function

Port 3 P37 (standard 1/O port) TMO (timer J timer output)
P36 (standard 1/O port) BUZZ (timer J buzzer output)
P35 (standard 1/O port) PWMS3 (8-bit PWM output)
P34 (standard 1/O port) PWM2 (8-bit PWM output)
P33 (standard 1/O port) PWM1 (8-bit PWM output)
P32 (standard 1/O port) PWMO (8-bit PWM output)
P31 (standard 1/O port) SV2 (servo monitor output)
P30 (standard 1/O port) SV1 (servo monitor output)

Note: The H8S/2197S and H8S/2196S do not have PWM3 and PWM2 pin functions.

10.5.2 Register Configuration
Table 10.12 shows the port 3 register configuration.

Table 10.12 Port 3 Register Configuration

Name Abbrev. R/W Size Initial Value  Address *
Port mode register 3 PMR3 R/W Byte H'00 H'FFDO
Port control register 3 PCR3 W Byte H'00 H'FFD3
Port data register 3 PDR3 R/W Byte H'00 H'FFC3
MOS pull-up select PUR3 R/W Byte H'00 H'FFE3
register 3

Note: * Lower 16 bits of the address.
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Port Mode Register 3 (PMR3)

Bit : 7 6 5 4 3 2
| PMR37 | PMR36 | PMR35 PMR34 PMR33 PMR32 PMR31 PMR30
Initial value : 0 0 0 0 0 0 0 0
RW:  R/wW RIW RIW RIW RIW RIW RIW RIW

Port mode register 3 (PMR3) controls switching of each pin function of port 3. The switching is
specified in a unit of bit.
PMR3 is an 8-bit read/write enable register. When reset, PMR3 is initialized to H'0O0.

Bit 700 P37/TMO Pin Switching (PMR37):PMR37 sets whether the P37/TMO pin is used as a
P37 1/O pin or a TMO pin for the timer J output timer.

Bit 7

"PMR37 Description
0 The P37/TMO pin functions as a P37 1/O pin (Initial value)
1 The P37/TMO pin functions as a TMO output pin

Notes: If the TMO pin is used for remote control sending, a careless timer output pulse may be
output when the remote control mode is set after the output has been switched to the TMO
output. Perform the switching and setting in the following order.

1. Set the remote control mode.

2. Setthe TMJ-1 and 2 counter data of the timer J.
3. Switch the P37/TMO pin to the TMO output pin.
4. Setthe ST hitto 1.

Bit 600 P36/BUZZ Pin Switching (PMR36):PMR36 sets whether the P36/BUZZ pin as a P36
I/O pin or an BUZZ pin for the timer J buzzer output. For the selection of the BUZZ output, see
13.2.2, Timer J Control Register (TMJC).

Bit 6

"PMR36 Description
0 The P36/BUZZ pin functions as a P36 1/O pin (Initial value)
1 The P36/BUZZ pin functions as a BUZZ output pin
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Bits 5 to 21 P35/PWM3 to P32/PWMO Pin Switching (PMR35 to PMR32)PMR35 to PMR32
set whether the P3n/PWMm pin is used as a P3n 1/O pin or a PWMm pin for the 8-bit PWM
output.

Bit n

"PMR3n Description
0 The P3n/PWMm pin functions as a P3n 1/O pin (Initial value)
1 The P3n/PWMm pin functions as a PWMm output pin

(n=5t02,m=31t00)
Note: The H8S/2197S and H8S/2196S do not have PWM3 and PWM2 pin functions.

Bit 100 P31/SV2 Pin Switching (PMR31)PMR31 sets whether the P31/SV2 pin is used as a P31
I/O pin or an SV2 pin for the servo monitor output.

Bit 1

"PMR3L Description
0 The P31/SV2 pin functions as a P31 I/O pin (Initial value)
1 The P31/SV2 pin functions as an SV2 output pin

Bit 000 P30/SV1 Pin Switching (PMR30)PMR30 sets whether the P30/SV1 pin is used as a P30
I/O pin or an SV1 pin for servo monitor output.

Bit0

"PMR30 Description
0 The P30/SV1 pin functions as a P30 I/O pin (Initial value)
1 The P30/SV1 pin functions as an SV1 output pin
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Port Control Register 3 (PCR3)

Bit: 7 6 5 4 3 2 1
| Pcr37 | PCR36 | PCR35 | PCR34 | PCR33 | PCR32 | PCR31 | PCR30
Initial value : 0 0 0 0 0 0 0 0
RW: w w w w w w w w

Port control register 3 (PCR3) controls the 1/0Os of pins P37 to P30 of port 3 in a unit of bit.
When PCR3 is set to 1, the corresponding P37 to P30 pins become output pins, and when it is
to 0, they become input pins. When the relevant pin is set to a general 1/0 by PMR3, settings o
PCR3 and PDR3 become valid.

PCR3 is an 8-bit write-only register. When PCR3 is read, 1 is read. When reset, PCR3 is
initialized to H'00.

Bits 7 to 0 Pin 37 to P30 Pin Switching (PCR37 to PCR30)

Bit n

"PCR3n Description
0 The P3n pin functions as an input pin (Initial value)
1 The P3n pin functions as an output pin

(n=7t00)

Port Data Register 3 (PDR3)

Bit :
| PDR37 | PDR36 | PDR35 PDR34 PDR33 PDR32 PDR31 PDR30
Initial value : 0 0 0 0 0 0 0 0
RW:  RW RIW R/IW RIW RIW RIW R/IW R/W

Port data register 3 (PDR3) stores the data for the pins P37 to P30 of port 3. When PCR3is 1
(output), the PDR3 values are directly read if port 3 is read. Accordingly, the pin states are not
affected. When PCR3 is 0 (input), the pin states are read if port 3 is read.

PDR3 is an 8-bit read/write enable register. When reset, PDR3 is initialized to H'00.

Rev. 1.0, 02/01, page 211 of 1184
RENESAS



MOS Pull-Up Select Register 3 (PUR3)

Bit: 7 6 5 4 3 2
| PUR37 | PUR36 | PUR35 | PUR34 | PUR33 | PUR32 | PUR3L | PUR30

Initial value : 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW  RW  RW

MOS pull-up selector register 3 (PURS3) controls the ON and OFF of the MOS pull-up transistor
of port 3. Only the pin whose corresponding bit of PCR3 was set to 0 (input) becomes valid. If
the corresponding bit of PCR3 is set to 1 (output), the corresponding bit of PUR3 becomes invali
and the MOS pull-up transistor is turned off.

PURZ3 is an 8-bit read/write enable register. When reset, PUR3 is initialized to H'00.

Bits 7 to 0 P37 to P30 MOS Pull-Up Control (PUR37 to PUR30)

Bit n

"PCR3n Description
0 The P3n pin has no MOS pull-up transistor (Initial value)
1 The P3n pin has a MOS pull-up transistor

(n=7t00)

10.5.3  Pin Functions
This section describes the port 3 pin functions and their selection methods.

P37/TMO: P37/TMO is switched as shown below according to the PMR37 bit in PMR3 and the
PCR37 bit in PCRS3.

PMR37 PCR37 Pin Function
0 0 P37 input pin

1 P37 output pin
1 * TMO output pin

Note: * Don'’t care
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P36/BUZZ: P36/BUZZ is switched as shown below according to the PMR36 bit in PMR3 and the
PCR36 bit in PCRS3.

PMR36 PCR36 Pin Function
0 0 P36 input pin

1 P36 output pin
1 * BUZZ output pin

Note: * Don'’t care

P35/PWM3: P35/PWM3 is switched as shown below according to the PMR3n bit in PMR3 and
the PCR3n bit in PCR3.

PMR35 PCR35 Pin Function
0 0 P35 input pin
1 P35 output pin
1 * PWMS3 output pin

Notes: * Don't care
The H8S/2197S and H8S/2196S do not have PWM3 pin function.

P34/PMW2: P34/PMW?2 is switched as shown below according to the PMR34 bit in PCR3 and
the PCR34 bit in PCR3.

PMR34 PCR34 Pin Function
0 0 P34 input pin
1 P34 output pin
1 * PWM2 output pin

Notes: * Don't care
The H8S/2197S and H8S/2196S do not have PWM2 pin function.

P33/PWM1: P33/PWML1 is switched as shown below according to the PMR33 bit in PMR3 and
the PCR33 bit in PCR3.

PMR33 PCR33 Pin Function
0 0 P33 input pin

1 P33 output pin
1 * PWML1 input pin

Note: * Don'’t care
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P32/PWMO: P32/PWMO is switched as shown below according to the PMR32 bit in PMR3 and
the PCR32 bit in PCR.

PMR32 PCR32 Pin Function
0 0 P32 input pin
1 P32 output pin
1 * PWMO output pin

P31/SV2:P31/SV2 is switched as shown below according to the PMR31 bit in PMR3 and the
PCR31 bit in PCRS3.

PMR31 PCR3 Pin Function

0 0 P31 input pin
1 P31 output pin

1 * SV2 output pin

P30/SV1:P30/SV1 is switched as shown below according to the PMR30 bit in PMR3 and the
PCR30 bit in PCRS3.

PMR30 PCR30 Pin Function

0 0 P30 input pin
1 P30 output pin

1 * SV1 output pin

Note: * Don'’t care
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10.5.4

Pin States

Table 10.13 shows the port 3 pin states in each operation mode.

Table 10.13 Port 3 Pin States

Pins

Reset

Active

Sleep Standby

Watch Subactive  Subsleep

P37/TMO
P36/BUZZ
P35/PWM3
to
P32/PWMO
P31/SV2
P30/sV1

High-
impedance

Operation

Holding High-
impedance

High- Operation Holding
impedance

RENESAS
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10.6 Port 4

10.6.1 Overview

Port 4 is an 8-bit I/O port. Table 10.14 shows the port 4 configuration.

Port 4 consists of pins that are used both as standard I/O ports (P47 to P40) and output compare
output (FTOA, FTOB), input capture input (FTIA, FTIB, FTIC, FTID) or 14-bit PWM output
(PWM14). ltis switched by port mode register 4 (PRM4), timer output compare control register
(TOCR), and port control register 4 (PCR4).

Table 10.14 Port 4 Configuration

Port Function Alternative Function

Port 4 P47 (standard 1/O port) RPTRG (realtime output port trigger input)
P46 (standard 1/O port) FTOB (timer X1 output compare output)
P45 (standard 1/O port) FTOA (timer X1 output compare output)
P44 (standard 1/O port) FTID (timer X1 input capture input)
P43 (standard 1/O port) FTIC (timer X1 input capture input)
P42 (standard 1/O port) FTIB (timer X1 input capture input)
P41 (standard 1/O port) FTIA (timer X1 input capture input)
P40 (standard 1/O port) PWM14 (14-bit PWM output)

Note: The H8S/2197S and H8S/2196S do not have PWM14, FTIA, FTIB, FTIC, FTID, FTOA, and
FTOB pin functions.

10.6.2 Register Configuration

Table 10.15 shows the port 4 register configuration.

Table 10.15 Port 4 Register Configuration

Name Abbrev. R/W Size Initial Value  Address *
Port mode register 4 PMR4 R/W Byte H'7E H'FFDB
Port control register 4 PCR4 w Byte H'00 H'FFD4
Port data register 4 PDR4 R/W Byte H'00 H'FFC4

Note: * Lower 16 bits of the address.
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Port Mode Register 4 (PMR4)

Bit : 7 6 5 4 3 2 1 0
l[pvrar | — | — | — | — | — | — | pvrao |

Initial value : 0 1 1 1 1 1 1 0

R/W : R/W — — — — - - R/W

Port mode register 4 (PMR4) controls switching of the P47/RPTRG pin and the P40/PWM14 pir
function. The switchings of the P46/FTOB and P45/FTOA functions are controlled by TOCR.
See section 16, Timer X1. The FTIA, FTIB, FTIC, and FTID inputs always function.

PMRA4 is an 8-bit read/write enable register. When reset, PMR4 is initialized to H'7E.

Because the RPTRG input always function, the alternative pin need always be set to the high ol
low level regardless of the active mode and low power consumption mode. Note that the pin ley
must not reach an intermediate level.

Because the FTIA, FTIB, FTIC, and FTID inputs always function, each input uses the input edge
to the alternative general I/O pins P44, P43, P42, and P41 as input signals.

Bit 70 P47/RPTRG Pin Switching (PMR47):PMR47 sets whether the P47/RPTRG pin is used
as a P40 1/O pin or a RPTRG pin for the realtime output port trigger input.

Bit 7

"PMR47 Description
0 The P47/RPTRG pin functions as a P47 1/O pin (Initial value)
1 The P47/RPTRG pin functions as a RPTRG I/O pin

Bits 6 to 11 Reserved Bits:Reserved bits. When the bits are read, 1 is always read. The write
operation is invalid.

Bit 000 P40/PWM14 Pin Switching (PMR40):PMR40 sets whether the P40/PWM14 pin is used
as a P40 1/O pin or a PWM14 pin for the 14-bit PWM square wave output.

Bit0

"PMR40 Description
0 The P40/PWM14 pin functions as a P40 I/O pin (Initial value)
1 The P40/PWM14 pin functions as a PWM14 output pin

Note: The H8S/2197S and H8S/2196S do not have PWM14 pin function.
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Port Control Register 4 (PCR4)

Bit : 7 6 5 4 3 2
| PCR47 | PCR46 | PCR45 PCR44 PCR43 PCR42 PCR41 PCR40
Initial value : 0 0 0 0 0 0 0 0
RW: w w w w w W w w

Port control register 4 (PCR4) controls the 1/Os of pins P47 to P40 of port 4 in a unit of bit.

When PCR4 is set to 1, the corresponding P47 to P40 pins become output pins, and when it is st
to 0, they become input pins. When the relevant pin is set to a general 1/O by PMRA4, settings of
PCR4 and PDR4 become valid.

PCRA4 is an 8-bit write-only register. When PCR4 is read, 1 is read. When reset, PCR4 is
initialized to H'00.

Bits 7 to 0 P47 to P40 Pin Switching (PCR47 to PCR40)

Bit n

"PCR4n Description
0 The P4n pin functions as an input pin (Initial value)
1 The P4n pin functions as an output pin

(n=7t00)

Port Data Register 4 (PDR4)

Bit :
| PDRA47 | PDR46 | PDR45 | PDR44 | PDR43 | PDR42 | PDR41 | PDR40
Initial value : 0 0 0 0 0 0 0 0
RIW: RWwW R/W R/W R/W RIW R/W RIW R/W

Port data register 4 (PDR4) stores the data for the pins P47 to P40 of port 4. When PCR4 is 1
(output), the PDR4 values are directly read if port 4 is read. Accordingly, the pin states are not
affected. When PCRA4 is 0 (input), the pin states are read if port 4 is read.

PDRA4 is an 8-bit read/write enable register. When reset, PDRA4 is initialized to H'00.
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10.6.3  Pin Functions
This section describes the port 4 pin functions and their selection methods.

P47/RPTRG: P47/RPTRG is switched as shown below according to the PMR47 bit in PMR4 an(
the PMR47 bit in PMR4 and the PCRA47 bit in PCRA4.

PMR47 PCRA47 Pin Function

0 0 P47 input pin
1 P47 output pin
1 * RPTRG input pin

Note: * Don'’t care

P46/FTOB: P46/FTOB is switched as shown below according to the PCR46 bit in PCR4 and the
OEB bit in TOCR.

OEB PCR46 Pin Function
0 0 P46 input pin
1 P46 output pin
1 * FTOB output pin

Notes: * Don't care
The H8S/2197S and H8S/2196S do not have FTOB pin function.

P45/FTOA: P45/FTOA is switched as shown below according to the PCR45 bit in PCR4 and the
OEA bit in TOCR.

OEA PCR45 Pin Function
0 0 P45 input pin
1 P45 output pin
1 * FTOA output pin

Notes: * Don't care
The H8S/2197S and H8S/2196S do not have FTOA pin function.

P44/FTID: P44/FTID is switched as shown below according to the PCR44 bit in PCRA4.

PCR44 Pin Function
0 P44 input pin FTID input pin
1 P44 output pin

Note: The H8S/2197S and H8S/2196S do not have FTID pin function.
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P43/FTIC: P43/FTIC is switched as shown below according to the PCR43 bit in PCRA4.

PCR43 Pin Function
0 P43 input pin FTIC input pin
1 P43 output pin

Note: The H8S/2197S and H8S/2196S do not have FTIC pin function.

P42/FTIB: P42/FTIB is switched as shown below according to the PCR42 bit in PCRA4.

PCR42 Pin Function
0 P42 input pin FTIB input pin
1 P42 output pin

Note: The H8S/2197S and H8S/2196S do not have FTIB pin function.

P41/FTIA: P4A1/FTIA is switched as shown below according to the PCR41 bit in PCRA4.

PCR41 Pin Function
0 P41 input pin FTIA input pin
1 P41 output pin

Note: The H8S/2197S and H8S/2196S do not have FTIA pin function.

P40/PWM14: P40/PWM14 is switched as shown below according to the PMR40 bit in PMR4 and
the PCR40 bit in PCR4.

PMR40 PCR40 Pin Function
0 0 P40 input pin
1 P40 output pin
1 * PWM14 input pin

Notes: * Don't care
The H8S/2197S and H8S/2196S do not have PWM14 pin function.
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10.6.4  Pin States
Table 10.16 shows the port 4 pin states in each operation mode.

Table 10.16 Port 4 Pin States

Pins Reset Active Sleep Standby Watch Subactive  Subsleep

P47/RPTRG High- Operation Holding High- High- Operation Holding
P46/FTOB impedance impedance impedance

P45/FTOA

P44/FTID

P43/FTIC

P42/FTIB

PA1/FTIA

P40/PWM14

Note: If the RPTRG input pin is set, the pin level must be set to the high or low level regardless of
the active mode or low power consumption mode. Note that the pin level must not reach an
intermediate level.

Because the FTIA, FTIB, FTIC, and FTID inputs always function, the alternative pin need be
set to the high or low level regardless of the active mode and low power consumption
mode.
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10.7 Port 6

10.7.1  Overview

Port 6 is an 8-bit I/O port. Table 10.17 shows the port 6 configuration. Port 6 is a large current I/C
port.

The sink current is 20 mA maximum (VOL=1.7 V) and four pins can be turned on at the same
time. Port 6 consists of pins that are used as large current I/O ports (P67 to 60) and realtime outy
ports (RP7 to RPO). It is switched by port mode register 6 (PMR6), port mode register A (PMRA),
and port control register 6 (PCR6).

The realtime output function can instantaneously switch the output data by an external or interna
trigger port.

Table 10.17 Port 6 Configuration

Port Function Alternative Function
Port 6 P67 (large current I/O port) RP7/TMBI (timer B event input)
P66 (large current I/O port) RP6/ADTRG (A/D conversion start external
trigger input)
P65 (large current 1/O port) RP5 (realtime output port pin)
P64 (large current 1/O port) RP4 (realtime output port pin)
P63 (large current 1/O port) RP3 (realtime output port pin)
P62 (large current 1/O port) RP2 (realtime output port pin)
P61 (large current 1/O port) RP1 (realtime output port pin)
P60 (large current I/O port) RPO (realtime output port pin)
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10.7.2  Register Configuration
Table 10.18 shows the port 6 register configuration.

Table 10.18 Port 6 Register Configuration

Name Abbrev. R/W Size Initial Value  Address *
Port mode register 6 PMR6 R/W Byte H'00 H'FFDD
Port mode register A PMRA R/W Byte H'3F H'FFD9
Port control register 6 PCR6 W Byte H'00 H'FFD6
Port data register 6 PDR6 R/W Byte H'00 H'FFC6
Realtime output trigger RTPSR1 R/W Byte H'00 H'FFE5
select register 1

Realtime output trigger RTPEGR** R/W Byte HFC H'FFE4
edge select register

Port control register slave PCRS6 O Byte H'00 O

6

Port data register slave 6 PDRS6 O Byte H'00 O

Notes: 1. Lower 16 bits of the address.
2. RTPEGR is also used by port 7.

Port Mode Register 6 (PMR6)

7 6 5 4 3 2 1

Bit :
| PMR67 | PMR66 | PMR65 | PMR64 | PMR63 | PMR62 | PMR61 | PMR60
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

Port mode register 6 (PMRG6) controls switching of each pin function of port 6. The switching is
specified in units of bits.
PMRE6 is an 8-bit read/write enable register. When reset, PMR6 is initialized to H'0O0.

Bits 7 to 0 P67/RP7 to P60/RPO Pin Switching (PMR67 to PMR60PMR67 to PMRG60 set
whether the P6n/RPn pin is used as a P6n 1/O pin or an RPn pin for the realtime output port.

Bit n

"PMR6n Description
0 The P6n/RPn pin functions as a P6n 1/O pin (Initial value)
1 The P6n/RPn pin functions as an RPn output pin

(n=7t00)
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Port Mode Register A (PMRA)

Bit - 7 6 5 4 3 2 1 0
| PMRA7 | PMRAE | — — — — — —

Initial value : 0 0 1 1 1 1 1 1
RW: RW RIW — — — — — —

Port mode register A (PMRA) switches the pin functions in port 6. Switching is specified in a unit
of bit. PMRG6 is an 8-bit read/write register.

When reset, PMRA is initialized to H'3F.

Bit 700 P67/RP7/TMBI Pin Switching (PMRA7): PMRAY can be used as a P6n I/O pin or a
TMBI pin for timer B event input.

Bit 7

"PMRA7 Description
0 P67/RP7/TMBI pin functions as a P67/RP7 I/O pin (Initial value)
1 P67/RP7/TMBI pin functions as a TMBI pin

Bit 600 Timer B Event Input Edge Switching (PMRAG): PMRAG selects the TMBI edge sense.

Bit 6

"PMRA6 Description
0 Timer B event input detects falling edge
1 Timer B event input detects rising edge

Rev. 1.0, 02/01, page 224 of 1184
RENESAS



Port Control Register 6 (PCR6)

7 6 5 4 3 2 1

Bit
| Pcr67 | PcRe6 | PCRes | PCRe4 | PCRe3 | PCR62 | PCR61 | PCR60
Initial value : 0 0 0 0 0 0 0 0
RW: W w w w w w w w

Port control register 6 (PCR6) selects the general I/O of port 6 and controls the realtime output i
a unit of bit together with PMR6.

When PMR6 = 0, the corresponding P67 to P60 pins become general output pins if PCR6 is set
1, and they become general input pins if it is set to 0.

When PMR6 = 1, PCR6 controls the corresponding RP7 to RPO realtime output pins. For detall
see section 10.7.4, Operation.

PCRE6 is an 8-bit write-only register. When PCR6 is read, 1 is read. When reset, PCR6 is
initialized to H'00.

PMR6 PCR6
Bit n Bitn
PMR6N PCR6nN Description
0 0 The P6n/RPn pin functions as a P6n general I/O input pin
(Initial value)

1 The P6n/RPn pin functions as a P6n general output pin
1 * The P6n/RPn pin functions as an RPn realtime output pin
Note: * Don't care (n=7t00)
Port Data Register 6 (PDR6)

Bit : 6 5 4 3 2 1
| PDR67 | PDR66 | PDR65 PDR64 PDR63 PDR62 PDR61 PDR60
Initial value : 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

Port data register 6 (PDRG6) stores the data for the pins P67 to P60 of port 6.

For PMR6 = 0, when PCR6 is 1 (output), the PDR6 values are directly read if port 6 is read.
Accordingly, the pin states are not affected. When PCR6 is O (input), the pin states are read if f
6 is read.

For PMR6 = 1, port 6 becomes a realtime output pin. For details, see section 10.7.4, Operation
PDRE6 is an 8-bit read/write enable register. When reset, PDR6 is initialized to H'0O.
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Realtime Output Trigger Select Register (RTPSR1)

Bit: 7 6 5 4 3 2
|[RTPSR17|RTPSR16|RTPSR15|RTPSR14|RTPSR13|RTPSR12|RTPSR11 |RTPSR10)
Initial value : 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW RW  RW  RW

The realtime output trigger select register (RTPSR1) sets whether the external trigger (RPTRG p
input) or the internal trigger (HSW) is used as an trigger input for the realtime output in a unit of
bit. For the internal trigger HSW, see section 26.4, HSW Timing Generation Circuit.

RTPSR is an 8-bit read/write enable register. When reset, RTPSR is initialized to H'0O0.

Bits 7 to 00 RP7 to RPO Trigger Switching

Bit n
RTPSR1n  Description

0 Selects the external trigger (RPTRG pin input) as a trigger input (Initial value)

1 Selects the internal trigger (HSW) a trigger input

(n=7t00)
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Real Time Output Trigger Edge Select Register (RTPEGR)

Bit: 7 6 5 4 3 2
[ — ] — ] — ] — ] — | — [rPecra]rTPEGRO
Initial value : 1 1 1 1 1 1 0 0
R/W : — — —_ — _

— R/W R/W

The realtime output trigger edge select register (RTPEGR) specifies the edge sense of the extel
or internal trigger input for the realtime output.

RTPEGR is an 8-bit read/write enable register. When reset, RTPEGR is initialized to H'FC.

Bits 7 to 21 Reserved Bits:Reserved bits. When the bits are read, 1 is always read. The write
operation is invalid.

Bits 1 and @ Realtime Output Trigger Edge Select (RTPEGR1, RTPEGRO)RTPEGR1 and
RTPEGRO select the edge sense of the external or internal trigger input for the realtime output.

Bit 1 Bit 0

RTPEGR1 RTPEGRO Description

0 0 Inhibits a trigger input (Initial value)
1 Selects the rising edge of a trigger input

1 0 Selects the falling edge of a trigger input
1

Selects both the leading and falling edges of a trigger input
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10.7.3  Pin Functions
This section describes the port 6 pin functions and their selection methods.

P67/RP7/TMBI: P67/RP7/TMBI is switched as shown below according to the PMRAY bit in
PMRA, PMR67 bit in PMR6, and PCR67 bit in PCR6.

Value When PDR6N

PMRA7 PMR67 PCR67 Pin Function Output Value Was Read
0 0 0 P67 input pin O P67 pin
1 P67 output pin PDR67 PDR67
1 0 RP7 output pin Hi-z***? PDR67
1 PDRS67*
1 * 0 TMBI input pin O P67 pin
1 PDR67

Notes: 1. Hi-Z: High impedance
2. When PMR67=1 (realtime output pin), indicates the state after the PCR67 setup value
has been transferred to PCRS67 by a trigger input.

P66/RP6ADTRG: P66/RPGADTRG is switched as shown below according to the PMRG66 bit in
PMR6 and PCR66 bit in PCR6. TA®TRG pin function switching is controlled by the ADTSR.
For details, refer to section 24, A/D converter.

PMR66 PCR66 Pin Function Output Value Value When PDR66 Was Read
0 0 P66 input pin O P67 pin

1 P66 output pin PDR66 PDR66
1 0 RP6 output pin Hi-z***? PDR66

1 PDRS66**

Notes: 1. Hi-Z: High impedance
2. When PMR66=1 (realtime output pin), indicates the state after the PCR66 setup value
has been transferred to PCRS66 by a trigger input.
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P65/RP5 to P60/RPDP65/RP5 to P60/RPD are switched below according to the PMRAnN bit in
PMRA, PMR6n bit in PMR6, and PCR6n bit in PCRS6.

PMR6N PCR6nN Pin Function Output Value Value When PDR6n Was Read
0 0 P6n input pin O P6n pin

1 P6n output pin PDR6nN PDR6nN
1 0 RPn output pin Hi-z***? PDR6N

1 RPN output pin PDRS6n*?

Notes: 1. Hi-Z: High impedance

2. When PMR6Nn=1 (realtime output pin), indicates the state after the PCR6n setup value
has been transferred to PCRS6n by a trigger input.

(n=5t00)
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10.7.4  Operation

Port 6 can be used as a realtime output port or general 1/O output port by PMR6. Port 6 function:
as a realtime output port when PMR6 = 1 and as a general I/O port when PMR6 = 0. The
operation per port 6 function is shown below. (See figure 10.2.)

Internal trigger
N\ RTPEGRwiite HSW
External trigger
%K RPTRG
RTPEGR ,
RTPSR write Selection
circuit
B CK
] RTPSR
RMR6 write
(2]
2| Jex
s PMR6
<
T
© RDR6 write p
g 3
£ CK _ CK
™1 PDR6 >| RDRS6 _"[>_"_‘ P6/RP
RDR6 read Y
Selection
circuit |
RCR6 write Iy
]
=R ER
\/ PCR6 RCRS6
Legend:
PMR6 : Port mode register 6 RTPSRL1 : Realtime output trigger select register
PCR6 : Port control register 6 RTPEGR: Realtime output trigger edge select register
PDR6 : Port data register 6 HSW . Internal trigger signal
PCRS6 : Port control register slave 6 RPTRG : External trigger pin
PDRS6 : Port data register slave 6

Figure 10.2 Port 6 Function Block Diagram
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Operation of the Realtime Output Port (PMR6 = 1)

When PMRE6 is 1, it operates as a realtime output port. When a trigger is input, the PDR6 dé
is transferred to PDRS6 and the PCRE6 is transferred data to PCRS6, respectively. In this ca
when PCRS6 is 1, the PDRS6 data of the corresponding bit is output to the RP pin. When
PCRSE6 is 0, the RP pin of the corresponding bit is output to the high-impedance state. In otl
words, the pin output state (high or low) or high-impedance state can instantaneously be
switched by a trigger input.

Adversely, when PDRE6 is read, the PDR6 values are read regardless of the PCR6 and PCR
values.

Operation of the general 1/0O port (PMR6 = 0)

When PMRE6 is 0, it operates as a general 1/O port. When data is written to PDR6, the same
data is also written to PDRS6. Accordingly, because both PDR6 and PDRS6 and both PCR
and PCRS6 can be handled as one register, respectively, they can be used in the same way
normal general I/O port. In other words, if PCR6 is 1, the PDR6 data of the corresponding bi
is output to the P6 pin. If PCR6 is 0, the P6 pin of the corresponding bit becomes an input.

Adversely, assuming that PDR6 is read, the PDR6 values are read when PCR6 is 1 and the
values are read when PCR6 is 0.

10.7.5 Pin States

Table 10.19 shows the port 6 pin states in each operation mode.

Table 10.19 Port 6 Pin States

Pins Reset Active Sleep Standby Watch Subactive  Subsleep
P67/RP7/TMBI High- Operation Holding High- High- Operation Holding
P66/RP6/ADTRG  impedance impedance  impedance

P65/RP5

to

P60/RPO

Note: If the TMBI and ADTRG input pins are set, the pin level must be set to the high or low level

regardless of the active mode or low power consumption mode. Note that pin level must not
reach an intermediate level.
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10.8 Port 7

10.8.1 Overview

Port 7 is an 8-bit I/O port. Table 10.20 shows the port 7 configuration.

Port 7 consists of pins that are used both as standard I/O ports (P77 to P70) and HSW timing
generation circuit (programmable pattern generator: PPG) outputs (PPG7 to PPGO0). It is switche
by port mode register 7 (PMR7) and port control register 7 (PCR7).

For the programmable generator (PPG), see section 26.4, HSW (Head-switch) Timing Generatio
Circuit.

Table 10.20 Port 7 Configuration

Port Function Alternative Function
Port 7 P77 (standard 1/O port) PPG7 (HSW timing output)
RPB (realtime output port)
P76 (standard 1/O port) PPG6 (HSW timing output)
RPA (realtime output port)
P75 (standard 1/O port) PPG5 (HSW timing output)
RP9 (realtime output port)
P74 (standard 1/O port) PPG4 (HSW timing output)
RP8 (realtime output port)
P73 (standard 1/O port) PPG3 (HSW timing output)
P72 (standard 1/O port) PPG2 (HSW timing output)
P71 (standard 1/O port) PPG1 (HSW timing output)
P70 (standard 1/O port) PPGO (HSW timing output)
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10.8.2 Register Configuration
Table 10.21 shows the port 7 register configuration.

Table 10.21 Port 7 Register Configuration

Name Abbrev. R/W Size Initial Value  Address *
Port mode register 7 PMR7 R/W Byte H'00 H'FFDE
Port mode register B PMRB R/W Byte H'OF H'FFDA
Port control register 7 PCRY7 W Byte H'00 H'FFD7
Port data register 7 PDR7 R/W Byte H'00 H'FFC7
Realtime output trigger RTPSR2 R/W Byte H'OF H'FFE6
select register 2

Realtime output trigger RTPEGR R/W Byte H'FC H'FFE4
edge select register

Port control register slave PCRS7 O Byte H'00 O

7

Port data register slave 7 PDRS7 O Byte H'00 O

Note: * Lower 16 bits of the address.
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Port Mode Register 7 (PMR7)

Bit: 7 6 5 4 3 2 1
| PMR77 | PMR76 | PMR75 | PMR74 | PMR73 | PMR72 | PMR71 | PMR70 |
Initial value : 0 0 0 0 0 0 0 0
RW: RW  RW  RW  RW  RW RW  RW  RW

Port mode register 7 (PMR7) controls switching of each pin function of port 7. The switching is

specified in a unit of bit.
PMRY7 is an 8-bit read/write enable register. When reset, PMR7 is initialized to H'0O0.

Bits 7 to 01 P77/PPG7 to P70/PPGO Pin Switching (PMR77 to PMR70PMR77 to PMR70
set whether the P7n/PPGn pin is used as a P7n 1/O pin or a PPGn pin for the HSW timing
generation circuit output.

Bit n
PMR7n Description
0 The P7n/PPGn pin functions as a P7n I/O pin (Initial value)
1 The P7n/PPGn pin functions as a PPGn output pin
(n=7t00)
Port Mode Register B (PMRB)
Bit : 7 6 5 4 3 2 1 0
| PMrB7 | PMRB6 | PMRBS | PMRB4 | — — — —
Initial value : 0 0 0 0 1 1 1 1
RW: R/W RIW RIW RIW — — — —

Port mode register B (PMRB) controls switching of each pin function of port 7. The switching is
specified in a unit of bit.

PMRB is an 8-bit read/write enable register. When reset, PMRB is initialized to H'OF.
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Bits 7 to 41 P77/RP7B to P74/RP8 Pin Switching (PMRB7 to PMRB4PR77/RP7B to
P74/RP8 set whether the P7n/RPm pin is used as a P7n 1/O pin or a RPm pin for the realtime
output port. (=7 to 4 and m=B, A, 9, or 8)
Bit n
PMRBN Description

0 P7n/RPm pin functions as a P7n 1/O pin (Initial value)

1 P7n/RPm pin functions as a RPm I/O pin

(n=7tod4andm=B, A, 9, and 8)

Bits 3 to 0 Reserved Bits:Reserved bits. When the bits are read, 1 is always read. The write
operation is invalid.

Port Control Register 7 (PCR7)

Bit: 7 6 5 4 3 2 1
| Pcr77 | Pcr76 | Pcr75 | PCR74 | PcRr73 | PCrR72 | PCR71 | PCR70 |
Initial value : 0 0 0 0 0 0 0 0
RW: W w w w w w w w

Port control register 7, together with PMRB, enable the general-purpose input/output of port 7 a
controls realtime output in bit units.

For details, refer to section 10.8.4. Operation.

PCRY7 is an 8-bit write-only register. When the PCR7 is read, 1 is always read. When reset, PCF
is initialized to H'00.

Bits 7 to 01 P77 to P70 Pin /O Switching (PCR77 to PCR70)

PMRB PCR7

Bitn Bitn

PMRBN PCR7n Description

0 0 P7n/RPm pin functions as a P7n general input pin  (Initial Value)
1 P7n/RPm pin functions as a P7n general output pin

1 * P7n/RPm pin functions as a RPm realtime output pin

(n=7tod4andm =B, A, 9, and 8)
Note: * Don'’t care
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Port Data Register 7 (PDR7)

Bit: 7 6 5 4 3 2
| PorR77 | PDR76 | PDR75 | PDR74 | PDR73 | PDR72 | PDR71 | PDR70
Initial value : 0 0 0 0 0 0 0 0
RW: RW  RW RW RW RW RW  RW  RW

Port data register 7 (PDR7) stores the data for the pins P77 to P70 of port 7.

If PCR7 is 1 (output) when PMRB=0, the PDR7 values are directly read when port 7 is read.
Accordingly, the pin states are not affected. When PCRY7 is 0 (input), the pin states are read if po
7 is read. When PMRB=1, port 7 pin functions as a realtime output pin. For details, refer to
section 10.8.4, Operation.

PDRY7 is an 8-bit read/write enable register. When reset, PDRY7 is initialized to H'00.

Realtime Output Trigger Select Register 2 (RTPSR2)

Bit: 7 6 5 4 3 2 1 0
[RTPSR27|RTPSR26|RTPSR25|RTPSR24| — | — _ _

Initial value : 0 0 0 0 1 1 1 1
RW: RW  RW  RW  RW — — — _

Realtime output trigger select register (RTPSR2) selects whether to use an external trigger
(RPTRG pin input) or internal trigger (HSW) for the realtime output trigger input by specifying a

unit of bit. For details on internal trigger HSW, refer to section 26.4, HSW (Head-switch) Timing
Generator.

RTPSR2 is an 8-bit read/write enable register.

When reset, RTPSR2 is initialized to H'OF.
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Bits 7 to 41 RPB to RP8 Pin Trigger Switching (RTPSR27 to RTPSR24)

Bit7
RTPSR2n  Description

0 Selects external trigger (RPTRG pin input) for trigger input (Initial value)

1 Selects internal trigger (HSW) for trigger input

(n=7to4)

Realtime Output Trigger Edge Selection Register (RTPEGR)

Bit : 7 6 5 4 3 2 1 0
| — | — | — | — | — | — |RTPEGR1 RTPEGRO
Initial value : 1 1 1 1 1 1 0 0
R/IW : — — — — — — R/W R/W

The realtime output trigger edge selection register (RTPEGR) specifies the sensed edge(s) of
external or internal trigger input for realtime output.

RTPEGR is an 8-bit readable/writable register. In a reset, RTPEGR is initialized to H'FC.
Bits 7 to 2—ReservedThese bits are always read as 1 and cannot be modified.

Bits 1 and 0—Realtime Output Trigger Edge Select (RTPEGR1, RTPEGROhese bits
select the sensed edge(s) of external or internal trigger input for realtime output.

Bit 1 Bit 0

RTPEGR1 RTPEGRO Description

0 0 Disables trigger input (Initial value)
1 Selects trigger input rising edge

1 0 Selects trigger input falling edge
1 Selects trigger input rising and falling edges
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10.8.3  Pin Functions
This section describes the port 7 pin functions and their selection methods.

P77/PPG7/RPB to P74/PPG4/RP&®77/PPG7/RPB to P74/PPG4/RP8 are switched as shown
below according to the PMRBn bit in PMRB and the PCR7n bit in PCR7.

Value Returned when

PMRBN PMR7n PCR7n Pin Function Output Value PDR7n is Read
0 0 0 P7n input pin O P7n pin
1 P7n output pin PDR7n PDR7n
0 1 0 PPGn output pin ~ PPGn P7n pin
1 PDR7n
1 * 0 RPm output pin  Hi-Z** PDR7n
1 PDRS7n**

(n=7t04, m=B, A 9,8)
Notes: Hi-Z: High impedance
* Don't care

1. When PMRBn = 1 (realtime output pin), the state indicated is that after the PCR7n set
value has been transferred to PCRS7n by trigger input.

P73/PPG to P70/PPGOP73/PPG to P70/PPGO are switched as shown below according to the
PMR7n bit in PMR7 and the PCR7n bit in PCR7.

Value Returned when PDR7n

PMR7n PCR7n Pin Function Output Value is Read
0 0 P7n input pin O P7n pin
1 P7n output pin PDR7n PDR7n
1 0 PPGn output pin PPGn P7n pin
1 PDR7n

(n=3t00)
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10.8.4  Operation
Port 7 can be used by the PMRB as a realtime output port or an 1/O port.

Port 7 functions as a realtime output port when PMRB=1 and functions as an I/O port when
PMRB=0. Figure 10.3 show the block diagram of port 7.

Internal
RTPEGR write trigger HSW
/\ + External trigger
[k RPTRG
- | RTPEGR ¥
RTP+SR2 write Select
B _|CK
- "| RTPSR2
PMRA write
%)
2 CK
s [ >
% PMRB
©
© .
c PDRY write
2
£
CK _ CK
™ PDR7 >l PDRS?7 - >—e ‘ P7/RP
PDR? read A
Select
PCR7 write I}
y
_|CK _|CK
\/ PCR7 PCRS7
Legend:
PMRB: Port mode register B RTPSR2: Realtime output trigger select register
PCR7: Port control register 7 RTPEGR: Realtime output trigger edge select register
PDR7: Port data register 7 HSW: Internal trigger signal
PCRST7: Port control register slave 7 RPTRG: External trigger pin

PDRS7: Port data register slave 7

Figure 10.3 Block Diagram of Port 7
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Port 7 functions as follows:

1. Realtime output port function (PMRB=1)

Port function as a realtime output port when PMRB is 1. After a trigger input, the PDR7 data
is transferred to PDRS7 and PCRY7 data is transferred to PCRS7. In this case, when PCRS7 i
1, the PDRS7 data of the corresponding bit is output from the RP pin. When PCRS7 is 0, the
RP pin of the corresponding bit enters high-impedance state. In other words, the realtime
output port function can instantaneously switch the pin output state (High or Low) or high-
impedance by a trigger input.

2. 1/0 port function (PMRB=0)

Port 7 functions as an 1/O port when PMRB is 0. After data is written to PDR7, the same data
is written to PDRS7. After data is written to PCR7, the same data is written to PCRS7. Since
PDR and PDRS7, and PCR7 and PCRS7 can be used as one register, the registers can be u
as the 1/0 ports. In other words, if PCR7 is 1, the PDR7 data of the corresponding bit is outpu
from the P7 pin. If PCR is 0, the P7 pin of the corresponding bit is an input pin. If PD7 is read,
the PDR7 value is read when PCRY7 is 1 and the pin value is read when PCRY7 is 0.

10.8.,5 Pin States
Table 10.22 shows the port 7 pin states in each operation mode.

Table 10.22 Port 6 Pin States

Pins Reset Active Sleep Standby  Watch Subactive Subsleep

P77/PPG7/RPB High- Operation Holding High- High- Operation Holding
to impedance impedance impedance

P74/PPG4/RP8

P73/PPG3

to

P70/PPGO
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10.9 Port 8

10.9.1 Overview

Port 8 is an 8-bit I/O port. Table 10.23 shows the port 8 configuration.

Port 8 consists of pins that are used both as standard-current 1/O ports (P87 to P80) and an ext
CTL signal input (EXCTL), a pre-amplifier output result signal input (COMP), color signal
outputs (R, G, and B), a pre-amplifier output selection signal output (H.Amp SW), a control sign:
output for processing color signal (C.Rotary), a DPG signal input (DPG), a capstan external syn:
signal input (EXCAP), an OSD character display position output (YBOQ), an OSD character data
output (YCO), and an external reference signal input (EXTTRG). It is switched by port mode
register 8 (PMR8), port mode register C (PMRC), and port control register 8 (PCR8).

Table 10.23 Port 8 Configuration

Port Function Alternative Function
Port 8 P87 (standard 1/O port) DPG signal input
P86 (standard 1/O port) External reference signal input
P85 (standard 1/O port) Pre-amplifier output result signal input

Color signal output

P84 (standard 1/O port) Pre-amplifier output selection signal output

Color signal output

P83 (standard 1/O port) Control signal output for processing color signal

Color signal output
P82 (standard 1/O port) External CTL signal input

P81 (standard 1/O port) Capstan external sync signal input

OSD character display position output
P80 (standard 1/O port) OSD character data output
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10.9.2 Register Configuration
Table 10.24 shows the port 8 register configuration.

Table 10.24 Port 8 Register Configuration

Name Abbrev. RIW Size Initial Value  Address *
Port mode register 8 PMR8 R/W Byte H'00 H'FFDF
Port mode register C PMRC R/W Byte H'C5 H'FFEO
Port control register 8 PCR8 W Byte H'00 H'FFDS8
Port data register 8 PDR8 R/W Byte H'00 H'FFC8

Note: * Lower 16 bits of the address.
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Port Mode Register 8 (PMR8)

Bit: 7 6 5 4 3 2
| PMR87 | PMR8s | PMR85 | PMR84 | PMR83 | PMR82 | PMRSL | PMR80
Initial value : 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW  RW  RW  RW

Port mode register 8 (PMR8) controls switching of each pin function of port 8. The switching is
specified in a unit of bit.
PMRS is an 8-bit read/write enable register. When reset, PMR8 is initialized to H'FO.

If the EXCTL, COMP, DPG and EXTTRG input pins are set, the pin level need always be set to
the high or low level regardless of the active mode and low power consumption mode. Note tha
the pin level must not reach an intermediate level.

Bit 700 P87/DPG Pin Switching (PMR87)PMR87 sets whether the P87/DPG pin is used as a
P87 1/0 pin or a DPG signal input pin.

Bit 7
PMR87 Description
0 P87/DPG pin functions as a P87 I/O pin
(Drum control signals are input as an overlapped signal) (Initial value)
1 P87/DPG pin functions as a DPG input pin

(Drum control signals are input as separate signals)

Bit 600 P86/EXTTRG Pin Switching (PMR86): PMR86 sets whether the P86/EXTTRG pin is
used as a P86 I/O pin or an external trigger signal input pin.

Bit 6

"PMR86 Description
0 P86/EXTTRG pin functions as a P86 1/0O pin (Initial value)
1 P86/EXTTRG pin functions as a EXTTRG input pin

Bit 500 P85/COMP Pin Switching (PMR85):PMR85 sets whether the P85/COMP pin is used as
a P85 1/O pin or a COMP input pin of the preamplifier output result signal.

Bit 5

"PMR85 Description
0 P85/COMP pin functions as a P85 1/O pin (Initial value)
1 P85/COMP pin functions as a COMP input pin
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Bit 400 P84/H.Amp SW Pin Switching (PMR84):PMR84 sets whether the P84/H.Amp SW pin
is used as a P84 1/0 pin or H.Amp SW pin of the preamplifier output select signal output.

Bit 4

PMR84 Description

0 P84/H.Amp SW pin functions as a P84 1/O pin (Initial value)
1 P84/H.Amp SW pin functions as a H.Amp SW output pin

Bit 300 P83/C. Rotary Pin Switching (PMR83):PMR83 sets whether the P83/C. Rotary pin is
used as a P83 I/O pin or a C.Rotary pin of a control signal output for processing color signal.

Bit 3

PMR83 Description

0 P83/C.Rotary pin functions as a P83 I/O pin (Initial value)
1 P83/C.Rotary pin functions as a C.Rotary output pin

Bit 200 P82/EXCTL Pin Switching (PMR82): PMR82 sets whether the P82/EXCTL pin
functions as a P82 1/O pin or a EXCTL input pin of external CTL signal input.

Bit 2

PMR82 Description

0 P82/EXCTL pin functions as a P82 1/O pin (Initial value)
1 P82/EXCTL pin functions as a EXCTL input pin

Bit 100 P81/EXCAP Pin Switching (PMR81):PMR81 sets whether the P81/EXCAP pin
functions as a P81 1/O pin or a EXCAP pin of capstan external synchronous signal input.

Bit 1

PMR81 Description

0 P81/EXCAP pin functions as a P81 /O pin (Initial value)
1 P81/EXCAP pin functions as a EXCAP input pin

Bit 000 P80/YCO Pin Switching (PMR80):PMR80 sets whether the P80/YCO pin functions as a
P80 1/O pin or a YCO pin of OSD character data output.

Bit0

PMR80 Description

0 P80/YCO pin functions as a P80 I/O pin (Initial value)
1 P80/YCO pin functions as a YCO output pin
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Port Mode Register C (PMRC)

Bit : 7 6 5 4 3 2 1 0

| — | — | PMRC5 PMRC4 | PMRC3 — PMRC1 —

Initial value : 1 1 0 0 0 1 0 1
R/W : — — R/W R/W R/W — R/W —

Port mode register C (PMRC) controls switching of each pin function of port 8. The switching is
specified in a unit of a bit.

PMRC is an 8-bit read/write enable register. When reset, PMRC is initialized to H'C5.

Bits 7, 6, 2, and @ Reserved Bits:Reserved bits. When the bits are read, 1 is always read. The
write operation is invalid.

Bit 500 P85/B Pin Switching (PMRC5):PMRCS5 sets whether to use the P85/B pin as a P85 I/O
pin or a B pin of the OSD color signal output.

Bit 5
PMRC5 Description

0 P85/B pin functions as a P85 pin (Initial value)

1 P85/B pin functions as a B output pin

Bit 400 P84/G Pin Switching (PMRC4):PMRC4 sets whether to use the P84/G pin as a P84 I/O
pin or a G pin of the OSD color signal output.

Bit 4
PMRC4 Description

0 P84/G pin functions as a P84 1/O pin (Initial value)

1 P84/G pin functions as a G output pin

Bit 300 P83/R Pin Switching (PMRC3):PMRC3 sets whether to use the P83/R pin as a P83 I/O
pin or a R pin of the OSD color signal output.

Bit 3

"PMRC3 Description
0 P83/R pin functions as a P83 I/O pin (Initial value)
1 P83/R pin functions as a R output pin
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Bit 100 P81/YBO Pin Switching (PMRC1):PMRC1 sets whether to use the P81/YBO pin as a
P81 1/O pin or a YBO pin of the OSD character display position output.

Bit7

"PMRL Description
0 P81/YBO pin functions as a P81 I/O pin (Initial value)
1 P81/YBO pin functions as a YBO output pin

Port Control Register 8 (PCR8)

Bit : 7 6 5 4 3 2 1
| PCR87 | PCR86 | PCR85 PCR84 PCR83 PCR82 | PCR81 PCR80
Initial value : 0 0 0 0 0 0 0 0
R/W : w w w w w W W W

Port control register 8 (PCR8) controls I/O of pins P87 to P80 of port 8. The /O is specified in a
unit of bit.

When PCR8 is set to 1, the corresponding P87 to P80 pins become output pins, and when it is st
to 0, they become input pins.

When the pins are set as general 1/O pins, the settings of PCR8 and PDR8 become valid.

PCRS8 is an 8-bit write-only register. When PCRS8 is read, 1 is read. When reset PCR8 is initialize
to H'00.

Bits 7 to 0 P87 to P80 Pin I/O Switching

Bit n

"PCR8n Description
0 P8n pin functions as an input pin (Initial value)
1 P8n pin functions as an output pin

(n=7t00)
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Port Data Register 8 (PDR8)

Bit : 7 6 5 4 3 2 1
| PDR87 | PDR86 | PDR85 PDR84 PDR83 PDR82 PDR81 PDR80
Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/IW R/W R/W R/W R/W

Port data register 8 (PDR8) stores the data of pins P87 to P80 port 8. When PCR is 1 (output), 1
pin states are read is port 8 is read. Accordingly, the pin states are not affected. When PCR8 is
(input), the pin states are read it port 8 is read.

PDRS8 is an 8-bit read/write enable register. When reset, PDRS is initialized to H'00.
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10.9.3  Pin Functions
This section describes the port 8 pin functions and their selection methods.

P87/DPG:P87/DPG is switched as shown below according to the PMR87 bit in PMR8 and
PCR87 bit in PCR8.

PMR87 PCR87 Pin Function

0 0 P87 input pin
1 P87 output pin

1 * DPG input pin

Note: * Don't care

P86/EXTTRG: P86/EXTTRG is switched as shown below according to the PMR86 bit in PMR8
and PCR86 bit in PCR8.

PMR86 PCR86 Pin Function
0 0 P86 input pin
1 P86 output pin
1 * EXTTRG input pin

Note: * Don't care

P85/COMP/B: P85/COMP/B is switched as shown below according to the PMR85 bit in PMRS,
PMRCS5 bit in PMRC, and PCRS8S5 bit in PCRS8.

PMRC5 PMR85 PCR85 Pin Function
0 0 0 P85 input pin

1 P85 output pin
* 1 * COMP input pin
1 0 * B output pin

Note: * Don't care
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P84/H.Amp SW/G: P84/H.Amp SWI/G is switched as shown below according to the PMR84 bit
in PMR, PMRC4 bit in PMRC, and PCR84 bit in PCR8.

PMRC4 PMR84 PCR84 Pin Function
0 0 0 P84 input pin
1 P84 output pin
* 1 * H.Amp SW output pin
1 0 * G output pin

Note: * Don't care

P83/C.Rotary/R: P83/C.Rotary/R is switched as shown below according to the PMR83bit in
PMR8, PMRC3 bit in PMRC, and PCR83 bit in PCR8.

PMRC3 PMR83 PCR83 Pin Function
0 0 0 P83 input pin
1 P83 output pin
* 1 * C.Rotary output pin
1 0 * R output pin

Note: * Don't care

P82/EXCTL: P82/EXCTL is switched as shown below according to the PMR82 bit in PMR8 and
PCR82 bit in PCR8.

PMR82 PCR82 Pin Function
0 0 P82 input pin

1 P82 output pin
1 * EXCTL input pin

Note: * Don't care

P81/EXCAP/YBO: P81/EXCAP/YBO is switched as shown below according to the PMR81 bit
in PMR8, PMRC1 bit in PMRC, and PCR81 hit in PCRS.

PMRC1 PMR81 PCR81 Pin Function
0 0 0 P81 input pin
1 P81 output pin
* 1 * EXCAP output pin
1 0 * YBO output pin

Note: * Don't care
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P80/YCO: P80/YCO is switched as shown below according to the PMR80 bit in PMR8 and
PCR80 bit in PCR

PMR80 PCR80 Pin Function
0 0 P80 input pin

1 P80 output pin
1 * YCO output pin

Note: * Don't care

10.9.4  Pin States
Table 10.25 shows the port 8 pin states in each operation mode.

Table 10.25 Port 8 Pin States

Pins Reset Active Sleep Standby Watch Subactive  Subsleep
P87/DPG High- Operation  Holding High- High- Operation  Holding
P86/EXTTRG impedance impedance impedance

P85/COMP/B

P84/H.Amp SW/G
P83/C.Rotary/R
P82/EXCTL
P81/EXCAP/YBO
P80/YCO

Notes: 1. If the EXCTL, COMP, DPG, and EXTTRG input pins are set, the pin level need always
be set to the high or low level regardless of the active mode and low power
consumption mode. Note that the pin level must not reach an intermediate level.

2. As the DPG always functions, a high or low pin level must be input to the multiplexed
pins regardless of whether active mode or power-down mode is in effect.
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Section 11 Timer A

11.1 Overview

Timer A is an 8-bit interval timer. It can be used as a clock timer when connected to a 32.768 k
crystal oscillator.

11.1.1 Features
Features of timer A are as follows:

» Choices of eight different types of internal clocigd 6384,¢/8192,¢/4096,¢/1024,¢'512,
@256, @64 andg16) are available for your selection.

» Four different overflowing cycles (1s, 0.5s, 0.25s and 0.03125s) are selectable as a clock tir
(When using a 32.768 kHz crystal oscillator.)

» Requests for interrupt will be output when the counter overflows.
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11.1.2  Block Diagram

Figure 11.1 shows a block diagram of timer A.

32 kHz 1/4 Prescaler W ; N ™A
Crystal oscillator (PSW) ; L] I
: | 2
: <
Qn/128 ks
E TCA 5
' £
‘ 2
1 c
L x *o| *o Overflowing of -
©/16384, ¢/8192, ' ol S S| 8| [theinterval
@4096, @1024, ! T I A || timer \/
@512, ¢/256, '
@64, g16 ' |><|—-—
System __ | Prescalers —
clock (PSS) ! Interruptingl. Interrupt
_______________________________ : cireuit requests
Prescaler unit
Legend:
TMA : Timer mode register A
TCA : Timer counter A
Note: * Selectable only when the prescaler W output (@w/128) is
working as the input clock to the TCA.
Figure 11.1 Block Diagram of Timer A
11.1.3 Register Configuration
Table 11.1 shows the register configuration of timer A.
Table 11.1 Register Configuration
Name Abbrev. R/W Size Initial Value  Address *
Timer mode register A TMA R/W Byte H'30 H'FFBA
Timer counter A TCA R Byte H'00 H'FFBB

Note: * Lower 16 bits of the address.
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11.2  Register Descriptions

11.2.1 Timer Mode Register A (TMA)

Bit : 7 6 5 4 3 2 1 0
TMAOV | TMAIE — — TMA3 TMA2 TMA1 TMAO

Initial value : 0 0 1 1 0 0 0 0
R/W:  R/(W)* R/W — — R/W R/W R/W R/W

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

The timer mode register A (TMA) works to control the interrupts of timer A and to select the inpt
clock.
TMA is an 8-bit read/write register. When reset, the TMA will be initialized to H'30.

Bit 70 Timer A Overflow Flag (TMAOV): This is a status flag indicating the fact that the TCA
is overflowing (H'FF- H'00).

Bit 7
TMAOV Description

0 [Clearing conditions] (Initial value)
When 0 is written to the TMAQV flag after reading the TMAQV flag under the status
where TMAOV =1

1 [Setting conditions]
When the TCA overflows

Bit 600 Enabling Interrupt of the Timer A (TMAIE): This bit works to permit/prohibit
occurrence of interrupt of the Timer A (TMAI) when the TCA overflows and when the TMAOV
of the TMA is set to 1.

Bit 6

TTMAIE Description
0 Prohibits occurrence of interrupt of the Timer A (TMAI) (Initial value)
1 Permits occurrence of interrupt of the Timer A (TMAI)

Bits 5 and 41 Reserved:These bits cannot be modified and are always read as 1.
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Bit 300 Selection of the Clock Source and Prescaler (TMA3JEhis bit works to select the PSS
or PSW as the clock source for the Timer A.

Bit 3

“TMA3 Description
0 Selects the PSS as the clock source for the Timer A (Initial value)
1 Selects the PSW as the clock source for the Timer A

Bits 2 to 0 Clock Selection (TMA2 to TMAQO): These bits work to select the clock to input to
the TCA. In combination with the TMAS3 bit, the choices are as follows:

Bit 3 Bit 2 Bit 1 Bit 0

Prescaler Division Ratio (Interval Timer) Operation
TMA3 TMA2 TMA1  TMAO or Overflow Cycle (Time Base) Mode
0 0 0 0 PSS, ¢/16384 (Initial value) Interval
1 PSS, ¢8192 timer mode
1 0 PSS, @/4096
1 PSS, ¢1024
1 0 0 PSS, @512
1 PSS, @256
1 0 PSS, @64
1 PSS, @16
1 0 0 0 1s Clock time
1 0.5s base mode
1 0 0.25s
1 0.03125s
1 0 0 Works to clear the PSW and TCA to H'00
1
1 0
1

Note: @=fosc
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11.2.2  Timer Counter A (TCA)

Bit : 7 6 5 4 3 2 1 0

TCA7 | TCA6 | TCA5 | TCA4 | TCA3 | TcA2 | TCA1 | TCAO
Initial value : 0 0 0 0 0 0 0 0
RIW: R R R R R R R R

The timer counter A (TCA) is an 8-bit up-counter that counts up on inputs from the internal clock
The inputting clock can be selected by TMA3 to TMAO bits of the TMA

When the TCA overflows, the TMAOV bit of the TMA is set to 1.

The TCA can be cleared by setting the TMA3 and TMA2 bits of the TMA to 11.

The TCA is always readable. When reset, the TCA will be initialized into H'0O.

11.2.3  Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bt: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9| MSTP8| MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3| MSTP2| MSTP1| MSTPO|

Initalvaluve: 7 12 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

The MSTPCR are 8-bit read/write twin registers which work to control the module stop mode.
When the MSTP15 bit is set to 1, the Timer A stops its operation at the ending point of the bus
cycle to shift to the module stop mode. For more information, see section 4.5, Module Stop
Mode. When reset, the MSTPCR will be initialized into H'FFFF.

Bit 700 Module Stop (MSTP15):This bit works to designate the module stop mode for the Timer
A.

MSTPCRH
Bit7
“MSTP15 Description
0 Cancels the module stop mode of the Timer A
1 Sets the module stop mode of the Timer A (Initial value)
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11.3  Operation

Timer A is an 8-bit interval timer. It can be used as a clock timer when connected to a 32.768 kH:
crystal oscillator.

11.3.1 Operation as the Interval Timer

When the TMA3 bit of the TMA is cleared to O, timer A works as an 8-hit interval timer.

After reset, the TCA is cleared to H'00 and as the TMAS3 bit is cleared to 0, the Timer A continues
counting up as the interval counter without interrupts right after resetting.

As the operation clock for timer A, selection can be made from eight different types of internal
clocks being output from the PSS by the TMA2 to TMAO bits of the TMA.

When the clock signal is input after the reading of the TCA reaches H'FF, timer A overflows and
the TMAOV bit of the TMA will be set to 1. An interrupt occurs when the TMAIE bit of the
TMAis 1.

When overflowing occurs, the reading of the TCA returns to H'00 before resuming counting up.
Consequently, it works as the interval timer to produce overflow outputs periodically at every 256
input clocks.

11.3.2 Operation as Clock Timer

When the TMA3 bit of the TMA is set to 1, timer A works as a time base for the clock.
As the overflow cycles for timer A, selection can be made from four different types by counting
the clock being output from the PSW by the TMAL1 bit and TMAQ bit of the TMA.

11.3.3 Initializing the Counts

When the TMA3 and TMAZ2 bits are set to 11, the PSW and TCA will be cleared to H'00 to come
to a stop.

At this state, writing 10 to the TMAS3 bit and TMAZ2 bit makes timer A start counting from H'00 in
the time base mode for clocks.

After clearing the PSW and TCA using the TMA3 and TMAZ2 bits, writing 00 or 01 to the TMA3
bit and TMAZ2 bit to make timer A start counting from H'00 in the interval timer mode. However,
the period to the first count is not constant, since the PSS is not cleared.
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Section 12 Timer B

12.1  Overview

Timer B is an 8-bit up-counter. Timer B is equipped with two different types of functions namely
the interval function and the auto reloading function.

12.1.1 Features

» Seven different types of internal clock#16384,9'4096,@/1024,@512,@/128,@'32 andy8)
or an of external clock can be selected.

» When the counter overflows, a interrupt request will be issued.

12.1.2 Block Diagram

Figure 12.1 shows a block diagram of timer B.

- TMB

Clock sources

@16384 ——— ]

4096 ———— &

TCB Overflowing

@024 — 5]
@512 — >

128 —————
¢ Re-loading

@32 —
@8 ——————————

Internal data bus

TMBl ——————» TLB

|Interrupting

| circuit \

Legend:

TMB : Timer mode register B
TCB : Timer counter B L, TimerB

TLB : Timer re-loading register B Interrupt requests
TMBI : Event input terminal of the Timer B

Figure 12.1 Block Diagram of Timer B
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12.1.3  Pin Configuration
Table 12.1 shows the pin configuration of timer B.

Table 12.1 Pin Configuration

Name Abbrev. 110 Function

Event inputs to timer B TMBI Input Event input pin for inputs to the TCB

12.1.4  Register Configuration

Table 12.2 shows the register configuration of timer B.
The TCB and TLB are being allocated to the same address. Reading or writing determines the
accessing register.

Table 12.2 Register Configuration

Name Abbrev. R/W Size Initial Value  Address *
Timer mode register B TMB R/W Byte H'18 H'D110
Timer counter B TCB R Byte H'00 H'D111
Timer load register B TLB W Byte H'00 H'D111
Port mode register A PMRA R/W Byte H'3F H'FFD9

Note: * Lower 16 bits of the address.
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12.2  Register Descriptions

12.2.1 Timer Mode Register B (TMB)

Bit : 7 6 5 4 3 2 1 0
TMB17 | TMBIF | TMBIE — — TMB12 | TMB11 | TMB10
Initial value : 0 0 0 1 1 0 0 0
RW: R/W RI(W)* R/W — — R/IW R/W R/W

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

The TMB is an 8-bit read/write register which works to control the interrupts, to select the auto
reloading function and to select the input clock.
When reset, the TMB is initialized to H'18.

Bit 70 Selecting the Auto Reloading Function (TMB17)This bit works to select the auto
reloading function of the Timer B.

Bit 7

TMB17 Description

0 Selects the interval function (Initial value)
1 Selects the auto reloading function

Bit 60 Interrupt Requesting Flag for the Timer B (TMBIF): This is an interrupt requesting
flag for the Timer B. It indicates the fact that the TCB is overflowing.

Bit 6

TMBIF Description

0 [Clearing conditions] (Initial value)
When 0 is written after reading 1

1 [Setting conditions]

When the TCB overflows

Rev. 1.0, 02/01, page 259 of 1184
RENESAS



Bit 500 Enabling Interrupt of the Timer B (TMBIE): This bit works to permit/prohibit
occurrence of interrupt of timer B when the TCB overflows and when the TMBIF is set to 1.

Bit 5

“TMBIE Description
0 Prohibits interrupt of timer B (Initial value)
1 Permits interrupt of timer B

Bits 4 and 31 Reserved:These bits cannot be modified and are always read as 1.

Bits 2 to 0 Clock Selection (TMB12 to TMB10): These bits work to select the clock to input to
the TCB. Selection of the rising edge or the falling edge is workable with the external event
inputs.

Bit 2 Bit 1 Bit 0

TMB12 TMB11 TMB10 Descriptions

Internal clock: Counts at (/16384 (Initial value)

Internal clock: Counts at ¢4096

Internal clock: Counts at ¢/1024

Internal clock: Counts at @512

Internal clock: Counts at ¢/128

Internal clock: Counts at ¢/32

Internal clock: Counts at ¢/8

RP|lRP|FP P O|lO| OO
PR, O O|FR|FL|O|O
POk,  O|FRL,r|O|F|O

Counts at the rising edge and the falling edge of external
event inputs (TMBI)*

Note: * The edge selection for the external event inputs is made by setting the PMRAG of the port
mode register A (PMRA). See section 12.2.4, Port Mode Register A (PMRA).
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12.2.2  Timer Counter B (TCB)

Bit : 7 6 5 4 3 2 1 0
TCB17 | TCB16 | TCB15 | TCB14 | TCB13 | TCB12 | TCB11l | TCB10

Initial value : 0 0 0 0 0 0 0
R/W : R R R R R R R R

The TCB is an 8-bit readable register which works to count up by the internal clock inputs and
external event inputs. The input clock can be selected by the TMB12 to TMB10 of the TMB.
When the TCB overflows (H'FE H'00 or H'FF- TLB setting), a interrupt request of the Timer
B will be issued.

When reset, the TCB is initialized to H'00.

12.2.3 Timer Load Register B (TLB)

Bit : 7 6 5 4 3 2 1 0
TLB17 TLB16 TLB15 TLB14 TLB13 TLB12 TLB11 TLB10

Initial value : 0 0 0 0 0 0 0 0
R/W : W w w w w W w w

The TLB is an 8-bit write only register which works to set the reloading value of the TCB.

When the reloading value is set to the TLB, the value will be simultaneously loaded to the TCB
and the TCB starts counting up from the set value. Also, during an auto reloading operation, wk
the TCB overflows, the value of the TLB will be loaded to the TCB. Consequently, the
overflowing cycle can be set within the range of 1 to 256 input clocks.

When reset, the TLB is initialized to H'0O.
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12.2.4  Port Mode Register A (PMRA)

Bit : 7 6 5

| PMRA7 | PMRAG | —

Initial value : 0 0 1
R/W : R/W R/W —

The port mode register A (PMRA) works to changeover the pin functions of the port 6 and to

1

1

1

designate the edge sense of the event inputs of timer B (TMBI).

The PMRA is an 8-bit read/write register. When reset, the PMRA will be initialized to H'3F.

See section 10.7, Port 6 for other information than bit 6.

Bit 60 Selecting the Edges of the Event Inputs to the Timer B (PMRAG6Xhis bit works to
select the input edge sense of the TMBI pins.

Bit 6
PMRAG6 Description

1

1

0 Detects the falling edge of the event inputs to the Timer B

(Initial value)

1 Detects the rising edge of the event inputs to the Timer B
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12.2.5 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bt: v 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTPL | MSTPO |

Initialvalue;: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

The MSTPCR are 8-bit read/write twin registers which work to control the module stop mode.
When the MSTP14 bit is set to 1, the Timer B stops its operation at the ending point of the bus
cycle to shift to the module stop mode. For more information, see section 4.5, Module stop moc
When reset, the MSTPCR is initialized to H'FFFF.

Bit 600 Module Stop (MSTP14):This bit works to designate the module stop mode for the Timer
B.

MSTPCRH
Bité
MSTP14 Description
0 Cancels the module stop mode of the Timer B
1 Sets the module stop mode of the Timer B (Initial value)
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12.3  Operation

12.3.1  Operation as the Interval Timer

When the TMB17 bit of the TMB is set to O, timer B works as an 8-bit interval timer.

When reset, since the TCB is cleared to H'00 and as the TMB17 bit is cleared to O, timer B
continues counting up as the interval timer without interrupts right after resetting.

As the clock source for timer B, selection can be made from seven different types of internal
clocks being output from the prescaler unit by the TMB12 to TMB10 bits of the TMB or an
external clock through the TMBI input pin can be chosen instead.

When the clock signal is input after the reading of the TCB reaches H'FF, timer B overflows and
the TMBIF bit of the TMB will be setto 1. At this time, when the TMBIE bit of the TMB is 1,
interrupt occurs.

When overflowing occurs, the reading of the TCB returns to H'00 before resuming counting up.
When a value is set to the TLB while the interval timer is in operation, the value which has been
set to the TLB will be loaded to the TCB simultaneously.

12.3.2  Operation as the Auto Reload Timer

When the TMB17 of the TMB is set to 1, the Timer B works as an 8-bit auto reload timer.

When a reload value is set in the TLB, the value is loaded onto the TCB at the same time, and th
TCB starts counting up from the value.

When the clock signal is input after the reading of the TCB reaches H'FF, timer B overflows and
the TLB value is loaded onto the TCB, then the TCB continues counting up from the loaded value
Accordingly, overflow interval can be set within the range of 1 to 256 clocks depending on the
TLB value.

Clock source and interrupts in the auto reload operation are the same as those in the interval
operation. When the TLB value is re-set while the auto reload timer is in operation, the value
which has been set to the TLB will be loaded onto the TCB simultaneously.

12.3.3  Event Counter

Timer B works as an event counter using the TMBI pin as the event input pin. When the TMB12
to TMB10 are set to 111, the external event will be selected as the clock source and the TCB
counts up at the leading edge or the trailing edge of the TMBI pin inputs.
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Section 13 Timer J

13.1 Overview

Timer J consists of twin counters. It carries different operation modes such as reloading and ev
counting.

13.1.1 Features

Timer J consists of an 8-bit reloading timer and an 8-bit/16-bit selectable reloading timer. It has
various functions as listed below. The two timers can be used separately, or they can be conne
together to operate as a single timer.

* Reloading timers

e Event counters

« Remote-controlled transmissions
» Takeup/Supply reel pulse division

13.1.2 Block Diagram

Figure 13.1 is a block diagram of timer J. Timer J consists of two reload timers namely, TMJ-1
and TMJ-2.
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Figure 13.1 Block Diagram of timer J
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13.1.3  Pin Configuration
Table 13.1 shows the pin configuration of timer J.

Table 13.1 Pin Configuration

Name Abbrev. 110 Function

.y

Event input pin IRQ1 Input Event inputs to the TMJ-1

Event input pin IRQ2 Input Event inputs to the TMJ-2

13.1.4 Register Configuration

Table 13.2 shows the register configuration of timer J.
The TCJ and TLJ or the TCK and TLK are being allocated to the same address respectively.
Reading or writing determines the accessing register.

Table 13.2 Register Configuration

Name Abbrev. R/W Size Initial Value  Address *?
Timer mode register J T™J R/W Byte H'00 H'D13A
Timer J control register T™MJC R/W Byte H'09 H'D13B
Timer J status register T™MJS RI(W)** Byte H'3F H'D13C
Timer counter J TCJ R Byte HFF H'D139
Timer counter K TCK R Byte HFF H'D138
Timer load register J TLI \W Byte H'FF H'D139
Timer load register K TLK \W Byte H'FF H'D138

Notes: 1. Only 0 can be written to clear the flag.
2. Lower 16 bits of the address.
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13.2  Register Descriptions

13.2.1 Timer Mode Register J (TMJ)

Bit : 7 6 5 4 3 2 1 0
PS11 PS10 ST 8/16 PS21 PS20 TGL T/IR

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R R/W

The timer mode register J (TMJ) works to select the inputting clock for the TMJ-1 and TMJ-2 and
to set the operation mode.

The TMJ is an 8-bit register and bit 1 is for read only. All the remaining bits are applicable to
read/write.

When reset, the TMJ is initialized to H'0O.

Under all other modes than the remote controlling mode, writing into the TMJ works to initialize
the counters (TCJ and TCK) to H'FF.

Bits 7 and &1 Selecting the Inputting Clock to the TMJ-1 (PS11, PS10Yhese bits work to
select the clock to input to the TMJ-1. When the external clock is selected, the counted edge
(rising or falling) can also be selected.

Bit 7 Bit 6

PS11 PS10 Description

0 0 Counting by the PSS, @512 (Initial value)
1 Counting by the PSS, ¢/256

1 0 Counting by the PSS, ¢4
1 Counting at the rising edge or the falling edge of the external clock

inputs (IRQ1)*

Note: * The edge selection for the external clock inputs is made by setting the IRQ edge select
register (IEGR). See section 6.2.4, IRQ Edge Select Register (IEGR) for more information.
When using an external clock under the remote controlling mode, set the opposite edge
with the IRQ1 and the IRQ2 when using an external clock under the remote controlling
mode. (When IRQ1 falling, select IRQ2 rising and when IRQ1 rising, select IRQ2 falling)
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Bit 500 Starting the Remote Controlled Operation (ST):This bit works to start the remote
controlled operations.

When this bit is set to 1, clock signal is supplied to the TMJ-1 to start signal transmissions.
When this bit is cleared to 0, clock supply stops to discontinue the operation. The ST bit will be
valid under the remote controlling mode, namely, when bit O (T/R bit) is 1 and bit 4 (8/16 bit) is C
Under other modes than the remote controlling mode, it will be fixed to 0. When a shift to the lo
power consumption mode is made during remote controlled operation, the ST bit will be cleared
0. When resuming operation after returning to the active mode, write 1.

Bit 5

ST Description

0 Works to stop clock signal supply to the TMJ-1 under the remote controlling mode
(Initial value)

1 Works to supply clock signal to the TMJ-1 under the remote controlling mode

Bit 400 Switching Over Between 8-bit/16-bit Operations (8/16)This bit works to choose if
using timer J as two units of 8-bit timer/counter or if using it as a single unit of 16-bit
timer/counter. Even under 16-bit operations, TMJ1I interrupt requests from the TMJ-1 will be
valid.

Bit 4

O Description
0 Makes the TMJ-1 and TMJ-2 operate separately (Initial value)
1 Makes the TMJ-1 and TMJ-2 operate altogether as 16-bit timer/counter

Bits 3 and 21 Selecting the Inputting Clock for the TMJ-2 (PS21, PS20)These bits, together
with the PS22 bit in the timer J control register (TMJC), work to select the clock for the TMJ-2.
When the external clock is selected, the counted edge (rising or falling) can also be selected. Fc
details, refer to section 13.2.2, Timer J Control Register (TMJC).

Bit 100 TMJ-2 Toggle Flag (TGL): This flag indicates the toggled status of the underflowing
with the TMJ-2. Reading only is workable.
It will be cleared to 0 under the low power consumption mode.

Bit 1

TeL Description
0 The toggle output of the TMJ-2 is 0 (Initial value)
1 The toggle output of the TMJ-2 is 1
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Bit 000 Switching Over Between Timer Output/Remote Controlling Output (T/R): This bit

works to select if using the timer outputs from the TMJ-1 as the output signal through the TMO
pin or if using the toggle outputs (remote controlled transmission data) from the TMJ-2 as the
output signal through the TMO pin.

Bit0

TR Description
0 Timer outputs from the TMJ-1 (Initial value)
1 Toggle outputs from the TMJ-2 (remote controlled transmission data)

Selecting the Operation Mode

The operating mode of timer J is determined by bit 3 (EXN) of the timer J control register (TMJC)
and bits 4 (8/16) and 0 (T/R) of the timer mode register J (TMJ).

T™MJC T™J
Bit 3 Bit 4 Bit 0
EXN 8/16 T/R Description
0 0 0 8-bit timer + 16-bit timer
Remote-controlling mode (TMJ-2 works as a 16-bit timer)
* 24-bit timer
1 0 0 Two 8-bit timers (Initial value)
1 Remote-controlling mode (TMJ-2 works as an 8-bit timer)
1 * 16-bit timer

Note: * Don'’t care

Writing to the TMJ in timer mode initializes the counters (TCJ and TCK) (H'FF). Consequently,
write to the reloading registers (TLJ an TLK) after finishing settings with the TMJ.

Under the remote controlling mode, although the TLJ and the TLK will not be initialized even
when writing is made into the TMJ, follow the sequence listed below when starting a remote
controlling operation:

1. Make setting to the remote controlling mode with the TMJ.
2. Write the data into the TLJ and TLK.
3. Start the remote controlled operation by use of the TMJ. (ST bit = 1).

Even under 16-bit operations, TMJ1I interrupt requests from the TMJ-1 will be valid.
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13.2.2  Timer J Control Register (TMJC)

Bit : 7 6 5 4 3 2 1 0
| BUZZ1 | BUZZ0 | MON1 | MONO | EXN |TMJ2IE | TMJlIE| PS22 |

Initial value : 0 0 0 0 1 0 0 1
RW: RW RIW RIW R/W RIW R/W RIW R/W

The timer J control register (TMJC) works to select the buzzer output frequency and to control
permission/prohibition of interrupts.

The TMJC is an 8-bit read/write register.

When reset, the TMJC is initialized to H'09.

Bits 7 and @1 Selecting the Buzzer Output (BUZZ1, BUZZ0):These bits work to select if

using the buzzer outputs as the output signal through the BUZZ pin or if using the monitor signa
as the output signal through the BUZZ pin.

When setting is made to the monitor signals, choose the monitor signal using the MON1 bit and
MONO bit.

Bit 7 Bit 6

Frequency when
BUZZ1 BUZZ0 Description ¢=10 MHz
0 0 @4096 (Initial value)  2.44 kHz
1 @8192 1.22 kHz
1 0 Works to output monitor signals
1 Works to output BUZZ signals from timer J
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Bits 5 and 41 Selecting the Monitor Signals (MON1, MONO):These bits work to select the

type of signals being output through the BUZZ pin for monitoring purpose. These settings are
valid only when the BUZZ1 and BUZZ0 bits are being set to 10.

When PB-CTL or REC-CTL is chosen, signal duties will be output as they are.

In case of DVCTL signals, signals from the CTL dividing circuit will be toggled before being
output. Signal waveforms divided by the CTL dividing circuit into n-divisions will further be
divided into halves. (Namely, 2n divisions, 50% duty waveform).

In case of TCA7, Bit 7 of the counter of the Timer A will be output. (50% duty)

When prescaler W is being used with the Timer A, 1 Hz outputs are available.

Bit 5 Bit 4

MON1 MONO Description

0 0 PB or REC-CTL (Initial value)
1 DVCTL

1 * Outputs TCA7

Note: * Don't care.

Bit 300 Expansion Function Control Bit (EXN): This bit enables or disables the expansion
function of TMJ-2. When the expansion function is enabled, TMJ-2 works as a 16-bit counter, an
further input clock sources and types can be selected.

Bit 3
EXN Description
0 Enables the TMJ-2 expansion function
1 Disables the TMJ-2 expansion function (Initial value)

Bit 200 Enabling Interrupt of the TMJ2I (TMJ2IE): This bit works to permit/prohibit
occurrence of TMJ2I interrupt of the TMJS in 1-set of the TMJ2I.

Bit 2

TTMI2E Description
0 Prohibits occurrence of TMJ2I interrupt (Initial value)
1 Permits occurrence of TMJ2I interrupt
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Bit 100 Enabling Interrupt of the TMJ1I (TMJ1IE): This bit works to permit/prohibit
occurrence of TMJ1lI interrupt of the TMJS in 1-set of the TMJ1lI.

Bit 1

TMILE Description
0 Prohibits occurrence of TMJ1I interrupt (Initial value)
1 Permits occurrence of TMJ1I interrupt

Bit 000 TMJ-2 Input Clock Selection (PS22):This bit, together with the PS21 and PS20 bits of
the timer mode register J (TMJ), selects the TMJ-2 input clock source.

T™MJC T™J
Bit3 BitO Bit3 Bit2
EXN PS22 PS21 PS20 Description
0 1 0 0 PSS; count at ¢/128
PSS; count at ¢/64
Count at TMJ-1 underflow

External clock (IRQ2); count at rising or falling edge**

[y
=

Reserved

PSS; count at @16384 (Initial value)
PSS; count at ¢2048

Count at TMJ-1 underflow

o
*
*

External clock (IRQ2); count at rising or falling edge**
PSS; count at ¢1024

PSS; count at ¢1024

Count at TMJ-1 underflow

External clock (IRQ2); count at rising or falling edge**

P O|lkFR| O|FrL,r|O|kFL|O

Notes: * Don't care

1. The external clock edge can be selected by the IRQ edge select register (IEGR). For
details, refer to section 6.2.4, IRQ Edge Select Registers (IEGR).
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13.2.3 Timer J Status Register (TMJS)
Bit : 7 6 5 4 3 2 1 0
| T™J2I | T™MJ1I | — | — | — | — | — | — |
Initial value : 0 0 1 1 1 1 1 1

RIW: RIW)*  RI(W)* — — — _ _ _

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

The timer J status register (TMJS) works to indicate issuance of the interrupt request of timer J.
The TMJS is an 8-bit read/write register. When reset, the TMJS is initialized to H'3F.

Bit 700 TMJ2I Interrupt Requesting Flag (TMJ2I): This is the TMJ2I interrupt requesting flag.

This flag is set out when the TMJ-2 underflows.

Bit 7

T™MJ2I Description

0 [Clearing conditions] (Initial value)
When 0 is written after reading 1

1 [Setting conditions]

When the TMJ-2 underflows

Bit 600 TMJ1I Interrupt Requesting Flag (TMJ1I): This is the TMJ1I interrupt requesting flag.

This flag is set out when the TMJ-1 underflows.
TMJ1l interrupt requests will also be made under a 16-bit operation.

Bit 6

TMJ1I Description

0 [Clearing conditions] (Initial value)
When 0 is written after reading 1

1 [Setting conditions]

When the TMJ-1 underflows

Bits 5 to 01 Reserved:These bits cannot be modified and are always read as 1.
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13.2.4  Timer Counter J (TCJ)

Bit : 7 6 5 4 3 2 1 0
TDR17 | TDR16 | TDR15 | TDR14 | TDR13 | TDR12 | TDR11 | TDR10

Initial value : 1 1 1 1 1 1 1 1
R/W : R R R R R R R R

The timer counter J (TCJ) is an 8-bit readable down-counter which works to count down by the
internal clock inputs or external clock inputs. The inputting clock can be selected by the PS11 &
PS10 bits of the TMJ. TCJ values can be readout always. Nonetheless, when the EXN bit in
TMJC and the 8/16 bit in TMJ are both set to 1, (means when setting is made to 16-bit operatior
reading is possible under the word command only.

At this time, the TCK of the TMJ-2 can be read by the upper 8 bits and the TCJ can be read by 1
lower 8 bits. When the EXN bit in TMJC is 0, TCJ can be read only in byte units.

When the TCJ underflows (H'09 Reloading value), regardless of the operation mode setting of
the 8/16 bit, the TMJ1I bit of the TMJS will be setto 1 bit. The TCJ and TLJ are being allocated
to the same address.

When reset, the TCJ is initialized to H'FF.

13.2.5 Timer Counter K (TCK)

Bit : 7 6 5 4 3 2 1 0
TDR27 | TDR26 | TDR25 | TDR24 | TDR23 | TDR22 | TDR21 | TDR20

Initial value : 1 1 1 1 1 1 1 1
R/W : R R R R R R R R

The timer counter K (TCK) is an 8-bit or a 16-bit readable down-counter which works to count
down by the internal clock inputs or external clock inputs. The inputting clock can be selected b
the EXN and PS2 bits of the TMIC, and the PS21 and PS20 bits of the TMJ. TCK values can b
readout always. Nonetheless, when the EXN bit in TMJC and the 8/16 bit in TMJ are both set t
1, (means when setting is made to 16-bit operation), reading is possible under the word comma
only.

At this time, the TCK can be read by the upper 8 bits and the TCJ of the TMJ-1 can be read by 1
lower 8 bits. When the EXN bit in TMJC is 0, TCK works as a 16-bit counter and can be read on
in word units.

When the TCK underflows (H'00 Reloading value), the TMJ2I bit of the TMJS will be set to 1.
The TCK and TLK are being allocated to the same address.

When reset, the TCK is initialized to H'FF.
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13.2.6  Timer Load Register J (TLJ)

Bit : 7 6 5 4 3 2 1 0
TLR17 | TLR16 | TLR15 | TLR14 | TLR13 | TLR12 | TLR11l | TLR1O

Initial value : 1 1 1 1 1 1 1 1
R/W : W W W W W W W W

The timer load register J (TLJ) is an 8-bit write only register which works to set the reloading
value of the TCJ.

When the reloading value is set to the TLJ, the value will be simultaneously loaded to the TCJ ar
the TCJ starts counting down from the set value. Also, during an auto reloading operation, when
the TCJ underflows, the value of the TLJ will be loaded to the TCJ. Consequently, the
underflowing cycle can be set within the range of 1 to 256 input clocks. Nonetheless, when the
EXN bit in TMJC and the 8/16 bit in TMJ are both set to 1, (means when setting is made to 16-bit
operation), writing is possible under the word command only.

At this time, the upper 8 bits can be written into the TLK of the TMJ-2 and the lower 8 bits can be
written into the TLJ. When the EXN bit in TMJC is 0, TLJ can be written to only in byte units; an
8-bit reload value is written to TLJ.

The TLJ and TCJ are being allocated to the same address.

When reset, the TLJ is initialized to H'FF.

13.2.7 Timer Load Register K (TLK)

Bit : 7 6 5 4 3 2 1 0
TLR27 | TLR26 | TLR25 | TLR24 | TLR23 | TLR22 | TLR21 | TLR20

Initial value : 1 1 1 1 1 1 1 1
R/W : W W W W W W W W

The timer load register K (TLK) is an 8-bit or a 16-bit write only register which works to set the
reloading value of the TCK.

When the reloading value is set to the TLK, the value will be simultaneously loaded to the TCK
and the TCK starts counting down from the set value. Also, during an auto reloading operation,
when the TCK underflows, the value of the TLK will be loaded to the TCK. Consequently, the
underflowing cycle can be set within the range of 1 to 256 input clocks. Nonetheless, when the
EXN bit in TMJC and the 8/16 bit in TMJ are both set to 1, (means when setting is made to 16-bit
operation), writing is possible under the word command only. At this time, the upper 8 bits can b
written into the TLK and the lower 8 bits can be written into the TLJ of the TMJ-1. When the

EXN bit in TMJC is 0, TLK can be written to only in word units; a 16-bit reload value is written

to TLK. The TLK and TCK are being allocated to the same address.

When reset, the TLK is initialized to H'FF.
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13.2.8 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bt: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
|MSTPlS|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

Initalvalue: 12 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

The MSTPCR are 8-bit read/write twin registers which work to control the module stop mode.
When the MSTP13 bit is set to 1, timer J stops its operation at the ending point of the bus cycle
shift to the module stop mode. For more information, see section 4.5, Module Stop Mode.
When reset, the MSTPCR is initialized to H'FFFF.

Bit 500 Module Stop (MSTP13):This bit works to designate the module stop mode for the Timer
J.

MSTPCRH
“Bits
TMSTP13 Description
0 Cancels the module stop mode of timer J
1 Sets the module stop mode of timer J (Initial value)
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13.3  Operation

13.3.1  8-bit Reload Timer (TMJ-1)

The TMJ-1 is an 8-bit reload timer. As the clock source, dividing clock or edge signals through
theIRQ1 pin are being used. By selecting the edge signals througR@epin, it can also be

used as an event counter. While it is working as an event counter, its reloading function is
workable simultaneously. When data are written into the reloading register, these data will be
written into the counters (event counter, timer counter) simultaneously. Also, when the event
counter underflows, the event counter value is reset to the reload register value, and a TMJ1lI
interrupt request occurs. Every time the counter underflows, the output level toggles. This output
can be used as a buzzer or the carrier frequency at remote-controlled transmission by selecting ¢
appropriate divided clock.

The TMJ-1 and TMJ-2, in combination, can be used as a 16-bit or a 24-bit reload timer.
Nonetheless, when they are being used, in combination, as a 16-bit timer, word command only is
valid and the TCK works as the down counter for the upper 8 bits and the TCJ works as the dowi
counter for the lower 8 bits, means a reloading register of total 16 bits.

When data are written into a 16-bit reloading register, the same data will be written into the 16-bil
down counter.

Also, when the 16-bit down counter underflow signals, the data of the 16-bit reloading register
will be reloaded into the down counter. When the EXN bit of TMJC is set to 0, the expansion
function of TMJ-2 is enabled, that is, TMJ-2 works as a 16-bit reloading timer, and it can be
connected to TMJ-1 to be a 24-bit reloading timer. In this case, TCK works as the upper 16-bit
part and TCJ works as the lower 8-bit part of a 24-bit down counter, and TLK works as the upper
16-bit part and TLJ works as the lower 8-bit part of a 24-bit reloading register.

Even when they are making a 16-bit or a 24-bit operation, the TMJ1I interrupt requests of the
TMJ-1 and BUZZER outputs are effective. In case these functions are not necessary, make then
invalid by programming.

The TMJ-1 and TMJ-2, in combination, can be used for remote controlled data transmission.
Regarding the remote controlled data transmission, see section 13.3.3, Remote Controlled Data
Transmission.

13.3.2  8-bit Reload Timer (TMJ-2)

The TMJ-2 is an 8-bit or a 16-bit down-counting reload timer. As the clock source, dividing
clock, edge signals through tHRQ?2 pin or the underflow signals from the TMJ-1 are being used.
By selecting the edge signals throughIR@2 pin, it can also be used as an event counter. While

it is working as an event counter, its reloading function is workable simultaneously.

When data are written into the reloading register, these data will be written into the counter
simultaneously. Also, when the counter underflows, reloading will be made to the data counter o
the reloading register.

When the counter underflows, TMJ2I interrupt requests will be issued.

The TMJ-2 and TMJ-1, in combination, can be used as a 16-bit or a 24-bit reload timer. For mort
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information on the 16-bit or 24-bit reload timer, see section 13.3.1, 8-bit Reload Timer (TMJ-1).
The TMJ-2 and TMJ-1, in combination, can be operated by remote controlled data transmission
Regarding the remote controlled data transmission, see section 13.3.3, Remote Controlled Date
Transmission.

13.3.3 Remote Controlled Data Transmission

The Timer J is capable of making remote controlled data transmission. The carrier frequencies
the remote controlled data transmission can be generated by the TMJ-1 and the burst width
duration and the space width duration can be setup by the TMJ-2.

The data having been written into the reloading register TMJ-1 and into the burst/space duratior
register (TLK) of the TMJ-2 will be loaded to the counter at the same time as the remote
controlled data transmission starts. (Remote controlled data transmission starting bit{5T)
While remote controlled data transmission is being made, the contents of the burst/space durati
register will be loaded to the counter only while reloading is being made by underflow signals.
Even when a writing is made to the burst/space duration register while remote controlled data
transmission is being made, reloading operation will not be made until an underflow signal is
issued. The TMJ-2 issues TMJ2I interrupt requests by the underflow signals. The TMJ-1
performs normal reloading operation (including the TMJ1I interrupt requests).

Figure 13.2 shows the output waveform for the remote controlled data transmission function.
When a shift to the low power consumption mode is effected while remote controlled data
transmission is being made, the ST bit will be cleared to 0. When resuming the remote controlle
data transmission after returning to the active mode, write 1.

TMJ-1 can generate

'/ the carrierfrequencieﬁv

transmission outputs

Burst width Space width Burst width
A TMJ-2 toggle output TMJ-2 toggle output TMJ-2 toggle
=1 =0 output=1
Setting the remote
controlled mode Setting the Setting the Setting the
Setting the burst width i i i
[o} space width burst width space width
SThit « 1 Underflow Underflow Underflow

Figure 13.2 Remote Controlled Data Transmission Output Waveform
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Figure 13.3 Timer Output Timing
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When the Timer J is set to the remote controlled operation mode, since the start bit (ST) is bein
set or cleared in synchronization with the inputting clock to the TMJ-2, a delay upto a cycle of th
inputting clock at the maximum occurs, namely, after the ST bit has been set to 1 until the remo
controlled data transmission starts. Consequently, when the TLK is updated during the period
after setting the ST bit to 1 until the next cycle of the inputting clock comes, the initial burst widtt
will be changed as shown in figure 13.4.

Therefore, when making remote controlled data transmission, determine 1/0 of the TGL bit at th
time of the first burst width control operation without fail. (Or, set the space width to the TLK
after waiting for a cycle of the inputting clock.)

After that, operations can be continued by interrupts.

Similarly, pay attention to the control works when ending remote controlled data transmission.

Example:

1) Set the burst width with the TLK.

2) ST hit~ 1.

3) Execute the procedure 4) if the TGL flag = 1.

4) Set the space width with the TLK under the status where the TGL flag = 1.
5) Make TMJ-2 interrupt.

6) Set the burst width with the TLK.

n) After making TMJ-2 interrupt, make setting of the STO under the status where the TGL
flag = 0.

Inputting clock ‘
to the TMJ-2 |
f f Interrupt Interrupt
| | A A
1 | ))
i €8
TGL flag !
| Burst width Space width
? ! according to (B) according to (S) f
.
ST -1 ! ST-0
N Remote controlled data
TLK set_tlng transmission starts here. Delay
(Burst width) The period during which the < >
(B) Delay space width settig can be
< > made. (S A

Stopping the remote controlled
If an updating is made with the data transmission

TLK during this period, the burst
width will be changed.

Figure 13.4 Controls of the Remote Controlled Data Transmission
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13.3.4 TMJ-2 Expansion Function

The TMJ-2 expansion function is enabled by setting the EXN bit in the timer J control register
(TMJC) to 0. This function makes TMJ-2, which usually works as an 8-bit counter, work as a 16-
bit counter. When this function is selected, timer counter K (TCK) and timer load register K
(TLK) must be accessed as follows:

TCK Read: To read TCK, use the word-length MOV instruction. In this case, the upper 8 bits of
TCK are read out to the lower byte of the on-chip data bus, and the lower 8 bits are read out to tf
upper byte of the on-chip data bus. That is, when MOV.W @TCK, Rn is executed, the lower 8
bits of TCK are stored in RnH and the upper 8 bits are stored in RnL.

TLK Write: To write to TLK, use the word-length MOV instruction. In this case, the upper 8 bits
are written to the lower byte of TLK, and the lower 8 bits are written to the upper byte of TLK.
That is, when MOV.W Rn, @TLK is executed, the Rrailadis written to the lower byte of TLK,

and the RnL data is written to the upper byte of TLK.
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Section 14 Timer L

14.1 Overview

Timer L is an 8-bit up/down counter using the control pulses or the CFG division signals as the
clock source.

14.1.1 Features
Features of timer L are as follows:

» Two types of internal clocksp(128 andp'64), DVCFG2 (CFG division signal 2), PB and
REC-CTL (control pulses) are available for your selection.

— When the PB-CTL is not available, such as when reproducing un-recorded tapes, tape
count can be made by the DVCFG2.

— Selection of the rising edge or the falling edge is workable with the CTL pulse counting.

» Interrupts occur when the counter overflows or underflows and at occurrences of compare
match clear.

» Capable to switch over between the up-counting and down-counting functions with the
counter.
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14.1.2  Block Diagram

Figure 14.1 shows a block diagram of timer L.

Internal clock LMR
@128
@64
|
Read

pverez LTC OVF/UDF
PBand —— 9
= o]
REC-CTL Reloading ]
3
©
Match clear %
5

Comparator
Interrupting __|
circuit
Write
RCR
Legend: \/
DVCFG2 : Division signal 2 of the CFG
L Interrupt request

PB and REC-CTL : Control pluses necessary when making
reproduction and storage

LMR : Timer L mode register

LTC : Linear time counter

RCR : Reload/compare match register
OVF : Overflow

UDF : Underflow

Figure 14.1 Block Diagram of Timer L
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14.1.3

Table 14.1 shows the register configuration of timer L. The linear time counter (LTC) and the

Register Configuration

reload compare patch register (RCR) are being allocated to the same address.
Reading or writing determines the accessing register.

Table 14.1 Register Configuration

Name Abbrev. R/W Size Initial Value  Address *
Timer L mode register LMR R/W Byte H'30 H'D112
Linear time counter LTC R Byte H'00 H'D113
Reload/compare match RCR w Byte H'00 H'D113

register

Note: * Lower 16 bits of the address.

RENESAS
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14.2  Register Descriptions

14.2.1 Timer L Mode Register (LMR)

Bit : 7 6 5 4 3 2 1
| LMIF | LMIE | — | — | LMR3 | LMR2 | LMR1 | LMRO |
Initial value : 0 0 1 1 0 0 0 0
R/W: R /(W)* R/W — — R/IW R/W R/W R/W

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

The timer L mode register A (LMR) is an 8-bit read/write register which works to control the
interrupts, to select between up-counting and down-counting and to select the clock source. Whe
reset, the LMR is initialized to H'30.

Bit 70 Timer L Interrupt Requesting Flag (LMIF): This is the Timer L interrupt requesting
flag. It indicates occurrence of overflow or underflow of the LTC or occurrence of compare
match clear.

Bit 7

LMIF Description

0 [Clearing conditions] (Initial value)
When 0 is written after reading 1

1 [Setting conditions]

When the LTC overflows, underflows or when compare match clear has occurred

Bit 60 Enabling Interrupt of the Timer L (LMIE): When the LTC overflows, underflows or
when compare match clear has occurred, then LMIF is set to 1, this bit works to permit/prohibit
the occurrence of an interrupt of timer L.

Bit 6

LMIE Description

0 Prohibits occurrence of interrupt of Timer L (Initial value)
1 Permits occurrence of interrupt of Timer L

Bits 5 and 41 Reserved:These bits cannot be modified and are always read as 1.

Bit 30 Up-Count/Down-Count Control (LMR3): This bit is for selection if timer L is to be
controlled to the up-counting function or down-counting function.
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1. When Controlled to the Up-Counting Function

O

O

When any other values than H'00 are input to the RCR, the LTC will be cleared to H'00
before starting counting up. When the LTC value and the RCR value match, the LTC will
be cleared to H'00. Also, interrupt requests will be issued by the match signal. (Compare
match clear function)

When H'00 is set to the RCR, the counter makes 8-bit interval timer operation to issue a
interrupt request when overflowing occurs. (Interval timer function)

2. When Controlled to the Down-Counting Function

O When a value is set to the RCR, the set value is reloaded to the LTC and counting down
starts from that value. When the LTC underflows, the value of the RCR will be reloaded t
the LTC. Also, when the LTC underflows, a interrupt request will be issued. (Auto reload
timer function)

Bit 3

LMR3 Description

0 Controlling to the up-counting function (Initial value)
1 Controlling to the down-counting function

Bits 2 to O Clock Selection (LMR2 to LMRO): The bits LMR2 to LMRO work to select the
clock to input to timer L. Selection of the leading edge or the trailing edge is workable for
counting by the PB and the REC-CTL.

Bit 2 Bit 1 Bit 0
LMR2 LMR1 LMRO Description
0 0 0 Counts at the rising edge of the PB and REC-CTL
(Initial value)
1 Counts at the falling edge of the PB and REC-CTL
1 * Counts the DVCFG2
1 0 * Counts at (/128 of the internal clock
1 * Counts at ¢/64 of the internal clock

Note: * Don't care.
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14.2.2  Linear Time Counter (LTC)

Bit : 7 6 5 4 3 2 1 0
LTC7 LTC6 LTC5 LTC4 LTC3 LTC2 LTC1 LTCO

Initial value : 0 0 0 0 0 0 0 0
R/W : R R R R R R R R

The linear time counter (LTC) is a readable 8-bit up/down-counter. The inputting clock can be
selected by the LMR2 to LMRO bits of the LMR.
When reset, the LTC is initialized to H'00.

14.2.3 Reload/Compare Match Register (RCR)

Bit : 7 6 5 4 3 2 1 0
RCR7 RCR6 RCR5 RCR4 RCR3 RCR2 RCR1 RCRO

Initial value : 0 0 0 0 0 0 0 0
R/W : W w W W W W W W

The reload/compare match register (RCR) is an 8-bit write only register.

When timer L is being controlled to the up-counting function, when a compare match value is set
to the RCR, the LTC will be cleared at the same time and the LTC will then start counting up fron
the initial value (H'00).

While, when the Timer L is being controlled to the down-counting function, when a reloading
value is set to the RCR, the same value will be loaded to the LTC at the same time and the LTC
will then start counting up from said value. Also, when the LTC underflows, the value of the RCF
will be reloaded to the LTC.

When reset, the RCR is initialized to H'00.
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14.2.4  Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 O
|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTPL | MSTPO |

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

The MSTPCR are 8-bit read/write twin registers which work to control the module stop mode.
When the MSTP12 bit is set to 1, timer L stops its operation at the ending point of the bus cycle
shift to the module stop mode. For more information, see section 4.5, Module Stop Mode.
When reset, the MSTPCR is initialized to H'FFFF.

Bit 400 Module Stop (MSTP12):This bit works to designate the module stop mode for timer L.

MSTPCRH
Bit4
TMSTP12 Description
0 Cancels the module stop mode of timer L
1 Sets the module stop mode of timer L (Initial value)
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14.3  Operation

Timer L is an 8-bit up/down counter.

The inputting clock for Timer L can be selected by the LMR2 to LMRO bits of the LMR from the
choices of the internal clock/(l28 andg64), DVCDG2, PB and REC-CTL.

Timer L is provided with three different types of operation modes, namely, the compare match
clear mode when controlled to the up-counting function, the auto reloading mode when controllec
to the down-counting function and the interval timer mode.

Respective operation modes and operation methods will be explained below.

14.3.1 Compare Match Clear Operation

When the LMR3 bit of the LMR is cleared to O, timer L will be controlled to the up-counting
function.

When any other values than H'00 are written into the RCR, the LTC will be cleared to H'00
simultaneously before starting counting up.

Figure 14.2 shows RCR writing and LTC clearing timing. When the LTC value and the RCR
value match (compare match), the LTC readings will be cleared to H'00 to resume counting from
H'00.

Figure 14.3 indicated on the next page shows the compare match clear timing.

. lstate |
0 [ O s N e HO
Write signal
RCR >< \ N
LTC — >< H' 00

Figure 14.2 RCR Writing and LTC Clearing Timing Chart
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Figure 14.3 Compare Match Clearing Timing Chart
(In case the rising edge of the PB-CTL is selected)

14.3.2  Auto-Reload Operation
When 1 is written in bit LMR3 of LMR, LTC enters down-counting control mode.

When a reload value is written in RCR, LTC is reloaded with the same value and starts counting
down from that value. Figure 14-4 shows the timing of the writing and reloading of RCR.

At underflow, LTC is reloaded with the RCR value. Figure 14-5 shows the reload timing.

1 1state
o I e I
Write ‘
signal ‘
RCR >< N N
B
LTC j ‘ N

Figure 14-4 Timing of Writing and Reloading of RCR
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Figure 14-5 Reload Timing (Rising Edge of PB-CTL Selected)

14.3.3 Interval Timer Operation
When bit LMR3 is cleared to 0 in LMR, the timer L enters up-counting control mode.

If H'OO is written in RCR, compare-match operations are not carried out. The counter functions a:

an interval timer (up-counter).

14.3.4  Interrupt Request

The timer L generates an interrupt request when any of the following occurs:

» Compare-match clear under up-counting control
» Underflow under down-counting control

» Overflow or underflow when the reload/compare-match register (RCR) value is H'00
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14.4  Typical Usage

Figure 14-6 shows a typical usage of the timer L.

H'FF S
Value written --
in RCR
H'00
\j \j \j
LTC =RCR Underflow Underflow
Compare match clear (reload) (reload)
Value other than H'00
written in RCR under Down-counting control
up-counting control (1 written in bit LMR3)
(Record, playback, (Rewind, reverse, etc.)
fast-forward, etc.)
Notation
A downward-pointing arrow indicates an interrupt request.

Figure 14-6 Typical Usage of Linear Time Counter

14.5 Reload Timer Interrupt Request Signal

The timer counters with reload registers generate an underflow or overflow in the last cycle befc
being decremented or incremented. The underflow or overflow generates a reload signal and ar
interrupt request signal.

If the value in the reload register is rewritten at the same time as the underflow or overflow (at tt
reload timing), an interrupt request is generated and the counter is reloaded at the same time.
When rewriting the reload value in order to avoid an interrupt, leave an ample timing margin
around the write to the reload register.
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Figure 14-7 shows a sample timing diagram of contention between an underflow and the rewritini
of the reload register.

1 Bus
cycle
e
- _UUUULUUUUUUUUUUUUUL
Write
Reload H'zz H'nn
register
Counter  Ho1 >< H'00 Hnn >< Hnn-1 X
Reload: disabled by write
UDF
Notation

Write:  Reload register rewrite signal
Reload: Reload signal

UDF:  Counter underflow

IRR: Interrupt request signal

Figure 14-7 Contention between Reload Timer Underflow and
Rewriting of Reload Register
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Section 15 Timer R

15.1 Overview

Timer R consists of triple 8-bit down-counters. It carries VCR mode identification function and
slow tracking function in addition to the reloading function and event counter function.

15.1.1 Features

The Timer R consists of triple 8-bit reloading timers. By combining the functions of three units c
reloading timers/counters and by combining three units of timers, it can be used for the following
applications:

» Applications making use of the functions of three units of reloading timers.
» For identification of the VCR mode.
» For reel controls.

» For acceleration and braking of the capstan motor when being applied to intermittent
movements.

» Slow tracking mono-multi applications.

15.1.2 Block Diagram

Timer R consists of three units of reload timer counters, namely, two units of reload timer
counters equipped with capturing function (TMRU-1 and TMRU-2) and a unit of reload timer
counter (TMRU-3).

Figure 15.1 is a block diagram of timer R.
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Figure 15.1 Block Diagram of Timer R
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15.1.3 Pin Configuration
Table 15.1 shows the pin configuration of timer R.

Table 15.1 Pin Configuration

Name Abbrev. 110 Function

Input capture inputting pin IRQ3 Input Input capture inputting for the Timer R

15.1.4 Register Configuration
Table 15.2 shows the register configuration of timer R.

Table 15.2 Register Configuration

Name Abbrev. R/W Size Initial Value  Address
Timer R mode register 1 TMRM1 R/W Byte H'00 H'D118
Timer R mode register 2 TMRM2 R/W Byte H'00 H'D119
Timer R control/status TMRCS R/W Byte H'03 H'D11F
register

Timer R capture register 1 TMRCP1 R Byte H'FF H'D11A
Timer R capture register 2 TMRCP2 R Byte H'FF H'D11B
Timer R load register 1 TMRL1 W Byte HFF H'D11C
Timer R load register 2 TMRL2 W Byte HFF H'D11D
Timer R load register 3 TMRL3 W Byte HFF H'D11E

Note: Memories of respective registers will be preserved even under the low power consumption
mode. Nonetheless, the CAPF flag and SLW flag of the TMRM2 will be cleared to 0.
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15.2  Register Descriptions

15.2.1 Timer R Mode Register 1 (TMRM1)

Bit : 7 6 5 4 3 2 1 0
CLR2 AC/BR RLD RLCK PS21 PS20 |RLD/CAP| CPS

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/IW R/W R/W R/W R/W R/W

The timer R mode register 1 (TMRM1) works to control the acceleration and braking processes
and to select the inputting clock for the TMRU-2. This is an 8-bit read/write register.
When reset, the TMRML is initialized to H'0O0.

Bit 70 Selecting Clearing/Not Clearing of TMRU-2 (CLR2): This bit is used for selecting if
the TMRU-2 counter reading is to be cleared or not as it is captured.

Bit 7

"CLR2 Description
0 TMRU-2 counter reading is not to be cleared as soon as it is captured. (Initial value)
1 TMRU-2 counter reading is to be cleared as soon as it is captured

Bit 60 Acceleration/Braking Processing (AC/BR):This bit works to control occurrences of
interrupt requests to detect completion of acceleration or braking while the capstan motor is
making intermittent revolutions.

For more information, see section 15.3.6, Acceleration and Braking Processes of the Capstan
Motor.

Bit 6

"ACBR Description
0 Braking (Initial value)
1 Acceleration
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Bit 500 Using/Not Using the TMRU-2 for Reloading (RLD):This bit is used for selecting if the
TMRU-2 reload function is to be turned on or not.

Bit 5

"RLD Description
0 Not using the TMRU-2 as the reload timer (Initial value)
1 Using the TMRU-2 as the reload timer

Bit 400 Reloading Timing for the TMRU-2 (RLCK): This bit works to select if the TMRU-2 is
reloading by the CFG or by underflowing of the TMRU-2 counter. This choice is valid only wher
the bit 5 (RLD) is being set to 1.

Bit 4

"RLCK Description
0 Reloading at the rising edge of the CFG (Initial value)
1 Reloading by underflowing of the TMRU-2

Bits 3 and 21 Clock Source for the TMRU-2 (PS21, PS20)fhese bits work to select the
inputting clock to the TMRU-2.

Bit 3 Bit 2

PS21 PS20 Description

0 0 Counting by underflowing of the TMRU-1 (Initial value)
1 Counting by the PSS, @¢'256

1 0 Counting by the PSS, ¢/128
1 Counting by the PSS, ¢/64

Bit 1[0 Operation Mode of the TMRU-1 (RLD/CAP): This bit works to select if the operation
mode of the TMRU-1 is reload timer mode or capture timer mode.

Under the capture timer mode, reloading operation will not be made. Also, the counter reading
will be cleared as soon as capture has been made.

Bit 1

"RLD/CAP Description
0 The TMRU-1 works as the reloading timer (Initial value)
1 The TMRU-1 works as the capture timer
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Bit 000 Capture Signals of the TMRU-1 (CPS)in combination with the LAT bit (Bit 7) of the
TMR2, this bit works to select the capture signals of the TMRU-1. This bit becomes valid when
the LAT bit is being set to 1. It will also become valid when the RLD/CAP bit (Bit 1) is being set
to 1. Nonetheless, it will be invalid when the RLD/CAP bit (Bit 1) is being set to 0.

Bit0

cps Description
0 Capture signals at the rising edge of the CFG (Initial value)
1 Capture signals at the edge of the IRQ3

15.2.2 Timer R Mode Register 2 (TMRM2)

Bit : 7 6 5 4 3 2 1 0
| LAT | PS11 | PS10 | PS31 | PS30 |CP/SLM| CAPF | SLW |

Initial value : 0 0 0 0 0 0 0 0
RW: RIW RIW RIW RIW RIW RIW  RIW)*  RIW)*

The timer R mode register 2 (TMRM?2) is an 8-bit read/write register which works to identify the
operation mode and to control the slow tracking processing.
When reset, the TMRM2 is initialized to H'00.

Note: * The CAPF bit and the SLW bit, respectively, works to latch the interrupt causes and
writing O only is valid. Consequently, when these bits are being set to 1, respective
interrupt requests will not be issued. Therefore, it is necessary to check these bits
during the course of the interrupt processing routine to have them cleared.

Also, priority is given to the set and, when an interrupt cause occur while the a clearing
command (BCLR, MOV, etc.) is being executed, the CAPF bit and the SLW bit will

not be cleared respectively and it thus becomes necessary to pay attention to the
clearing timing.
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Bit 700 Capture Signals of the TMRU-2 (LAT): In combination with the CPS bit (Bit 0) of the
TMRML1, this bit works to select the capture signals of the TMRU-2.

TMRM2 TMRM1

Bit 7 Bit 0
LAT CPS Description
0 * Captures when the TMRU-3 underflows (Initial value)
1 0 Captures at the rising edge of the CFG
1 Captures at the edge of the IRQ3

Note: * Don't care.

Bits 6 and 91 Clock Source for the TMRU-1 (PS11, PS10)these bits work to select the
inputting clock to the TMRU-1.

Bit 6 Bit 5

PS11 PS10 Description

0 0 Counting at the rising edge of the CFG (Initial value)
1 Counting by the PSS, ¢4

1 0 Counting by the PSS, @256
1 Counting by the PSS, @512

Bits 4 and 31 Clock Source for the TMRU-3 (PS31, PS30)fhese bits work to select the
inputting clock to the TMRU-3.

Bit 4 Bit 3
PS31 PS30 Description
0 0 Counting at the rising edge of the DVCTL from the dividing circuit.
(Initial value)
Counting by the PSS, ¢/4096
1 0 Counting by the PSS, ¢'2048

Counting by the PSS, /1024
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Bit 200 Interrupt Causes (CP/SLM): This bit works to select the interrupt causes for the TMRI3.

Bit 2

" CPISLM Description
0 Makes interrupt requests upon the capture signals of the TMRU-2 valid (Initial value)
1 Makes interrupt requests upon ending of the slow tracking mono-multi valid

Bit 100 Capture Signal Flag (CAPF):This is a flag being set out by the capture signal of the
TMRU-2. Although both reading/writing are possible, 0 only is valid for writing.

Also, priority is being given to the set and, when the capture signal and writing O occur
simultaneously, this flag bit remains being set to 1 and the interrupt request will not be issued an
it is necessary to be attentive about this fact.

When the CP/SLM bit (bit 2) is being set to 1, this CAPF bit should always be set to 0.

The CAPF flag is cleared to 0 under the low power consumption mode.

Bit 1
CAPF Description

0 [Clearing conditions] (Initial value)
When 0 is written after reading 1

1 [Setting conditions]
At occurrences of the TMRU-2 capture signals while the CP/SLM bit is set to 0

Bit 000 Slow Tracking Mono-multi Flag (SLW): This is a flag being set out when the slow

tracking mono-multi processing ends. Although both reading/writing are possible, 0 only is valid
for writing.

Also, priority is being given to the set and, when ending of the slow tracking mono-multi
processing and writing O occur simultaneously, this flag bit remains being set to 1 and the interru
request will not be issued and it is necessary to be attentive about this fact.

When the CP/SLM bit (bit 2) is being set to 0, this SLW bit should always be set to 0.

The SLW flag is cleared to 0 under the low power consumption mode.

Bit0

SLW Description

0 [Clearing conditions] (Initial value)
When 0 is written after reading 1

1 [Setting conditions]

When the slow tracking mono-multi processing ends while the CP/SLM bit is set to 1
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15.2.3 Timer R Control/Status Register (TMRCS)

Bit : 7 6 5 4 3 2 1 0
TMRI3E | TMRI2E | TMRI1E | TMRI3 TMRI2 TMRI1 — —

Initial value : 0 0 0 0 0 0 1 1
R/W : R/W R/W R/W R/(W)* R/(W)* R/(W)* — —

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

The timer R control/status register (TMRCS) works to control the interrupts of timer R.
The TMRCS is an 8-bit read/write register. When reset, the TMRCS is initialized to H'03.

Bit 700 Enabling the TMRI3 Interrupt (TMRI3E): This bit works to permit/prohibit occurrence

of the TMRI3 interrupt when an interrupt cause being selected by the CP/SLM bit of the TMRM?Z
has occurred, such as occurrences of the TMRU-2 capture signals or when the slow tracking
mono-multi processing ends, and the TMRI3 has been set to 1.

Bit 7
TMRI3E Description

0 Prohibits occurrences of TMRI3 interrupts

(Initial value)

1 Permits occurrences of TMRI3 interrupts

Bit 600 Enabling the TMRIZ2 Interrupt (TMRI2E): This bit works to permit/prohibit occurrence
of the TMRI2 interrupt when the TMRI2 has been set to 1 by issuance of the underflow signal of
the TMRU-2 or by ending of the slow tracking mono-multi processing.

Bit 6
TMRI2E Description

0 Prohibits occurrences of TMRI2 interrupts

(Initial value)

1 Permits occurrences of TMRI2 interrupts
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Bit 500 Enabling the TMRI1 Interrupt (TMRI1E): This bit works to permit/prohibit occurrence
of the TMRI1 interrupt when the TMRI1 has been set to 1 by issuance of the underflow signal of
the TMRU-1.

Bit 5

"TMRILE Description
0 Prohibits occurrences of TMRI1 interrupts (Initial value)
1 Permits occurrences of TMRI1 interrupts

Bit 40 TMRI3 Interrupt Requesting Flag (TMRI3): This is the TMRI3 interrupt requesting

flag.

It indicates occurrence of an interrupt cause being selected by the CP/SLM bit of the TMRM2,
such as occurrences of the TMRU-2 capture signals or ending of the slow tracking mono-multi
processing.

Bit 4

TMRI3 Description

0 [Clearing conditions] (Initial value)
When 0 is written after reading 1

1 [Setting conditions]

At occurrence of the interrupt cause being selected by the CP/SLM bit of the TMRM2

Bit 300 TMRIZ2 Interrupt Requesting Flag (TMRI2): This is the TMRIZ2 interrupt requesting

flag.

It indicates occurrences of the TMRU-2 underflow signals or ending of the acceleration/braking
processing of the capstan motor.

Bit 3

TMRI2 Description

0 [Clearing conditions] (Initial value)
When 0 is written after reading 1

1 [Setting conditions]

At occurrences of the TMRU-2 underflow signals or ending of the acceleration
/braking processing of the capstan motor
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Bit 200 TMRI1 Interrupt Requesting Flag (TMRI1): This is the TMRI1 interrupt requesting
flag.
It indicates occurrences of the TMRU-1 underflow signals.

Bit 2

TMRI1 Description

0 [Clearing conditions] (Initial value)
When 0 is written after reading 1.

1 [Setting conditions]

When the TMRU-1 underflows.

Bits 1 and @I Reserved:These bits cannot be modified and are always read as 1.

15.2.4  Timer R Capture Register 1 (TMRCP1)

Bit : 7 6 5 4 3 2 1 0
TMRC17 | TMRC16 | TMRC15 | TMRC14 | TMRC13 | TMRC12 | TMRC11 | TMRC10

Initial value : 1 1 1 1 1 1 1 1
R/W : R R R R R R R R

The timer R capture register 1 (TMRCP1) works to store the captured data of the TMRU-1.
During the course of the capturing operation, the TMRU-1 counter readings are captured by the
TMRCP1 at the CFG edge or the IRQ3 edge. The capturing operation of the TMRU-1 is
performed using 16 bits, in combination with the capturing operation of the TMRU-2.

The TMRCPL1 is an 8-bit read only register. When reset, the TMRCS is initialized to H'FF.

Notes: 1. When the TMRCP1 is readout while the capture signal is being received, the reading
data become unstable. Pay attention to the timing for reading out.
2. When a shift to the low power consumption mode is made while the capturing
operating is in progress, the counter reading becomes unstable. After returning to the
active mode, always write H'FF into the TMRL1 to initialize the counter.
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15.2.5 Timer R Capture Register 2 (TMRCP2)

Bit : 7 6 5 4 3 2 1 0
TMRC27 | TMRC26 | TMRC25 | TMRC24 | TMRC23 | TMRC22 [ TMRC21 [ TMRC20

Initial value : 1
R/W : R R R R R R R R

The timer R capture register 2 (TMRCP2) works to store the capture data of the TMRU-2. At
each CFG edge, IRQ3 edge, or at occurrence of underflow of the TMRU-3, the TMRU-2 counter
readings are captured by the TMRCP2.

The TMRCP2 is an 8-bit read only register. When reset, the TMRCS will be initialized into H'FF.

Notes: 1. When the TMRCP?2 is readout while the capture signal is being received, the reading
data become unstable. Pay attention to the timing for reading out.

2. When a shift to the low power consumption mode is made, the counter reading
becomes unstable. After returning to the active mode, always write H'FF into the
TMRL2 to initialize the counter.

15.2.6 Timer R Load Register 1 (TMRL1)

Bit : 7 6 5 4 3 2 1 0
TMR17 | TMR16 | TMR15 [ TMR14 | TMR13 | TMR12 | TMR11 | TMR10

Initial value : 1 1 1 1 1 1 1 1
R/W : w W w W w W W W

The timer R load register 1 (TMRL1) is an 8-bit write-only register which works to set the load
value of the TMRU-1.

When a load value is set to the TMRL1, the same value will be set to the TMRU-1 counter
simultaneously and the counter starts counting down from the set value. Also, when the counter
underflows during the course of the reload timer operation, the TMRL1 value will be set to the
counter.

When reset, the TMRLL1 is initialized to H'FF.
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15.2.7 Timer R Load Register 2 (TMRL2)

Bit : 7 6 5 4 3 2 1 0
TMR27 | TMR26 | TMR25 [ TMR24 | TMR23 | TMR22 | TMR21 | TMR20

Initial value : 1 1 1 1 1 1 1 1
R/W : W W W W W W W W

The timer R load register 2 (TMRLZ2) is an 8-bit write only register which works to set the load
value of the TMRU-2.

When a load value is set to the TMRL2, the same value will be set to the TMRU-2 counter
simultaneously and the counter starts counting down from the set value. Also, when the counte
underflows or a CFG edge is detected during the course of the reload timer operation, the TMRI
value will be set to the counter.

When reset, the TMRL2 is initialized to H'FF.

15.2.8 Timer R Load Register 3 (TMRL3)

Bit : 7 6 5 4 3 2 1 0
TMR37 | TMR36 | TMR35 [ TMR34 | TMR33 | TMR32 | TMR31 | TMR30

Initial value : 1 1 1 1 1 1 1 1
R/W : w w w w w w w w

The timer R load register 3 (TMRL3) is an 8-bit write only register which works to set the load
value of the TMRU-3.

When a load value is set to the TMRL3, the same value will be set to the TMRU-3 counter
simultaneously and the counter starts counting down from the set value. Also, when the counte
underflows or a DVCTL edge is detected, the TMRL2 value will be set to the counter. (Reloadir
will be made by the underflowing signals when the DVCTL signal is selected as the clock source
and reloading will be made by the DVCTL signals when the dividing clock is selected as the cloc
source.)

When reset, the TMRL3 is initialized to H'FF.
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15.2.9 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
|MSTP14MSTP14MSTP14MSTP14MSTP14MSTP10|MSTP9|MSTP8|MSTP7|MSTP6|MSTP5|MSTP4|MSTP3|MSTP2|MSTP1|MSTPO|

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

The MSTPCR are 8-bit read/write twin registers which work to control the module stop mode.
When the MSTP11 bit is set to 1, timer R stops its operation at the ending point of the bus cycle 1
shift to the module stop mode. For more information, see section 4.5, Module Stop Mode.

When reset, the MSTPCR is initialized to H'FFFF.

Bit 300 Module Stop (MSTP11):This bit works to designate the module stop mode for the Timer
R.

MSTPCRH
Bita
TMSTP1L Description
0 Cancels the module stop mode of timer R
1 Sets the module stop mode of timer R (Initial value)
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15.3  Operation

15.3.1 Reload Timer Counter Equipped with Capturing Function TMRU-1

TMRU-1 is a reload timer counter equipped with capturing function. It consists of an 8-bit down-
counter, a reloading register and a capture register.

The clock source can be selected from among the leading edge of the CFG signals and three ty
of dividing clocks. It is also selectable whether using it as a reload counter or as a capture cour
Even when the capturing function is selected, the counter readings can be updated by writing th
values into the reloading register.

When the counter underflows, the TMRI1 interrupt request will be issued.

The initial values of the TMRU-1 counter, reloading register and capturing register are all H'FF.

» Operation of the Reload Timer

When a value is written into to the reloading register, the same value will be written into the
counter simultaneously. Also, when the counter underflows, the reloading register value will
be reloaded to the counter. The TMRU-1 is a dividing circuit for the CFG. In combination
with the TMRU-2 and TMRU-3, it can also be used for the mode identification purpose.

» Capturing Operation
Capturing operation is carried out in combination with the TMRU-2 using the combined 16
bits. It can be so programmed that the counter may be cleared by the capture signal. The C
edges or IRQ3 edges are used as the capture signals. It is possible to issue the TMRI3
interrupt request by the capture signal.

In addition to the capturing function being worked out in combination with the TMRU-2, the
TMRU-1 can be used as a 16-bit CFG counter. Selecting the IRQ3 as the capture signal, the
CFG within the duration of the reel pulse being input intdR@3 pin can be counted by the
TMRU-1.
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15.3.2 Reload Timer Counter Equipped with Capturing Function TMRU-2

TMRU-2 is a reload timer counter equipped with capturing function. It consists of an 8-bit down-
counter, a reloading register and a capture register.

The clock source can be selected from among the undedrflowing signal of the TMRU-1 and three
types of dividing clocks. Also, although the reloading function is workable during its capturing
operation, equipping or not of the reloading function is selectable. Even when without-reloading-
function is chosen, the counter reading can be updated by writing the values to the reloading
register.

When the counter underflows, the TMRIZ2 interrupt request will be issued.

The initial values of the TMRU-2 counter, reloading register and capturing register are all H'FF.

» Operation of the Reload Timer
When a value is written into to the reloading register, the same value will be written into the
counter, simultaneously. Also, when the counter underflows or when a CFG edge is detected
the reloading register value will be reloaded to the counter.
The TMRU-2 can make acceleration and braking work for the capstan motor using the reload
timer operation.

» Capturing Operation
Using the capture signals, the counter reading can be latched into the capturing register. As't
capture signal, you can choose from among edges of the CFG, edges of the IRQ3 or the
underflow signals of the TMRU-3. It is possible to issue the TMRI3 interrupt request by the
capture signal.
The capturing function (stopping the reloading function) of the TMRU-2, in combination with
the TMRU-1 and TMRU-3, can also be used for the mode identification purpose.

15.3.3 Reload Counter Timer TMRU-3

The reload counter timer TMRU-3 consists of an 8-bit down-counter and a reloading register. Its
clock source can be selected from between the undedrflowing signal of the counter and the edge
of the DVCTL signals. (When the DVCTL signal is selected as the clock source, reloading will be
effected by the underflowing signals and when the dividing clock is selected as the clock source,
reloading will be effected by the DVCTL signals.) The reloading signal works to reload the
reloading register value into the counter. Also, when a value is written into to the reloading
register, the same value will be written into the counter, simultaneously.

The initial values of the counter and the reloading register are H'FF.

The underflowing signals can be used as the capturing signal for the TMRU-2.

The TMRU-3 can also be used as a dividing circuit for the DVCTL. Also, in combination with

the TMRU-1 and TMRU-2 (capturing function), the TMRU-3 can be used for the mode
identification purpose. Since the divided signals of the DVCTL are being used as the clock
source, CTL signals (DVCTL) conforming to the double speed can be input when making
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searches. These DVCTL signals can also be used for phase controls of the capstan motor.
Also, by selecting the dividing clock as the clock source, it is possible to make a delay with the
edges of the DVCTL to provide the slow tracking mono-multi function.

15.3.4 Mode ldentification

When making mode identification (2/4/6 identification) of the SP/LP/EP modes of reproducing
tapes, the TMRU-1 (CFG dividing circuit), TMRU-2 (capturing function/without reloading
function) and TMRU-3 (DVCTL dividing circuit) of timer R should be used.

Timer R will become to the aforementioned status after a reset.

Under the aforementioned status, the divided CFG should be written into the reloading register
the TMRU-1 and divided DVCTL should be written into the reloading register of the TMRU-3.
When the TMRU-3 underflows, the counter value of the TMRU-2 is captured. Such capturing
register value represents the number of the CFG within the DVCTL cycle.

As aforementioned, the Timer R can work to count the number of the CFG corresponding to n
times of DVCTL's or to identify the mode being searched.

For register settings, see section 15.5.1, Mode Identification.

15.3.5 Reeling Controls

CFG counts can be captured by making 16-bit capturing operation combining the TMRU-1 and
TMRU-2. Choosing the IRQ3 as the capture signal and counting the CFG within the duration of
the reel pulse being input through iiR&3 pin affect reeling controls. For register settings, see
section 15.5.2, Reeling Controls.

15.3.6  Acceleration and Braking Processes of the Capstan Motor

When making intermittent movements such as those for slow reproductions or for still
reproductions, it is necessary to conduct quick accelerations and abrupt stoppings of the capsta
motor. The acceleration and braking processes functions to check if the revolution of a capstan
motor has reached the prescribed rate when accelerated or braked. For this purpose, the TMR
(reloading function) should be used.

When making accelerations:

» Set the AC/BR bit of the TMRML1 to acceleration (set to 1). Also, use the rising edge of the
CFG as the reloading signal.

» Set the prescribed time on the CFG frequency to determine if the acceleration has been
finished, into the reloading register.

» The TMRU-2 will work to down-count the reloading data.

» In case the acceleration has not been finished (in case the CFG signal is not input even whe
the prescribed time has elapsed = underflowing of down-counting has occurred), such
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underflowing works to set to CFG mask F/F (masking movement) and the reload timer will be
cleared by the CFG.

* When the acceleration has been finished (when the CFG signal is input before the prescribed
time has elapsed = reloading movement has been made before the down counter underflows
an interrupt request will be issued because of the CFG.

When making breaking:

» Setthe AC/BR bit of the TMRML1 to braking (clear to 0). Also, use the rising edge of the CFG
as the reloading signal.

» Set the prescribed time on the CFG frequency to determine if the braking has been finished,
into the reloading register.

» The TMRU-2 will work to down-count the reloading data.

» If the braking has not finished (when the CFG signal is input before the prescribed time has
elapsed and reloading movement has been made before the down counter underflows), the
reload timer movement will continue.

* When the acceleration has finished (when the CFG signal is not input even when the
prescribed time has elapsed and underflowing of down-counting has occurred), interrupt
request will be issued because of the underflowing signal.

The acceleration and braking processes should be employed when making special reproductions
in combination with the slow tracking mono-multi function outlined in section 15.3.7.
For register settings, see section 15.5.4, Acceleration and Braking Processes of the Capstan Mot

15.3.7  Slow Tracking Mono-Multi Function

When performing slow reproductions or still reproductions, the braking timing for the capstan
motor is determined by use of the edge of the DVCTL signal. The slow tracking mono-multi
function works to measure the time from the rising edge of the DVCTL signal down to the desirec
point to issue the interrupt request. In actual programming, this interrupt should be used to
activate the brake of the capstan motor. The TMRU-3 should be used to perform time
measurements for the slow tracking mono-multi function. Also, the braking process can be made
using the TMRU-2. Figure 15.2 shows the time series movements when a slow reproduction is
being performed.

For register settings, see section 15.5.3, Slow Tracking Mono-Multi Function.
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15.4  Interrupt Cause

In timer R, bits TMRI1 to TMRI3 of the timer R control/status register cause interrupts. The
following are descriptions of the interrupts.

1.

Interrupts caused by the underflowing of the TMRU-1 (TMRI1)
These interrupts will constitute the timing for reloading with the TMRU-1.

Interrupts caused by the underflowing of the TMRU-2 or by an end of the acceleration or
braking process (TMRI2)

When interrupts occur at the reload timing of the TMRU-2, clear the AC/BR
(acceleration/braking) bit of the timer R mode register 1 (TMRM1) to 0.

Interrupts caused by the capture signals of the TMRU-2 and by ending the slow tracking
mono-multi process (TMRI3)

Since these two interrupt causes are constituting the OR, it becomes necessary to determine
which interrupt cause is occurring using the software.

Respective interrupt causes are being set to the CAPF flag or the SLW flag of the timer R
mode register 2 (TMRM2), have the software determine which.

Since the CAPF flag and the SLW flag will not be cleared automatically, program the software
to clear them. (Writing O only is valid for these flags.) Unless these flags are cleared,
detection of the next cause becomes unworkable. Also, if the CP/SLM bit is changed leaving
these flags uncleared as they are, these flags will get cleared.

Rev. 1.0, 02/01, page 314 of 1184

RENESAS



15.5

15.5.1

Settings for Respective Functions

Mode Identification

When making mode identification (2/4/6 identification) of the SP/LP/EP modes of reproducing
tapes, the TMRU-1 (CFG dividing circuit), TMRU-2 (capturing function/without reloading
function) and TMRU-3 (DVCTL dividing circuit) of the timer R should be used.

Timer R will be initialized to this mode identification status after a reset.

Under this status, the divided CFG should be written into the reloading register of the TMRU-1
and divided DVCTL should be written into the reloading register of the TMRU-3. When the
TMRU-3 underflows, the counter value of the TMRU-2 is captured. Such capturing register valu
represents the number of the CFG within the DVCTL cycle.

Thus, timer R can work to count the number of the CFG corresponding to n times of DVCTL's ol
to identify the mode being searched.

Settings

Setting the timer R mode register 1 (TMRM1)

g
g
g

O

CLR2 bit (bit 7) = 1: Works to clear after making the TMRU-2 capture.
RLD bit (bit 5) = 0: Sets the TMRU-3 without reloading function.

PS21 and PS20 (bits 3 and 2) = (0 and 0): The underflowing signals of the TMRU-1 are tt
be used as the clock source for the TMRU-2.

RLD/CAP bit (bit 1) = 0: The TMRU-1 has been set to make the reload timer operation.

Setting the timer R mode register 2 (TMRM2)

O

O

O

O

LAT bit (bit 7) = 0: The underflowing signals of the TMRU-3 are to be used as the capture
signal for the TMRU-2.

PS11 and PS10 (bits 6 and 5) = (0 and 0): The leading edge of the CFG signal is to be us
as the clock source for the TMRU-1.

PS31 and PS30 (bits 4 and 3) = (0 and 0): The leading edge of the DVCTL signal is to be
used as the clock source for the TMRU-3.

CP/SLM bit (bit 2) = 0: The capture signal is to work to issue the TMRI3 interrupt request.

Setting the timer R load register 1 (TMRL1)

O

Set the dividing value for the CFG. The set value should becom&)(when divided by
n.

Setting the timer R load register 3 (TMRL3)

O

Set the dividing value for the DVCTL. The set value should becomd)nvhen divided
by n.
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15.5.2 Reeling Controls

CFG counts can be captured by making 16-bit capturing operation combining the TMRU-1 and
TMRU-2. By choosing the IRQ3 as the capture signal, and by counting the CFG within the
duration of the reel pulse being input throughIiR@3 pin, reeling controls, etc. can be effected.

Settings

« Setting P13RQ3 pin as thdRQ3 pin
O Setthe PMR13 bit (bit 3) of the port mode register 1 (PMR1) to 1. See section 10.3.2, Por
Mode Register (PMR1).
» Setting the timer R mode register 1 (TMRM1)
0 CLR2 bit (bit 7) = 1: Works to clear after making the TMRU-2 capture.
0 PS21 and PS20 (bits 3 and 2) = (0 and 0): The underflowing signals of the TMRU-1 are to
be used as the clock source for the TMRU-2.
0 RLD/CAP bit (bit 1) = 1: The TMRU-1 has been set to make the capturing operation.
O CPS bit (bit 0) = 1: The edge of the IRQ3 signal is to be used as the capture signal for the
TMRU-1 and TMRU-2.
» Setting the timer R mode register 2 (TMRM2)
O LAT bit (bit 7) = 1: The edge of the IRQ3 signal is to be used as the capture signal for the
TMRU-1 and TMRU-2.
0 PS11 and PS10 (bits 6 and 5) = (0 and 0): The rising edge of the CFG signal is to be used
as the clock source for the TMRU-1.
O CP/SLM bit (bit 2) = 0: The capture signal is to work to issue the TMRI3 interrupt request.

15.5.3  Slow Tracking Mono-Multi Function

When performing slow reproductions or still reproductions, the braking timing for the capstan
motor is determined by use of the edge of the DVCTL signal. The slow tracking mono-multi
function works to measure the time from the leading edge of the DVCTL signal down to the
desired point to issue the interrupt request. In actual programming, this interrupt should be used
activate the brake of the capstan motor. The TMRU-3 should be used to perform time
measurements for the slow tracking mono-multi function. Also, the braking process can be made
using the TMRU-2.
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Settings

» Setting the timer R mode register 2 (TMRM2)

0 PS31 and PS30 (bits 4 and 3) = Other than (0, 0): The dividing clock is to be used as the
clock source for the TMRU-3.

0 CP/SLM bit (bit 2) = 1: The slow tracking delay signal is to work to issue the TMRI3
interrupt request.

» Setting the timer R load register 3 (TMRL3)
O Set the slow tracking delay value. When the delay count is n, the set value should be
(n-1).
0 Regarding the delaying duration, see figure 15.2.

15.5.4  Acceleration and Braking Processes of the Capstan Motor

When making intermittent movements such as those for slow reproductions or for still
reproductions, it is necessary to conduct quick accelerations and abrupt stoppings of the capsta
motor. The acceleration and braking processes will function to check if the revolution of a capst
motor has reached the prescribed rate when accelerated or braked. For this purpose, the TMRI
(reloading function) should be used.

The acceleration and braking processes should be employed when making special reproductior
in combination with the slow tracking mono-multi function.

Settings for the acceleration process

» Setting the timer R mode register 1 (TMRM1)
0 AC/BR bit (bit 6) = 1: Acceleration process
0 RLD bit (bit 5) = 1: The TMRU-2 is to be used as the reload timer.
0 RLCK bit (bit 4) = 0: The TMRU-2 is to reload at the rising edge of the CFG.
O

PS21 and PS20 (bits 3 and 2) = Other than (0, 0): The dividing clock is to be used as the
clock source for the TMRU-2.

» Setting the timer R load register 2 (TMRL2)

0 Set the count reading for the duration until the acceleration process finishes. When the
count is n, the set value should be-(h).

0 Regarding the duration until the acceleration process finishes, see figure 15.2.
Settings for the braking process

» Setting the timer R mode register 1 (TMRM1)
0 AC/BR bit (bit 6) = 0: Braking process
0 RLD bit (bit 5) = 1: The TMRU-2 is to be used as the reload timer.
0 RLCK bit (bit 4) = 0: The TMRU-2 is to reload at the rising edge of the CFG.
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0 PS21 and PS20 (bits 3 and 2) = Other than (0, 0): The dividing clock is to be used as the
clock source for the TMRU-2.

» Setting the timer R load register 2 (TMRL2)

0 Set the count reading for the duration until the braking process finishes. When the count i
n, the set value should be (n - 1).

0 Regarding the duration until the braking process finishes, see figure 15.2.
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Section 16 Timer X1

Note: The Timer X1 is not (incorporated in) provided for the H8S/2197S and H8S/2196S.

16.1 Overview

Timer X1 is capable of outputting two different types of independent waveforms using a 16-bit
free running counter (FRC) as the basic means and it is also applicable to measurements of the
durations of input pulses and the cycles external clocks.

16.1.1 Features

Timer X1 has the following features:

Four different types of counter inputting clocks.

Three different types of internal clockg4, ¢/16 andg@64) and the DVCFG.
Two independent output comparing functions

Capable of outputting two different types of independent waveforms.
Four independent input capturing functions

The rising edge or falling edge can be selected for use. The buffer operation can also be
designated.

Counter clearing designation is workable.
The counter readings can be cleared by compare match A.
Seven types of interrupt causes

Comparing matchk 2 causes, input captuxed causes and overflowl cause are available for
use and they can make respective interrupt requests independently.
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16.1.2

Block Diagram

Figure 16.1 shows a block diagram of the Timer X1.

FTIA* ICRA - &
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Legend: >
TIER : Timer interrupt enabling register
TCSRX : Timer control/status register X
FRC : Free running counter
OCRA : Output comparing register A
OCRB : Output comparing register B
TCRX : Timer control register X
TOCR : Output comparing control register
ICRA : Input capture register A
ICRB : Input capture register B
ICRC : Input capture register C
ICRD : Input capture register D EE

Note: * stands for the external terminal.
() stands for the internal signal.

Interrupt
request x 7

Figu

re 16.1 Block Diagram of Timer X1
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16.1.3  Pin Configuration
Table 16.1 shows the pin configuration of timer X1.

Table 16.1 Pin Configuration

Name Abbrev. I/0 Function

Output comparing A output-pin ~ FTOA Output Output pin for the output comparing A
Output comparing B output-pin  FTOB Output Output pin for the output comparing B
Input capture A input-pin FTIA Input Input-pin for the input capture A

Input capture B input-pin FTIB Input Input-pin for the input capture B

Input capture C input-pin FTIC Input Input-pin for the input capture C

Input capture D input-pin FTID Input Input-pin for the input capture D
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16.1.4  Register Configuration
Table 16.2 shows the register configuration of timer X1.

Table 16.2 Register Configuration

Name Abbrev. R/W Initial Value  Address *°
Timer interrupt enabling register TIER R/W H'00 H'D100
Timer control/status register X TCSRX R/ (W)**  H'00 H'D101
Free running counter H FRCH R/W H'00 H'D102
Free running counter L FRCL R/W H'00 H'D103
Output comparing register AH OCRAH R/W HFF H'D104*?
Output comparing register AL OCRAL R/W H'FF H'D105*?
Output comparing register BH OCRBH R/W HFF H'D104*?
Output comparing register BL OCRBL R/W H'FF H'D105*?
Timer control register X TCRX R/W H'00 H'D106
Timer output comparing control register TOCR R/W H'00 H'D107
Input capture register AH ICRAH R H'00 H'D108
Input capture register AL ICRAL R H'00 H'D109
Input capture register BH ICRBH R H'00 H'D10A
Input capture register BL ICRBL R H'00 H'D10B
Input capture register CH ICRCH R H'00 H'D10C
Input capture register CL ICRCL R H'00 H'D10D
Input capture register DH ICRDH R H'00 H'D10E
Input capture register DL ICRDL R H'00 H'D10F

Notes: 1. Only O can be written to clear the flag for Bits 7 to 1. Bit O is readable/writable.

2. The addresses of the OCRA and OCRB are the same. Changeover between them are
to be made by use of the TOCR bit and OCRS bit.

3. Lower 16 bits of the address.
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16.2  Register Descriptions

16.2.1  Free Running Counter (FRC)

Free running counter H (FRCH)
Free running counter L (FRCL)

FRC
T 1

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W : IR/W R/W R/W R/W R/W R/W R/W R/\NI IR/W R/W R/W R/W R/W R/W R/W R/WI
FRCH FRCL

The FRC is a 16-bit read/write up-counter which counts up by the inputting internal clock/extern:
clock. The inputting clock is to be selected from the CKS1 and CKSO0 of the TCRX.

By the setting of the CCLRA bit of the TCSRX, the FRC can be cleared by comparing match A.
When the FRC overflows (H'FFFE H'0000), the OVF of the TCSRX will be set to 1.

At this time, when the OVIE of the TIER is being set to 1, an interrupt request will be issued to t
CPU.

Reading/writing can be made from and to the FRC through the CPU at 8-bit or 16-bit.

The FRC is initialized to H'0000 when reset or under the standby mode, watch mode, subsleep
mode, module stop mode or subactive mode.
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16.2.2  Output Comparing Registers A and B (OCRA and OCRB)

Output comparing register AH and BH (OCRAH and OCRBH)
Output comparing register AL and BL (OCRAL and OCRBL)

OCRA, OCRB
T 1

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W : IR/W R/W R/W R/W R/W R/W R/W R/\NI IR/W R/W R/W R/W R/W R/W R/W R/\NI
OCRAH, OCRBH OCRAL, OCRBL

The OCR consists of twin 16-bit read/write registers (OCRA and OCRB). The contents of the
OCR are always being compared with the FRC and, when the value of these two match, the OCH
and OCRB of the TCSRX will be setto 1. At this time, if the OCIAE and OCIB of the TIER are
being set to 1, an interrupt request will be issued to the CPU.

When performing compare matching, if the OEA and OEB of the TOCR are set to 1, the level
value set to the OLVLA and OLVLB of the TOCR will be output through the FTOA and FTOB
pins. After resetting, O will be output through the FTOA and FTOB pins until the first compare
matching occurs.

Reading/writing can be made from and to the OCR through the CPU at 8-bit or 16-bit.

The OCR is cleared to H'FFFF when reset or under the standby mode, watch mode, subsleep
mode, module stop mode or subactive mode.
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16.2.3  Input Capture Registers A through D (ICRA through ICRD)

Input capture register AH to DH (ICRAH to ICRDH)
Input capture register AL to DL (ICRAL to ICRDL)

ICRA, ICRB, ICRC, ICRD
T 1

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value : 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W : | R R R R R R R R | R R R R R R R R |
ICRAH, ICRBH, ICRCH, ICRDH ICRAL, ICRBL, ICRCL, ICRDL

The ICR consists of four 16-bit read-only registers (ICRA through ICRD).

When the falling edge of the input capture input signal is detected, the value is transferred to the
ICRA through ICRD. The ICFA through ICFD of the TCSRX are set to 1 simultaneously. If the
IDIAE through IDIDE of the TCRX are all set to 1, an interrupt request will be issued to the CPU
The edge of the input signal can be selected by setting the IEDGA through IEDGD of the TCRX
The ICRC and ICRD can also be used as the buffer register, of the ICRA and ICRB, respectivel
by setting the BUFEA and BUFEB of the TCRX to perform buffer operations. Figure 16.2 show:
the connections necessary when using the ICRC as the buffer register of the ICRA. (BUFEA =
When the ICRC is used as the buffer of the ICRA, by setting IEBEDGC, both of the rising

and falling edges can be designated for use. In case of IEDGA = IEDGC, either one of the risin
edge or the falling edge only is usable. Regarding selection of the input signal edge, see table
16.3.

Note: Transference from the FRC to the ICR will be performed regardless of the value of the
ICF.

Rev. 1.0, 02/01, page 325 of 1184
RENESAS
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S

Edge detection and
FTIA. >— capture signal
generating circuit.

ICRC ICRA FRC

Figure 16.2 Buffer Operation (Example)

Table 16.3 Input Signal Edge Selection when Making Buffer Operation

IEDGA IEDGC Selection of the Input Signal Edge
0 0 Captures at the falling edge of the input capture input A (Initial value)
1 Captures at both rising and falling edges of the input capture input A
1 0
1 Captures at the rising edge of the input capture input A

Reading can be made from the ICR through the CPU at 8-bit or 16-bit.

For stable input capturing operation, maintain the pulse duration of the input capture input signals
at 1.5 system cloclkgy( or more in case of single edge capturing and at 2.5 system gjamk (

more in case of both edge capturing.

The ICR is initialized to H'0000 when reset or under the standby mode, watch mode, subsleep
mode, module stop mode or subactive mode.
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16.2.4  Timer Interrupt Enabling Register (TIER)

Bit : 7 6 5 4 3 2 1 0
ICIAE ICIBE ICICE ICIDE OCIAE | OCIBE OVIE ICSA

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The TIER is an 8-bit read/write register that controls permission/prohibition of interrupt requests.
The TIER is initialized to H'00 when reset or under the standby mode, watch mode, subsleep
mode, module stop mode or subactive mode.

Bit 700 Enabling the Input Capture Interrupt A (ICIAE): This bit works to permit/prohibit
interrupt requests (ICIA) by the ICFA when the ICFA of the TCSRX is being set to 1.

Bit 7

TICIAE Description
0 Prohibits interrupt requests (ICIA) by the ICFA (Initial value)
1 Permits interrupt requests (ICIA) by the ICFA

Bit 600 Enabling the Input Capture Interrupt B (ICIBE): This bit works to permit/prohibit
interrupt requests (ICIB) by the ICFB when the ICFB of the TCSRX is being set to 1.

Bit 6

"ICIBE Description
0 Prohibits interrupt requests (ICIB) by the ICFB (Initial value)
1 Permits interrupt requests (ICIB) by the ICFB

Bit 500 Enabling the Input Capture Interrupt C (ICICE): This bit works to permit/prohibit
interrupt requests (ICIC) by the ICFC when the ICFC of the TCSRX is being set to 1.

Bit 5

TICICE Description
0 Prohibits interrupt requests (ICIC) by the ICFC (Initial value)
1 Permits interrupt requests (ICIC) by the ICFC
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Bit 400 Enabling the Input Capture Interrupt D (ICIDE): This bit works to permit/prohibit
interrupt requests (ICID) by the ICFD when the ICFD of the TCSRX is being set to 1.

Bit 4

TICIDE Description
0 Prohibits interrupt requests (ICID) by the ICFD (Initial value)
1 Permits interrupt requests (ICID) by the ICFD

Bit 300 Enabling the Output Comparing Interrupt A (OCIAE): This bit works to
permit/prohibit interrupt requests (OCIA) by the OCFA when the OCFA of the TCSRX is being
setto 1.

Bit 3

"OCIAE Description
0 Prohibits interrupt requests (OCIA) by the OCFA (Initial value)
1 Permits interrupt requests (OCIA) by the OCFA

Bit 200 Enabling the Output Comparing Interrupt B (OCIBE): This bit works to
permit/prohibit interrupt requests (OCIB) by the OCFB when the OCFB of the TCSRX is being
setto 1.

Bit 2

"OCIBE Description
0 Prohibits interrupt requests (OCIB) by the OCFB (Initial value)
1 Permits interrupt requests (OCIB) by the OCFB

Bit 100 Enabling the Timer Overflow Interrupt (OVIE): This bit works to permit/prohibit
interrupt requests (FOVI) by the OVF when the OVF of the TCSRX is being set to 1.

Bit 1

"OVIE Description
0 Prohibits interrupt requests (FOVI) by the OVF (Initial value)
1 Permits interrupt requests (FOVI) by the OVF
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Bit 00 Selecting the Input Capture A Signals (ICSA)This bit works to select the input capture
A signals.

Bit0

icsa Description
0 Selects the FTIA pin for inputting of the input capture A signals (Initial value)
1 Selects the HSW for inputting of the input capture A signals
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16.2.5 Timer Control/Status Register X (TCSRX)

Bit : 7 6 5 4 3 2
| ICFA | ICFB | ICFC | ICFD | OCFA | OCFB | OVF | CCLRA |
Initial value : 0 0 0 0 0 0 0 0

R/W: R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R/W
Note: * Only O can be written to clear the flag for Bits 7 to 1.

The TCSRX is an 8-bit register which works to select counter clearing timing and to control
respective interrupt requesting signals. The TCSRX is initialized to H'00 when reset or under the
standby mode, watch mode, subsleep mode, module stop mode or subactive mode.

Meanwhile, as for the timing, see section 16.3, Operation.

The FTIA through FTID pins are for fixed inputs inside the LS| under the low power consumption
mode excluding the sleep mode. Consequently, when such shifts as active novdpower
consumption mode» active mode are made, wrong edges may be detected depending on the pin
status or on the type of the detecting edge.

To avoid such error, clear the interrupt requesting flag once immediately after shifting to the
active mode from the low power consumption mode.

Bit 70 Input Capture Flag A (ICFA): This is a status flag indicating the fact that the value of

the FRC has been transferred to the ICRA by the input capture signals.

When the BUFEA of the TCRX is being set to 1, the ICFA indicates the status that the FRC value
has been transferred to the ICRA by the input capture signals and that the ICRA value before
being updated has been transferred to the ICRC.

This flag should be cleared by use of of the software. Such setting should only be made by use «
the hardware. It is not possible to make this setting using a software.

Bit 7

ICFA Description

0 [Clearing conditions] (Initial value)
When 0 is written into the ICFA after reading the ICFA under the setting of ICFA =1

1 [Setting conditions]
When the value of the FRC has been transferred to the ICRA by the input capture
signals
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Bit 60 Input Capture Flag B (ICFB): This status flag indicates the fact that the value of the

FRC has been transferred to the ICRB by the input capture signals.

When the BUFEB of the TCRX is being set to 1, the ICFB indicates the status that the FRC valt
has been transferred to the ICRB by the input capture signals and that the ICRB value before b
updated has been transferred to the ICRC.

This flag should be cleared by use of the software. Such setting should only be made by use of
hardware. It is not possible to make this setting using a software.

Bit 6

ICFB Description

0 [Clearing conditions] (Initial value)
When 0 is written into the ICFB after reading the ICFB under the setting of ICFB = 1

1 [Setting conditions]
When the value of the FRC has been transferred to the ICRB by the input capture
signals

Bit 500 Input Capture Flag C (ICFC): This status flag indicates the fact that the value of the

FRC has been transferred to the ICRC by the input capture signals.

When an input capture signal occurs while the BUFEA of the TCRX is being set to 1, although tl
ICFC will be set out, data transference to the ICRC will not be performed.

Therefore, in buffer operation, the ICFC can be used as an external interrupt by setting the ICIC
bit to 1.

This flag should be cleared by use of the software. Such setting should only be made by use of
hardware. It is not possible to make this setting using a software.

Bit 5

ICFC Description

0 [Clearing conditions] (Initial value)
When 0 is written into the ICFC after reading the ICFC under the setting of ICFC =1

1 [Setting conditions]

When the input capture signal has occurred
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Bit 400 Input Capture Flag D (ICFD): This status flag indicates the fact that the value of the

FRC has been transferred to the ICRD by the input capture signals.

When an input capture signal occurs while the BUFEB of the TCRX is being set to 1, although th
ICFD will be set out, data transference to the ICRD will not be performed.

Therefore, in buffer operation, the ICFD can be used as an external interrupt by setting the ICIDE
bit to 1.

This flag should be cleared by use of the software. Such setting should only be made by use of t
hardware. It is not possible to make this setting using a software.

Bit 4

ICFD Description

0 [Clearing conditions] (Initial value)
When 0 is written into the ICFD after reading the ICFD under the setting of ICFD =1

1 [Setting conditions]

When the input capture signal has occurred

Bit 300 Output Comparing Flag A (OCFA): This status flag indicates the fact that the FRC and
the OCRA have come to a comparing match.

This flag should be cleared by use of the software. Such setting should only be made by use of t
hardware. It is not possible to make this setting using a software.

Bit 3

OCFA Description

0 [Clearing conditions] (Initial value)
When 0 is written into the OCFA after reading the OCFA under the setting of OCFA =
1

1 [Setting conditions]

When the FRC and the OCRA have come to the comparing match
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Bit 200 Output Comparing Flag B (OCFB): This status flag indicates the fact that the FRC and
the OCRB have come to a comparing match.

This flag should be cleared by use of the software. Such setting should only be made by use of
hardware. It is not possible to make this setting using a software.

Bit 2

OCFB Description

0 [Clearing conditions] (Initial value)
When 0 is written into the OCFB after reading the OCFB under the setting of OCFB =
1

1 [Setting conditions]

When the FRC and the OCRB have come to the comparing match

Bit 100 Timer Over Flow (OVF): This is a status flag indicating the fact that the FRC

overflowed. (H'FFFF H'0000).

This flag should be cleared by use of the software. Such setting should only be made by use of
hardware. It is not possible to make this setting using a software.

Bit 1

OVF Description

0 [Clearing conditions] (Initial value)
When 0 is written into the OVF after reading the OVF under the setting of OVF = 1

1 [Setting conditions]

When the FRC value has become H'FFFF - H'0000

Bit 000 Counter Clearing (CCLRA): This bit works to select if or not to clear the FRC by
occurrence of comparing match A (matching signal of the FRC and OCRA).

Bit0

"CCLRA Description
0 Prohibits clearing of the FRC by occurrence of comparing match A (Initial value)
1 Permits clearing of the FRC by occurrence of comparing match A
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16.2.6  Timer Control Register X (TCRX)

Bit : 7 6 5 4 3 2 1 0
IEDGA | IEDGB | IEDGC | IEDGD | BUFEA | BUFEB CKsS1 CKSO0

Initial value : 0 0 0 0 0 0 0 0
R/W : R/IW R/W R/IW R/W R/IW R/W R/IW R/W

The TCRX is an 8-bit read/write register that selects the input capture signal edge, designates th
buffer operation, and selects the inputting clock for the FRC.

The TCRX is initialized to H'00 when reset or under the standby mode, watch mode, subsleep
mode, module stop mode or subactive mode.

Bit 70 Input Capture Signal Edge Selection A (IEDGA):This bit works to select the rising
edge or falling edge of the input capture signal A (FTIA).

Bit 7

"IEDGA Description
0 Captures the falling edge of the input capture signal A (Initial value)
1 Captures the rising edge of the input capture signal A

Bit 60 Input Capture Signal Edge Selection B (IEDGB):This bit works to select the rising
edge or falling edge of the input capture signal B (FTIB).

Bit 6

"IEDGB Description
0 Captures the falling edge of the input capture signal B (Initial value)
1 Captures the rising edge of the input capture signal B

Bit 500 Input Capture Signal Edge Selection C (IEDGC):This bit works to select the rising

edge or falling edge of the input capture signal C (FTIC). However, when the DVCTL has been
selected as the signal for the input capture signal edge selection C, this bit will not influence the
operation.

Bit 5

"IEDGC Description
0 Captures the falling edge of the input capture signal C (Initial value)
1 Captures the rising edge of the input capture signal C
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Bit 400 Input Capture Signal Edge Selection D (IEDGD)This bit works to select the rising
edge or falling edge of the input capture signal D (FTID).

Bit 4

"IEDGD Description
0 Captures the falling edge of the input capture signal D (Initial value)
1 Captures the rising edge of the input capture signal D

Bit 301 Buffer Enabling A (BUFEA): This bit works to select whether or not to use the ICRC as
the buffer register for the ICRA.

Bit 3

"BUFEA Description
0 Not using the ICRC as the buffer register for the ICRA (Initial value)
1 Using the ICRC as the buffer register for the ICRA

Bit 200 Buffer Enabling B (BUFEB): This bit works to select whether or not to use the ICRD as
the buffer register for the ICRB.

Bit 2

"BUFEB Description
0 Not using the ICRD as the buffer register for the ICRB (Initial value)
1 Using the ICRD as the buffer register for the ICRB

Bits 1 and @ Clock Select (CKS1, CKS0)These bits work to select the inputting clock to the
FRC from among three types of internal clocks and the DVCFG.
The DVCFG is the edge detecting pulse selected by the CFG dividing timer.

Bit 1 Bit 0
CKs1 CKSO Description
0 0 Internal clock: Counts at ¢/4 (Initial value)

Internal clock: Counts at ¢/16

0 1
1 0 Internal clock: Counts at ¢/64
1 1 DVCFG: The edge detecting pulse selected by the CFG dividing timer
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16.2.7  Timer Output Comparing Control Register (TOCR)

Bit : 7 6 5 4 3 2 1 0
ICSB ICSC ICSD OCRS OEA OEB OLVLA | OLVLB

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

The TOCR is an 8-bit read/write register that select input capture signals and output comparing
output level, permits output comparing outputs, and controls switching over of the access of the
OCRA and OCRB. See section 16.2.4, Timer Interrupt Enabling Register (TIER) regarding the
input capture inputs A.

The TOCR is initialized to H'00 when reset or under the standby mode, watch mode, subsleep

mode, module stop mode or subactive mode.

Bit 70 Selecting the Input Capture B Signals (ICSB)This bit works to select the input capture
B signals.

Bit 7

“iIcsB Description
0 Selects the FTIB pin for inputting of the input capture B signals (Initial value)
1 Selects the VD as the input capture B signals

Bit 60 Selecting the Input Capture C Signals (ICSC)This bit works to select the input capture
C signals. The DVCTL is the edge detecting pulse selected by the CTL dividing timer.

Bit 6

ilcsc Description
0 Selects the FTIC pin for inputting of the input capture C signals (Initial value)
1 Selects the DVCTL as the input capture C signals

Bit 500 Selecting the Input Capture D Signals (ICSD)This bit works to select the input capture
D signals.

Bit 5

icsb Description
0 Selects the FTID pin for inputting of the input capture D signals (Initial value)
1 Selects the NHSW as the input capture D signals
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Bit 400 Selecting the Output Comparing Register (OCRS)The addresses of the OCRA and
OCRB are the same. The OCRS works to control which register to choose when reading/writing
this address. The choice will not influence the operation of the OCRA and OCRB.

Bit 4

"OCRS Description
0 Selects the OCRA register (Initial value)
1 Selects the OCRB register

Bit 300 Enabling the Output A (OEA): This bit works to control the output comparing A signals.

Bit 3

"OEA Description
0 Prohibits the output comparing A signal outputs (Initial value)
1 Permits the output comparing A signal outputs

Bit 200 Enabling the Output B (OEB): This bit works to control the output comparing B signals.

Bit 2

"OEB Description
0 Prohibits the output comparing B signal outputs (Initial value)
1 Permits the output comparing B signal outputs

Bit 100 Output Level A (OLVLA): This bit works to select the output level to output through the
FTOA pin by use of the comparing match A (matching signal between the FRC and OCRA).

Bit 1

"OLVLA Description
0 Low level (Initial value)
1 High level
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Bit 000 Output Level B (OLVLB): This bit works to select the output level to output through the
FTOB pin by use of the comparing match B (matching signal between the FRC and OCRB).

Bit0

"OLVLB Description
0 Low level (Initial value)
1 High level

16.2.8  Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bt: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

Intialvalue: 0 o 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

The MSTPCR consists of twin 8-bit read/write registers that control the module stop mode.
When the MSTP10 bit is set to 1, the Timer X1 stops its operation at the ending point of the bus
cycle to shift to the module stop mode. For more information, see section 4.5, Module Stop
Mode.

When reset, the MSTPCR is initialized to H'FFFF.

Bit 2[0 Module Stop (MSTP10):This bit works to designate the module stop mode for timer X1.

MSTPCRH
TBitz
“MSTP10 Description
0 Cancels the module stop mode of the Timer X1
1 Sets the module stop mode of the Timer X1 (Initial value)
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16.3  Operation

16.3.1  Operation of Timer X1

Output Comparing Operation

Right after resetting, the FRC is initialized to H'0000 to start counting up. The inputting clock
can be selected from among three different types of internal clocks or the external clock by
setting the CKS1 and CKSO of the TCRX.

The contents of the FRC are always being compared with the OCRA and OCRB and, when
the value of these two match, the level set by the the OLVLA and OLVLB of the TOCR is
output through the FTOA pin and FTOB pin.

After resetting, O will be output through the FTOA and FTOB pins until the first compare
matching occurs.

Also, when the CCLRA of the TCSRX is being set to 1, the FRC will be cleared to H'0000
when the comparing match A occurs.

Input Capturing Operation

Right after resetting, the FRC is initialized to H'0000 to start counting up. The inputting clock
can be selected from among three different types of internal clocks or the external clock by
setting the CKS1 and CKSO of the TCRX.

The inputs are transferred to the IEDGA through IEDGD of the TCRX through the FTIA
through FTID pins and, at the same time, the ICFA through ICFD of the TCSRX are set to 1.
At this time, if the ICIAE through ICIED of the TIER are being set to 1, due interrupt request
will be issued to the CPU.

When the BUFEA and BUFEB of the TCRX are set to 1, the ICRC and ICRD work as the
buffer register, respectively, of the ICRA and ICRB. When the edge selected by setting the
IEDGA through IEDGD of the TCRX is input through the FTIA and FTIB pins, the value at
the time of the FRC is transferred to the ICRA and ICRB and, at the same time, the values o
the ICRA and ICRB before updating are transferred to the ICRC and ICRD. At this time,
when the ICFA and ICFB are being set to 1 and if the ICIAE and ICIBE of the TIER are beinc
set to 1, due interrupt request will be issued to the CPU.
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16.3.2  Counting Timing of the FRC

The FRC is counted up by the inputting clock. By setting the CKS1 and CKSO of the TCRX, the
inputting clock can be selected from among three different types of clgdkg/(6 and@64)
and the DVCFG.

* Internal Clock Operation
By setting the CKS1 and CKSO bits of the TCRX, three types of internal clpdks/(L6 and
@64), generated by dividing the system clopkdan be selected. Figure 16.3 shows the
timing chart.

¢ 5 _| |_| |_5~;_| |—| |—| |—|
Internal clock _| J j

FRC input |—| |—|
clock « «
FRC N-1 'O N ? X N+

Figure 16.3 Count Timing for Internal Clock Operation

» DVCFG Clock Operation
By setting the CKS1 and CKSO bits of the TCRX to 1, DVCFG clock input can be selected.
The DVCFG clock makes counting by use of the edge detecting pulse being selected by the
CFG dividing timer.
Figure 16.4 shows the timing chart.

o LTI L LML L

I(d

CFG . | i |_
RN
DVCFG . .

p)s B

FRC input |—|
clock o«

C
p)j B

C
p)s

FRC N X N

C
p);

Figure 16.4 Count Timing for CFG Clock Operation
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16.3.3  Output Comparing Signal Outputting Timing

When a comparing match occurs, the output level having been set by the OLVL of the TOCR is
output through the output comparing signal outputting pins (FTOA and FTOB).
Figure 16.5 shows the timing chart for the output comparing signal outputting A.

FRC N X . N X N+1

(C C

OCRA 5 S

(C C
p); B

Comparing match I—I
signal «

C
p); B

\ i Clearing*
OLVLA \k )
FTOA ) ) \&\‘
Output comparing | 55 <
signal outputting

A pin
Note: * Execution of the command is to be designated by the software.

Figure 16.5 Output Comparing Signal Outputting A Timing

16.3.4 FRC Clearing Timing

The FRC can be cleared when the comparing match A occurs. Figure 16.6 shows the timing ch

"R I e
Comparing match |—|
A signal \

ERC N X H' 0000

Figure16.6 Clearing Timing by Occurrence of the Comparing Match A
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16.3.5 Input Capture Signal Inputting Timing

* Input Capture Signal Inputting Timing
As for the input capture signal inputting, rising or falling edge is selected by settings of the
IEDGA through IEDGD bits of the TCRX.

Figure 16.7 shows the timing chart when the rising edge is selected (IEDGA through IEDGD -
1).

v Uy
Input capture signal
inputting pin | \
Input capture signal

Figure 16.7 Input Capture Signal Inputting Timing (under normal state)

* Input Capture Signal Inputting Timing when Making Buffer Operation
Buffer operation can be made using the ICRA or ICRD as the buffer of the ICRA or ICRB.
Figure 16.8 shows the input capture signal inputting timing chart in case both of the rising anc

falling edges are designated (IEDGA =1 and IEDGC =0, or IEDGA =0 and IEDGC = 1),
using the ICRC as the buffer register for the ICRA (BUFEA =1).

FTIA _| . |
\ \

wages T 1
FRC n X n+l :: N
\
ICRA M >< n n >< N
\ \
ICRC m X M i M X n

Figure 16.8 Input Capture Signal Inputting Timing Chart Under the Buffer Mode
(under normal state)
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Even when the ICRC or ICRD is used as the buffer register, the input capture flag will be set up
corresponding to the designated edge change of respective input capture signals.

For example, when using the ICRC as the buffer register for the ICRA, when an edge change
having been designated by the IEDGC bit is detected with the input capture signals C and if the
ICIEC bit is duly set, an interrupt request will be issued.

However, in this case, the FRC value will not be transferred to the ICRC.

16.3.6  Input Capture Flag (ICFA through ICFD) Setting Up Timing

The input capture signal works to set the ICFA through ICFD to 1 and, simultaneously, the FRC
value is transferred to the corresponding ICRA through ICRD. Figure 16.9 shows the timing
chart.

o LI L0 LD L L u L e e
Input capture

signal
ICFA to ICFD |

FRC N
ICRA to ICRD >< N

Figure 16.9 ICFA through ICFD Setting Up Timing
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16.3.7  Output Comparing Flag (OCFA and OCFB) Setting Up Timing

The OCFA and OCFB are being set to 1 by the comparing match signal being output when the
values of the OCRA, OCRB and FRC match. The comparing match signal is generated at the la
state of the value match (the timing of the FRC's updating the matching count reading).

After the values of the OCRA, OCRB and FRC match, up until the count up clock signal is
generated, the comparing match signal will not be issued. Figure 16.10 shows the OCFA and
OCFB setting timing chart.

0 B I O o

FRC N X N+1

OCRA, OCRB N

Comparing match
signal L

OCFA, OCFB |

Figure 16.10 OCF Setting Up Timing

16.3.8  Overflow Flag (CVF) Setting Up Timing

The OVF is set to when the FRC overflows (H'FFFFH'0000). Figure 16.11 shows the timing
chart.

L [ O I

FRC HFFFF X H0000

Overflowing
signal \

OVF |

Figure 16.11 OVF Setting Up Timing
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16.4  Operation Mode of Timer X1
Table 16.4 indicated below shows the operation mode of Timer X1.

Table 16.4 Operation Mode of Timer X1

Operation Module
Mode Reset  Active Sleep Watch Subactive Standby Subsleep Stop
FRC Reset Functions Functions Reset Reset Reset Reset Reset
OCRA, OCRB Reset Functions Functions Reset Reset Reset Reset Reset
ICRA to ICRD Reset Functions Functions Reset Reset Reset Reset Reset
TIER Reset Functions Functions Reset Reset Reset Reset Reset
TCRX Reset Functions Functions Reset Reset Reset Reset Reset
TOCR Reset Functions Functions Reset Reset Reset Reset Reset
TCSRX Reset Functions Functions Reset Reset Reset Reset Reset
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16.5 Interrupt Causes

Total seven interrupt causes exist with Timer X1, namely, ICIA through ICID, OCIA, OCIB and
FOVI. Table 16.5 lists the contents of interrupt causes. Interrupt requests can be permitted or
prohibited by setting interrupt enabling bits of the TIER. Also, independent vector addresses are
allocated to respective interrupt causes.

Table 16.5 Interrupt Causes of Timer X1

Abbreviations of the Interrupt Causes  Priority Degree Contents
ICIA Interrupt request by the ICFA High
ICIB Interrupt request by the ICFB

ICIC Interrupt request by the ICFC

ICID Interrupt request by the ICFD

OCIA Interrupt request by the OCFA

ocCiB Interrupt request by the OCFB

FOVI Interrupt request by the OVF Low
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16.6  Exemplary Uses of Timer X1

Figure 16.12 shows an example of outputting at optional phase difference of the pulses of the 5
duty. For this setting, follow the procedures listed below.

1. Setthe CCLRA bit of the TCSRX to 1.

2. Each time a comparing match occurs, the OLVIA bit and the OLVLB bit are reversed by use
of the software.

L T

coupter \

OCRA

OCRB

H'0000

FTOA

FTOB

Figure 16.12 Pulse Outputting Example
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16.7  Precautions when Using Timer X1

Pay great attention to the fact that the following competitions and operations occur during
operation of timer X1.

16.7.1  Competition between Writing and Clearing with the FRC

When a counter clearing signal is issued under the T2 state where the FRC is under the writing
cycle, writing into the FRC will not be effected and the priority will be given to clearing of the
FRC.

Figure 16.13 shows the timing chart.

Writing cycle with the FRC
Tl T2
D
S I U U O U O U
Address >< FRC address ><
Internal writing
signal
Counter clearing
signal
FRC N >< H'0000

Figure 16.13 Competition between Writing and Clearing with the FRC
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16.7.2  Competition between Writing and Counting Up with the FRC

When a counting up cause occurs under the T2 state where the FRC is under the writing cycle,
counting up will not be effected and the priority will be given to count writing.
Figure 16.14 shows the timing chart.

Writing cycle with the FRC

T1 T2
D h—
s I O o I
Address >< FRC address ><

Internal writing

signal \—li
L

Inputting clock
to the FRC

FRC N X’ M
Writing data

Figure 16.14 Competition between Writing and Counting Up with the FRC
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16.7.3  Competition between Writing and Comparing Match with the OCR

When a comparing match occurs under the T2 state where the OCRA and OCRB are under the
writing cycle, the priority will be given to writing of the OCR and the comparing match signal will
be prohibited.

Figure 16.15 shows the timing chart.

Writing cycle with the OCR
| T1 T2 ‘
<—+—>
N O
Address >< OCR address ><
Internal writing
signal
FRC N >< N+1
OCR N >< - M
/Writing data
Comparing match T
signal ‘ RN
Will be prohibited

Figure 16.15 Competition between Writing and Comparing Match with the OCR
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16.7.4  Changing Over the Internal Clocks and Counter Operations

Depending on the timing of changing over the internal clocks, the FRC may count up. Table 16
shows the relations between the timing of changing over the internal clocks (Re-writing of the
CKS1 and CKSO0) and the FRC operations.

When using an internal clock, the counting clock is being generated detecting the falling edge o
the internal clock dividing the system cloaf}.( For this reason, like Item No. 3 of table 16.6,

count clock signals are issued deeming the timing before the changeover as the falling edge to
have the FRC to count up.

Also, when changing over between an internal clock and the external clock, the FRC may count

up.
Table 16.6 Changing Over the Internal Clocks and the FRC Operation

Rewriting Timing for
No. the CKS1land CKSO FRC Operation

1 Low - low level Clock before f
changeover the changeover _,—\_,_, I—, I—

Clock after
the changeover

o 3
FRC N X N+1 X

Rewriting of the CKS1 and CKS0

2 Low — High level Clock before
changeover the changeover_,—\—, I_,_, |—

Clock after
the changeover

or 1T
FRC N X na X N+2 X

Rewriting of the CKS1 and CKSO
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Rewriting Timing for
No. the CKS1 and CKSO

FRC Operation

3 High - low level
changeover

Clock before
the changeoverJ I—,
Clock after

the changeover

Count
clock

FRC N X N+1

4 High - high level
changeover

Clock before !
the changeover J I—, I_,_,—\—

Clock after
the changeover

ook [ [
FRC N X na X N2 X

Rewriting of the CKS1 and CKSO

Note: * The count clock signals are issued determining the changeover timing as the falling edge to
have the FRC to count up.
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Section 17 Watchdog Timer (WDT)

17.1 Overview

This LSI has an on-chip watchdog timer with one channel (WDT) for monitoring system
operation. The WDT outputs an overflow signal if a system crash prevents the CPU from writing
to the timer counter, allowing it to overflow. At the same time, the WDT can also generate an
internal reset signal or internal NMI interrupt signal.

When this watchdog function is not needed, the WDT can be used as an interval timer. In inten
timer mode, an interval timer interrupt is generated each time the counter overflows.

17.1.1 Features
WDT features are listed below.

» Switchable between watchdog timer mode and interval timer mode
O WOVI interrupt generation in interval timer mode
» Internal reset or internal interrupt generated when the timer counter overflows
0 Choice of internal reset or NMI interrupt generation in watchdog timer mode
» Choice of 8 counter input clocks
0 Maximum WDT interval: system clock periedl31072x 256
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17.12  Block Diagram

Figure 17.1 shows block diagram of WDT.

«— @/ 2

<7(p/64

WOVI -
(Interrupt request signal) Interrupt @/ 128
control Clock |«—@/512
_ Internal NMI ‘ - . ‘Overﬂow Clock select |«——@/2048
interrupt request signal Reset /8192
control ——@/ 32768
Internal reset signal* - -——@/ 131072
Internal clock
¥ source
| WTCNT |<»| WTCSR |
O O Bus ]
Module bus interface K |
WDT

Legend:
WTCSR : Timer control/status register

WTCNT : Timer counter

Note: * The internal reset signal can be generated by means of a register setting.

Internal bus

Figure 17.1 Block Diagram of WDT
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17.1.3 Register Configuration

The WDT has two registers, as described in table 17.1. These registers control clock selection,
WDT mode switching, the reset signal, etc.

Table 17.1 WDT Registers

Address **
Name Abbrev. R/W Initial Value ~ Write *? Read
Watchdog timer WTCSR R/ (W)*® H'00 H'FFBC H'FFBC
control/status register
Watchdog timer counter WTCNT R/W H'00 H'FFBC H'FFBD
System control register SYSCR R/W H'09 H'FFE8 H'FFE8

Notes: 1. Lower 16 bits of the address.
2. For details of write operations, see section 17.2.4, Notes on Register Access.
3. Only 0 can be written in bit 7, to clear the flag.
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17.2  Register Descriptions

17.2.1 Watchdog Timer Counter (WTCNT)

Bit : 7 6 5 4 3 2 1 0

Initial value : 0 0 0 0 0 0 0 0
R/W: R/W R/W R/W R/W R/W R/W R/W R/W

TCNT is an 8-bit readable/writable* up-counter.

When the TME bit is set to 1 in WTCSR, WTCNT starts counting pulses generated from the
internal clock source selected by bits CKS2 to CKSO0 in WTCSR. When the count overflows
(changes from H'FF to H'00), the OVF flag in WTCSR is set to 1.

WTCNT is initialized to H'00 by a reset, or when the TME bit is cleared to 0.

Note: * WTCNT is write-protected by a password to prevent accidental overwriting. For
details see section 17.2.4, Notes on Register Access.

17.2.2 Watchdog Timer Control/Status Register (WTCSR)

Bit : 7 6 5 4 3 2 1
| OVF | WT/W| TME | — |RST/W| CKS2 | CKS1 | CKSO0 |
Initial value : 0 0 0 0 0 0 0 0
RW:  RI(W)* R/W R/W — R/W R/W R/W R/W

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

WTCSR is an 8-bit readable/writable* register. Its functions include selecting the clock source to
be input to WTCNT, and the timer mode.
WTCSR is initialized to H'00 by a reset.

Note: * WTCSR is write-protected by a password to prevent accidental overwriting. For
details see section 17.2.4, Notes on Register Access.
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Bit 700 Overflow Flag (OVF): A status flag that indicates that WTCNT has overflowed from
H'FF to H'00.

Bit 7

OVF Description

0 [Clearing conditions] (Initial value)
1. Write O in the TME bit
2. Read WTCSR when OVF = 1*, then write 0 in OVF

1 [Setting condition]

When WTCNT overflows (changes from H'FF to H'00)
When internal reset request generation is selected in watchdog timer mode, OVF is
cleared automatically by the internal reset

Note: * When OVF is polled and the interval timer interrupt is disabled, OVF=1 must be read at
least twice.

Bit 60 Timer Mode Select (WTIT): Selects whether the WDT is used as a watchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt reques
(WOVI) when TCNT overflows. If used as a watchdog timer, the WDT generates a reset or NM
interrupt when TCNT overflows.

Bit 6

WTAT Description

0 Interval timer mode: Sends the CPU an interval timer interrupt request (WOVI) when
WTCNT overflows (Initial value)

1 Watchdog timer mode: Sends the CPU a reset or NMI interrupt request when

WTCNT overflows

Bit 500 Timer Enable (TME): Selects whether WTCNT runs or is halted.

Bit 5

TME Description
0 WTCNT is initialized to H'00 and halted (Initial value)
1 WTCNT counts

Bit 40 Reserved:This bit should not be set to 1.

Rev. 1.0, 02/01, page 357 of 1184
RENESAS



Bit 300 Reset or NMI (RST/NMI): Specifies whether an internal reset or NMI interrupt is
requested on WTCNT overflow in watchdog timer mode.

Bit 3

W Description
0 An NMI interrupt request is generated (Initial value)
1 An internal reset request is generated

Bits 2 to 0 Clock Select 2 to 0 (CKS2 to CKSOjThese bits select an internal clock source,
obtained by dividing the system cloap) for input to WTCNT.

WDT Input Clock Selection

Bit 2 Bit 1 Bit 0 Description
CSK2 CSK1 CSKO Clock Overflow Period * (when ¢@= 10 MHz)
0 0 0 @2 (Initial 51.2 us
value)
1 @64 1.6 ms
1 0 @128 3.3ms
1 @512 13.1 ms
1 0 0 @2048 52.4ms
1 @8192 209.7 ms
1 0 @32768 838.9 ms
1 @131072 3.36s

Note: * The overflow period is the time from when WTCNT starts counting up from H'00 until
overflow occurs.
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17.2.3  System Control Register (SYSCR)

Bit : 7 6 5 4 3 2 1 0

— — INTM1 | INTMO | XRST — — —

Initial value : 0 0 0 0 1 0 0 1
R/W : — — R R/W R — — —

Only bit 3 is described here. For details on functions not related to the watchdog timer, see

sections 3.2.2 and 6.2.1, System Control Register (SYSCR), and the descriptions of the relevan

modules.

Bit 300 External Reset (XRST):Indicates the reset source. When the watchdog timer is used, a
reset can be generated by watchdog timer overflow in addition to external reset input. XRST is
read-only bit. It is set to 1 by an external reset, and cleared to 0 by watchdog timer overflow.

Bit 3
TXRST Description
0 Reset is generated by watchdog timer overflow
1 Reset is generated by external reset input (Initial value)

RENESAS
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17.2.4  Notes on Register Access

The watchdog timer's WTCNT and WTCSR registers differ from other registers in being more
difficult to write to. The procedures for writing to and reading these registers are given below.

*  Writing to WTCNT and WTCSR

These registers must be written to by a word transfer instruction. They cannot be written to
with byte transfer instructions.

Figure 17.2 shows the format of data written to WTCNT and WTCSR. WTCNT and WTCSR
both have the same write address. For a write to WTCNT, the upper byte of the written word
must contain H'5A and the lower byte must contain the write data. For a write to WTCSR, the
upper byte of the written word must contain H'A5 and the lower byte must contain the write
data. This transfers the write data from the lower byte to WTCNT or WTCSR.

<WTCNT write>
15 8 7 0
H'5A Write dat
Address : HFFBC 0 riie data
<WTCSR write>
15 8 7 0
Address : HFFBC g H'AS Write data

Figure 17.2 Format of Data Written to WTCNT and WTCSR

* Reading WTCNT and WTCSR

These registers are read in the same way as other registers. The read addresses are H'FFBC(
WTCSR, and H'FFBD for WTCNT.
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17.3  Operation

17.3.1 Watchdog Timer Operation

To use the WDT as a watchdog timer, set theIV&hd TME bits in WTCSR to 1. Software

must prevent WTCNT overflows by rewriting the WTCNT value (normally by writing H'00)
before overflow occurs. This ensures that WTCNT does not overflow while the system is
operating normally. If WTCNT overflows without being rewritten because of a system crash or
other error, the chip is reset, or an NMI interrupt is generated, for 518 system clock periods (51¢
@. Thisisillustrated in figure 17.3.

An internal reset request from the watchdog timer and reset input frdREghgin are handled

via the same vector. The reset source can be identified from the value of the XRST bit in SYSC
If a reset caused by an input signal fromRIES pin and a reset caused by WDT overflow occur
simultaneously, thRES pin reset has priority, and the XRST bit in SYSCR is set to 1.

WTCNT value
Overflow
HFF [~ " - - sy s m s oo mm s
K
R
// i
Hoo N I N
WT/AT=1  H'00 written OVF=1*  WTAT=1  H'00 written
TME=1 to WTCNT i TME=1  to WTCNT

Internal reset
generated

Internal reset
signal - -
518 system clock period

Legend:
WT/IT: Timer mode select bit
TME : Timer enable bit

Note: * Cleared to 0 by an internal reset when OVF is set to 1. XRST is cleared to 0.

Figure 17.3 Operation in Watchdog Timer Mode (when Reset)
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17.3.2 Interval Timer Operation

To use the WDT as an interval timer, clear the Wit in WTCSR to 0 and set the TME bit to

1. An interval timer interrupt (WOVI) is generated each time WTCNT overflows, provided that
the WDT is operating as an interval timer, as shown in figure 17.4. This function can be used to
generate interrupt requests at regular intervals.

WTCNT value

A
HEE Overflow Overflow Overflow Overflow

H'00 » Time
t ' ' ' '
WT/IT=0 WOVI WOVI WOVI WOVI
TME=1

WOVI : Interval timer interrupt request generation

Figure 17.4 Operation in Interval Timer Mode
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17.3.3  Timing of Setting of Overflow Flag (OVF)

The OVF bitin WTCSR is set to 1 if WTCNT overflows during interval timer operation. At the
same time, an interval timer interrupt (WOVI) is requested. This timing is shown in figure 17.5.
If NMI request generation is selected in watchdog timer mode, when WTCNT overflows the OVF
bit in WTCSR is set to 1 and at the same time an NMI interrupt is requested.

« T LT LT LT LT LT

WTCNT % H'FF >< H'00

Overflow signal
(internal signal)

I~
Z—~

OVF

((
))

Figure 17.5 Timing of OVF Setting
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17.4  Interrupts

During interval timer mode operation, an overflow generates an interval timer interrupt (WOVI).
The interval timer interrupt is requested whenever the OVF flag is set to 1 in WTCSR. OVF must
be cleared to 0 in the interrupt handling routine. When NMI interrupt request generation is
selected in watchdog timer mode, an overflow generates an NMI interrupt request.

175 Usage Notes

17.5.1 Contention between Watchdog Timer Counter (WTCNT) Write and Increment

If a timer counter clock pulse is generated during the T2 state of a WTCNT write cycle, the write
takes priority and the timer counter is not incremented. Figure 17.6 shows this operation.

WTCNT write cycle

Internal @ J | | | | | | | | | |
Internal address >< ><

Internal write

signal

WTCNT input

clock

WTCNT N >< M
b.d

[

Counter write data

Figure 17.6 Contention between WTCNT Write and Increment
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17.5.2 Changing Value of CKS2 to CKSO

If bits CKS2 to CKSO0 in WTCSR are written to while the WDT is operating, errors could occur in
the incrementation. Software must stop the watchdog timer (by clearing the TME bit to 0) befort
changing the value of bits CKS2 to CKSO.

17.5.3  Switching between Watchdog Timer Mode and Interval Timer Mode

If the mode is switched from watchdog timer to interval timer, or vice versa, while the WDT is
operating, correct operation cannot be guaranteed. Software must stop the watchdog timer (by
clearing the TME bit to 0) before switching the mode.
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Section 18 8-Bit PWM

18.1 Overview

The 8-bit PWM incorporates 4 channels of the duty control method (H8S/2197S and H8S/2196¢
2 channels). Its outputs can be used to control a reel motor or loading motor.

18.1.1 Features

« Conversion period: 256-state
« Duty control method

18.1.2 Block Diagram

Figure 18.1 shows a block diagram of the 8-bit PWM (1 channel).

8 Internal data bus 8

A
Y Y
PWB8CR PWRn
Y
Y ;
Polarity R Match signal Comparator
PWMn specification | Q Sl< I
OVF 27 20
Free-running counter (FRC) — ¢

Legend:

PWRn : 8-bit PWM data register n

PWB8CR: 8-bit PWM control register

PWMn : 8-bit PWM square-wave output pin n
OVF : Overflow signal from FRC lower 8-bit

Notes: n=3 to 0 (H8S/2197S and H8S/2196S: n=1 and 0)

Figure 18.1 Block Diagram of 8-Bit PWM (1 channel)
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18.1.3  Pin Configuration

Table 18.1 shows the 8-bit PWM pin configuration.

Table 18.1 Pin Configuration

Name Abbrev. I/0 Function

8-bit PWM square-wave output pin 0 PWMO Output 8-bit PWM square-wave output 0
8-bit PWM square-wave output pin 1~ PWM1 Output 8-bit PWM square-wave output 1
8-bit PWM square-wave output pin 2  PWM2 Output 8-bit PWM square-wave output 2
8-bit PWM square-wave output pin 3  PWM3 Output 8-bit PWM square-wave output 3

18.1.4  Register Configuration

Table 18.2 shows the 8-bit PWM register configuration.

Table 18.2 8-Bit PWM Registers

Name Abbrev. R/W Size Initial Value  Address *
8-bit PWM data register 0  PWRO W Byte H'00 H'D126
8-bit PWM data register 1  PWR1 W Byte H'00 H'D127
8-bit PWM data register 2 ~ PWR2 W Byte H'00 H'D128
8-bit PWM data register 3 ~ PWR3 W Byte H'00 H'D129
8-bit PWM control register PW8CR R/W Byte H'FO H'D12A
Port mode register 3 PMR3 R/W Byte H'00 H'FFDO

Note: * Lower 16 bits of the address.
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18.2  Register Descriptions

18.2.1  8-bit PWM Data Registers 0, 1, 2 and 3 (PWRO0, PWR1, PWR2, PWR3)

PWRO
Bit : 7 6 5 4 3 2 1 0
PWO7 PWO06 PWO05 PWO04 PWO03 PWO02 PWO1 PWO0O0
Initial value : 0 0 0 0 0 0 0 0
R/W : W W W ' W W W W
PWR1
Bit : 7 6 5 4 3 2 1 0
PW17 PW16 PW15 PW14 PW13 PW12 PW11 PW10
Initial value : 0 0 0 0 0 0 0 0
R/W : w W W w W W W w
PWR2
Bit : 7 6 5 4 3 2 1 0
PwW27 PW26 PW25 PW24 PW23 PW22 PW21 PW20
Initial value : 0 0 0 0 0 0 0 0
R/W : w W W% w W W W w
PWR3
Bit : 7 6 5 4 3 2 1 0
PW37 PW36 PW35 PW34 PW33 PW32 PW31 PW30
Initial value : 0 0 0 0 0 0 0 0
R/W : w W W w W W W w

8-bit PWM data registers 0, 1, 2 and 3 (PWRO, PWR1, PWR2, PWR3) control the duty cycle at
bit PWM pins. The data written in PWRO0, PWR1, PWR2 and PWR3 correspond to the high-leve
width of one PWM output waveform cycle (256 states).

When data is set in PWRO, PWR1, PWR2 and PWR3, the contents of the data are latched in thi
PWM waveform generators, updating the PWM waveform generation data.

PWRO, PWR1, PWR2 and PWR3 are 8-bit write-only registers. When read, all bits are always
read as 1.

PWRO, PWR1, PWR2 and PWRS3 are initialized to H'00 by a reset.
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Note: The H8S/2197S and H8S/2196S do not have PWR2 and PWR3.

18.2.2  8-bit PWM Control Register (PW8CR)

Bit: 7 6 5 4 3 2 1 0
— | — | — | — | pwes | pwe2 | pwct | pwco
Initial value : 1 1 1 1 0 0 0 0
RW:  — — — — RIW RIW RIW RIW

The 8-bit PWM control register (PW8CR) is an 8-bit readable/writable register that controls PWM
functions. PWB8CR is initialized to H'0O by a reset.

Bits 7 to 41 Reserved:These bits cannot be modified and are always read as 1.

Bits 3 to 0 Output Polarity Select (PWC3 to PWCO0):These bits select the output polarity of
PWMn pin between positive or negative (reverse).

Bit n

“PWCn Description
0 PWMn pin output has positive polarity (Initial value)
1 PWMn pin output has negative polarity

Notes: n=3 to 0 (H8S/2197S and H8S/2196S: n=1 and 0).
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18.2.3  Port Mode Register 3 (PMR3)

Bit : 7 6 5 4 3 2 1
PMR37 | PMR36 | PMR35 | PMR34 PMR33 PMR32 PMR31 PMR30
Initial value : 0 0 0 0 0 0 0 0
RW: R/W R/W R/W R/W R/W R/W R/W R/W

The port mode register 3 (PMR3) controls function switching of each pin in the port 3. Switching
is specified for each bit.

The PMR3 is a 8-bit readable/writable register and is initialized to H'00 by a reset.

For bits other than 5 to 2, see section 10.5, Port 3.

Bits 5 to 21 P35/PWM3 to P32/PWMO Pin Switching (PMR35 to PMR32)These bits set
whether the P3n/PWMn pin is used as I/O pin or it is used as 8-bit PWM output PWMm pin.

Bit n

PMR3n Description

0 P3n/PMWm pin functions as P3n I/O pin (Initial value)
1 P3n/PMWm pin functions as PWMm output pin

Notes: n=5to 2, m=3to 0. The H8S/2197S and H8S/2196S do not have PWM2 and PWM3 pin

functions.
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18.2.4  Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP? | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTPL | MSTPO |

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

The MSTPCR consists of two 8-bit readable/writable registers that control module stop mode.
When MSTPA4 bit is set to 1, the 8-bit PWM stops its operation upon completion of the bus cycle
and transits to the module stop mode. For details, see section 4.5, Module Stop Mode.

The MSTPCR is initialized to H'FFFF by a reset.

Bit 400 Module Stop (MSTP4):This bit sets the module stop mode of the 8-bit PWM.

MSTPCRL
Bit4
TMSTP4 Description
0 8-bit PWM module stop mode is released
1 8-bit PWM module stop mode is set (Initial value)
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18.3  8-Bit PWM Operation

The 8-bit PWM outputs PWM pulses having a cycle length of 256 states and a pulse width
determined by the data registers (PWR).

The output PWM pulse can be converted to a DC voltage through integration in a low-pass filter
Figure 18.2 shows the output waveform example of 8-bit PWM. The pulse width (Twidth) can b
obtained by the following expression:

Twidth = (14p) x (PWR setting value)

FRC lower H'FF
8-bit value

PWRn setting
value

H'00

(256 states) (256 states)

PWRn pin  (Positive
output polarity) __| Pulse width Pulse width
(n=3 10 0) T width T width
(Negative
polarity)
' Twidth ! C Twidth ! 3
3 Pulse cycle : Pulse cycle :

Figure 18.2 8-bit PWM Output Waveform (Example)
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Section 19 12-Bit PWM

19.1 Overview

The 12-bit PWM incorporates 2 channels of the pulse pitch control method and functions as the
drum and capstan motor controller.

19.1.1 Features

Two on-chip 12-bit PWM signal generators are provided to control motors. These PWMs use th
pulse-pitch control method (periodically overriding part of the output). This reduces low-
frequency components in the pulse output, enabling a quick response without increasing the clo
frequency. The pitch of the PWM signal is modified in response to error data (representing lead
or lag in relation to a preset speed and phase).
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19.1.2 Block Diagram

Figure 19.1 shows a block diagram of the 12-bit PWM (1 channel). The PWM signal is generatec
by combining quantizing pulses from a 12-bit pulse generator with quantizing pulses derived fror
the contents of a data register. Low-frequency components are reduced because the two
guantizing pulses have different frequencies. The error data is represented by an unsigned 12-b
binary number.

@16 I Counter |
@32 ——— 7
64 ————
@128 —— |\ Pulse generator |
CAPPWM I Output control circuit |
or
DRMPWM PWM data register |

| PWM control register

DFUCR*

Digital filter
% Internal data bus % circuit

Legend:
CAPPWM : Capstan mix pin
DRMPWM: Drum mix pin

Note: * Refer to section 26, Servo Circuit.

Figure 19.1 Block Diagram of 12-Bit PWM (1 channel)
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19.1.3 Pin Configuration
Table 19.1 shows the 12-bit PWM pin configuration.

Table 19.1 Pin Configuration

Name Abbrev. I/0 Function
Capstan mix CAPPWM  Output 12-bit PWM square-wave output
Drum mix DRMPWM

19.1.4 Register Configuration
Table 19.2 shows the 12-bit PWM register configuration.

Table 19.2 12-Bit PWM Registers

Name Abbrev. R/W Size Initial Value  Address *

12-bit PWM control register CPWCR W Byte H'42 H'DO7B
DPWCR W Byte H'42 H'DO7A

12-bit PWM data register CPWDR R/W Word H'FO00 H'DO7C
DPWDR R/W Word H'FO00 H'D078

Note: * Lower 16 bits of the address.
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19.2  Register Descriptions

19.2.1 12-Bit PWM Control Registers (CPWCR, DPWCR)

CPWCR
Bit : 7 6 5 4 3 2 1 0
CPOL CDC CHiz CH/L CSF/DF CCK2 CCK1 CCKO
Initial value : 0 1 0 0 0 0 1 0
R/W : W W W W W W W W
DPWCR
Bit : 7 6 5 4 3 2 1 0
DPOL DDC DHiz DH/L DSF/DF DCK2 DCK1 DCKO
Initial value : 0 1 0 0 0 0 1 0
RIW : w w w W W W w w

CPWCR is the PWM output control register for the capstan motor. DPWCR is the PWM output
control register for the drum motor. Both are 8-bit writable registers.

CPWCR and DPWCR are initialized to H'42 by a reset, or when in a power-down state except fol
active medium-speed mode.

Bit 70 Polarity Invert (POL): This bit can invert the polarity of the modulated PWM signal for
noise suppression and other purposes. This bit is invalid when fixed output is selected (when bit
DC is setto 1).

Bit 7

“pOL Description
0 Output with positive polarity (Initial value)
1 Output with inverted polarity

Bit 600 Output Select (DC): Selects either PWM modulated output, or fixed output controlled by
the pin output bits (bits 5 and 4).
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Bits 5 and 41 PWM Pin Output (HiZ, H/L): When bit DC is set to 1, the 12-bit PWM output
pins (CAPPWM, DRMPWM) output a value determined by the HiZ and H/L bits. The output is
not affected by bit POL.

In power-down modes, the 12-bit PWM circuit and pin statuses are retained. Before making a
transition to a power-down mode, first set bits 6 (DC), 5 (HiZ), and 4 (H/L) of the 12-bit PWM
control registers (CPWCR and DPWCR) to select a fixed output level. Choose one of the
following settings:

Bit 6 Bit 5 Bit 4
DC Hiz H/L Output state
1 0 0 Low output (Initial value)
High output
1 * High-impedance
0 * * Modulation signal output

Note: * Don't care

Bit 300 Output Data Select (SF/DF):Selects whether the data to be converted to PWM output is
taken from the data register or from the digital filter circuit.

Bit 3

"SFIDF Description
0 Modulation by error data from the digital filter circuit (Initial value)
1 Modulation by error data written in the data register

Note: When PWMs output data from the digital filter circuit, the data consisting of the speed and
phase filtering results are modulated by PWMs and output from the CAPPWM and
DRMPWM pins. However, it is possible to output only drum phase filter results from
CAPPWM pin and only capstan phase filter result from DRMPWM pin, by DFUCR settings
of the digital filter circuit. See section 26.11, Digital Filters.
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Bits 2 to 0 Carrier Frequency Select (CK2 to CKO): Selects the carrier frequency of the PWM
modulated signal. Do not set them to 111.

Bit 2 Bit 1 Bit 0
CK2 CK1 CKO Description
0 0 0 (0%
1 ¢
1 0 @8 (Initial value)
1 ¢l6
1 0 0 @32
1 @64
1 0 @128
1 (Do not set)
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19.2.2  12-Bit PWM Data Registers (DPWDR, CPWDR)
CPWDR

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — ‘ — ‘ — ‘ — ‘CPWDRM‘CPWDRIO‘CPWDRQ‘CPWDRS‘CPWDR7‘CPWDRG‘CPWDRS‘CPWDR4‘CPWDR3‘CPWDRZ‘CP\NDRI‘CPWDRO|

Initial value : 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
RW: — — — — RW RW RW RW RW RW RW RW RW RW RW RW

DPWDR

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
| — ‘ — ‘ — ‘ — ‘DPWDRll‘DPWDRlO‘DPWDRQ‘DPWDRS‘DPWDR?‘DPWDRG‘DPWDRS‘DPWDR4‘DPWDR3‘DPWDRZ‘DPWDRl‘DPWDROl

Initial value : 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0
RW: — — — — RW RW RW RW RW RW RW RW RW RW RW RW

The 12-bit PWM data registers (DPWDR and CPWDR) are 12-bit readable/writable registers
in which the data to be converted to PWM output is written.
The data in these registers is converted to PWM output only when bit SF/DF of the
corresponding control register is set to 1. When the SF/DF bit is 0, the error data from the
digital filter circuit is written in the data register, and then modulated by PWM. At this time,
the error data from the digital filter circuit can be monitored by reading the data register.
These registers can be accessed by word only, and cannot be accessed by byte. Byte acce
gives unassured results.
Both registers are initialized to H'FO00 by a reset or in a power-down state except for active
medium speed mode.
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19.2.3  Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 O
|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP? | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTPL | MSTPO |

Initialvalue: 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

The MSTPCR consists of two 8-bit readable/writable registers that control module stop mode.
When MSTP1 bit is set to 1, the 12-bit PWM stops its operation upon completion of the bus cycle
and transits to the module stop mode. For details, see section 4.5, Module Stop Mode.

The MSTPCR is initialized to H'FFFF by a reset.

Bit 1[0 Module Stop (MSTP1):This bit sets the module stop mode of the 12-bit PWM.

MSTPCRL
TBit1
TMSTPL Description
0 12-bit PWM and servo circuit module stop mode is released
1 12-bit PWM and servo circuit module stop mode is set (Initial value)
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19.3  Operation

19.3.1  Output Waveform

The PWM signal generator combines the error data with the output from an internal pulse
generator to produce a pulse-width modulated signal.
When Vcc/2 is set as the reference value, the following conditions apply:

1. When the motor is running at the correct speed and phase, the PWM signal is output with a
50% duty cycle.

2. When the motor is running behind the correct speed or phase, it is corrected by periodically
holding part of the PWM signal low. The part held low depends on the size of the error.

3. When the motor is running ahead of the correct speed or phase, it is corrected by periodicall
holding part of the PWM signal high. The part held high depends on the size of the error.

When the motor is running at the correct speed and phase, the error data is a 12-bit value
representing 1/2 (1000 0000 0000), and the PWM output has the same frequency as the selecte
division clock.

After the error data has been converted into a PWM signal, the PWM signal can be smoothed ir
a DC voltage by an external low-pass filter (LPF). The smoothe error data can be used to contr
the motor.

Figure 19.2 shows sample waveform outputs.

The 12-bit PWM pin outputs a low-level signal upon reset, in power-down mode or at module-
stop.
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Pulse Generator
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Corresponds to Pwr0:

Figure 19.2 Sample Waveform Output by 12-Bit PWM (4 Bits)
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Section 20 14-Bit PWM
Note: The 14-Bit PWM is not (incorporated in) provided for the H8S/2197S and H8S/2196S.

20.1 Overview

The 14-bit PWM is a pulse division type PWM that can be used for electronic tuner control, etc.

20.1.1 Features
Features of the 14-bit PWM are given below:

» Choice of two conversion periods

A conversion period of 32768kvith a minimum modulation width of @ or a conversion
period of 16384pwith a minimum modulation width of ¢/ can be selected.

» Pulse division method for less ripple
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20.1.2 Block Diagram

Figure 20.1 shows a block diagram of the 14-bit PWM.

PWCR
(2]
>
o
8

PWDRL s
S
£
g

PWDRU £

w4 PWM waveform PWM14
@2 —— generator

Legend:

PWCR : PWM control register
PWDRL: PWM data register L
PWDRU: PWM data register U
PWM14: PWM14 output pin

Figure 20.1 Block Diagram of 14-Bit PWM

20.1.3 Pin Configuration
Table 20.1 shows the 14-bit PWM pin configuration.

Table 20.1 Pin Configuration

Name Abbrev. 110 Function

PWM 14-bit square-wave output pin ~ PWM14* Output 14-bit PWM square-wave output

Note: * This pin also functions as P40 general I/O pin. When using this pin, set the pin function by
the port mode register 4 (PMR4). For details, see section 10.6, Port 4.
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20.1.4 Register Configuration
Table 20.2 shows the 14-bit PWM register configuration.

Table 20.2 14-Bit PWM Registers

Name Abbrev. R/W Size Initial Value  Address *
PWM control register PWCR R/W Byte H'FE H'D122
PWM data register U PWDRU wW Byte H'CO H'D121
PWM data register L PWDRL \W Byte H'00 H'D120

Note: * Lower 16 bits of the address.
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20.2  Register Descriptions

20.2.1 PWM Control Register (PWCR)

Bit : 7 6 5 4 3 2 1 0
- | - | = | = — — — | PwcRro
Initial value : 1 1 1 1 1 1 1 0
R/W : — — — — — — — R/W

The PWM control register (PWCR) is an 8-bit read/write register that controls the 14-bit PWM
functions. PWCR is initialized to H'FE by a reset.

Bits 7 to 11 Reserved:These bits cannot be modified and are always read as 1.

Bit 00 Clock Select (PWCRO0):Selects the clock supplied to the 14-bit PWM.

Bit0

PWCRO Description

0 The input clock is @2 (to= 2/¢) (Initial value)
The conversion period is 16384/¢@, with a minimum modulation width of 1/¢@

1 The input clock is @4 (to= 4/¢)

The conversion period is 32768/, with a minimum modulation width of 2/¢@

Note: t/q@ Period of PWM clock input
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20.2.2 PWM Data Registers U and L (PWDRU, PWDRL)

PWDRU
Bit : 7 6 5 4 3 2
— — PWDRUS5 | PWDRU4 | PWDRU3 | PWDRU2 | PWDRU1 | PWDRUO
Initial value : 1 1 0 0 0 0 0 0
R/W : — — w w W W W W
PWDRL
Bit : 7 6 5 4 3 2 1
PWDRL7 | PWDRL6 | PWDRL5 | PWDRL4 | PWDRL3 | PWDRL2 | PWDRL1 | PWDRLO
Initial value : 0 0 0 0 0 0 0 0
R/W : W w w w W w W %

PWM data registers U and L (PWDRU and PWDRL) indicate high level width in one PWN
waveform cycle.

PWDRU and PWDRL form a 14-bit write-only register, with the upper 6 bits assigned to PWDRI
and the lower 8 bits to PWDRL. The value written in PWDRU and PWDRL gives the total high-
level width of one PWM waveform cycle. Both PWDRU and PWDRL are accessible by byte
access only. Word access gives unassured results.

When 14-bit data is written in PWDRU and PWDRL, the contents are latched in the PWM
waveform generator and the PWM waveform generation data is updated. When writing the 14-|
data, follow these steps:

1. Write the lower 8 bits to PWDRL.
2. Write the upper 6 bits to PWDRU.

Write the data first to PWDRL and then to PWDRU.
PWDRU and PWDRL are write-only registers. When read, all bits always read 1.
PWDRU and PWDRL are initialized to H'C0O00 by a reset.
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20.2.3  Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit: 7 6 5 4 3 2 1 0o 7 6 5 4 3 2 1 0
|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTP1 | MSTPO |

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

The module stop control register (MSTPCR) consists of two 8-bit readable/writable registers that
control the module stop mode functions.

When the MSTP5 bit is set to 1, the 14-bit PWM operation stops at the end of the bus cycle and
transition is made to module stop mode. For details, see section 4.5, Module Stop Mode.
MSTPCR is initialized to H'FFFF by a reset.

Bit 500 Module Stop (MSTP5): Specifies the module stop mode of the 14-bit PWM.

MSTPCRL
Bits
TMSTP5 Description
0 14-bit PWM module stop mode is released
1 14-bit PWM module stop mode is set (Initial value)
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20.3  14-Bit PWM Operation
When using the 14-bit PWM, set the registers in this sequence:

1. Set bit PWMA40 to 1 in port mode register 4 (PMR4) so that pin P40/PWM14 is designated fo
PWM output.

2. Set bit PWCRO in the PWM control register (PWCR) to select a conversion period of either
32768(p (PWCRO = 1) or 16384/(PWCRO = 0).

3. Set the output waveform data in PWM data registers U and L (PWDRU, PWDRL). Be sure t
write byte data first to PWDRL and then to PWDRU. When the data is written in PWDRU,
the contents of these registers are latched in the PWM waveform generator, and the PWM
waveform generation data is updated in synchronization with internal signals.

One conversion period consists of 64 pulses, as shown in figure 20.2. The total high-level widtt
during this period (]) corresponds to the data in PWDRU and PWDRL. This relation can be
expressed as follows:

T,, = (data value in PWDRU and PWDRL + 64)q@'2

where to is the period of PWM clock inputpZbit PWCRO = 0) or 4§ (bit PWCRO = 1).
If the data value in PWDRU and PWDRL is from H'3FCO to H'3FFF, the PWM output stays high
When the data value is H'000Q, i$ calculated as follows:

T, = 64x @2 = 32009

1 conversion period

tfl tf2 tf63 tf64

\
Y
\
Y
\
Y
I
I
I
I
I
I
I
|
\
A~

TH=tHL+tH2+tH3 +--+tH64
tfl=tf2=tf3=--=tf64

Figure 20.2 Waveform Output by 14-Bit PWM
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Section 21 Prescalar Unit

21.1 Overview

The prescalar unit (PSU) has a 18-bit free running counter (FRC) thag asesclock source and
a 5-bit counter that usglV as a clock source.

21.1.1 Features

e Prescalar S (PSS)
Generates frequency division clocks that are input to peripheral functions.
e Prescalar W (PSW)

When a timer A is used as a clock time base, the PSW frequency-divides subclocks and
generates input clocks.

» Stable oscillation wait time count

During the return from the low power consumption mode excluding the sleep mode, the FRC
counts the stable oscillation wait time.

e 8-bit PWM
The lower 8 bits of the FRC is used as 8-bit PWM cycle and duty cycle generation counters.
(Conversion cycle: 256 states)

«  8-bit input capture byC pins
Catches the 8 bits of°20 2’ of the FRC according to the edge of igin for remote control
receiving.

» Frequency division clock output

Can output the frequency division clock for the system clock or the frequency division clock
for the subclock from the frequency division clock output pin (TMOW).
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21.1.2 Block Diagram

Figure 21.1 shows a block diagram of the prescalar unit.

| PWM3
| PWM2
Stable oscillation | PWM1
wait time count output | PWMO
217 6 bits 212 27 8 bits 1 20
Prescalar S
@131072 t0 (2 ~——
MSB LSB
18-bit free running counter (FRC) -—0
15 8
2 8 bits 2 o
— 8
IC pin ¢16 ¢
g% TMOW
in
Interrupt <—| ICR1 | puis2 ouil6 P
request w8
Prescalar W
pinos — | | | | |tows
MSB  5-bit counter LSB
[
| PCSR |

% Internal data bus %

Legend:

ICR1 :Input capture register 1

PCSR : Prescalar unit control/status register
iIC : Input capture input pin

TMOW : Frequency division clock output pin

Figure 21.1 Block Diagram of Prescalar Unit

Rev. 1.0, 02/01, page 394 of 1184
RENESAS




21.1.3 Pin Configuration
Table 21.1 shows the pin configuration of the prescalar unit.

Table 21.1 Pin Configuration

Name Abbrev. I/0 Function

Input capture input IC Input Prescalar unit input capture input pin
Frequency division clock TMOW Output Prescalar unit frequency division clock
output output pin

21.1.4 Register Configuration
Table 21.2 shows the register configuration of the prescalar unit.

Table 21.2 Register Configuration

Name Abbrev. R/W Size Initial Value  Address *
Input capture register 1 ICR1 R Byte H'00 H'D12C
Prescalar unit PCSR R/W Byte H'08 H'D12D

control/status register

Note: * Lower 16 bits of the address.
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21.2 Registers

21.2.1 Input Capture Register 1 (ICR1)

Bit: 7 6 5 4 3 2 1 0

| 1cr17 | i1cr16 | icr15 | icr14 | icr13 | icr12 | 1cr11 | ICR10

Initial value : 0 0 0 0 0 0 0 0
RW: R R R R R R R R

Input capture register 1 (ICR1) captures 8-bit data’ab2’ of the FRC according to the edge of
theIC pin.

ICR1 is an 8-bit read-only register. The write operation becomes invalid. The ICR1 values are
undefined until the first capture is generated after the mode has been set to the standby mode,
watch mode, subactive mode, and subsleeve mode. When reset, ICR1 is initialized to H'0O0.

21.2.2  Prescalar Unit Control/Status Register (PCSR)

Bit: 7 6 5 4 3 2 1 0
| icF | 1ce | icec |Nconoff| — [ pcs2 | pcst | pcso

Initial value : 0 0 0 0 1 0 0 0
RW: R(W* RW  RW  RW — RW  RW  RW

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

The prescalar unit control/status register (PCSR) controls the input capture function and selects t
frequency division clock that is output from the TMOW pin.
PCSR is an 8-bit read/write enable register. When reset, PCSR is initialized to H'08.

Bit 701 Input Capture Interrupt Flag (ICIF):  Input capture interrupt request flag. This indicates
that the input capture was performed according to the edge I6f the.

Bit 7

ICIF Description

0 [Clear condition] (Initial value)
When 0 is written after 1 has been read

1 [Set condition]

When the input capture was performed according to the edge of the IC pin
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Bit 60 Input Capture Interrupt Enable (ICIE): When ICIF was set to 1 by the input capture
according to the edge of tii€ pin, ICIE enables and disables the generation of an input capture
interrupt.

Bit 6

IcE Description
0 Disables the generation of an input capture interrupt (Initial value)
1 Enables the generation of an input capture interrupt

Bit 500 IC Pin Edge Select (ICEG)ICEG selects the input edge sense ofithpin.

Bit 5

"ICEG Description
0 Detects the falling edge of the IC pin input (Initial value)
1 Detects the rising edge of the IC pin input

Bit 401 Noise Cancel ON/OFF (NCon/off)yNCon/off selects enable/disable of the noise cancel
function of thelC pin. For the noise cancel function, see section 21.3, Noise Cancel Circuit.

Bit 4

" NConloff Description
0 Disables the noise cancel function of the IC pin (Initial value)
1 Enables the noise cancel function of the IC pin

Bit 300 Reserved:This bit cannot be modified and is always read as 1.
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Bits 2 to 0 Frequency Division Clock Output Select (DCS2 to DCSOPCS2 to DCSO select
eight types of frequency division clocks that are output from the TMOW pin.

Bit 2 Bit 1 Bit 0
DCS2 DCS1 DCS0 Description
0 0 0 Outputs PSS, ¢'32 (Initial value)
1 Outputs PSS, ¢/'16
1 0 Outputs PSS, ¢'8
1 Outputs PSS, ¢4
1 0 0 Outputs PSW, @¢W/32
1 Outputs PSW, ¢W/16
1 0 Outputs PSW, @¢wW/8
1 Outputs PSW, ¢wW/4
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21.2.3 Port Mode Register 1 (PMR1)

Bit : 7 6 5 4 3 2 1 0
PMR17 | PMR16 | PMR15 | PMR14 | PMR13 | PMR12 | PMR11 | PMR10
Initial value : 0 0 0 0 0 0 0 0

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

The port mode register 1 (PMR1) controls switching of each pin function of port 1. The switchin
is specified in a unit of bit.

PMR1 is an 8-bit read/write enable register. When reset, PMR1 is initialized to H'00. For details
refer to Port Mode Register 1 in section 10.3.2 Register Configuration.

Bit 70 P17/TMOW Pin Switching (PMR17): PMR17 sets whether the P17/TMOW pin is used
as a P17 1/0O pin or a TMOW pin for division clock output.

Bit 7

"PMR17 Description
0 The P17/TMOW pin functions as a P17 1/O pin (Initial value)
1 The P17/TMOW pin functions as a TMOW output function

Bit 61 Pl_GIE Pin Switching (PMR16): PMR16 sets whether the PB/pin is used as a P16 I/0
pin or anIC pin for the input capture input of the prescalar unit.

Bit 6

"PMR16 Description
0 The P16/IC pin functions as a P16 1/O pin (Initial value)
1 The P16/IC pin functions as an IC input function

Rev. 1.0, 02/01, page 399 of 1184
RENESAS



21.3 Noise Cancel Circuit

ThelC pin has a built-in a noise cancel circuit. The circuit can be used for noise protection such
as remote control receiving. The noise cancel circuit samples the input valueEopithéwice

at an interval of 256 states. If the input values are different, they are assumed to be noise.
ThelC pin can specify enable/disable of the noise cancel function according to the bit 4
(NCon/off) of the prescalar unit control/status register (PCSR).

21.4  Operation

21.4.1 Prescalar S (PSS)

The PSS is a 17-bit counter that uses the system apefibs€) as an input clock and generates the
frequency division clocksp(131072 top'2) of the peripheral function. The low-order 17 bits of

the 18-bit free running counter (FRC) correspond to the PSS. The FRC is incremented by one
clock. The PSS output is shared by the timer and serial communication interface (SCI), and the
frequency division ratio can independently be set by each built-in peripheral function.

When reset, the FRC is initialized to H'00000, and starts increment after reset has been released
Because the system clock oscillator is stopped in standby mode, watch mode, subactive mode, &
subsleep mode, the PSS operation is also stopped. In this case, the FCR is also initialized to
H'00000.

The FRC cannot be read and written from the CPU.
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21.4.2 Prescalar W (PSW)

PSW is a counter that uses the subclock as an input clock. The PSW also generates the input
clock of the timer A. In this case, the timer A functions as a clock time base.

When reset, the PSW is initialized to H'00, and starts increment after reset has been released.
Even if the mode has been shifted to the standby mode*, watch mode*, subactive mode*, and
subsleep mode*, the PSW continues the operation as long as the clocks are supplied by the X1
X2 pins.

The PSW can also be initialized to H'00 by setting the TMA3 and TMAZ2 bits of the timer mode
register A (TMA) to 11.

Note: * When the timer A is in module stop mode, the operation is stopped.

Figure 21.2 shows the supply of the clocks to the peripheral function by the PSS and PSW.

@131072 to @/2

S )
08ct — el ¢ Prescalar S Timer
System | fogc | ClOCk - SCI
clock duty
oscillator correction
0se2 circuit Intermediate

speed clock I|z|—> TMOW pin
requency divider

=

X1 —»] 14 ow/128
Subclock (oW =
i:gﬁ:;gl: (*) _| frequency Prescalar W | | qimera
ow | dividers CPU
X2 <—oI (12, 1/4, and 1/8), ROM
System clock [—> RAM

selection
—|—> Peripheral register

1/O port

Figure 21.2 Clock Supply

21.4.3 Stable Oscillation Wait Time Count

For the count of the stable oscillation stable wait time during the return from the low power
consumption mode excluding the sleep mode, see section 4, Power-Down State.
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21.4.4  8-bit PWM

This 8-bit PWM controls the duty control PWM signal in the conversion cycle 256 states. It
counts the cycle and the duty cycle ata?? of the FRC. It can be used for controlling reel
motors and loading motors. For details, see section 18, 8-Bit PWM.

21.45  8-bit Input Capture UsingIC Pin

This function catches the 8-bit data &ft2 2 of the FRC according to the edge of I@epin. It
can be used for remote control receiving.

For the edge of thEC pin, the rising and falling edges can be selected.

ThelIC pin has a built-in noise cancel circuit. See section 21.3, Noise Cancel Circuit.

An interrupt request is generated due to the input capture usif@ pie.

Note: Rewriting the ICEG bit, NCon/off bit, or PMR16 bit is incorrectly recognized as edge
detection according to the combinations between the state and detection edd€ pfrihe
and the ICIF bit may be set after up to §8éconds.

21.4.6  Frequency Division Clock Output

The frequency division clock can be output from the TMOW pin. For the frequency division
clock, eight types of clocks can be selected according to the DCS2 to DCSO bits in PCSR.

The clock in which the system clock was frequency-divided is output in active mode and sleep
mode and the clock in which the subclock was frequency-divided is output in active mode*, sleep
mode*, and subactive mode.

Note: * When timer A is in module stop mode, no clock is output.
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Section 22 Serial Communication Interface 1 (SCI1)

22.1 Overview

The serial communication interface (SCI) can handle both asynchronous and clocked synchronc
serial communication. A function is also provided for serial communication between processors
(multiprocessor communication function).

22.1.1 Features
SCI1 features are listed below.

« Choice of asynchronous or synchronous serial communication mode
O Asynchronous mode

« Serial data communication is executed using an asynchronous system in which
synchronization is achieved character by character

Serial data communication can be carried out with standard asynchronous
communication chips such as a Universal Asynchronous Receiver/Transmitter (UART
or Asynchronous Communication Interface Adapter (ACIA)

» A multiprocessor communication function is provided that enables serial data
communication with a number of processors

» Choice of 12 serial data transfer formats
Data length: 7 or 8 bits
Stop bit length: 1 or 2 bits
Parity: Even, odd, or none
Multiprocessor bit: 1 or 0
» Receive error detection: Parity, overrun, and framing errors

» Break detection:; Break can be detected by reading the SI1 pin level directly in case of
framing error

O Clock synchronous mode
» Serial data communication is synchronized with a clock

Serial data communication can be carried out with other chips that have a synchronou
communication function

* One serial data transfer format
Data length: 8 bits
» Receive error detection: Overrun errors detected
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* Full-duplex communication capability

O The transmitter and receiver are mutually independent, enabling transmission and receptic
to be executed simultaneously

0 Double-buffering is used in both the transmitter and the receiver, enabling continuous
transmission and continuous reception of serial data

» Built-in baud rate generator allows any bit rate to be selected

» Choice of serial clock source: internal clock from baud rate generator or external clock from
SCK1 pin

» Four interrupt sources

O Four interrupt sources (transmit-data-empty, transmit-end, receive-data-full, and receive
error) that can issue requests independently
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22.1.2 Block Diagram

Figure 22.1 shows a block diagram of the SCI.

Module data bus

Bus interface
Internal data bus

| RoRL | | TDRL | SCMR1 | BRRL —
Uy | =
47([)
SCR1 Baud rate
Sit || RSR1 | |‘| TSR1 SMR1 generator w4
Transmission/ w16
reception @64
SOl = control
Parity generation A t Clock A
Parity check
External clock
SCK1 =
= TEI
= TXI
Legend: :Eé:

RSR1 : Receive shift register 1

RDR1 : Receive data register 1

TSR1 : Transmit shift register 1

TDR1 : Transmit data register 1

SMR1 : Serial mode register 1

SCR1 : Serial control register 1

SSR1 : Serial status register 1

SCMR1 : Serial interface mode register 1
BRR1 : Bit rate register 1

Figure 22.1 Block Diagram of SCI
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22.1.3 Pin Configuration
Table 22.1 shows the serial pins used by the SCI.

Table 22.1 SCI Pins

Channel  Pin Name Symbol 110 Function

1 Serial clock pin 1 SCK1 I/0 SCI1 clock input/output
Receive data pin 1 Si1 Input SCI1 receive data input
Transmit data pin 1 SO1 Output SCI1 transmit data output

22.1.4 Register Configuration

The SCI1 has the internal registers shown in table 22.2. These registers are used to specify
asynchronous mode or synchronous mode, the data format, and the bit rate, and to control the
transmitter/receiver.

Table 22.2 SCI Registers

Channel  Name Abbrev. R/W Initial Value ~ Address **
1 Serial mode register 1 SMR1 R/W H'00 H'D148
Bit rate register 1 BRR1 R/W H'FF H'D149
Serial control register 1 SCR1 R/W H'00 H'D14A
Transmit data register 1 TDR1 R/W H'FF H'D14B
Serial status register 1 SSR1 RI(W)**  H'84 H'D14C
Receive data register 1 RDR1 R H'00 H'D14D
Serial interface mode register 1 ~ SCMR1 R/W H'F2 H'D14E
Common  Module stop control register MSTPCRH R/W H'FF H'FFEC
MSTPCRL R/W H'FF H'FFED

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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22.2  Register Descriptions

22.2.1 Receive Shift Register 1 (RSR1)

Bit : 7 6 5 4 3 2 1 0

RIW : — — — — — — — —

RSR1 is a register used to receive serial data.

The SCI sets serial data input from the SI1 pin in RSR1 in the order received, starting with the
LSB (bit 0), and converts it to parallel data. When one byte of data has been received, it is
transferred to RDR automatically.

RSR1 cannot be directly read or written to by the CPU.

22.2.2 Receive Data Register 1 (RDR1)

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

RDR1 is a register that stores received serial data.

When the SCI has received one byte of serial data, it transfers the received serial data from RS
to RDR1 where it is stored, and completes the receive operation. After this, RSR1 is receive-
enabled.

Since RSR1 and RDR1 function as a double buffer in this way, continuous receive operations c:
be performed.

RDR1 is a read-only register, and cannot be written to by the CPU.

RDR1 is initialized to H'00 by a reset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.
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22.2.3  Transmit Shift Register 1 (TSR1)

Bit : 7 6 5 4 3 2 1 0

RW:  — — — — — — — —

TSR1 is a register used to transmit serial data.

To perform serial data transmission, the SCI first transfers transmit data from TDR1 to TSR1, the
sends the data to the SO1 pin starting with the LSB (bit 0).

When transmission of one byte is completed, the next transmit data is transferred from TDR1 to
TSR1, and transmission started, automatically. However, data transfer from TDR1 to TSR1 is nc
performed if the TDRE bit in SSR1 is set to 1.

TSR1 cannot be directly read or written to by the CPU.

22.2.4  Transmit Data Register 1 (TDR1)

Bit : 7 6 5 4 3 2 1 0

Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

TDR1 is an 8-bit register that stores data for serial transmission.

When the SCI detects that TSR is empty, it transfers the transmit data written in TDR1 to TSR1
and starts serial transmission. Continuous serial transmission can be carried out by writing the
next transmit data to TDR1 during serial transmission of the data in TSR1.

TDR1 can be read or written to by the CPU at all times.

TDR1 is initialized to H'FF by a reset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.
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22.2.5 Serial Mode Register 1 (SMR1)

Bit 7 6 5 4 3 2 1 0
C/A CHR PE O/E STOP MP CKS1 | CKSO
Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SMRL1 is an 8-bit register used to set the SCI's serial transfer format and select the baud rate
generator clock source.

SMR1 can be read or written to by the CPU at all times.

SMRL1 is initialized to H'00 by a reset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bit 70 Communication Mode (C/A): Selects asynchronous mode or clock synchronous mode as
the SCI operating mode.

Bit 7

C/K— Description
0 Asynchronous mode (Initial value)
1 Clock synchronous mode

Bit 600 Character Length (CHR): Selects 7 or 8 hits as the data length in asynchronous mode.
In synchronous mode, a fixed data length of 8 bits is used regardless of the CHR setting.

Bit 6

"CHR Description
0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) of TDR1 is not transmitted, and LSB-first/MSB-
first selection is not available.
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Bit 500 Parity Enable (PE): In asynchronous mode, selects whether or not parity bit addition is
performed in transmission, and parity bit checking in reception. In synchronous mode, or when a
multiprocessor format is used, parity bit addition and checking is not performed, regardless of the
PE bit setting.

Bit 5

PE Description
0 Parity bit addition and checking disabled (Initial value)
1 Parity bit addition and checking enabled*

Note: * When the PE bit is set to 1, the parity (even or odd) specified by the O/E bit is added to
transmit data before transmission. In reception, the parity bit is checked for the parity (even
or odd) specified by the O/E bit.

Bit 40 Parity Mode (O/E): Selects either even or odd parity for use in parity addition and
checking.

The OE bit setting is only valid when the PE bit is set to 1, enabling parity bit addition and
checking, in asynchronous mode. Th& Git setting is invalid in synchronous mode, when parity
bit addition and checking is disabled in asynchronous mode, and when a multiprocessor format i
used.

Bit 4

T Description
0 Even parity** (Initial value)
1 Odd parity*?

Notes: 1. When even parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is even. In reception, a
check is performed to see if the total number of 1 bits in the receive character plus the
parity bit is even.

2. When odd parity is set, parity bit addition is performed in transmission so that the total
number of 1 bits in the transmit character plus the parity bit is odd. In reception, a
check is performed to see if the total number of 1 bits in the receive character plus the
parity bit is odd.
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Bit 300 Stop Bit Length (STOP): Selects 1 or 2 bits as the stop bit length in asynchronous mode.
The STOP bit setting is only valid in asynchronous mode. If synchronous mode is set the STOF
bit setting is invalid since stop bits are not added.

Bit 3

“sToP Description
0 1 stop bit** (Initial value)
1 2 stop bits**

Notes: 1. Intransmission, a single 1 bit (stop bit) is added to the end of a transmit character
before it is sent.

2. Intransmission, two 1 bits (stop bits) are added to the end of a transmit character
before it is sent.

In reception, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bitis 1, it is treated as a stop bit; if it is O, it is treated as the start bit of the next transmit
character.

Bit 200 Multiprocessor Mode (MP): Selects multiprocessor format. When multiprocessor format
is selected, the PE bit andEJit parity settings are invalid. The MP bit setting is only valid in
asynchronous mode; it is invalid in synchronous mode.

For details of the multiprocessor communication function, see section 22.3.3, Multiprocessor
Communication Function.

Bit 2
MP Description
0 Multiprocessor function disabled (Initial value)

Multiprocessor format selected
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Bits 1 and @I Clock Select 1 and 0 (CKS1, CKSO)These bits select the clock source for the
baud rate generator. The clock source can be selecteghfidd (¢/16, andg@64, according to

the setting of bits CKS1 and CKSO.

For the relation between the clock source, the bit rate register setting, and the baud rate, see
section 22.2.8, Bit Rate Register 1.

Bit 1 Bit 0

CKs1 CKSO0 Description

0 0 @clock (Initial value)
1 @4 clock

1 0 @16 clock
1 @64 clock

22.2.6  Serial Control Register 1$CR1)

Bit : 7 6 5 4 3 2 1 0
TIE RIE TE RE MPIE TEIE CKE1 CKEO
Initial value : 0 0 0 0 0 0 0 0

R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SCRL1 is a register that performs enabling or disabling of SCI transfer operations, serial clock
output in asynchronous mode, and interrupt requests, and selection of the serial clock source.
SCR1 can be read or written to by the CPU at all times.

SCR1 is initialized to H'0O0 by a reset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bit 700 Transmit Interrupt Enable (TIE): Enables or disables transmit-data-empty interrupt
(TXI) request generation when serial transmit data is transferred from TDR1 to TSR1 and the
TDRE flag in SSR1 is set to 1.

Bit 7

TE Description
0 Transmit-data-empty interrupt (TXI) request disabled* (Initial value)
1 Transmit-data-empty interrupt (TXI) request enabled

Note: * TXI interrupt request cancellation can be performed by reading 1 from the TDRE flag, then
clearing it to 0, or clearing the TIE bit to 0.
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Bit 61 Receive Interrupt Enable (RIE): Enables or disables receive-data-full interrupt (RXI)
request and receive-error interrupt (ERI) request generation when serial receive data is transfer
from RSR1 to RDR1 and the RDRF flag in SSR1 is set to 1.

Bit 6

RIE Description

0 Receive-data-full interrupt (RXI) request and receive-error interrupt (ERI) request
disabled* (Initial value)

1 Receive-data-full interrupt (RXI) request and receive-error interrupt (ERI) request
enabled

Note: * RXI and ERI interrupt request cancellation can be performed by reading 1 from the RDRF,
FER, PER, or ORER flag, then clearing the flag to O, or clearing the RIE bit to 0.

Bit 500 Transmit Enable (TE): Enables or disables the start of serial transmission by the SCI.

Bit 5

TE Description

0 Transmission disabled** (Initial value)
1 Transmission enabled**

Notes: 1. The TDRE flag in SSR1 is fixed at 1.
2. In this state, serial transmission is started when transmit data is written to TDR1 and the
TDRE flag in SSR1 is cleared to 0.
SMR1 setting must be performed to decide the transmission format before setting the
TE bit to 1.

Bit 400 Receive Enable (RE)Enables or disables the start of serial reception by the SCI.

Bit 4

"RE Description
0 Reception disabled** (Initial value)
1 Reception enabled*?

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags, which
retain their states.

2. Serial reception is started in this state when a start bit is detected in asynchronous
mode or serial clock input is detected in synchronous mode.
SMR1 setting must be performed to decide the reception format before setting the RE
bit to 1.
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Bit 300 Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is only valid in asynchronous mode when receiving with the MP bit in
SMR1 setto 1.

The MPIE bit setting is invalid in clock synchronous mode or when the MP bit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts disabled (normal reception performed) (Initial value)
[Clearing conditions]
1. When the MPIE bit is cleared to 0
2. When data with MPB = 1 is received

1 Multiprocessor interrupts enabled*

Receive interrupt (RXI) requests, receive-error interrupt (ERI) requests, and setting of
the RDRF, FER, and ORER flags in SSR1 are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * When receive data including MPB = 0 is received, receive data transfer from RSR1 to
RDR1, receive error detection, and setting of the RDRF, FER, and ORER flags in SSR1, is
not performed. When receive data with MPB = 1 is received, the MPB bit in SSR1 is set to
1, the MPIE bit is cleared to 0 automatically, and generation of RXI and ERI interrupts
(when the TIE and RIE bits in SCR are set to 1) and FER and ORER flag setting is enabled.

Bit 200 Transmit End Interrupt Enable (TEIE): Enables or disables transmit-end interrupt
(TEI) request generation if there is no valid transmit data in TDR when the MSB is transmitted.

Bit 2

“TEE Description
0 Transmit-end interrupt (TEI) request disabled* (Initial value)
1 Transmit-end interrupt (TEI) request enabled*

Note: * TEI cancellation can be performed by reading 1 from the TDRE flag in SSR1, then clearing
it to 0 and clearing the TEND flag to 0, or clearing the TEIE bit to O.
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Bits 1 and @ Clock Enable 1 and 0 (CKE1, CKEO):These bits are used to select the SCI clock
source and enable or disable clock output from the SCK pin. The combination of the CKE1 and
CKEUO bits determines whether the SCK pin functions as an I/O port, the serial clock output pin,
the serial clock input pin.

The setting of the CKEO bit, however, is only valid for internal clock operation (CKE1 = 0) in
asynchronous mode. The CKEQO bit setting is invalid in synchronous mode, and in the case of
external clock operation (CKE1 = 1). Note that the SCI's operating mode must be decided using
SMR1 before setting the CKE1 and CKEO bits.

For details of clock source selection, see table 22.9 in section 22.3, Operation.

Bit 1 Bit 0
CKE1l CKEO Description
0 0 Asynchronous mode Internal clock/SCK1 pin functions as I/0
port**
Clock synchronous Internal clock/SCK1 pin functions as serial
mode clock output**
1 Asynchronous mode Internal clock/SCK1 pin functions as clock
output*?
Clock synchronous Internal clock/SCK1 pin functions as serial
mode clock output
1 0 Asynchronous mode External clock/SCK1 pin functions as clock
input*®
Clock synchronous External clock/SCK1 pin functions as serial
mode clock input
1 Asynchronous mode External clock/SCK1 pin functions as clock
input*®
Clock synchronous External clock/SCK1 pin functions as serial
mode clock input

Notes: 1. Initial value.
2. Outputs a clock of the same frequency as the bit rate.
3. Inputs a clock with a frequency 16 times the bit rate.
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22.2.7 Serial Status Register ISSR1)

Bit : 7 6 5 4 3 2 1 0
| TDRE | RDRF | ORER | FER | PER | TEND | MPB | MPBT |
Initial value : 1 0 0 0 0 1 0 0
R/W: R/(W)* R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

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

SSR1 is an 8-bit register containing status flags that indicate the operating status of the SCI, and
multiprocessor bits.

SSR1 can be read or written to by the CPU at all times. However, 1 cannot be written to flags
TDRE, RDRF, ORER, PER, and FER. Also note that in order to clear these flags they must be
read as 1 beforehand. The TEND flag and MPB flag are read-only flags and cannot be modified.
SSR1 isinitialized to H'84 by a reset, and in standby mode, watch mode, subactive mode, subsle
mode, and module stop mode.

Bit 700 Transmit Data Register Empty (TDRE): Indicates that data has been transferred from
TDR1 to TSR1 and the next serial data can be written to TDR1.

Bit 7
TDRE Description
0 [Clearing conditions]
When 0 is written in TDRE after reading TDRE = 1
1 [Setting conditions] (Initial value)

1. When the TE bitin SCRis 0
2. When data is transferred from TDR1 to TSR1 and data can be written to TDR1

Bit 600 Receive Data Register Full (RDRF)Indicates that the received data is stored in RDR1.

Bit 6

RDRF Description

0 [Clearing conditions] (Initial value)
When 0 is written in RDRF after reading RDRF = 1

1 [Setting conditions]
When serial reception ends normally and receive data is transferred from RSR to
RDR

Note: RDR1 and the RDRF flag are not affected and retain their previous values when an error is
detected during reception or when the RE bit in SCR1 is cleared to 0.
If reception of the next data is completed while the RDRF flag is still set to 1, an overrun
error will occur and the receive data will be lost.
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Bit 500 Overrun Error (ORER): Indicates that an overrun error occurred during reception,
causing abnormal termination.

Bit 5

ORER Description

0 [Clearing conditions] (Initial value) **
When 0 is written in ORER after reading ORER = 1**

1 [Setting conditions]
When the next serial reception is completed while RDRF = 1**

Notes: 1. The ORER flag is not affected and retains its previous state when the RE bit in SCR1 is

cleared to O.

The receive data prior to the overrun error is retained in RDR1, and the data received

subsequently is lost. Also, subsequent serial reception cannot be continued while the
ORER flag is set to 1. In synchronous mode, serial transmission cannot be continued,
either.

Bit 400 Framing Error (FER): Indicates that a framing error occurred during reception in
asynchronous mode, causing abnormal termination.

Bit 4

FER Description

0 [Clearing conditions] (Initial value)
When 0 is written in FER after reading FER = 1**

1 [Setting conditions]
When the SCI checks the stop bit at the end of the receive data when reception ends,
and the stop bit is 0**

Notes: 1. The FER flag is not affected and retains its previous state when the RE bit in SCR1 is

cleared to 0.

In 2-stop-bit mode, only the first stop bit is checked for a value of 1; the second stop bit
is not checked. If a framing error occurs, the receive data is transferred to RDR1 but
the RDRF flag is not set. Also, subsequent serial reception cannot be continued while
the FER flag is set to 1. In synchronous mode, serial transmission cannot be
continued, either.
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Bit 30 Parity Error (PER): Indicates that a parity error occurred during reception using parity
addition in asynchronous mode, causing abnormal termination.

Bit 4

PER Description

0 [Clearing conditions] (Initial value)
When 0 is written in PER after reading PER = 1**

1 [Setting conditions]

When, in reception, the number of 1 bits in the receive data plus the parity bit does
not match the parity setting (even or odd) specified by the O/E bit in SMR1*?

Notes: 1. The PER flag is not affected and retains its previous state when the RE bit in SCR1 is
cleared to 0.

2. If a parity error occurs, the receive data is transferred to RDR1 but the RDRF flag is not
set. Also, subsequent serial reception cannot be continued while the PER flag is set to
1. In synchronous mode, serial transmission cannot be continued, either.

Bit 200 Transmit End (TEND): Indicates that there is no valid data in TDR when the last bit of
the transmit character is sent, and transmission has been ended.
The TEND flag is read-only and cannot be modified.

Bit 2
TEND Description
0 [Clearing conditions]
When 0 is written in TDRE after reading TDRE = 1
1 [Setting conditions] (Initial value)

1. When the TE bitin SCR1 is 0
2. When TDRE = 1 at transmission of the last bit of a 1-byte serial transmit character

Bit 100 Multiprocessor Bit (MPB): When reception is performed using a multiprocessor format
in asynchronous mode, MPB stores the multiprocessor bit in the receive data.
MPB is a read-only bit, and cannot be modified.

Bit 1

MPB Description

0 [Clearing conditions] (Initial value)*
When data with a 0 multiprocessor bit is received

1 [Setting conditions]

When data with a 1 multiprocessor bit is received

Note: * Retains its previous state when the RE bit in SCR1 is cleared to 0 with multiprocessor
format.
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Bit 000 Multiprocessor Bit Transfer (MPBT): When transmission is performed using a
multiprocessor format in asynchronous mode, MPBT stores the multiprocessor bit to be added t
the transmit data.

The MPBT bit setting is invalid when a multiprocessor format is not used, when not transmitting,
and in synchronous mode.

Bit0

MPBT Description

0 Data with a 0 multiprocessor bit is transmitted (Initial value)
1 Data with a 1 multiprocessor bit is transmitted

22.2.8 Bit Rate Register 1 (BRR1)

Bit : 7 6 5 4 3 2 1 0

Initial value : 1 1 1 1 1 1 1 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

BRR1 is an 8-bit register that sets the serial transfer bit rate in accordance with the baud rate
generator operating clock selected by bits CKS1 and CKSO in SMR.

BRR1 can be read or written to by the CPU at all times.

BRR1 is initialized to H'FF by a reset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.

Table 22.3 shows sample BRR1 settings in asynchronous mode, and table 22.4 shows sample
BRR1 settings in synchronous mode.
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Table 22.3 BRR1 Settings for Various Bit Rates (Asynchronous Mode)

Operating Frequency ¢ (MHz)

2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141  0.03 1 148 -0.04 1 174  -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 0.00 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 0.00 0 155 0.16
1200 0 51 0.16 0 54 -0.70 0 63 0.00 0 77 0.16
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38 0.16
4800 0 12 0.16 0 13 -2.48 0 15 0.00 0 19 -2.34
9600 0 0 0 0 6 -2.48 0 7 0.00 0 9 -2.34
19200 0 0 0 0 0 0 0 3 0.00 0 4 -2.34
31250 0 1 0.00 0 0 0 0 0 0 0 2 0.00
38400 O O O O O O 0 1 0.00 O O O

Operating Frequency ¢ (MHz)

3.6864 4 49152 5
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 0.16 1 127 0.00 1 129 0.16
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64 0.16
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 129 0.16
2400 0 47 0.00 0 51 0.16 0 63 0.00 0 64 0.16
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 5 0.00 0 0 0 0 7 0.00 0 7 1.73
31250 0 0 0 0 3 0.00 0 4 -1.70 0 4 0.00
38400 0 2 0.00 0 0 0 0 3 0.00 0 3 1.73
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Operating Frequency ¢ (MHz)

6 6.144 7.3728 8
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 0.16 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 38 0.16 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 -2.34 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 9 -2.34 0 9 0.00 0 11 0.00 0 12 0.16
31250 0 5 0.00 0 5 2.40 0 0 0 0 7 0.00
38400 0 4 -2.34 0 4 0.00 0 5 0.00 0 0 0
Operating Frequency ¢ (MHz)
9.8304 10
Bit Rate Error Error
(bits/s) n N (%) n N (%)
110 2 174 -0.26 2 177  -0.25
150 2 127 0.00 2 129 0.16
300 1 255 0.00 2 64 0.16
600 1 127 0.00 1 129 0.16
1200 0 255 0.00 1 64 0.16
2400 0 127 0.00 0 129 0.16
4800 0 63 0.00 0 64 0.16
9600 0 31 0.00 0 32 -1.36
19200 0 15 0.00 0 15 1.73
31250 0 9 -1.70 0 9 0.00
38400 0 7 0.00 0 7 1.73
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Table 22.4 BRR1 Settings for Various Bit Rates (Synchronous Mode)

Operating Frequency ¢ (MHz)

Bit Rate 2 4 8 10

(bits/s) n N n N n N n N
110 3 70 g g

250 2 124 2 249 3 124 O O
500 1 249 2 124 2 249 O O
1k 1 124 1 249 2 124 g g
25k 0 199 1 99 1 199 1 249
5k 0 99 0 199 1 99 1 124
10 k 0 49 0 99 0 199 0 249
25k 0 19 0 39 0 79 0 99
50 k 0 0 19 0 39 0 49
100 k 0 4 0 0 19 0 24
250 k 0 0 0 0

500 k 0 o* 0 0 0

1M 0 0* 0 1

25M 0 0*
5M

Note: As far as possible, the setting should be made so that the error is no more than 1%.

Legend:

Blank: Cannot be set.

— Can be set, but there will be a degree of error.
*: Continuous transfer is not possible.
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The BRR1 setting is found from the following equations.

» Asynchronous mode:
)

T T R
* Synchronous mode:
- e -
N = 8x 7 xB x10-1
Where

B: Bit rate (bits/s)
N: BRR1 setting for baud rate generatok(N < 255)
@ Operating frequency (MHz)
n: Baud rate generator input clock (n = 0 to 3)
(See the table below for the relation between n and the clock.)

SMR1 Setting

n Clock CKS1 CKS0
0 [0) 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is found from the following equation:

ex 10
(N+1)xBx64x 2!

Error (%) ={ -1}x100

Table 22.5 shows the maximum bit rate for each frequency in asynchronous mode. Tables 22.¢
and 22.7 show the maximum bit rates with external clock input.

Rev. 1.0, 02/01, page 423 of 1184
RENESAS



Table 22.5 Maximum Bit Rate for Each Frequency (Asynchronous Mode)

¢ (MHz) Maximum Bit Rate (bits/s) n N

2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
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Table 22.6 Maximum Bit Rate with External Clock Input (Asynchronous Mode)

@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250

Table 22.7 Maximum Bit Rate with External Clock Input (Synchronous Mode)

@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3

4 0.6667 666666.7

6 1.0000 1000000.0

8 1.3333 1333333.3

10 1.6667 1666666.7
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22.2.9 Serial Interface Mode Register 1 (SCMR1)

Bit : 7 6 5 4 3 2 1 0
— — — — SDIR SINV — SMIF

Initial value : 1 1 1 1 0 0 1 0
R/W : — — — — R/W R/W — R/W

SCMR1 is an 8-bit readable/writable register used to select SCI functions.
SCMR1 is initialized to H'F2 by a reset, and in standby mode, watch mode, subactive mode,
subsleep mode, and module stop mode.

Bits 7 to 41 Reserved:These bits cannot be modified and are always read as 1.

Bit 300 Data Transfer Direction (SDIR): Selects the serial/parallel conversion format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)
Receive data is stored in RDR1 LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR1 MSB-first

Bit 2[0 Data Invert (SINV): Specifies inversion of the data logic level. The SINV bit does not
affect the logic level of the parity bit(s): parity bit inversion requires inversion of fioin
SMR1.

Bit 2

SINV Description

0 TDR1 contents are transmitted without modification (Initial value)
Receive data is stored in RDR1 without modification

1 TDR1 contents are inverted before being transmitted

Receive data is stored in RDR1 in inverted form

Bit 1[0 Reserved:This bit cannot be modified and is always read as 1.

Bit 00 Reserved:1 should not be written in this bit.
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22.2.10 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit: 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

MSTP15

MSTP14|MSTP13|MSTP12(MSTP11|MSTP10| MSTP9 [ MSTP8 | MSTP7 | MSTP6 | MSTP5 | MSTP4 [ MSTP3 | MSTP2 | MSTP1 | MSTPO

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/IW R/W R/W

MSTPCR, comprising two 8-bit readable/writable registers, performs module stop mode control.
When bit MSTP8 is set to 1, SCI1 operation stops at the end of the bus cycle and a transition is
made to module stop mode. For details, see section 4.5, Module Stop Mode.

MSTPCR is initialized to H'FFFF by a reset.

Bit 000 Module Stop (MSTP8): Specifies the SCI1 module stop mode.

MSTPCRH
“Bito
“MSTP8 Description
0 SCI1 module stop mode is cleared
1 SCI1 module stop mode is set (Initial value)
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22.3  Operation

22.3.1 Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and synchronous mode in which
synchronization is achieved with clock pulses.

Selection of asynchronous or synchronous mode and the transmission format is made using SMI
as shown in table 22.8. The SCI clock is determined by a combination ofAthet @ SMR1

and the CKE1 and CKEDO bits in SCR1, as shown in table 22.9.

» Asynchronous Mode
0 Data length: Choice of 7 or 8 bits

0 Choice of parity addition, multiprocessor bit addition, and addition of 1 or 2 stop bits (the
combination of these parameters determines the transfer format and character length)

O Detection of framing, parity, and overrun errors, and breaks, during reception
O Choice of internal or external clock as SCI clock source
* When internal clock is selected:

The SCI operates on the baud rate generator clock and a clock with the same frequenc
as the bit rate can be output

* When external clock is selected:

A clock with a frequency of 16 times the bit rate must be input (the built-in baud rate
generator is not used)

» Clock Synchronous Mode
O Transfer format: Fixed 8-bit data
0 Detection of overrun errors during reception
0 Choice of internal or external clock as SCI clock source
*  When internal clock is selected:
The SCI operates on the baud rate generator clock and a serial clock is output off-chip
*  When external clock is selected:

The built-in baud rate generator is not used, and the SCI operates on the input serial
clock
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Table 22.8 SMR1 Settings and Serial Transfer Format Selection

SMR1 Settings

SCI Transfer Format

B't_7 Bit6 Bit2 BitS Bit3 Data Multiproc- ~ Parity ~ Stop Bit
CIA CHR MP PE STOP Mode Length  essor Bit Bit Length
0 0 0 0 0 Asynchro- 8-bit No No 1 bit
1 nous mode data > bits
1 0 Yes 1 bit
1 2 bits
1 0 0 7-bit No 1 bit
1 data 2 bits
1 0 Yes 1 bit
1 2 bits
0 1 O 0 Asynchro- 8-bit Yes No 1 bit
0 1 nous mode data bits
(multi- - -
O 1 format) data 2 bits
1 O O O O Clock 8-bit No
synchronous data
mode

Table 22.9 SMR1 and SCR1 Settings and SCI Clock Source Selection

SMR1 SCR1 Setting

Bit7 Bitl Bit 0

SCI Transfer Clock

C/A CKE1 CKEO Mode Clock Source SCK Pin Function
0 0 0 Asynchronous Internal SCI does not use SCK pin
1 mode Outputs clock with same frequency
as bit rate
1 0 External Inputs clock with frequency of 16
1 times the bit rate
1 0 0 Clock Internal Outputs serial clock
1 synchronous
mode
1 0 External Inputs serial clock
1
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22.3.2  Operation in Asynchronous Mode

In asynchronous mode, characters are sent or received, each preceded by a start bit indicating t
start of communication and followed by one or two stop bits indicating the end of communication.
Serial communication is thus carried out with synchronization established on a character-by-
character basis.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication. Both the transmitter and the receiver also have a double-buffered structure, so
that data can be read or written during transmission or reception, enabling continuous data
transfer.

Figure 22.2 shows the general format for asynchronous serial communication.

In asynchronous serial communication, the transmission line is usually held in the mark state (hic
level). The SCI monitors the transmission line, and when it goes to the space state (low level),
recognizes a start bit and starts serial communication.

One serial communication character consists of a start bit (low level), followed by data (in LSB-
first order), a parity bit (high or low level), and finally one or two stop bits (high level).

In asynchronous mode, the SCI performs synchronization at the falling edge of the start bit in
reception. The SCI samples the data on the 8th pulse of a clock with a frequency of 16 times the
length of one bit, so that the transfer data is latched at the center of each bit.

Idle state
(mark state)
1 LSB MSB 1

Serial| o | po | p1 | D2 | D3| D4|D5|D6|D7|0OL| 1 1
data

Start Parity | Stop

bit Transmit/receive data bit bit(s)

1 bit 7 or 8 hits 1 bit, 1 or 2 bits

or none

One unit of transfer data (character or frame)

Figure 22.2 Data Format in Asynchronous Communication
(Example with 8-Bit Data, Parity, Two Stop Bits)
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* Data Transfer Format

Table 22.10 shows the data transfer formats that can be used in asynchronous mode. Any c
12 transfer formats can be selected by settings in SMR1.

Table 22.10 Serial Transfer Formats (Asynchronous Mode)

SMR1 Settings Serial Transfer Format and Frame Length
CHR | PE | MP |STOP| 1 2 3 4 5 6 7 8 9 10 11 12
0 0 0 o ||s]| 8-bit data [sTop
0 0 0 1 || s ] 8-bit data [sTorfsTop
0 1 0 o ||s| 8-bit data | P Jstop
0 1 0 1 ||| 8-bit data | P [storfstop
1 0 0 o ||s| 7-bit data [sTop
1 0 0 1 || s ] 7-bit data |s1opsTop
1 1 0 o ||s| 7-bit data [ P [srop
1 1 0 1| s | 7-bit data | P [stop|stop
0 — 1 o ||s| 8-bit data | wpa[sToP
o |~ 1 s o o
1 — 1 o ||s]| 7-bit data [ wes[sTop
1 — 1 1 || s 7-bit data | wps|sTorfsToP
=29, Start bi
STOP : Stop bit
b :Parity bit

MPB - Multiprocessor bit
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* Clock
Either an internal clock generated by the built-in baud rate generator or an external clock inpu
at the SCK pin can be selected as the SCI's serial clock, according to the setting Afttihe C/
in SMR1 and the CKE1 and CKEO bits in SCR1. For details of SCI clock source selection, se
table 22.9.
When an external clock is input at the SCK pin, the clock frequency should be 16 times the bi
rate used.
When the SCI is operated on an internal clock, the clock can be output from the SCK pin. The
frequency of the clock output in this case is equal to the bit rate, and the phase is such that th
rising edge of the clock is at the center of each transmit data bit, as shown in figure 22.3.

oy L

0 DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | 0/1 1 1

1 frame

-

A

Figure 22.3 Relation between Output Clock and Transfer Data Phase
(Asynchronous Mode)
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Data Transfer Operations

O SCI Initialization (Asynchronous Mode)
Before transmitting and receiving data, first clear the TE and RE bits in SCR1 to 0, then
initialize the SCI as described below.
When the operating mode, transfer format, etc., is changed, the TE and RE bits must be
cleared to 0 before making the change using the following procedure. When the TE bit is
cleared to 0, the TDRE flag is set to 1 and TSR1 is initialized. Note that clearing the RE
bit to 0 does not change the contents of the RDRF, PER, FER, and ORER flags, or the
contents of RDRL1.
When an external clock is used the clock should not be stopped during operation, includir
initialization, since operation is uncertain.
Figure 22.4 shows a sample SCl initialization flowchart.

C Start initialization > [1] Set the clock selection in SCR1.

Be sure to clear bits RIE, TIE, TEIE, and
‘ MPIE, and bits TE and RE, to 0.

| Clear TE and RE bits in SCR1 to 0 | When the clock is selected in
asynchronous mode, it is output

\ immediately after SCR1 settings are made.

Set CKE1 and CKEQO bits in SCR1
(TE, RE bits 0)

Set data transfer format

[1] [2] Setthe data transfer format in SMR1 and
SCMR1.

[3] Write a value corresponding to the bit rate

> 121 to BRR1. This is not necessary if an
in SMR1 and SCMR1 external clock is used.
\
Set value in BRR1 3] [4] Wait at least one bit interval, then set the
TE bit or RE bitin SCR1 to 1. Also set the
Wait RIE, TIE, TEIE, and MPIE bits.

Setting the TE and RE bits enables the
SO1 and SI1 pins to be used.

No

1-bit interval elapsed?

Set TE and RE bits in SCR1to 1,
and set RIE, TIE, TEIE, [4]
and MPIE bits

<Initialization completed>

Figure 22.4 Sample SCI Initialization Flowchart
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0 Serial Data Transmission (Asynchronous Mode)
Figure 22.5 shows a sample flowchart for serial transmission.
The following procedure should be used for serial data transmission.

| Initialization |
\
( Start transmission >

}4—

| Read TDRE flag in SSR1 |

No

Yes

Write transmit data to TDR1 and
clear TDRE flag in SSR to 0

All data transmitted?

Read TEND flag in SSR1

Break output?

Clear PDRto 0
and set PCRto 1

PE—

Clear TE bitin SCR1to 0 |

<End >

(1]

(1]

(3]

(4

(1]

(2]

(3]

(4]

SCl initialization:
The SO1 pin is automatically designated as
the transmit data output pin.

SCI status check and transmit data write:
Read SSR and check that the TDRE flag is
set to 1, then write transmit data to TDR1
and clear the TDRE flag to 0.

Serial transmission continuation procedure:
To continue serial transmission, read 1
from the TDRE flag to confirm that writing is
possible, then write data to TDR1, and then
clear the TDRE flag to 0.

Break output at the end of serial
transmission:

To output a break in serial transmission, set
PCR for the port corresponding to the SO1
pin to 1, clear PDR to 0, then clear the TE
bit in SCR1 to 0.

Figure 22.5 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1. The SCI monitors the TDRE flag in SSR1, and if it is 0, recognizes that data has been writte
to TDR1, and transfers the data from TDR1 to TSR1.

2. After transferring data from TDR1 to TSR1, the SCI sets the TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at this time, a transmit data empty interrupt (TXI) is generated.
The serial transmit data is sent from the SO1 pin in the following order.

a.

Start bit:

One 0-bit is output.

Transmit data:

8-bit or 7-bit data is output in LSB-first order.

Parity bit or multiprocessor bit:

One parity bit (even or odd parity), or one multiprocessor bit is output.

A format in which neither a parity bit nor a multiprocessor bit is output can also be
selected.

Stop bit(s):

One or two 1-bits (stop bits) are output.

Mark state:

1 is output continuously until the start bit that starts the next transmission is sent.

3. The SCI checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, the data is transferred from TDR1 to TSR1, the stop bit is
sent, and then serial transmission of the next frame is started.
If the TDRE flag is set to 1, the TEND flag in SSR1 is set to 1, the stop bit is sent, and then t|
mark state is entered in which 1 is output continuously. If the TEIE bit in SCR1 is setto 1 at
this time, a TEI interrupt request is generated.
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Figure 22.6 shows an example of the operation for transmission in asynchronous mode.

Start Data Parity Stop  Start Data Parity ~ Stop
1 bit " bit  bit bit " bit bit 1
)] ))
o | po| b1 p7|o1| 1 | o | Dol D1 D7 | o | 1 destate
(« (« (mark state)
)) ))

TDRE
A A

TEND (« («
) ) i

TXI interrupt Data written to TDR1 and TXI interrupt request

request TDRE flag cleared to 0 generated TEl interrupt request
generated in TXI interrupt handling generated
routine
1 frame

Figure 22.6 Example of Operation in Transmission in Asynchronous Mode
(Example with 8-Bit Data, Parity, One Stop Bit)
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0 Serial Data Reception (Asynchronous Mode)
Figures 22.7 and 22.8 show sample flowcharts for serial reception.
The following procedure should be used for serial data reception.

| Initialization

Start reception

ST

Read ORER, PER,
FER flags in SSR1

PEROFERCORER=1

Error handling

Read RDRF flag in SSR1

No

Yes

Read receive data in RDR1, and clear
RDRF flag in SSR1 to 0

All data received?

Clear RE bitin SCR1to 0

<End >

| w [

(2][3]

(2]

Yes

(Continued on next page)

| W

(3]

(5]

SCl initialization:
The SI1 pin is automatically designated as
the receive data input pin.

Receive error handling and break
detection:

If a receive error occurs, read the ORER,
PER, and FER flags in SSR to identify the
error. After performing the appropriate
error handling, ensure that the PERE, PER,
and FER flags are all cleared to 0.
Reception cannot be resumed if any of
these flags are setto 1. In the case of a
framing error, a break can be detected by
reading the value of the input port
corresponding to the SI1 pin.

SCI status check and receive data read:
Read SSR and check that RDRF = 1, then
read the receive data in RDR1 and clear
the RDRF flag to 0. Transition of the RDRF
flag from 0 to 1 can also be identified by an
RXI interrupt.

Serial reception continuation procedure:
To continue serial reception, before the
stop bit for the current frame is received,
read the RDRF flag, read RDR1, and clear
the RDRF flag to 0.

Figure 22.7 Sample Serial Reception Data Flowchart (1)

RENESAS
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(3]

/

C Error handling

ORER=1

Yes

Overrun error handling

-
-

FER=1

Yes

Yes

Break?

No
Y

Framing error handling | Clear RE bitin SCR1to 0

-

PER=1

Yes

Parity error handling

|

Clear ORER, PER, and FER
flags in SSR1to 0

<End >

Figure 22.8 Sample Serial Reception Data Flowchart (2)
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In serial reception, the SCI operates as described below.

1. The SCI monitors the transmission line, and if a O stop bit is detected, performs internal
synchronization and starts reception.

2. The received data is stored in RSR1 in LSB-to-MSB order.

3. The parity bit and stop bit are received.
After receiving these bits, the SCI carries out the following checks.
a. Parity check:

The SCI checks whether the number of 1 bits in the receive data agrees with the parity

(even or odd) set in the Bbit in SMR1.
b. Stop bit check:

The SCI checks whether the stop bit is 1.

If there are two stop bits, only the first is checked.
c. Status check:

The SCI checks whether the RDRF flag is 0, indicating that the receive data can be
transferred from RSR1 to RDRL1.

If all the above checks are passed, the RDRF flag is set to 1, and the receive data is stor

in RDR1.

If a receive error* is detected in the error check, the operation is as shown in table 22.11.

4. If the RIE bit in SCR1 is set to 1 when the RDRF flag changes to 1, a receive-data-full
interrupt (RXI) request is generated.

Also, if the RIE bit in SCR1 is set to 1 when the ORER, PER, or FER flag changesto 1, a

receive-error interrupt (ERI) request is generated.

Note: * Subsequent receive operations cannot be performed when a receive error has occurred.
Also note that the RDRF flag is not set to 1 in reception, and so the error flags must be

cleared to 0.

Table 22.11 Receive Errors and Conditions for Occurrence

Receive Error Abbrev. Occurrence Condition Data Transfer

Overrun error ORER When the next data reception is Receive data is not transferred
completed while the RDRF flag from RSR1 to RDR1
in SSRlissetto 1

Framing error FER When the stop bitis 0 Receive data is transferred from
RSR1 to RDR1
Parity error PER When the received data differs Receive data is transferred from
from the parity (even or odd) set RSR1 to RDR1
in SMR1
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Figure 22.9 shows an example of the operation for reception in asynchronous mode.

Start Data Parity Stop  Start Data Parity Stop
1 hit " bit  bit  bit 9 bit bit 1
K K Idle state
0 DO | D1 D7 | 0/1 1 0 DO | D1 D7 [0/ | O
( ( (mark state)
| )) | ))
RDRF : (« ! («
! )) J ! A )]
FER ; (« 1 (
1 )) ! ) /
3 RXlinterrupt RDR1 data read !
! request and RDRF flag ERI interrupt request
1 generation  cleared to 0 in generated by framing
! ! RXlinterrupt error
! ! handling routine
| 1 frame |
-

Figure 22.9 Example of SCI Operation in Reception
(Example with 8-Bit Data, Parity, One Stop Bit)

22.3.3  Multiprocessor Communication Function

The multiprocessor communication function performs serial communication using a
multiprocessor format, in which a multiprocessor bit is added to the transfer data, in asynchronou
mode. Use of this function enables data transfer to be performed among a number of processor:
sharing transmission lines.

When multiprocessor communication is carried out, each receiving station is addressed by a
unique 1D code.

The serial communication cycle consists of two component cycles: an ID transmission cycle
which specifies the receiving station, and a data transmission cycle. The multiprocessor bit is us
to differentiate between the ID transmission cycle and the data transmission cycle.

The transmitting station first sends the ID of the receiving station with which it wants to perform
serial communication as data with a 1 multiprocessor bit added. It then sends transmit data as d
with a O multiprocessor bit added.

The receiving station skips the data until data with a 1 multiprocessor bit is sent.

When data with a 1 multiprocessor bit is received, the receiving station compares that data with i
own ID. The station whose ID matches then receives the data sent next. Stations whose ID doe
not match continue to skip the data until data with a 1 multiprocessor bit is again received. In thic
way, data communication is carried out among a number of processors.

Figure 22.10 shows an example of inter-processor communication using a multiprocessor format
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1. Data Transfer Format
There are four data transfer formats.
When a multiprocessor format is specified, the parity bit specification is invalid.
For details, see table 22.10.

2. Clock
See the section on asynchronous mode.

Transmitting
station
Y Serial communication line
! { { 1
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID=02) (ID=03) (ID=04)
Serial
data [ T i TV
} (MPB=1) (MPB=0) :
ID transmission cycle: Data transmission cycle:
receiving station data transmission to
specification receiving station

specified by ID

Legend:
MPB : Multiprocessor bit

Figure 22.10 Example of Inter-Processor Communication Using Multiprocessor Format
(Transmission of Data H'AA to Receiving Station A)

3. Data Transfer Operations
a. Multiprocessor Serial Data Transmission
Figure 22.11 shows a sample flowchart for multiprocessor serial data transmission.
The following procedure should be used for multiprocessor serial data transmission.
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| Initialization | [1]

< Start transmission >

| Read TDRE flag in SSR1 | [2]

No

Yes

Write transmit data to TDR1
and set MPBT bit in SSR1

Clear TDRE flag to O

Transmission end? [3]
Yes
Read TEND flag in SSR1
Break output? [4]

Clear PDR to 0 and set PCR to 1

Clear TE bitin SCR1to 0

—
e

<End >

(1]

(2]

(3]

(4]

SCl initialization:
The SO1 pin is automatically designated as
the transmit data output pin.

SCI status check and transmit data write:
Read SSR and check that the TDRE flag is
set to 1, then write transmit data to TDR1.
Set the MPBT bitin SSR1to 0 or 1.
Finally, clear the TDRE flag to 0.

Serial transmission continuation procedure:
To continue serial transmission, be sure to
read 1 from the TDRE flag to confirm that
writing is possible, then write data to TDR1,
and then clear the TDRE flag to O.

Break output at the end of serial
transmission:

To output a break in serial transmission, set
the port PCR to 1, clear PDR to 0, then
clear the TE bit in SCR1 to 0.

Figure 22.11 Sample Multiprocessor Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1. The SCI monitors the TDRE flag in SSR1, and if it is 0, recognizes that data has been writte
to TDR1, and transfers the data from TDR1 to TSR1.

2. After transferring data from TDR1 to TSR1, the SCI sets the TDRE flag to 1 and starts
transmission.

If the TIE bit is set to 1 at this time, a transmit-data-empty interrupt (TXI) is generated.
The serial transmit data is sent from the SO2 pin in the following order.
a. Start bit:
One 0-bit is output.
b. Transmit data:
8-bit or 7-bit data is output in LSB-first order.
c. Multiprocessor bit
One multiprocessor bit (MPBT value) is output.
d. Stop bit(s):
One or two 1-bits (stop bits) are output.
e. Mark state:
1 is output continuously until the start bit that starts the next transmission is sent.
3. The SCI checks the TDRE flag at the timing for sending the stop bit.
If the TDRE flag is cleared to 0, data is transferred from TDR1 to TSR1, the stop bit is sent,
and then serial transmission of the next frame is started.
If the TDRE flag is set to 1, the TEND flag in SSR1 is set to 1, the stop bit is sent, and then t|
mark state is entered in which 1 is output continuously. If the TEIE bitin SCR1 is setto 1 at
this time, a transmit-end interrupt (TEI) request is generated.
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Figure 22.12 shows an example of SCI operation for transmission using a multiprocessor format.

Multi- Multi-
Start Data processor Stop ~ Start Data processor Stop
1 bit « bit bit bt « bit bit 1
)) ))
0 | DO | D1 D7 [0a| 1 | 0 | DO | D1 D7 | 011 ldle state
(« (« (mark state)
| )) | ))
i —
TDRE | | ({ :
I i 7 [
TEND | (C 3 (C
; ) ) i
TXl interrupt Data written to TDR1 and  TXI interrupt request |
request TDRE flag cleared to 0 generated TEIl interrupt
general in TXI interrupt handling ! request
| routine 1 generated
i 1 frame 1

Figure 22.12 Example of SCI Operation in Transmission
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)

b. Multiprocessor Serial Data Reception
Figure 22.13 shows sample flowcharts for multiprocessor serial reception.
The following procedure should be used for multiprocessor serial data reception.
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| Initialization | (1 [1] SCl initialization:
] The SI1 pin is automatically designated as
C Start reception > the receive data input pin.

’ [2] 1D reception cycle:
| Set MPIE bitin SCR1to 1 | [2] Set the MPIE bit in SCR1 to 1.
\
| Read ORER and FER flags in SSR1 | [3] SCI status check, ID reception and

comparison:

Read SSR and check that the RDRF flag is
set to 1, then read the receive data in
RDR1 and compare it with this station's ID.
If the data is not this station's ID, set the
MPIE bit to 1 again, and clear the RDRF

FEROORER=1
No
flag to 0.

Read RDRF flag in SSR1 (3] If the data is this station's ID, clear the

RDRF flag to 0.
No
[4] SCI status check and data reception:
Read SSR1 and check that the RDRF flag
Yes is set to 1, then read the data in RDR1.

Read receive data in RDR1 [5] Receive error handling and break
detectioon:

If a receive error occurs, read the ORER
and FER flags in SSR1 to identify the error.
After performing the appropriate error

This station's ID?

Yes handling, ensure that the ORER and FER
- flags are both cleared to 0.
Reception cannot be resumed if either of
Read ORER and FER flags in SSR1 these flags is set to 1.
In the case of a framing error, a break can
Yes be detected by reading the SI1 in value.
FERCOORER=1 -
No
Read RDREF flag in SSR1 4]

*

Read receive data in RDR1

All data received?

y [6]

( Error handling )

(Continued on
next page)

Clear RE bitin SCR1to 0

<End >

Figure 22.13 Sample Multiprocessor Serial Reception Flowchart (1)
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[5] < Error handling )

No
ORER=1

Yes

Overrun error handling

—
|

FER=1

Yes

Yes

Break?

No

Y

Framing error handling | | Clear RE bitin SCR1 to 0

o — ‘
P et

Clear ORER, PER, and FER
flags in SSR1 to 0

<End >

Figure 22.14 Sample Multiprocessor Serial Reception Flowchart (2)
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Figure 22.15 shows an example of SCI operation for multiprocessor format reception.

Start Data (ID1) Stop  Start Data (Data 1) Stop
1 bit MPB  bit bit MPB  bit 1
) i
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
4 { (mark state)
(
)
MPIE
RDRF ( / (
)] / / ) i
RDR1 X D1
value
MPIE=0 RXI interrupt RDR1 dataread If not this station's RXI interrupt request
request (multi- and RDRF flag ID, MPIE bit is set is not generated, and
processor cleared to 0 in to 1 again RDR1 retains its state
interrupt) RXI interrupt
generated handling routine
(a) Data does not match station's ID
Start Data (ID2) Stop  Start Data (Data 2) Stop
1 hit (« MPB bit bit (« MPB bit 1
)] )
0 DO D1 D7 1 1 0 DO D1 D7 0 1 Idle state
4 { (mark state)
MPIE | («
)] J
RDRF (« («
)] / / )
RDR1 ID1 >< D2 >< Data2
value
MPIE=0 RXI interrupt RDR1 dataread and Matches this station's MPIE bit set
request (multi- RDRF flag cleared ID, so reception continues, to 1 again
processor to 0 in RXl interrupt  and data is received in RXI
interrupt) handling routine interrupt handling routine

generated

(b) Data matches station's ID

Figure 22.15 Example of SCI Operation in Reception
(Example with 8-Bit Data, Multiprocessor Bit, One Stop Bit)
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22.3.4  Operation in Synchronous Mode

In synchronous mode, data is transmitted or received in synchronization with clock pulses, makir
it suitable for high-speed serial communication.

Inside the SCI, the transmitter and receiver are independent units, enabling full-duplex
communication by use of a common clock. Both the transmitter and the receiver also have a
double-buffered structure, so that data can be read or written during transmission or reception,
enabling continuous data transfer.

Figure 22.16 shows the general format for synchronous serial communication.

One unit of transfer data (character or frame)

|
- o)

* :‘ 7: *
Synchronous
clock ; i
. LSB MSB |
Serial \ K K K K . K K K \
oo ? >< Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bits X Bit6 X Bit7 >< A‘
Don't care Don't care

Note: * High except in continuous transfer

Figure 22.16 Data Format in Synchronous Communication

In synchronous serial communication, data on the transmission line is output from one falling edc
of the serial clock to the next. Data is guaranteed valid at the rising edge of the serial clock.

In synchronous serial communication, one character consists of data output starting with the LSE
and ending with the MSB. After the MSB is output, the transmission line holds the MSB state.

In synchronous mode, the SCI receives data in synchronization with the rising edge of the serial
clock.

» Data Transfer Format

A fixed 8-bit data format is used.

No parity or multiprocessor bits are added.
* Clock

Either an internal clock generated by the built-in baud rate generator or an external serial cloc
input at the SCK pin can be selected, according to the setting ofAHgit@ SMR1 and the
CKE1 and CKEO bits in SCR1. For details on SCI clock source selection, see table 22.9.

When the SCI is operated on an internal clock, the serial clock is output from the SCK pin.

Eight serial clock pulses are output in the transfer of one character, and when no transfer is
performed the clock is fixed high. When only receive operations are performed, however, the
serial clock is output until an overrun error occurs or the RE bit is cleared to 0. To perform
receive operations in units of one character, select an external clock as the clock source.

» Data Transfer Operations
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O SCI Initialization (Synchronous Mode)

Before transmitting and receiving data, first clear the TE and RE bits in SCR1 to 0, then
initialize the SCI as described below.

When the operating mode, transfer format, etc., is changed, the TE and RE bits must be
cleared to 0 before making the change using the following procedure. When the TE bit is
cleared to 0, the TDRE flag is set to 1 and TSR1 is initialized. Note that clearing the RE
bit to 0 does not change the settings of the RDRF, PER, FER, and ORER flags, or the
contents of RDRL1.

Figure 22.17 shows a sample SCI initialization flowchart.

< Start initialization > [1] Setthe clock selection in SCR1. Be sure to
clear bits RIE, TIE, TEIE, and MPIE, TE
‘ and RE, to 0.
| Clear TE and RE bits in SCR1 10 0 | [2] Set the data transfer format in SMR1 and
\ SCMRL.
Set CKE1 and CKEO bits in [3] Write a value corresponding to the bit rate
SCR1 (TE, RE bits 0) (1] to BRR1. This is not necessary if an

external clock is used.

‘ [4] Wait at least one bit interval, then set the
Set data transfer format 2 TE bit or RE bitin SCR1 to 1.
in SMR1 and SCMR Also set the RIE, TIE, TEIE, and MPIE bits.
\ Setting the TE and RE bits enables the
Set value in BRR1 3] SO1 and SI1 pins to be used.

Wait

No

1-bit interval elapsed?

Set TE and RE bits in SCR1to 1,
and set RIE, TIE, TEIE, and MPIE [4]
bits

<Transfer start>

Note: For simultaneous data transmit and receive operations, the TE and RE bits must be cleared
to 0 or set to 1 simultaneously.

Figure 22.17 Sample SCI Initialization Flowchart
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0 Serial Data Transmission (Synchronous Mode)
Figure 22.18 shows a sample flowchart for serial transmission.
The following procedure should be used for serial data transmission.

| Initialization | 1]
( Start transmission >
}4—
| Read TDRE flag in SSR1 | [2]
No
Yes

Write transmit data to TDR1 and
clear TDRE flag in SSR1to 0

All data transmitted?

(3]

Read TEND flag in SSR1

No

Yes

Clear TE bit in
SCR1to0

<End >

(1]

(2]

(3]

SCl initialization:
The SO1 pin is automatically designated as
the transmit data output pin.

SCI status check and transmit data write:
Read SSR1 and check that the TDRE flag
is set to 1, then write transmit data to TDR1
and clear the TDRE flag to 0.

Serial transmission continuation procedure:
To continue serial transmission, be sure to
read 1 from the TDRE flag to confirm that
writing is possible, then write data to TDR1,
and then clear the TDRE flag to 0.

Figure 22.18 Sample Serial Transmission Flowchart
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In serial transmission, the SCI operates as described below.

1.

4,

The SCI monitors the TDRE flag in SSR1, and if it is 0, recognizes that data has been writtel
to TDR1, and transfers the data from TDR1 to TSR1.

After transferring data from TDR1 to TSR1, the SCI sets the TDRE flag to 1 and starts
transmission. If the TIE bit is set to 1 at this time, a transmit-data-empty interrupt (TXI) is
generated.

When clock output mode has been set, the SCI outputs 8 serial clock pulses. When use of &
external clock has been specified, data is output synchronized with the input clock.

The serial transmit data is sent from the SO1 pin starting with the LSB (bit 0) and ending wit!
the MSB (bit 7).

The SCI checks the TDRE flag at the timing for sending the MSB (bit 7).

If the TDRE flag is cleared to 0, data is transferred from TDR1 to TSR1, and serial
transmission of the next frame is started.

If the TDRE flag is set to 1, the TEND flag in SSR1 is set to 1, the MSB (bit 7) is sent, and th
SO1 pin maintains its state.

If the TEIE bit in SCR1 is set to 1 at this time, a transmit-end interrupt (TEI) request is
generated.

After completion of serial transmission, the SCK pin is held in a constant state.

Figure 22.19 shows an example of SCI operation in transmission.

Transfer
direction

Synchronomww
clock ‘ ‘
Serial 1 . - - /o - - -
dotn ><But0><But1><j X Blt7XBltOXB|t1X X Bite X Bit7
; | ((
))

TDRE : . :
—3 ‘ i ) T ——
TEND |
(( (¢
) )] A
TXI interrupt : Data written to TDR1 TXI intefrupt TEI interrupt
request w and TDRE flag cleared request request
generated ! to Oin TXl interrupt generated generated

. handling routine

' 1 frame '

Figure 22.19 Example of SCI Operation in Transmission
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O Serial Data Reception (Synchronous Mode)
Figure 22.20 shows a sample flowchart for serial reception.
The following procedure should be used for serial data reception.
When changing the operating mode from asynchronous to synchronous, be sure to check
that the ORER, PER, and FER flags are all cleared to 0.
The RDRF flag will not be set if the FER or PER flag is set to 1, and neither transmit nor
receive operations will be possible.
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| Initialization | [1]
\

( Start reception )

| Read ORER flag in SSR1 | [2]

Read RDRF flag in SSR1 | [4]

No

Yes

Read receive data in RDR1,
and clear RDRF flag in SSR1 to O

All data received?

| Clear RE bitin SCR1 to 0 |

< End >

Error handling )

3] (
|

| Overrun error handling |

Clear ORER flag in
SSR1to 0

<End >

(Continued below)

[1] SClinitialization:
The SI1 pin is automatically designated as
the receive data input pin.

[2][3] Receive error handling:
IF a receive error occurs, read the ORER
flag in SSR1, and after performing the
appropriate error handling, clear the ORER
flag to 0. Transfer cannot be resumed if
the ORER flag is set to 1.

SCI status check and receive data read:

(4]
Read SSR1 and check that the RDRF flag
( Error handling )

is set to 1, then read the receive data in
RDR1 and clear the RDRF flag to 0.
Transition of the RDRF flag from 0 to 1 can
also be identified by and RXI interrupt.

[5] Serial reception continuation procedure:
To continue serial reception, before the
MSB (bit 7) of the current frame is received,
finish reading the RDRF flag, reading
RDR1, and clearing the RDRF flag to 0.

Figure 22.20 Sample Serial Reception Flowchart
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In serial reception, the SCI operates as described below.

1. The SCI performs internal initialization in synchronization with serial clock input or output.
2. The received data is stored in RSR1 in LSB-to-MSB order.

After reception, the SCI checks whether the RDRF flag is 0 and the receive data can be
transferred from RSR1 to RDRL1.

If this check is passed, the RDRF flag is set to 1, and the receive data is stored in RDR1. If a

receive error is detected in the error check, the operation is as shown in table 22.11.

Neither transmit nor receive operations can be performed subsequently when a receive error

has been found in the error check.

3. If the RIE bit in SCR1 is set to 1 when the RDRF flag changes to 1, a receive-data-full
interrupt (RXI) request is generated.
Also, if the RIE bit in SCR1 is set to 1 when the ORER flag changes to 1, a receive-error
interrupt (ERI) request is generated.

Figure 22.21 shows an example of SCI operation in reception.

Synchronous ¥

clock

Serial - - - - - - -

Seri JCD CO SN CDCD TS

A A ——

1

RDRF

ORER

RXI interrupt RDR1 data read and RXI interrupt ERI interrupt request
request RDRF flag cleared to 0 request generated by
generated in RXI interrupt generated overrun error

' handling routine

1 frame

Figure 22.21 Example of SCI Operation in Reception
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0 Simultaneous Serial Data Transmission and Reception (Synchronous Mode)
Figure 22.22 shows a sample flowchart for simultaneous serial transmit and receive

operations.
The following procedure should be used for simultaneous serial data transmit and receive
operations.
| Initialization | [ [1] SCl initialization:
\ The SO1 pin is designated as the transmit
Start transfer ) data output pin, and the SI1 pin is

designated as the receive data input pin,

|
‘ enabling simultaneous transmit and receive

| Read TDRE flag in SSR1 | [2]

operations.
No [2] SCI status check and transmit data write:
Read SSR1 and check that the TDRE flag
Yes is set to 1, then write transmit data to TDR1
and clear the TDRE flag to 0.
Write transmit data to TDR1 and Transition of the TDRE flag from 0 to 1 can

clear TDRE flag in SSR1 to 0

also be identified by a TXI interrupt.

Receive error handling:

If a receive error occurs, read the ORER
flag in SSR1, and after performing the
appropriate error handling, clear the ORER
flag to 0. Transmission/reception cannot
be resumed if the ORER flag is set to 1.

| Read ORER flag in SSR1 | [3]

SCl status check and receive data read:
Read SSR1 and check that the RDRF flag
is set to 1, then read the receive data in
RDR1 and clear the RDRF flag to 0.
Transition of the RDRF flag from O to 1 can
also be identified by an RXI interrupt.

Read receive data in RDR1, and . L . . .
clear RDRF flag in SSR1 to 0 [5] Serial transmission/reception continuation

procedure:
All data received?

To continue serial transmission/reception,
Yes

5] before the MSB (bit 7) of the current frame
is received, finish reading the RDRF flag,
reading RDR1, and clearing the RDRF flag
to 0. Also before the MSB (bit 7) of the

Clear TE and RE current frame is transmitted, read 1 from

bits in SCR1 t0 0 the TDRE flag to confirm that writing is

\ possible, then write data to TDR1 and clear
<End> the TDRE flag to 0.

Note: When switching from transmit or receive operation
to simultaneous transmit and receive operations, first
clear the TE bit and RE bit to 0, then set both these
bits to 1 simultaneously.

Figure 22.22 Sample Flowchart of Simultaneous Serial Transmit and Receive Operations
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22.4  SClI Interrupts

The SCI has four interrupt sources: the transmit-end interrupt (TEI) request, receive-error interru
(ERI) request, receive-data-full interrupt (RXI) request, and transmit-data-empty interrupt (TXI)
request. Table 22.12 shows the interrupt sources and their relative priorities. Individual interrupt
sources can be enabled or disabled with the TIE, RIE, and TEIE bits in SCR1. Each kind of
interrupt request is sent to the interrupt controller independently.

When the TDRE flag in SSR1 is set to 1, a TXI interrupt request is generated. When the TEND
flag in SSR1 is set to 1, a TEl interrupt request is generated.

When the RDRF flag in SSR1 is set to 1, an RXI interrupt request is generated. When the OREF
PER, or FER flag in SSR1 is set to 1, an ERI interrupt request is generated.

Table 22.12 SCI Inerrupt Sources

Channel Interrupt Source  Description Priority
1 ERI Interrupt by receive error (ORER, FER, or PER) High
RXI Interrupt by receive data register full (RDRF) T
TXI Interrupt by transmit data register empty (TDRE)
TEI Interrupt by transmit end (TEND) Low

The TEI interrupt is requested when the TEND flag is set to 1 while the TEIE bit is setto 1. The
TEND flag is cleared at the same time as the TDRE flag. Consequently, if a TEI interrupt and a
TXI interrupt are requested simultaneously, the TXI interrupt will have priority for acceptance,
and the TDRE flag and TEND flag may be cleared. Note that the TEI interrupt will not be
accepted in this case.
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22.5 Usage Notes
The following points should be noted when using the SCI.

» Relation between Writes to TDR1 and the TDRE Flag

The TDRE flag in SSR1 is a status flag that indicates that transmit data has been transferrec
from TDR1 to TSR1. When the SCI transfers data from TDR1 to TSR1, the TDRE flag is set
to 1.

Data can be written to TDR1 regardless of the state of the TDRE flag. However, if new data |
written to TDR1 when the TDRE flag is cleared to 0O, the data stored in TDR21 will be lost sinc
it has not yet been transferred to TSR1. It is therefore essential to check that the TDRE flag |
set to 1 before writing transmit data to TDR1.

» Operation when Multiple Receive Errors Occur Simultaneously

If a number of receive errors occur at the same time, the state of the status flags in SSR1 is
shown in table 22.13. If there is an overrun error, data is not transferred from RSR1 to RDR1
and the receive data is lost.

Table 22.13 State of SSR1 Status Flags and Transfer of Receive Data

SSR1 Status Flags Receive Data Transfer
RDRF ORER FER PER RSR1 to RDR1 Receive Error Status
1 1 0 0 X Overrun error
0 0 1 0 O Framing error
0 0 0 1 O Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 O Framing error + parity error
1 1 1 1 X Overrun error + framing error +

parity error

Notes: O: Receive data is transferred from RSR1 to RDR1.
X: Receive data is not transferred from RSR1 to RDR1.
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» Break Detection and Processing

When framing error (FER) detection is performed, a break can be detected by reading the Sl1
pin value directly. In a break, the input from the SI1 pin becomes all 0s, and so the FER flag i
set, and the parity error flag (PER) may also be set.

Note that, since the SCI continues the receive operation after receiving a break, even if the
FER flag is cleared to O, it will be set to 1 again.

* Sending a Break

The SO1 pin has a dual function as an I/O port whose direction (input or output) is determinec
by DR and DDR. This can be used to send a break.

Between serial transmission initialization and setting of the TE bit to 1, the mark state is
replaced by the value of PDR (the pin does not function as the SO1 pin until the TE bit is set t
1). Consequently, PCR and PDR for the port corresponding to the SO1 pin are first set to 1.

To send a break during serial transmission, first clear PDR to 0, then clear the TE bit to 0.

When the TE bit is cleared to 0, the transmitter is initialized regardless of the current
transmission state, the SO1 pin becomes an I/O port, and 0 is output from the SO1 pin.

* Receive Error Flags and Transmit Operations (Clocked Synchronous Mode Only)
Transmission cannot be started when a receive error flag (ORER, PER, or FER) is set to 1,
even if the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 before
starting transmission.

Note also that receive error flags cannot be cleared to 0 even if the RE bit is cleared to 0.

* Receive Data Sampling Timing and Reception Margin in Asynchronous Mode
In asynchronous mode, the SCI operates on a basic clock with a frequency of 16 times the
transfer rate.

In reception, the SCI samples the falling edge of the start bit using the basic clock, and
performs internal synchronization. Receive data is latched internally at the rising edge of the
8th pulse of the basic clock. This is illustrated in figure 22.23.
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16 clocks

-y~
8 clocks
0 7 15/ 0 7 150
Internal basic m
clock

Receive data _] Start bit | DO |D1

Synchronization 1 v ¥
sampling timing ! L o

Data sampling I I
timing H H

Figure 22.23 Receive Data Sampling Timing in Asynchronous Mode

Thus the reception margin in asynchronous mode is given by formula (1) below.

1 |ID-0.5]
M=](05~——-— )~ (L-05) F-——————(1+F) [x 100%

... Formula (1)

Where M : Reception margin (%)

. Ratio of bit rate to clock (N = 16)

: Clock duty (D =0to 1.0)

: Frame length (L =9 to 12)

: Absolute value of clock rate deviation

mr O 2

Assuming values of F = 0 and D = 0.5 in formula (1), a reception margin of 46.875% is given by
formula (2) below.

When D=0.5and F =0,

1
M=(0.5- —————)x100%
16

2 X
= 46.875% ... Formula (2)

However, this is only the computed value, and a margin of 20% to 30% should be allowed in
system design.
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» Operation in Case of Mode Transition
O Transmission

Operation should be stopped (by clearing TE, TIE, and TEIE to 0) before making a module
stop mode, standby mode, watch mode, subactive mode, or subsleep mode transition.
TSR1, TDR1, and SSR1 are reset. The output pin states in module stop mode, standby
mode, watch mode, subactive mode, or subsleep mode depend on the port settings, and
becomes high-level output after the relevant mode is cleared. If a transition is made durin
transmission, the data being transmitted will be undefined. When transmitting without
changing the transmit mode after the relevant mode is cleared, transmission can be starte
by setting TE to 1 again, and performing the following sequence: SSRPré&aR1
write > TDRE clearance. To transmit with a different transmit mode after clearing the
relevant mode, the procedure must be started again from initialization. Figure 22.24 shows
a sample flowchart for mode transition during transmission. Port pin states are shown in
figures 22.25 and 22.26.

0 Reception

Receive operation should be stopped (by clearing RE to 0) before making a module stop
mode, standby mode, watch mode, subactive mode, or subsleep mode transition. RSR1,
RDR1, and SSR1 are reset. If a transition is made without stopping operation, the data
being received will be invalid. To continue receiving without changing the reception mode
after the relevant mode is cleared, set RE to 1 before starting reception. To receive with a
different receive mode, the procedure must be started again from initialization.

Figure 22.27 shows a sample flowchart for mode transition during reception.
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<Transmission>

All data No [1] [1] Data being transmitted is interrupted.
transmitted? After exiting software standby mode,
etc., normal CPU transmission is
possible by setting TE to 1, reading

. SSR1, writing TDR1, and clearing
Read TEND flag in SSR1 TDRE 10 0.

No [2] If TIE and TEIE are set to 1, clear
TEND =1 them to 0 in the same way.
Yes |

[3] Includes module stop mode, watch
TE=0 (2] mode, subactive mode, and subsleep
‘ mode.

Yes |-=

Transition to standby 3
mode, etc. (3]

Exit from standby
mode, etc.

Change
operating mode?
Yes
Initialization TE=1

-

<Start of transmission>

Figure 22.24 Sample Flowchart for Mode Transition during Transmission

Rev. 1.0, 02/01, page 461 of 1184
RENESAS




End of Transition Exit from
Start of transmission transmission to standby standby

l ' . .

TE bit ! !

SCK1 output pin |
| I !
SO1 output pin  Port input/output 1‘ High output Start A X Y Stop ‘
Port >

Port input/output ) High output

SCI TxD output -

Figure 22.25 Asynchronous Transmission Using Internal Clock

End of Transition Exit from
Start of transmission transmission to standby standby

| ¢ ! M
TE bit

(C

SCK1 output pin ! ’ SJ i X Portinputfoutputy” |

(( («
SO1 output pin - Port input/output ¥ Marking outputr\< X X :: " Last TxD bit heldﬁ< Port inputloutputﬂ High output*
)T
Port SCI TxD output Port SCITXD

\ \ ™ output

Note: * Initialized by software standby.

Figure 22.26 Synchronous Transmission Using Internal Clock
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<Reception>
\
Read RDRF flag in SSR1

No [1] [1] Receive data being received

RDRF=1 becomes invalid.

Yes

Read receive data in RDR1

A

RE=0

Transrlélggetoe?(t:andby [2] [2] Includes module stop mode,

‘ watch mode, subactive mode,
and subsleep mode.

Exit from standby
mode, etc.

Change
operating mode?

Yes

Initialization RE=1

-]

<Start of reception>

Figure 22.27 Sample Flowchart for Mode Transition during Reception
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Section 23 °C Bus Interface (IIC)

23.1 Overview
This LSl incorporates a 2-chann&t Ibus interface (H8S/2197S and H8S/2196S: 1 channel).

The FC bus interface conforms to and provides a subset of the PA@ipsi$ (inter-IC bus)

interface functions. The register configuration that controls’@eus differs partly from the

Philips configuration, however.

Each fC bus interface channel uses only one data line (SDA) and one clock line (SCL) to transfe
data, saving board and connector space.

23.1.1 Features

» Selection of addressing format or non-addressing format
O I1°C bus format: addressing format with acknowledge bit, for master/slave operation
0 Serial format: non-addressing format without acknowledge bit, for master operation only
« Conforms to Philips’C bus interface {C bus format)
« Two ways of setting slave addres€(bus format)
« Start and stop conditions generated automatically in master m@dau@ format)
 Selection of acknowledge output levels when receivii@§us format)
« Automatic loading of acknowledge bit when transmittiig @hus format)
« Wait function in master mode’Q bus format)

O A wait can be inserted by driving the SCL pin low after data transfer, excluding
acknowledgement. The wait can be cleared by clearing the interrupt flag.

« Wait function in slave mode’@ bus format)

O A wait request can be generated by driving the SCL pin low after data transfer, excluding
acknowledgement. The wait request is cleared when the next transfer becomes possible

» Three interrupt sources

0 Data transfer end (including transmission mode transition @thus format and address
reception after loss of master arbitration)

0 Address match: when any slave address matches or the general call address is received
slave receive mode’Q bus format)

0 Stop condition detection
» Selection of 16 internal clocks (in master mode)
» Direct bus drive (with SCL and SDA pins)

O Four pins P26/SCLO, P25/SDAO0, P24/SCL1 and P23/SDAL1 (normally CMOS pins)
function as NMOS-only outputs when the bus drive function is selected.
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23.1.2 Block Diagram

Figure 23.1 shows a block diagram of tf@ bus interface.

Figure 23.2 shows an example of I/O pin connections to external circuits. /O pins are driven onl
by NMOS and apparently function as NMOS open-drain outputs. However, applicable voltages t
input pins depend on the power (Vcc) voltage of this LSI.

N
SCL O=—» Clock
) control
Noise | ICMR
canceller
Bus state _
decision , ICSR
circuit o
Arbitration
| decision a
circuit 2
8
Output data |« 3
SDAO=—* control §
circuit N 5
£
ICDRR
Noise
canceler
. Address »
comparator
SAR, SARX [«
NS
> Interrupt _
Legend: generator Interrupt
ICCR :I2C control register request
ICMR  : I°C mode register
ICSR  : I2C status register
ICDR : I2C data register
SAR : Slave address register
SARX : Slave address register X
PS : Prescaler

Figure 23.1 Block Diagram of iC Bus Interface
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©)
L L
SCLj, {}SC_ . sC
SCLgy¢ —‘
SDA SDA
SbA, —<J—e
SDA,,, é
= < = <
Ol o [Sla)
(Master) scL,, 2% scLy, 28%
This LSI SCL,, 4( SCL,,
SDA;, SDA;,
SDA —{ SDA —‘
(Slave 1) (Slave 2)

23.1.3

Table 23.1 summarizes the input/output pins used byGheus interface.

Figure 23.2 [C Bus Interface Connections (Example: This Chip as Master)

Pin Configuration

Table 23.1 fC Bus Interface Pins

Channel Name Abbrev. * 1/O Function

0 Serial clock pin SCLO Input/output  1ICO serial clock input/output
Serial data pin SDAO Input/output  11CO serial data input/output
Formatless serial clock pin  SYNCI  Input IICO formatless serial clock input

1 Serial clock pin SCL1 Input/output  1IC1 serial clock input/output
Serial data pin SDA1l Input/output  1IC1 serial data input/output

Notes: * In this section, channel numbers in the abbreviated register names are omitted; SCLO

and SCL1 are collectively referred to as SCL, and SDAO and SDA1 as SDA.
Channel 0 is not provided (incorporated in) for the H8S/2197S and H8S/2196S.
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23.1.4

Table 23.2 summarizes the registers of #8ebus interface.

Register Configuration

Table 23.2 Register Configuration

Channel Name Abbrev. R/W Initial Value  Address **
0** I°C bus control register ICCRO R/W HO1 H'DOES
I°C bus status register ICSRO R/W  HO00 H'DOE9Q
I°C bus data register ICDRO RIW 0O H'DOEE*?
I°C bus mode register ICMRO R/W  HO00 H'DOEF*?
Slave address register SARO R/W  H00 H'DOEF*?
Second slave address register SARXO0 R/W HO01 H'DOEE*?
1 I°C bus control register ICCR1 R/W  H01 H'D158
I°C bus status register ICSR1 R/W  H00 H'D159
I°C bus data register ICDR1 RIW 0O H'D15E*?
I°C bus mode register ICMR1 R/W  HO00 H'D15F**
Slave address register SAR1 R/W  H00 H'D15F**
Second slave address register SARX1 R/W HO01 H'D15E*?
Oand1l DDC switch register DDCSWR R/W HOF H'DOE5
Module stop control register MSTPCRH R/W HFF H'FFEC
MSTPCRL H'FF H'FFED
Notes: 1. Lower 16 bits of the address.
2. The registers that can be read from or written to depend on the ICE bit in the I°C bus
control register. The slave address registers can be accessed when ICE = 0, and the
I°C bus mode registers can be accessed when ICE = 1.
3. Channel 0 is not provided (incorporated in) for the H8S/2197S and H8S/2196S.
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23.2  Register Descriptions
23.2.1 [C Bus Data Register (ICDR)

Bit : 7 6 5 4

3

2 1 0

| ICDR7 | ICDR6 | ICDR5 | ICDR4 | ICDR3 | ICDR2 | ICDR1 | ICDRO |

Initial value : — — — —_ —_ — — —
RIW : R/IW R/W R/W R/W R/W R/W R/W R/W
ICDRR
Bit : 7 6 5 4 3 2 1 0
| ICDRR7 | ICDRR6| ICDRR5 | ICDRR4 | ICDRR3 | ICDRR2 | ICDRR1 | ICDRRO |
Initial value : — — — — — — — —
R/W : R R R R R R R R
ICDRS
Bit : 7 6 5 4 3 2 1 0
| ICDRS7 | ICDR86| ICDRS5 | ICDRS4 | ICDRS3 | ICDRS2 | ICDRS1 | ICDRSO |
Initial value : — — — — — — — —
R/W : _ — — — — — — —
ICDRT
Bit 7 6 5 4 3 2 1 0
| ICDRT7 | ICDRT6| ICDRTS | ICDRT4 | ICDRT3 | ICDRT2 | ICDRT1 | ICDRTO |
Initial value : — — — — — — — —
R/W : W W W W w W W W

TDRE, RDRF (Internal flag)

Bit :

Initial value :
R/W :

RENESAS

| TDRE | RDRF |
0 0
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ICDR is an 8-bit readable/writable register that is used as a transmit data register when
transmitting and a receive data register when receiving. ICDR is divided internally into a shift
register (ICDRS), receive buffer (ICDRR), and transmit buffer (ICDRT). ICDRS cannot be read
or written by the CPU, ICDRR is read-only, and ICDRT is write-only. Data transfers among the
three registers are performed automatically in coordination with changes in the bus state, and
affect the status of internal flags such as TDRE and RDRF.

After transmission/reception of one frame of data using ICDRS, if@hleus is in transmit mode
and the next data is in ICDRT (the TDRE flag is 0), data is transferred automatically from ICDRT
to ICDRS. After transmission/reception of one frame of data using ICDRS, iCtei$ is in

receive mode and no previous data remains in ICDRR (the RDRF flag is 0), data is transferred
automatically from ICDRS to ICDRR.

If the number of bits in a frame, excluding the acknowledge bit, is less than 8, transmit data and
receive data are stored differently. Transmit data should be written justified toward the MSB side
when MLS = 0, and toward the LSB side when MLS = 1. Receive data bits read from the LSB
side should be treated as valid when MLS = 0, and bits read from the MSB side when MLS = 1.
ICDR is assigned to the same address as SARX, and can be written and read only when the ICE
bit is setto 1 in ICCR.

The value of ICDR is undefined after a reset.

The TDRE and RDRF flags are set and cleared under the conditions shown below. Setting the
TDRE and RDRF flags affects the status of the interrupt flags.
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TDRE

Description

The next transmit data is in ICDR (ICDRT), or transmission cannot be started
[Clearing conditions] (Initial value)
1. When transmit data is written in ICDR (ICDRT) in transmit mode (TRS = 1)

2. When a stop condition is detected in the bus line state after a stop condition is
issued with the I°C bus format or serial format selected

3. When a stop condition is detected with the I°C bus format selected

4. Inreceive mode (TRS = 0)
(A O write to TRS during transfer is valid after reception of a frame containing an
acknowledge bit)

The next transmit data can be written in ICDR (ICDRT)
[Setting conditions]

1. Intransmit mode (TRS = 1), when a start condition is detected in the bus line state
after a start condition is issued in master mode with the I°C bus format or serial
format selected

2. Intransmit mode (TRS = 1) when formatless transfer is selected

3. When data is transferred from ICDRT to ICDRS
(Data transfer from ICDRT to ICDRS when TRS = 1 and TDRE = 0, and ICDRS is
empty)

4. When a switch is made from receive mode (TRS = 0) to transmit mode (TRS = 1)
after detection of a start condition

RDRF

Description

The data in ICDR (ICDRR) is invalid (Initial value)

[Clearing condition]
When ICDR (ICDRR) receive data is read in receive mode

The ICDR (ICDRR) receive data can be read

[Setting condition]

When data is transferred from ICDRS to ICDRR

(Data transfer from ICDRS to ICDRR in case of normal termination with TRS =0 and
RDRF = 0)
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23.2.2  Slave Address Register (SAR)

Bit : 7 6 5 4 3 2 1 0

SVA6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO FS

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/IW R/IW RIW R/IW R/W R/W

SAR is an 8-bit readable/writable register that stores the slave address and selects the
communication format. When the chip is in slave mode (and the addressing format is selected),
the upper 7 bits of SAR match the upper 7 bits of the first frame received after a start condition,
the chip operates as the slave device specified by the master device. SAR is assigned to the sat
address as ICMR, and can be written and read only when the ICE bit is cleared to 0 in ICCR.
SAR is initialized to H'00 by a reset.

Bits 7 to 11 Slave Address (SVA6 to SVAO)Set a unique address in bits SVA6 to SVAO,
differing from the addresses of other slave devices connected {@ thasl
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Bit 000 Format Select (FS):Used together with the FSX bit in SARX and the SW bit in
DDCSWR to select the communication format.

+ 1°C bus format: addressing format with acknowledge bit

» Synchronous serial format: non-addressing format without acknowledge bit, for master
mode only

» Formatless transfer (only for channel 0): non-addressing with or without an acknowledge
bit and without detection of start or stop condition, for slave mode only.

The FS bit also specifies whether or not SAR slave address recognition is performed in slave
mode.

DDCSWR  SAR SARX
Bit 6 Bit0 Bit0
SW FS FSX Operating Mode
0 0 0 I°C bus format
¢ SAR and SARX slave addresses recognized
1 I°C bus format (Initial value)

¢ SAR slave address recognized
¢ SARX slave address ignored
1 0 I°C bus format

¢ SAR slave address ignored

¢ SARX slave address recognized

1 Synchronous serial format
¢ SAR and SARX slave addresses ignored

1 0 0 Formatless transfer (start and stop conditions are not
detected)
« With acknowledge bit
1 0 Formatless transfer* (start and stop conditions are not
detected)

« Without acknowledge bit

Note: * Do not use this setting when automatically switching the mode from formatless transfer to
I°C bus format by setting DDCSWR.

Rev. 1.0, 02/01, page 473 of 1184
RENESAS



23.2.3 Second Slave Address Register (SARX)

Bit : 7 6 5 4 3 2 1 0
SVAX6 SVAX5 [ SVAX4 SVAX3 | SVAX2 | SVAX1 SVAXO0 FSX

Initial value : 0 0 0 0 0 0 0 1
R/W : R/W R/W R/W R/W R/W R/W R/W R/W

SARX is an 8-bit readable/writable register that stores the second slave address and selects the
communication format. When the chip is in slave mode (and the addressing format is selected),
the upper 7 bits of SARX match the upper 7 bits of the first frame received after a start condition,
the chip operates as the slave device specified by the master device. SARX is assigned to the
same address as ICDR, and can be written and read only when the ICE bit is cleared to 0 in ICCl
SARX is initialized to H'01 by a reset and in hardware standby mode.

Bits 7 to 10 Second Slave Address (SVAX6 to SVAXOBet a unique address in bits SVAX6 to
SVAXO, differing from the addresses of other slave devices connected {@ tiesl

Bit 000 Format Select X (FSX):Used together with the FSX bit in SARX and the SW bit in
DDCSWR to select the communication format.

+ 1°C bus format: addressing format with acknowledge bit
» Synchronous serial format: non-addressing format without acknowledge bit, for master mode
only

* Formatless transfer: non-addressing with or without an acknowledge bit and without detection
of start or stop condition, for slave mode only.

The FSX bit also specifies whether or not SARX slave address recognition is performed in slave
mode. For details, see the description of the FS bit in section 23.2.2, Slave Address Register
(SAR).
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23.2.4  [C Bus Mode Register (ICMR)

Bit : 7 6 5 4 3 2 1 0
MLS WAIT CKS2 CKS1 CKS0 BC2 BC1 BCO

Initial value : 0 0 0 0 0 0 0 0
R/W : R/IW R/IW R/W R/W R/IW RIW R/IW RIW

ICMR is an 8-bit readable/writable register that selects whether the MSB or LSB is transferred
first, performs master mode wait control, and selects the master mode transfer clock frequency
the transfer bit count. ICMR is assigned to the same address as SAR. ICMR can be written an:
read only when the ICE bit is setto 1 in ICCR.

ICMR is initialized to H'00 by a reset.

Bit 700 MSB-First/LSB-First Select (MLS): Selects whether data is transferred MSB-first or
LSB-first.

If the number of bits in a frame, excluding the acknowledge bit, is less than 8, transmit data and
receive data are stored differently. Transmit data should be written justified toward the MSB sid
when MLS = 0, and toward the LSB side when MLS = 1. Receive data bits read from the LSB
side should be treated as valid when MLS = 0, and bits read from the MSB side when MLS = 1.
Do not set this bit to 1 when tht€lbus format is used.

Bit 7

MLS Description
0 MSB-first (Initial value)
1 LSB-first
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Bit 60 Wait Insertion Bit (WAIT): Selects whether to insert a wait between the transfer of data
and the acknowledge bit, in master mode with i@ebus format. When WAIT is set to 1, after

the fall of the clock for the final data bit, the IRIC flag is set to 1 in ICCR, and a wait state begins
(with SCL at the low level). When the IRIC flag is cleared to 0 in ICCR, the wait ends and the
acknowledge bit is transferred. If WAIT is cleared to 0, data and acknowledge bits are transferre
consecutively with no wait inserted.

The IRIC flag in ICCR is set to 1 on completion of the acknowledge bit transfer, regardless of the
WAIT setting.

The setting of this bit is invalid in slave mode.

Bit 6

TWAT Description
0 Data and acknowledge bits transferred consecutively (Initial value)
1 Wait inserted between data and acknowledge bits
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Bits 5 to 31 Transfer Clock Select (CKS2 to CKS0)These bits, together with the 1ICX1 bit
(for channel 1) or 11ICXO0 bit (for channel 0) in STCR, select the serial clock frequency in master
mode. They should be set according to the required transfer rate.

STCR
Bits 5, 6 Bit 5 Bit 4 Bit 3 Transfer Rate
IICX CKS2 CKS1 CKS0 Clock ®=8 MHz ¢=10 MHz
0 0 0 0 @28 286 kHz 357 kHz
1 @40 200 kHz 250 kHz
1 0 @48 167 kHz 208 kHz
1 @64 125 kHz 156 kHz
1 0 0 @80 100 kHz 125 kHz
1 @100 80.0 kHz 100 kHz
1 0 @112 71.4 kHz 89.3 kHz
1 @128 62.5 kHz 78.1 kHz
1 0 0 0 @56 143 kHz 179 kHz
1 @80 100 kHz 125 kHz
1 0 @96 83.3 kHz 104 kHz
1 @128 62.5 kHz 78.1 kHz
1 0 0 @160 50.0 kHz 62.5 kHz
1 @200 40.0 kHz 50.0 kHz
1 0 @224 35.7 kHz 44.6 kHz
1 @256 31.3kHz 39.1 kHz
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Bits 2 to (I Bit Counter (BC2 to BCO): Bits BC2 to BCO specify the number of bits to be
transferred next. With théa bus format (when the FS bit in SAR or the FSX bit in SARX is 0),

the data is transferred with one addition acknowledge bit. Bit BC2 to BCO settings should be
made during an interval between transfer frames. If bits BC2 to BCO are set to a value other thar
000, the setting should be made while the SCL line is low.

The bit counter is initialized to 000 by a reset and when a start condition is detected. The value
returns to 000 at the end of a data transfer, including the acknowledge bit.

Bit 2 Bit 1 Bit 0 Bits/Frame
BC2 BC1 BCO Synchronous Serial Format | *C Bus Format
0 0 0 8 9 (Initial value)
1 1 2
1 0 2 3
1 3 4
1 0 0 4 5
1 5 6
1 0 6 7
1 7 8
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23.2.5 [C Bus Control Register (ICCR)

Bit : 7 6 5 4 3 2 1 0

| ICE | IEIC | MST | TRS | ACKE | BBSY | IRIC | SCP |
Initial value : 0 0 0 0 0 0 0 1
R/W : R/W R/W R/W R/W R/W R/W R/(W)* w

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

ICCR is an 8-bit readable/writable register that enables or disablé€ thesl interface, enables or
disables interrupts, selects master or slave mode and transmission or reception, enables or dise
acknowledgement, confirms tH€Ibus interface bus status, issues start/stop conditions, and
performs interrupt flag confirmation.

ICCR is initialized to H'01 by a reset.

Bit 70 1°C Bus Interface Enable (ICE): Selects whether or not thiClbus interface is to be

used. When ICE is set to 1, port pins function as SCL and SDA input/output pins and transfer
operations are enabled. When ICE is cleared to 0, the IIC stops and its internal status is initializ
The SAR and SARX registers can be accessed when ICE is 0. The ICMR and ICDR registers ¢
be accessed when ICE is 1.

Bit 7
ICE Description
0 I°C bus interface module disabled, with SCL and SDA signal pins set to port function
The internal status of the 1IC is initialized
SAR and SARX can be accessed (Initial value)
1 I°C bus interface module enabled for transfer operations (pins SCL and SCA are

driving the bus)
ICMR and ICDR can be accessed

Bit 600 1°C Bus Interface Interrupt Enable (IEIC): Enables or disables interrupts from tf@ |
bus interface to the CPU.

Bit 6

TEIC Description
0 Interrupts disabled (Initial value)
1 Interrupts enabled
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Bits 5 and 41 Master/Slave Select (MST) and Transmit/Receive Select (TRWIST selects

whether the’C bus interface operates in master mode or slave mode.

TRS selects whether th&€lbus interface operates in transmit mode or receive mode.

In master mode with théd bus format, when arbitration is lost, MST and TRS are both reset by
hardware, causing a transition to slave receive mode. In slave receive mode with the addressing
format (FS = 0 or FSX = 0), hardware automatically selects transmit or receive mode according t
the R/W bit in the first frame after a start condition.

Modification of the TRS bit during transfer is deferred until transfer of the frame containing the
acknowledge bit is completed, and the changeover is made after completion of the transfer.

MST and TRS select the operating mode as follows.

Bit 5 Bit 4

MST TRS Description

0 0 Slave receive mode (Initial value)
1 Slave transmit mode

1 0 Master receive mode
1 Master transmit mode

Bit 5

MST Description

0 Slave mode (Initial value)
[Clearing conditions]
1. When 0 is written by software
2. When bus arbitration is lost after transmission is started in 1°C bus format master

mode
1 Master mode

[Setting conditions]
1. When 1 is written by software (in cases other than clearing condition 2)

2. When 1 is written in MST after reading MST = 0 (in case of clearing condition 2)
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Bit 4
TRS Description

0 Receive mode (Initial value)
[Clearing conditions]
1. When 0 is written by software (in cases other than setting condition 3)
2. When 0 is written in TRS after reading TRS = 1 (in case of setting condition 3)

3. When bus arbitration is lost after transmission is started in 1°C bus format master
mode

4. When the SW bit in DDCSWR changes from 1 to 0

1 Transmit mode
[Setting conditions]
1. When 1 is written by software (in cases other than clearing conditions 3)
2. When 1 is written in TRS after reading TRS = 0 (in case of clearing conditions 3)

3. When a 1 is received as the R/W bit of the first frame in I°C bus format slave mode

Bit 300 Acknowledge Bit Judgement Selection (ACKE)Specifies whether the value of the
acknowledge bit returned from the receiving device when using@Heuk format is to be ignored
and continuous transfer is performed, or transfer is to be aborted and error handling, etc.,
performed if the acknowledge bit is 1. When the ACKE bit is 0, the value of the received
acknowledge bit is not indicated by the ACKB bit, which is always 0.

When the ACKE bit is 0, the TDRE, IRIC, and IRTR flags are set on completion of data
transmission, regardless of the value of the acknowledge bit. When the ACKE bit is 1, the TDRI
IRIC, and IRTR flags are set on completion of data transmission when the acknowledge bit is O,
and the IRIC flag alone is set on completion of data transmission when the acknowledge bit is 1
Depending on the receiving device, the acknowledge bit may be significant, in indicating
completion of processing of the received data, for instance, or may be fixed at 1 and have no
significance.

Bit 3

ACKE Description

0 The value of the acknowledge bit is ignored, and continuous transfer is performed
(Initial value)

1 If the acknowledge bit is 1, continuous transfer is interrupted
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Bit 20 Bus Busy (BBSY):The BBSY flag can be read to check whether #8eblis (SCL, SDA)

is busy or free. In master mode, this bit is also used to issue start and stop conditions.

A high-to-low transition of SDA while SCL is high is recognized as a start condition, setting
BBSY to 1. A low-to-high transition of SDA while SCL is high is recognized as a stop condition,
clearing BBSY to 0.

To issue a start condition, use a MOV instruction to write 1 in BBSY and 0 in SCP. A retransmit
start condition is issued in the same way. To issue a stop condition, use a MOV instruction to
write 0 in BBSY and 0 in SCP.

It is not possible to write to BBSY in slave mode; fi@@bus interface must be set to master
transmit mode before issuing a start condition. MST and TRS should both be set to 1 before
writing 1 in BBSY and 0 in SCP.

Bit 2

BBSY Description

0 Bus is free (Initial value)
[Clearing condition]
When a stop condition is detected

1 Bus is busy

[Setting condition]
When a start condition is detected

Bit 10 1°C Bus Interface Interrupt Request Flag (IRIC): Indicates that théC bus interface has
issued an interrupt request to the CPU. IRIC is set to 1 at the end of a data transfer, when a slav
address or general call address is detected in slave receive mode, when bus arbitration is lost in
master transmit mode, and when a stop condition is detected. IRIC is set at different times
depending on the FS bit in SAR and the WAIT bit in ICMR. See section 23.3.6, IRIC Setting
Timing and SCL Control. The conditions under which IRIC is set also differ depending on the
setting of the ACKE bit in ICCR.

IRIC is cleared by reading IRIC after it has been set to 1, then writing O in IRIC.

When the DTC is used, IRIC is cleared automatically and transfer can be performed continuously
without CPU intervention.
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Bit 1

IRIC Description

0 Waiting for transfer, or transfer in progress (Initial value)
[Clearing condition]
When 0 is written in IRIC after reading IRIC = 1

(0] Interrupt requested

[Setting conditions]
« I°C bus format master mode

1. When a start condition is detected in the bus line state after a start condition is
issued
(when the TDRE flag is set to 1 because of first frame transmission)

2. When a wait is inserted between the data and acknowledge bit when WAIT = 1

3. At the end of data transfer
(at the rise of the 9th transmit/receive clock pulse, or at the fall of the 8th
transmit/receive clock pulse when using wait insertion)

4. When a slave address is received after bus arbitration is lost
(when the AL flag is set to 1)

5. When 1 is received as the acknowledge bit when the ACKE bit is 1
(when the ACKB bit is set to 1)

« I°C bus format slave mode

1. When the slave address (SVA, SVAX) matches
(when the AAS and AASX flags are set to 1)
and at the end of data transfer up to the subsequent retransmission start condition
or stop condition detection
(when the TDRE or RDRF flag is set to 1)

2. When the general call address is detected
(when FS = 0 and the ADZ flag is set to 1)
and at the end of data transfer up to the subsequent retransmission start condition
or stop condition detection
(when the TDRE or RDRF flag is set to 1)

3. When 1 is received as the acknowledge bit when the ACKE bit is 1
(when the ACKB bit is set to 1)

4. When a stop condition is detected
(when the STOP or ESTP flag is set to 1)

¢ Synchronous serial format

1. Atthe end of data transfer
(when the TDRE or RDRF flag is set to 1)

2. When a start condition is detected with serial format selected

« When a condition, other than the above, that sets the TDRE or RDRF flag to 1 is
detected
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When, with the™C bus format selected, IRIC is set to 1 and an interrupt is generated, other flags
must be checked in order to identify the source that set IRIC to 1. Although each source has a
corresponding flag, caution is needed at the end of a transfer.

When the TDRE or RDRF internal flag is set, the readable IRTR flag may or may not be set. The
IRTR flag (the DTC start request flag) is not set at the end of a data transfer up to detection of a
retransmission start condition or stop condition after a slave address (SVA) or general call addre:
match in {C bus format slave mode.

Even when the IRIC flag and IRTR flag are set, the TDRE or RDRF internal flag may not be set.
The IRIC and IRTR flags are not cleared at the end of the specified number of transfers in
continuous transfer using the DTC. The TDRE or RDRF flag is cleared, however, since the
specified number of ICDR reads or writes have been completed.

Table 23.3 shows the relationship between the flags and the transfer states.

Note: * This LSI does not incorporate DTC.
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Table 23.3

Flags and Transfer States

MST TRS BBSY ESTP STOP IRTR AASX AL AAS ADZ ACKB State

1/0 1/0 0 0 0 0 0 0 0 0 0 Idle state (flag clearing
required)

1 1 0 0 0 0 0 0 0 0 0 Start condition
issuance

1 1 1 0 0 1 0 0 0 0 0 Start condition
established

1 1/0 1 0 0 0 0 0 0 0 0/1 Master mode wait

1 1/0 1 0 0 1 0 0 0 0 0/1 Master mode
transmit/receive end

0 0 1 0 0 0 1/0 1 1/0 1/0 0 Arbitration lost

0 0 1 0 0 0 0 0 1 0 0 SAR match by first
frame in slave mode

0 0 1 0 0 0 0 0 1 1 0 General call address
match

0 0 1 0 0 0 1 0 0 0 0 SARX match

0 1/0 1 0 0 0 0 0 0 0 0/1 Slave mode
transmit/receive end
(except after SARX
match)

0 1/0 1 0 0 1 1 0 0 0 0 Slave mode

0 1 1 0 0 0 1 0 0 0 1 transmit/receive end
(after SARX match)

0 1/0 0 1/0 1/0 0 0 0 0 0 0/1 Stop condition

detected

Bit 000 Start Condition/Stop Condition Prohibit (SCP): Controls the issuing of start and stop
conditions in master mode. To issue a start condition, write 1 in BBSY and 0 in SCP. A
retransmit start condition is issued in the same way. To issue a stop condition, write O in BBSY
and 0 in SCP. This bit is always read as 1. If 1 is written, the data is not stored.

Bit0

SCP Description

0 Writing O issues a start or stop condition, in combination with the BBSY flag

1 Reading always returns a value of 1 (Initial value)

Writing is ignored
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23.2.6  fC Bus Status Register (ICSR)

Bit : 7 6 5 4 3 2 1 0
| ESTP | STOP | IRTR | AASX | AL | AAS | ADZ | ACKB |
Initial value : 0 0 0 0 0 0 0 0

RIW: RAW)*  RIW)* RIAW)* RIW)* RIAW)* RIAW)* RIW)* RW

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

ICSR is an 8-bit readable/writable register that performs flag confirmation and acknowledge
confirmation and control.
ICSR is initialized to H'00 by a reset.

Bit 70 Error Stop Condition Detection Flag (ESTP):Indicates that a stop condition has been
detected during frame transfer f€lous format slave mode.

Bit 7

ESTP Description

0 No error stop condition (Initial value)
[Clearing conditions]
1. When 0 is written in ESTP after reading ESTP =1
2. When the IRIC flag is cleared to O

1 « In I°C bus format slave mode: Error stop condition detected

[Setting condition]
When a stop condition is detected during frame transfer

¢ In other modes: No meaning
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Bit 600 Normal Stop Condition Detection Flag (STOP)indicates that a stop condition has been
detected after completion of frame transfef@bus format slave mode.

Bit 6

STOP Description

0 No normal stop condition (Initial value)
[Clearing conditions]
1. When 0 is written in STOP after reading STOP = 1
2. When the IRIC flag is cleared to 0

1 « In I°C bus format slave mode: Error stop condition detected

[Setting condition]
When a stop condition is detected after completion of frame transfer

¢ In other modes:No meaning

Bit 50 1°C Bus Interface Continuous Transmission/Reception Interrupt Request Flag

(IRTR): Indicates that théCT bus interface has issued an interrupt request to the CPU, and the
source is completion of reception/transmission of one frame in continuous transmission/receptic
for which DTC activation is possible. When the IRTR flag is set to 1, the IRIC flag is also set to
at the same time.

IRTR flag setting is performed when the TDRE or RDRF flag is setto 1. IRTR is cleared by
reading IRTR after it has been set to 1, then writing 0 in IRTR. IRTR is also cleared automatica
when the IRIC flag is cleared to 0.

Note: * This LSI does not incorporate DTC.

Bit 5

IRTR Description

0 Waiting for transfer, or transfer in progress (Initial value)
[Clearing conditions]
1. When 0 is written in IRTR after reading IRTR = 1
2. When the IRIC flag is cleared to O

1 Continuous transfer state

[Setting conditions]

« In I°C bus interface slave mode: When the TDRE or RDRF flag is set to 1 when
AASX =1

« In other modes: When the TDRE or RDRF flag is setto 1
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Bit 40 Second Slave Address Recognition Flag (AASXn I°C bus format slave receive mode,
this flag is set to 1 if the first frame following a start condition matches bits SVAX6 to SVAXO in
SARX.

AASX is cleared by reading AASX after it has been set to 1, then writing 0 in AASX. AASX is
also cleared automatically when a start condition is detected.

Bit 4
AASX Description
0 Second slave address not recognized (Initial value)
[Clearing conditions]
1. When 0 is written in AASX after reading AASX = 1
2. When a start condition is detected
3. In master mode
1 Second slave address recognized

[Setting condition]
When the second slave address is detected in slave receive mode while FSX=0

Bit 300 Arbitration Lost (AL): This flag indicates that arbitration was lost in master mode. The
I’C bus interface monitors the bus. When two or more master devices attempt to seize the bus a
nearly the same time, if th&Cl bus interface detects data differing from the data it sent, it sets AL
to 1 to indicate that the bus has been taken by another master.

AL is cleared by reading AL after it has been set to 1, then writing O in AL. In addition, AL is
reset automatically by write access to ICDR in transmit mode, or read access to ICDR in receive
mode.

Bit 3

AL Description

0 Bus arbitration won (Initial value)
[Clearing conditions]
1. When ICDR data is written (transmit mode) or read (receive mode)
2. When 0 is written in AL after reading AL = 1

1 Arbitration lost

[Setting conditions]

1. If the internal SDA and SDA pin disagree at the rise of SCL in master transmit
mode

2. If the internal SCL line is high at the fall of SCL in master transmit mode
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Bit 20 Slave Address Recognition Flag (AAS)n I°C bus format slave receive mode, this flag is
set to 1 if the first frame following a start condition matches bits SVA6 to SVAOQ in SAR, or if the
general call address (H'00) is detected.

AAS is cleared by reading AAS after it has been set to 1, then writing 0 in AAS. In addition, AA!
is reset automatically by write access to ICDR in transmit mode, or read access to ICDR in rece
mode.

Bit 2
AAS Description
0 Slave address or general call address not recognized (Initial value)
[Clearing conditions]
1. When ICDR data is written (transmit mode) or read (receive mode)
2. When 0 is written in AAS after reading AAS = 1
3. In master mode
1 Slave address or general call address recognized

[Setting condition]

When the slave address or general call address is detected when FS = 0 in slave
receive mode

Bit 10 General Call Address Recognition Flag (ADZ)in I°C bus format slave receive mode,

this flag is set to 1 if the first frame following a start condition is the general call address (H'00).
ADZ is cleared by reading ADZ after it has been set to 1, then writing 0 in ADZ. In addition,
ADZ is reset automatically by write access to ICDR in transmit mode, or read access to ICDR in
receive mode.

Bit 1
ADZ Description
0 General call address not recognized (Initial value)
[Clearing conditions]
1. When ICDR data is written (transmit mode) or read (receive mode)
2. When 0 is written in ADZ after reading ADZ = 1
3. In master mode
1 General call address recognized

[Setting condition]

If the general call address is detected when FSX = 0 or FS = 0 is selected in the
slave receive mode.
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Bit 000 Acknowledge Bit (ACKB): Stores acknowledge data. In transmit mode, after the
receiving device receives data, it returns acknowledge data, and this data is loaded into ACKB. |
receive mode, after data has been received, the acknowledge data set in this bit is sent to the
transmitting device.

When this bit is read, in transmission (when TRS = 1), the value loaded from the bus line
(returned by the receiving device) is read. In reception (when TRS = 0), the value set by internal
software is read.

Bit0

ACKB Description

0 Receive mode: 0 is output at acknowledge output timing (Initial value)
Transmit mode: Indicates that the receiving device has acknowledged the data
(signal is 0)

1 Receive mode: 1 is output at acknowledge output timing

Transmit mode: Indicates that the receiving device has not acknowledged the data
(signal is 1)

23.2.7 Serial/Timer Control Register (STCR)

Bit : 7 6 5 4 3 2 1 0

| — | IICX1 | 1ICX0 | — | FLSHE |OSROME | — | — |
Initial value : 0 0 0 0 0 0 0 0
R/IW : — R/W R/W — R/W R/W — —

STCR is an 8-bit readable/writable register that controls the IIC operating mode.
STCR is initialized to H'00 by a reset.

Bit 700 Reserved:This bit cannot be modified and is always read as O.

Bits 6 and 31 I°C Transfer Select 1, 0 (IICX1, IICXO0): These bits, together with bits CKS2 to
CKSO0 in ICMR of IIC, select the transfer rate in master mode. For details, see section®Z3.2.4, |
Bus Mode Register (ICMR).

Bit 300 Flash Memory Control Resister Enable (FLSHE):This bit selects the control resister of
the flash memory. For details, refer to section 7.3.5, Serial Timer Control Resister (STCR).

Bit 20 OSD ROM Enable (OSROME): This bit controls the OSD ROM. For details, refer to
section 7, ROM.

Bits 4, 1, and @ Reserved:These bits cannot be modified and are always read as O.
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23.2.8 DDC Switch Register (DDCSWR)

Bit : 7 6 5 4 3 2 1 0
| SWE*3 | SW+3 | IE*3 | IF*3 | CLR3 | CLR2 | CLR1 | CLRO |
Initial value : 0 0 0 0 1 1 1 1
R/W : R/W R/W R/W R/(W)*1 W*2 W2 W2 W*2

Notes: 1. Only O can be written to clear the flag.
2. Always read as 1.
3. These bits are not provided (incorporated in) for the H8S/2197S and H8S/2196S.

DDCSWR is an 8-bit read/write register that controls automatic format switching for 11C channel
0 and IIC internal latch clearing. DDCSWR s initialized to H'OF by a reset or in hardware standk
mode.

Bit 700 DDC Mode Switch Enable (SWE):Enables or disables automatic switching from
formatless transfer t4C bus format transfer for 1IC channel 0.

Bit 7

SWE Description

0 Disables automatic switching from formatless transfer to I°C bus format transfer for
11IC channel 0. (Initial value)

1 Enables automatic switching from formatless transfer to I°C bus format transfer for 11C
channel 0.

Bit 600 DDC Mode Switch (SW): Selects formatless transfer & bus format transfer for I1C
channel 0.

Bit 6
sw Description
0 I°C bus format is selected for IIC channel 0. (Initial value)
[Clearing conditions]
1. When 0 is written by software
2. When an SCL falling edge is detected when SWE = 1
1 Formatless transfer is selected for 11IC channel 0.

[Setting condition]
When 1 is written after SW =0 is read
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Bit 500 DDC Mode Switch Interrupt Enable Bit (IE): Enables or disables an interrupt request to
the CPU when the format for [IC channel 0 is automatically switched.

Bit 5
IE Description
0 Disables an interrupt at automatic format switching (Initial value)

Enables an interrupt at automatic format switching

Bit 400 DDC Mode Switch Interrupt Flag (IF): Indicates the interrupt request to the CPU when
the format for 1IC channel 0 is automatically switched.

Bit 4

IF Description

0 Interrupt has not been requested (Initial value)
[Clearing condition]
When 0 is written after IF = 1 is read

1 Interrupt has been requested

[Setting condition]
When an SCL falling edge is detected when SWE = 1

Bits 3 to O IIC Clear 3 to 0 (CLR3 to CLRO): Control the 1IC0O and IIC1 initialization. These
are write-only bits and are always read as 1.

Writing to these bits generates a clearing signal for the internal latch circuit which initializes the
[IC status.

The data written to these bits are not held. When initializing the 11C, be sure to use the MOV
instruction to write to all the CLR3 to CLRO bits at the same time; do not use bit manipulation
instructions such as BCLR.

When reinitializing the module status, the CLR3 to CLRO bits must be rewritten.
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Bit 3 Bit 2 Bit 1 Bit 0

CLR3 CLR2 CLR1 CLRO Description

0 0 O d The setting is invalid
1 0 0 The setting is invalid
1 11CO internal latch cleared
1 0 IIC1 internal latch cleared
1 IIC 0 and IIC1 internal latches cleared
1 O O d This setting is invalid
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23.2.9 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bt: 7 66 5 4 3 2 1 0 7 6 5 4 3 2 1 0
|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9| MSTP8| MSTP7| MSTP6 | MSTP5 | MSTP4 | MSTP3| MSTP2| MSTP1| MSTPO|

Initialvalue: 1712 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

MSTPCR comprises two 8-bit readable/writable registers, and is used to perform module stop
mode control.

When the corresponding bit in MSTPCR is set to 1, operation of the corresponding 1IC channel is
halted at the end of the bus cycle, and a transition is made to module stop mode. For details, se:
section 4.5, Module Stop Mode.

MSTPCR is initialized to H'FFFF by a reset. Itis not initialized in standby mode.

MSTPCRL Bit 70 Module Stop (MSTP7): Specifies the module stop mode for [IC channel 0.

MSTPCRL

Bit 7

MSTP7 Description

0 Module stop mode for IIC channel 0 is cleared

1 Module stop mode for IIC channel 0 is set (Initial value)

MSTPCRL Bit 60 Module Stop (MSTP®6): Specifies the module stop mode for [IC channel 1.

MSTPCRL

Bit 6

MSTP6 Description

0 Module stop mode for IIC channel 1 is cleared

1 Module stop mode for IIC channel 1 is set (Initial value)
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23.3  Operation

23.3.1 fC Bus Data Format

The fC bus interface has serial af@ bus formats.

The fC bus formats are addressing formats with an acknowledge bit. These are shown in figure
23.3(1) and (2). The first frame following a start condition always consists of 8 bits. Formatless
transfer can be selected only for 1IC channel 0. The formatless transfer data is shown in figure
23.3 (3).

The serial format is a non-addressing format with no acknowledge bit. This is shown in figure
23.4.

Figure 23.5 shows th&Qd bus timing.

The symbols used in figures 23.3 to 23.5 are explained in table 23.4.

(1) FS=00rFSX=0

T J— J—
[s! sia [rw| A | pata [ A ] AA| P ]
Pt 7 T S n 1 |l .. L | Transfer bit count
(n=1t08)
1 m Transfer frame count

(m =1 or above)

(2) Start condition transmission, FS =0 or FSX=0

[s ] sia RIW|
B! ni 7 1.

[l O

|
|
1 ml

rRw| A | DATA |::|A/K| s | sia
1.1 o ‘ 1 ‘
| T

Upper: Transfer bit count (n1 and N2 =1 to 8)
Lower: Transfer frame count (m1 and m2 =1 or above)

(3) Formatless (lIC channel 0 only, FS = 0 or FSX = 0)

| pata | A | pata | A |
8 - 1 ’ n 1 | . Transfer bit count
(n=1t0 8)
1 m Transfer frame count

(m =1 or above)

Figure 23.3 [C Bus Data Formats (fC Bus Formats)
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FS=1and FSX=1

S i DATA DATA | :III
1

e P 8 o le n N 4# Transfer bit count
(n=1t08)
1 m Transfer frame count

(m =1 or above)

Figure 23.4 [C Bus Data Format (Serial Format)

N G G YA WD Gl A W G G N
EEEVETAWAWANYESTA WAV STAVAVAVEN

S SLA RW A DATA A DATA A/A P

Figure 23.5 fC Bus Timing

Table 23.4 fC Bus Data Format Symbols

Symbol Description

S Start condition. The master device drives SDA from high to low while SCL is hig

SLA Slave address, by which the master device selects a slave device

RIW Indicates the direction of data transfer: from the slave device to the master device
when R/W is 1, or from the master device to the slave device when R/W is 0

A Acknowledge. The receiving device (the slave in master transmit mode, or the
master in master receive mode) drives SDA low to acknowledge a transfer

DATA Transferred data. The bit length is set by bits BC2 to BCO in ICMR. The MSB-first

or LSB-first format is selected by bit MLS in ICMR

P Stop condition. The master device drives SDA from low to high while SCL is high

23.3.2  Master Transmit Operation

In I°C bus format master transmit mode, the master device outputs the transmit clock and transm
data, and the slave device returns an acknowledge signal. The transmission procedure and
operations synchronize with the ICDR writing are described below.

[1] Set bit ICE in ICCR to 1. Set bits MLS, WAIT, and CKS2 to CKSO0 in ICMR, and bit IICX in
STCR, according to the operating mode.

[2] Read the BBSY flag in ICCR to confirm that the bus is free.
[3] Set bits MST and TRS to 1 in ICCR to select master transmit mode.
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[4] Write 1 to BBSY and 0 to SCP. This changes SDA from high to low when SCL is high, and
generates the start condition.

[5] Then IRIC and IRTR flags are setto 1. If the IEIC bit in ICCR has been set to 1, an interrupt
request is sent to the CPU.

[6] Write the data (slave address "R/to ICDR. After the start condition instruction has been
issued and the start conditon has been generated, write data to ICDR. If this procedure is n
followed, data may not be output correctly. With ti@bus format (when the FS bit in SAR
or the FSX bit in SARX is 0), the first frame data following the start conditionatesahe 7-
bit slave address and transmit/receive direction. As indicating the end of the transfer, and sc
the IRIC flag is cleared to 0. After writing ICDR, clear IRIC immediately not to execute other
interrupt handling routine. If one frame of data has been transmitted before the IRIC clearing
it can not be determine the end of transmission. The master device sequentially sends the
transmission clock and the data written to ICDR using the timing shown in figure 23.6. The
selected slave device (i.e. the slave device with the matching slave address) drives SDA low
the 9th transmit clock pulse and returns an acknowledge signal.

[7] When one frame of data has been transmitted, the IRIC flag is set to 1 at the rise of the 9th
transmit clock pulse. After one frame has been transmitted SCL is automatically fixed low in
synchronization with the internal clock until the next transmit data is written.

[8] Read the ACKB bit in ICSR to confirm that ACKB is cleared to 0. When the slave device ha:
not acknowledged (ACKB bit is 1), operate the step [12] to end transmission, and retry the
transmit operation.

[9] Write the transmit data to ICDR. As indicating the end of the transfer, and so the IRIC flag is
cleared to 0. After writing ICDR, clear IRIC immediately not to execute other interrupt
handling routine. The master device sequentially sends the transmission clock and the data
written to ICDR. Transmission of the next frame is performed in synchronization with the
internal clock.

[10] When one frame of data has been transmitted, the IRIC flag is set to 1 at the rise of the 9th
transmit clock pulse. After one frame has been transmitted SCL is automatically fixed low in
synchronization with the internal clock until the next transmit data is written.

[11] Read the ACKB bit in ICSR and confirm ACKB is cleared to 0. When there is data to be
transmitted, go to the step [6] to continue next transmission. When the slave device has not
acknowledged (ACKB bit is set to 1), operate the step [12] to end transmission.

[12] Clear the IRIC flag to 0. And write 0 to BBSY and SCP in ICCR. This changes SDA from
low to high when SCL is high, and generates the stop condition.
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Start condition
Geberation

SDA I
(master output)

RW |[7] «— Datal —
SDA A
(slave output) [5]

Slave address

IRIC ] I
IRTR ﬁ\ W\

ICDR Xaddress ARW. X Data 1
Note: Data write
timing in ICDR »
ICDR Writing
bl
ICDR Writing enable
prohibited
User processing [4] Write BBSY =1  [6] ICDR write [6] IRIC clear [9] ICDR write [9] IRIC clear

and SCP =0
i(:;ir;ncs:)dmon These processes are executed continuously. These processes are executed continuously.

Figure 23.6 Example of Master Transmit Mode Operation Timing (MLS = WAIT = 0)
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23.3.3  Master Receive Operation

In master receive mode, the master device outputs the receive clock, receives data, and returns
acknowledge signal. The slave device transmits d&Eabus interface module consists of the

data buffers of ICDRR and ICDRS, so data can be received continuously in master receive mod
For this construction, when stop condition issuing timing delayed, it may occurs the internal
contention between stop condition issuance and SCL clock output for next data receiving, and tl
the extra SCL clock would be outputted automatically or the SCL line would be held to low. Anc
for I°C bus interface system, the acknowledge bit must be set to 1 at the last data receiving, so t
change timing of ACKB bit in ICSR should be controlled by software. To take measures againsi
these problems, the wait function should be used in master receive mode. The reception proce!
and operations with the wait function in master receive mode are described below.

[1] Clear the TRS bit in ICCR to 0 to switch from transmit mode to receive mode, and set the
WAIT bitin ICMR to 1. Also clear the ACKB bit in ICSR to 0 (acknowledge data setting).

[2] When ICDR is read (dummy data read), reception is started, and the receive clock is output,
and data received, in synchronization with the internal clock. In order to detect wait operatio
set the IRIC flag in ICCR must be cleared to 0. After reading ICDR, clear IRIC immediately
not to execute other interrupt handling routine. If one frame of data has been received befor
the IRIC clearing, it can not be determine the end of reception.

[3] The IRIC flag is set to 1 at the fall of the 8th receive clock pulse. If the IEIC bit in ICCR has
been set to 1, an interrupt request is sent to the CPU. SCL is automatically fixed low in
synchronization with the internal clock until the IRIC flag clearing. If the first frame is the last
receive data, execute step [10] to halt reception.

[4] Clear the IRIC flag to release from the Wait State. The master device outputs the 9th clock
and drives SDA at the 9th receive clock pulse to return an acknowledge signal.

[5] When one frame of data has been received, the IRIC flag in ICCR and the IRTR flag in ICSR
are set to 1 at the rise of the 9th receive clock pulse. The master device outputs SCL clock 1
receive next data.

[6] Read ICDR.

[7] Clear the IRIC flag to detect next wait operation. From clearing of the IRIC flag to negation c
a wait as described in step [4] (and [9]) to clearing of the IRIC flag as described in steps [5],
[6], and [7], must be performed within the time taken to transfer one byte.

[8] The IRIC flags set to 1 at the fall of the 8th receive clock pulse. SCL is automatically fixed
low in synchronization with the internal clock until the IRIC flag clearing. If this frame is the
last receive data, execute step [10] to halt reception.

[9] Clear the IRIC flag in ICCR to cancel wait operation. The master device outputs the 9th cloc
and drives SDA at the 9th receive clock pulse to return an acknowledge signal. Data can be
received continuously by repeating step [5] to [9].

[10] Set the ACKB bit in ICSR to 1 so as to return “No acknowledge” data. Also set the TRS bit
to 1 to switch from receive mode to transmit mode.
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[11] Clear IRIC flag to O to release from the Wait State.

[12] When one frame of data has been received, the IRIC flag is set to 1 at the rise of the 9th
receive clock pulse.

[13] Clear the WAIT bit to O to switch from wait mode to no wait mode. Read ICDR and the
IRIC flag to 0. Clearing of the IRIC flag should be after the WAIT = 0.

[14] Clear the BBSY bit and SCP bit to 0. This changes SDA from low to high when SCL is high,
and generates the stop condition.

Master transmit mode Master receive mode
<
SCL
(master output) _/—9\_ 1S 2\ /3\Ja\/s5\Je\/7\ /8 o/ 1\ /2 3/ a\ /5
s (o) o) s ) )
slave output)
44— Datal————— P -¢—— Data2———
[3] (51
SDA A
(master output) —
\/ \/ Y
IRIC
e R A —
ICDR X Data 1
User processing  [1] TRS cleared to 0 [2] ICDR read [2] IRIC clearance [4] IRC clearance [6] ICDR read [7] IRIC clearance
WAIT setto 1 (dummy read) (Data 1)
ACKB cleared to 0
These processes are executed continuously. These processes are executed continuously.

Figure 23.7 Example of Master Receive Mode Operation Timing
(MLS = ACKB =0, WAIT = 1)
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SCL

(master output) _/_8\

These processes are executed continuously.

9 1 2 3 4 5 6 7 8 9 1 2
SDA { Bif i i
(slave output) 8o
[ _
Data 2P 8] 5] Data 3 ) 5] —~¢— Data4
SDA A A /
(master output) -\—J —_—
\ Y \/ \/
IRIC
IRTR A \ A 1 \
ICDR Data 1 X Data 2 X Data 3
User processing  [9] IRIC clearance [6] ICDR read [7] IRIC clearance [9] IRIC Clearance [6] ICDR read
(Data 2)

[7] IRIC clearance
(Data 3)

These processes are executed continuously.

Figure 23.8 Example of Master Receive Mode Operation Timing
(MLS = ACKB = 0, WAIT = 1) continued

RENESAS
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23.3.4  Slave Receive Operation

In slave receive mode, the master device outputs the transmit clock and transmit data, and the
slave device returns an acknowledge signal. The receive procedure and operations in slave rece
mode are described below.

1.

5.

Set bit ICE in ICCR to 1. Set bits MLS in ICMR and bits MST and TRS in ICCR according to
the operating mode.

A start condition output by the master device sets the BBSY flag to 1 in ICCR.

After the slave device detects the start condition, if the first frame matches its slave address, |
functions as the slave device designated as the master device. If the 8th bitWia (R/

TRS bit in ICCR remains 0 and executes slave receive operation.

At the ninth clock pulse of the receive frame, the slave device drives SDA low to acknowledge
the transfer. At the same time, the IRIC flag is setto 1 in ICCR. If IEICis 1in ICCR, a CPU
interrupt is requested. If the RDRF internal flag is O, it is set to 1 and continuous reception is
performed. Ifthe RDRF internal flag is 1, the slave device holds SCL low from the fall of the
receive clock until it has read the data in ICDR.

Read ICDR and clear IRIC to 0 in ICCR. At this time, the RDFR flag is cleared to O.

Steps 4 and 5 can be repeated to receive data continuously. When a stop condition is detected |
low-to-high transition of SDA while SCL is high), the BBSY flag is cleared to 0 in ICCR.

Rev. 1.0, 02/01, page 502 of 1184

RENESAS



Start condition
issurance

SCL
(Master output) 1 2 3 4 5 6 7 8 9 1 2

SCL
(Slave output)

SDA _\ /< Bit 7 X Bit 6 XBiIS X Bit 4 X Bit 3 X BiIZX Bit 1 X-I-Bi-t-ou/ < Bit 7 X Bit 6 X

(Master output)

-«+—— Slave address —— = R/W [4] -a— Datal —
SDA

(Slave output) A/
RDRF

Y
IRIC Interrupt request
generated *
ICDRS X Address + RIW \
ICDRR X Address + RW|
User processing [5] Read ICDR  [5] Clear IRIC

Figure 23.9 Example of Timing in Slave Receive Mode (MLS = ACKB = 0)
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SCL
(Master output)

SCL
(Slave output)
SDA
(Master output) X Bit1 X Bit0 ) Bit 7 XBitG XBitS X Bit 4 X Bit 3 X Bit2>< Bith Bit0
——Data 1 —m (4] - Data 2 - (4l
SDA
(Slave output) \l A / \ A/
RDRF
Y \j
IRIC Interrupt —I Interrupt
request request
generated generated
ICDRS Data 1 >< \ Data 2
ICDRR X Data1 \ X Data2
User processing [5] Read ICDR  [5] Clear IRIC

Figure 23.10 Example of Timing in Slave Receive Mode (MLS = ACKB = 0)
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23.3.5 Slave Transmit Operation

In slave transmit mode, the slave device outputs the transmit data, and the master device outpu
the transmit clock and returns an acknowledge signal. The transmit procedure and operations il
slave transmit mode are described below.

1.

Set bit ICE in ICCR to 1. Set bits MLS in ICMR and bits MST and TRS in ICCR according tc
the operating mode.

After the slave device detects a start condition, if the first frame matches its slave address, a
the ninth clock pulse the slave device drives SDA low to acknowledge the transfer. At the
same time, the IRIC flag is set to 1 in ICCR, and if the IEIC bit in ICCR is set to 1 at this time
an interrupt request is sent to the CPU. If the eighth data B¥)@®/1, the TRS bit is set to 1

in ICCR, automatically causing a transition to slave transmit mode. The slave device holds
SCL low from the fall of the transmit clock until data is written in ICDR.

Clear the IRIC flag to 0, then write data in ICDR. The written data is transferred to ICDRS,
and the TDRE internal flag and the IRIC and IRTR flags are set to 1 again. Clear IRIC to O,
then write the next data in ICDR. The slave device outputs the written data serially in step

with the clock output by the master device, with the timing shown in figure 23.11.

When one frame of data has been transmitted, at the rise of the ninth transmit clock pulse IR
is setto 1in ICCR. If the TDRE internal flag is 1, the slave device holds SCL low from the
fall of the transmit clock until data is written in ICDR. The master device drives SDA low at
the ninth clock pulse to acknowledge the data. The acknowledge signal is stored in the ACK
bit in ICSR, and can be used to check whether the transfer was carried out normally. If TDR
internal flag is set to 0, the data written in ICDR is transferred to ICDRS, then transmission
starts and TDRE internal flag and IRIC and IRTR flags are all set to 1 again.

To continue transmitting, clear IRIC to 0, then write the next transmit data in ICDR. At this
time, the TDRE internal flag is cleared to 0.

Steps 4 and 5 can be repeated to transmit continuously. To end the transmission, write H'FF in
ICDR so that the SDA may be freed on the slave side. When a stop condition is detected (a low
to-high transition of SDA while SCL is high), the BBSY flag will be cleared to 0 in ICCR.
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Slave receive mode | Slave transmit mode

[
Loauian
'

SCL
(Master output)

scL ;

(Slave output) \ i /
(Slavil::)Autput) \ A / : \<Bit7 XBitG XBitS XBit4XBit3XBit2X BithBitO \'Bit7 Y Bite X

-t Data 1 - -a— Data 2 —
SDA a2 . A
(Master output) R/W/I ! A/
| B
TDRE T —‘
i Yis)
IRIC Interrupti Interrupt Interrupt
request : request request
generatdd, | generated generated

- 4
ICDRT / Data 1 X a2 )&
/AR A
ICDRS / X Dpata1 ¥paaz [
/ /

User [3] Clear IRIC [3] Write ICDR [3] Write ICDR [5] Clear IRIC [5] Write ICDR
processing

Figure 23.11 Example of Timing in Slave Transmit Mode (MLS = 0)

23.3.6  IRIC Setting Timing and SCL Control

The interrupt request flag (IRIC) is set at different times depending on the WAIT bit in ICMR, the
FS bit in SAR, and the FSX bit in SARX. If the TDRE or RDRF internal flag is set to 1, SCL is
automatically held low after one frame has been transferred,; this timing is synchronized with the
internal clock. Figure 23.12 shows the IRIC set timing and SCL control.
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(@) When WAIT =0, and FS = 0 or FSX = 0 (12C bus format, no wait)

scL ST TN
7 8 9 ‘ K ‘ * 1

|
IRIC
User /

processing Clear Write to ICDR (transmit) or
IRIC read ICDR (receive)

(b) When WAIT =1, and FS = 0 or FSX = 0 (12C bus format, wait inserted)

AN ST N ST ST i

SDA 8 }: A 1

IRIC |

User
processing Clear IRIC Clear IRIC Write to ICDR (transmit) or

read ICDR (receive)

(c) When FS =1 and FSX = 1 (synchronous serial format)

o T Y/Zl%
IRIC | |

User
processing Clear IRIC Write to ICDR (transmit) or

read ICDR (receive)

Figure 23.12 IRIC Setting Timing and SCL Control
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23.3.7  Automatic Switching from Formatless Transfer toiC Bus Format Transfer

Setting the SW bit in DDCSWR to 1 selects the 11CO formatless transfer operation. When an SCL
falling edge is detected, the operating mode automatically switches from formatless trafGfer to |
bus format transfer (slave mode). For automatic switching to be possible, the following four
conditions must be observed:

1. The same data pin (SDA) is used in common for formatless transféCamats| format
transfer.

2. Separate clock pins are used for formatless transfef@ubai$ format transfer (SYNC1 for
formatless, and SCL fofQ@ bus format)

3. The SCL pin is kept high during formatless transfer.

4. Register bits other than the TRS bit in ICCR are set to appropriate values %0 bt |
format transfer can be performed.

The operating mode is automatically switched from formatless transféer boig format transfer
when an SCL falling edge is detected and the SW bit in DDCSWR is automatically cleared to 0.
To switch the mode frorfC bus format transfer to formatless transfer, set the SW bit to 1 by
software.

During formatless transfer, do not modify the bits that controf@éus interface operating

mode, such as the MSL or TRS bit. When switching from’@élis format transfer to formatless
transfer, specify the formatless transfer direction (transmit or receive) by setting or clearing the
TRS bit, then set the SW bit to 1. After the automatic switching from formatless trand@btcs|
format transfer (slave mode), the TRS bit is automatically cleared to O to enter the slave address
receive wait state.

If an SCL falling edge is detected during formatless transfer, the [IC does not wait for the stop
condition but switches the operating mode immediately.

Note: The IICO is not provided (incorporated in) for the H8S/2197S and H8S/2196S.
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23.3.8 Noise Canceler

The logic levels at the SCL and SDA pins are routed through noise cancelers before being latch
internally. Figure 23.13 shows a block diagram of the noise canceler circuit.

The noise canceler consists of two cascaded latches and a match detector. The SCL (or SDA)
input signal is sampled on the system clock, but is not passed forward to the next circuit unless
outputs of both latches agree. If they do not agree, the previous value is held.

Sampling clock

SCL or SDA
input signal —|D Q » D Q > Match Internal SCL

Latch Latch r detector > or SDA signal

System clock
‘ period

semere ) ] [ [

Figure 23.13 Block Diagram of Noise Canceler

23.3.9 Sample Flowcharts

Figures 23.14 to 23.17 show sample flowcharts for using@kus interface in each mode.
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| Initialize | ] [1] Initialize

Read BBSY in ICCR

| ] [2] Test the status of the SCL and SDA lines.

Set MST = 1 and 1 [3] Select master transmit mode.

TRS=1inICCR
I
Write BBSY = 1 [4] Start condition issuance

and SCP =0in ICCR

Read IRIC in ICCR

| 1 (51 wait for a start condition generation

| Write transmit data in ICDR | [6] Set transmit data for the first byte (slave
I address + R/W).

| Clear IRIC in ICCR | (After writing ICDR, clear IRIC
‘ - immediately)

[7] Wait for 1 byte to be transmitted.

[8] Test the acknowledge bit, transferred from
slave device.

[ aster receive mode ||

| Write transmit data in ICDR | 7] [9] Set transmit data for the second and
I subsequ_e_nt bytes.

| Clear IRIC in ICCR | _(After writing ICDR, clear IRIC
‘ - immediately)

Read IRIC in ICCR |

[10] Wait for 1 byte to be transmitted.

[ Read ACKB in ICSR |

[11] Test for end of transfer

End of transmission
or ACKB =1?

Clear IRIC in ICCR |
[
Write BBSY =0
and SCP =0 in ICCR

[12] Stop condition issuance

End

Figure 23.14 Flowchart for Master Transmit Mode (Example)
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[ master receive mode ]
[ settrs - oiniccR___|
[ setwar - tinicMR |
| |
| |
| |

I
Set ACKB =0in ICSR
I
Read ICDR
I
Clear IRIC in ICCR

[ Read IRIC in ICCR |

[ Read ICDR |

[
[ Clear IRIC in ICCR |

Read IRIC in ICCR

[ readiriciniccr ]
L ———

f ,

[ setacks=1inicsr |
[ settrs :‘ 1iniccR |
[ clear IRI‘C iniccR |
Read IRI‘C in ICCR

[ setwar=oinicvr ]
[ Read‘ICDR |
[ Clear IRI‘C iniccR |
I
Write BBSY =0
and SCP = 0in ICCR

End

]

[1] Select receive mode

[2] Start receiving. The first read is a dummy
read. After reading ICDR, please clear
IRIC immediately.

[3] Wait for 1 byte to be received.
(8th clock falling edge)

[4] Clear IRIC to trigger the 9th clock.
(to end the wait insertion)

[5] Wait for 1 byte to be received.
(9th clock risig edge)

[6] Read the received data.

[7] Clear IRIC

[8] Wait for the next data to be received.
(8th clock falling edge)

[9] Clear IRIC to trigger the 9th clock.
(to end the wait insertion)

[10] Set ACKB =1 so as to return No
acknowledge, or set TRS = 1 so as not
to issue Extra clock.

[11] Clear IRIC to trigger the 9th clock.
(to end the wait insertion)

[12] Wait for 1 byte to be received.

[13] Set WAIT =0.
Read ICDR.
Clear IRIC.
(Note: After setting WAIT = 0, IRIC
should be cleared to 0)

[14] Stop condition issuance.

Figure 23.15 Flowchart for Master Receive Mode (Example)
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Set MST=0 and 1
TRS=0in ICCR (1

I
| setAckB=0inICSR |

3 ]

| Read IRICflaginICCR |

||Genera| call address processing | |

*Description omitted

| Read TRShitinICCR |

|| Slave transmit mode ||

) Y
Last receive?
No

| Read‘ICDR | @3]
| clearIRICflagin ICCR |

—
| Read IRIC flag in ICCR | [1] Select slave receive mode.

No [4] ) )
[2] Wait for 1 byte to be received (slave
address)

Yes -

[3] Start receiving. The first read is a dummy
i read.

SetACKB=0inICSR | ][]
I

[4] Wait for the transfer to end.

| Read ICDR G
| ‘ [5] Set acknowledge data for the last receive.

Clear IRIC flag in ICCR _ |
4>‘
| Read IRICflaginICCR |
No @ [7] [7] Wait for the transfer to end.
[8] Read the last receive data.
Yes
| Read ICDR | ][8]

[
| clearIRICflaginICCR |

[6] Start the last receive.

End

Figure 23.16 Flowchart for Slave Transmit Mode (Example)
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” Slave transmit mode ” [1] Set transmit data for the second and
I subsequent bytes.

| ClearIRICInICCR |

[2] Wait for 1 byte to be transmitted.

|Write transmit data in ICDR | ] [1] [3] Testfor end of transfer.
[
| Clear IRIC flag in ICCR | [4] Select slave receive mode.

—

| Read IRIC flag in ICCR

No @ 2]

| Read ACKB bitin ICSR |

| [5] Dummy read (to release the SCL line).

[3]

[ setTRs=oiniccR | |
I

| Read ICDR | s

\
| Clear IRIC flagin ICCR |

End

Figure 23.17 Flowchart for Slave Receive Mode (Example)

23.3.10 Initializing Internal Status

The fC can forcibly initialize the’C internal status when a dead lock occurs during
communication. Initialization is enabled by (1) setting the CLR3 to CLRO bits in DDCSWR, or (2
clearing the ICE bit. For details on CLR3 to CLRO settings, refer to section 23.2.8, DDC Switch
Register (DDCSWR).

(1) Initialized Status
This function initializes the following:
 TDRE and RDRF internal flags
» Transmit/receive sequencer and internal clock counter
» Internal latches (wait, clock, or data output) which holds the levels output from the SCL and
SDA pins
This function does not initialize the following:
* Register contents (ICDR, SAR, SARX, ICMR, ICCR, ICSR, DDCSWR, and STCR)
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» Internal latches which holds the register read information to set or clear the flags in ICMR,
ICCR, ICSR, and DDCSWR

» Bit counter (BC2 to BCO) value in ICMR

» Sources of interrupts generated (interrupts that has been transferred to the interrupt
controller)

(2) Notes on Initialization

» Interrupt flags and interrupt sources are not cleared; clear them by software if necessary.

» Other register flags cannot be assumed to be cleared, either; clear them by software if
necessary.

* When initialization is specified by the DDCSWR settings, the data written to the CLR3 to
CLRO bits are not held. When initializing tHE€) be sure to use the MOV instruction to
write to all the CLR3 to CLRO bits at the same time; do not use bit manipulation
instructions such as BCLR. When reinitializing the module status, all the CLR3 to CLRO
bits must be rewritten to at the same time.

+ If aflag is cleared during transfer, ti€ module stops transfer immediately, and releases
the control of the SCL and SDA pins. Before starting again, set the registers to appropriate
values to make a correct communication if necessary.

This module initializing function does not modify the BBSY bit value, but in some cases,
depending on the SCL and SDA pin status and the release timing, the signal waveforms at the
SCL and SDA pins may indicate the stop condition, and accordingly the BBSY bit may be
cleared. Other bits or flags may be affected in the same way by module initialization.

To avoid these problems, take the following procedure to initializé@he |

1.
2.

Initialize the 1C by setting the CLR3 to CLRO bits or the ICE bit.

Execute a stop condition issuing instruction to clear the BBSY bit to O (writing O to BBSY and
SCP), and wait for two cycles of the transfer clock.

Initialize the 1C again by setting the CLR3 to CLRO bits or the ICE bit.
Set the registers ifQ to appropriate values.
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23.4  Usage Notes

1. In master mode, if an instruction to generate a start condition is immediately followed by an
instruction to generate a stop condition, neither condition will be output correctly. To output
consecutive start and stop conditions, after issuing the instruction that generates the start
condition, read the relevant ports, check that SCL and SDA are both low, then issue the
instruction that generates the stop condition. Note that the SCL may briefly remain at a high
level immmediately after BBSY is cleared to 0.

2. Either of the following two conditions will start the next transfer. Pay attention to these
conditions when reading or writing to ICDR.
a. Write access to ICDR when ICE =1 and TRS = 1 (including automatic transfer from
ICDRT to ICDRS)
b. Read access to ICDR when ICE = 1 and TRS = 0 (including automatic transfer from
ICDRS to ICDRR)
3. Table 23.5 shows the timing of SCL and SDA output in synchronization with the internal
clock. Timings on the bus are determined by the rise and fall times of signals affected by the
bus load capacitance, series resistance, and parallel resistance.

Table 23.5 fC Bus Timing (SCL and SDA Output)

Item Symbol  Output Timing Unit  Notes

SCL output cycle time tseo 28t to 256t ns Figure 31.8
SCL output high pulse width tectio 0.5t , ns (reference)
SCL output low pulse width teciio 0.5t , ns

SDA output bus free time touro 0.5t -1t ns

Start condition output hold time terao 0.5t -1t ns

Retransmission start condition toraso lt.o ns

output setup time

Stop condition output setup time  t, . 0.5t ,+2t, ns

Data output setup time (master) teonso 1t o3t ns

Data output setup time (slave) 1t - (6t,, or 12t *) ns

Data output hold time teoano 3t,, ns

Note: * 6t,, when IICX is 0, 12t when 1.

4. SCL and SDA input is sampled in synchronization with the internal clock. The AC timing
therefore depends on the system clock cygles shown in table 31.6 in section 31, Electrical
Characteristics. Note that tH€Ibus interface AC timing specifications will not be met with a
system clock frequency of less than 5 MHz.
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5. The fC bus interface specification for the SCL rise tignis tinder 1000 ns (300 ns for high-
speed mode). In master mode, fl@hbus interface monitors the SCL line and synchronizes
one bit at a time during communication. {the time for SCL to go from low to,)f exceeds
the time determined by the input clock of tf@ bus interface, the high period of SCL is
extended. The SCL rise time is determined by the pull-up resistance and load capacitance of
the SCL line. To insure proper operation at the set transfer rate, adjust the pull-up resistance
and load capacitance so that the SCL rise time does not exceed the values given in table 23.¢

Table 23.6 Permissible SCL Rise Time (J Values

Time Indication [ns]

I’C Bus

Specification
IICX t,,. Indication (Max.) @®=8 MHz @=10 MHz
0 7.5t Normal mode 1000 937 750

High-speed mode 300 - -

1 17.5t, Normal mode 1000 - -

High-speed mode 300 - -

6. The fC bus interface specifications for the SCL and SDA rise and fall times are under 1000 n:
and 300 ns. ThéQ bus interface SCL and SDA output timing is prescribed_ hyas shown
in table 23.5. However, because of the rise and fall timesGHmub interface specifications
may not be satisfied at the maximum transfer rate. Table 23.7 shows output timing
calculations for different operating frequencies, including the worst-case influence of rise and
fall times.
t.... fails to meet the’C bus interface specifications at any frequency. The solution is either
(a) to provide coding to secure the necessary interval (approximais)ybetween issuance of
a stop condition and issuance of a start condition, or (b) to select devices whose input timing
permits this output timing for use as slave devices connected f€thed.
t...., IN high-speed mode angd,t, in standard mode fail to satisfy tH€ bus interface
specifications for worst-case calculations gt Possible solutions that should be
investigated include (a) adjusting the rise and fall times by means of a pull-up resistor and
capacitive load, (b) reducing the transfer rate to meet the specifications, or (c) selecting devict
whose input timing permits this output timing for use as slave devices connected® the |
bus.
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7. Precautions on reading ICDR at the end of master receive mode
When terminating the master receive mode, set TRS bit to 1, and select "write" for ICCR
BBSY =0 and SCP = 0. This forces to move SDA from low to high level when SCL is at higl
level, thereby generating the stop condition.
Now you can read received data from ICDR. If, however, any data is remaining on the buffe
received data on ICDRS is not transferred to ICDR, thus you won't be able to read the secor
byte data.
When it is required to read the second byte data, issue the stop condition from the master
receive state (TRS bit is 0).
Before reading data from ICDR register, make sure that BBSY bit on ICCR register is 0, stop
condition is generated and bus is made free.
If you try to read received data after the stop condition issue instruction (setting ICCR's BBS’
= 0 and SCP = 0 to write) has been executed but before the actual stop condition is generate
clock may not be appropriately signaled when the next master sending mode is turned on.
Thus, reasonable care is needed for determining when to read the received data.

After the master receive is complete, if you want to re-write 1IC control bit (such as clearing MST
bit) for switching the sending/receiving mode or modifying settings, it must be done during perio
(a) indicated in figure 23.18 (after making sure ICCR register BBSY bit is cleared to 0).

., Start
3 condition
e

: + Stop condition

3 V' @

i ))
SDA  BitO A | |

i | « |

see Jsl Jol [T T L
Internal cIockJ | | | | | | | | |—§<r|

BBSY bit

i | («
; ‘ »

Master receive mode

o

ICDR read
inhibit period
The stop condition Generation of the stop Start condition
issue instruction condition is checked is issued

(BBSY=0and SCP =0 (BBSY =0 is set to read)
set to write) is executed

Figure 23.18 Precautions on Reading the Master Receive Data
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Notes on Start Condition Issuance for Retransmission
Figure 23.19 shows the timing of start condition issuance for retransmission, and the timing fc

subsequently writing data to ICDR, together with the corresponding flowchart. After start
condition issuance is done and determined the start condition, write the transmit data to ICDR

—_

[1] Wait for end of 1-byte transfer

[2] Determine wheter SCL is low

[3] Issue restart condition instruction for transmission

[4] Determine whether start condition is generated or not

[5] Set transmit data (slave address + R/W)

Note: Program so that processing instruction [3] to [5] is
executed continuously.

Yes

Write BBSY=1, @]
SCP=0 (ICSR)

Yes

| Write transmit data to ICDR | [5]

Start condition
(retransmission)

SCL 9

SDA ACK | | bit 7 |
ﬁ {
IRIC | ‘

\ k [5] ICDR write (next transmit data)
[4] IRIC determination

[3] Issue restart condition instruction
for retransmission

[2] Determination of SCL=Low
[1] IRIC determination

Figure 23.19 Flowchart and Timing of Start Condition Instruction Issuance for
Retransmission
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9. Notes on’C Bus Interface Stop Condition Instruction Issuance
If the rise time of the 9th SCL acknowledge exceeds the specification because the bus load
capacitance is large, or if there is a slave device of the type that drives SCL low to effect a
wait, issue the stop condition instruction after reading SCL and determining it to be low, as
shown below.

9th clock  High period secured

scL VIHdé—/:_/_{____..-f

E ‘ As waveform rise is late,
,

SCL is detected as low

SDA J ;

Vil

Stop condition

IRIC I. / \

[1] Determination of SCL = low  [2] Stop condition instruction issuance

Figure 23.20 Timing of Stop Condition Issuance
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Table 23.7 FC Bus Timing (with Maximum Influence of t./t.)

Time Indication (at Maximum Transfer Rate) [ns]

t/ty I’C Bus
Influence Specification
Item t,,. Indication (Max.) (Min.) ®=8 MHz ®=10 MHz
tscto 0.5t Normal mode -1000 4000 - -
(-ts) High-speed -300 600 - -
mode
tsero 0.5t Normal mode -250 4700 - -
(ts) High-speed -250 1300 - -
mode
touro 0.5ty -1t Normal mode ~ -1000 4700 3875+! 3900*!
(-tg) High-speed -300 1300 825** 850*"
mode
torano 0.5t o1t Normal mode -250 4000 4625 4650
(-ts) High-speed -250 600 875 900
mode
toraso 1teo Normal mode -1000 4700 9000 9000
(tg) High-speed -300 600 2200 2200
mode
tsros0 0.5t o *+2t,, Normal mode -1000 4000 4250 4200
(-tg) High-speed -300 600 1200 1150
mode
tepaso It o* -3t Normal mode ~ -1000 250 3325 3400
(master) (-ts) High-speed -300 100 625 700
mode
topaso 1t **-12t,**  Normal mode -1000 250 2200 2500
(slave) (ts) High-speed -300 100 -500** -200**
mode
topano 3t Normal mode 0O 0 375 300
High-speed 0 0 1 1
mode

Notes: 1. Does not meet the I’C bus interface specification. Remedial action such as the
following is necessary: (a) secure a start/stop condition issuance interval; (b) adjust the
rise and fall times by means of a pull-up resistor and capacitive load; (c) reduce the
transfer rate; (d) select slave devices whose input timing permits this output timing.

The values in the above table will vary depending on the settings of the IICX bit and bits
CKSO0 to CKS2. Depending on the frequency it may not be possible to achieve the
maximum transfer rate; therefore, whether or not the I°C bus interface specifications are
met must be determined in accordance with the actual setting conditions.

2. Value when the IICX bit is set to 1. When the [ICX bit is cleared to 0, the value is (1, -
6t,,.)-

3. Calculated using the I°C bus specification values (standard mode: 4700 ns min.; high-
speed mode: 1300 ns min.).
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Section 24 A/D Converter

24.1 Overview

This LSl incorporates a 10-bit successive-approximations A/D converter that allows up to 12
analog input channels to be selected.

24.1.1 Features
A/D converter has the following features.

* 10-bit resolution
e 12 input channels
« Sample and hold function

» Choice of software, hardware (internal signal) triggering or external triggering for A/D
conversion start.

« A/D conversion end interrupt request generation
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24.1.2

Block Diagram

Figure 24.1 shows a block diagram of the A/D converter.

Internal data bus

Reference Voltage

AVce — _% I ,S
j=2}
% E R A
o D
10-bit s£ A ClIA
DI/IA o S||D A
g H R||c
] ® R R D
e T
] S
AVgg —> R
Hardware
control  e—>
circuit
L
ADTRG
Y (HSW timing generator)
ANO —» Vref ~—
AN1 —| _ >+
AN2 — QO \o ~<—— DFG
AN3— 3 [ 1o . -
ANd — & T «—— ADTRG
AN5 — = Chopper type Control circuit
ANG6 —~| E 7;;— comparator
Ml £
— =2 - - — @2
ANG | © Sr?mple_ and 0]
ANA —| < old circuit — @4
ANB —|
4 \—> Interrupt request
Legend:
ADR : Software trigger A/D result register ADTRG, DFG : Hardware trigger
AHR  : Hardware trigger A/D result register ADTRG: A/D external trigger input
ADCR : A/D control register
ADCSR: A/D control/status register
ADTSR: A/D trigger selection register

Figure 24.1 Block Diagram of A/D Converter

Rev. 1.0, 02/01, page 522 of 1184

RENESAS




24.1.3 Pin Configuration
Table 24.1 summarizes the input pins used by the A/D converter.

Table 24.1 A/D Converter Pins

Name Abbrev. I/0 Function

Analog power supply pin AV . Input Analog block power supply and A/D
conversion reference voltage

Analog ground pin AV, Input Analog block ground and A/D conversion
reference voltage

Analog input pin 0 ANO Input Analog input channel 0

Analog input pin 1 AN1 Input Analog input channel 1

Analog input pin 2 AN2 Input Analog input channel 2

Analog input pin 3 AN3 Input Analog input channel 3

Analog input pin 4 AN4 Input Analog input channel 4

Analog input pin 5 AN5 Input Analog input channel 5

Analog input pin 6 AN6 Input Analog input channel 6

Analog input pin 7 AN7 Input Analog input channel 7

Analog input pin 8 ANS8 Input Analog input channel 8

Analog input pin 9 AN9 Input Analog input channel 9

Analog input pin A ANA Input Analog input channel A

Analog input pin B ANB Input Analog input channel B

A/D external trigger input pin ~ ADTRG Input External trigger input for starting A/D
conversion
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24.1.4 Register Configuration

Table 24.2 summarizes the registers of the A/D converter.

Table 24.2 A/D Converter Registers

Name Abbrev. R/W Size Initial Value ~ Address *?
Software trigger A/D ADRH R Byte H'00 H'D130
result register H

Software trigger A/D ADRL R Byte H'00 H'D131
result register L

Hardware trigger A/D AHRH R Byte H'00 H'D132
result register H

Hardware trigger A/D AHRL R Byte H'00 H'D133
result register L

A/D control register ADCR R/W Byte H'40 H'D134
A/D control/status ADCSR R (W)** Byte H'01 H'D135
register

A/D trigger selection ADTSR R/W Byte HFC H'D136
register

Port mode register 0 PMRO R/W Byte H'00 H'FFCD

Notes: 1. Only O can be written in bits 7 and 6, to clear the flag. Bits 3 to 1 are read-only.

2. Lower 16 bits of the address.
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24.2  Register Descriptions

24.2.1 Software-Triggered A/D Result Register (ADR)

ADRH ADRL

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|ADR9|ADRS|ADR7|ADR6|ADRS|ADR4|ADR3[ADR2|ADR1/ADRO] — | — | — [ — | — [ — |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW: R R R R R R R R R R — — — — — —

The software-triggered A/D result register (ADR) is a register that stores the result of an A/D
conversion started by software.

The A/D-converted data is 10-bit data. Upon completion of software-triggered A/D conversion,
the 10-hbit result data is transferred to ADR and the data is retained until the next software-
triggered A/D conversion completion. The upper 8 bits of the data are stored in the upper bytes
(bits 15 to 8) of ADR, and the lower 2 bits are stored in the lower bytes (bits 7 and 6). Bits 5 to |
are always read as 0.

ADR can be read by the CPU at any time, but the ADR value during A/D conversion is not fixed
The upper bytes can always be read directly, but the data in the lower bytes is transferred via a
temporary register (TEMP). For details, see section 24.3, Interface to Bus Master.

ADR is a 16-bit read-only register which is initialized to H'0000 at a reset, and in module stop
mode, standby mode, watch mode, subactive mode and subsleep mode.

24.2.2 Hardware-Triggered A/D Result Register (AHR)

AHRH AHRL
Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
[AHR9]AHRS|AHR7| AHRG|AHRS|AHR4|AHR3|AHR2[AHRL[AHRO] — | — | — [ — | — [ — |
Initial value: 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW: R R R R R R R R R R - -

The hardware-triggered A/D result register (AHR) is a register that stores the result of an A/D
conversion started by hardware (internal signal: ADTRG and DFG) or by external trigger input
(ADTRG).

The A/D-converted data is 10-bit data. Upon completion of hardware- or external-triggered A/D
conversion, the 10-bit result data is transferred to AHR and the data is retained until the next
hardware- or external- triggered A/D conversion completion. The upper 8 bits of the data are
stored in the upper bytes (bits 15 to 8) of AHR, and the lower 2 bits are stored in the lower bytes

(bits 7 and 6). Bits 5to O are always read as 0.
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AHR can be read by the CPU at any time, but the AHR value during A/D conversion is not fixed.
The upper bytes can always be read directly, but the data in the lower bytes is transferred via a
temporary register (TEMP). For details, see section 24.3, Interface to Bus Master.

AHR is a 16-bit read-only register which is initialized to H'0000 at a reset, and in module stop
mode, standby mode, watch mode, subactive mode and subsleep mode.

24.2.3  A/D Control Register (ADCR)

Bit : 7 6 5 4 3 2 1 0
ck | — | Hewr | Heo | scHs | scH2 | scHi | scro

Initial value : 0 1 0 0 0 0 0 0
RW: RW _ RIW RIW RIW RIW RIW RIW

ADCR is a register that sets A/D conversion speed and selects analog input channel. When
executing ADCR setting, make sure that the SST and HST flags in ADCSR is set to 0.

ADCR is an 8-bit readable/writable register that is initialized to H'40 by a reset, and in module
stop mode, standby mode, watch mode, subactive mode and subsleep mode.

Bit 70 Clock Select (CK): Sets A/D conversion speed.

Bit 7

ck Description
0 Conversion frequency is 266 states (Initial value)
1 Conversion frequency is 134 states

Note: A/D conversion starts when 1 is written in SST, or when HST is set to 1. The conversion
period is the time from when this start flag is set until the flag is cleared at the end of
conversion. Actual sample-and-hold takes place (repeatedly) during the conversion
frequency shown in figure 24.2.
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States ! ! ; ; ; ;

Instruction execution MOV.B

WRITE

Start flag

Conversion frequency
B A

Conversion period (134 or 266 states)

Interrupt request flag /

IRQ sampling
(CPU)

Note: IRQ sampling; When conversion ends, the start flag is cleared and the interrupt request flag is
set. The CPU recognizes the interrupt in the last execution state of an instruction,
and executes interrupt exception handling after completing the instruction.

Figure 24.2 Internal Operation of A/D Converter
Bit 60 Reserved:This bit cannot be modified and is always read as 1.

Bits 5 and 41 Hardware Channel Select (HCH1, HCHO):These bits select the analog input

channel that is converted by hardware triggering or triggering by an external input. Only channe

ANB8 to ANB are available for hardware- or external-triggered conversion.

Bit 5 Bit 4

HCH1 HCHO Analog Input Channel

0 0 AN8 (Initial value)
1 AN9

1 0 ANA
1 ANB
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Bits 3 to (I Software Channel Select (SCH3 to SCHOJhese bits select the analog input

channel that is converted by software triggering.

When channels ANO to AN7 are used, appropriate pin settings must be made in port mode regist
0 (PMRO). For pin settings, see section 24.2.6, Port Mode Register 0 (PMRO).

Bit 3 Bit 2 Bit 1 Bit 0

SCH3 SCH2 SCH1 SCHO Analog Input Channel

0 0 0 0 ANO (Initial value)
1 AN1
1 0 AN2
1 AN3
1 0 0 AN4
1 ANS
1 0 ANG6
1 AN7
1 0 0 0 AN8
1 AN9
1 0 ANA
1 ANB

1 * * No channel selected for software-triggered conversion

Notes: 1. If conversion is started by software when SCH3 to SCHO are set to 11**, the
conversion result is undetermined. Hardware- or external-triggered conversion,
however, will be performed on the channel selected by HCH1 and HCHO.

2. * Don't care.
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24.2.4  A/D Control/Status Register (ADCSR)

Bit : 7 6 5 4 3 2 1 0

| seno | HEND | ADIE | ssT | HsT BUSY | ScNL —

Initial value : 0 0 0 0 0 0 0 1
RIW: RIW)*  RIW)* RIW RIW R R R —

Note: * Only 0 can be written to bits 7 and 6, to clear the flag.

The A/D status register (ADCSR) is an 8-bit register that can be used to start or stop A/D
conversion, or check the status of the A/D converter.

A/D conversion starts when 1 is written in SST flag. A/D conversion can also start by setting HS
flag to 1 by hardware- or external-triggering.

For ADTRG start by HSW timing generator in hardware triggering, see section 26.4, HSW (Hea
switch) Timing Generator.

When conversion ends, the converted data is stored in the software-triggered A/D result registe
(ADR) or hardware-triggered A/D result register (AHR), and the SST or HST bit is cleared to O.
If software-triggering and hardware- or external-triggering are generated at the same time, prior
is given to hardware- or external-triggering.

ADCSR is an 8-bit register which is initialized to H'01 by a reset, and in module stop mode,
standby mode, watch mode, subactive mode and subsleep mode.

Bit 700 Software A/D End Flag (SEND):Indicates the end of A/D conversion.

Bit 7

SEND Description

0 [Clearing Conditions] (Initial value)
0 is written after reading 1

1 [Setting Conditions]

Software-triggered A/D conversion has ended

Bit 600 Hardware A/D End Flag (HEND): Indicates that hardware- or external-triggered A/D
conversion has ended.

Bit 6

HEND Description

0 [Clearing Conditions] (Initial value)
0 is written after reading 1

1 [Setting Conditions]

Hardware- or external-triggered A/D conversion has ended
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Bit 500 A/D Interrupt Enable (ADIE): Selects enable or disable of interrupt (ADI) generation
upon A/D conversion end.

Bit 5

"ADIE Description
0 Interrupt (ADI) upon A/D conversion end is disabled (Initial value)
1 Interrupt (ADI) upon A/D conversion end is enabled

Bit 400 Software A/D Start Flag (SST):Indicates or controls the start and end of software-
triggered A/D conversion. This bit remains 1 during software-triggered A/D conversion.
When 0 is written in this bit, software-triggered A/D conversion operation can forcibly be aborted.

Bit 4
SST Description
0 Read: Indicates that software-triggered A/D conversion has ended or been stopped
(Initial value)
Write: Software-triggered A/D conversion is aborted
1 Read: Indicates that software-triggered A/D conversion is in progress

Write: Starts software-triggered A/D conversion

Bit 300 Hardware A/D Status Flag (HST):Indicates the status of hardware- or external-triggered
A/D conversion. When 0 is written in this bit, A/D conversion is aborted regardless of whether it
was hardware-triggered or external-triggered.

Bit 3
HST Description
0 Read: Hardware- or external-triggered A/D conversion is not in progress
(Initial value)
Write: Hardware- or external-triggered A/D conversion is aborted
1 Hardware- or external-triggered A/D conversion is in progress
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Bit 200 Busy Flag (BUSY):During hardware- or external-triggered A/D conversion, if software
attempts to start A/D conversion by writing to the SST bit, the SST bit is not modified and instea
the BUSY flag is set to 1.

This flag is cleared when the hardware-triggered A/D result register (AHR) is read.

Bit 2

TBUSY Description
0 No contention for A/D conversion (Initial value)
1 Indicates an attempt to execute software-triggered A/D conversion while hardware- or

external-triggered A/D conversion was in progress

Bit 100 Software-Triggered Conversion Cancel Flag (SCNL)Indicates that software-triggered
A/D conversion was canceled by the start of hardware-triggered A/D conversion.
This flag is cleared when A/D conversion is started by software.

Bit 1

"SCNL Description
0 No contention for A/D conversion (Initial value)
1 Indicates that software-triggered A/D conversion was canceled by the start of

hardware-triggered A/D conversion

Bit 000 Reserved:This bit cannot be modified and is always read as 1.
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24.2.5 Trigger Select Register (ADTSR)

Bit: 7 6 5 4 3 2 1 0
| — | — | - | = | — — | tres1 | TRGSO
Initial value : 1 1 1 1 1 1 0 0
RW:  — — — — — — RW  RW

The trigger select register (ADTSR) selects hardware- or external-triggered A/D conversion start
factor.

ADTSR is an 8-bit readable/writable register that is initialized to H'FC by a reset, and in module
stop mode, standby mode, watch mode, subactive mode and subsleep mode.

Bits 7 to 21 Reserved:These bits cannot be modified and are always read as 1.

Bits 1 and @ Trigger Select (TRGS1, TRGSO0)These bits select hardware- or external-
triggered A/D conversion start factor. Set these bits when A/D conversion is not in progress.

Bit 1 Bit 0
TRGS1 TRGSO Description
0 0 Hardware- or external-triggered A/D conversion is disabled
(Initial value)

Hardware-triggered (ADTRG) A/D conversion is selected

1 0 Hardware-triggered (DFG) A/D conversion is selected

External-triggered (ADTRG) A/D conversion is selected

24.2.6  Port Mode Register 0 (PMRO)

Bit: 7 6 5 4 3 2 1
PMRO7 | PMR06 | PMRO5 | PMRo4 | PMR03 | PMR02 | PMRO1 | PMROO
Initial value : 0 0 0 0 0 0 0 0
RW: RW RW RW RW RW  RW  RW  RW

Port mode register 0 (PMRO) controls switching of each pin function of port 0. Switching is
specified for each bit.

PMRO is an 8-bit readable/writable register and is initialized to H'00 by a reset.
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Bits 7 to 0 PO7/AN7 to POO/ANO Pin Switching (PMRO7 to PMROO)These bits set the
POn/ANnN pin as the input pin for POn or as the ANn pin for A/D conversion analog input channel

Bit n

"PMROn Description
0 POn/ANnN functions as a general-purpose input port (Initial value)
1 POn/ANnN functions as an analog input channel

(n=7t00)

24.2.7 Module Stop Control Register (MSTPCR)

MSTPCRH MSTPCRL

Bit : 7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0
|MSTP15|MSTP14|MSTP13|MSTP12|MSTP11|MSTP10| MSTP9 | MSTP8 | MSTP? | MSTP6 | MSTP5 | MSTP4 | MSTP3 | MSTP2 | MSTPL | MSTPO |

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW R/W

MSTPCR consists of 8-bit readable/writable registers and performs module stop mode control.
When the MSTP2 bit in MSTPCR is set to 1, A/D converter operation stops at the end of the bu
cycle and a transition is made to module stop mode. For details, see section 4.5, Module Stop
Mode.

MSTPCR is initialized to H'FFFF by a reset

Bit 200 Module Stop (MSTP2):Specifies the A/D converter module stop mode.

MSTPCRL
Btz
TMSTP2 Description
0 A/D converter module stop mode is cleared
1 A/D converter module stop mode is set (Initial value)
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24.3 Interface to Bus Master

ADR and AHR are 16-bit registers, but the data bus to the bus master is only 8 bits wide.
Therefore, in accesses by the bus master, the upper byte is accessed directly, but the lower byte
accessed via a temporary register (TEMP).

A data reading from ADR and AHR is performed as follows. When the upper byte is read, the
upper byte value is transferred to the CPU and the lower byte value is transferred to TEMP. Nex
when the lower byte is read, the TEMP contents are transferred to the CPU.

When reading ADR and AHR, always read the upper byte before the lower byte. It is possible to
read only the upper byte, but if only the lower byte is read, incorrect data may be obtained.
Figure 24.3 shows the data flow for ADR access. The data flow for AHR access is the same.

Upper byte read

Module data bus
Bus master ) Bus
(H'AA) interface

TEMP
(H'40)
ADRH ADRL
(H'AA) (H'40)

Lower byte read

B Module data bus
Bus master ~ us
(H'40) interface

TEMP
(H'40)
ADRH ADRL
(H'AA) (H'40)

Figure 24.3 ADR Access Operation (Reading H'AA40)
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24.4  Operation

The A/D converter operates by successive approximations with 10-bit resolution.

24.4.1 Software-Triggered A/D Conversion

A/D conversion starts when software sets the software A/D start flag (SST bit) to 1. The SST bi
remains set to 1 during A/D conversion, and is automatically cleared to O when conversion ends
Conversion can be software-triggered on any of the 12 channels provided by analog input pins
ANO to ANB. Bits SCH3 to SCHO in ADCR select the analog input pin used for software-
triggered A/D conversion. Pins AN8 to ANB are also available for hardware- or external-
triggered conversion.

When conversion ends, SEND flag in ADCSR bit is set to 1. If ADIE bit in ADCSR is also set to
1, an A/D conversion end interrupt occurs.

If the conversion time or input channel selection in ADCR needs to be changed during A/D
conversion, to avoid malfunctions, first clear the SST bit to O to halt A/D conversion.

If software writes 1 in the SST bit to start software-triggered conversion while hardware- or
external-triggered conversion is in progress, the hardware- or external-triggered conversion has
priority and the software-triggered conversion is not executed. At this time, BUSY flag in
ADCSR is setto 1. The BUSY flag is cleared to 0 when the hardware-triggered A/D result
register (AHR) is read. If conversion is triggered by hardware while software-triggered
conversion is in progress, the software-triggered conversion is immediately canceled and the S
flag is cleared to 0, and SCNL flag in ADCSR is setto 1. The SCNL flag is cleared when
software writes 1 in the SST bit to start conversion after the hardware-triggered conversion end:
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24.4.2 Hardware- or External-Triggered A/D Conversion

The system contains the hardware trigger function that allows to turn on A/D conversion at a
specified timing by use of the hardware trigger (internal signals: ADTRG and DFG) and the
incoming external triggetADTRG). This function can be used to measure an analog signal that
varies in synchronization with an external signal at a fixed timing.

To execute hardware- or external-triggered A/D conversion, select appropriate start factor in
TRGS1 and TRGSO bits in ADTSR. When the selected triggering occurs, HST flag in ADCSR is
set to 1 and A/D conversion starts. The HST flag remains 1 during A/D conversion, and is
automatically cleared to 0 when conversion ends. For ADTRG start by HSW timing generator in
hardware triggering, see section 26.4, HSW Timing Generator. Setting of the analog input pins @
four channels from AN8 to ANB can be modified with the hardware trigger or the incoming
external trigger. Setting is done from HCH1 and HCHO bits on ADCR. Pins AN8 to ANB are
also available for software-triggered conversion.

When conversion ends, HEND flag in ADCSR is set to 1. If ADIE bit in ADCSR is also set to 1,
an A/D conversion end interrupt occurs.

If the conversion time or input channel selection in ADCR needs to be changed during A/D
conversion, to avoid malfunctions, first clear the HST flag to O to halt A/D conversion.

If software writes 1 in the SST bit to start software-triggered conversion while hardware- or
external-triggered conversion is in progress, the hardware- or external-triggered conversion has
priority and the software-triggered conversion is not executed. At this time, BUSY flag in
ADCSR is setto 1. The BUSY flag is cleared to 0 when the hardware-triggered A/D result
register (AHR) is read.

If conversion is triggered by hardware while software-triggered conversion is in progress, the
software-triggered conversion is immediately canceled and the SST flag is cleared to 0, and SCN
flag in ADCSR is set to 1 (the SCNL flag is cleared when software writes 1 in the SST bit to start
conversion after the hardware-triggered conversion ends). The analog input channel changes
automatically from the channel that was undergoing software-triggered conversion (selected by
bits SCH3 to SCHO in ADCR) to the channel selected by bits HCH1 and HCHO in ADCR for
hardware- or external-triggered conversion. After the hardware- or external-triggered conversion
ends, the channel reverts to the channel selected by the software-triggered conversion channel
select bits in ADCR.

Hardware- or external-triggered conversion has priority over software-triggered conversion, so th
A/D interrupt-handling routine should check the SCNL and BUSY flags when it processes the
converted data.
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24.5 Interrupt Sources

When A/D conversion ends, SEND or HEND flag in ADCSR is setto 1. The A/D conversion en
interrupt (ADI) can be enabled or disabled by ADIE bit in ADCSR.
Figure 24.4 shows the block diagram of A/D conversion end interrupt.

A/D control/status register (ADCSR)

| SEND | HEND | ADIE | |

A/D conversion end
interrupt (ADI)
To interrupt controller

Figure 24.4 Block Diagram of A/D Conversion End Interrupt
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Section 25 Address Trap Controller (ATC)

25.1 Overview

The address trap controller (ATC) is capable of generating interrupt by setting an address to tre
when the address set appears during bus cycle.

25.1.1 Features

Address to trap can be set independently at three points.

25.1.2 Block Diagram

Figure 25.1 shows a block diagram of the address trap controller.

AN
< Modules bus . Bus
interface —
I JY J\ ]
\ Y Y A 2
Ko}
| ATCR || TARO || TAR1 || TAR2 | =
c
9]
S
\/ \/ \/ \
Trap condition comparator
NV
» Interrupt request
Legend:
ATCR : Address trap control register
TARO to 2 : Trap address register 0 to 2

Figure 25.1 Block Diagram of ATC
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25.1.3 Register Configuration

Table 25.1 Register List

Name Abbrev. R/W Initial Value  Address *
Address trap control register ATCR R/W H'F8 H'FFB9
Trap address register 0 TARO R/W H'FO0000 H'FFBO to H'FFB2
Trap address register 1 TAR1 R/W H'FO0000 H'FFB3 to H'FFB5
Trap address register 2 TAR2 R/W H'FO0000 H'FFB6 to H'FFB8
Note: * Lower 16 bits of the address.
25.2  Register Descriptions
25.2.1 Address Trap Control Register (ATCR)
Bit : 7 6 5 4 3 2 1 0
— — — — — TRC2 | TRC1 | TRCO
Initial value : 1 1 1 1 1 0 0 0
R/W : — — — — — R/W R/W R/W

Bits 7 to 31 Reserved:These bits cannot be modified and are always read as 1.

Bit 200 Trap Control 2 (TRC2): Sets ON/OFF operation of the address trap function 2.

Bit 2

“TRC2 Description
0 Address trap function 2 disabled (Initial value)
1 Address trap function 2 enabled
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Bit 100 Trap Control 1 (TRC1): Sets ON/OFF operation of the address trap function 1.

Bit 1

"TRC1 Description
0 Address trap function 1 disabled (Initial value)
1 Address trap function 1 enabled

Bit 001 Trap Control 0 (TRCO): Sets ON/OFF operation of the address trap function 0.

Bit0

"TRCO Description
0 Address trap function 0 disabled (Initial value)
1 Address trap function 0 enabled
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25.2.2  Trap Address Register 2 to 0 (TAR2 to TARO)

Bit : 7 6 5 4 3 2 1 0
A23 A22 A21 A20 Al19 Al8 Al7 Al6

Initial value : 0 0 0 0 0 0 0 0
RIW : R/W R/W R/W R/W R/W R/W R/W R/W

Bit : 7 6 5 4 3 2 1 0

Al5 Al4 Al3 Al12 All A10 A9 A8

Initial value : 0 0 0 0 0 0 0 0
R/IW : R/W R/W R/W R/W R/W R/W R/W R/W

Bit : 7 6 5 4 3 2 1 0

A7 A6 A5 Ad A3 A2 Al —

Initial value : 0 0 0 0 0 0 0 0
R/W : R/W R/W R/W R/W R/W R/W R/W -

The TAR is composed of three 8-bit readable/writable registers (TARNA, B, and C)(n = 2to 0)
The TAR sets the address to trap. The function of the TAR2 to TARO is the same.
The TAR is initialized to H'00 by a reset.

TARA bits 7 to 0: Addresses 23 to 16 (A23 to A16)
TARB bits 7 to 0: Addresses 15 to 8 (A15 to A8)
TARC bits 7 to 0: Addresses 7 to 1 (A7 to Al)

If the value installed in this register and internal address buses A23 to A1 match as a result of
comparison, an interruption occurs.

For the address to trap, set to the address where the first byte of an instruction exists. In the cas
of other addresses, it may not be considered that the condition has been satisfied.

Bit O of this register is fixed at 0. The address to trap becomes an even address.

The range where comparison is made is H'000000 to H'FFFFFE.
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25.3 Precautions in Usage

Address trap interrupt arises 2 states after prefetching the trap address. Trap interrupt may occ
after the trap instruction has been executed, depending on a combination of instructions
immediately preceding the setting up of the address trap.

If the instruction to trap immediately follows the branch instruction or the conditional branch
instruction, operation may differ, depending on whether the condition was satisfied or not, or the
address to be stacked may be located at the branch. Figures 25.2 to 25.22 show specific
operations.

For information as to where the next instruction prefetch occurs during the execution cycle of the
instruction, see appendix A.5 of this manual or section 2.7 Bus State during Execution of
Instruction of the H8S/2600 and H8S/2000 Series Programming Manual. (R:W NEXT is the nex
instruction prefetch.)

25.3.1 Basic Operations

After terminating the execution of the instruction being executed in the second state from the tra
address prefetch, the address trap interrupt exception handling is started.

1. Figure 25.2 shows the operation when the instruction immediately preceding the trap addres
is that of 3 states or more of the execution cycle and the next instruction prefetch occurs in
state before the last 2 states. The address to be stacked is 0260.

MOV NOP Internal Datg Start of exception
instruc- instruc- opera-  rea H

tion tion tion handling
pre-fetch| pre-fetch

(ER3 = H'0000)

- -«
Immediately Address

preceding _ 025E MOV.B @ER3+,R2L

¢ Instruction * 0260 NOP
0262 NOP
Address bus X025EX 0260  X0000X 0262 X 0264 NOP
-
MOV
exection * Trap setting address
The underlines address is the
Interrupt one to be actually stacked.
request
signal

Note: In the figure above, the NOP instruction is used as the typical example of instruction with
execution cycle of 1 state. Other instructions with the execution cycle of 1 state also apply
(Ex. MOV.B, Rs, Rd).

Figure 25.2 Basic Operations (1)
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2. Figure 25.3 shows the operation when the instruction immediately preceding the trap address

is that of 2 states or more of the execution cycle and the next instruction prefetch occurs in th
second state from the last. The address to be stacked is 0268.

MOV ~ NOP Data NOP  Start of exception

instruc- instruc- read  instruc- andling
tion tion tion i
o e o Immediately ~ Address

preceding _. 0266 MOV.B

instruction R2L, @0000
* 0268 NOP
026A NOP
026C NOP

Addressbus  X0266X0268X0000026AX__ 026C X
<+

<+

MOV NOP
execution execution

Interrupt
request
signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.3 Basic Operations (2)

3. Figure 25.4 shows the operation when the instruction immediately preceding the trap address

is that of 1 state or 2 states or more and the prefetch occurs in the last state. The address to
stacked is 025C.

NOP NOP NOP NOP Start of
instruc- instruc- instruc-  instruc- .
tion tion tion tion exception

pre-fetch|pre-fetch| pre-fetch| pre-fetch| - handling Address
-« Immediately -~ 0256 NOP
preceding * 0258 NOP
instruction 025A NOP
¢ 025C NOP
025E NOP

Addressbus _ X0256)0258)025AX025CX 0258 X
<+t

NOP NOP NOP
©Xecu- Eexecu- execu-
tion tion tion

Interrupt
request
signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.4 Basic Operations (3)
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25.3.2  Enabling

The address trap function becomes valid after executing one instruction following the setting of
the enable bit of the address trap control register (ATCR) to 1.

029C BSET #0, @TRCR

*029E MOV.W RO, R1 <«+—  After executing the MOV instruction,
02A0 MOV.B RI1L, R3H the address trap interrupt does not
02A2 NOP arise, and the next instruction is
02A4 CMP.W RO, R1 executed.
02A6 NOP

Note: * Trap setting address

Figure 25.5 Enabling

25.3.3 Bcc Instruction

1. When the condition is satisfied by Bcc instruction (8-bit displacement)
If the trap address is the next instruction to the Bcc instruction and the condition is satisfied &
the Bcc instruction and then branched, transition is made to the address trap interrupt after
executing the instruction at the branch. The address to be stacked is 02A8.

BEQ NOP CMP NOP Start of
instruc- instruc-  instruc-  instruc-

tion tion tion tion eXCE%[:JA'(ion
pre-fetch | pre-fetch| pre-fetch|pre-fetch| handling
— < (NEXT = H'02A6)

029C BEQ NEXT:8

¢ * 029E NOP
02A0 NOP
Address bus 029CX029E X02A6X02A8 02AA 02A2 NOP
:X X X X X X: 02A4 NOP
‘ BEQ ’ 'CMP' 02A6 CMP.W RO, R1
execu- execu- 02A8 NOP
tion tion
Interrupt
request
signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.6 When the Condition Satisfied by Bcc Instruction (8-bit Displacement)
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2. When the condition is not satisfied by Bcc instruction (8-bit displacement)
If the trap address is the next instruction to the Bcc instruction and the condition is not satisfie
by the Bcc instruction and thus it fails to branch, transition is made to the address trap interruj
after executing the trap address instruction and prefetching the next instruction. The address
be stacked is 02A2.

BEQ NOP CMP NOP  Startof
instruc- instruc-  instruc-  instruc- .
tion tion tion tion exception

pre-fetch| pre-fetch| pre-fetch| pre-fetch| handling
> -

(NEXT = H'02A8)

029E BEQ NEXT:8

¢ * 02A0 NOP
02A2 NOP
Address bus X029EX02A0X02A8X02A2 02A4 02A4 NOP
X X X X X: 02A6 NOP
BEQ 'Nop' NEXT: 02A8 CMP.W RO, R1
execu- execu- 02AA NOP
tion tion
Interrupt
request

signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.7 When the Condition Not Satisfied by Bcc Instruction (8-bit Displacement)
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3. When condition is not satisfied by Bcc instruction (16-bit displacement)

If the trap address is the next instruction to the Bcc instruction and the condition is not satisfi
by the Bcc instruction and thus it fails to branch, transition is made to the address trap interrt
after executing the trap address instruction (if the trap address instruction is that of 2 states
more. If the instruction is that of 1 state, after executing two instructions). The address to be

stacked is 02CO.

BEQ Data Intemal NOP NOP NOP  Start of
instruc-  fetch  opera- instruc- instruc- instruc- . .
tion tion tion tion ton  exception handling

(NEXT = H'02C4)

02B8 BEQ NEXT:16

* 02BC NOP
02BE NOP
Address bus Xo2sY 028A Y02BCX02BEY02c0X  02C2 02C0 NOP
X X X X X X: 02C2 NOP
“+—————————————p4—P—> .
BEQ NOP NOP NEXT: 02C4  NOP
execution eXecu- execu-
tion tion
Interrupt
request
signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.8 When the Condition Not Satisfied by Bcc Instruction (16-bit Displacement)
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4. When the condition is not satisfied by Bcc instruction (Trap address at branch)
When the trap address is at the branch of the Bcc instruction and the condition is not satisfied
by the Bcc instruction and thus it fails to branch, transition is made into the address trap
interrupt after executing the next instruction (if the next instruction is that of 2 states or more.
If the next instruction is that of 1 state, after executing two instructions). The address to be

stacked is 0262.

BEQ NOP CMP NOP NOP  Start of
instruc-  instruc- instruc-  instruc-  instruc- :
tion tion tion tion tion exception

(NEXT = H'0266)

025C BEQ NEXT:8

¢ 025E  NOP
0260 NOP
Addressbus  X025CX025EX0266X0260X0262) 0264 X 0262 NOP
0264 NOP
BEQ . NOP NOP NEXT: * 0266 CMP.W RO, R1
execution  execu- execu- 0268 NOP
tion tion
Interrupt
request

signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.9 When the Condition Not Satisfied by Bcc Instruction
(Trap Address at Branch)
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25.3.4 BSR Instruction

1. BSR Instruction (8-bit displacement)
When the trap address is the next instruction to the BSR instruction and the addressing mod
an 8-bit displacement, transition is made to the address trap interrupt after prefetching the
instruction at the branch. The address to be stacked is 02C2.

BSR NOP MOV

instruc- instruc-  instruc- Stack Start of
prefach|preeich|progeicn]  Saving | exception handling (@ERO = H02C2)
-

0294 BSR @ERO

0 « 0296 NOP
0298 NOP
Address bus X0294X0296X02C2XSP-2XSP-4X  02C4 X
e —— 02C2  MOV.W R4, @OUT
BSR execution 02C4 NOP
Interrupt
request

signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.10 BSR Instruction (8-bit Displacement)
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25.3.5 JSR Instruction

1. JSR Instruction (Register indirect)

When the trap address is the next instruction to the JSR instruction and the addressing mode
a register indirect, transition is made to the address trap interrupt after prefetching the
instruction at the branch. The address to be stacked is 02C8.

_JtSR 'NtOP _MIOV Stack Start of
Mon "fon 'fon . saving  exception (@ERO = H'02C8)

handling

‘ 029A JSR @ERO
* 029C NOP
0] 029E NOP
Addressbus  X029AX029CX02C8XSP-2XSP-4X  02CA X 0268 MOV.W Ré. @OUT
< : > 02CE NOP
JSRexecution

Interrupt
request
signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.11 JSR Instruction (Register Indirect)
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2. JSR Instruction (Memory indirect)

When the trap address is the next instruction to the JSR instruction and the addressing modk
memory indirect, transition is made to the address trap interrupt after prefetching the
instruction at the branch. The address to be stacked is 02EA.

JSR  NOP NOP
instruc-  instruc- Data Stack instruc- Zt(ig ct‘{on
tion ~tion fetch saving o o

handling 006C H'02EA

@ 0294 JSR @@H'6C:8
* 0296 NOP
0298 NOP
Addressbus  X0294X0296 X006CX006EX SP-2XSP-4X02EAX  02EC ) :
) JSR execution - 02EA NOP
02EC  NOP

Interrupt
request
signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.12 JSR Instruction (Memory Indirect)
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25.3.6  JMP Instruction

1. JMP Instruction (Register indirect)

When the trap address is the next instruction to the JMP instruction and the addressing mode
a register indirect, transition is made to the address trap interrupt after prefetching the
instruction at the branch. The address to be stacked is 02AA.

JMP NOP MOV NOP
instruc-  instruc-  instruc- Data instruc- Start of

tion tion tion fetch tion exception (@ERO = H'02A4)
pre-fetch | pre-fetch|pre-fetch pre-fetch handling

029A JMP @ERO

% 029C NOP
¢ 029E NOP
02A0 NOP
02A2 NOP
Addressbus  X029AX029CX02A4%02A6X02A8X02AAK  02AC X 02A4 MOV.L #DATA ERL
02AA NOP
IMP MOV.L
execution execution
Interrupt
request ;

signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.13 JMP Instruction (Register Indirect)
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2. JMP Instruction (Memory indirect)

When the trap address is the next instruction to the JMP instruction and the addressing mod
memory indirect, transition is made to the address trap interrupt after prefetching the
instruction at the branch. The address to be stacked is 02E4.

JMP  NOP Data Internal  NOP  Start of
instruc-  instruc- opera- instruc-
tion tion fetch i i

tion ton , exception 006C H'02E4

0294 JMP @@H'6C:8

0 * 0296 NOP
0298 NOP
Addressbus  X0294X0296X006CX006EX006CX02E4X  02E6 X

- 02E4 NOP

JMP execution 02E6 NOP
Interrupt
request
signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.14 JMP Instruction (Memory Indirect)

25.3.7 RTS Instruction

When the trap address is the next instruction to the RTS instruction, transition is made to the
address trap interrupt after reading the CCR and PC from the stack and prefetching the instructi
at the return location. The address to be stacked is 0298.

“RTS  NOP Stack Internal  NOP  Start of
insguc- - insiruc: saving opera- INSIuC  exception (@ERO = H'02C8)

pre-fetch| handling
0296 BSR SUB

0298 NOP
© 029A NOP
Address bus 02ACK02AEX SP XsP+2X sp X0298X  029A X :
02AC RTS
RTS execution * 02AE  NOP

Break interrupt
request signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.15 RTS Instruction
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25.3.8 SLEEP Instruction

1. SLEEP Instruction 1

When the trap address is the SLEEP instruction and the instruction execution cycle
immediately preceding the SLEEP instruction is that of 2 states or more and prefetch does no
occur in the last state, the SLEEP instruction is not executed and transition is made to the
address trap interrupt without going into SLEEP mode. The address to be stacked is 0274.

MOV SLEEP Data NOP Start of
instruc-  instruc- . instruc- ;
tion tion , Write ion exception

handling
—

0272 MOV.B R2L, @FFF8

¢ * 0274 SLEEP
0276 NOP
0278 NOP
Address bus X0272X0274XFFFOX 0276 XsP-2XsP-4X :
«— e >
MOV SLEEP
execution cancel
Interrupt
request

signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.16 SLEEP Instruction (1)
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2. SLEEP Instruction 2

When the trap address is the SLEEP instruction and the instruction execution cycle
immediately preceding the SLEEP instruction is that of 1 state 2 states or more and prefetch
occurs in the last state, this puts in the SLEEP mode after execution of the SLEEP instructic
and the SLEEP mode is cancelled by the address trap interrupt and transition is made to the
exception handling. The address to be stacked is 0264.

NOP SLEEP NOP Start of
exception

handling
—

0260 NOP
) * 0262 SLEEP
0264 NOP
0266 NOP
Addressbus  X0260%0262) 0264 XsP-2XsP-4X :
<+——Pret——— PP
NOP SLEEP SLEEP
execution execution mode
Interrupt
request
signal

Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.17 SLEEP Instruction (2)
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3. SLEEP Instruction 3
When the trap address is the next instruction to the SLEEP instruction, this puts in the SLEEF

mode after execution of the SLEEP instruction, and the SLEEP mode is cancelled by the
address trap interrupt and transition is made to the exception handling. The address to be

stacked is 0282.

SLEEP  NOP Start of
'”ﬁ‘gﬁC' '”ﬁ‘gﬁc' exception
handling
-
027E NOP
I 0280 SLEEP
* 0282 NOP
0284 NOP
Address bus X0280X 0282 XsP-2XsP-4X ;
e —
SLEEP SLEEP mode
execution
Interrupt
request
signal
Note: * Trap setting address
The underlines address is the one to be actually stacked.

Figure 25.18 SLEEP Instruction (3)
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4. SLEEP Instruction 4 (Standby or Watch Mode Setting)
When the trap address is the SLEEP instruction and the instruction immediately preceding tf
SLEEP instruction is that of 1 state or 2 states or more and prefetch occurs in the last state,
puts in the standby (watch) mode after execution of the SLEEP instruction. After that, if the
standby (watch) mode is cancelled by the NMI interrupt, transition is made to NMI interrupt
following the CCR and PC (at the address of 0266) stack saving and vector reading. Howev
if the address trap interrupt arises before starting execution of the NMI interrupt processing,
transition is made to the address trap exception handling. The address to be stacked is the
starting address of the NMI interrupt processing.

NOP SLEEP NOP
instruc-  instruc-  instruc- NMI _Address_trap
tion tion tion interrupt interruption
—
® 0262 NOP
* 0264 SLEEP
» N 0266 NOP
Addressbus  X0262X0264X 0266 |  XSP-2XSPCAXSP-2X
«—— >
SLEEP Standby
execution mode
Interrupt
request
signal
Note: * Trap setting address

Figure 25.19 SLEEP Instruction (4) (Standby or Watch Mode Setting)
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5. SLEEP Instruction 5 (Standby or Watch Mode Setting)
When the trap address is the next instruction to the SLEEP instruction, this puts in the standb
(watch) mode after execution of the SLEEP instruction. After that, if the standby (watch)
mode is cancelled by the NMI interruption, transition is made to the NMI interrupt following
the CCR and PC (at the address of 0266) stack saving and vector reading. However, if the
address trap interrupt arises before starting execution of the NMI interrupt processing,
transition is made to the address trap exception handling. The address to be stacked is the
starting address of the NMI interrupt processing.

NOP  SLEEP

tion tion NMI Address trap
interruption interrupt
B

0280 NOP
0282 SLEEP
* 0284 NOP

Addressbus _ X0280X0282) 0284 i XSP—ZXSP:CAXSP—Z)C
<

D
SLEEP Standby
execution mode

Interrupt
request
signal

Note: * Trap setting address

Figure 25.20 SLEEP Instruction (5) (Standby or Watch Mode Setting)

25.3.9 Competing Interrupt

1. General Interrupt (Interrupt other than NMI)
When the ATC interrupt request is made at the timing in (1) (A) against the general interrupt
request, the interruption appears to take place in the ATC at the timing earlier than usual,
because higher priority is assigned to the ATC interrupt processing (Simultaneous interrupt
with the general interrupt has no effect on processing). The address to be stacked is 029E.
For comparison, the case where the trap address is set at 02A0 if no general interrupt reques
was made is shown in (2). The address to be stacked is 02A4.
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0296 MOV.B R2L, @Port

029A NOP

029C NOP

029E NOP }Set or:ﬁjof these to the

02A0 NOP tl’ap aadaress

02A2 NOP

02A4 NOP

< Start of general
1 MoV NOP NOP  NOP interrupt processing
€3] instruc- Data  instruc- Data instruc-  instruc-
tion | ragd | fion write tion tion

‘pre-fetch‘ ‘pre-fetch‘ ‘pre-fetch pre-fetch Range of start of ATC!

> interrupt processing
R ——

Acdress bus

+——>—>
; NOP  NOP

MOV execution execU- execu-
tion tion

\ 4

General Interrupt |
request signal

«— (A) —»

Irthetzzaus?tsignal V///////A

0296 MOV.B R2L, @Port

029A NOP
029C NOP
029E NOP

02A0 NOP Trap address
Address 02A2 NOP
tobe —»02A4 NOP

stacked
MoV NOP NOP NOP NOP NOP NOP
(2) instruc- DA jnsruc- Data instruc- instruc- instruc- instruc- instruc-

ton = read , ton write tion tion tion tion tion Start of ATC interrupt
‘pre-fetch‘ ‘pre-fetch ‘pre-fetch pre-fetch|pre-fetch|pre-fetch) pre-fetch‘ processing

L >
0 M_I_‘_IJ_I_I_IJ_UTUTUTUTIJ_I_I_I_I_I_I_\
Address bus

<+ttt >

; NOP NOP NOP NOP NOP
MOV execution execu- execu- execu- execu- execu-
tion tion tion tion tion
Interrupt |
request
signal

Figure 25.21 Competing Interrupt (General Interrupt)
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2. In case of NMI

When the NMI interruption request is made at the timing in (1) (A) against the ATC interrupt
request, the interrupt appears to take place in NMI at the timing earlier than usual, because
higher priority is assigned to the NMI interrupt processing. The ATC interrupt processing
starts after fetching the instruction at the starting address of the NMI interrupt processing. Thi
address to be stacked is 02EO for the NMI and 340 for the ATC.

When the ATC interrupt request is made at the timing in (2) (B) against the NMI interrupt
request, the ATC interrupt processing starts after fetching the instruction at the starting addre:

of the NMI interrupt processing. The address to be stacked is 02E6 for the NMI and 0340 for
the ATC.
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Figure 25.22 Competing Interrupt (In Case of NMI)
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26.1

26.11

Functions

Section 26 Servo Circuits

Overview

Servo circuits for a video cassette recorder are included on-chip.
The functions of the servo circuits can be divided into four groups, as listed in table 26.1.

Table 26.1 Servo Circuit Functions

Group

Function

Description

(1) Input and output
circuits

CTL I/O amplifier

Gain variable input amplifier
Output amplifier with rewrite mode

CFGDuty compensation
input

Duty accuracy: 50+2%
(Zero cross type comparator)

DFG, DPG
separation/overlap input

Overlap input available: Three-level input method, DFG
noise mask function

Reference signal
generators

V compensation, field detection, external signal sync, V
sync in REC mode, REF30 signal output to outside

HSW timing generator

Head-switching signals, FIFO 20 stages
Compatible with DFG counter soft-reset

Four-head high-speed
switching circuit for special
playback

Chroma-rotary/head-amplifier switching output

12-bit PWM

Improved speed of carrier frequency

Frequency division circuit

With CFG mask, no CFG for phase or CTL mask

Sync detection circuit

Noise count, field discrimination, Hsync compensation,
Hsync detection noise mask

(2) Error detectors

Drum speed error detector

Lock detector function, pause at the counter overflow,
R/W error latch register, limiter function

Drum phase error detector

Latch signal selectable, R/W error latch register

Capstan speed error
detector

Lock detector function, pause at the counter overflow,
R/W error latch register, limiter function

Capstan phase error
detector

R/W error latch register

X-value adjustment and
tracking adjustment circuit

(Separate setting available)

(3) Phase and gain
compensation

Digital filter computation
circuit

Computations performed automatically by hardware
Output gain variable: x 2 to x 64 (exponents of 2)
(Partial write in Z™ (high-order 8 bits) available)

(4) Other circuits

Additional V signal circuit

Valid in special playback

CTL circuit

Duty discrimination circuit, CTL head R/W control,
compatible with wide aspect
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26.1.2 Block Diagram

Figure 26.1 shows a block diagram of the servo circuits.

PPGO t0 7/
(P70 to 77)

RPO 10 B/
(P60 t0 67,
P74 0 77)

|

EXTTRG(P86)[]

Csync [

4-head

COMP(P85) [
C.Rotary(P83) [

special

H.Amp SW(P84) ]

playback

DPG(P87) —]
DFG —]

CAP

SV1(P30) [}

sv2(P31) [
-

EXCTL(P82)
- )

Y

0

CTL Amp %E

controller

Additional
V pulse

DVCFG2
o

Phase E i
|_p.| Dig
detector filt

ital
er

Speed
error
detector

REF30P(PB:30Hz,REC:1/2VD)

CREF

) Timer X1

s Timer L

controller

Gain cont
-bg registef
setin

o

ﬁ CTL reat @
CTL reat O

ol

Digital

=

filtet

(PAL)

A
REF30X

minator)

(Duty deter- Dutyl/o (Assemble

recording)

REC-CTL

EXCAP(P81) [}

Figure 26.1 Block Diagram of Servo Circuits
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26.2 Servo Port

26.2.1 Overview

This LSl is equipped with seventeen pins dedicated to the servo circuit and twenty-five pins
multiplexed with general-purpose ports. It also has an input amplifier to amplify CTL signals, a
CTL output amplifier, a CTL Schmitt comparator, and a CFG zero cross type comparator. The
CTL input amplifier allows gain adjustment by software. DFG and DPG signals, which control
the drum, can be input as separate signals or an overlapped signal.

SV1 and SV2 pins allow internal signals of the servo circuit to be output for monitoring. The
signals to be output can be selected out of eight kinds of signals. See the description of Servo
Monitor Control Register (SVMCR) in section 26.2.5, Register Description.

26.2.2 Block Diagram

1. DFG and DPG Input Circuit

The DFG and DPG input pins have on-chip Schmit circuits. Figure 26.2 shows the input
circuit of DFG and DPG.

DFG

DPG OO '@

RES+LPM

YV

—{ )»—ore
D

DPG

Figure 26.2 Input Circuit of DFG and DPG
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2. CFG Input Circuit

The CFG input pin has an amplifier and a zero cross type comparator. Figure 26.3 shows the
input circuit of CFG.

—+
VREF
CFGCOMP
S .
T o—o:!
[V
R stp —O——CFG
+
VREF
RES+ModuleSTOP

Figure 26.3 CFG Input Circuit
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3. CTL Input Circuit
The CTL input pin has an amplifier. Figure 26.4 shows the input circuit of CTL.

AMPON AMPSHORT

Foety meceny

L) s P

M

'
—_—

O O

: »—lb— PB-CTL(+)
_a % O E

---------- >—| >— PB-CTL(-)
- AA— o}

1 1 1 1 1 1
L . . .. -,
CTL() CTL(#) CTLREF |CTLBias CTLFB CTLAMp(0) CTLSMT(i)

A e P
Note ;

Note: Be sure to connect a capacitor between CTLAmp (0) and CTLSMT (i)

Figure 26.4 CTL Input Circuit
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26.2.3  Pin Configuration

Table 26.2 shows the pin configuration of the servo circuit. P30, P31, and P81 to P87 are gener:

purpose ports. As for P3, P6, P7, and P8, see section 10, I/O Port.

Table 26.2 Pin Configuration

Name Abbrev. /0 Function

Servo V_ pin SV Input Power source pin for servo circuit

Servo V_ pin SV Input Power source pin for servo circuit

Audio head switching pin Audio FF Qutput Audio head switching signal output

Video head switching pin Video FF Qutput Video head switching signal output

Capstan mix pin CAPPWM Output 12-bit PWM square wave output

Drum mix pin DRMPWM Qutput 12-bit PWM square wave output

Additional V pulse pin Vpulse Output Additional V signal output

Color rotary signal output pin P83/C.Rotary I/0, General-purpose port/control signal output

Output port for processing color signals
Head amplifier switching pin P84/H.Amp 1/0, General-purpose port/pre-amplifier output
SW Output selection signal input

Compare signal input pin P85/COMP 1/0, Input General-purpose port/pre-amplifier output
result signal input

CTL (+) I/O pin CTL (+) /10 CTL signal input/output

CTL (=) I/O pin CTL (+) /0 CTL signal input/output

CTL Bias input pin CTLBias Input CTL primary amplifier bias supply

CTL Amp (O) output pin CTLAMP (O) Output CTL amplifier output

CTL SMT (i) input pin CTLSMT (I) Input CTL Schmitt amplifier input

CTL FB input pin CTLFB Input CTL amplifier high-range characteristics
control

CTL REF output pin CTLREF Output CTL amplifier reference voltage output

Capstan FG amplifier input pin CFG Input CFG signal amplifier input

Drum FG input pin DFG Input DFG signal input

Drum PG input pin P87/DPG 1/0, Input General-purpose port/DPG signal input

External CTL signal input pin P82/EXCTL 1/0, Input General-purpose port/external CTL signal
input/

Composite sync signal input pin Csync Input Composite sync signal input

External reference signal input P86/EXTTRG I/0, input General-purpose port/external reference

pin signal input

External capstan signal input pin ~ P81/EXCAP 1/0, input General-purpose port/external capstan
signal input

Servo monitor signal output pin P30/sV1 I/O, output  General-purpose port/servo monitor signal

1 output

Servo monitor signal output pin P31/sv2 I/O, output  General-purpose port/servo monitor signal

2 output

PPG output pin P7n/PPGn 1/0, output  General-purpose port/PPG output

RTP output pin P6n/RPnN, 1/0, output  General-purpose port/RTP output

P7n/RPn
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26.2.4  Register Configuration
Table 26.3 shows the register configuration of the servo port section.

Table 26.3 Register Configuration

Name Abbrev. R/W Size Initial Value  Address

Servo port mode register SPMR R/W Byte H'5F H'DOAO
Servo monitor control register SVMCR R/W Byte H'CO H'DOA3
CTL gain control register CTLGR R/W Byte H'CO H'DOA4

26.2.5 Register Description

Servo Port Mode Register (SPMR)

Bit: 7 6 5 4 3 2 1 0
lctistor] o Jerecome| o | o | o | o O

Initial value : 0 1 0 1 1 1 1 1
RW: RMW 0 RIW O O O O u

SPMR is an 8-bit read/write register that switches the CFG input system.
It is initialized to H'5F by a reset or in stand-by mode.

Bit 70 CTLSTOP Bit (CTLSTOP) : Controls whether the CTL circuit is operated or stopped.

Bit 7

CTLSTOP Description

0 CTL circuit operates (Initial value)
1 CTL circuit stops operation

Bit 60 Reserved:Cannot be modified and is always read as 1.

Bit 500 CFG Input System Switching Bit (CFGCOMP) : Selects whether the CFG input signal
system is set to the zero cross type comparator system or digital signal input system.

Bit 5

CFGCOMP Description

0 CFG signal input system is set to the zero cross type comparator system.
(Initial value)

1 CFG signal input system is set to the digital signal input system.

Bits 4 to 0 Reserved:Cannot be modified and are always read as 1.
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Servo Monitor Control Register (SVMCR)

Bit: 7 6 5 4 3 2 1
— | — [svmcrs|svmcra | svmcrs | svmcre [ svmcRra | svmcro
Initial value : 1 1 0 0 0 0 0 0
RW: _ RIW RIW RIW RIW RIW RIW

SVMCR is an 8-bit read/write register that selects the monitor signal output from the SV1 and
SV2 pins when the P30/SV1 pin is used as the SV1 monitor output pin or when the P31/SV2 pin
used as the SV2 monitor output pin. It is initialized to H'CO by a reset or in stand-by mode.

Bits 7 and 61 Reserved:Cannot be modified and are always read as 1.

Bits 5 to 31 SV2 Pin Servo Monitor Output Control(SVMCRS5 to SVMCR3): select the servo
monitor signal output from the SV2 pin.

Bit 5 Bit 4 Bit 3
SVMCR5 SVMCR4  SVMCR3  Description
0 0 0 Outputs REF30 signal to SV2 output pin.  (Initial value)
1 Outputs CAPREF30 signal to SV2 output pin.
1 0 Outputs CREF signal to SV2 output pin.
1 Outputs CTLMONI signal to SV2 output pin.
1 0 0 Outputs DVCFG signal to SV2 output pin.
1 Outputs CFG signal to SV2 output pin.
1 0 Outputs DFG signal to SV2 output pin.
1 Outputs DPG signal to SV2 output pin.
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Bits 2 to 0J SV1 Pin Servo Monitor Output Control (SVMCR2 to SVMCRO): Select the
servo monitor signal output from the SV1 pin.

Bit 2 Bit 1 Bit 0
SVMCR2 SVMCR1 SVMCRO  Description
0 0 0 Outputs REF30 signal to SV1 output pin.  (Initial value)
1 Outputs CAPREF30 signal to SV1 output pin.
1 0 Outputs CREF signal to SV1 output pin.
1 Outputs CTLMONI signal to SV1 output pin.
1 0 0 Outputs DVCFG signal to SV1 output pin.
1 Outputs CFG signal to SV1 output pin.
1 0 Outputs DFG signal to SV1 output pin.
1 Outputs DPG signal to SV1 output pin.

CTL Gain Control Register (CTLGR)

Bit: 7 6 5 4 3 2 1 0
| — | — [|cmnea] crrs |crier3]|criere | cTiGRr1 | cTLGRO |
Initial value : 1 1 0 0 0 0 0 0
RW:  — — RIW RW  RW  RW RW  RW

CTLGR is an 8-bit read/write register that turns on or off the CTLFB switch in the CTL amplifier
circuit and specifying the CTL amplifier gain. It is initialized to H'CO by a reset or in stand-by
mode.

Bits 7 and 61 Reserved:Cannot be modified and are always read as 1.

Bit 500 CTL Selection Bit (CTLE/A): Controls whether the amplifier output or EXCTL is used
as the CTLP signal supplied to the CTL circuit.

Bit 5

CTLE/A Description
0 AMP output (Initial value)
1 EXCTL
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Bit 400 SW Bit of the Feedback Section of CTL Amplifier (CTLFB): Turns on or off the switch
of the feedback section to adjust the gain. See figure 26.4.

Bit 4

“CTLFB Description
0 Turns off CTLFB SW (Initial value)
1 Turns on CTLFB SW

Bits 3 to 0 CTL Amplifier Gain Setting Bits (CTLGR3 to CTLGRO): Set the output gain of
the CTL amplifier.

Bit 3 Bit 2 Bit 1 Bit 0
CTLGR3 CTLGR2 CTLGR1 CTLGRO CTL Output Gain
0 0 0 0 34.0dB (Initial value)
1 36.5dB
1 0 39.0dB
1 41.5dB
1 0 0 44.0dB
1 46.5 dB
1 0 49.0dB
1 51.5dB
1 0 0 0 54.0 dB
1 56.5 dB
1 0 59.0 dB
1 61.5dB
1 0 0 64.0 dB
1 66.5 dB*
1 0 69.0 dB*
1 71.5dB*

Note: * With a setting of 65.0 dB or more, the CTLAMP is in a very sensitive status. When
configuring the set board, take a countermeasure against noise around the control head
signal input port. Also, consider well the setting of the filter between the CTLAMP and the
CTLSMT.
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26.2.6 DFG/DPGInput Signals

DFG and DPG signals can be input either as separate signals or as an overlapped signal. Whe
latter is selected (PMR87 = 1), take care to control the input levels of DFG and DPG. Figure 26
shows DFG/DPG input signals.

e RSN DPG Schmitt level

DPG 3.45/3.55
— 88— e VIL/VIH
e R Y (S E DFG Schmitt level
DFG 1.85/1.95
— a— VIL/VIH
(1) DPG/DFG separate input (PMR87=0)
DPG Schmitt level
DFG/DPG

DFG Schmitt level

(2) DPG/DFG overlapped input (PMR87=1)

Figure 26.5 DFG/DPG Input Signals
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26.3 Reference Signal Generators

26.3.1 Overview

The reference signal generators consist of a REF30 signal generator and a CREF signal generat
and create the reference signals (REF30 and CREF signals) used in phase comparison, etc. The
REF30 signal is used to control the phase of the drum and capstan. The CREF signal is used if

REF30 signal cannot be used as the reference signal to control the phase of the capstan in REC
mode. Each signal generator consists of a 16-bit counter which uses the sergos(2o@k@

s/4) as its clock source, a reference period register, and a comparator.

The value set in the reference period register should be 1/2 of the desired reference signal perioc

26.3.2 Block Diagram

Figure 26.6 shows the block diagram of REF30 signal generator. Figure 26.7 shows that of CRE
signal generator.
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Figure 26.6 REF30 Signal Generator
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@sl4d —P—
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Y
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| Comparator (16 bits) |

] Clear

PB(ASM)
1
REC

DVCFG2

1 Edge

A

| Reference period register 2 (16 bits) |

Toggl

detection

—» CREF

| RCS | | Reference period buffer 2 (16 bits) |— ERE
Dummy read
A A A
w w w
Internal bus

¢s = fosc/2

Figure 26.7 Block Diagram of CREF Signal Generator

26.3.3

Register Configuration

Table 26.4 shows the register configuration of the reference signal generators.

Table 26.4 Register Configuration

Name Abbrev. R/W Size Initial Value  Address

Reference period mode RFM W Byte H'00 H'D096
register

Reference period register 1 RFD w Word H'FFFF H'D090
Reference period register 2 CRF w Word H'FFFF H'D092
REF30 counter register RFC R/W Word H'0000 H'D094
Reference period mode RFM2 R/W Byte H'FE H'D097

register 2
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26.3.4 Register Description

Reference Period Mode Register (RFM)

Bit: 7 6 5 4 3 2 1 0
Rcs | waA | cvs | Rex | cro | obev | vst | vee
Initial value : 0 0 0 0 0 0 0 0
RW: W w w w w w w w

RFM is an 8-bit write-only register which determines the operational state of the reference signe
generators. If a read is attempted, an undetermined value is read out.

It is initialized to H'0O by a reset and in stand-by and module stop modes.

RFM is accessible in byte units only. If accessed by a word, correct operation is not guaranteec

Bit 700 Clock Source Selection Bit (RCS)Selects the clock source supplied to the counter.
(s = fosc/2)

Bit 7

"RCS Description
0 @s/2 (Initial value)
1 @sld

Bit 600 Mode Selection Bit (VNA): Selects the mode for controlling transition to free-run
operation when the REF30 signal is generated synchronously with the VD signal in REC mode:
automatic mode which controls the transition by the V noise detection signal detected by the syi
signal detection circuit, or manual mode which controls the transition by software.

Bit 6

CWNA Description
0 Manual mode (Initial value)
1 Automatic mode
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Bit 500 Manual Selection Bit (CVS):Selects whether the REF30 signal is generated synchrously
with VD or it is operated in free-run state in the manual mode (VNA = 0). (This selection is
ignored in PB mode except in TBC mode.)

Bit 5

cvs Description
0 Synchronous with VD (Initial value)
1 Free-run operation

Bit 400 External Signals Sync Selection Bit (REX)Selects whether the REF30 signal is
generated synchronously with VD, in free-run state or synchronously with the external signal.
(Valid in both PB and REC modes.)

Bit 4

"REX Description
0 VD signal or free-run (Initial value)
1 Synchronous with external signal

Bit 300 DVCFG2 Sync Selection Bit (CRD):Selects whether the reset timing in the CREF signal
generation is immediately after switching the mode or it is synchronous with the DVCFG2 signal
immediately after the mode switching.

Bit 3

"CRD Description
0 On switching the mode (Initial value)
1 Synchronous with DVCFG2 signal

Bit 20 ODD/EVEN Edge Switching Selection Bit (OD/EV):Selects whether the REF30P signal
is generated by the rising edge (even) or falling edge (odd) of the field signal in REC mode.

Bit 2

“ODEV Description
0 Generated at the rising edge of the field signal (Initial value)
1 Generated at the falling edge of the field signal
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Bit 100 Video FF Counter Set (VST):Selects whether the REF30 counter register value is set on
or off by the Video FF signal when the drum phase is in FIX on in the PB mode.

Bit 1

vsT Description
0 Counter set off by Video FF signal (Initial value)
1 Counter set on by Video FF signal

Bit 00 Video FF Edge Selection Bit (VEG)Selects the edge at which REF30 counter is set
(VST = 1) by the Video FF signal.

Bit0

"VEG Description
0 Set at the rising edge of Video FF signal (Initial value)
1 Set at the falling edge of Video FF signal

Reference Period Register 1 (RFD)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|REF15|REF14|REF13|REF12| REF11|REF10| REF9 | REF8 | REF7 | REF6 | REF5 | REF4| REF3| REF2| REF1| REFO|

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

RW: W W W W W W W W W W W W W W W W

The reference period register 1 (RFD) is a buffer register which generates the reference signal
(REF30) for playback, VD compensation for recording, and the reference signals for free-runnin
It is an 16-bit write-only register accessible in word units only. If a read is attempted, an
undetermined value is read out.

The value set in RFD should be 1/2 of the desired reference signal period. Care is required whe
VD is unstable, such as when the field is weak (synchronization with VD cannot be acquired if a
value less than 1/2 is set in REC). When data is written in RFD, it is stored in the buffer once, a
then fetched into RFD by a match signal of the comparator. (The data which generates the
reference signal is updated by the match signal.) A forcible write, such as initial setting, etc.,
should be done by a dummy read of RFD.

If a byte-write in RFD is attempted, correct operation is not guaranteed. RFD is initialized to
H'FFFF by a reset, and in stand-by and module stop modes.

Use bit 7 (ASM) and bit 6 (REC/PB) in the CTL mode register (CTLM) in the CTL circuit to
switch between record and playback modes. Use bit 4 (CR/RF bit) in the capstan phase error
detection control register (CPGCR) to switch between REF30 and CREF for capstan phase
control.
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Reference Period Register 2 (CRF)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|CRF15|CRF14|CRF13|CRF12|CRF11|CRF10|CRFQ|CRF8|CRF7|CRF6|CRF5|CRF4|CRF3|CRF2|CRF1|CRFO|

Initial value : 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

RW: W W W W W W W W W W W W W W W W

The reference period register 2 (CRF) is an 16-bit write-only buffer register which generates the
reference signals to control the capstan phase (CREF). CRF is accessible in word units only. If
read is attempted, an undetermined value is read out. The value set in CRF should be 1/2 of the
desired reference signal period.

When data is written in CRF, it is stored in the buffer once, and then fetched into CRF by a matcl
signal of the comparator. (The data which generates the reference signal is updated by the matc
signal.) A forcible write, such as initial setting, etc., should be done by a dummy read of CRF.

If a byte-write in CRF is attempted, correct operation is not guaranteed. CRF is initialized to
H'FFFF by a reset and in stand-by and module stop modes.

Use bit 4 (CR/RF bit) in the capstan phase error detection control register (CPGCR) to switch
between REF30 and CREF for capstan phase control. See section 26.9, Capstan Phase Error
Detector.

REF30 Counter Register (RFC)

Bit: 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
|RFC15|RFC14|RFC13|RFC12|RF611|RFC10| RFC9 | RFC8 | RFC7 | RFC6| RFC5| RFC4| RFC3| RFC2| RFC1| RFCO|

Initalvalve: 0 o o0 O O O O O O O O O O O O0 O
RW: RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

The REF30 counter register (RFC) is a register which determines the initial value of the free-run
counter when it generates REF30 signals in playback. When data is written in RFC, its value is
written in the counter by a match signal of the comparator. If the bit 1 (VST) of RFM is set to 1,
the counter is set by the Video FF signal when the drum phase is in FIX ON. The counter setting
by the Video FF signal should be done by setting bit 1 (VST) and bit 0 (VEG) of the RFM. Do
not set the RFC to a value greater than 1/2 of the reference period register 1 (RFD) value.

RFC is a read/write register. If a read is attempted, the value of the counter is read out. If a byte
access is attempted, correct operation is not guaranteed. RFC is initialized to H'0000 by a reset
and in stand-by and module stop modes.
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Reference Period Mode Register 2 (RFM2)

Bit: 7 6 5 4 3 2 1 0
| mc | o | o | o | o | o | o | ros |
Initial value : 1 1 1 1 1 1 1 0
RW:  RW 0 O O O W O RIW

REM?2 is an 8-bit read/write register which determines the operational state of the reference sigr

generators.
It is initialized to H'FE by a reset and in stand-by and module stop modes. RFM2 is a byte acce

only register; if accessed by a word, correct operation is not guaranteed.

Bit 700 TBC Selection Bit (TBC): Selects whether the reference signal in PB mode is generated
by the VD signal or by the free-run counter.

Bit 7
“TBC Description
0 Generated by the VD signal
1 Generated by the free-run counter (Initial value)

Bits 6 to 11 Reserved:Cannot be modified and are always read as 1.

Bit 00 Field Selection Bit (FDS):Determines whether selection between ODD or EVEN is made
for the field signal when PB mode was switched over to REC mode, or these signals are
synchronized with VD signals within a phase error dfi@imediately after the switching over.

Bit0

"FDS Description
0 Generated by the VD signal of ODD or EVEN selected (Initial value)
1 Generated by the VD signal within mode transition phase error of 90°
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26.3.5 Operation

Operation of REF30 Signal Generator

The REF30 signal generator generates the reference signals required to control the phase of
drum and capstan.

To generate the REF30 signal, set the 1/2 the reference period to the reference period registe
(RFD) corresponding to the 50 percent duty cycle. In playback mode, the REF30 signal is
generated by free-running the REF30 signal generator. The generator has the external signa
synchronization function, and if the bit 4 (REX) of the reference period mode register (RFM)
is set to 1, it generates the REF30 signal from the external signal (EXTTGR).

In record mode, the reference signal is generated from the VD signal generated in the sync
detector. Any VD drop-out caused by weak field intensity, etc., is compensated by a value se
in RFD. To cope with the VD noises, the generator automatically masks the VD for a period
about 75% of the RFD setting after REF30 signal was changed due to VD. In record mode,
the generation of the reference signal either by VD or free-run operation can be controlled
automatically using the V noise detection signal detected in the sync signal detection circuit ol
manually by software. Select which is used by setting bit 6 (VNA) or 5 (CVS) of RFM.

The phase of the toggle output of the REF30 signal is cleared to L level when the mode shifts
from PB to REC (ASM). Also the frame servo function can be set, allowing for control of the
phase of REF30 signals with the field signal detected in the sync signal detection circuit. Use
bit 2 (OD/EV) of RFM for such control.

See the description of CTL mode register (CTLM) in section 26.13.5, Register Description, as
for switching over between PB, ASM and REC.

Operation of the Mask Circuit

The REF30 signal generator has a toggle mask circuit and a counter mask (counter set signal
mask) circuit built-in. Each mask circuit masks irregular VD signals which may occur when
the VD signal is unstable because of weak field intensity, etc., in record mode.

The toggle mask and counter mask circuits mask the VD automatically for about 75% of
double the period set in the reference period register 1 (RFD) after VD signal was detected (s
figure 26.9). If a VD signal dropped out and V was compensated, the toggle mask circuit
begins masking, but the counter mask circuit does not begin masking for about 25% of the
period. If VD signal was detected during such a period, the circuit does masking for about
75% of the period after the VD detection. If not detected, it does masking for about 75% of
the period after V was compensated (see figures 26.10 and 26.11).
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Timing of the REF30 Signal Generation
Figures 26.8 to 26.12 show the timing of the generation of REF30 and REF30P signals.

Counter set Counter set Counter set

\ \ \

Value set in reference
period register 1 (RFD)

Counter

Value set in REF30
counter register (RFC)

REF30

REF30P —‘ —‘

Figure 26.8 REF30 Signals in Playback Mode
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Figure 26.9 Generation of Reference Signal in Record Mode (Normal Operation)
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Figure 26.10 Generation of the Reference Signal when in REC (V Dropped Out)
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Figure 26.11 Generation of the Reference Signal when in REC (V Dislocated)
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Figure 26.12 Generation of REF30 Signal by the External Sync Signal

CREF Signal Generator

The CREF signal generator generates the CREF signal which is the reference signal to cont
the phase of capstan.

To generate the CREF signal, set the 1/2 the reference period to the reference period registe
(CRF). If the set value matches the counter value, a toggle waveform is generated
corresponding to the 50 percent duty cycle, and a one-shot pulse is output at each rising edc
of the waveform. The counter of CREF signal generator is initialized to H'0000 and the phas
of the toggle is cleared to L level when the mode shifts from PB (ASM) to REC. The timing
of clearing is selectable between immediately after the transition from PB (ASM) to REC and
the timing of DVCFG2 after the transition. Use bit 3 (CRD) of the reference period mode
register (RFM) for this selection.

In the capstan phase error detection circuit, either REF30 signal or CREF signal can be
selected for the reference signal. Use either of them according to the use of the system.

Use the CREF signal to control the phase of the capstan at a period which is different from tt
period used to control the phase of the drum. For the switching between REF30 and CREF
the capstan phase control, see the description of capstan phase error detection control regis
(CPGCR) in section 26.9.4, Register Description.
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* Timing Chart of the CREF Signal Generation
Figures 26.13 to 26.15 show the generation of CREF signal.

Cleared Cleared Cleared
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Counter
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Figure 26.13 Generation of CREF Signal
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Figure 26.14 CREF Signal when PB is Switched to REC (when CRD Bit = 0)
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Figure 26.15 CREF Signal when PB is Switched to REC (when CRD Bit = 1)
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Figures 26.16 and 26.17 show REF30 (REF30P) when PB is switched to REC.
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Figure 26.16 Generation of the Reference Signal when PB is Switched to REC (1)
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Figure 26.17 Generation of the Reference Signal when PB is Switched to REC (2)

Rev. 1.0, 02/01, page 592 of 1184
RENESAS




Figures 26.18 to 26.21 show REF30 (REF30P) when PB is switched to REC (where FDS bit = 1

PB ~—F—> REC(ASM)

REC/PB |

VD (except in PB)

Value set in reference
period register 1 (RFD)
Counter
Value set in REF30
counter register (RFC)

Toggle mask “’,',%?.kc'fég |_| I_I I_I
L

Counter mask — e T ] : ‘
(Clear signal mask) period |—| : I_I

REF30 I | I | I |
REF30P ﬂ ﬂ ﬂ “

FDS bit=1

Figure 26.18 Generation of the Reference Signal when PB is Switched to REC
where RFD Bitis 1 (1)
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Figure 26.19 Generation of the Reference Signal when PB is Switched to REC
where RFD Bitis 1 (when VD Signal is Not Detected) (2)
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Figure 26.20 Generation of the Reference Signal when PB is Switched to REC
where RFD Bitis 1 (3)
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Figure 26.21

Generation of the Reference Signal when PB is Switched to REC
where RFD Bitis 1 (4)
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26.4 HSW (Head-switch) Timing Generator

26.4.1 Overview

The HSW timing generator consists of a 5-bit DFG counter, a 16-bit timer counter, a matching
circuit, and two 31-bit 10-stage FIFOs.

The 5-bit counter counts the DFG pulses following a DPG pulse. Each of them determines the
timing to reset the 16-bit timer counter for each field. The 16-bit timer counter is a timer clocked
by a@s/4 clock source, and can be used as a programmable pattern generator (PPG) as well ac
free-running counter (FRC). If used as a free-running counter, it is cleared by overflow of the
prescaler unit. Accordingly, two FRCs operate synchronously. The matching circuit compares
the timing data in the most significant 16 bits of FIFO with the 16-bit timer counter, and controls
the output of the pattern data set in the least significant 15 bits of FIFO.

26.4.2 Block Diagram

Figure 26.22 shows a block diagram of the HSW timing generator.
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Figure 26.22 Block Diagram of the HSW Timing Generator
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26.4.3

HSW Timing Generator Configuration

The HSW timing generator is composed of the elements shown in table 26.5.

Table 26.5 Configuration of the HSW Timing Generator

Element

Function

HSW mode register 1 (HSM1)

Confirmation/determination of this circuits' operating
status

HSW mode register 2 (HSM2)

Confirmation/determination of this circuits' operating
status

HSW loop stage number setting register
(HSLP)

Setting of number of loop stages in loop mode

FIFO output pattern register 1 (FPDRA)

Output pattern register of FIFO1

FIFO output pattern register 2 (FPDRB)

Output pattern register of FIFO2

FIFO timing pattern register 1 (FTPRA)

Output timing register of FIFO1

FIFO timing pattern register 2 (FTPRB)

Output timing register of FIFO2

DFG reference register 1 (DFCRA)

Setting of reference DFG edge for FIFO1

DFG reference register 2 (DFCRB)

Setting of reference DFG edge for FIFO2

FIFO timer capture register (FTCTR)

Capture register of timer counter

DFG reference count register (DFCTR)

DFG edge count

FIFO control circuit

FIFO status control

DFG count compare circuit (x2)

Detection of match between DFCR and DFG counters

16-bit timer counter

16-bit free-run timer counter

31-bit x 20 stage FIFO

First In First Out data buffer

31-bit FIFO data buffer

Data storing buffer for the first stage of FIFO

16-bit compare circuit

Detection of match between timer counter and FIFO
data buffer

FPDRA and FPDRB are intermediate buffers; an FTPRA and FTPRB write results in

simultaneous writing of all 31 bits to the FIFO. The FIFO has two 31-bit x 10-stage data buffers
its operating status is controlled by HSM1 and HSM2. Data is stored in the 31-bit data buffer.
The values of FTPRA/FTPRB and the timer counter are compared, and if they match, the 15-bit
pattern data is output to each function. AudioFF, VideoFF, and PPG (P70 to P77) are outputs
from the corresponding pins, ADTRG is the A/D converter hardware start signal, Vpulse and
Mlevel signals are the signals for generating the additional V pulses, and HSW and NHSW sign
are the same as VideoFF signals used for the phase control of the drum. The 16-bit timer count
is initialized by the overflow of the prescaler unit in the free-run mode (FRT bit of HSM2 = 1), or
by a signal indicating a match between DFCRA/DFCRB and the 5-bit DFG counter in DFG
reference mode.
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26.4.4 Register Configuration
Table 26.6 shows the register configuration of the HSW timing generator.

Table 26.6 Register Configuration

Name Abbrev. R/W Size Initial Value Address
HSW mode register 1 HSM1 R/W Byte H'30 H'D060
HSW mode register 2 HSM2 R/W Byte H'00 H'D061
HSW loop stage number setting HSLP R/W Byte Undetermined  H'D062
register

FIFO output pattern register 1 FPDRA w Word Undetermined  H'D064
FIFO timing pattern register 1* FTPRA W Word Undetermined  H'D066
FIFO output pattern register 2 FPDRB w Word Undetermined  H'D068
FIFO timing pattern register 2 FTPRB \W Word H'FFFF H'DO6A
DFG reference register 1* DFCRA W Byte Undetermined  H'D0O6C
DFG reference register 2 DFCRB \W Byte Undetermined  H'D0O6D
FIFO timer capture register* FTCTR R Word H'0000 H'D066
DFG reference count register* DFCTR R Byte H'EO H'D0O6C

Note: * FTPRA and FTCTR, as well as DFCRA and DFCTR, are allocated to the same addresses.

26.4.5 Register Description

HSW Mode Register 1 (HSM1)

Bit : 7 6 5 4 3 2 1 0
| FB | FLA | EmPB | EmPA | ovwe | ovwa | clrB | cLrA

Initial value : 0 0 1 1 0 0 0 0
RIW : R R R R RIWY*  RIW)*  RMW RIW

Note: * Only O can be written

HSML1 is an 8-bit register which confirms and determines the operational state of the HSW timing
generator.

Bits 7 to 4 are read-only bits, and write is disabled. All the other bits accept both read and write.
It is initialized to H'30 by a reset or in stand-by mode.

Rev. 1.0, 02/01, page 600 of 1184
RENESAS



Bit 700 FIFO2 Full Flag (FLB): When the FLB bit is 1, it indicates that the FIFO2 is full of the
timing pattern data and the output pattern data. If a write is attempted in this state, the write
operation becomes invalid, an interrupt is generated, the OVWB flag (bit 3) is set to 1, and the
write data is lost. Wait until space becomes available in the FIFO2, then write again.

Bit 7

"FLB Description
0 FIFO2 is not full, and can accept data input. (Initial value)
1 FIFO2 is full of data.

Bit 600 FIFO1 Full Flag (FLA): When the FLA bit is 1, it indicates that the FIFO1 is full of the
timing pattern data and the output pattern data. If a write is attempted in this state, the write
operation becomes invalid, an interrupt is generated, the OVWA flag (bit 2) is set to 1, and the
write data is lost. Wait until space becomes available in the FIFO1, then write again.

Bit 6

CFLA Description
0 FIFO1 is not full, and can accept data input. (Initial value)
1 FIFOL1 is full of data.

Bit 500 FIFO2 Empty Flag (EMPB): Indicates that FIFO2 has no data, or that all the data has
been output in single mode.

Bit 5
"EMPB Description
0 FIFO2 contains data.
1 FIFO2 contains no data. (Initial value)

Bit 400 FIFO1 Empty Flag (EMPA): Indicates that FIFO1 has no data, or that all the data has
been output in single mode.

Bit 4
EMPA Description
0 FIFOL1 contains data.
1 FIFO1 contains no data. (Initial value)

Rev. 1.0, 02/01, page 601 of 1184
RENESAS



Bit 300 FIFO2 Overwrite Flag (OVWB): If a write is attempted when the FIFO2 is full of the
timing pattern data and the output pattern data (FLB bit = 1), the write operation becomes invalid
an interrupt is generated, the OVWB flag is set to 1, and the write data is los