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Notice

1.  Allinformation induded in this document is currentasof thedate this docunent is issued.Such information, howewer, is
subjed to changewithout any prior notice. Before purchaing or usingany RenessElectronics productslisted heren, please
confirm the lateg productinformationwith a Reness Electronics sdes office Also, pleasepay regular andcareful attention to
additiond and different informationto be dsclosed by Reneas Eledronics sub as that didosed through ourwebsite

2. RenesasElectronics does notasaime ary liability for infringenent of patentscopyrights, or other intllectual propety rights
of third parties byor arisng fromthe wse of Reesa Eledronics poduds or techicd informationdescribed in this document
No licensg expres, implied orotherwise, is grantel heebyunder any paents copyrights orotherintellectual popaty rights
of Renasas Electonics orothers

3. Youshoud nat alter, modify, copy, or othewise misapproprite ary Renesa Eledronics pralud, whethe in wholeor in pat.

4.  Descriptionsof circuits, software and othe related nformation in this docurrent ae provided only to illustratetheoperaion of
semiconductomproductsandapplication examples. You ae fully respondile for theincoiporaton of these circuits, sotware,
and information in the desig of your eqiipment. Reness Eletronics asumes noresponsbility for anylosse incurrel by
you orthird paties arising from the useof these circuits, software, orinformation.

5.  When exportingthe poductsor technobgy de<ribed in this doaument,you shaild comply with the applichle export corirol
laws and regulaions andfollow the proceduresrequired by such lave and regilations. You shoud not use Reesa
Eledronics poductsor thetechnology desaibed inthis docunent for any purpo® relding to military appliationsor use by
themilitary, including but not linited to the deelopment ofweapons ofmassdestructon. RenesasElectronics products awul
technobgy may not be wsedfor or incoporateal into anyproducts orsystens whose manufadure, use or sde is prdibited
unde any gpplicabledonestic or foreign laws or regulations.

6.  RenesasElectronics has used reaonable cee in prepang the informationincluded in thisdocument, but Reness Electionics
does rot warrant tha sud information is error free. Renesa Eledronicsasunes noliability whatsever for any damages
incurred by you resultingfrom errorsin or omissons fom theinformation included heein.

7. RenesasElectronics productsare classified accordingto the following three quality grades: “Standard; “High Quality”, and
“Spedfic”. The recommended applicationsfor each RensasElectronics product dgendson theprodud’s qudity grade,as
indicated below. You must cheek the quality gradeof each RenesasElectronics product before usng it in apartiaular
application. You may not use ag Renesa Eledronicsproductfor anyapplicdion caegorized as “Spedfic” without theprior
written consat of Reness Eletronics. Furher,you may not use anyRenesadlectronics product for anyappliationfor
which itis notintended without the prior written consert of RenesasElectronics. RenesasElectronics shdl not bein anyway
liablefor any damagesor lossesincurredby you or third patiesaiising from the use ofanyRenesa<€ledronicsprodud for an
application caegorized as“ Spedfic” or for which the poduct is notintended where you havefailed to obtan the pror written
consenf Renesas Hedronics. The quality gradeof eaxh Renesas Eedronics productis “Standad” unles othewise
expressy specfied in a Reness Electronicsdda sheds or databooks, etc

“Standad”: Computes; ofiice equipnent; canmunicaions euipnment; testand neasurement equipment; aidio and visual
equipnent; hone eletronic applan@es madine tools; persanal ekdronic equpment; and idustrid robots.

“High Quality”: Transporttion equpment (autonobiles, trains ships, etc); traffic cantrol systems; anti-disaste systens; arti-
crime systens, sakty equipnent; and medicd equipnent na specificaly designed for lif e suppat.

“Spedfic™ Aircraft; agospae equipnent; submersible repeders nucler reactor ontrol systens; medicd equipment or
systemsfor life support(e g. atificial lif e supportdevices or g/stems) surgical implantations,or hedthcare
intervention (eg. excision, etc.), and anyotherapplicaions or purposestha poseadired thred to human life.

8. You sloulduse theReness Electronics poduds desaibedin thisdocument within the ran@ speified by RenesasEledronics
especialy with respet to the meximum rating operating supplyvoltage range, movenentpower voltage range, heat radidion
characteristics, instdlation and othe productcharacteristics. Renesa Eledronics shlh have noliability for malfunctions o
damages arisng out of theuseof Renesa Eledronicsproducts begond such spesified rangs

9.  Although Reness Electronics endeavors toimprove the qubity and réeliability of its produts, semiconductoprodictshave
spedfic chaacteristicssuch as tle ocarrence offailure & a ceatain rae andmalfunctions urercertain use coditions. Further,
RenesasElectronics productsare not sibject b radiaton resstane desig. Please besure to implenment saéty measures to
guard themagainst thepossbility of physicd injury, and injury or darmage cause by fire in theevent of thefailure of a
RenesasElectronics product,sud assdety design for hadware and software indludingbut not limited toredundancy, fire
contrd andmalfundion preventian, approprige tregment for aging degaddion or any othe gppropiate meaures Because
the evaluationof microompute sotware done isvery difficult, please evaluae the sfety of thefinal products or system
manufactured by you.

10. Pleasecontat aReneasElectronics sdesofficefor detdls asto environmental metterssud asthe environmental
compatibility of each RenesasEledronicsproduct. PleaseuseRenesasElectronics product in compliance with dl applicable
laws and regulaions that reglatethe indusian oruseof controlled substaces, indudingwithout limitation, the EU RHS
Directive. ReneasElectronics assimes no ligbility for damages or losses ocarring asa result of your nonompliance with
applicable laws and reglations.

11. This docunent may notbereproduced orduplicated,in any form, in wholeorin part, without prior written conset of Renesas
Eledronics.

12. Pleasecontat a RensasElectronics sdesoffice if you hawe ary questions rgarding the inbrmation contaned in this
doaumentor Reness Electronics produds, or if you haw any othe inquiries.

(Notel) “Renesas Eledronics”as used inthis docunent means RenesasEledronics Comporaton andaso ncludes itsmajority-
owned subdiliaries

(Note 2) “Renesas Eledronics produt{s)” means any productdeveloped ormanufactured by or for Renesas Eledronics
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Keep safety first in your circuit designs!

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

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

Notes regarding these materials

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

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

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

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

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

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

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

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

7. 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.

8. Please contact Renesas Technology Corp. for further details on these materials or the products
contained therein.
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General Precautions m Handling of Product

1. Treamentof NC Pins

Note: Do not conrectarything to the NCpins
The NC (notconnected) pins areither not onnected to my of the internal circutry or are
usel as estpins or to reducenoise If someting is conneced b the NC pins, the
opeaton of the LSlisnotguaranee.

2. Treamentof Unuseal Input Pins

Note: Fix all unused inpu pins D high or low level.
Geneally, the inpu pins of CMOS pioduct are hgh-impedanceinpu pins If unusel pins
are in theiropen states,ntermediate levelare inducd by noise in thevicinity, a pass-
through curent lows intemally, ard a malunction mayoccur.

3. Pracessingoefore Initialization

Note: Whenpower is first suplied, the praduct's sate is udefined.
The state®f interral circuts areundefined until full power is suplied throudnou the
chip anda low level is input on the resepin. During the period whee thestates are
undefined, the regster settigs andthe output state ® eachpin are alsaindefined.Design
your system so thatdoes notmalfunction because g@iroaessing while it is in this
undefined stte. For thoseproduct which have aresetfuncton, resetthe LS| immedately
after thre power supjpy has beenturned on

4. Prohibition of Accesgo Undefined or Resaved Addreses

Note: Access o undefined or reseved aldressess prohibited
Theunddined or reseved addreses m# be usal to expand functions, or test registers
may have been be allocatkto these ddresse. Do not access thesegisters; the system's
opeation isnot guaanteed ifthey ae accessed.
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Configumation of This Manual

This manwal canprises tle following items:

Geneal Precautions on Handlg of Product
Configuraion of This Manual

Preface

Contents

Ovaview

Descrption of FunctionalModules

e CPU and System-Control Modules

e On-Chip PeipheralModues

The @onfiguration of the funcionaldescrption of ead module differsaaording to the
module. However, the generic siyle includes the following items:

1) Feature

i) Input/OutputPin
lii) RegisterDescrigion
Iv) Operation

v) Usaye Note

ook wDdE

When desgning an application systemhiat includeghis LSI, takenotes into acount. Each section
includes notesin relation to the desdptionsgiven, and usaye notesaregiven, asrequired, & the
final partof each secton.

7. Listof Registers

8. ElectricalCharacteristics

9. Appendix

10. Main Revisions ard Additions in this Edition (only for revisedversions)

The It of revisionsis a simmary of points that havebeenrevised or added to earler versions
Thisdoes notinclude al of the revised ontens. For details, seehe actualocations in tis
manual.

11 Index
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Preface

The HB/3664 Groupare shgle-chp microcomputers made up of the high-speel H8/300H CPU
employing Reesas Tdmology orighal arditecture as the cores, andhe peipheralfunctions
requiredto confgure a sytem. Tlke H8/300H CPU las an instruction sehatis compatibd with
the HE300CPU.

TargetUsers: This manwal was writterfor usersivho will be using the H8/3664 Group in the

desgn of applicaion g/stems Tamgetusers ee expectal to undestand the
fundamaetals of electrical cirngits, logical circuits, ad microcomputers.

Objective: This manal was writtento exdain the hardware functions andelectrical

characteristics ahe H8/3664 Gioupto the targetusers.
Refer b the H8/300H SeriesSdtware Manual for a detiled desciption of the
instruction set.

Notes onreadng this manual:

In order to undestandthe owerall functions of the chip

Read themanual accordingd the @ntents. This manualcan be roughf caegorized mto pats
onthe CPU, system cantrol functions, peripheral functionsand eleatcal characteristics.

In orde to understand the detal s of the CPU's funcions
Readthe H8300H SeriesSoftware Marual.
In order to understand the detil s of aregister when its nane is known

Read he indexthatis the find partof the manualto find the pagenumbe of the entry onthe
regster. Tle adiresseshits, ard initial valuesof the regsters are samarizedin sectia 19,
List of Registes.

Exampe: Bit order: The MSBis on tle left andthe LSB ison the right.

Notes:

When using the an-chip enrulator (E7, EB) for H8/3664 program development and debugging, the
following restrictions must ke noted

1.
2.

TheNMI pin is reseved for the E7 or E8, and camat be used.

Pins P85 P&, and P& cannot b used In order to use these jins, addtional hardware mustbe
provided onthe use boad.

AreaH"7000to H'7FH- isusel by the E7 or E8, ard is not avaiable  the use.
AreaH'F780 b H'FB7F mustonno accounbe accessk
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5. When the E7 or E8 isusel, addres bre&s can be set as eithewailable tothe useor for use
by theE7 or BB. If addressreaks e set abeing usal by the E7 or E8, the adires bre&k
contol registers mst notbe acessed.

6. Whenthe E7 or B8 isusal, NMI is an inpu/outputpin (open-drain in output mode), P85 and
P87 ae inpu pins, ad P86 isanoutputpin.

RelatedManuas: The latest ersionsof all relatedmantals are asilabde from our web site.
Please enseyou have the latest versbnsof all doauments you require.
http://www.renesas.com/

H8/3664 Groupmantals:

Document Title Document No.
H8/3664 Group Hardware Manual This manual
H8/300H Series Software Manual REJ09B0213

Users manuals for development tools:

Document Title Document No.

H8S, H8/300 Series C/C++ Compiler, Assembler, Optimizing Linkage Editor REJ10B0058
User's Manual

H8S, H8/300 Series Simulator/Debugger User's Manual REJ10B0211
H8S, H8/300 Series High-Performance Embedded Workshop 3 Tutorial REJ10B0024
H8S, H8/300 Series High-performance Embedded Workshop 3 User's Manual REJ10B0026

Applicaion rotes:

Document Title Document No.
H8S, H8/300 Series C/C++ Compiler Package Application Note REJ05B0464
Single Power Supply F-ZTAT™ On-Board Programming REJ05B0520
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Section 1

Section 1 Ovetiew

1.1 Features

e High-sped H8/300Hcental processig unit with aninternal B-bit archtectue

— Upward-compatibde with H8/300 CPU on an olject lewel
— Sixteen B-bit geneal registers

— 62 basic instructions
e Variouspeipheral funcions

— TimerA (can be usgas a time basir a clock)

— Timer V (8bit timer)
— Timer W (16-bit timer)
— Watchabg timer

— SCI3 (Asynchronous or clocked syrchronaus seral canmurication interface)
— I°C Bus|Interface (onformsto thel’C bus interfacéormatthatis advocatedby Philips

Electronics)
— 10-bit A/D conwerter
e On-chip menory

Product Classification Model EEPROM ROM RAM

Flash memory version H8/3664N HD64N3664 512 bytes 32 kbytes 2,048 bytes

(F-ZTAT™ version) H8/3664F  HDG64F3664 — 32 kbytes 2,048 bytes

Mask ROM version H8/3664 HD6433664 — 32 kbytes 1,024 bytes
H8/3663 HD6433663 — 24 kbytes 1,024 bytes
H8/3662 HD6433662 — 16 kbytes 512 bytes
H8/3661 HD6433661 — 12 kbytes 512 bytes
H8/3660 HD6433660 — 8 kbytes 512 bytes

e Geneal I/O ports

— 1/0 pins:291/0 pins (H8/3664N has27 I/O pins), including 8 large airrent ports (I, =20

mA, @V, =15 V)

— Input-only pins 8 input pins (also usedfor analog input)

e EEPROM nterface (onlyfor H8/3664N)
— 1°C BusInterface (onformsto thel’C bus interfacéormatthatis advocatedby Philips

Electronics)
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Section 1 Overview

e Supports various power-down modes
Note: F-ZTAT™ is a rademak of RenesasTechmology Corp.

e Compact pakage

Package Code Body Size Pin Pitch
LQFP-64 FP-64E 10.0 X 10.0 mm 0.5 mm
QFP-64 FP-64A 14.0 X 14.0 mm 0.8 mm
LQFP-48 FP-48F 10.0 X 10.0 mm 0.65 mm
LQFP-48 FP-48B 7.0 X 7.0 mm 0.5 mm
SDIP-42 DP-42S 14.0 X 37.3 mm 1.78 mm

Only LQFP-64 (FP-64E) for H8/3664N package

Rev. 6.00 Mar. 24, 2006 Page 2 of 412
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Section 1 Overview

1.2 Internal Block Diagram

-—Vcc
< Vss
-—\VcL
-~—RES
~—TEST
M
~— OSC1
— OSC2

I

~— P8O/FTCI
[<— P81/FTIOA
[~— P82/FTIOB
[~— P83/FTIOC
[~— P84/FTIOD
[~— P85

P1oTMOW <] | ] Data bus (lower) [~ P86

P{{ < |__|— P87
P12 =+ —

P14/IRQ0
P15/IRQ1 < C‘ |
P16/IRQ2 <+

P17/IRQ3/TRGV = |

System CPU ]

clock H8/300H
generator

Subclock
generator

U™

Port 1

[~ P74/TMRIV
[~ P75/TMCIV
| [~ P76/TMOV

ROM RAM 1

—

Timer W SCI3 —

[~ |~ P50/WKPO
- P51/WKPT

-~ P52/WKP2
TimerA || Watchdog | - P53/WKP3

fimer - PS4/WKPA
| ~— P55/WKP5/ADTRG
< P56/SDA

A/D ~— P57/SCL
converter y— -

P20/SCK3
P21/RXD
P22/TXD

Port 2

LU OURLAF

Port 5

Timer V

~— PBO/ANO
~— PB1/AN1
[~— PB2/AN2
~— PB3/AN3
[~— PB4/AN4
~— PB5/AN5
Data bus (upper) [~— PB6/AN6
~— PB7/AN7

I°C bus
interface

J U

Port B

Address bus

| AVce

Figure 11 Internal Block Diagram of H8/3664 of F-ZTAT™ and Mask-ROM Versions
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Section 1 Overview

— -l
g8 g g@ e - 23
> > > - 2 XX [e]e]
>—‘ < P8O/FTCI
Subclock System CPU T - Pg1/FTIOA
clock H8/300H <— P82/FTIOB
generator ©
generator L |~ Ps3/FTIOC
& |~ P84/FTIOD
~— P85
PiomMow ] | Data bus (lower) < P86
| _|~—Ps7
s ] 1 0
P12 < _ —
P14/IRQ0 ~~| &
RO =-—| O
23—:28; -] | [ ] ROM RAM | |—_\4 ~ [ P74TTMRIV
TRO3/TRG S [ P7simciv
P17/IRQ3/TRGV [ | | | | | . b7 MOV
RSN N E—
Timer W SCI3 —
<~ P50/WKPO
PF2>0/SF?)I((§ o N [ PB1WKPI
P21/ XD 8 | Timer A Watlitrl::a?og | 5 [ Po2WKP2
22/T. < a |« P53/WKP3
| | > P54/ WKP4
< P55/ WKP5/ADTRG
Timer V AD . |
14 converter
SDA Wl S ~— PBO/ANO
B I |2C bus > <— PB1/AN1
SCL Q 4 interface ~— PB2/AN2
E ~— PB4/AN4
<~— PB5/AN5
Data bus (upper) ~— PB6/AN6
| ~— PB7/AN7
Address bus
| AVcc
EEPROM
Note : The H8/3664N is a stacked-structure product in which an EEPROM chip is mounted on the
H8/3664F-ZTAT™ version.

Figure 12 Internal Block Diagram of H8/3664N of F-ZTAT™ Version with EEPROM
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Section 1 Overview

1.3 PinArrangement

o™ 00 m<
i = I © 0 0O0Gg%
xX %X Q FFFFF
E 9 Lo
ooﬁ&%%%%%%%;%’zoo
P o W o W N o WY o WY« WA o WY WY« W o WY s W P~ -4
48 47 46 45 44 43 42 41 4039 38 37 36 35 34 33
NC [ 49 321 NC
NC [] 50 31 NC
P14/IRQ0 [] 51 301 P76/TMOV
P15/IRQ1 [] 52 29[ P75/TMCIV
P16/IRQ2 [] 53 281 P74/TMRIV
P17/IRQ3/TRGV [] 54 27[] P57/SCL
PB4/AN4 [] 55 26 [] P56/SDA
PB5/AN5 [ 56 H8/3664 251 P12
PB6/AN6 [ 57 Top view 241 P11
PB7/AN7 [] 58 231 P10/TMOW
PB3/AN3 [ 59 22[] P55/WKP5/ADTRG
PB2/AN2 [] 60 211 P54/WKP4
PB1/AN1 [] 61 20[] P53/WKP3
PBO/ANO [] 62 1911 P52/WKP2
NC [] 63 18] NC
NC [] 64 171 NC
\ 1 2 34 5 6 7 8 9 10 11 1213 14 1516
O 0O O AN + = |lNn O AN OO I O O
22 SRx S IR LEE 22
< = o O z 2
B ™
0 w
[
Note: Do not connect NC pins (* these pins are not connected to the internal circuitry).

Figure 1.3 Pin Arr angement of H8/3664 of F-ZTAT™ and Mask-ROM Versions
(FP-64E, FP-64A)
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. 0O 0Om<
Ao ¥ © ©0 00
xX X Q FFFFF
E T 9 S
A ™ O NN O IO S O A — O 3
Al A0 NN 00O 00O O 0O 0O O © o
[ HR o I n A o N o N o Y o Y o I o N o NN o N g
36 35 34 33 32 31 30 29 28 27 26 25
P14/IRQ0 [] 37 241 P76/TMOV
P15/IRQ1 [] 38 231 P75/TMCIV
P16/IRQ2 [] 39 2211 P74/TMRIV
P17/IRQ3/TRGV [] 40 21| ] P57/SCL
PB4/AN4 [ 41 201 P56/SDA
PB5/AN5 [ 42 H8/3664 1911 P12
PB6/AN6 [ ] 43 Top View 181 P11
PB7/AN7 [] 44 171 P10/TMOW
PB3/AN3 [] 45 16 1 P55/WKP5/ADTRG
PB2/AN2 [] 46 151 P54/WKP4
PB1/AN1 [] 47 1411 P53/WKP3
PBO/ANO [] 48 13| 1 P52/WKP2
\\ 1 2 3 4 5 6 7 8 9 10 11 12
< = o O 2
O
n w
o o

Figure 1.4 Pin Arr angement of H8/3664 of F-ZTAT ™ and Mask-ROM Versions

(FP-48F, FP-48B)
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Section 1 Overview

PB3/AN3 [ 1 © 42 1 P17/IRQ3/TRGV
PB2/AN2 []2 41 [ P16/IRQ2
PB1/AN1 []3 40 [1 P15/IRQT
PBO/ANO [ 4 39 [1 P14/IRQ0
AVee [5 38 [1 P22/TXD
X2 []6 37 [1 P21/RXD
X1 7 36 [1 P20/SCK3
Voo []8 351 P87
RES []9 34 [] P86
TEST []10 H8/3664 33 [ P85
Vgs [ 11 Top view 32 [1 P84/FTIOD
0osc2 []12 31 [1 P83/FTIOC
osct []13 30 [ P82/FTIOB
Vee [ 14 29 [1 P81/FTIOA
P50/WKPO [] 15 28 [1 P8O/FTCI
P51/ WKP1 [ 16 27 [ NMI
P52/WKP2 []17 26 [1 P76/TMOV
P53/WKP3 []18 25 [1 P75/TMCIV
P54/ WKP4 [ 19 24 [ P74/TMRIV
P55/WKP5/ADTRG [ 20 23 [1 P57/SCL
P10/TMOW [] 21 22 [ P56/SDA
Note: DP-42S has no P11, P12, PB4/AN4, PB5/AN5, PB6/ANG, and PB7/AN7 pins.

Figure 1.5 Pin Arr angement of H8/3664 of F-ZTAT™ and Mask-ROM Versions
(DS-42S)
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o 0O 0o <
A QoY © 00 O0g%
X X 9 FFFFF
E T 9 Lo L
OCONJI I SRBIIBFIBFo0o0
Z2 2 0 0O 000 00000 iZ2Z2 2
48 47 46 45 44 43 42 41 4039 38 37 36 35 34 33
NC [] 49 32 NC
NC [] 50 31 NC
P14/RQ0 [] 51 30 [ P76/TMOV
P15iRQ1 [] 52 29 [ P75/TMCIV
Pi6iRQ2 [] 53 28 [] P74/TMRIV
P17/RQ3/TRGV [] 54 27 [ scL*
PB4/AN4 [] 55 26 [] SDA*
PB5/AN5 [ 56 25 P12
PB6/AN6 [ 57 H8/3664N 24 P11
PB7/AN7 [] 58 Top View 231 P1o/TMOW
PB3/AN3 [] 59 22 [] P55/WKP5/ADTRG
PB2/AN2 [] 60 21 [ P54/WKP4
PB1/AN1 [] 61 20 [ P53/WKP3
PBO/ANO [] 62 197 P52/ WKP2
NC [ 63 18] NC
NC [ 64 171 NC
(1 2 34 56 7 8 9 10 11 12 13 14 15 16
OO0 8V R E N Q0| O O
AR R TR R R AR
F o0 [k
B ™
n w
o o

Note: Do not connect NC pins.

*These pins are only available for the I°C bus interface in the F-ZAT™ version with EEPROM.

Figure 1.6 Pin Arr angement of H8/3664N of F-ZTAT ™ Version with EEPROM

(FP-64E)
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Section 1 Overview

1.4 PinFunctions

Table 11  Pin Functions

Pin No.
H8/3664 H8/3664N
FP-64E, FP-48F,
Type Symbol FP-64A FP-48B DP-42S FP-64E 1/O Functi ons
Power source V, 12 10 14 12 Input Power supply pin. Connect this pin to the
pins system power supply.

Vg 9 7 11 9 Input Ground pin. Connect all these pins to the
system power supply (OV).

AV, 3 1 5 3 Input Analog power supply pin for the A/D
converter. When the A/D converter is not
used, connect this pin to the system
power supply.

Ve 6 4 8 6 Input Internal step-down power supply pin.
Connect a capacitor of around 0.1 pF
between this pin and the Vss pin for
stabilization.

Clock pins OscCH1 11 9 13 11 Input These pins connect to a crystal or ceramic
0SC2 10 8 12 10 Output resonat(?r for system clocks, or can be
used to input an external clock.
These pins can be used to input an
external clock.
See section 5, Clock Pulse Generators,
for a typical connection.

X1 5 3 7 5 Input For connection to a 32.768 kHz crystal
resonator for subclocks.

See section 5, Clock Pulse Generators,
for a typical connection.

X2 4 2 6 4 Output

System control RES 7 5 9 7 Input Reset pin. When this driven low, the chip
is reset.

TEST 8 6 10 8 Input Test pin. Connect this pin to Vss.

Rev. 6.00 Mar. 24, 2006 Page 9 of 412
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Section 1 Overview

Pin No.
H8/3664 H8/3664N
FP-64E, FP-48F,
Type Symbol FP-64A FP-48B DP-42S FP-64E 1/O Functi ons
Interrupt pins  NMI 35 25 27 35 Input Non-maskable interrupt request input pin.
Be sure to pull-up by a pull-up resistor.
IRQOto 51to54 371040 39to42 51to54 Input External interrupt request input pins. Can
IRQ3 select the rising or falling edge.
WKPOto 13, 14, 11to16 151020 13, 14, Input External interrupt request input pins. Can
WKP5 19 to 22 19to 22 select the rising or falling edge.
Timer A TMOW 23 17 21 23 Output This is an output pin for divided clocks
Timer V TMOV 30 24 26 30 Output This is an output pin for waveforms
generated by the output compare function
TMCIV 29 23 25 29 Input External event input pin
TMRIV 28 22 24 28 Input Counter reset input pin
TRGV 54 40 42 54 Input Counter start trigger input pin
Timer W FTCI 36 26 28 36 Input External event input pin
FTIOAto 371040 27t030 29t032 37to40 1/O Output compare output/ input capture
FTIOD input/ PWM output pin
I°C bus SDA 26** 20 22 26+ I/O IIC data I/O pin. Can directly drive a bus
inerface by NMOS open-drain output. When using
this pin, external pull-up resistance is
required.
SCL 27+% 21 23 27+ I/0 IIC clock I/O pin. Can directly drive a bus
(EEPROM: by NMOS open-drain output. When using
input) this pin, external pull-up resistance is
required.
Serial commu- TXD 46 36 38 46 Output Transmit data output pin
nication
interface (SCI) RXD 45 35 37 45 Input Receive data input pin
SCK3 44 34 36 44 I/0 Clock 1/O pin
A/D converter AN7 to 55t062 41t048 1to4*® 55t062 Input Analog input pin
ANO
ADTRG 22 16 20 22 Input A/D converter trigger input pin
Rev. 6.00 Mar. 24, 2006 Page 10 of 412
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Section 1 Overview

Pin No.

H8/3664 H8/3664N

FP-64E, FP-48F,

Type Symbol FP-64A FP-48B DP-42S FP-64E 1/O Functi ons
I/O ports PB7to PBO 55t062 41t0o48 1to4*® 55t062 Input 8-bit input port
P17to P14, 51to54 37to40 39to42, 51to54, |/O 7-bit 1/0 port
P12 to P10 231025 1710 19 21*2 23to0 25
P22to P20 44t046 34t036 36t038 44t046 1/O 3-bit 1/0 port
P57 to P50 13,14, 21,20, 15t020, 13,14, I/O 8-bit 1/0 port
(PS510 P50 yq4,9p 161011 22,23 191022 (6-bit 1/O port for H8/3664N)

for
He/3664N) 26 27

P76 to P74 28t030 22to24 24t026 28to30 I/O 3-bit I/O port

P87to P80 361043 26t033 28to35 36t043 1/O 8-bit 1/0 port

Notes: 1. These pins are only available for the I°C bus interface in the F-ZAT"™ version with EEPROM. Since
the I°C bus is disabled after canceling a reset, the ICE bit in ICCR must be set to 1 by using the
program.

2. The DP-42S does not have the P11, P12, PB4/AN4, PB5/AN5, PB6/ANG, and PB7/AN7 pins.

Rev. 6.00 Mar. 24, 2006 Page 11 of 412
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Section2 CPU

Section 2 CPU

This LSI has anH8/300H CPUwith aninterral 32-bt architectue that isupward-compatible with
the HE300CPU, andsugports only normal mode, which has a&64-kbyte adiress spce.

Upward-compatible with H8/300 CPUs

— Can execuk H8/300 CPUs objectprograms

— Additional eight 16-bt extenced regsters

— 32-hit transferand arithmetic ad logic instructions aradded

— Signed multiply ard dvide instructions are aded.

Geneal-regiser arditecture

— Sixteenl6-bit geneal registers ako usabe as sixteen8-bit registersor eight 32-bit registers
Sixty-two basic instructions

— 8/16/32-bit dat tranger and a@ithmeic ard logic instructions

— Multiply ard divide instructions

— Powerful bit-manipulation instructions

Eight addressing modes

— Register direct [Rn]

— Register indirect [@ERN]

— Registerindirect with displacenent[@(d:16,ERn) or @@d:24,ERn)]
— Register indirect with postincrement or predeademeant [@ERN+ or @-ERN]
— Absolute addres [@a&88, @aa:16, @aa24]

— Immedate [#X:8, #xx 16, or #xx:32]

— Program-counter relative [@d:8,PC) o @(d:16,PO)]

— Memory ndirect [@ @aa:8]

64-kbyte aldress space

High-speal operaion

— All frequertly-usedinstructions execue inone or two states

— 8/16/32-bit register-rgisteradd/aubtract : 2 state

— 8 x 8-hit regster-regster mutiply . 14 states
— 16 + 8-bit register-ragister divide . 14 states
— 16 x 16-bit register-register multiply : 22 states
— 32+ 16-hit regster-register divide . 22 states

Power-down state
— Trarsition o power-down state by SLEEP instruction

Rev. 6.00 Mar. 24, 2006 Page 13 of 412
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Section2 CPU

2.1 Address Space and Memory Map

The aldress space of thisSl is 64 kbytes, whichncludesthe program ara and thedataarea.
Figures 21 slow the menory map.

HD64F3664 HD6433660 HD6433661
(Flash memory version) (Mask ROM version) (Mask ROM version)
Hgggg Interrupt vector Hgggg Interrupt vector Hgggg Interrupt vector
HO034 [~~~ "7 7777777777 HO034 """ """ 777777777 HO0034 """ """""7777777
On-chip ROM
(8 kbytes) On-chip ROM
H'1FFF (12 kbytes)
E ' H2FFF
On-chip ROM : :
(32 kbytes) : : ' v
H'7FFF ; :
' Not used : E Not used E ' Not used '
H'F780 | ' ; : E E
(1-kbyte work area ' ' ] ]
for flash memory E E ' '
programming) : ' : '
HFB7F | On-chip RAM __| ' '
HFB8O [~ (2 kbytes) : ; : ;
(1-kbyte user area) H'FD80 r ' H'FD80 " .
On-chip RAM On-chip RAM
(512 bytes) (512 bytes)
HFF7F HFF7F HFF7F
H'FF80 H'FF80 H'FF80
Internal I/O register Internal I/O register Internal I/O register
H'FFFF H'FFFF H'FFFF

Figure 21 Memory Map (1)
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H'0000
H'0033
H'0034

H'3FFF

H'FD80

H'FF7F
H'FF80

H'FFFF

HD6433662
(Mask ROM version)

Interrupt vector

On-chip ROM
(16 kbytes)

Not used

On-chip RAM
(512 bytes)

Internal I/O register

H'0000
H'0033
H'0034

H'5FFF

H'FB80

HFF7F
H'FF80

HFFFF

HD6433663
(Mask ROM version)

Interrupt vector

On-chip ROM
(24 kbytes)

Not used

On-chip RAM
(1 kbyte)

Internal I/O register

H'0000
H'0033
H'0034

H'7FFF

H'FB80

H'FF7F
H'FF80

H'FFFF

HD6433664
(Mask ROM version)

Interrupt vector

On-chip ROM
(32 kbytes)

Not used

On-chip RAM
(1 kbyte)

Internal I/O register

Figure 21 Memory Map (2)
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HD64N3664
(On-chip EEPROM module)
H'0000
User area
(512 bytes)
H'O1FF
: Not used :
i 1 HFF09

Slave address
register

Not used

Figure 21 Memory Map (3)
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Section2 CPU

2.2 RegisterConfiguration

TheHB8/300H CPU has he internal registersshown in figure 2.2. There ae wo typesof registers;
geneal registers and control registers. The control registers are a24-bit program counter (PC), and

an8-bit condtion coce regster (CCR).

General Registers

[Legend]

SP:  Stack pointer

PC: Program counter

CCR: Condition-code register
I: Interrupt mask bit

Ul: User bit

: Half-carry flag
: User bit

: Negative flag
: Zero flag

: Overflow flag
: Carry flag

O< NZCIT

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 (SP) E7 R7H R7L

Control Registers (CR)

23 0

I PC |

76543210

cer |1 {ulH[u[n]Z]v]c]

Figure 22 CPU Registers
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Section2 CPU

2.21 GeneralRegisters

TheH8/300H CPU has eght 32-bit generalregisters Thes geeralregisters ae al fundionaly
identical and an beusel asboth aldress rgisteisand daaregisters When a generalregsteris
usal as adataregister, it ca be accessed as32-ht, 16-bit, or8-bit regiser. Figure 2.3llustrates
the usagef the gaeralregisers.When thegeneal regista's ae used a82-bit registersor addras
registersthey are designated ke lettersER (ERO toER?7).

The ERregistersdivide into 16-bit generalregistersdesgnated by the letters E(EO to E7) ard R
(RO to R7). These rgisters ae funcionally equialent, providing amaimum of sixteen16-bit
registers. Tie E registers(EO to E/) arealsorefared to asextended rgisters.

The Rregistersdivide nto 8-bit regstersdesgnatd by the letters RH (ROH to R7H) ard RL (ROL
to R7L). These registers ae funcionaly equivalent, providing amaximum o sixteen8-bit
registers

The usge ofeach regster can besekecedindgendeantly.

Geneal register ER7 has he funcion of stadk pointer (SP) in addition to its generatregister
function, and is usal implicitly in exception hardling and subroutine cals. Figure 2.4 shows the
stack.

e Address registers * 16-bit registers e 8-bit registers
* 32-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 23 Usage of Generl Registers
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Section2 CPU

Free area

SP (ER7) —»] i

Stack area

/\/

Figure 24 Relationship beéween Stack Pointer and StackArea

2.2.2 ProgramCounter (PC)

This 24-bit counterndicateslie aldress of e next instrudion theCPUwill execute. The length
of all CPUinstructionsis 2 bytes (oeword), sothe least ginificant PC bt is ignored (When an
instruction is fetched, the least sigificant PC bt is regarded as 0).The PC is iitialized whenthe
startaddres isloadel by the vecor addressgeneraed during resetexception-hardling sequence.

2.23 Condition-Code Ragister (CCR)

This 8-bit register catains nternal CPU status nformation, including an interrupt ma bit (1) and
half-cary (H), negative(N), zero (2), overflow (V), and cary (C) flags Thel bit is initialized tol
by reset egepion-handing seaience, bu other bits arenat initialized.

Same irstructions leae flagbits unchanged. Operatians canbe performed onthe CCR lits bythe
LDC, STC, ANDC, ORC,andXORC instructions. TheN, Z, V, andC flags are used as branchng
conditions forconditional brarch (Bcc) irstructions.

For theactionof each instration on theflag bits, seeappendix A.1, Instruction List.

Rev. 6.00 Mar. 24, 2006 Page 19 of 412
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Section2 CPU

Initial

Bit Bit Name Value

R/W

Description

7 I

1

R/W

Interrupt Mask Bit

Masks interrupts other than NMI when set to 1. NMl is
accepted regardless of the | bit setting. The | bit is set
to 1 at the start of an exception-handling sequence.

Undefined

R/W

User Bit

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

Undefined

R/W

Half-Carry Flag

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

Undefined

R/W

User Bit

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

Undefined

R/W

Negative Flag

Stores the value of the most significant bit of data as a
sign bit.

Undefined

R/W

Zero Flag

Set to 1 to indicate zero data, and cleared to O to
indicate non-zero data.

Undefined

R/W

Overflow Flag

Set to 1 when an arithmetic overflow occurs, and
cleared to O at other times.

Undefined

R/W

Carry Flag

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

e Add instructions, to indicate a carry
e Subtract instructions, to indicate a borrow
* Shift and rotate instructions, to indicate a carry

The carry flag is also used as a bit accumulator by bit
manipulation instructions.
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2.3

DataFormats

TheHB8/300H CPU can process 1bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) dat. Bit-manpulation instructionsoperat on 1-bit data by acessngbitn (n=0, 1, 2,
..., 7)of byte gperand dat. The DAA and DAS decimal-adjustinstructions treatbyte dai astwo

digits of 4-bit BCD dat.

2.31

General Register Data Formats

Figure 2.5 shows the data formats in generalregisters.

Data Type

1-bit data

1-bit data

4-bit BCD data

4-bit BCD data

Byte data

Byte data

General Register

RnH

RnL

RnH

RnL

RnH

RnL

Data Format

7 0
7565554 0

| &0
N
—_

Figure 2.5 General Register Data Formats (1)
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Section2 CPU

Data Type General
Register

Word data Rn

Word data En

Longword ERn
data

[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

Data Format

MSB

LSB

15I 1 1 1 1 1 1 1 1 1 1 1 1 1 0
MISBI 1 1 1 1 1 1 1 1 1 1 1 LISB
31I 1 1 1 1 1 1 1 1 1 1 1 1 I16
MSIBI 1 1 1 1 1 1 1 1 1 1 1 1

LSB

Figure 2.5 General Register Data Formats (2)
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2.32

Memory Data Formats

Figure 2.6 shows the data formats inmemay. The HZ300H CPU canaccess wat data ard
longword datin menory, howevea word or longword daa mustbegin atan evenadiress.If an
attempt is mde to access wom longworddata at an oddddess, a address eor doesot
occur, howevetheleastsignificant bit of the addess isegarded as 0, so aess bgins the
preceling address. Tis also gpplies © instruction fetches.

When ER7 (SP)s usel asan addressegisterto accesshie stack, he opeand size shodlbeword

or longword.

Data Type

1-bit data

Byte data

Word data

Longword data

Address

Address L

Address L

Address 2M
Address 2M+1

Address 2N

Address 2N+1
Address 2N+2
Address 2N+3

Data Format

7 0
7 slalal2]1]0
MsB! ! ! ! ! ! !LSB

MSB; ; R ; |
L4 s
MSB: ¢ 4

.+ . LSB

Figure 26 Memory Data Formats
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Section2 CPU

2.4 Instruction Set

241 Table of Indructions Classfied by Function

TheH8/300H CPU has62 instructions. Taldes 22 to 2.9 summaize the instructions in each
functional caegay. The natation usel in tables 22 to 2.9 is definedbelow.

Table 21  Operation Notation

Symbol Description

Rd General register (destination)*

Rs General register (source)*

Rn General register*

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

(EASs) Source operand

CCR Condition-code register

N N (negative) flag in CCR

V4 Z (zero) flag in CCR

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

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

— Subtraction

X Multiplication

< Division

A Logical AND

v Logical OR

® Logical XOR

- Move

- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-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/address register (ERO to ER7).
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Table 2.2 Data Transfer Instructi ons

Instruction Size *

Functio n

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 (EAs) —» Rd, Cannot be used in this LSI.
MOVTPE B Rs — (EAs) 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.

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2.3  Arithme tic Operations Instructions (1)

Instruction  Size * Functio n

ADD B/W/LL Rd+Rs—> Rd, Rdzx#MM— Rd

SuUB 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=z+#MMz+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 BWL Rd+1-—->Rd, Rd+2 - Rd

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

ADDS L Rd+1>Rd, Rd+2 >Rd, Rd+4 - Rd

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

DAA B Rd decimal adjust —» Rd

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

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

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

DIVXU B/W Rd + Rs - Rd

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

Note: * Refers to the operand size.

B: Byte

W: Word
L: Longword
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Table 2.3  Arithme tic Operations Instructions (2)

Instruction Size * Functio n

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 W/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.

Note: * Refers to the operand size.

B: Byte

W: Word
L: Longword
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Table 2.4 Logic Operations Instructions

Instruction Size *

Functio n

AND B/WI/L

Rd A Rs - Rd, Rd A #IMM — Rd
Performs a logical AND operation on a general register and another
general register or immediate data.

OR B/W/L

Rd v Rs - Rd, Rdv #IMM — Rd
Performs a logical OR operation on a general register and another
general register or immediate data.

XOR B/WI/L

Rd © Rs - Rd, Rd ® #IMM — Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.

NOT B/WI/L

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

Note: * Refers to the operand size.

B: Byte
W: Word
L: Longword

Table 25  Shift Instructions

Instruction Size *

Functio n

SHAL B/W/L  Rd (shift) -> Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL B/W/L  Rd (shift) »> Rd
SHLR Performs a logical shift on general register contents.
ROTL B/W/L  Rd (rotate) -» Rd
ROTR Rotates general register contents.
ROTXL B/W/L  Rd (rotate) —» Rd
ROTXR Rotates general register contents through the carry flag.
Note: * Refers to the operand size.

B: Byte

W: Word

L: Longword
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Table 2.6  Bit Manipul ation Instructions (1)

Instruction ~ Size * Functio n

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 A (<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 A = (<bit-No.> of <EAd>) - C
ANDs the carry flag with the inverse of a specified bit in a general
register or memory operand and stores the result in the carry flag.
The bit number is specified by 3-bit immediate data.

BOR B C v (<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 C v = (<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.

Note: * Refers to the operand size.

B: Byte
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Table 2.6  Bit Manipul ation Instructions (2)

Instruction Size *

Functio n

BXOR B C @ (<bit-No.> of <EAd>) —» C
XORs 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 @ - (<bit-No.> of <EAd>) —» C
XORs 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 immediate 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 immediate data.

Note: * Refers to the operand size.

B: Byte
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Table 2.7 Branch Instructions

Instruction Size Functio n
Bce* — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Conditi on
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High CvzZ=0
BLS Low or same CvZ=1
BCC (BHS) Carry clear C=0
(high or 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 Minus N=1
BGE Greater or equal N®eV=0
BLT Less than N®V=1
BGT Greater than Zv(IN®V)=0
BLE Less or equal ZvIN® V) =1
JMP — Branches unconditionally to a specified address.
BSR — Branches to a subroutine at a specified address.
JSR — Branches to a subroutine at a specified address.
RTS — Returns from a subroutine
Note: * Bcc is the general name for conditional branch instructions.
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Table 28 Sydem Control Instructions

Instruction Size *

Functio n

TRAPA — Starts trap-instruction exception handling.

RTE — Returns from an exception-handling routine.

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

LDC B/W (EAs) —» CCR
Moves the source operand contents to the CCR. The CCR size is one
byte, but in transfer from memory, data is read by word access.

STC B/W CCR — (EAd), EXR — (EAd)
Transfers the CCR contents to a destination location. The condition
code register size is one byte, but in transfer to memory, data is written
by word access.

ANDC B CCR A #IMM — CCR, EXR A #IMM — EXR
Logically ANDs the CCR with immediate data.

ORC B CCR v #IMM — CCR, EXR v #IMM — EXR
Logically ORs the CCR with immediate data.

XORC B CCR @& #IMM — CCR, EXR @ #IMM — EXR
Logically XORs the CCR with immediate data.

NOP — PC+2 - PC

Only increments the program counter.

Note: * Refers to the operand size.

B: Byte
W: Word
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Table 29 Block Data Transfer Instructio ns

Instruction Size Functio n

EEPMOV.B — if R4L # 0 then
Repeat @ER5+ — @ERG+,
R4L-1 —» R4L
UntilR4L =0
else next;

EEPMOV.W — if R4 = 0 then
Repeat @ER5+ — @ERG6+,
R4-1 —» R4
UntilR4 =0
else next;

Transfers a data block. Starting from the address set in ER5, transfers
data for the number of bytes set in R4L or R4 to the address location set
in ERG.

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

H8/300H CPU irstructions corsist of 2-byte (1-word) units. Aninstruction corsistsof an
opeaaton field (op field), a ragister field (r field), an effective ddress extesion(EA field), and a
condition field (cc).

Figure 2.7 shows exanplesof instruction formass.

e Opeation Field

Indicaies he funcion of the instruction, the addessng mode, and the operation to be caried
outon theopeand. The operdion field always includes thefirst four bits of the nstruction.
Someinstructions havetwo operaton fields.

e Register Field

Specifies ageneral rgister.Address rgisters ag specfied by 3 bits, ard data regstersby 3
bits or 4 bits. Someinstructions hae two rajister fields. me hae noregister field.

e Effectve Address Etension

8, 16, or 32 bits specilying immedate dag, an alsdute address or a displ@ement. A24-bit
address odisplacemenis treated as &é2-bit data in with the first 8 bitsare0 (H'00).

e Condition Field
Specifies he branting condition of Bcc instructions.

(1) Operation field only

op NOP, RTS, etc.

(2) Operation field and register fields

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

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

op rn rm

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

EA(disp)

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

op cc EA(disp) BRA d:8

Figure 2.7 Instruction Formats
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2.5 Addressing Modes and Effective Address Calculation

Thefollowing descrbes he H8/300H CPU. In this LSI, the ype eightbits are gnared in the
generated 24bit address, so theffective addess isl6 hits.

2.51 AddressingModes

TheH8/300H CPU suppats the eigh addressing modeslisted in table 2.10. Eachinstruction uses
asubsetof theee addresing modes. Addressng modes that can be usetdiffer dgperding onthe
instruction. Fordetails, refer © agpendix A.4, Combinatonsof Instructionsard Addressng
Modes

Arithmetic and logicnstructions cause thaegister direct andmmediatemodes. Datéransfe
instructions can use al addressng modes exceptprogram-courter relative andmenory indirect
Bit manpulation instructions useregister direct register indirect or the asolute addressng mode
to specify an opera, and ragister direct(BSET, BCLR, BNOT, and BTST instructions)or
iImmedate (3-bit) addressing mode b specify abit numbe in the ogerand

Table 210 AddressingModes

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

Rev. 6.00 Mar. 24, 2006 Page 35 of 412
RENESAS REJ09B0142-0600

Downloaded fronDatasheet.su



Section2 CPU

(1) Register Direct—Rn

Theregister field of the instruction ecifiesan8-, 16-, or 32-bit generalregister containing the
opaand. ROH to R7H ard ROL to R7L can be speciied as8-bit registers RO to R7 and EO o E7
canbe specifid as 16-bit rgisters. ER to ER7 can be pedfied as32-bit registers.

(2) Regqister Indirect—@ERN

Theregister field o the instruction code spedfies an ddress register (ERn), the lower 24 bits of
which contain the adiressof the opaand on memay.

(3) Registerindir ect with Displacemen—@(d:16, ERn) or @(d:24, ERn)

A 16-bit or 24-bit displacenmt continel in the instruction is addeo anaddress mgster (ERn)
specified by lie registerfield of the instruction, ard the lower 24 bits of the sun the addessof a
memory opeand. A 16-bitdisplacemat is sign-exteded when added.

(4) RegisterIndir ect with Post-Incremern or Pre-Decrement—@ERN+ or @-ERnN

(a) Registerindir ect with post-increment—@ERnN+

Theregister field of the instruction codespedfies an adress rgister (ERn) the lower 24 bits of
which contains the ddress ofa manory operand After the ope@andisacessed]l, 2, a 4isadded
to the addres register wntents (32 bits) ard the im is stored n the address reister. Thevalue
addal is 1 forbyte acces,2 for word accss, or4 for longword access. Faéne word or longword
access, theegister valie should beven.

(b) Registerindir ect with pre-decrement—@ERnN

Thevalue 1, 2, a 4 is subtraded ffom an addres ragister(ERN) spedied by theregisterfield in
the instruction code, ard the lower 24 bits of the resut is the adadessof amemoryoperard. The
result is also stred in theaddressegister. he value subtretedis 1for byteaccess, 2 foword
accessor 4 for longword acas. Fo thewordor longwordaccesstheregister valie should be
even.
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(5) Absdute Address—@aa8, @aa:16, @aa:24

The nstruction code antainsthe absalte addessof a nemory operand. The alsdute addess
may be 8 bislong (@aa8), 16 bitslong(@aal6), 24 bitslong (@aa24)

For an8-bit absdute addessthe upger 16bits are all assumed to de(H'FFFF).For al6-bit
absolute ddress theuppe 8 bits are asignextersion. A 24-bit absdute address can aess the
entire aldressspace.

The access mgesof absolte addessedor the group of ths LS| arethoseshown in thle 2.11,
because thapper 8 bits i@ ignored.

Table 211 Absolute Address AccessRanges

Absolute Addres s Acce ss Range

8 bits (@aa:8) H'FF00 to H'FFFF
16 bits (@aa:16) H'0000 to H'FFFF
24 bits (@aa:24) H'0000 to H'FFFF

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

The hstruction contains 8-bit (#xx:8), 16-bit (#xx:16), or 32-bit (#xx:32) immedate daas an
opeand.

The ADDS, SUBS, INC, and [EC instructions cantain immedate éita implicitly . Sane bt
maripulation instructions cantain 3-hit immedate dita in the instruction code, specifying abit
numbea. The TRAPA instructon ontains2-bit immedate dag& in its instruction code,specifying a
vectoradiress.

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

This mode isised n the BSRinstruction. An 8-t or 16-bit displacemat containel in the
instruction is sign-exterdedand aded to the 24-bit PC contents to generae a lranch address. he
PC vale to which thalisplacement isdaled is theaddressof thefirst byte of thenext instruction,
sothe possible branchng range is —18 to +128 bytes(—63to +64 words) or —-32766 to +32768
bytes (16383 to +16384 words) from the brarch instruction. The resuting value shoud be an
even numbe
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(8) Memory Indir ect—@ @»aa:8

This mode can beusel by the JIMP ard JSRinstructions. The instruction code contains an 8-bit
absolute ddress specifyng amemay opeand. This manory operad contains abranch address.
The memory operal is accessed bpngword access. THest byte of thememoryoperand is
ignared, generating a24-bit brandh address Figure 2.8 shows how to spedfy branch address or in
memay indirect mode. The uppe bits of the ab®lute address areall assmed b beO, sothe
address ange is 0 t0255 (H'0000 to H'O0FF).

Note hat thefirst pat of the aldressrangeis also he exceptionvector are.

Specified —| Dummy
by @aa:8

Branch address

\/\

Figure 2.8 Branch Address Specifiation in Memory Indirect Mode
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2.5.2

Effectve Address Calculation

Table2.12 indicates how efédive addresses are callatedin eachaddressingnode. In his LSI
the upger 8 hts of the efective aldress arégnored in orde to generae a 16-bit effecive addres.

Table 2.12 Effective Address Calculaton (1)

No

Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

Register direct(Rn)

| o [m]m]

Operand is general register contents.

Register indirect(@ERn)

31 0

[ o [ ] |

I General register contents l—

23 0

-

Register indirect with displacement
@ (d:16,ERn) or @(d:24,ERn)

31 0

Loe [ o] |

disp |

I General register contents

31 0
| disp

| Sign extension

23 0

Register indirect with post-increment or
pre-decrement
*Register indirect with post-increment @ ERn+

31

[ oo [ ] |

*Register indirect with pre-decrement @-ERn

[ [ ] |

The value to be added or subtracted is 1 when the
operand is byte size, 2 for word size, and 4 for
longword size.
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Table 2.12 Effective Address Calculatbn (2)

No Addressing Mode and Instruction Format

Effective Address Calculation

Effective Address (EA)

5 Absolute address

@aa:8

23 87
(% [ = [ |
@aa:16 23 16 15
| op | abs | | Sign extension|
@aa:24
op 23
abs |
6 | Immediate
#xx:8/xx:16/#xx:32 Operand is immediate data.
op IMM
7 Program-counter relative 23 0
@(d:8,PC) @(d:16,PC) | PC contents }—i
op disp 23 0 :
Sign :
| extension | disp 23
8 Memory indirect @ @aa:8
b 23 8 7 l 0
| op | abs H0000 | s
15 0 23 16 15
Memory contents l———| H'00 |
[Legend]
r, rm,rn : Register field
op: Operation field
disp : Displacement
IMM : Immediate data
abs: Absolute address
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2.6 Basic Bus Cycle

CPUoperation is syrfronizedby a systenelock (¢) or asubclock (¢..). Theperiod from arising
edgedf ¢ or ¢, to thenextrising edge is céd onestake. A bus gcle consist®f two states or
threestatesThecycle diffes depading on whéter access is ton-chip memoryor to on-chip
periphaal modues.

2.6.1 Accesgo On-Chip Memory (RAM, ROM)

Access ¢ on-chip memory t&esplace in two state§ hedata busvidth is 16bits, allowing acces
in byteor word size. Fjure2.9 shows theon-chp memory accessycle.

P Bus cycle

»
<=7} ' o

I
~¢—— T, state —»j<— T,state —»

Qor@gyp

Internal address bus Address
i
i
Internal read signal ,
i
Internal data bus Read data

(read access)

Internal write signal

\

Internal data bus

. Write data
(write access)

gl
T

Figure 2.9 On-Chip Memory Access Cyte
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Section2 CPU

2.6.2 On-ChipPeripheral Modules

On-chip peripheral modulesra accesskin two statesr three states. Ae data bus wdthis 8bits
or 16 bits degpending on the register. For desciption on the data bus width and number of
accessing states of éaegiser, refer to sedbn 19.1, Rgister Addresse(AddresOrde).
Registers wih 16-bit data buswidth can beaccessed ypword size aly. Registers wih 8-bit data
buswidth canbe accesskby byte orword size. Wien aregisterwith 8-bit data bus wdth is
accesselly word size, access is compleiadwo gycles.In two-state accestheopeaation timing
is the samas hat for on-chip memay.

Figure2.10 shows theperaton timing in the caseof three state access tmnon-dip peripheal
module.

P Bus cycle _

-¢

I
I
I
—>T, state —> <+— T, state —»<+— T3 state —

¢or dsys

]
i
Internal |
1

address bus X Address

! |

! |

Internal X I

read signal ! | /
I

|

]
Internal :
data bus j—( Read data
(read access) T

| ]

| i |
Internal i I’\ ! /
write signal ' ! |

: ! !

I

1

1

Internal
data bus Write data

(write access) , 5 5

Figure 2.10 On-Chip Peripheral Module Access Cyd (3-StateAccess)
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Section2 CPU

2.7 CPUStates

Therearefour CPU states: the set stateprogram exeation sate,program halt state nd
excedion-handing state. The @gram execttion state intudes active modandsubadive mode
In theprogran halt state therare asleepmode,standby mode, and sub-sleg mode.The® shtes
are $iown in figure 2.11. Figure 2.12 shows the sate transitions. For detil s an program execution
state and program halt statefer b section6, Pover-Down Modes For detail s on eception
processing, refer to sectim 3, Excegion Handing.

CPU state Reset state

The CPU is initialized

Program Active
execution state (high speed) mode

The CPU executes successive program
instructions at high speed,
synchronized by the system clock

Subactive mode ---

successive program

instructions at reduced
speed, synchronized | mmmmmeeaos
by the subclock

The CPU executes E

. Power-down
1

modes
Program halt state Sleep mode  |--7 v----------

A state in which some X
or all of the chip X
functions are stopped
to conserve power

Standby mode - - -

Subsleep mode - - -

Exception-
handling state

A transient state in which the CPU changes
the processing flow due to a reset or an interrupt

Figure 2.11 CPU Operation States

Rev. 6.00 Mar. 24, 2006 Page 43 of 412
RENESAS REJ09B0142-0600

Downloaded fronDatasheet.su



Section2 CPU

Reset cleared .
Reset state ) " ( Exception-handling state
Reset occurs \

A

Reset
occurs

Interrupt
source

Reset Interrupt Exception-
occurs source handling
complete

Y

N
Program halt state -t Program execution state
SLEEP instruction executed

Figure 2.12 State Transitions
2.8 UsageNotes

2.8.1 Noteson Data Access to Enpty Areas

The aldress space of thisSI includes empty areasiaddition to he ROM, RAM, andon-chp
I/O registers areas availabletheuser. Whenlaa is trasferred fromCPUto eanpty areas, the
trarsferred dta will be lost. This actionmayalso cawse the CPU tanalfunction. Whendata is
transferred from an emptyea toCPU, the conents of the data camot beguaanteed.

2.82 EEPMOYV Instruction

EEPMOV is ablodk-transfer instruction andtransfers tke byte sizeof dataindicated by RL,
which starts fromhe aldress indicated by 3R to the address indicateloly R6. Set R4Land R6 so
that the ed addres®f the destination adress (valueof R6 + R4L) does not excekeH'FFFF(the
value of R6 mustnot change from H'FFFF toH'0000 duting execuion).
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Section2 CPU

2.8.3  Bit Manipul ation Instruction

The BSET, BCLR, BNOT, BST, andBIST instructions read data from the gedfied addressin
byte units, maipulate thedataof thetargetbit, ard write data to thesameaddress agai in byte
units. Special care requirad whenusing these istructions in cases wherewvo registersare
assgnel to the same ddressor when abit is direcly manipulated for aport, becaise his may
rewrite cita of a bt other than the bit to be manpulated

(1) Bit manipulation for two registersassigned to the sameaddress
Example 1 Bit manpulation for the timer badregster andimer couner
(Applicable for timer B aml timer C, nofor the graup of this LSI.)

Figure 2.13 shows an exanple d a imerin which two timer registersareassgned to the same
address. Whea bit manipulationinstructionaccesses thi#mer load reyister ad timer ounte of
a reloaable timer, sinceliese twaregisters sharéhe same addresthe foll owing operatons takes
place.

1. Data is readn byte units.
2. The CPUsetsor resetshe bit to be maripulated with the bit maripulation instruction.
3. Thewritten datais writtenagain in byte unts to the timer badregster.

The timer is conting, sothe value readis nat necessarily th same ase vaue in the timer bad
register. As aresul, bits other thanthe intended bit in the imer @unter may be nodifiedard the
modfied value may e writtento the timer bad regster.

/N

Read

Count clock —» Timer counter >
A
Reload
Write
Timer load register <
V
Internal bus

Figure 213 Example of Timer Configuration with Two Regsters Allocated to Same
Address
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Example 2 The BSET irstruction is executedfor port 5.

P57 and P56 are inpu pins with a low-level signalinpu atP57 and ahigh-level signal input at
P5%. P3 to P50 are outputpins and outputlow-level signak. An exanple to output a high-level
signal at P50with a BSET irstruction is shownbelow.

Prior to execuing BSET

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output  Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0

BSET instuction execited

BSET  #0, @DR5 The BSET instruction isxeauted for port 5.

After execuing BSET

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output  Output Output Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 0 1 0 0 0 0 0 1

Desciription on oration
Whenthe BSET irstructionis execued, first the CPUeads porb.

Since P57 1ad P56 ae input pins,ite CPUreads he pin staes (low-level ad high-levelinpu).
P to P50 areoutputpins, so the CPU realsthe vabie in PDRS. In this exampk FDRS has a
value of H'80, buthe value read bthe CPU is H40.

Next, the GPU sets lit O of the readdata to1, changing the PDR5S data toH'41.

Finally, the GPU writesH'41 to PDR5, completing exeation of BSET.
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Section2 CPU

As a resut of the BSET irstruction, bit O in PDR5 becomes 1, ahP% outputs a hgh-level sigral.
However, bits 7 and 6 o PDR5 end up with diff erent values. To prevent this problem siorea @py
of the PDR5 data inawork area in memiy. Perform tle bit manpulation on the data in the work
area, lhen write ths data toPDR5.

Prior to exeating BSET

MOV.B  #80, ROL The PDRS value (H80) is written to awork area in

MV.B  ROL, @RAMD memory(RAMO) aswell asto PDR5.
MOV.B  ROL, @PDR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output  Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 1 0 0 0 0 0 0 0

BSET instuction execited

BSET #0, @RAMD The BSET instruction is exeauted desgnatng the PDR5
work area(RAMO).

After execuing BSET

MOV.B  @RAM), ROL The wak area (RAV0) value iswrittento PDR5.
MOV. B ROL, @DR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Qutput  Output  Output  Output Output  Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 1
RAMO 1 0 0 0 0 0 0 1
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(2) Bit Manipulation in a Register Containing a Wri te-Only Bit
Example 3 BCLR instruction execued desgnatng pat 5 contol register PCR5

P57 and P56 are inpu pins with a low-level signalinpu atP57 and ahigh-level signal input at
P5%. P56 to P50 are outputpins hat output low-level signak. An exanple of seting the P50 pin as
an npu pin by the BCLR instruction is shown below. It is assume that a high-level signal will be
input to this input pin.

Prior to execuing BCLR

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output  Output Output Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0

BCLR instructon exeaited

BCLR #O, @PCR5 The BCLR nstruction is geautedfor PCR5.

After execuing BCLR

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Output  Output  Output Output Output Output Output Input
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 1 1 1 1 1 1 1 0
PDR5 1 0 0 0 0 0 0 0

Desciription on oration

Whenthe BCLR irstruction is exeauted, first the CPUWeads PCR5Since PCR5is a write-othy
register theCPUreals avalue of H'FF, even thoughe PCR5 valueis acualy H'3F.

Next, the GPU clears It O in theread @ta o 0, changing the data to HFE.

Finaly, H'FE is writtento PCR5 ard BCLR instruction execuion end.
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Section2 CPU

As areallt of thisopeation, bit 0 in PCR5 becanes0, maing PS50 an input port. However, bits 7
and6 in PCR5 charge b 1, sothat P57 ard P56 change from input pins to output pins. To prevent
this problem, stae a copyof the PCRS data inawork area inmemoryard manpulate cita of the
bit in the workarea, lhen write ths data toPDR5.

Prior to exeating BCLR

MOV.B  #3F, ROL The PCRS5 vale (H3F) is written to awork area in

MV.B  ROL, @RAMD memory(RAMO) aswell asto PCRS.
MOV.B  ROL, @PCR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input Output  Output  Output  Output Output  Output
Pin state Low High Low Low Low Low Low Low

level level level level level level level level
PCR5 0 0 1 1 1 1 1 1
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 1

BCLR instructon execited

BCLR  #O, @rAMD The BCLR nstructions geautedfor the PCR5 work area
(RAMO).

After execuing BCLR

MOV.B  @RAM), ROL The wak area (RAV0) value iswrittento PCR5
MOV. B ROL, @CR5

P57 P56 P55 P54 P53 P52 P51 P50
Input/output Input Input QOutput  Output  Output  Output Output Output
Pin state Low High Low Low Low Low Low High

level level level level level level level level
PCR5 0 0 1 1 1 1 1 0
PDR5 1 0 0 0 0 0 0 0
RAMO 0 0 1 1 1 1 1 0
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Section 3 Exception Handling

Section 3 Exception Handling

Exception handing may be @usel by a resd, a rap instruction (TRAPA), or interrupts.

e Reset

A reset las the highest exepion priority. Excepion handing starts as sm as thereset is cleared
by the RES pin. The chp is akoresetwhenthe watchdog timeroverflows, andexcepion handing
starts. Exegion handing isthe same as excegpn handiing by the RES pin.

e Trap Irstruction

Excepion handing statswhena trap irstruction (TRAPA) isexecutal. The TRAPA instruction
geneates avedor addresscaresmnding to a vector numbefrom 0to 3, as spedied in the
instruction code. Excepton handling can beexecued at alltimes in theprogram exeagtion state.

e Interrupts

External interrupts other hanNMI ard internal interrupts other hanadiress vesk aremasked by
the | bt in CCR, andkept masledwhile the bit is set tol. Exception handing startswhenthe
currert instruction or excegion handing erds, if an interrupt requedtasbeen issued.

3.1 Exception Sources and Vector Address

Table 3.1 shows the vecor addreses ad priority of eat excepton handling. When more than
ore interrugt is requested handling is performedfrom the interrug with the highestpriority.
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Section 3 Exception Handling

Table 3.1 Exception Soucesand Vector Address
Vector
Relative Module Exception Sources Number Vector Addre ss Priority
RES pin Reset 0 H'0000 to H'0001  High
Watchdog timer A
— Reserved for system use 1t06 H'0002 to H'000D
External interrupt NMI 7 H'0O00E to H'O00F
pin
CPU Trap instruction (#0) 8 H'0010 to H'0011
(#1) 9 H'0012 to H'0013
(#2) 10 H'0014 to H'0015
(#3) 11 H'0016 to H'0017
Address break Break conditions satisfied 12 H'0018 to H'0019
CPU Direct transition by executing the 13 H'001A to H'001B
SLEEP instruction
External interrupt  IRQO 14 H'001C to H'001D
pin IRQ1 15 H'001E to H'001F
IRQ2 16 H'0020 to H'0021
IRQ3 17 H'0022 to H'0023
WKP 18 H'0024 to H'0025
Timer A Overflow 19 H'0026 to H'0027
— Reserved for system use 20 H'0028 to H'0029
Timer W Input capture A/compare match A 21 H'002A to H'002B
Input capture B/compare match B
Input capture C/compare match C
Input capture D/compare match D
Timer W overflow
Timer V Timer V compare match A 22 H'002C to H'002D
Timer V compare match B
Timer V overflow
SCI3 SCI3 receive data full 23 H'002E to H'002F
SCI3 transmit data empty
SCI3 transmit end
SCI3 receive error
1[e: Data transfer end 24 H'0030 to H'0031
Address inequality
Stop conditions detected v
A/D converter A/D conversion end 25 H'0032 to H'0033  Low
Rev. 6.00 Mar. 24, 2006 Page 52 of 412
LENESAS

Downloadecliq Fcfr!’ggt?s léli%LO(SOO



Section 3 Exception Handling

3.2 RegisterDescriptions

Interryots are catrolled by the fdlowing registers.

Interruptedge sekctregister 1 (IEGR1)
Interrupt edge seéctregister 2 (IEGR2)
Interrupt enable register 1 IENR1)
Interrupt flag egister 1 (IRR)
Wakeup interrupt flag register (WPR)

3.2.1 Interrupt Edge Select Register 1 (IEGR1)

IEGR1 sekcsthe drecion of an elge hatgeneraes interruptrequess of pinsNMI ard IRQ3 to

IRQO.
Initial
Bit Bit Name  Value R/W Description
7 NMIEG 0 R/W NMI Edge Select
0: Falling edge of NMI pin input is detected
1: Rising edge of NMI pin input is detected
6 — 1 — Reserved
5 — 1 — These bits are always read as 1.
4 — 1 —
3 IEG3 0 R/W IRQ3 Edge Select
0: Falling edge of IRQ3 pin input is detected
1: Rising edge of IRQ3 pin input is detected
2 IEG2 0 R/W IRQ2 Edge Select
0: Falling edge of IRQ2 pin input is detected
1: Rising edge of IRQ2 pin input is detected
1 IEG1 0 R/W IRQ1 Edge Select
0: Falling edge of IRQ1 pin input is detected
1: Rising edge of IRQ1 pin input is detected
0 IEGO 0 R/W IRQO Edge Select

0: Falling edge of IRQO pin input is detected
1: Rising edge of IRQO pin input is detected
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3.2.2 Interrupt Edge Select Ragister 2 (IEGR2)

IEGR2 sekcsthe drecion of an elge hatgenerags interrupt requess of the pnsADTRG ard

WKP5 to WKPO.
Initial
Bit Bit Name Value R/W Description
— 1 — Reserved
— 1 — These bits are always read as 1.
WPEGS5 0 R/W WKP5 Edge Select

0: Falling edge of WKP5 (ADTRG) pin input is detected
1: Rising edge of WKP5 (ADTRG) pin input is detected

4 WPEG4 0 R/W WKP4 Edge Select
0: Falling edge of WKP4 pin input is detected
1: Rising edge of WKP4 pin input is detected

3 WPEGS3 0 R/W WKP3 Edge Select
0: Falling edge of WKP3 pin input is detected
1: Rising edge of WKP3 pin input is detected

2 WPEG2 0 R/W WKP2 Edge Select
0: Falling edge of WKP2 pin input is detected

1: Rising edge of WKP2 pin input is detected

1 WPEGH1 0 R/W WKP1Edge Select
0: Falling edge of WKP1 pin input is detected
1: Rising edge of WKP1 pin input is detected

0 WPEGO 0 R/W WKPO Edge Select
0: Falling edge of WKPO pin input is detected
1: Rising edge of WKPO pin input is detected
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Section 3 Exception Handling

3.2.3 Interrupt Enable Register 1 (IENR1)

IENR1 erales drect trarsition interrupts, timerA overflow interryots, arl exernal pin interrugds.

Initial
Bit Bit Name Value R/W Description
7 IENDT 0 R/W Direct Transfer Interrupt Enable

When this bit is set to 1, direct transition interrupt
requests are enabled.

6 IENTA 0 R/W Timer A Interrupt Enable

When this bit is set to 1, timer A overflow interrupt
requests are enabled.

5 IENWP 0 R/W Wakeup Interrupt Enable

This bit is an enable bit, which is common to the pins
WKP5 to WKPO. When the bit is set to 1, interrupt
requests are enabled.

4 — 1 — Reserved
This bit is always read as 1.
3 IEN3 0 R/W IRQ3 Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ3
pin are enabled.

2 IEN2 0 R/W IRQ2 Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ2
pin are enabled.

1 IEN1 0 R/W IRQ1 Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ1
pin are enabled.

0 IENO 0 R/W IRQO Interrupt Enable

When this bit is set to 1, interrupt requests of the IRQ0
pin are enabled.

Whendisabing interryots byclearirg hits in aninterrupt enable gaster, orwhen clearng bitsin
aninterruptflag regster, always  so whileinterrupts arenaskel (1 = 1). If the doveclear
opeaations ae performed while | =0, ard asa resit a mnflict arises between thgear nstruction
ard an irterrupt request, exegion handing for the interrupt wil be execued after tre clear
instruction has beeexeated.
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3.24 Interrupt Flag Register 1 (IRR1)

IRR1 is astatus flag rgisterfor direct tarsition interrupts, imerA oveflow interrupts andIRQ3
to IRQO interruptrequess.

Initial
Bit Bit Name Value R/W Description
7 IRRDT 0 R/W Direct Transfer Interrupt Request Flag

[Setting condition]

When a direct transfer is made by executing a SLEEP
instruction while DTON in SYSCR2 is set to 1.

[Clearing condition]
When IRRDT is cleared by writing O
6 IRRTA 0 R/W Timer A Interrupt Request Flag
[Setting condition]
When the timer A counter value overflows
[Clearing condition]
When IRRTA is cleared by writing O

5 — 1 — Reserved
4 — 1 — These bits are always read as 1.
3 IRRI3 0 R/W IRQS Interrupt Request Flag

[Setting condition]

When IRQS3 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]

When IRRI3 is cleared by writing O
2 IRRI2 0 R/W IRQ2 Interrupt Request Flag

[Setting condition]

When IRQ2 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]

When IRRI2 is cleared by writing O
1 IRRI1 0 R/W IRQ1 Interrupt Request Flag

[Setting condition]

When IRQ1 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IRRI1 is cleared by writing O
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Bit

Bit Name

Initial
Value

R/W

Description

0

IRRIO

0

R/W

IRQO Interrupt Request Flag
[Setting condition]

When IRQO pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IRRIO is cleared by writing O

3.2.5

Wakeup Interrupt Flag Register(IWPR)

IWPR is a statsflag register forWKP5 to WKPO interrupt regests.

Bit

Bit Name

Initial
Value

R/W

Description

7
6

1
1

Reserved
These bits are always read as 1.

5

IWPF5

0

R/W

WKP5 Interrupt Request Flag
[Setting condition]

When WKP5 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IWPF5 is cleared by writing O.

IWPF4

R/W

WKP4 Interrupt Request Flag
[Setting condition]

When WKP4 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IWPF4 is cleared by writing O.

IWPF3

R/W

WKP3 Interrupt Request Flag
[Setting condition]

When WKP3 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IWPF3 is cleared by writing 0.
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Initial
Bit Bit Name Value R/W Description
2 IWPF2 0 R/W WKP2 Interrupt Request Flag

[Setting condition]

When WKP2 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IWPF2 is cleared by writing O.

1 IWPFA 0 R/W WKP1 Interrupt Request Flag
[Setting condition]

When WKP1 pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IWPF1 is cleared by writing 0.

0 IWPFO 0 R/W WKPO Interrupt Request Flag
[Setting condition]

When WKPO pin is designated for interrupt input and
the designated signal edge is detected.

[Clearing condition]
When IWPFO is cleared by writing 0.
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3.3 Reset Exception Handling

When the RES pin goeslow, all processig halts ard this LS| enters thereset. Thenternal state of
the CPU and the ragistersof the on-chip periphegal modules arenitialized by thereset.To ensure
that ths LSl isreset at power-up, hold the RES pin low until the cbck pulse generabr output
stahlizes. To reset th chip during operation, hid the RES pin low for at least 10 systemiock
cycles. WhertheRES pin goes hih after bang held lowfor thenecessary time, thisdl starts
resetexcetion handling. The resetexception handling seaience s shown infigure 3.1.

Thereset ekegion handing seqerce is adollows:

1. Settrel bit in the condtion code regster(CCR) to 1.

2. The CPUgenerates aeset exceon handing vecor addess (fom H00GD toH'0001), the
data inthat address isert to the programcounte (PC) & the start ddress, ad program
executionstarts from that@dress.

3.4 Interrupt E xception Handling

341 External Interrupts
There are etermal interrugs, NMI, IRQ3 to IRQO, andWKP5 to WKPO.
(1) NMI In terru pt

NMI interrug is requestedby input signal edge to pin NMI. This interruft is detectedby either
rising edgesersing or falling edgesensing, deperding on the seting of bit NMIEG in IEGRL.

NMI is the highestpriority interrupt, and can always beaaeped without dgperding onthe | bit
value in CCR.

(2) IRQ3to IRQO Interr upts

IRQ3 to IRQO interrupts arerequested by input signals © pinsIRQ3 to IRQO. Thesefour
Interrupts are gven diferent vecor addresses,ra aredeected indvidualy by either rising edge
sersing or falling edg sersing, depending on the settirgs of bits IEG3 to IEGO0 in IEGR1.

When pinsIRQ3 to IRQO are desgnakd for interruptinpu in PMR1 ard the designated signal
edge is inpu, the carespndng bit in IRR1 is setto 1, requesing the CPU of an interrupt When
IRQ3to IRQO interrupt is acceped thel bitis sé to 1 in CCR. These irterryots can le masledby
settirg bits IEN3 to IENO in IENRL.
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(3) WKP5to WK PO Interr upts

WKP5 toWKPO interrugs are regested by iput signals to pins WKP5 to WKPO. These six
interrupts have the sanevecor addressesand aredeecedindividually by either rising edge
sensing or falling edgesensing, deperding on the setingsof bits WPEG5 to WPEGO in IEGR2.

When pins WKP5 to WKPO aredesgnatedfor interruptinputin PMR5 and the desgnaed signal

edge is inpu, the carespndng bt in IWPR s sé to 1, reqestingthe CPUof an irterrugt. These
interrupts canbe maked by setting bkt IENWP in IENRL1.

—» Reset cleared
1

Initial program
Vector fetch Internal instruction prefetch
fa——»| Processing j@——

A
m
(9]
~

Internal '

address bus : M X ) X
Internal read : \ / \ / \
signal '

Internal write
signal

Internal data I
bus (16 bits) 5 2) @ —

(1) Reset exception handling vector address (H'0000)
(2) Program start address
(8) Initial program instruction

Figure 31 ResetSeguence
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Section 3 Exception Handling

3.42 Internal Interrupts

Eachon-chip peripheralmodue has alagto show the interruptrequeststatus and the endle bit to
enalbe or disable tle interrugd. For timer A interruprequest anddirect transfer interruptrequests
geneated by gecutionof a SLEEPInstruction, thiunction isincluded in IRR1 antéENRL1.

Whenan on-chip peripheral madule requests arninterryot, the correspading interrypt request
status flg is se to 1,requesting the BU of aninterrupt. When thisnterrupt is accpted,the | bit
Is set tal in CCR. Trese iterrupts can ke masled by writing Oto clearthe crresponding erae
bit.

3.43 Interrupt Handling Sequence
Interryots are catrolled by an irterrug cortroller.
Interrupt operdtion is descibed asfoll ows.

1. If aninterrug occurswhile the NMI or interrypt erable hit is set tol, an interruprequest
signal is sen to the interrug controller.

2. Whenmultiple interrug requests argenerated the interrug cortroller requests tothe CPU for
the interrug handing with the highestpriority at that time accading to table 31. Other
interrupt requests are hetl pending.

3. The CPU acqgats theNMI and address breawithout depading onthe | bitvalue Othea
interruptrequests are acqaed, if thel bit iscleaed © 0 in CCR; if the | bit is set to 1, the
interruptrequestis held pending.

4. If the CPUacceps the interrupt after praessing of the curreminstruction is comgeted,
interrupt exceptian handling will begin. First, bah PC amd CCR are pshedonto the stackThe
state of he sadk atthistimeis shown in figure 3.2. The RC value pushed onto the sta is the
address of tl first instruction to be exeauted upon return from interrupt handling.

5. Then the I bt of CCR is set td, maskng further interrugs excluding the NMI andaddess
break Upon retun from interrug handling, the values ofl bit andother bits in CCR will be
restored andeturned to e valuesprior to the startof interrug excegion handling.

6. Next, the ®U geneates thevector aldres mrrespondingd the acceptd interrupt, and

transfers theddress td°C asa start address the nterrupt handing-routine. Thena piogram
starts exeating from the aldressmdicated in PC

Figure 3.3 shows atypical interrupt sequence wherethe programarea s in the on-chip ROM ard
the stack areaiin he on-chp RAM.
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Section 3 Exception Handling

SP -4 SP (R7) — CCR

SP-3 SP + 1 CCR™3

SP-2 SP +2 PCH

SP -1 SP +3 PCL

SP (R7) — SP +4 Even address

Stack area
Prior to start of interrupt » After completion of interrupt
exception handling PC and CCR exception handling

saved to stack

[Legend]

PCH: Upper 8 bits of program counter (PC)
PCL: Lower 8 bits of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: 1. PC shows the address of the first instruction to be executed upon return from the interrupt
handling routine.
2. Register contents must always be saved and restored by word length, starting from
an even-numbered address.
3. Ignored when returning from the interrupt handling routine.

Figure 32 Stack Status ater Exception Handling

3.4.4 Interrupt Response Time

Table 32 showsthe rumber d wait states after aimterrupt requestflag is set urtil the first
instruction of the interrypt handling-routine isexecued

Table 3.2 Interrupt W ait States

Item States Total
Waiting time for completion of executing instruction* 1to 23 15 to 37
Saving of PC and CCR to stack 4

Vector fetch

Instruction fetch

Al BN

Internal processing

Note: * Not including EEPMOV instruction.
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Section 3 Exception Handling
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Section 3 Exception Handling

3.5 UsageNotes

3.5.1 Interrupts after Reset

If an interrupt is accepteafte areset ad bdore the stack pointer (SP) isitialized, thePC and
CCR will not be saed carecly, leadng to a progamcrash. Tqorevert this, all interrug requests,
including NMI, aredisébled mmedately after areset.Since thefirst instruction of a poogram is
always exegted immediately after the resestate eds, make sure @i this instruction initializes
the stack pmter (example: MOV.W #xx: 16, SP).

3.52 Noteson Sack Area Use

When word daa is accessed the leasgnificant bitof the address is igarded as 0.Access to he
stack alwgs tkesplace in word size, so ttsack pointer (SPR7) shout never indicate ammdd
addres. Use PUSH Rn (MOV.W Rn, @-SP) or PCP R (MOV.W @3+, Rn) to sae or resbre
register values.

3.53 Notes onRewriting Port Mode Ragisters

Whena port male regster isrewrittento switch the functions of exterral interrugt pins, IRQ3 to
IRQO, and WKP5 to WKPO, the interrupt request flagmay be seto 1.

Figure 3.4 shows a pot mocdk regster settingard interrug requestflag clearingprocedure.

When switching apin function, mask the interrupt before tting the bit in the port moderegister.
After accessing thport mode rgister, eeaute at €ast onenstruction (eg., NOP), tha clear the
interruptrequest flagfrom 1 to 0.
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Section 3 Exception Handling

Interrupts masked. (Another possibility
| CCR | bit « 1 | ———————— is to disable the relevant interrupt in
interrupt enable register 1.)

| Set port mode register bit |

| After setting the port mode register bit,

| ______ first execute at least one instruction
(e.g., NOP), then clear the interrupt

| request flag to 0

| Clear interrupt request flag to 0 |

| CCR I bit - 0 | -------- Interrupt mask cleared

| Execute NOP instruction

Figure 3.4 Port Mode Register Sdting and Interrupt Request Flag ClearingProcedure
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Section 4 Address Break

Section 4 Addrss Beak

The aldressbreak smplifies on-boad program débuggng. It requests a address break interrupt
whenthe setoreakcondition is satisfied The irterrupt request isnot affectedby the | bit of CCR.
Breakcorditions that can le set irclude instruction execuion at aspecific address anc
combinationof accessad dah at a specifiaddess. With theaddress bk function,the
executionstartpoint of aprogramcontaining a bug isletected ad execuion is branchedo the
correcing program. Figure 4.1 shows ablock diagramof the adires bre&.

< Internal address bus >
. N
Comparator
A
BARH ' BARL <1 B>
(2]
Y a
Interrupt [« ABRKCR < > %
generation °
control circuit | > ABRKSR <t > g
[}
: IS
BDRH X BDRL - >
y
Comparator
A
» |nterrupt
[Legend]
BARH, BARL: Break address register
BDRH, BDRL: Break data register
ABRKCR: Address break control register
ABRKSR: Address break status register

Figure 41 Block Diagram of AddressBreak
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Section 4 Address Break

4.1 RegisterDescriptions
Addressbre& has he foll owing registers.

e Address brelacontol regster ABRKCR)
e Address brelastatusregister ABRKSR)
e Break aldressegiser (BARH, BARL)

e Break data regier(BDRH, BDRL)

4.1.1  Address Break Control Register (ABRKCR)

ABRKCR setsaddressbreak conditions.

Initial
Bit Bit Name Value R/W Description
7 RTINTE 1 R/W RTE Interrupt Enable
When this bit is 0, the interrupt immediately after
executing RTE is masked and then one instruction must
be executed. When this bit is 1, the interrupt is not
masked.
CSEL1 0 R/W Condition Select 1 and 0
CSELO 0 R/W These bits set address break conditions.
00: Instruction execution cycle
01: CPU data read cycle
10: CPU data write cycle
11: CPU data read/write cycle
4 ACMP2 0 R/W Address Compare Condition Select 2 to 0
ACMP1 0 R/W These bits comparison condition between the address
2 ACMPO 0 R/W set in BAR and the internal address bus.

000: Compares 16-bit addresses

001: Compares upper 12-bit addresses
010: Compares upper 8-bit addresses
011: Compares upper 4-bit addresses
1XX: Reserved (setting prohibited)
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Section 4 Address Break

Initial
Bit Bit Name  Value R/W Description
1 DCMP1 0 R/W Data Compare Condition Select 1 and 0
0 DCMPO 0 R/W These bits set the comparison condition between the

data set in BDR and the internal data bus.
00: No data comparison

01: Compares lower 8-bit data between BDRL and data
bus

10: Compares upper 8-bit data between BDRH and
data bus

11: Compares 16-bit data between BDR and data bus

[Legend]
X: Don't care.

Whenanaddess bre&k is set in the datareadcycle ordatawrite cycle, he data bus usewill
depend onthe combination othe byte/worcaccess anddaress. Tabld.1shows the acss and
data bus usk When an I/O register spaceith an8-bit databus widh is accesseth wordsize,a
byte acces isgeneated twie. For details odaa widths of eab register, see sectial®.1,
Register Addesses (Address Order).

Table 4.1 Access and DatBus Used

Word Access Byte Ac cess
Even Address Odd Address Even Address Odd Address
ROM space Upper 8 bits Lower 8 bits Upper 8 bits Upper 8 bits
RAM space Upper 8 bits Lower 8 bits Upper 8 bits Upper 8 bits
I/O register with 8-bit Upper 8 bits Upper 8 bits Upper 8 bits Upper 8 bits
data bus width
I/O register with 16-  Upper 8 bits Lower 8 bits — —

bit data bus width
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Section 4 Address Break

4.1.2  Address Break Status Register (ABRKSR)

ABRKSR congsts of the aldress Ibedk interruptflagard the adires bre& interrupt enable bit.

Initial
Bit Bit Name  Value R/W Description
7 ABIF 0 R/W Address Break Interrupt Flag
[Setting condition]
When the condition set in ABRKCR is satisfied
[Clearing condition]
When 0 is written after ABIF=1 is read
6 ABIE 0 R/W Address Break Interrupt Enable
When this bit is 1, an address break interrupt request is
enabled.
5t00 — All 1 — Reserved

These bits are always read as 1.

4.1.3 BreakAddressRegisters (BARH, BARL)

BARH and BARL arel16-bit read/wite regsters hat setthe addres for generatng an addres
breakinterrug. Whensettirg the adiress breakondition to the instruction execuion cycle, set
the first byte adiress of tk instriction. The intial value of this regster isH'FFFF.

414 Break Data Registers(BDRH, BDRL)

BDRH and BDRL arel16-bit read/wite regsters hat setthe dat for geneating an address lreak
interupt. BDRH is canparedwith the uppe8-bit databus. BDRL is compred with the lover 8-
bit data bus. Whememoryor registers are accessed loyte, theuppe 8-bit data buss usel for
even anddd aldresses inhe data trasmisson. Therefore, mmparnson data must be set in
BDRH for byteaccess.For word access, the dabasused dpends on he addressSeesection
4.11, AddressBreak ntrol Register (ABRKCR), for detlls. The nitial value of thisregister is
undefined.
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Section 4 Address Break

4.2 Operation

When the ABIF ard ABIE bits in ABRKSRare seto 1, the addres bre& function geneates an
interryot requestto the CPU. The ABIF hit in ABRKSRIs setto 1 by the canbination of the
address set iIBAR, the dataset inBDR, andthe condtions set iPABRKCR. Wtenthe interrug
request is acqaed, interuptexceptiorhandling starts after thimstruction beingxeeauted eds.
The addess brealnterrypt is nd maskedbecawseof thel bit in CCR d the CPU.

Figures4.2 show the operation exanplesof the aldressbre&k interrupt seting.

When the address break is specified in instruction execution cycle

Register setting Program
¢ ABRKCR = H'80 0258 NOP
e BAR = H'025A * 025A NOP
025C MOV.W @H025A,R0 Underline indicates the address
0260 NOP
to be stacked.

0262 NOP

NOP NOP MOV MOV
instruc- instruc- instruc- instruc-
tion tion tion 1 tion 2 Internal
prefetch prefetch prefetch prefetch processing Stack save

I I B B s ——
¢ SREREREREpEREREREpEpEpEREREEE

padress Y o258 Y _oz5A Y 025C X o025k Y sp-2 Y sp4

Interrupt | T
request |

Interrupt acceptance

Figure 4.2 AddressBreak Interrupt Operation Example (1)
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Section 4 Address Break

When the address break is specified in the data read cycle

Register setting Program
e ABRKCR = H'A0 0258 NOP
* BAR = H'025A 025A NOP
*025C MOV.W @H'025A,R0
0260 NOP Underline indicates the address

0262 NOP to be stacked.

MOV MOV NOP MOV NOP Next
instruc- instruc- instruc- instruc- instruc-  instru-
tion 1 tion 2 tion tion tion ction Internal  Stack
prefetch prefetch prefetch execution prefetch prefetch processing save

RSN Ep AR

podress Y"0a5C_)_025E X 0260 X 025A X 0262 Y 0264 X sp-2

Interrupt | T
request |

Interrupt acceptance

Figure 4.2 AddressBreak Interrupt Operation Example (2)
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Section 4 Address Break

4.3 UsageNotes

Whenanaddess bre& is set to aningruction after a corditional branchingruction, andthe
instruction set whenthe condition of the lranchinstruction s not satisfied is exedted (sedigure
4.3), note thatan aldressbre&k interruptrequestis not generaed. Therefore an adiressbre&k must
naot be set tothe instruction after a caditional lranchinstruction.

[Register setting] [Program]
ABRKCR = H'80 012A MOV.B... <+——
BAR =H'0136 : :
0134 BNE
*0136 NOP

0138 NOP

BNE NOP MOV NOP
instruction instruction instruction instruction
prefetch prefetch prefetch prefetch

|
¢ U rrrore

Addressbus X 0134 X 0136 Y 102A Y o138 X

Address break
interrupt request

Figure 4.3 Operation when Condition isnot Satisfied n Branch Instruction
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Section 4 Address Break

When anothe interrupt rejuest isaccepted beforenanstruction to whictan aldress brek is set is
execued excepion handing of an addrssbreak interruptd not execued. However, the ABIF bit
is setto 1 (see figure 4.4) hereforethe ABIF bit must bereadduring excepton handling of an
address breaikterrug.

[Register setting] [Program]
ABRKCR = H'80 001C 0900
BAR = H'0144 : :

0142 MOV.B #H'23,R1H
External interrupt —»* 0144 MOV.B #H'45,R1H Underlined indicates the address to be stacked.
0146 MOV.B #H'67,R1H

MOV MOV MOV

instruction instruction instruction Internal Vector Internal  External interrupt
prefetch prefetch prefetch processing Stack save fetch processing acceptance
¢ JUyyuyyyuUyryuUyU U UL

Addressbus Y 0142 X 0144 \__ o146 N sP2 Y sp4 X oo1c____ X 0900 X

Address break
interrupt request

ABIF

t

External interrupt acceptance

Figure 4.4 Operation when Another Interrupt is Accepted at Address Break S#ing
Instr uction
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Section 4 Address Break

Whenanaddess bred is set to aningruction as abranch destinatiorof a conditional brach
instruction, the instruction setwhenthe candition of the branchinstruction is nat satisfied is nb
executd, and an aldress break is generated. Tierefore an address breakustnaot be set tothe
instruction as a brach destination of a canditional branchinstruction.

[Register setting] [Program]
 ADBRKCR = H'80 0134 BNE
* BAR =H'0150 0136 NOP
0138 NOP
* 0150 MOVB: - - <+——

BNE NOP MOV NOP
instruction instruction instruction instruction
prefetch = prefetch & prefetch = prefetch

¢ T

Addressbus X 0134 X 0136 )\ o150 X o138

Address break |

interrupt request [ !

Interrupt acceptance

Figure 4.5 Operation whenthe Instruction Sd is not Executedand does rot Branch dueto
Conditionsnot Being Satisfied
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Section 5 Clock Pulse Generators

Section 5 Qick Pulse Genators

Clock oscilator circuitry (CPG: clock pulsegeneator) is providedon-chip, including bath a
system abck pulsegeneatorand a subcldcpulse geneator. The sysemclock pulse gerrator
consists of asystem clok oscillator, aduty carection circut, andsystem clak dividers. The
sulxlock pulse gnerator corsists d a subclock oscillator circuit and a sunclock divider.

Figure 5.1 shows ablock diagram of the clak pulsegenerators.

! Posc >~
: System Duty System |@sc/8 | 1 @
— 1] > '
OSCy : clock $osc, | correction |—20SC,| clock [@osc/16 | [
0SC, <——| oscillator | (fosc) circuit (fosc) | divider (Poscgf1 ol
Bosc > Prescaler S _> g‘?
| Systemclockpuisegenerator T R a1
: o2
X ! Subclock — |
1 | oscillator B _| subclock | w4 | . 0SB
Xp <——] (fw) | divider | /8 !
Prescaler W —7%,\,/8
(5 bits) _‘qw/128
______ Subclock pulse generator |

Figure 5.1 Block Diagram of Clock Pulse Generators

Thebasic clo& signals hat drive he CPU and on-chip perpheal modulesare¢ and¢, .. The
sysem cbckis dividedby prescaler S b bemme aclock signalfrom ¢/8192to ¢/2, and he
subclock isdividedby prescagér W to bemme a cbck signd from ¢w/128 b ¢w/8. Boh the
system abck and subcbck signals ar@rovidedto the onchip peipheralmodules
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Section 5 Clock Pulse Generators

5.1 System Clock Generator

Clock pulses @n be sipplied to the sysem clock divider either by connectng acrystal or cerame
resmabr, or by providing external clock input. Figure 5.2 shows ablock diagramof the system
clock generadr.

0SC» @ - o
2
056, @7 LPM

LPM: Low-power mode (standby mode, subactive mode, subsleep mode)

Figure 5.2 Block Diagram of System Clock Generator

5.11 Conneding Crystal Resnator

Figure 5.3 shows atypical method of conneding acrystal resmatbr. An AT-cut paralel-resonance
crystl resmabr should beused.Figure 5.4 shows the equivalent circuit of a aystal resonabr. A
resaabr having the characeristics given in table 51 should be use.

Cy
ose —1—1h
| T 4
0SC2 T Cy=C, =12 pF +20%
Note: Capacitances are reference values.

Figure 53 Typical Connedion to Crystal Resanator

0OSCy <+ t—> 0SC,

Figure 54 Equivalent Circuit of Crystal Resnator
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Section 5 Clock Pulse Generators

Table5.1 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 16
R, (max) 500 Q 120 Q 80 Q 60 Q 50 Q
C, (max) 7 pF 7 pF 7 pF 7 pF 7 pF

5.1.2 Conneting Ceramic Resonator

Figure 5.5 shows atypical methodof conneding a ceamic reonabr.

0SC;

0SC,

C1 =30 pF £10%

' ';L C, = 30 pF +10%

Note: Capacitances are reference values.

Figure 55 Typical Connedion to Ceramic Resonator

5.13 External Clodk Input Method

Connect a external cbck signal tqpin OSG, and leavepin OSC open. Figure 5.6 shows a typical
connectionThe duty gcle of the external clock sigal must be45 to 55%.

0SC;

0SC,

— | | | | | | External clock input

Open

Figure 56 Example of External Clock Input
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Section 5 Clock Pulse Generators

5.2 SubclockGenerator

Figure 5.7 shows ablock diagram of the subclock geneator.

X2 @ ¢ >°_
8MQ §

x1

Note : Resistance is a reference value.

Figure 57 Block Diagram of Subclock Generator

521 Connecing 32.78B-kHz Crystal Resonator

Clock pulses @n be sipplied to the subclock dividerby connecing a32.768-kHz cystal

resmabr, as fiown in figure 5.8. Figure 5.9 showsthe equivalent circuit of the 32.768-kHz
crysial resmabr.

X1f'}
XZLH}

C,=C,=15pF (typ.)

Note: Capacitances are reference values.

Figure 58 Typical Connedion to 32768-kHz Cry stal Resnator

Ls Cs Rs

— 000 | | M\

Co = 1.5 pF (typ.)
Rg = 14 kQ (typ.)
fyy = 32.768 kHz

Note: Constants are reference values.

Figure 59 Equivalent Circuit of 32.768kHz Crystal Resomator
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Section 5 Clock Pulse Generators

5.2.2 Pin Connection whenNot Using Subclock

When the subdock is not used, connectpin X, toV, orV  and leavein X, open, as showin
figure 510.

TVCL orVss

X2 Open

Figure 5.10 Pin Connectionwhen not Usng Subclock

5.3 Prescalers

531 PrescalelS

Prescaler S is &3-bit counteusing he systen clod (¢) as ts input clock. It isincremented once
per clock period. Prescaler S is itialized to H'00Q0 by a reset, andtarts canting on ext from
thereset state. Istandby mde, subactve mode, and subsleep node, he sysemclodk pulse
geneator sbps. Prescale8 ako sbps ad isinitializedto H'0000. The CRJ cannot read owrite
prescaleS. The output fronpresder S isshared by the onchip peipheral modules The dvider
ratio can besetsepaately for each ontap perpheral function. Iractive modeandsleepmode,
the cbdk inpu to prescadr Sis deermined by the division factor desgnated by MA2 to MAO in
SYSCR2.

5.3.2 PrescalewV

Prescadr W isa 5bit counter using a32.768kHz signal dividedby 4 (¢,,/4) as its inpit clock The
divided autput is used for clock time base peration of timer A. Prescadr W isinitializedto H'00
by areset, ad starts couting on ext from the reset state. #en instardby mode, sibacive mode,
or subsleg mode, prescagr W continuesfunctioning so longas cbck signals aresupgied to pins
X, andX,. Prescaler W can be re$gtsettirg 1s inbits TMA3 andTMAZ2 of timer male regster
A (TMA).
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Section 5 Clock Pulse Generators

5.4 UsageNotes

541 Note on Renators

Resonatr chaacteristicsare closely related tiooad design ard slhould be caefully evaluated by
the user, referrig to the examgdes slown in this secton. Resanabr circuit corstants will differ
depading onthe resonatoelement, straggpadtance in its iercanectingcircut, and other
factors. Suitable canstants should bedeerminedin conaultation with the resonabr elemert
manufactirer. Design he cirait so that theesonator elenmt never receves voltages»eeeding
its maxmum rating.

542 Noteson Board Design

When using a crystal resonat (ceramicresonabr), place heresonator iad its load cgpecitors as
close agossible to th€&©SC andOSC pins Other signallines siould berouted avay from the
resorator circuit toprevert induction frominterfering with correctoscillation (see figuré.11).

Avoid —— Signal A Signal B

0SC;

i

0SC,

S

Figure 5.11 Example of Incorrect Board Desgn
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Section 6 Power-Down Modes

Section 6 Power-Down dliles

This LSl hassix modesof operation after a reset These includeanormal ective male and four
power-down modes, in which power consumption is significanty reduced. Module seandby mode
reduces paver consumipion by selectively halting on-chip module functions.

Active moak

The GPU and dl on-chip periphaal modulesareoperable on the system cbck Thesystem
clock frequeny can beseleced from¢osc,poscB, poscl6, poscB2, aad posch4.

Subactive mode

The GPU and dl on-chip peripheal modulesareoperéble on the subclock. The subclock
frequency can be seéciedfrom ¢w/2, pw/4, andpw/8.

Sleep mode

The CPUhalts. Onchip peripheral modues are opeable onthe systemclock.
Subslkeepmode

The CPU hals. On-chip peipheralmaodules are opeble an the subclock.
Stardby mocde

The GPU and dl on-chip periphaal moduleshak. When the clock time-base funcionis
selected, timeA is operdle.

Module standbymode

Independert of the almve modespower corsumption can beeducedby halting on-chip
peripheal modues that are not useal in modue unts.
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Section 6 Power-Down Modes

6.1 RegisterDescriptions

Theregisters related to power-down modesare isted below.

e System control mgsterl (SYSCR1)
e System control gister2 (SYSCR2)

e Module standbycontrol register1 (MSTCR1)

6.11 Sydem Contr ol Register 1 (SYSCR1)

SYSR1 controls the power-down modes,as well asSYSCR2.

Initial
Bit Bit Name Value R/W Description
7 SSBY 0 R/W Software Standby
This bit selects the mode to transit after the execution
of the SLEEP instruction.
0: a transition is made to sleep mode or subsleep
mode.
1: a transition is made to standby mode.
For details, see table 6.2.
STS2 0 R/W Standby Timer Select 2 to 0
STSH 0 R/W These bits designate the time the CPU and peripheral
4 STSO 0 R/W modules wait for stable clock operation after exiting

from standby mode, subactive mode, or subsleep mode
to active mode or sleep mode due to an interrupt. The
designation should be made according to the clock
frequency so that the waiting time is at least 6.5 ms.
The relationship between the specified value and the
number of wait states is shown in table 6.1. When an
external clock is to be used, the minimum value (STS2
= STS1=STSO0 = 1) is recommended.
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Section 6 Power-Down Modes

Initial
Bit Bit Name  Value R/W Description

3 NESEL 0 R/W Noise Elimination Sampling Frequency Select

The subclock pulse generator generates the watch
clock signal (¢,,) and the system clock pulse generator
generates the oscillator clock (¢,.). This bit selects the
sampling frequency of the oscillator clock when the
watch clock signal (¢,,) is sampled. When ¢_..= 4 to 16
MHz, clear NESEL to 0.

0: Sampling rate is ¢../16
1: Sampling rate is ¢./4

2 — 0 — Reserved
— 0 — These bits are always read as 0.

Table 61 Operating Frequengy and Waiting Time

STS2 STS1 STSO Waiting Time 16 MHz 10MHz 8MHz 4MHz 2MHz 1MHz 0.5MHz

0 0 0 8,192 states 0.5 0.8 1.0 2.0 4.1 8.1 16.4
1 16,384 states 1.0 1.6 2.0 41 8.2 16.4 32.8

1 0 32,768 states 2.0 3.3 4.1 8.2 16.4 32.8 65.5

1 65,536 states 4.1 6.6 8.2 16.4 32.8 65.5 131.1

1 0 0 131,072 states 8.2 13.1 16.4 32.8 65.5 131.1 262.1
1 1,024 states 0.06 0.10 0.13 0.26 0.51 1.02 2.05

1 0 128 states 0.00 0.01 0.02 0.03 0.06 0.13 0.26

1 16 states 0.00 0.00 0.00 0.00 0.01 0.02 0.03

Note: Time unitis ms.
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Section 6 Power-Down Modes

6.12 Sydem Contr ol Register 2 (SYSCR2)

SYS@R2 controls the power-down modes,as well asSYSCR1.

Bit Bit Name

Initial
Value

R/W

Description

SMSEL
LSON
DTON

0
0
0

R/W
R/W
R/W

Sleep Mode Selection
Low Speed on Flag
Direct Transfer on Flag

These bits select the mode to transit after the execution
of a SLEEP instruction, as well as bit SSBY of
SYSCR1.

For details, see table 6.2.

4 MA2
3 MA1
2 MAO

R/W
R/W
R/W

Active Mode Clock Select2to 0

These bits select the operating clock frequency in
active and sleep modes. The operating clock frequency
changes to the set frequency after the SLEEP
instruction is executed.

OXX: doee

100: ¢,./8
101: ¢, /16
110: ¢, /32

111: ¢, /64

SAT
0 SAO0

R/W
R/W

Subactive Mode Clock Select 1 and 0

These bits select the operating clock frequency in
subactive and subsleep modes. The operating clock
frequency changes to the set frequency after the
SLEEP instruction is executed.

00: ¢,/8
01: ¢, /4
1X: ¢,/2

[Legend]
X: Don't care.
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Section 6 Power-Down Modes

6.13 Module Standby Control Register 1 M STCR1)

MSTCRL1 allows the on-chip periphaal modues to enter atandby state in moduleits.

Initial
Bit Bit Name  Value R/W  Description
7 — 0 — Reserved
This bit is always read as 0.
6 MSTIIC 0 R/W  1IC Module Standby
[IC enters standby mode when this bit is set to 1
5 MSTS3 0 R/W  SCI3 Module Standby
SCI3 enters standby mode when this bit is set to 1
4 MSTAD 0 R/W  A/D Converter Module Standby
A/D converter enters standby mode when this bit is set
to 1
3 MSTWD 0 R/W  Watchdog Timer Module Standby
Watchdog timer enters standby mode when this bit is
set to 1.When the internal oscillator is selected for the
watchdog timer clock, the watchdog timer operates
regardless of the setting of this bit
2 MSTTW 0 R/W  Timer W Module Standby
Timer W enters standby mode when this bit is set to 1
1 MSTTV 0 R/W  Timer V Module Standby
Timer V enters standby mode when this bit is set to 1
0 MSTTA 0 R/W  Timer A Module Standby

Timer A enters standby mode when this bit is set to 1
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Section 6 Power-Down Modes

6.2 Mode Transitions and States of L$

Figure 6.1 shows the possible trarsitions amang theseoperatirg modes. A trarsition is macke from
the pragram exection state to taprogram haltstate of thg@rogram by recuting a SLEP
instruction. Interrupts allow for returning from the program hat state o the program eecuton
stateof the program. Adirect trarsition betweenactive mode andsulkactive moe, which arebaoth
program executian states, candomace without halting the progam. The operatingfrequency can
alsobe changed in the samemodes by making a trarsition directly from active moce to active
mode, ad from subactve modeto subacive male.RES inpu erates trarsitions from a mogk to
thereset state. Table 6showsthe transition conditionsof each mode fder the SLEEP instruction
is execued andamock to return by aninterrug. Table 6.3 shows thernternal states ohe LSI in
each mode.

( Reset state

Program halt state Program execution state Direct transition Program halt state

| +\ interrupt

N\ . SLEEP APW SLEEP (

1 instruction I instruction _
Standby mode | Active mode | ! g Sleep mode

i Interrupt ' Interrupt

] |
| A \
! '\SLEEP

\ instruction

Direct Direct
transition transition
interrupt interrupt

SLEEP :

| SLEEP

! LN

| instruction i

' Subactive P ! Subsleep mode

' mode < g

' ' Interrupt '

| , N

Ve ____ X N ./ Direct transition | __ __ __ _____________._ X
interrupt

Notes: 1. To make a transition to another mode by an interrupt, make sure interrupt handling is after the interrupt
is accepted.
2. Details on the mode transition conditions are given in table 6.2.

Figure 61 Mode Transition Diagram
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Section 6 Power-Down Modes

Table 6.2 Transition Mode after SLEEPInstructi on Exeaition and Interrupt Handling

Transition M ode after

SLEEP Instruction Transition M ode due
DTON SSBY SMSEL LSON Execution to Interrupt
0 0 0 0 Sleep mode Active mode
1 Subactive mode
1 0 Subsleep mode Active mode
1 Subactive mode
1 X X Standby mode Active mode
1 X 0* 0 Active mode (direct —
transition)
X X 1 Subactive mode (direct —
transition)
[Legend]
X: Don't care.

Note: * When a state transition is performed while SMSEL is 1, timer V, SCI3, and the A/D
converter are reset, and all registers are set to their initial values. To use these
functions after entering active mode, reset the registers.
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Section 6 Power-Down Modes

Table6.3 Internal Satein Each Operating Mode
Subactive Subslee p Stand by
Function Active M ode  Sleep Mode Mode Mode Mode
System clock oscillator Functioning Functioning Halted Halted Halted
Subclock oscillator Functioning Functioning Functioning Functioning Functioning
CPU Instructions Functioning Halted Functioning Halted Halted
operations Registers Functioning Retained Functioning Retained Retained
RAM Functioning Retained Functioning Retained Retained
1O ports Functioning Retained Functioning Retained Register
contents are
retained, but
output is the
high-
impedance
state.
External IRQ3 to IRQ0  Functioning Functioning Functioning Functioning Functioning
Interrupts WKP5 to Functioning Functioning Functioning Functioning Functioning
WKPO
Peripheral Timer A Functioning Functioning Functioning if the timekeeping time-base
functions function is selected, and retained if not selected
Timer V Functioning Functioning Reset Reset Reset
Timer W Functioning Functioning Retained (if internal clock ¢ is  Retained
selected as a count clock, the
counter is incremented by a
subclock*)
Watchdog Functioning Functioning Retained (functioning if the internal oscillator is
timer selected as a count clock*)
SCI3 Functioning Functioning Reset Reset Reset
1{e; Functioning Functioning Retained* Retained Retained
A/D converter  Functioning Functioning Reset Reset Reset
Note: * Registers can be read or written in subactive mode.

Downloadecliq Fc;rjrgg
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Section 6 Power-Down Modes

6.21 SleepMode

In sleepmode, CPU operatonis haked but the on-chip periphaal modulesfuncion atthe clock
frequency setby the MA2, MA1, and MAO bitsin SYSCR2. CPU register mntents areretained.
When an interrupt is requested, sleepmode & clearedand interrupt exception handling starts.
Sleepmockeis nat cleared if he | bit of the condition coderegster(CCR) s set tol or the
requested iterrup is disabled inthe interruptenableregister.After sleepmode is cleam a
trarsition is mae to active male whenthe LSON bit in SYSCR2 is0, ard a trarsition is mace to
subactive mode whehe kit is 1.

When the RES pin goes low,lte CPUgoes nto thereset site and sleemode is clear

6.22 Standby Mode

In standby mode, he cbcdk pulse geneator stops 0 the GPU and on-chip perppheal modues sbp
functioning. However, aslong asthe rated voltage s supplied, the contents of CPU registers,on-
chip RAM, and some on-chip perpheaal modue registersare resined. On-chip RAM contents
will beretairedas lomg as the vitage setby the RAM data reteriion voltage is provided. The 1/0
portsgo to te high-impalane state.

Standby modés clearedoy an interrupt When an interruptis requesed, the sysemclock pulse
generator starts. Afterlte time set irbits STS2-STS0 in SYSCRL1 has edpsed,ard interrupt
exception handing starts. Staglby mock is nat clearedf the | bit of CCRis set tol or the
requested iterrup is disabded inthe interrupt emde regster.

When the RES pin goeslow, the s/stem cbdk pulsegenerabr strts. Sincesysemclodk sgnaks
are supplieddthe entirechip as soon as th&ystem abck pule geneator starts funcioning, the
RES pin mustbe kept low until the pulse gnerator output stalilizes. After tte puse generata
output has stabilizegthe CPU starts reset eagtion handiing if the RES pin is drivenhigh.
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Section 6 Power-Down Modes

6.23 SubsleegMode

In subslkeep mode,operaton of the CPU ard on-chip peripheralmodues other hantimerA is
haled.As longas arequired voltage s goplied, the contents of CPU registers, he on-chip RAM,
andsome regstersof the onchip paipheralmodules areetained.l/O ports keg the same states
as lefore the trarsition.

Subsleep modes cleared byminterryot. Whenaninterrupt is requesteal, subsleep mods cleared
and interrupg exceion handliing starts. Sueepmode is nat clearedf the | bit of CCRis set tol
or the requesed interruptis disabkedin the interrupt enable register. After subsleepmode s
cleared, a tmasition is mae b activemodewhen the LSONDbit in SYSCR2is 0, and a tanstionis
mack to sukactive male when tte bit is 1.

When the RES pin goeslow, the s/stem cbck pulsegeneratr starts. Sincesysem clodk signaks
are supplieddthe entirechip as soon as theystem abck puse geneator stars funcioning, the
RES pin mustbekeptlow until the pubegenerabr output stabilizes. Ater the pulse gererator
output has stabilizegthe CPU starts reset eagtion handling if the RES pin is drivenhigh.

6.24 Subactive Mode

The @eratng frequency of subactve modeis sekecedfrom ¢,/2, ¢,/4, ard ¢,,/8 by the SA1 ard
SAO bits in SYSCR2 After the SLEEP istructionis exeauted, the operating frequency chargesto
the frequacy which is setbefore theexeawtion. When the SLEEP instrution is exeauted in
sulactive mode, a trasition to sleepmodg, subsleepmode, standly mode, active moa, or
subactve node is made, degpending on the ombination of SYSCR1 and SYSCR2. When the RES
pin goes bw, the g/stem cbdk pulsegenerabr starts. Sincesysemclock sgnak are sippied D
the entirechip as soon athesystem abck pulsegeneator starts functioning, the RES pin must be
keptlow until the pulsegenerator output stabilizes. Ater the pulsegenerator output hassiabilized,
the CPUstartsreset egegion handling if the RES pin is driven high.
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Section 6 Power-Down Modes

6.3 Operating Frequency in Active Mode

Opeation in active male s docked atthe frequency desgnatedby the MA2, MA1, and MAO bits
in SYSCR2. he opeaating frequacy changes tdhe setfrequency after SLEEP mstruction
execution.

6.4 Direct Transition

The CPU ca executeprograns in two modes: actevard subactve mode A directtransition is a
trarsition betweenthese twamodes without stoping program egcuion. A direct trarsition can
be madk by execuing a SLEEP istruction while the DTONDbit in SYSCR2is set 6 1. The direct
trarsition alsoenalles ogeratng frequency modfication in active or sulactive moce. After the
mode trarsition, direct trarsition interrugt excegion handing starts.

If the direct trarsition interrupt is dsabedin interryot eralde regsterl, a trarsition is mace
insteadto sleepor sulsleepmocde. Note that if adirect trarsition is attemgedwhile the | bit in
CCRis set td, sleep or sudbeepmoce will be ertered and the resuting mode camat be cleared
by mears of an irterrug.

6.4.1 Direct Tr ansition from Active Mode toSubadive Mode

The timefrom the startof SLEEP instration execttion to the endof interrug excegion handling
(the direct transitio time) iscalculated by guation(1).

Direct trarsition time = {(number of SLEEP irstruction execttion states) +
(number of mternalprocessig states)¥ (tcyc bdore transition) +
(number of interrupt exception hardling sates)x (tsulryc after trarsition)................... D

Example:
Direct tramsitiontime =(2 + 1) x tosc +14 x 8tw = 3tosc +112tw
(when the CPU opeating clock of ¢, — ¢,/8 is selected)

[Legend]

tosc: OSC clok cycle time

tw: watch clack cycle time

tcyc: systentlock ) cycle time
tsubgyc: subclock (¢,,,) cycle time
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Section 6 Power-Down Modes

6.4.2 Direct Tr ansition from Subactive Mode to Actve Mode

The timefrom the startof SLEEP instration execuion to the endof interrug excegion handling
(the direct transitiom time) iscalcdated by equation (2).

Direct trarsition time = {(number of SLEEP irstruction execution states) +

(number of mternalprocessig states)}x (tsubgyc before ranstion) +

{(w aiting time set inbits STS2to STSO0) {number of interrypt exception handing states)}x
(003 Y o= L (=] 1= 1511 o o ) (2)

Example
Direct trarsitiontime =(2 + 1) x 8tw + (812 + 14) x tosc= 24tw + 82 tosc
(when the CPU opeating clock of ¢,/8 — ¢, and awaiting time 0f8192 statesra seécted)

[Legend]

tosc: OSC clok cycle time

tw: watch clack cycle time

tcyc: system clok (¢) cycle time
tsubgyc: subclock (¢.,,) cycle time

6.5 Module Standby Funcion

The malule-standby function can be setio any peripheralmaodule. In module sardby mode the
clock supply b modules stops taner the power-down mode. Module standbyode @ables each
on-chip peripheralmodue to enter the sardby siate by sethg abit thatcorresponds toach
module © 1 and cancek the modeby clearng the bit to O.

6.6 UsageNote

Whensulsleep moe is enteredby settirg the SMSEL it to 1 while the subclock is nd used(the
X, pinisfixed), note that acive node cana bere-entered by using an interrupt To usea power-
down mode while a port is retaiad, comectthe sulzlock to the X ard X, pins.
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Section 7 ROM

Section 7 ROM

The features othe 3-kbyte flashmemay bult into the flashmemay version aresummarized
below.

e Programmmglerase mdiods
— Theflash memuoy is programmed128 bytesat a time. Ease is prformedin sinde-block
units. The flash menory is configured as foll ows: 1 kbyte x 4 blocks and 28 kbytes x 1
block. To erasehe aitire flash menory, eat block mustbe erasd in turn.
e Repogrammingcaability
— Theflashmenory can bereprogranmed up to 1,000 imes
e On-boad programmng
— Onboad programmng/erasing canbe done in boot mode,in which the boot program built
into the chp is startedo erase oprogramof theentireflash menory. In normaluse
programmode individual blocks can be easedor programmed.
e Programme mode
— Flash merory can be ppgrammedérasedn progranmer mode using a PROM
programmer, as well as n on-boad programming mode
e Automatic bt rate agustmernt
— Fordata transfer in baomaode, ths LSI's hit rate carbe auomatically agusted tomatch
the trarsferbit rate of the hcst
e Programmng/erasng protecion
— Sets softwre pratectionagainst flassh memoryprogramming/erasing.
e Power-down made
— Opeation of the ppwer supply circuit can beparty hated in stbactve mode. As areallt,
flash memory can be readth low powea consumption.
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Section7 ROM

7.1 Block Configuration

Figure 7.1 shows the block configuraion of 32-kbyte flashmenory. Thethick linesindicake
erasingunits, the narrow lines indcate pogrammng units, and thealues are ddresse. The
flashmenory is divided into 1 kbyte x 4 Hocks and28 kbytesx 1 block. Erasng is paformedin
theseunits. Progranmming is pefformed in 128-byte units sarting from an adires with lower eight
bits H'00 or HBO.

H0000 ! HO0001 ! HO0002 ' =— Programming unit: 128 bytess = ! HOO7F
Erase unit | HO0080 ' HO0081 | H0082 ' ' H'OOFF
1kbyte : : : |

H0380 : H'0381 ' H'0382 ! | HO3FF

H0400 | HO0401 ! HO0402 ! < Programming unit: 128 bytes — ' H'047F
Erase unit | HO0480 ' H0481 ! H0481 ! | HO4FF
1kbyte : | | |

HO0780 @ HO781 @ HO0782 : | HO7FF

H'0800 ! H0801 ' H'0802 ! —— Programming unit: 128 bytes — ' HO087F
Erase unit | H0880 ' H0881 ! H0882 ! ! H'OSFF
1kbyte : : : I

HOB80 ' HOB81 : HOB82 ! | HOBFF

H0C00 ! HOCO1 ! HOCO02 ' =— Programming unit: 128 bytess — ' HOC7F
Erase unit [ HO0C80 ' H0OC81 ! HOCS2 ! | H'OCFF
1kbyte ' ' ' X

HOF80 ' HOF81 : HOF82 : | HOFFF

H'1000 E H'1001 E H'1002 E <— Programming unit: 128 bytes — E H'107F
Eraseunit [ H1080 ! H1081 ! H41082 ' ' H1OFF
28 kbytes ' ' ' X

H7F80 | H7F81 ' H7F82 | H7FFF

Figure 71 FlashMemory Block Configuration
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Section 7 ROM

7.2 RegisterDescriptions
The flashmemory hashe following registers

e Flash merory contol regster 1 (FLMCR1)

e Flash merory contol regsster 2 (FLMCR2)

e FErase bbck register 1 (EERR1)

e Flash merory power control register (FLPWCR)
e Flash memory enablegister (FENR)

7.2.1 Flash Memory Control Register 1 (FLMCR1)

FLMCRL is aregister thatmakes e fladh memory changeto programmode, program-verify
mode, éasemode or eraseverify mode For detils an register seting, refer to seciton 74, Flash
Memay ProgammingdErasing.

Bit Initial
Bit Name Value R/W Description
7 — 0 — Reserved
This bit is always read as 0.
6 SWE 0 R/W Software Write Enable

When this bit is set to 1, flash memory
programming/erasing is enabled. When this bit is
cleared to 0, other FLMCR1 register bits and all EBR1
bits cannot be set.

5 ESU 0 R/W Erase Setup

When this bit is set to 1, the flash memory changes to
the erase setup state. When it is cleared to 0, the
erase setup state is cancelled. Set this bit to 1 before
setting the E bitto 1 in FLMCR1.

4 PSU 0 R/W Program Setup

When this bit is set to 1, the flash memory changes to
the program setup state. When it is cleared to 0, the
program setup state is cancelled. Set this bit to 1
before setting the P bit in FLMCR1.
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Bit Initial
Bit Name Value R/W Description
3 EV 0 R/W Erase-Verify

When this bit is set to 1, the flash memory changes to
erase-verify mode. When it is cleared to 0, erase-verify
mode is cancelled.

2 PV 0 R/W Program-Verify

When this bit is set to 1, the flash memory changes to
program-verify mode. When it is cleared to O,
program-verify mode is cancelled.

1 E 0 R/W Erase

When this bit is set to 1, and while the SWE=1 and
ESU=1 bits are 1, the flash memory changes to erase
mode. When it is cleared to 0, erase mode is
cancelled.

0 P 0 R/W Program

When this bit is set to 1, and while the SWE=1 and
PSU=1 bits are 1, the flash memory changes to
program mode. When it is cleared to O, program mode
is cancelled.

7.2.2 Flash Memory Control Register 2 (FLMCR?2)

FLMCRZ2is a regster tratdispgays the statef fladhh manory programming/erasng. FLMCR2 isa
read-oiy regster, anl shoud nat be writtento.

Bit Initial
Bit Name Value R/W Description
7 FLER 0 R Flash Memory Error

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.

See section 7.5.3, Error Protection, for details.
6to0 — All O — Reserved
These bits are always read as 0.

Rev. 6.00 Mar. 24, 2006 Page 98 of 412
REJQ9B0142-0600 XENESAS
Downloaded fro

atasheet.su



Section 7 ROM

7.23 EraseBlock Register 1 (EBR1)

EBR1 specifis theflash menory easearea block. EBR1 isinitialized toH'00when the SWbit
in FLMCR1 is0. Do not setmore ttanone bit at a time, as B will cause all tle its in EBR1to
be aitomatically cleard to O.

Bit Initial

Bit Name Value R/W Description

7t05 — AllO — Reserved
These bits are always read as 0.

4 EB4 0 R/W When this bit is set to 1, 28 kbytes of H'1000 to H'7FFF
will be erased.

3 EB3 0 R/W When this bit is set to 1, 1 kbyte of H'OCO00 to H'OFFF
will be erased.

2 EB2 0 R/W When this bit is set to 1, 1 kbyte of H'0800 to H'OBFF
will be erased.

1 EB1 0 R/W When this bit is set to 1, 1 kbyte of H'0400 to H'O7FF
will be erased.

0 EBO 0 R/W When this bit is set to 1, 1 kbyte of H'0000 to H'O3FF

will be erased.

7.24 FlashMemory Power Control Register (FLPWCR)

FLPWCR enbhbles or disalesa transition to taflashmemory power-down modghen the LSI
switches b subacive male. Thereare tvo modes: modein which opeaation of the power supply
circuit of flashmemoryis partly halted inpower-down made andlashmemory can beead, ad
mode in which ewenif a trarsition is mack to subactive modegperaion of the power syoply
circuit of flash memoy is retairedand flash memorygan bereal.

Bit Initial
Bit Name Value R/W Description
7 PDWND 0 R/W Power-Down Disable

When this bit is 0 and a transition is made to subactive
mode, the flash memory enters the power-down mode.
When this bit is 1, the flash memory remains in the
normal mode even after a transition is made to
subactive mode.

6to0 — AllO — Reserved
These bits are always read as 0.
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7.25 Flash Menory Enable Register (FENR)

Bit 7 (FLSHE) in FENR rables or disalesthe CPU access thé flashmemay controlregisters,
FLMCR1, FLMCR2, EBR1, and~LPWCR.

Bit Initial
Bit Name Value R/W Description
7 FLSHE O R/W Flash Memory Control Register Enable

Flash memory control registers can be accessed when
this bit is set to 1. Flash memory control registers
cannot be accessed when this bit is set to 0.

6to0 — AllO — Reserved
These bits are always read as 0.

7.3 On-Board Programming Modes

Therearetwo modesfor programmng/erasing of the fladh memay; boot mode,which enables on-
boad progranming/erasng, andprogrammner node, n which programmng/erasing is performed
with aPROM progranmer. On-boad programmng/erasing canalso beperformed in user
programmode At resetstartin resetmode the seies ofHD64F3664 changes 1 a node
depanding onthe TEST pin settings,NMI pin settings, andinput level of eachport, as shan in
table 71. The inpu level of eachpin must be defined four states bebre the reseends.

When charging to bod made, the boa programbuilt into this LSI is nitiated The bod program
trangersthe programming control programfrom the externally-connectelost to on-chip RAM
via SCI3 After erasinghe entie flash memgy, the programming control program is exected
This canbe usedfor programmirg initial values n the onboard stateor for aforcible return when
programming/erasng can nolonger bedone in userprogram mode In user programmode,
individualblocks can be easa and programmed by branching © the user programékrasecontol
program prepared bythe user.

Table 71  Setting Programming Modes

TEST NMI P85 PBO PB1 PB2 LSI State after Reset End
0 1 X X X X User Mode

0 0 1 X X X Boot Mode

1 X X 0 0 0 Programmer Mode
[Legend]

X: Don't care.
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7.31 Boot Mode

Tale 7.2 shows the boa mode opratiors betweenreset endard branchng to the programming
contol program.

1.

When boot madeis usel, the flash merary progranming control program mustbeprepaedin
the hast beforehand. Prepare a piogramming cottrol program inaccodance with the
descrptionin secion 74, Flash Memory Programming/Erasing.

Sd3 shoud be setto ag/nchronousmode and the tranger formatasfoll ows: 8-bit dat, 1 sbp
bit, and no party.

Whenthe boa program is intiated the chp measuesthe low-level period of asyrchronaus
SCI canmuncation data (HOO) transmitteccontinuously from the host. The chp then
calcdates tke bit rateof trarsmissia from the host, amd adjwsts tle SCI3bit rate to matchhat
of the host The resethould endwith the RxD pin high. The RxD ard TxD pinsstould be
pulled uponthe bardif necessaryAfter the reset is coplete, it tales appoximately 100
states bBfore the clp is readyto measue the low-level period.

After matcling the bit rates, he chp transmits ae H'00 byte tothe host o indicate tle
conpletion of bit rate adjustment The hog should confirm that this adustment erd indicaion
(H'00) has berreceival normally, and transmit ore H'55 byteo thechip. If reception cou
not be peormed normally,initiate boot node again by aeset. Dependingon thehost's
tranger bit rate ard system cbck frequency of this LS, there will be adiscrepancy between
the it rates ofthe host andthe chip. To operate the SCl properly, set the host's trasferbit
rate and system clock frequencyof this LSI within the ranges listedin talde 7.3.

In boa mode, a part of the onehip RAM area is sedby the bt program. The aea HF780 to
H'FEEF- is the area © which the progranming control program is transferred from the host
The boa program area canndoe useduntil the execttion state inbod mode switches b the
programming control program.

Before branching to the programming control program, tre chip termirates transfer opations
by SA3 (by clearng the RE andTE bits in SCR to 0), howeve the aljustedbit rate value
remairs set inBRR. Therefore, ihe programmirg cortrol progam canstill use it for transfer
of write dat or verify datawith the host The TxD pinis high (PCR22 =1, P22=1). The
conéents of the CPU generalregistersare urdefinedimmediately after branching to the
programming control program. Theseregisters nustbe nitialized atthe beginning of the
programming control program, as he sackpointer (SP), in paricular, isused mplicitly in
sulroutine calls, etc.

Bootmode can be ckaedby a reset End the resetfter driving the resetpin low, waiting at
least D statesand then settingthe TESTpin andNMI pin. Boot modeis also cleard when a
WDT oveflow ocaurs.

Do not chargethe TES pin and NMI pin inputlevelsin boot mode
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Table 7.2 Boot Mode Operation

= Host Operation Communication Contents LSI Operation
[O]
= Processing Contents Processing Contents
.§ Branches to boot program at reset-start.
8
€
3
8 Boot program initiation
3 l
o
= \
Contlmgiussgyééirﬁgg rEilttsradtgfa H00 H00,H00 - HOO0 1, . measures low-level period of receive data
- H'00.
é * Calculates bit rate and sets BRR in SCI3.
B |Transmits data H'55 when data H00 4 H'00 * Transmits data H'00 to host as adjustment
'-g is received error-free. end indication.
(]
? H'55 » H'55 reception.
\
3 v
8
E Boot program HFF Checks flash memory data, erases all flash
S] v erase error memory blocks in case of written data
g existing, and transmits data H'AA to host.
= HAA . . H'AA (If erase could not be done, transmits data
< reception < H'FF to host and aborts operation.)
<
T l l
« _ | Transmits number of bytes (N) of Upper bytes, lower bytes » Echobacks the 2-byte data
g % programming control program to be P Echoback received to host.
f‘i o| transferred as 2-byte data -
2 g_ (low-order byte following high-order
© 5| byte)
g8E
€83 H'XX Echobacks received data to host and also
2 o| Transmits 1-byte of programming Echoback » transfers it to RAM.
‘G g | control program (repeated for N times) (repeated for N times)
25 | |
j=e)]
2L , H'AA . , ,
H'AA reception Transmits data H'AA to host when data H'55
is received. l

v
Branches to programming control program
transferred to on-chip RAM and starts
execution.
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Table 73 Sydem Clok Frequencies for whichAutomatic Adjustment of LS| Bit Rate is

Possible
Host Bit Rate System Clock Frequency Range of LS |
19,200 bps 16 MHz
9,600 bps 8to 16 MHz
4,800 bps 4 to 16 MHz
2,400 bps 21016 MHz

7.32 Programming/Erasing in User Program Mode

On-boad programmng/lerasing of an individualflashmemory block can alo be pefformed in use
program modeby branching to ause program/erase ontrol program The use must setbranching
conditionsand provide onboard mears d sugplying programmingdata. The flashmemorymust
contain theuse program/erse control program aa piogramthat providesthe user program/erase
contol program from external memay. As the flashmenory itsef canna bereal during
programming/erasng, ranger the use program/erase ontrol program b on-chip RAM, as n boot
mock. Figure 7.2shows asampe pracedue for programmng/erasingin user program moce.
Prgpareauser programfase conbl progran in acordane@ with the desciption in secton 7.4,
Flash Memory Programmng/Erasing.

Reset-start

No

Program/erase?

Y

Transfer user program/erase control Branch to flash memory application
program to RAM program

Y
Branch to user program/erase control
program in RAM

Y
Execute user program/erase control
program (flash memory rewrite)

/
Branch to flash memory application
program

Figure 7.2 Programming/Erasing Flowchart Example in User Program Mode
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7.4 Flash Memory Programming/Erasing

A softwaremehodusing the CPU is employedto programand eraséash memuoy in the on
boad progranming modes. Depending onthe FLMCRL setting, the fladh manory opeaates in one
of the following four modes: Programmode, programverify mode, éasemode, and eae-veaify
mode. The programming control program in boot mode and the userprogram/erase ontrol
programin use program mode usetheseoperating modesin combination to paform
programming/erasng. Flash memay programming and erasing should be paformedin
accordacewith thedescriptions in sectiory.41, Program/Progra-Verify and sedbn 7.4.2,
Erase/Eras&erify, respectively.

7.4.1 Program/Piogram-Verify

When writing daf or programsto the flashmemay, the plogramfprogram-verify flowchart shown
in figure 73 should be folowed. Paforming programming opeations according to this flowchat
will enalde data or programs tobe written to the flashmemay without suljecting the chipto
voltage stress osacrificingprogam datareliahility .

1. Programmingmustbedoneto an enpty address. Do not reprograman adires o which
programming hasalready besn peformed.

2. Programmng shoud becariedout128bytes ata ime. A 128 byte data transfe& mustbe
performed even if writing fewer than 128 bytes. In this caseH'FF data must be written to the
extra aldresss.

3. Prepare hefollowingdata sbrageareas irRAM: A 128-byte programmingdata aea, al28-
byte reprogranming dat area,ard al28byte adlitionalprogramming dat area. Paform
reprogrammig data camputation acordingto table 7.4, and additional programming data
conmputaton acording to table 75.

4. Consecuively transfer 128 bytes 6 data in byte urits from the reprogrammirg data aeaor
addtional-progranming dat area totheflash menory. Theprogram adiress and 28-byte
data are latckd in the flashmemory The lower 8 bits of the start address in he flashmemory
destination area must b H'00 orH'80.

5. The timeduring which the Pbit is set tol is the programmirg time. Talbe 7.6 shows the
allowable programmmg times.

6. Thewatchda timer (WDT) is set toprevert overprogramming dwe © program runaway, etc.
An overflow cycle of appoximately6.6 msis allowed.

7. For adummywrite to averify addresswrite 1-byte daa H'FF © an adiress whose bwer 2 bits
are B'00. Verify data ca beread inwordsor in longwords from the addess towhich a
dummy write was peformed.
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8. The maxmum number of repetitions of the plogramprogram-werify seqeenceof the same ib
is 1,000.

Write pulse application subroutine START

Apply Write Pulse [ Set SWE bit in FLMCR1 |
¥

[ WDT enable | [ Wait 1 s |
[ i
| Set PSU bit in FLMCR1 | Store 128-byte program data in program
data area and reprogram data area
*
| Wait 50 ps | | n: 1 |
1 i
[ Set P bit in FLMCR1 | [ mj 0 |
1
| Wait (Wait time=programming time) | Write 128-byte data in RAM reprogram
data area consecutively to flash memory
Clear P bit in FLMCR1 ¢
| * | ” Apply Write pulse H
Wait 5
| a'% i | [ Set PV bit in FLMCR1 |
[]
[ Clear PSU bit in FLMCR1 | | Wait 4 pis |
1
| Wait 5 s | Set block start address as |
verify address
* T n-n+i
[ Disable WDT | 1

| H'FF dummy write to verify address |

' 1]
S —

[

| Read verify data |

Increment address

e
Yes
| Additional-programming data computation |
|

Y

| Reprogram data computation |

[ Clear PV bit in FLMCR1 |

]
| Wait 2 ps

Successively write 128-byte data from additional-
programming data area in RAM to flash memory
§ Sub-Routine-Call

” Apply Write Pulse H
|

Yes No
[ Clear SWE bit in FLMCR1 | Clear SWE bit in FLMCR1 |
[ i
[ Wait 100 pis | | Wait 100 pis |

]
End of programming Programming failure

Note: *The RTS instruction must not be used during the following 1. and 2. periods.
1. A period between 128-byte data programming to flash memory and the P bit clearing
2. A period between dummy writing of H'FF to a verify address and verify data reading

Figure 7.3 Program/Program-Verify Flowchart
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Table 74 Reprogram Data Computation Table

Program Data Verify Dat a Reprogram Data Comments

0 0 1 Programming completed
0 1 0 Reprogram bit

1 0 1 —

1 1 1 Remains in erased state

Table 75 Additional-Program Data Computation Table

Additio nal-Program

Reprogram Data Verify Dat a Data Comments
0 0 0 Additional-program bit
0 1 1 No additional programming
1 0 1 No additional programming
1 1 1 No additional programming
Table 7.6  Programming Time
n Programming In Additional
(Number of W rites) Time Programming Comments
1t06 30 10
7 to 1,000 200 —
Note: Time shown in us.
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7.42 EraseEraseVerify

When erasingflash menory, he aase/eraseerify flowchart shown infigure 7.4 shold be
followed.

1.
2.

Prewriting (seting easeblock datto all 0s) isnotnecessy.

Erasing is peformedin block units. Make only a single-bit specficaion in the eraseblock
regster (EBR). To erase multike blocks, eactblock must be erasedn turn.

The timeduring which the Ebit is set tol is the flashmemay erase time.

The watchday timer (WDT) is set topreven overaasing dugo program runaay, etc. An
overflow cycle of agproximately 19.8 ms isallowed.

For adummy write to averify addresswrite 1-byte data H'FF to an adess whee lower two
bitsareB'00. Verify datacan be readn longwords from the addressto which a dummy write
was performed.

If the read datas not eraed successfully, serasenode gain, and repeatthe erasefase
verify seqience asbefore. The maimum number ofrepettionsof the gase/erase-verify
seqeerce is 100

7.4.3 Interrupt Handling when Programming/Erasing FlashMemory

All interrugds, including the NMI interrugt, aredisabkedwhile flashmenory is being programmel
or erase, or while the boot programis exeaitting, for the following threereasms:

1.

Interrupt during progranmming/erasng maycausea violation of the plogramming or erasing
algorithm, with the reault that narmal operaton caanotbe asued

If interrug excegion handling starts lefore the vecor addess iswritten or during
programming/erasing, acarrect vecor canna befetched and the CPU makunctions.

If an interrupt occus during boot program executon, normal boot mode fquence cana be
carried out.
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| SWE bit — 1 |
]

| Wait 1 s |
N

1

[ n.1 |

1
[ Set EBR1 ]

| Enable WDT |
i

| ESU bit « 1 |
!

| Wait 100 ps |
]

| E bit 1 |
1

| Wait 10 ms |
1

I E bit — 0 |
]

| Wait 10 pis |
[}

| ESU bit — 10 |
1
| 10 ps |

]

| Disable WDT |
!

| EV bit — 1 |

1
| Wait 20 us |
i

|_Set block start address as verify address_|

| H'FF dummy write to verify address |
]

| Wait 2 pis | )*
|
| Read verify data |

No

Verify data + all 1s ?

| Increment address |

Yes

ast address of block 2

Yes

[ EV bit — 0 | [ EV bit - 0 |
1 ]

| Wait 4 ps | | Wait 4us |

No

All erase block erased ?

No
| SWE bit — 0 | | SWE bit — 0 |
] 1
| Wait 100 us | | Wait 100 us |

End of erasing

Note: *The RTS instruction must not be used during a period between dummy writing of H'FF to a verify address and verify data reading.

Figure 7.4 EraseEraseVerify Flowchart
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7.5 Program/Erase Protection

Therearethreekinds of flashmemay program/eraseprotedion; hardware protecion, ftware
protecion, and error protecion.

751 Hardware Protedion

Hardware potecion refesto a state in which progranming/erasng o flash menory is forcibly
disabkd or aborted becaiseof a ransition 1 reset subacive male, subskep node,or standby
mode. Flash memay control register 1 (FLMCR1), flashmemay control register 2 (FLMCR2),
anderaseblock register 1 (EBR1) are initialized. In a resd via theRES pin, the resestate is nb
entere unless th&ES pin isheld low urtil oscillation stalilizes after povering on In the case of
areset dring operation, hdd the RES pin low for the RES pulsewidth gecified in the AC
Characteristis sectio.

752 Sdtware Protection

Sdtwareprotecion can be mplemenéd againstprogramming/erasing of dl flash menory blocks
by clearng the SWE bit in FLMCRL1. Whensoftwareprotedion is in effect, seting the P a E bit
in FLMCR1 daesnot calse a trasition to pragram male or erasenode. By settirg the erase
block register 1 (EBR1), erase potecion can be sefor individualblocks. When EBRL1 is setto
H'00, erase protectivis setfor all blocks.

753 Error Protedion

In error protection,aneror is detected wheCPU runavay occus during flash menory
progranming/erasng, or opeation is not peformedin acordancewith the programkrase
algorithm, andhe progam/erase operatios abortel. Aborting the program/erase op@tion
prevens damage to the flashmemorydue to overprogramming or overerasir.

Whenthe following errors are detected dumg programming/erasg of flash menory, the FLER
bit in FLMCR2is set b 1, andthe errorprotection state is etered

e Whenthe flash memuoy of the relevant address aga is eadduring programmingerasing
(including vecbr real and instruction fetch)

e Immeadiately after exception handling excluding aresetduring programmng/erasing
e When aSLEEP instruction is exeatedduring programmng/erasing
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TheFLMCR1, FLMCR2, ard EBRL1 setings areretained however program modeor erase node
is abated at the pmt atwhich the erroroccurred Program modeor erase mode cannot be re-
enered byre-setting the P orE bit. However, PV ard EV bit settirg is eraded, anda trarsition
canbe male b verify mode Error protecion can be ckarel only by apower-onreset

7.6 ProgrammerMode

In programme made,a PROM programmercanbe usel to peform programming/erasngvia a
soket adater, just as @isaete flashmemay. Usea PROM progranmer that supportfié MCU
device ypewith the on-chip 64-kbyte flashmemay (FZTAT64V5).

7.7 Power-Down States for Flash Memory
In user modeg, the flashmemaory wil operatein either of the following states:

e Normal operatingnode
The flash memoy canberead andwvritten to at high speed
e Power-down operatingmocde
The pwer supgy circuit of flash merory can bepartly haled.As a result, flash memorgan
bereadwith low power consumption.
e Stardby mode
All flash memoy circuts are lalted.

Table 7.7 shows the mrregpondencebetveenthe opeating modesof this LS| and the flash
memory.In subactive modehe flashmemory can bset to operateipower-down mode withhe
PDWND bit in FLPWCR.When tle flash memoryreturns ¢ its normaloperating state from
power-down modeor siandbymode, apeaiod to stabilize ograton of the power supply circuits
that were stoppeds needed. Whenthe flash memry returns o its nomal goerating state, Os
STS2to STSOn SYSCR1 mutbe set to preide await time of at leasRO us, evenwhenthe
external clock is beng usel.
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Table 7.7 Flash Memory Operating States

Flash Memory Operating State

LS| Operating State PDWND = 0 (Initial value) PDWND =1

Active mode Normal operating mode Normal operating mode
Subactive mode Power-down mode Normal operating mode
Sleep mode Normal operating mode Normal operating mode
Subsleep mode Standby mode Standby mode

Standby mode Standby mode Standby mode
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Section 8 RAM

This LSl hasan on-chip high-speel static RAM. The RAM is conneced to the CPU by a 16-bit
data bus, enabliing two-state access i the GPU to both byte dad and word data

Product Classification RAM Size RAM Address
Flash memory version H8/3664N 2 kbytes H'F780 to H'FF7F*
(F-ZTAT™ version) H8/3664F 2 kbytes H'F780 to H'FF7F*
Mask ROM version H8/3664 1 kbyte H'FB80 to H'FF7F
H8/3663 1 kbyte H'FB80 to H'FF7F
H8/3662 512 bytes H'FD80 to H'FF7F
H8/3661 512 bytes H'FD80 to H'FF7F
H8/3660 512 bytes H'FD80 to H'FF7F

Note: * Area H'F780 to H'FB7F must not be accessed.
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Section 9 1/0O Ports

The group of this LSI has werty-nine general 1/0 poits {wenty-seven ports for H8/3664N) ard
eightgeneal inpu-only ports. Port 8 is alarge aurrentport, which can drive 20 mA (@V,, =1.5
V) when a low level signal is output Any of theseports can bemme an inpu port immediately
after areset.They can also baseal asl/O pins ofthe an-chip peripheralmodues orexternal
interrupt inpu pins and thesefuncions ca be svitched deperding on the register setings. The
registersfor sdecing thesefunctions can bedivided into two types:thoseincludedin I/O ports
and thosencluded in eda on-chipperipheralmodue. Geneal 1/0 ports are comprisexf theport
control regster fa cortrolling inputs/ouputs andthe port data ragter fa staring output data and
canselect inputsfatputs in bt units. Fa functions in eachport, see apgndix B.1, /O Pott Block.
For the exeation of bit manipulation instructionsto the port control register and port dataregister,
see secbn 2.83, Bit Manipulation Instruction.

9.1 Portl

Pat 1isagereral I/O port alsofunctoning as IRQ interrupt input pins, atimerA outputpin, and
a imerV inpu pin. Figure 9.1 shows its pin corfiguraion.

~<——»P17/IRQ3/TRGV
~<—>P16/[IRQ2
~<—P15/IRQ1

Port1 |<«——» pP14/RQ0O
<——> P12
~<——> P11

~<+— P10/TMOW

Figure 9.1 Port 1 Pin Configuration
Part 1 hasthe following registers.

e Pat modereggister 1(PMR1)

e Pat control registerl (PCRJ)

e Patdatlregster 1(PDR1)

e Pat pull-up control registerl (PUCR1)
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9.11 Port Mode Register 1 (PMR 1)

PMRL1 switches the functionsof pins in port 1 and port 2.

Initial

Bit Bit Name Value R/W Description

7

IRQ3

0

R/W

P17/IRQ3/TRGV Pin Function Switch

This bit selects whether pin P17/IRQ3/TRGV is used as
P17 or as IRQ3/TRGV.

0: General I/O port
1: IRQ3/TRGV input pin

IRQ2

R/W

P16/IRQ2 Pin Function Switch

This bit selects whether pin P16/IRQ2 is used as P16 or
as IRQ2.

0: General I/O port
1: IRQ2 input pin

IRQ1

R/W

P15/IRQ1 Pin Function Switch

This bit selects whether pin P15/IRQ1 is used as P15 or
as IRQ1.

0: General I/O port
1: IRQ1 input pin

IRQO

R/W

P14/IRQO Pin Function Switch

This bit selects whether pin P14/IRQO is used as P14 or
as IRQO.

0: General I/O port
1: IRQO input pin

Reserved
These bits are always read as 1.

TXD

R/W

P22/TXD Pin Function Switch

This bit selects whether pin P22/TXD is used as P22 or
as TXD.

0: General I/O port
1: TXD output pin
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Initial
Bit Bit Name Value R/W Description
0 TMOW 0 R/W P10/TMOW Pin Function Switch
This bit selects whether pin P10/TMOW is used as P10
or as TMOW.

0: General I/O port
1: TMOW output pin

9.12 Port Control Regster 1 (PCR1)

PCR1 sekct inpus/outputs in bit units for pinsto beusal asgeneal 1/0 ports of port 1.

Initial
Bit Bit Name Value R/W Description
7 PCR17 0 w When the corresponding pin is designated in PMR1 as
6 PCR16 0 W a general I/O pin, setting a PCR1 bit to 1 makes the
corresponding pin an output port, while clearing the bit
S PCR15 0 W to 0 makes the pin an input port.
4 PCR14 0 W Bit 3 is a reserved bit.
3 - - —_
2 PCR12 0 W
1 PCR11 0 W
0 PCR10 0 W
Rev. 6.00 Mar. 24, 2006 Page 117 of 412
RENESAS REJ09B0142-0600

Downloaded fronDatasheet.su



Section 9 1/0O Ports

9.1.3 Port Data Register 1 (PDR1)

PDRL1 is agenera I/O pott data register ofport 1.

Initial
Bit Bit Name Value R/W Description
7 P17 0 R/W PDR1 stores output data for port 1 pins.
6 P16 0 R/W If PDR1 is read while PCR1 bits are set to 1, the value
5 P15 0 R/W stored in PDR1 are read. If PDR1 is read while PCR1
bits are cleared to 0, the pin states are read regardless
4 P14 0 R/W of the value stored in PDR1.
3 — 1 — Bit 3 is a reserved bit. This bit is always read as 1.
2 P12 0 R/W
1 P11 0 R/W
0 P10 0 R/W

9.14 Port Pull-Up Control Regster 1 (PUCR1)

PUCR1 cottrols the pull-up MOS in bit units of the pins set as #inpu ports.

Initial
Bit Bit Name Value R/W Description
7 PUCR17 O R/W Only bits for which PCR1 is cleared are valid. The pull-
6 PUCR16 O R/W up MOS of P17 to P14. and P12 to P10 p_ins enter the
on-state when these bits are set to 1, while they enter
o PUCR15 0 R/W the off-state when these bits are cleared to 0.
4 PUCR14 0 R/W Bit 3 is a reserved bit. This bit is always read as 1.
3 — 1 —
2 PUCR12 O R/W
1 PUCR11 0 R/W
0 PUCR10 O R/W
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9.15 Pin Functions
The @orrespondencbetveen theegister specificaion and the port functions is shown below.

e P17IRQ3/TRGV Pin

Register PMR1 PCR1
Bit Name IRQ3 PCR17 Pin Function
Setting value 0 0 P17 input pin
1 P17 output pin
1 X IRQ3 input/TRGV input pin
[Legend]
X: Don't care.

e P16IRQ2 Pin

Register PMR1 PCR1
Bit Name IRQ2 PCR16 Pin Function
Setting value 0 0 P16 input pin
1 P16 output pin
1 X IRQ2 input pin
[Legend]
X: Don't care.

e P15IRQ1 Pin

Register PMR1 PCR1
Bit Name IRQ1 PCR15 Pin Function
Setting value 0 0 P15 input pin
1 P15 output pin
1 X IRQ1 input pin
[Legend]
X: Don't care.
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e P14IRQ0 Pin

Register PMR1 PCR1
Bit Name IRQO PCR14 Pin Function
Setting value 0 0 P14 input pin
1 P14 output pin
1 X IRQO input pin
[Legend]
X: Don't care.
e P12 Pn
Register PCR1
Bit Name PCR12 Pin Function
Setting value 0 P12 input pin
1 P12 output pin
e P11Pn
Register PCR1
Bit Name PCR11 Pin Function
Setting value 0 P11 input pin
1 P11 output pin

e P10/TMOW Pn

Register PMR1 PCR1
Bit Name TMOW PCR10 Pin Functio n
Setting value 0 0 P10 input pin
1 P10 output pin
1 X TMOW output pin
[Legend]
X: Don't care.
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9.2 Port2

Pat 2isagereral /0 port alsofunctioningas a S@ 1/O pin. Ead pin of the port 2 is shown in
figure 9.2. The regster settingof PMR1 andSA3 have priority for functions of the gns for both
uses.

~<—P22/TXD
Port2 |<+—P21/RXD

~<+—»P20/SCK3

Figure 9.2 Port 2 Pin Configuration
Pat 2 hasthe foll owing registers.

e Pat control register2 (PCR2
e Patdatregster 2(PDR2)

9.21 Port Control Regster 2 (PCR2)

PCR2 sekct inpus/outputs in bit units for pinsto be usal asgeneal 1/0 ports of port 2.

Initial
Bit Bit Name Value R/W Description
7 — — — Reserved
6 _ _ —
5 S — —
4 — — _
3 _ — —
2 PCR22 0 w When each of the port 2 pins P22 to P20 functions as
1 PCR21 0 W an general I/O port, setting a PCR2 bit to 1 makes the
corresponding pin an output port, while clearing the bit
0 PCR20 0 W

to 0 makes the pin an input port.
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9.2.2 Port Data Register 2 (PDR2)

PDR2 is agenerd 1/0O pott data register ofport 2.

Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
6 — 1 — These bits are always read as 1.
5 — 1 —
4 — 1 —
3 — 1 —
2 p22 0 R/W PDR2 stores output data for port 2 pins.
1 P21 0 R/W PDR2 is read while PCR2 bits are set to 1, the value
0 P20 0 R/W stored in PDR2 is read. If PDR2 is read while PCR2 bits

are cleared to 0, the pin states are read regardless of
the value stored in PDR2.

9.23 Pin Functions

The orrespondencbetveen thaegister specificaion and the port functions is shown below.

e P22/TXD Pin

Register PMR1 PCR2
Bit Name TXD PCR22 Pin Function
Setting Value 0 0 P22 input pin
1 P22 output pin
1 X TXD output pin
[Legend]
X: Don't care.
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e P21/RXD Pn

Register SCR3 PCR2
Bit Name RE PCR21 Pin Function
Setting Value 0 0 P21 input pin
1 P21 output pin
1 X RXD input pin
[Legend]
X: Don't care.

e P20/SCKS3 Pin

Register SCR3 SMR PCR2
Bit Name CKE1l CKEO COM PCR20 Pin Function
Setting Value 0 0 0 0 P20 input pin
1 P20 output pin
0 1 X SCKS output pin
1 X X SCKS output pin
1 X X X SCKS input pin
[Legend]
X: Don't care.
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9.3 Port5

Pott 5 is ageneral 1/0 pot alsofunctioning as an iC bus interface 10 pin, anA/D triggerinput
pin, wakeup interrupt inpu pin. Eachpin of the port 5 is shown in figure 9.3. Theregister seting
of the I°C bus interfaceregister haspriority for funcions of the pnsP57/SCL and P56/SDA. Since
the autput buffer for pinsP5%6 ard P57 has he NMOS pushpull structure, it differs from an output
buffer with the CMOSstrucure in thehigh-leveloutput daracteristics (se section 20, Ectrical
Characeristics). The H3/3664N does nothave P57 and P56.

H8/3664 H8/3664N

~<+— P57/SCL <—»SCL
<—» P56/SDA ~<— SDA
~— > P55/WKP5/ADTRG ~—» P55/WKP5/ADTRG
e <>

Port 5 P54/WKP4 Port 5 P54/WKP4
~— > P53/WKP3 ~<— P53/WKP3
~<——> P52/WKP2 ~—» P52/WKP2
~<+— P51/WKP1 ~<— P51/WKP1
~<— P50/WKPO ~<— P50/WKPO

Figure 9.3 Port 5 Pin Configuration
Pat 5 hasthe foll owing registers.

e Pat moderegister 5(PMR5)

e Pat control register5 (PCRH

e Patdataregster 5(PDR5)

o Pat pull-up control register5 (PUCRS)
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9.31 Port Mode Register 5 (PMR5)

PMR5 switches the functionsof pins in port 5.

Initial
Bit Bit Name  Value R/W  Description
— 0 — Reserved
— 0 — These bits are always read as O.
WKP5 0 R/W  P55/WKP5/ADTRG Pin Function Switch
Selects whether pin P55/WKP5/ADTRG is used as P55
or as WKP5/ADTRG input.
0: General I/O port
1: WKP5/ADTRG input pin
4 WKP4 0 R/W  P54/WKP4 Pin Function Switch
Selects whether pin P54/WKP4 is used as P54 or as
WKP4.
0: General I/O port
1: WKP4 input pin
3 WKP3 0 R/W  P53/WKP3 Pin Function Switch
Selects whether pin P53/WKP3 is used as P53 or as
WKP3.
0: General I/O port
1: WKP3 input pin
2 WKP2 0 R/W  P52/WKP2 Pin Function Switch
Selects whether pin P52/WKP2 is used as P52 or as
WKP2.
0: General I/O port
1: WKP2 input pin
1 WKP1 0 R/W  P51/WKP1 Pin Function Switch
Selects whether pin P51/WKP1 is used as P51 or as
WKP1.
0: General I/O port
1: WKP1 input pin
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Initial
Bit Bit Name  Value R/W  Description
0 WKPO 0 R/W  P50/WKPO Pin Function Switch

Selects whether pin P50/WKPO is used as P50 or as
WKPO.

0: General I/O port
1: WKPO input pin

9.32 Port Control Regster 5 (PCR5)

PCR5 sekct inpus/outputs in bit units for pinsto be usal asgeneal 1/0 ports of port 5.

Description

Initial
Bit Bit Name  Value R/W
7 PCR57 0 W
6 PCR56 0 W
5 PCR55 0 W
4 PCR54 0 W
3 PCR53 0 W
2 PCR52 0 W
1 PCR51 0 W
0 PCR50 0 W

When each of the port 5 pins P57 to P50 functions as

an general 1/0 port, setting a PCR5 bit to 1 makes the
corresponding pin an output port, while clearing the bit
to 0 makes the pin an input port.

Note: Do not set PCR57 and PCR56 to 1 for H8/3664N.
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9.33 Port Data Register 5 (PDR5)

PDR5 is agenerd I/O pott data register ofport 5.

Initial
Bit Bit Name  Value R/W  Description
7 P57 0 R/W  Stores output data for port 5 pins.
6 P56 0 R/W If PDR5 is read while PCR5 bits are set to 1, the value
5 P55 0 R/W stored in PDRS5 are read. If PDRS5 is read while PCR5
bits are cleared to 0, the pin states are read regardless
4 P54 0 R/W " of the value stored in PDRS.
3 P53 0 R/W " Note: Do not set P57 and P56 to 1 for H8/3664N.
2 P52 0 R/W
1 P51 0 R/W
0 P50 0 R/W

9.34 Port Pull-Up Contr ol Regster 5 (PUCRY)

PUCRS5 cortrols the pull-up MOS in bit units of the pins set as #inpu ports.

Initial
Bit Bit Name Value R/W  Description
7 — 0 — Reserved
6 — 0 — These bits are always read as 0.
5 PUCR55 0 R/W  Only bits for which PCR5 is cleared are valid. The pull-
4 PUCR54 0 RW UpP MOS of the corresponding pins enter the on-state
when these bits are set to 1, while they enter the off-
3 PUCRS53 0 R/W " state when these bits are cleared to 0.
2 PUCR52 0 R/W
1 PUCRS51 0 R/W
0 PUCR50 0 R/W
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9.35 Pin Functions

The @rrespondenceetveen theegister specificaion and the port functions is shown below.

e P57/SCL P

Register ICCR PCR5

Bit Name ICE PCR57 Pin Function

Setting Value 0 0 P57 input pin

1 P57 output pin

1 X SCL 1/O pin

[Legend]

X: Don't care.

SCQL peformsthe NMOS open-drain output that endles adirectbusdrive.

e P56/SDA Pin

Register ICCR PCR5
Bit Name ICE PCR56 Pin Function
Setting Value 0 0 P56 input pin
1 P56 output pin
1 X SDA I/0 pin
[Legend]
X: Don't care.

SDA performsthe NMOS open-drain output that endles adirectbusdrive.

e P55WKP5/ADTRG Pin

Register PMR5 PCR5
Bit Name WKP5 PCR55 Pin Function
Setting Value 0 0 P55 input pin
1 P55 output pin
1 X WKP5/ADTRG input pin
[Legend]
X: Don't care.
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e P54WKP4 Pin

Register PMR5 PCR5
Bit Name WKP4 PCR54 Pin Function
Setting Value 0 0 P54 input pin
1 P54 output pin
1 X WKP4 input pin
[Legend]
X: Don't care.
e P53WKP3 Pin
Register PMR5 PCR5
Bit Name WKP3 PCR53 Pin Function
Setting Value 0 0 P53 input pin
1 P53 output pin
1 X WKP3 input pin
[Legend]
X: Don't care.
e P52WKP2 Pin
Register PMR5 PCR5
Bit Name WKP2 PCR52 Pin Function
Setting Value 0 0 P52 input pin
1 P52 output pin
1 X WKP2 input pin

[Legend]
X: Don't care.
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e P51WKPI Pin

Register PMR5 PCR5
Bit Name WKP1 PCR51 Pin Function
Setting Value 0 0 P51 input pin
1 P51 output pin
1 X WKP1 input pin
[Legend]
X: Don't care.

e P50WKPO Pin

Register PMR5 PCR5
Bit Name WKPO PCR50 Pin Function
Setting Value 0 0 P50 input pin
1 P50 output pin

1 X WKPO input pin
[Legend]
X: Don't care.
9.4 Port7

Pat 7 isa germral I/0 port also functioning asatimer V 1/O pin. Ead pin of the port 7 is shown
in figure 9.4. Theregster settig of TCSRV in timer V has priority for functions of pin
P76/TMOV. The pins P75/TMCIV and PT4TMRIV, are dso functioning as tmerV inpu ports
that are onneded to he timer Vregardlessof theregister séing of port7.

~—»P76/TMOV
Port7 |<+———P75/TMCIV

~<—P74/TMRIV

Figure 9.4 Port 7 Pin Configuration
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Part 7 hasthe following registers.

e Pat control register7 (PCR7)
o Patda@regster 7(PDR7)

9.41 Port Control Regster 7 (PCR7)

PCR7 sekct inpus/outputs in bit units for pinsto beuseal asgeneal 1/0O ports of port 7.

Initial
Bit Bit Name Value R/W  Description
7 — — — Reserved
6 PCR76 0 W Setting a PCR7 bit to 1 makes the corresponding pin an
5 PCR75 0 W output port, while clearing the bit to 0 makes the pin an
input port. Note that the TCSRYV setting of the timer V
4 PCR74 0 W has priority for deciding input/output direction of the
P76/TMOV pin.
3 — — — Reserved
2 _ _ —
1 _ _ —
0 — — _

94.2 Port Data Register 7 (PDR7)

PDRY7 is agenerd /O pott data register ofport 7.

Initial
Bit Bit Name Value R/W  Description
7 — 1 — Reserved
This bit is always read as 1.
6 P76 0 R/W  PDRY7 stores output data for port 7 pins.
5 P75 0 R/W  PDRY7 is read while PCR7 bits are set to 1, the value
4 P74 0 R/w Storedin PDR7 is read. If PDR7 is read while PCR7 bits
are cleared to 0, the pin states are read regardless of
the value stored in PDR?7.
3 — 1 — Reserved
2 — 1 — These bits are always read as 1.
1 — 1 —
0 — 1 —
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943 Pin Functions

The @rrespondenceetveen theegister specificaion and the port functions is shown below.

e P76/TMOQOV Pn

Register TCSRV PCR7
Bit Name 0S3t0o OSO PCR76 Pin Function
Setting Value 0000 0 P76 input pin
1 P76 output pin
Other than X TMOV output pin
the above
values
[Legend]
X: Don't care.

e P75/TMCIV Phn

Register PCR7
Bit Name PCR75 Pin Function
Setting Value 0 P75 input/TMCIV input pin
1 P75 output/TMCIV input pin

e P74/TMRIV Pn

Register PCR7
Bit Name PCR74 Pin Function
Setting Value 0 P74 input/TMRIV input pin
1 P74 output/TMRIV input pin
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9.5 Port8

Pat 8isa gerral I/0 port also functioning asatimer W 1/O pin. Eac pin of the port 8 is shown
in figure 9.5. The regster settig of the timer Whas priority fa functions of the pns P84FTIOD,
P&/FTIOC, P82FTIOB, and P&L/FTIOA. PBOFTCI also funcions as aitmerW inpu port thatis
connected tohe timerW regardless ofthe registersettingof port 8.

~+——» P87
~<+—> P86
~<+—» P85
~<— P84/FTIOD
~—> P83/FTIOC
~<—> P82/FTIOB
~<—> P81/FTIOA

~—> P80/FTCI

Port 8

Figure 9.5 Port 8 Pin Configuration
Pat 8 hasthe foll owing registers.

e Pat control register8 (PCR§
e Patdataregster 8(PDRS8)
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9.51 Port Control Regster 8 (PCR8)

PCR8 sekct inpus/outputs in bit units for pinsto be usal asgeneal 1/0 ports of port 8.

Initial
Bit Bit Name  Value R/W Description
7 PCR87 0 w When each of the port 8 pins P87 to P80 functions as
6 PCR86 0 W an general I/O port, setting a PCR8 bit to 1 makes the
corresponding pin an output port, while clearing the bit
o PCR85 0 W to 0 makes the pin an input port.
4 PCR84 0 W
3 PCR83 0 W
2 PCR82 0 W
1 PCR81 0 W
0 PCR80 0 W

9.5.2 Port Data Register 8 (PDR8)

PDR8 is agenera 1/0O pott data register ofport 8.

Initial
Bit Bit Name Value R/W Description
7 P87 0 R/W PDR8 stores output data for port 8 pins.
6 P86 0 R/W PDRS8 is read while PCR8 bits are set to 1, the value
5 P85 0 R/W stored in PDR8 is read. If PDR8 is read while PCR8
bits are cleared to 0, the pin states are read
4 P84 0 R/W regardless of the value stored in PDRS.
3 P83 0 R/W
2 P82 0 R/W
1 P81 0 R/W
0 P80 0 R/W
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953 Pin Functions

The @orrespondencbetveen theegister specificaion and the port functions is shown below.

e P87 Pn

Register PCRS8

Bit Name PCRS87

Pin Function

Setting Value 0

P87 input pin

1

P87 output pin

e P86 Pn

Register PCRS8

Bit Name PCR86

Pin Function

Setting Value 0

P86 input pin

1

P86 output pin

e P85 Pn

Register PCRS8

Bit Name PCR85

Pin Function

Setting Value 0

P85 input pin

1

P85 output pin
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e PB84/FTIOD P

Register TMRW TIOR1 PCR8
Bit Name PWMD I0OD2 I10D1 10D0 PCR84 Pin Functio n
Setting Value 0 0 0 0 0 P84 input/FTIOD input pin
1 P84 output/FTIOD input pin
0 1 X FTIOD output pin
X X FTIOD output pin
1 X X 0 P84 input/FTIOD input pin
1 P84 output/FTIOD input pin
1 X X X X PWM output pin
[Legend]
X: Don't care.

e P83/FTIOC Pin

Register TMRW TIOR1 PCRS8
Bit Name PWMC IOC2 10C1 10CO PCRS83 Pin Functio n
Setting Value 0 0 0 0 0 P83 input/FTIOC input pin
1 P83 output/FTIOC input pin
0 0 1 X FTIOC output pin
1 X X FTIOC output pin
X X 0 P83 input/FTIOC input pin
1 P83 output/FTIOC input pin
1 X X X X PWM output pin
[Legend]
X: Don't care.
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e P82/FTIOB Pin

Register TMRW TIORO PCR8
Bit Name PWMB I10B2 10B1 I10B0O PCR82 Pin Functio n
Setting Value 0 0 0 0 0 P82 input/FTIOB input pin
1 P82 output/FTIOB input pin
0 1 X FTIOB output pin
X X FTIOB output pin
1 X X 0 P82 input/FTIOB input pin
1 P82 output/FTIOB input pin
1 X X X X PWM output pin
[Legend]
X: Don't care.

e P81/FTIOA Pn

Register TIORO PCRS8
Bit Name IOA2 IOA1 IOAO0 PCRS81 Pin Functio n
Setting Value 0 0 0 0 P81 input/FTIOA input pin
0 1 P81 output/FTIOA input pin
0 1 X FTIOA output pin
X X FTIOA output pin
1 X X 0 P81 input/FTIOA input pin
1 P81 output/FTIOA input pin
[Legend]
X: Don't care.

e P8O/FTCI Pin
Register PCRS8

Bit Name PCR80 Pin Function
Setting Value 0 P80 input/FTCI input pin
1 P80 output/FTCI input pin
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9.6 PortB

Pott B is aninput port alsofunctioning as an AD conwerter araloginpu pin. Eachpin of the pot
B isshown in figure 9.6.

~<+— PB7/AN7
~<— PB6/ANG6
<— PB5/AN5
Port B ~<—— PB4/AN4
~<— PB3/AN3
~<+—— PB2/AN2
~<— PB1/AN1

~— PBO0/ANO

Figure 9.6 Port B Pin Configuration

Pat B has thefollowing regiger.

e Pat dataregiser B(PDRB)

9.6.1 Port Data Register B (PDRB)

PDRB is ageneral input-only port data register d port B.

Initial
Bit Bit Name Value R/W Description
7 PB7 — R The input value of each pin is read by reading this
6 PB6 L R register.
5 PB5 L R However, if a port B pin is designated as an analog
input channel by ADCSR in A/D converter, 0 is read.
4 PB4 — R
3 PB3 — R
2 PB2 — R
1 PB1 — R
0 PBO — R
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Section 10 Timer A

Section 10 Timer A

Timer Ais an8-bit timer with interval timing ard real-time clock time-base functionghe cbck
time-basdundion is available whena32.768kHz aystal oscillator is connected. Figut8.1
showsa block diagam oftimer A.

10.1 Features

e TimerA can be usd as an irgrval timer or aclock time bae.
e Aninterrupd isrequested wienthe courner overflows.

e Any of eigh clock sigrals can koutput from pn TMOW: 32768 kHz divided by 32, 16, 8, or
4 (1 kHz, 2 kHz, 4 kH, 8 kHz) or the system clak divided by 32, 16, 8, 0r 4.

Interval Timer:
e Choiceof eight internal dck source /812, $/409%6, $p/2048, ¢/512,$/256, $/128 ¢$/32, $8)
Clock Time Base:

e Choiceof four overflow peiods (1 s,0.5s,0.25s 31.25ms) when timerA is usal as a cbck
time base(usinga32.768 kHz crystal oscillator).
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N
oG | 14 > PSW TMA >
W
[ @n/32 *
@n/16 3
/8 o,/128 g
Y (o/A / o
- B ©
TMOW O-— B TCA > g
> > €
%ﬁé @/8192, /4096, .
“’W/S @/2048, @/512, < %l & 8
%/4 @/256, /128, I e
By @32, '8 Y Y VY Y
g N
¢ g PSS > IRRTA
[Legend]
TMA:  Timer mode register A
TCA: Timer counter A
IRRTA: Timer A overflow interrupt request flag
PSW: Prescaler W
PSS:  Prescaler S
Note: * Can be selected only when the prescaler W output (a\y/128) is used as the TCA input clock.
Figure 10.1 Block Diagram of Timer A
10.2  Input/Output Pins
Talde 10.1 shovs the timerA input/output pin.
Table 10.1 Pin Configuration
Name Abbreviation I/O Functio n
Clock output TMOW Output Output of waveform generated by

timer A output circuit
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10.3  RegisterDescriptions

Timer A has he following ragisters.

e Timermode raister A (TMA)
e TimercounterA (TCA)

10.3.1 TimerMode Regster A (TMA)

TMA sekect the opeating mode the divided clock output, ard the input clock.

Bit
Bit Name

Initial
Value

R/W

Description

TMA7
TMAG
5 TMA5

0
0
0

R/W
R/W
R/W

Clock Output Select 7 to 5

These bits select the clock output at the TMOW pin.
000: ¢/32

001: ¢/16

010: ¢/8

011: ¢/4

100: ¢,/32

101: ¢,/16

110: ¢,/8

111: ¢,/4

For details on clock outputs, see section 10.4.3, Clock
Output.

Reserved
This bit is always read as 1.

3 TMA3

0

R/W

Internal Clock Select 3
This bit selects the operating mode of the timer A.

0: Functions as an interval timer to count the outputs of
prescaler S.

1: Functions as a clock-time base to count the outputs
of prescaler W.
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Bit
Bit Name

Initial
Value

R/W

Description

2 TMA2
TMA1
0 TMAO

R/W
R/W
R/W

Internal Clock Select2 to 0

These bits select the clock input to TCA when TMA3 =
0.

000: ¢/8192
001: ¢/4096
010: /2048
011: ¢/512
100: ¢/256
101: ¢/128
110: ¢/32
111: ¢/8

These bits select the overflow period when TMA3 = 1
(when a 32.768 kHz crystal oscillator with is used as
OW).

000: 1s

001: 0.5 s

010: 0.25 s

011: 0.03125 s

1XX: Both PSW and TCA are reset

[Legend]
X: Don't care.

10.3.2 Timer Counter A (TCA)

TCA is an 8-bit read#®le up-counter, which is incremenied by internal clock input. The dock
soucefor input tothis cownter is selected byits TMA3 to TMAO in TMA. TCA values carbe
read by he CPU in active moddut cannoberead in subetive mode. Wbn TCA overflows, the
IRRTA bit in interrug request regster 1 (IRR}) is set tol. TCA is cleared bysettingbits TMA3
ard TMA2 in TMA to B’11. TCA is initializedto HOO.
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Section 10 Timer A

10.4  Operation

10.4.1 Interval Timer Operation
Whenbit TMA3 in TMA is clearedto O, timerA functions as ar8-bit interval timer.

Uponreset, T@ is clearedo H'00 andbit TMA 3 is clearedo 0, saup-counting of timerA
resume immeiately as an irrval timer. The clock input® timer A is sedcted bybits TMA2 to
TMAO in TMA; any of eightinternal clock signak output by prescaler $anbe selected.

After the ountvaluein TCA reaches HFF, the next cbck signal input causes timarto
overflow, settirg bt IRRTA to 1 in interrug FlagRegsterl (IRR1). If IENTA =1 in interrupt
enableregisterl (IENR1), a GPU interrupt is requested. Aoverflow, TCA returnsto H'00 and
starts couting up agin. In this mode timer A functions asn inteval timer thatgenerages an
overflow output atintervals of 256 input clock pulses

10.4.2 Clock Time BaseOperation

When bit TMA3 in TMA issetto 1, imerA functions asa clock-timerbase ty counting clock
signalsoutputby prescaler W. Whrea cbck sgnal is inputafter theTCA counter vale has
becaneH'FF, timer A overflows and IRRTA in IRRL1 is set tol. At thattime, aninterrugd request
Is generated tathe CPUIf IENTA in the interruypt enable register 1 (IENRL1) is 1. The overflow
period of timer A is setby bits TMA1 and TMAO in TMA. A choiceof four paiods is available.
In clock time base geraion (TMA3 =1), sdtingbit TMAZ2 to 1 clears bdt TCA and prescaler W
to HOO.

10.4.3 ClockOutput

Seting bit TMOW in port moderegister 1 (PMR1) to 1 causes a abck signal to be output at pin
TMOW. Eightdifferent clock outputsignals canbe seécied by means of bits TMA7 to TMAS in
TMA. Thesystem cbck divided by 32, 16, 8, or 4 can beoutput in actve mode and slegp mode. A
32.768 kHz signal divided by 32, 16, 8, a 4 can be ogiutin acive male, sleepmode,and
subactive mode.
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Section 10 Timer A

10.5 Usagd\ote

When the clodk timebasefunction is selectias tke internd clockof TCA in activemodeor sleep
mode, te internal clock isnot synchronows with the system cbck, soit is synchronizedby a
synchronizing circuit. This may resut in amaximum aror of 1/¢ (s) in te count g/cle.
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Section 11 Timer V

Section 11 Timer V

TimerV is an 8-bit timer baswed on an8-bit conter. Timer V counts external events. Compae-
martch signak with two registers ca ako be usal to resetthe caunter, request an nterrupt, or
output a pusesignal with anarhtrary duy cycle. Counting can be nitiated by a rigge inpu at
the TRGVpin, eralding puse ouput cortrol to be synchronizedto the trigger, with anarktrary
delay fromthe trigge inpu. Figure 11.1 shows ablock diagram of timer V.

11.1  Features

e Choiceof seven clodk signals is avalable.
Choiceof six internal clok sourceg¢/128,$/64, /32, $/16, ¢/8, ¢p/4) or an eternal clock.

e Counter cabecleared by ompae matd A or B, or by an extemal resetsignal. f the count
stop function s selected,he counter can béaltedwhen cleared.

e Timeroutputis controlled by two indepadent canpae mach sgnals, enabling pulse output
with an arbitrary duty cycle, PWM output, and otheraplicaions.

e Threeinterruptsource: compare malkcA, comparemath B, timeroverflow

e Counting canbe intiated by trigger input at the TRGV pin. Therising edye, fallingedye, or
both edges of the TRGV inpu canbe se¢cied.
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Section 11 Timer V

TRGYV ——>

TMCIV ——

Qo —>

TMRIV  —»

TMOV +——

[Legend]

TCRV1 |« "\
Y TCORB |~ >
Trigger
control Y
Comparator
Y A
Clock select | TCNTV | >~ .
g 2
A \ ©
Comparator z
©
PSS A c
e
TCORA |- > £
Clear < >
control - TCRVO
\/
AA
4 »| Interrupt
> request
"] _control
Output | TCSRV |2
control < >
L—»CMIA
L—»CMIB
—>QVI

TCORA: Time constant register A
TCORB: Time constant register B
TCNTV: Timer counter V
TCSRV: Timer control/status register V
TCRVO: Timer control register VO
TCRV1: Timer control register V1

PSS: Prescaler S

CMIA:  Compare-match interrupt A
CMIB: Compare-match interrupt B
oVl Overflow interupt

Figure 11.1 Block Diagram of Timer V
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Section 11 Timer V

11.2  Input/Output Pins
Table 11.1 shows the imerV pin canfiguraion.

Table 11.1 Pin Configuration

Name Abbreviation I/10 Functio n

Timer V output TMOV Output Timer V waveform output
Timer V clock input TMCIV Input Clock input to TCNTV

Timer V reset input TMRIV Input External input to reset TCNTV
Trigger input TRGV Input Trigger input to initiate counting

11.3 RegisteDescriptions
Time V hasthe following registers.

e TimercourterV (TCNTV)

e Timer constantregisterA (TCORA)

e Timer @mnstantregister B(TCORB)

e Timer control register VO(TCRVO0)

e Timer @ntrol/status rgisterV (TCSRV)
e Timercontrol register V1(TCRV1)

11.3.1 Timer Counter V (TCNTYV)

TCNTV is an 8-bit up-counter. The cbck sourceis selected byits CKS2to CKSO intimer
contol regster VO (TCRVO0). TheTCNTYV value can le readard writtenby the CPUat ary time.
TCNTV can be cleared byraexternal reet irput signal or by compae match A or B. The
clearing signais selected byits CCLR1and CCLRGn TCRVO.

WhenTCNTV overflows, OVF is set tdl in timer control/status rgisterV (TCSRV).

TCNTV is initialized to H'00.
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Section 11 Timer V

11.3.2 Time Cmstant Registers A and B (TCORA, TCORB)
TCORA ard TCORB have the samduncton.
TCORA and TCORB are8-bit readivrite registers.

TCORA and TNTV arecompaed at all timesWhen the TCORA ard TCNTV conterts match,
CMFAissetd 1 in TCSRV. If CMIEA is alo sé to 1 in TCRVO, a CPUinterruypt is requested.
Note that they mustnat be compared duing the T3 state ofa TCORA write cycle.

Timeroutputfrom the TMOV pin can be ontrolled by the idenifying signal (comparemarth A)
ard the settirgs ofbits OS3 toOS0 in TCSRV.

TCORA and TTORB are nitialized toH'FF.

11.3.3 Timer Contr ol RegisterVVO (TCRVO0)

TCRVO selects th inpu clock signals of TCNTV, specifies the cleamg corditionsof TCNTV,
and controls ezh interupt request.

Initial
Bit Bit Name Value R/W Description
7 CMIEB 0 R/W Compare Match Interrupt Enable B

When this bit is set to 1, interrupt request from the
CMFB bit in TCSRV is enabled.

6 CMIEA 0 R/W Compare Match Interrupt Enable A

When this bit is set to 1, interrupt request from the
CMFA bit in TCSRYV is enabled.

5 OVIE 0 R/W Timer Overflow Interrupt Enable

When this bit is set to 1, interrupt request from the OVF
bit in TCSRYV is enabled.
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Section 11 Timer V

Initial
Bit Bit Name Value R/W Description
4 CCLR1 0 R/W Counter Clear 1 and 0
3 CCLRO 0 R/W  These bits specify the clearing conditions of TCNTV.
00: Clearing is disabled
01: Cleared by compare match A
10: Cleared by compare match B
11: Cleared on the rising edge of the TMRIV pin. The
operation of TCNTYV after clearing depends on
TRGE in TCRV1.
2 CKS2 0 R/W Clock Select2to 0
CKSH1 0 R/W These bits select clock signals to input to TCNTV and
0 CKSO 0 R/W the counting condition in combination with ICKSO in

TCRVA1.
Refer to table 11.2.

Table 112 Clock Signalsto Input to TCNTV and Counting Conditions

TCRVO

TCRV1

Bit 2

Bit 1

Bit O

Bit O

CKS2

CKS1

CKSO0

ICKSO Description

0

0

Clock input prohibited

1

Internal clock: counts on ¢/4, falling edge

Internal clock: counts on ¢/8, falling edge

Internal clock: counts on ¢/16, falling edge

Internal clock: counts on ¢/32, falling edge

Internal clock: counts on ¢/64, falling edge

o] =|]0O| =0

Internal clock: counts on ¢/128, falling edge

Clock input prohibited

External clock: counts on rising edge

External clock: counts on falling edge

- Ol =] O

External clock: counts on rising and falling
edge
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Section 11 Timer V

11.3.4 TimerControl/Status RegisterV (TCSRV)

TCSRV indicaes the shtusflag and controls outputs by ushg a mmparemath.

Initial
Bit Bit Name Value R/W Description
7 CMFB 0 R/W Compare Match Flag B

Setting condition:

When the TCNTV value matches the TCORB value
Clearing condition:

After reading CMFB = 1, cleared by writing 0 to CMFB

6 CMFA 0 R/W Compare Match Flag A
Setting condition:
When the TCNTV value matches the TCORA value
Clearing condition:
After reading CMFA = 1, cleared by writing 0 to CMFA

5 OVF 0 R/W  Timer Overflow Flag
Setting condition:
When TCNTV overflows from H'FF to H'00
Clearing condition:
After reading OVF = 1, cleared by writing 0 to OVF

4 — 1 — Reserved
This bit is always read as 1.

3 0OS3 0 R/W Output Select 3 and 2

2 0S2 0 R/W These bits select an output method for the TMOV pin
by the compare match of TCORB and TCNTV.

00: No change

01: O output

10: 1 output

11: Output toggles
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Section 11 Timer V

Initial
Bit Bit Name Value R/W Description
OS1 0 R/W Output Select 1 and 0
0 0Sso 0 R/W These bits select an output method for the TMOV pin

by the compare match of TCORA and TCNTV.
00: No change

01: O output

10: 1 output

11: Output toggles

OS3 ard OS2 select #ouput lewvel for conpare match B.OS1 ard OSO0 select #houput lewel
for comparematch A. The wo outputlevels can be ontrolled ndeperdently. After arese, the
timer ouput is O until the first compare match

11.3.5 Timer Control Regster V1 (TCRV1)

TCRVL1 selects thedgeat theTRGV pin, enaltes TRGV input, andselects the cldcinput to

TCNTV.

Bit Bit Name

Initial
Value

R/W

Description

7t05 —

All 1

Reserved
These bits are always read as 1.

TVEG1
TVEGO

R/W
R/W

TRGV Input Edge Select

These bits select the TRGV input edge.

00: TRGV trigger input is prohibited

01: Rising edge is selected

10: Falling edge is selected

11: Rising and falling edges are both selected

2 TRGE

R/W

TCNTV starts counting up by the input of the edge
which is selected by TVEG1 and TVEGO.

0: Disables starting counting-up TCNTV by the input of
the TRGV pin and halting counting-up TCNTV when
TCNTV is cleared by a compare match.

1: Enables starting counting-up TCNTV by the input of
the TRGV pin and halting counting-up TCNTV when
TCNTV is cleared by a compare match.
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Initial
Bit Bit Name Value R/W Description

1 — 1 — Reserved
This bit is always read as 1.
0 ICKSO0 0 R/W Internal Clock Select 0

This bit selects clock signals to input to TCNTV in
combination with CKS2 to CKS0 in TCRVO.

Refer to table 11.2.

11.4  Operation

11.4.1 Timer V Operation

1. Accoarding to table 11.2, six internal/externd clock signals outputby presaler S ca be
selected as th#mer V operatig clok signak. When the operatinglock signalis sekcted
TCNTYV starts counting-up. Figure 11.2 shows the @munt timing with aninternal clock signal
sekcied, and figure 11.3 shows the munt timing with both edges of an external clock signal
selected.

2. WhenTCNTYV overflows (charges from H'FF to HOO), the oerflow flag (OVF) in TCRVO
will be set. The timig at his time is show in figure 11.4. An interrupt requestis sent to the
CPUwhen OVIEE in TCRVOis 1.

3. TCNTV is constantly comparedwith TCORA and TCORB Campae math flagA or B
(CMFA or CMFB) is setto 1 when TCNTV machesTCORA or TCORB regectively. The
conparemarth sgnalis generated in the last siate in which the valuesmatch. Figure 11.5
shaws the timing. An interrupt reqest isgeneratedor the CPUwhen CMIEA or CMIEB in
TCRVO is 1.

4. When acompae math A or B is generaed, the TMOV regponds with the outputvalue
selectedy bits OS3 toOS0 in TCSRY. Figure 11.6 shaws the timingwhenthe ouput is
toggled by compare matclA.

5. When CCLR1 or CCLRO in TCRVO is01 or 10, TCNTV can be ckaral by the corregpondng
compare match. Figur&l.7 slows the timing

6. WhenCCLRL or CCLROiIn TCRVOis 11, TCNTV can beclearedby therising edgeof the
inpu of TMRIV pin. A TMRIV inputpulse-width of atleas 1.5 system cbcksisnecessy.
Figure 11.8 shaws the timing.

7. Whena courter-cleanng source is gnerated with TRGE in TCRV1 set tol, the caunting-up is
halted as sooas TCNV is deared. TCNY resunes ounting-up wha the edgeselectedy
TVEGL or TVEGOin TCRV1is inpu from the TGRV pin.
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Internal clock

TCNTV input
clock

TCNTV

N

((

))

((

))

((

N-1 X

))

))

X N+ 1

((
))

((
))

Figure 11.2 Increment Timing with Inter nal Clock

¢

TMCIV
(External clock
input pin)

TCNTV input
clock

TCNTV

N

\

X

Figure 11.3 Increment Timing with Exter nal Clock

TCNTV

Overflow signal

OVF

|

H'FF

X

H'00

R

Figure 114 OVF Set Timing
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TCNTV N X N+1
TCORA or
TCORB N

Compare match
signal

\

CMFA or
CMFB

Figure 115 CMFA and CMFB Sd Timing

. i ™

Compare match

A signal (( .
\ ) \
((

Timer V output )Y
pin I

Figure 11.6 TMOV Output Timing

0 ]

Compare match

A signal \

TCNTV N X H'00

Figure 11.7 Clear Timing by Compare Match

Rev. 6.00 Mar. 24, 2006 Page 154 of 412
REJQ9B0142-0600 XENESAS
Downloaded fro

atasheet.su



Section 11 Timer V

0 |

TMRIV(External
counter reset
input pin )

TCNTV reset
signal

TCNTV N-—1 X N X H'00

Figure 11.8 Clear Timing by TMRIV In put
11.5 Timer V Application Examples

115.1 Pulse Ouput with Arbitrar y Duty Cycle
Figure 11.9 shows an exanple d outputof pulseswith anarbitrary duty cycle.

1. Set bts CCLRL ard CCLROin TCRVO so thatTCNTV will be cleaed bycomparematch with
TCORA.

2. Set bts OS3 to OS0 in TCSRY sothat the output will go to 1 at canparematchwith TCORA
and to0 at ompae matd with TCORB.

3. Set hts CKS2to CKSO0 inTCRVO0 andbit ICKS0 in TCRV 1 to sekctthe desred clock source.

4. With these setings awaveform is outputwithou further softwareintervention, with a peiod
determinedby TCORA and apulsewidth determined by TCORB.

TCNTV value
A
H'FF | e
Counter cleared
¥y v X

TCORA 7 _________________________________________________________
TCORB | _____J).______ LT T R T R

H'00 . : , : , : , > Time
TMOV

Figure 11.9 PulseOutput Example
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Section 11 Timer V

115.2 Pulse Ouput with Arbitrary Pulse Width and Delay from TRGV Input

The tigge function can beused b output a pulsewith anarbitrary pulse width atanarbitrary
delay fromthe TRGV input, as shown infigure 11.10. To s& up this output:

1. Set bts CCLRL ard CCLROiIn TCRVO so thaiTCNTV will be cleaed bycomparematch with
TCORB.

2. Set btsOS3 to OS0 in TCSRV sothat the output will go to 1 at canparematchwith TCORA
and to0 at @mpae matt with TCORB.

3. Set bts TVEGlard TVEGOin TCRV1 andset TR to select tle falling edye of the TRGV
input.

4. Setbits CKS2to CKS0in TCRVO0 ard bit ICKS0 in TCRV 1 to sekctthe desred clock source.

5. After these settigs, apulse waweform will be ouput withou further software intervention,
with adelay daermined by TCORA from the TRGV inpu, ard apulse width deermined by
(TCORB —TCORA).

TCNTV value
A
H'FF L .
TCORB  F-mmmmmmmmmmm s s o s m st
TCORA |- e A
H'00 > Time
TRGV
TMOV «
Y ” U
Compare match A ! Compare match A *

Compare match B Compare match B

clears TCNTV and clears TCNTV and

halts count-up halts count-up

Figure 11.10 Example of Pulse Ouput Synchronizedto TRGV Input
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Section 11 Timer V

11.6  Usagd\otes

Thefollowing typesof contention or operaton can ocar in timerV opeaaton.

1. Writing to regsters isperformedin the T3state ® a TCNTVwrite cycle. If aTCNTV clear
signalis generated in the T3 state of aTCNTV write g/cle, as bown infigure 11.11, cleaing
takesprecalerce aml the write to the counter isnot caried out If counting-up is geneated in
the T3 state ofa TCNTV write cycle, writingtakes precdence.

2. If a caompae match isgeneated in the T3 siate of a TORA or TCORBwrite ¢ycle, thewrite
to TCORA or TCORB takesprecalence and the compae match sgnalis inhibited. Figure
11.12 shows the iming.

3. If compare mathesA and B occursimultaneously, any onflict betveen he autput sekecions
for compare mdch A and conpare match B is resdved by the following priority: togde
output> output 1 > outputO.

4. Depeding onthe timing, TCNTV may be ncramenied by a svitch betweendifferent internal
clocksaurces. When TCNTYV isinternally clocked, anincrementpulseis generaed from the
falling edge of an nternal clock signal thatis divided system clodk (¢). Therdore, as shown
in figure11.3 the switch if'rom ahigh clok sigral to a low clak sigral, the swtchover is
seen as &lling edge causing TANTV to increment. TCNTV can alsobe incranenteal by a
switchbetwee intanal and external cloks.

TCNTV write cycle by CPU
T4 To T3

0 L
Address X TCNTV address X
Internal
write signal
Counter clear
signal I
TCNTV N X H'00

Figure 11.11 Contention between TCNTV Wri te and Clear
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TCORA write cycle by CPU
T4 Ts T3
¢
Address X TCORA address X
Internal
write signal
TCNTV N X N+1
TCORA N X M
! TCORA write data
Compare match Y
signal ' -~
) Inhibited

Figure 11.12 Contention between TCORA Write and Compare Match

Clock before
switching

Clock after
switching

Count clock —| (m
N

TCNTV N

'S )

Write to CKS1 and CKS0

Figure 11.13 Internal Clock Switching and TCNTV Operation
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Section 12 Timer W

Section 12 Timer W

The timer W has 46-bit timer having output compare andinput capture functions. The timer W
can caunt external everts andoutput pulses with anarbitrary duty cycle by compare match
betveen the timer @unter ard four general registers Thus, it canbe gplied to various systems.

12.1 Features

e Sekctonof five munter clock sources:four internal clocks (¢, ¢/2, ¢/4, ard ¢/8) and an
external clok (external gents can beounted)

e Capmbhility to pracessup to four puseoutputs orfour puseinputs
e Four generalregisters:
— Indeperdently assgnable outputcompare or input cgpture funcions

— Usable as wo pairs of registers; one register of eat pair operates @iabuffer for theoutput
compareor input capire register

e Four selectable operatimgodes :
— Wavdorm output by compare math
Selectio of O output, 1 ouput, ortogde ouput
— Inpu capgure function
Rising edge falling edye, or both edges
— Courter cleaing function
Counters can be cleared ynmpae matt
— PWM mode
Up to threephase RVM output canbe providedwith desired duty ratio.
e Any initial timer autput value canbe set
e Five interruptsources
Four conpae math/inpu cgpture interrupts and a oveflow interrupt
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Section 12 Timer W

Table 12.1 sunmarizes he tmerW functons,ard figure 12.1 shows ablock diagram of the timer

W.

Table12.1 Timer W Functions

Item

Counter

Input /Output Pins

FTIOA

FTIOB

FTIOC

FTIOD

Count clock

Internal clocks: ¢, ¢/2, ¢/4, $/8
External clock: FTCI

General registers Period GRA GRB GRC (buffer GRD (buffer
(output compare/input specified in register for  register for
capture registers) GRA GRAIn GRB in
buffer mode) buffer mode)
Counter clearing function  GRA GRA — — —
compare  compare
match match

Initial output value — Yes Yes Yes Yes
setting function
Buffer function — Yes Yes — —
Compare 0 — Yes Yes Yes Yes
match output "4 — Yes Yes Yes Yes

Toggle — Yes Yes Yes Yes
Input capture function — Yes Yes Yes Yes
PWM mode — — Yes Yes Yes
Interrupt sources Overflow  Compare Compare Compare Compare

match/input  match/input match/input match/input
capture capture capture capture
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Internal clock: @

l«—>» FTIOA

@2 ED Clock
w4 selector <—» FTIOB
@8 _
External clock: FTCI Control logic l«——» FTIOC
Comparator < » FTIOD
——» IRRTW
3L 10 17 10 10 1r 170 10 10 1T
= = =
AHBIEIBIBIRIEEIE
= © © © © (o = = [ [l
Internal
Jf 3¢ 30 30 3¢ 30 JC 37 3C 3T data bus

< <>

Bus interface

[Legend]

TMRW: Timer mode register W (8 bits)

TCRW: Timer control register W (8 bits)

TIERW: Timer interrupt enable register W (8 bits)

TSRW: Timer status register W (8 bits)

TIOR:  Timer I/O control register (8 bits)

TCNT: Timer counter (16 bits)

GRA: General register A (input capture/output compare register: 16 bits)
GRB: General register B (input capture/output compare register: 16 bits)
GRC: General register C (input capture/output compare register: 16 bits)
GRD: General register D (input capture/output compare register: 16 bits)
IRRTW: Timer W interrupt request

Figure 121 Timer W Block Diagram
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12.2  Input/Output Pins

Table 12.2 summaries he imerW pins.

Table 12.2 Pin Configuration

Name Abbreviation Input /Output Functio n

External clock input FTCI Input External clock input pin

Input capture/output FTIOA Input/output Output pin for GRA output compare

compare A or input pin for GRA input capture

Input capture/output FTIOB Input/output Output pin for GRB output compare,

compare B input pin for GRB input capture, or
PWM output pin in PWM mode

Input capture/output FTIOC Input/output Output pin for GRC output compare,

compare C input pin for GRC input capture, or
PWM output pin in PWM mode

Input capture/output FTIOD Input/output Output pin for GRD output compare,

compare D

input pin for GRD input capture, or
PWM output pin in PWM mode

12.3  RegisteDescriptions

The timer W has thfollowingregsters.

e Timermode raister W (TVRW)
e Timercontrol register W (TARW)

e Timer intaruptendle registerW (TIERW)

e Timer statusegisterW (TSRW)

e Timerl/O control register0 (TIORO)
e Timerl/O control registerl (TIOR1)
e Timer wurter(TCNT)

e Geneal rggista A (GRA)
e Geneal rggista B (GRB)
e Geneaal rgyiste C(GRC)
e Geneal regista D (GRD)
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Section 12 Timer W

12.3.1 Timer Mode Register W(TMRW)

TMRW sekct the geneal register functions ard the imer output mode

Bit Bit Name

Initial
Value

R/W

Description

7 CTS

0

R/W

Counter Start

The counter operation is halted when this bit is 0, while
it can be performed when this bit is 1.

Reserved
This bit is always read as 1.

5 BUFEB

R/W

Buffer Operation B
Selects the GRD function.

0: GRD operates as an input capture/output compare
register

1: GRD operates as the buffer register for GRB

4 BUFEA

R/W

Buffer Operation A
Selects the GRC function.

0: GRC operates as an input capture/output compare
register

1: GRC operates as the buffer register for GRA

Reserved
This bit is always read as 1.

2 PWMD

R/W

PWM Mode D

Selects the output mode of the FTIOD pin.

0: FTIOD operates normally (output compare output)
1: PWM output

1 PWMC

R/W

PWM Mode C

Selects the output mode of the FTIOC pin.

0: FTIOC operates normally (output compare output)
1: PWM output

0 PWMB

R/W

PWM Mode B

Selects the output mode of the FTIOB pin.

0: FTIOB operates normally (output compare output)
1: PWM output
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12.3.2 Timer Contr ol Register W (TCRW)

TCRW selectshe timer comter clack souce, setcts a clearig cordition, and specifies he timer

outputlevels.
Initial
Bit Bit Name Value R/W  Description
7 CCLR 0 R/W  Counter Clear
The TCNT value is cleared by compare match A when
this bitis 1. When it is 0, TCNT operates as a free-
running counter.
CKS2 0 R/W  Clock Select2to 0
CKS1 0 R/W  Select the TCNT clock source.
CKSO0 0 R/W  000: Internal clock: counts on ¢

001: Internal clock: counts on ¢/2
010: Internal clock: counts on ¢/4
011: Internal clock: counts on ¢/8
1XX: Counts on rising edges of the external event (FTCI)

When the internal clock source (¢) is selected, subclock
sources are counted in subactive and subsleep modes.

3 TOD 0 R/W  Timer Output Level Setting D

Sets the output value of the FTIOD pin until the first
compare match D is generated.

0: Output value is 0*
1: Output value is 1*

2 TOC 0 R/W  Timer Output Level Setting C

Sets the output value of the FTIOC pin until the first
compare match C is generated.

0: Output value is 0*
1: Output value is 1*

1 TOB 0 R/W  Timer Output Level Setting B

Sets the output value of the FTIOB pin until the first
compare match B is generated.

0: Output value is 0*
1: Output value is 1*
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Initial
Bit Bit Name Value R/W Description
0 TOA 0 R/W Timer Output Level Setting A
Sets the output value of the FTIOA pin until the first
compare match A is generated.
0: Output value is 0*
1: Output value is 1*
[Legend]
X: Don't care.

Note: * The change of the setting is immediately reflected in the output value.

12.3.3 Timer Interrupt En able Register W (TIE RW)

TIERW cortrols the timerW interruot request.

Bit Bit Name

Initial
Value

R/W

Description

7 OVIE

0

R/W

Timer Overflow Interrupt Enable

When this bit is set to 1, FOVI interrupt requested by
OVF flag in TSRW is enabled.

Reserved
These bits are always read as 1.

w| ~ 00O
|

IMIED

O_L_L_L

R/W

Input Capture/Compare Match Interrupt Enable D

When this bit is set to 1, IMID interrupt requested by
IMFD flag in TSRW is enabled.

2 IMIEC

R/W

Input Capture/Compare Match Interrupt Enable C

When this bit is set to 1, IMIC interrupt requested by
IMFC flag in TSRW is enabled.

1 IMIEB

R/W

Input Capture/Compare Match Interrupt Enable B

When this bit is set to 1, IMIB interrupt requested by
IMFB flag in TSRW is enabled.

0 IMIEA

R/W

Input Capture/Compare Match Interrupt Enable A

When this bit is set to 1, IMIA interrupt requested by
IMFA flag in TSRW is enabled.
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12.3.4 Timer Status Register W (TSRW)

TSRW shows the statusof interrupt requess.

Initial
Bit Bit Name Value R/W Description
7 OVF 0 R/W Timer Overflow Flag
[Setting condition]
When TCNT overflows from H'FFFF to H'0000
[Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF
6 — 1 — Reserved
5 — 1 — These bits are always read as 1.
4 — 1 —
3 IMFD 0 R/W  Input Capture/Compare Match Flag D

[Setting conditions]
e TCNT = GRD when GRD functions as an output
compare register

e The TCNT value is transferred to GRD by an input
capture signal when GRD functions as an input
capture register

[Clearing condition]

Read IMFD when IMFD = 1, then write 0 in IMFD

2 IMFC 0 R/W Input Capture/Compare Match Flag C
[Setting conditions]
e TCNT = GRC when GRC functions as an output
compare register

e The TCNT value is transferred to GRC by an input
capture signal when GRC functions as an input
capture register

[Clearing condition]

Read IMFC when IMFC = 1, then write 0 in IMFC
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Initial
Bit Bit Name Value

R/W

Description

1 IMFB 0

R/W

Input Capture/Compare Match Flag B

[Setting conditions]

e TCNT = GRB when GRB functions as an output
compare register

e The TCNT value is transferred to GRB by an input
capture signal when GRB functions as an input
capture register

[Clearing condition]

Read IMFB when IMFB = 1, then write 0 in IMFB

0 IMFA 0

R/W

Input Capture/Compare Match Flag A

[Setting conditions]

e TCNT = GRA when GRA functions as an output
compare register

e The TCNT value is transferred to GRA by an input
capture signal when GRA functions as an input
capture register

[Clearing condition]

Read IMFA when IMFA = 1, then write 0 in IMFA

12.3.5 Timer I/O Control Register 0 (TIORO0)

TIORO seécsthe functionsof GRA and GRB, andspecifies the functions othe FTIOA and

FTIOB pins.
Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved
This bit is always read as 1.
6 10B2 0 R/W I/O Control B2
Selects the GRB function.
0: GRB functions as an output compare register
1: GRB functions as an input capture register
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Initial
Bit Bit Name Value R/W Description
5 I0B1 0 R/W I/0O Control B1 and BO
4 I0BO 0 R/W When 10B2 = 0,
00: No output at compare match
01: 0 output to the FTIOB pin at GRB compare match
10: 1 output to the FTIOB pin at GRB compare match
11: Output toggles to the FTIOB pin at GRB compare
match
When 10B2 =1,
00: Input capture at rising edge at the FTIOB pin
01: Input capture at falling edge at the FTIOB pin
1X: Input capture at rising and falling edges of the
FTIOB pin
3 — 1 — Reserved
This bit is always read as 1.
2 I0A2 0 R/W I/0O Control A2
Selects the GRA function.
0: GRA functions as an output compare register
1: GRA functions as an input capture register
1 IOA1 0 R/W I/O Control A1 and AO
0 IOAO 0 R/W When I0A2 =0,

00: No output at compare match
01: 0 output to the FTIOA pin at GRA compare match
10: 1 output to the FTIOA pin at GRA compare match

11: Output toggles to the FTIOA pin at GRA compare
match

When IOA2 =1,
00: Input capture at rising edge of the FTIOA pin
01: Input capture at falling edge of the FTIOA pin

1X: Input capture at rising and falling edges of the
FTIOA pin

[Legend]
X: Don't care.
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123.6 Timer I/O Control Register 1 (TIOR1)

TIORL1 seécsthe functionsof GRC ard GRD, and ecifies the functions of the FTIOC and

FTIOD pins.

Initial
Bit Bit Name Value R/W Description
7 — 1 — Reserved

This bit is always read as 1.
6 I0OD2 0 R/W I/O Control D2
Selects the GRD function.
0: GRD functions as an output compare register

1: GRD functions as an input capture register
5 IOD1 0 R/W I/O Control D1 and DO
IODO 0 R/W When 10D2 = 0,
00: No output at compare match
01: 0 output to the FTIOD pin at GRD compare match
10: 1 output to the FTIOD pin at GRD compare match

11: Output toggles to the FTIOD pin at GRD compare
match

When IOD2 =1,
00: Input capture at rising edge at the FTIOD pin

01: Input capture at falling edge at the FTIOD pin

1X: Input capture at rising and falling edges at the
FTIOD pin

3 — 1 — Reserved

This bit is always read as 1.
2 I0C2 0 R/W I/O Control C2
Selects the GRC function.
0: GRC functions as an output compare register

1: GRC functions as an input capture register
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Initial
Bit Bit Name Value R/W Description
1 I0CH1 0 R/W I/0 Control C1 and CO
0 IOCO 0 R/W When IOC2 =0,

00: No output at compare match
01: 0 output to the FTIOC pin at GRC compare match
10: 1 output to the FTIOC pin at GRC compare match

11: Output toggles to the FTIOC pin at GRC compare
match

When |OC2 =1,

00: Input capture to GRC at rising edge of the FTIOC
pin

01: Input capture to GRC at falling edge of the FTIOC
pin

1X: Input capture to GRC at rising and falling edges of
the FTIOC pin

[Legend]
X: Don't care.

12.3.7 Timer Counter (TCNT)

TCNT is a 16-lit reacabe/writade up-counter. The clock source iselectedy bits (KS2 to
CKSO0 in TCRW.TCNT canbe cleard to H'0000througha canpare math with GRA by setting
the CCLR inTCRWto 1. WhenTCNT overflows (changes fom H'FFFF b H'00Q0), the OVF
flag in TSRW is set tol. If OVIE in TIERW is set tol at this time,aninterruptrequestis
geneated. TCNT mustalways be reaadr written in16-bit units;8-bit access iaot allowed.
TCNT is initializedto H'0000 by areset.
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12.3.8 GeneraRegistersA to D (GRA to GRD)

Eachgeneral regster is a 1éoit reachlde/writade register that can functioas either aoutput-
conpareregister or an inpu-cgpture ragister. Thefuncionis sekecedby settings n TIORO and
TIORL1.

When agenaal regster is used asaninputcompareregister, its value is constantly comparedwith
the TCNTvalue. Wkenthe twovalues match (@ompare mach), the carrepondng flag (IMFA,
IMFB, IMFC, or IMFD) in TSRWis setto 1. An interrupt requestis generated atthis time, when
IMIEA, IMIEB, IMIEC, or IMIED is set tal. Comparemach autput can be selectedh TIOR.

When agenaal regster is used asaninput-capure register, an gternal inputcapure signal is
detected iad the currat TCNT vale is sored in the generd regster. The corresponding flag
(IMFA, IMFB, IMFC,or IMFD) in TSRW is set tol. If the comregpondng interrupt-endle bit
(IMIEA, IMIEB, IMIEC, or IMIED) in TSRW is sé to 1 atthis time, aninterrug request is
geneated. The edgeof the inputcagure signal is selectechiTIOR.

GRC andGRD canbeusal as buffer rgisters ofGRA and GRB, respeately, by settingBUFEA
and BUFEB in TMRW.

For example,when GRA is set asn output-compareregister and GRC is setas he buffer register
for GRA, thevalue in he buffer registerGRC is sent to GRA wheneer compare match A is
geneated.

WhenGRA is set as an ini-cagure regster amnl GRC isset as théuffer ragister forGRA, the
value in TCNT istrarsfared to GRA ard the value in the buffer registerGRC is trasferred to
GRA wheneer aninput cafdure is gnerated

GRA to GRD must be written aea in 16-bit unts; 8-bit access isot dlowed. GRAto GRDare
initialized to H'FFFF by aeset.
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12.4  Operation

The timer W has thfollowing operating modks.
e Normal Operabn

e PWM Operation

124.1 Normal Operation

TCNT performs free-unning or periodic courting operations.After a eset, TCN is set as a ée-
runnng counter. When the CTS bit in TMRW is sé to 1, TCNT starts icremening the count.
Whenthe caunt overflows from HFFFF toH'0000, the OVF flag in TSRW is setd 1. If the OVIE
in TIERW is set tdl, aninterrug request isgenerated. Fgure 122 shavs free-running caunting.

TCNT value

H'0000
CTS bit
Flag cleared
by software
o
OVF

Figure 12.2 Free-Running Counter Operation

Peiodic counting operation canbe performedwhenGRA is set as anutput compare registerand
bit CCLR in TCRW s set tal. When tre cownt matcles GRA TCNT is cleaedto H'000Q the
IMFA flag in TSRW is set to 1If the correspndng IMIEA bit in TIERW is setto 1, an interrupt
request isgenerated TCNT continues courting from H'000Q Figure 12.3 shows periodic
counting.
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TCNT value

H'0000
CTS bit
Flag cleared
e by software
IMFA

Figure 12.3 Periodic Counter Operation

By seting ageneralregister as anoutput compare register, compege matt A, B, C, or Dcan
cawse heoutput at tre FTIOA, FTIOB, FTIOC, or FTIOD pin tooutput O, ouput 1, or togde.
Figure 12.4 shavs anexamge of 0 ard 1 output when TCNT operates as a ée-unnng couwnter, 1
outputis sekciedfor comparematch A, ard Ooutputis sekeced for compae math B. When
signal is aleady at theselectedutput level, thesigral level doesnot change a compare match.

TCNT value
A

[ o o o e B e T LT LT TP
GRA  |------mme T T T
GRB  |--- T ey LI E L R e T P
H'0000 : : : : : i »Time
FTIOA E E ~ No change E ~No change
FTIOB | 1 No change 1 No change

Figure 124 0Oand 1 Output Example (TOA =0,TOB =1)
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Figure 12.5 shavs anexamgde of togde ouput when TCNT operates adr@erunning wunter,
andtoggle outputis sekcedfor both compare math A and B.

TCNT value
A

e e e
GRA  |----mmeme e T T e e T
GRB |-’ N I el S
H'0000 T I T I T I » Time
FTIOA : E : Toggle output
FTIOB | Toggle output

Figure 125 Toggle Output Example (TOA =0, TOB=1)

Figure 12.6 shows another exampk of toggle autput when TCNT operaks as gpeiodic counter,
clearedby comparematt A. Toggle autput is sekecedfor both comparemath A and B.

TCNT value
A Counter cleared by compare match with GRA

HFFFF / ......................................

GRA  brmmmr et e e e o

GRB [777 7~ A E AR A A E
H'0000 > Time
' : : : Toggle
FTIOA . : : : ‘ output
Toggle
FTIOB | | | | output

Figure 126 Toggle Output Example (TOA =0, TOB=1)
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The TONT value can be catured into ageneral register (GRA, GRB, GRC, or GRD) whena
signallevel changes atan inpu-capture pin (FTIOA, FTIOB, FTIOC, or FTIOD). Capture can
take placeon therising edgefalling edge,or both e€lges. Byusing the input-caturefundion, the
pulsewidth end periodscanbe measired. Figure 12.7 shows anexample of inpu captire when
bath edges of FTIOA andthe falling edg of FTIOB are setctedas capure edgs. TCN operates
as a free-runng counter.

TCNT value
A

HIFFFF |- m o s o s o m o s

H'FOOO |-- == mmmmmmmmmm s b

H'AABS |- === ommm e e

HIBBAA [ === oo bl e
H1000 |- oo’ i '

H'0000 5 \ : 5 :\ > Time

FTIOA )

GRA X H'1000 ! X HF000 X H'55AA

FTIOB 1
Ly
GRB X H'AA55

Figure 127 Input Capture Operating Example
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Figure 12.8 shows an exanple d buffer opaation when the GRA is setas aninput-cgpture
register andsRC is set as the Har register forGRA. TONT operates as a free-running counte
andFTIOA capturesboth rising ard falling edgeof the input signal. Due © the buffer operaton,
the GRA value is transferretb GRC byinput-capiure A andthe TCNTvaue is storedn GRA.

TCNT value
A

HFFFF |- - o o oo oo e e e e
HDAQT |- m e e oo e

H5480 |_______________. __________________

H'0245 |[------ ---------L-----------------E ------------------
H'0000 : E : » Time

FTIOA

GRA X H0245 X H'5480 X  HDA91
N N y
GRC X X H'0245 X

H'5480

Figure 128 Buffer Operation Example (Input Capture)

12.4.2 PWMOperation

In PWM mode PWM wavdorms ae generded by using GRA as he period register and GRB,
GRC, and GRD asduty registers. RVM waveforms ae outputfrom the FTIOB, FTIOC, ard
FTIOD pins. Up to threephase PWM waveforms can be output In PWM mode, ageneaa register
functions as an outpebmpate ragister aitomatically. Theoutput level of each pin deends orthe
correspndng timer ouput level setbit (TOB, TOC, and TOD) in TCRW. When TOB is 1, the
FTIOB outputgoes o 1 atcompae math A and to 0 atcomparemath B. When TOB is 0, the
FTIOB outputgoes © 0 atcampae math A andto 1 atcomparemath B. Thusthe mmpae
math outputlevel setingsin TIOR0 ard TIOR1 are gnaredfor the output pin setto PVM mode.
If the samevalue is setn thecycle raister ad the duy register, the ouputdoes ot change when
a compae math occurs.
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Figure 12.9 shows an exanple d opeaationin PWM mode.Theoutput signalsgoto 1 and TCNT
is cleared atampae matt A, and theoutputsignals god 0 at @mparematch BC, and D
(TOB, TOC, ard TOD = 1: initial output values are set tt).

TCNT value
A

GRA
GRB
GRC
GRD
H'0000

_________________

______________________

Counter cleared by compare match A

___________________

______________

_____________________

_____________________

FTIOB

FTIOC ! |

FTIOD

Figure 129 PWM Mode Example (1)

Figure 12.10 shows arother exanmple d operation in PWM mode. The output signals go to 0 and
TCNT is cleaed atcomparemaich A, and the outputsignals goto 1 at compre matchB, C, and
D (TOB, TOC, andTOD = 0: initial output values are set to 1).

TCNT value
A

GRA
GRB
GRC

GRD
H'0000

_________________

__________________

Counter cleared by ¢

__________________

______________

ompare match A

_____________________

_____________________

FTIOB

FTIOC |

FTIOD

Figure 1210 PWM ModeExample 2)
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Figure 12.11 slows an eamge of buff er operation whenthe FTIOB pin is setto PWM mode and
GRD s set ashe buffer regiser for GRB. TCNT is cleaed bycompare mach A, ard FTIOB
outputs 1 at compa matt B and0 at @mpare matc A.

Dueto the buffer opeation, the FTIOB output level changes ard the value of buffer register GRD
is trarsferred toGRB whene\er compae matchB occurs. This mcelureis repeated eery time
comparematch B ocurs.

TCNT value
A
I S I 1T 7= g B L2
1 1
H'020 i
GRB 5 by R ,
H'0000 : — ——+>Time

GRD  Ho2000 X | HO450 ! X | Hos20 X

GRB X H'0200 I D( : H'0450

FTIOB |

Figure 12.11 Buffer Operation Example (Output Compare)
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Figures 12.12amd 1213 showexamgdesof the ouput of PWM waveforms with duty cycles d 0%

ard 100%.
TCNT value
A Write to GRB
GRA
GRB . i
H'0000 5 L~ E > Time
FTIOB Duty 0% :
Output does not change when cycle register
TCNT value and duty register compare matches occur
A simultaneously.
GRA Write to GRB
"""""" @ o AT AwritetoGRB.~|
| | O
' d‘)Write to GRB |
GRB |—-—p—- T D
H'0000 5 f > Time
Duty 100%
FTIOB
Output does not change when cycle register
TCNT value ahd duty register compare matches occur
A simultaneously.
Write to GRB o————
GRA L----eeo--- O———— et m oo -r--
| Write to GRB
1 (')_
GRB [—- - - Write to GRB
H'0000 f >Time
Duty 100% Duty 0% |
FTIOB !

Figure 1212 PWM ModeExample
(TOB, TOC, and TOD = 0: initial output valuesare setto 0)
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TCNT value
A Write to GRB
GRA
GRB ' Write to GRB |
H0000 5 L~ : »Time
FTIOB Duty 100%
Output does not change when cycle register
TCNT value apd duty register compare matches occur
A simultaneously.
GRA Write to GRB
"""""" @ o AT AWritetoGRB.~]
| | P
' Write to GRB |
GRB |—-—p—- T R
H'0000 >Time
Duty 0%
FTIOB
Output does not change when cycle register
TCNT value ahd duty register compare matches occur
A simultaneously.
Write to GRB O—————————-—-———————————|
GRA t----ooe- O e e r--
| Write to GRB |
I ]
O
GRB |—- - - Write to GRB
H'0000 5 | | »Time
Duty 0% Duty 100% |
FTIOB :

Figure 1213 PWM ModeExample
(TOB, TOC, and TOD = 1: initial output valuesare setto 1)
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12.5 OperationTiming

12.5.1 TCNT Count Timing

Figure 12.14 slows the TONT court timing when the internal clo& sour@ is selectedrigure
12.15 shows thetiming when the external clock source is selectedihe pulse widh of the external
clock signal musbe at least two system clo@k cycles; shortepulseswill not be counted
correctly.

0 J L
Internal —
clock § Rising edge

Y

TCNT input
clock [

TCNT N ! N-+1 ! N+2

Figure 12.14 Count Timing for Internal Clock Source

o L
Ext I
CI)(()(t:akrna ? Rising edge E? Rising edge

TCNT input
clock _

TCNT N X N+1 X N+2

Figure 12.15 Count Timing for External Clock Source
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12.5.2  Ouput Compare Output Timing

The ®mparemarth signalis generatd in the last state in which TCNT and GR math (when
TCNT changesfrom the matching value  the nextvalue). Whenthe comparemath signal is
geneated, the outputvalue sdecied n TIOR is output atthe conpare math outputpin (FTIOA,
FTIOB, FTIOC, or FTIOD).

When TCNT mathesGR, the mmparemach signal is generaed only after the next counter clock
pulseisinput

Figure 12.16 shows the output canpare timing.

0 J L

TCNT input
clock

TCNT N X N-+1

GRA to GRD N

Compare
match signal

FTIOA to FTIOD X

Figure 1216 Output Compare Output Timing
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12.5.3 Inpu Capture Timing

Input cafure on the risingedgg, falling edge, oboth edges can le selectedhrough settirgs in
TIORO and TIORL. Figure 12.17 shows the timing whenthe falling edgeis sekected.The pulse
width of the input cagure sgnal mustbe at ast two system cl&d¢) cycles; shortepulses will

not be detectedorrectly.

¢ J

L

Input capture
input

Input capture
signal

TCNT x N-1

) N Nk N2

R

GRA to GRD

! N

Figure 1217 Input Capture Input Signal Timing

1254

Timingof Counter Cleaing by Compare Match

Figure 12.18 stows the timingwhenthe caunteris cleaedby compae match A.When the GRA
value is N, tke counter couns from O to N, andits cycle is N + 1.

0 J

L

Compare
match signal

TCNT

N X H'0000

GRA

Figure 1218 Timing of Counter Clearing by Compare Match
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Section 12 Timer W

12.5.5 Buffer Operation Timing

Figures12.19and 1220 showthe bufer operation timing.

v i L
Compare

match signal

TCNT N i L N

GRC, GRD M ;

GRA, GRB ! I w

Figure 12.19 Buffer Operation Timing (Compare Match)

v ] L
Input capture

signal

TCNT ' N XN+1 :

GRA, GRB Y X N X Nt 1
GRC, GRD i I i |

Figure 12.20 Buffer Operation Timing (I nput Capture)
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Section 12 Timer W

12.5.6 Timing of IMFA to IMFD Flag Seting aa Compare Match

If a general register (GRA, GRB,GRC, or GRD) is used asan output conpare register, the
coregpondng IMFA, IMFB, IMFC, orIMFD flagis setto 1 when TCNT mathesthe gaeral
register

The omparemath signalis generagd in the last state in which the values math (when TCNT is
updated from the macthing count to the next count). Therdore when TCNT mathes ageneal
register, the compae math signalis generaed only after the next TCNT clock pulse is input

Figure 12.21 shows the timingof the IMFA to IMFD flag setting at compare matc

y J L

TCNT input
clock

TCNT N X N-+1

GRA to GRD N

Compare
match signal

IMFA to IMFD

IRRTW

Figure 1221 Timing of IMFA to IMFD Flag Seting a& Compare Match
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12.5.7 Timing of IMFA to IMFD Seting at I nput Capture

If a general register (GRA, GRB, GRC, or GRD) isusel as aninput cgptureregister, he
coregpondng IMFA, IMFB, IMFC, orIMFD flag is setto 1 whe an inpu captue occuss. Figure
12.22 shows the timirg of the IMFA to IMFD flag settingat input cagdure.

° J L

Input capture
signal

TCNT N

GRA to GRD X N

IMFA to IMFD

IRRTW

Figure 1222 Timing of IMFA to IMFD Flag Setting at Input Capture

12.5.8 Timingof Status FlagCleaing

Whenthe CPU reasl astatis flag while it is set tol, then writes O the siatus flag, the satus flay
is cleared. Figur@2.23 shows th status flg clearing timing.

TSRW write cycle

- T Bt T2 >
¢ | |
Address XTSRW addressX
Write signal
IMFA to IMFD
IRRTW

Figure 1223 Timing of Status FlagClearing by CPU
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Section 12 Timer W

12.6  Usagd\otes

Thefollowing typesof contention or operaton can ocar in timer W opeation.

1. Thepulse width of the input dock signal ard the input capire signal mustbe at leaswo
system abck (@) cycles; slorterpulses vill not bedetectectorrectly.

2. Writing to regsters igperformedin the T2state d a TCNT write cyle.

If counte clear signal oarrs in the T2 stateof a TONT write cycle, cleang of the counter
takes priority ard the write is rot performed,as slown in figure 12.24. If counting-up is
geneated in the TONT write cycle © conterd with the TCNT counting-up, writing takes
precelence.

3. Depanding onthetiming, TCNT maybeincremeited by a swich betveen different internal
clocksaurces. When TCNT isinternally clocked an incrementpulseis generaed from the
rising edgeof an nternal clock signal thatis divided system clock (¢). Therdore, as showmi
figure 12.25 the svitch is from a lowclock signal to ahigh clack sigral, the switchover is seen
as a riang edge, causing TT to increment.

4. If timer W enters nodule standby modewhile an nterrupt request is generated, the interrupt
request canotbe cleard. Beforeenterng malule starby mode, disalle interrupt requests.

TCNT write cycle
T1 T2

0 i L
Address XTCNT addressX
Write signal
Counter clear
signal
TCNT N X H'0000

Figure 12.24 Contention between TCNT Write and Clear
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Section 12 Timer W

Previous clock —l |

New clock _> |
Gount cock H 1T () i

A
TCNT N X N-+1 X/N+2X N+3 X
/

The change in signal level at clock switching is
assumed to be a rising edge, and TCNT
increments the count.

Figure 12.25 Internal Clock Switching and TCNT Operation

5. The TOA to TOD bitsin TCRW decde te value of the FTIO pin, which is output untl the
first comparematchoccurs.Oncea mmpare mat ocaurs ard this compare math changestie
valuesof FTIOA to FTIOD output, the values d the FTIOA to FTIOD pin outputand the
valuesrea from theTOA to TOD bits maydiffer. Moreover, whenthewriting to TCRW and
the generation of the ammparemath A to D occur at he same timing, thewriting to TCRW
has he priority. Thus outputchargedue  the cmmparematch is notrefleded to the FTIOA
to FTIOD pins. Therefore, whenbit manpulation instruction is used to write © TCRW, the
valuesof the FTIOA to FTIOD pin output may resut in anunexpeciedresult. When TCRW is
to bewritten to while compa match is opetig, stopthe counteroncebefore accessg to
TCRW, read the por8 state ¢ reflect thevalues d FTIOA to FTIOD ouput, to TOA to TOD,
and thenrestart tle couner. Figure 12.26 shows an example when theampae mat& and the
bit manpulationinstruction to TCRW occur at the same timig.
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Section 12 Timer W

TCRW has been set to H'06. Compare match B and compare match C are used. The FTIOB pin is the 1 output state,
and is set to the toggle output or the 0 output on compare match B.

When BCLR#2, @ TCRW is executed to clear the TOC bit (the FTIOC signal is low) and compare match B occurs

at the same timing as shown below, the H'02 writing to TCRW has priority and compare match B does not drive the
FTIOB signal low; the FTIOB signal remains high.

Bit 7 6 5 4 3 2 1 0
TRCCR1 CCLR CKS2 CKS1 CKSO0 TOD TOC TOB TOA
Set value 0 0 0 0 0 1 1 0

BCLR#2, @ TCRW

(1) TCRW read operation: Read H'06

(2) Modify operation: Modify H'06 to H'02
(3) Write operation to TCRW: Write H'02

0 |

TCRW ¢
write signal \
Compare match B q
signal
FTIOB pin \:
LR T T P T Expected
Remains high because the writing 1 output

to TOB has priority

Figure 12.26 When Compae Match and Bit Manipul ation Instruction to TCRW
Occur at the Same Timing
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Section 13 Watchdog Timer

Section 13 Watchdog Timer

The watchdagy timer is an 8-l timer that can gnerate a internalreset sigal for thisLSI if a
system craslpreverts the CPUfrom writing to the timer couater, tus allowing it to overflow.

Theblock diagram of the watchdogtimer is shown in figure 13.1.

Internal CLK
oscillator

¢ —> PSS

[Legend]

TCSRWD: Timer control/status register WD
TCWD: Timer counter WD

PSS: Prescaler S

TMWD:  Timer mode register WD

AN
TCSRWD l«—— >
(2]
>
y 3
©
|[— E
TCWD ©
©
c
[0)
IS
TMWD < -

hd

— Internal reset
signal

Figure 131 Block Diagram of Watchdog Timer

13.1 Features

e Selectake from rine counter input clocks.

Eight clock saurces(¢/64, /128, $/256,9/512 /1024, $/2048, $/4096 and $/8192) or the
interral oscillator canbe selectedas he timer-ourter clack. When tre interral oscillator is
selected, it can operate as Wtchdogtimerin anyoperating made.

¢ Resetsignalgeneraed oncounter overflow

An overflow period of 1 to 256 times tle selectedlock canbe set.

13.2 RegisterDescriptions

The watchday timerhas the fdlowing regsters.

e Timer @ntrol/status rgisterWD (TCSRWD)

e Timer wunterWD (TCWD)
e Timermode reister WD(TMWD)
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Section 13 Watchdog Timer

13.2.1 TimerControl/Status Register WD (TCSRWD)

TCSRWDperforms thefT CSRWD and T@/D write contol. TCSRWDalso ontrols he
watchdog timeopeaation and indicate$hé operatig stite. TCSRWD must berewritten by using
the MOV instruction. The bit maripulation instruction canne be used tachange the settirg value.

Initial
Bit Bit Name Value R/W

Description

7 B6WI 1 R/W

Bit 6 Write Inhibit

The TCWE bit can be written only when the write value
of the B6WI bit is 0.

This bit is always read as 1.

6 TCWE 0 R/W

Timer Counter WD Write Enable
TCWD can be written when the TCWE bit is set to 1.

When writing data to this bit, the value for bit 7 must be
0.

5 B4WI 1 R/W

Bit 4 Write Inhibit

The TCSRWE bit can be written only when the write
value of the B4WI bit is 0. This bit is always read as 1.

4 TCSRWE 0 R/W

Timer Control/Status Register WD Write Enable

The WDON and WRST bits can be written when the
TCSRWE bit is set to 1.

When writing data to this bit, the value for bit 5 must be
0.

3 B2WI 1 R/W

Bit 2 Write Inhibit

This bit can be written to the WDON bit only when the
write value of the B2WI bit is 0.

This bit is always read as 1.
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Section 13 Watchdog Timer

Initial
Bit Bit Name Value R/W

Description

2 WDON 0 R/W

Watchdog Timer On

TCWD starts counting up when WDON is set to 1 and
halts when WDON is cleared to 0.

[Setting condition]

When 1 is written to the WDON bit while writing 0 to the
B2WI bit when the TCSRWE bit=1

[Clearing conditions]
e Reset by RES pin

e When 0 is written to the WDON bit while writing 0 to
the B2WI when the TCSRWE bit=1

1 BOWI 1 R/W

Bit 0 Write Inhibit

This bit can be written to the WRST bit only when the
write value of the BOWI bit is 0. This bit is always read
as 1.

0 WRST 0 R/W

Watchdog Timer Reset
[Setting condition]

When TCWD overflows and an internal reset signal is
generated

[Clearing conditions]
e Reset by RES pin

e When 0 is written to the WRST bit while writing 0 to
the BOWI bit when the TCSRWE bit=1

13.2.2

TimerCounter WD (TCWD)

TCWD is an 8-bit readable/writable upcounter. When TCWD overflows from H'FF to H'00, the
internal reset gnal is generated ard the WRST bit in TCSRWD is set td. TCWD is initializedto

H'00.
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Section 13 Watchdog Timer

13.2.3 Timer Mode Register WD (TMW D)

TMWD selects the input cléc

Initial
Bit Bit Name Value R/W Description
7t04 — All 1 — Reserved

These bits are always read as 1.

CKS3
CKS2
CKS1
CKSO0

R/W Clock Select 3to 0

R/W Select the clock to be input to TCWD.

R/W 1000: Internal clock: counts on ¢/64

R/W 1001: Internal clock: counts on ¢/128
1010: Internal clock: counts on ¢/256

o == N W
—_ =

1011: Internal clock: counts on ¢/512
1100: Internal clock: counts on ¢/1024
1101: Internal clock: counts on ¢/2048
1110: Internal clock: counts on ¢$/4096
1111: Internal clock: counts on $8192
0XXX: Internal oscillator

For the internal oscillator overflow periods, see section
20, Electrical Characteristics.

[Legend]
X: Don't care.
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Section 13 Watchdog Timer

13.3  Operation

The watchday timer is pravidedwith an8-bit counter. If 1 is written to WDON while writing O to
B2WI when the TCSRWE bit in TCSRWD is setto 1, TCWD begins counting up. (To operae
the wattdog tmer, tvo write accesses TCSRWD arerequired.) When a clo pulseis input
afterthe TCWD count value has reactié¢d'FF, the watchdog timepverflowsand an inernalreset
signalisgenerated. Theinternal resetsignal is output for aperiod of 256 ¢__ clock cycles. TCWD
Is a writalbe cownter, andwhenavalue is sein TCWD, thecount-upstarts from thavalue. An
oveflow peiod in therangeof 1 t0256 input abck cycles canhierdorebe set, accordg to he
TCWD setvalue.

Figure 13.2 shavs anexamge of watchdog timer operation.

Example: With 30ms overflow period when ¢ = 4 MHz

4 x 108
8192

x 30 x 1078 = 14.6

Therefore, 256 — 15 = 241 (H'F1) is set in TCW.

TCWD overflow

[ i e - e
HF1----
TCWD
count value
H' ____________________________________________ -
00 \ *
Start v
H'F1 written H'F1 written to TCWD Reset generated
to TCWD
Internal reset
signal
e

256 (4 clock cycles

Figure 13.2 Watchdog Timer Operation Example
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Section 14 Serial Communication Interface 3 (SCI3)

Section 14 Serial Commuation Interface 3 (SCI3)

Seiial Communcation Interface 3(SCI3) canhande both asyrchronous aml clocked synchronows
serial communicatiorin theasyrchronous method, seral daia conmunicaion can be caried out
using stardard asyrchronous commurication chips sich as a Uiversal Asynchronous
Receiver/Trasmitter (UART) or a Asyndironows Communicationinterface Adapte (ACIA). A
function is al® provided for serial communicaion betveen procesass (nultiprocessr
comnunicaion function).

Figure 14.1 shows a block diagran of the SCI3.

14.1  Features

e Choiceof ag/nchronausor clocked synchronous seral communicaion mode
e Full-duplex commuication cayability

The transmitter andeceiver & mutually indeperaht, enabling traasmisson andreception to
be execued simultaneously.

Doule-buffering is used inbath the trarsmitter andthe receier, eralding cortinuous
transmissin and continuouseception okeial data.

e On-chip baud rate geneator dlows any bit rate to be sekecied
e External clock or on-chip baud rate generabr can be seécied asa ransfer clock saurce
e Six interruptsources

Transmit-end, transmit-datawrgty, receive-data-full, oweun error, framig error, andoarity
error.

Asynchronows mode

e Data lengh: 7 or 8 hts

e St bit length: 1or 2 hLts

e Paity: Even, odl, a nore

e Receive errodetection: Paty, overrun, and fraing arors

e Break detectionBre& can bedetected by reang the RxDpin level directly in the case of a
framing error

Clocked synchronousmode

e Datalengh: 8 bits
e Receive errodetectionOvearun errordeected
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Section 14 Serial Communication Interface 3 (SCI3)

Externgl «—— Internal clock (@¢/64, ¢/16, @/4, @)
SCK3 o clock Baud rate generator
AN
BRC < BRR <>
Clock
_ < SMR >
Transmit/receive
control circuit SCR3 D é
©
> SSR > &
©
£
[0}
<
\ A -
TXD o= TSR - TDR S
\
RXD © > RSR > RDR <t >
N
> Interrupt request
[Legend] (TEI, TXI, RXI, ERI)
RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR:  Transmit data register
SMR:  Serial mode register
SCRS3: Serial control register 3
SSR:  Serial status register
BRR: Bit rate register
BRC: Bit rate counter

Figure 14.1 Block Diagram of SCI3

14.2  Input/Output Pins

Table 14.1 shows the SA3 pin configuraion.

Table 14.1 Pin Configuration

Pin Name Abbreviation I/O Functio n
SCI3 clock SCK3 I/0 SCI3 clock input/output
SCI3 receive data input RXD Input SCI3 receive data input
SCI3 transmit data output ~ TXD Output SCI3 transmit data output
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Section 14 Serial Communication Interface 3 (SCI3)

14.3  RegisterDescriptions
The S@3 hasthe following registers.

e Receive slit registeRSR)

e Receivedata register (RDR)
e Transmit shit register (BR)

e Trarsmi dat@register (TDR

e Serial noderegister(SMR)

e Seril control register 3 (SCR3)
e Serialstatus rgister (SSR

e Bit rate regster (BRR)

14.3.1 Receiv&hift Register (RSR)

RSR is a shift register that isatsb receve serial data inputdm the D pin and convert it into
paralleldata. Wha one byteof datahasbeen eceivel, itis transferredo RDR aubmatically.
RSR cannobedirectly accesseby the GPU.

14.3.2 Receive Data Register (RDR)

RDR is an 8-bit register that storeeceivel data Whenthe SCI3 has resved one byte o$erial
data, it trasfears thereceiveal serial data frolRSRto RDR, where it is sbred.After this,RSR is
receive-aabled.As RSR ad RDRfunctionas adouble buffer m thisway, continuouseceive
opeaations ae possble. After corfirming that the RDRF bit in SSR is setto 1, read RDR only
once. RDR canmt be written to by the CPU. RDR is intialized to HOO.

14.3.3 Transmit Shift Register (TSR)

TSR is a siit regster that rarsmits serial datal'o perform serialdata traismisson, the SCIJirst
trarsfers transmit aa from TDR to TSR atomatically, then seds the data tlat starts from té
LSB to he TXD pin. TSRcannot be directhaccesse bythe CPU.
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14.3.4 Transmi Data Regster (TDR)

TDR is an 8-bit register that soresdata for transmisn. Whenthe SA3 detects that TSI
empy, it trarsfers tke transmit data writtenin TDR to TSRand starts trasmissia. The double-
buffered structure of TDR and TSR endles coninuous seial transmsson. If the next transmit
data hes alreadybeen writterto TDR duringtrarsmission of one-framedata, tle SCI3 trarsfers
the writtendata to TSR tocortinue trarsmissian. To acheve relialte serial trasmissionwrite
transmitdata to TDR only once after cofirming that the TDRE bit in SSR is set td. TDR is
initialized to H'FF.

14.3.5 Serial Mode Regster (SMR)

SMR is sedto set tle SCI3s serial trasfer famat and seld the on-chp baudrategeneator

clock sairce
Initial
Bit Bit Name Value R/W Description
7 COM 0 R/W Communication Mode
0: Asynchronous mode
1: Clocked synchronous mode
6 CHR 0 R/W Character Length (enabled only in asynchronous
mode)
0: Selects 8 bits as the data length.
1: Selects 7 bits as the data length.
5 PE 0 R/W Parity Enable (enabled only in asynchronous mode)

When this bit is set to 1, the parity bit is added to
transmit data before transmission, and the parity bit is
checked in reception.

4 PM 0 R/W Parity Mode (enabled only when the PE bitis 1 in
asynchronous mode)

0: Selects even parity.
1: Selects odd parity.
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Initial
Bit Bit Name  Value R/W Description
3 STOP 0 R/W Stop Bit Length (enabled only in asynchronous mode)
Selects the stop bit length in transmission.
0: 1 stop bit
1: 2 stop bits

For reception, only the first stop bit is checked,
regardless of the value in the bit. If the second stop bit
is 0, it is treated as the start bit of the next transmit
character.

2 MP 0 R/W Multiprocessor Mode

When this bit is set to 1, the multiprocessor
communication function is enabled. The PE bit and
PM bit settings are invalid. In clocked synchronous
mode, this bit should be cleared to 0.

1 CKS1 0 R/W Clock Select 0 and 1

0 CKSO0 0 R/W These bits select the clock source for the on-chip
baud rate generator.

00: ¢ clock (n = 0)
01: ¢/4 clock (n = 1)
10: ¢/16 clock (n = 2)
11: ¢/64 clock (n = 3)

For the relationship between the bit rate register
setting and the baud rate, see section 14.3.8, Bit Rate
Register (BRR). n is the decimal representation of the
value of n in BRR (see section 14.3.8, Bit Rate
Register (BRR)).

14.3.6  Serial Control Register 3 (SCR3)

SCR3 is aegister that pables ordisablesSCI3 transfer operations andterruptrequess, and is
alsoused toselect the tnasfer clock source.For details onintermupt requeds, rder to secion 14.7,

Interrupts.
Initial
Bit Bit Name Value R/W Description
7 TIE 0 R/W Transmit Interrupt Enable
When this bit is set to 1, the TXI interrupt request is
enabled.
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Initial

Bit Bit Name  Value R/W Description

6 RIE 0 R/W Receive Interrupt Enable
When this bit is set to 1, RXI and ERI interrupt
requests are enabled.

5 TE 0 R/W Transmit Enable
When this bit is set to 1, transmission is enabled.

4 RE 0 R/W Receive Enable
When this bit is set to 1, reception is enabled.

3 MPIE 0 R/W Multiprocessor Interrupt Enable (enabled only when
the MP bit in SMR is 1 in asynchronous mode)
When this bit is set to 1, receive data in which the
multiprocessor bit is 0 is skipped, and setting of the
RDRF, FER, and OER status flags in SSR is
prohibited. On receiving data in which the
multiprocessor bit is 1, this bit is automatically cleared
and normal reception is resumed. For details, refer to
section 14.6, Multiprocessor Communication
Function.

2 TEIE 0 R/W Transmit End Interrupt Enable
When this bit is set to 1, the TEI interrupt request is
enabled.

1 CKEA1 0 R/W Clock Enable 0 and 1

0 CKEO 0 R/W Selects the clock source.

Asynchronous mode:
00: Internal baud rate generator

01: Internal baud rate generator
Outputs a clock of the same frequency as the bit
rate from the SCK3 pin.

10: External clock
Inputs a clock with a frequency 16 times the bit
rate from the SCK3 pin.

11:Reserved

Clocked synchronous mode:

00: Internal clock (SCK3 pin functions as clock output)
01: Reserved

10: External clock (SCK3 pin functions as clock input)
11: Reserved
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Section 14 Serial Communication Interface 3 (SCI3)

14.3.7 Serial Status Regster (SR)

SSRis aregister ontaining status flags of the SG3 ard multi processr bits for transfer. 1 canot
bewritten b flags DRE, RDRF, OER PER ard FER they can only be deared.

Initial
Bit Bit Name Value R/W

Description

7 TDRE 1 R/W

Transmit Data Register Empty

Displays whether TDR contains transmit data.
[Setting conditions]

e When the TE bitin SCR3is 0

e When data is transferred from TDR to TSR
[Clearing conditions]

e When 0 is written to TDRE after reading TDRE = 1
e When the transmit data is written to TDR

6 RDRF 0 R/W

Receive Data Register Full
Indicates that the received data is stored in RDR.
[Setting condition]

When serial reception ends normally and receive data
is transferred from RSR to RDR

[Clearing conditions]

e When 0 is written to RDRF after reading RDRF =
1

e When data is read from RDR

5 OER 0 R/W

Overrun Error

[Setting condition]

When an overrun error occurs in reception
[Clearing condition]

When 0 is written to OER after reading OER = 1

4 FER 0 R/W

Framing Error

[Setting condition]

When a framing error occurs in reception
[Clearing condition]

When 0 is written to FER after reading FER = 1
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Initial
Bit Bit Name  Value R/W Description
3 PER 0 R/W Parity Error

[Setting condition]

When a parity error is generated during reception
[Clearing condition]

When 0 is written to PER after reading PER = 1

2 TEND 1 R Transmit End
[Setting conditions]
e When the TE bitin SCR3is 0

e When TDRE = 1 at transmission of the last bit of a
1-byte serial transmit character

[Clearing conditions]
e When 0 is written to TEND after reading TEND =1
e When the transmit data is written to TDR

1 MPBR 0 R Multiprocessor Bit Receive

MPBR stores the multiprocessor bit in the receive
character data. When the RE bit in SCR3 is cleared to
0, its previous state is retained.

0 MPBT 0 R/W Multiprocessor Bit Transfer

MPBT stores the multiprocessor bit to be added to the
transmit character data.
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Section 14 Serial Communication Interface 3 (SCI3)

14.3.8 Bit Rate Register (BRR)

BRR is an8-bit regster ttat adusts he bit rate. Tte intial value of BRR is H'FFTalde 14.2
shaws the relationship betweenthe N settiig in BRR andthe nsettirg in bits CKS1 andCKSO0 of
SMR in asynbronousmode. Tablel4.3 show the maximum bitrate for each frguency in
asyrchronausmode. The values shavn in both tables 14.2 and4.3are vaues in active (high-
speed mode. Tale 14.4 showshe relationsip between tle N settingin BRR ard the n settirg in
bits CKS1 and CKS0 in SMR in clocked synchronows mode The valuesshown in table 14.4 are
values inactive (hgh-speed mode. The N settiig in BRR ard errorfor other operating
frequencies and bit rates can be obained by the foll owing formulas:

[Asynchronous Modd

_ ¢ 6
= Gaxoeixp O]

O @x 108
“HN + 1) x B x 64 x 220

Error (%) —@ x 100

[Clocked Syndironous Mode]

= @ x 106 — 1
- 8x22n—1xB

[Legend]

B: Bit rate (bt/s)

N: BRR settimg for baud rate generato (0< N < 255)
¢: Opeating frequeny (MHz)

n: CKSland CKSOsettirg for SMR(O< N < 3)
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Section 14 Serial Communication Interface 3 (SCI3)

Table 142 Examples of BRR Setings for Various Bit Rates (Asynchronous Mode) (1)

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 0O 38 0.16
4800 0 12  0.16 0 13 -2.48 0 15 0.00 0 19 234
9600 0 6 —-6.99 0 6 —2.48 0 7 0.00 0 9 -2.34
19200 0 2 8.51 0 2 13.78 0 3 0.00 0 4 -2.34
31250 0 1 0.00 0 1 4.86 0 1 22.88 0o 2 0.00
38400 0 1 -1862 O 1 -1467 O 1 0.00 —_ - -
[Legend]
— : A setting is available but error occurs
Operating Frequency ¢ (MHz)
3.6864 4 4.9152 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 6 —6.99 0 7 0.00 0 7 1.73
31250 —_ - - 0 3 0.00 0 4 -1.70 0 4 0.00
38400 0 2 0.00 0 2 8.51 0 3 0.00 0 3 1.73
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Section 14 Serial Communication Interface 3 (SCI3)

Table 142 Examples of BRR Setings for Various Bit Rates (Asynchronous Mode) (2

Operating Fre quency ¢ (MHz)

6 6.144 7.3728 8

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)

110 2 106 -044 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 O 159 0.00 O 191 000 O 207 0.16
2400 0 77 016 O 79 000 O 95 000 O 103 0.16
4800 0 38 0.16 O 39 000 O 47 000 O 51 0.16
9600 0 19 234 0 19 000 O 23 000 O 25 0.16
19200 0 9 234 0 9 000 O 11 000 O 12 0.16
31250 0 5 0.00 O 240 O 6 533 0 7 0.00
38400 0 4 234 0 4 000 O 5 000 O 6 -6.99

Operating Fre quency ¢ (MHz)
9.8304 10 12 12.888

Bit Rate Error Error Error Error
(bit/s) n N (%) n N (%) n N (%) n N (%)

110 2 174 -0.26 2 177 -025 2 212 003 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79 0.00
2400 0 127 0.00 O 129 016 O 155 0.16 O 159  0.00
4800 0 63 0.00 O 64 016 O 77 016 O 79 0.00
9600 0 31 000 O 32 -136 O 38 016 O 39 0.00
19200 0 15 0.00 O 15 1.73 0 19 234 0 19 0.00
31250 0 9 -1.70 O 9 000 O 11 000 O 11 2.40
38400 0 7 0.00 O 7 1.73 0 9 -234 0 9 0.00
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Section 14 Serial Communication Interface 3 (SCI3)

Table 142 Examples of BRR Setings for Various Bit Rates (Asynchronous Mode) (3

Operating Fre quency ¢ (MHz)

14 14.7456 16

Bit Rate Error Error Error
(bit/s) n N (%) n N (%) n N (%)

110 2 248 -0.17 3 64 070 3 70 0.03
150 2 181 0.16 2 191 0.00 2 207 0.16
300 2 90 0.16 2 95 0.00 2 103 0.16
600 1 181 0.16 1 191 0.00 1 207 0.16
1200 1 90 0.16 1 95 0.00 1 103 0.16
2400 0 181 016 O 191 0.00 O 207 0.16
4800 0 90 016 O 95 000 O 103 0.16
9600 0 45 -093 0 47 000 O 51 0.16
19200 0 22 -093 O 23 000 O 25 0.16
31250 0 13 000 O 14 -1.70 O 15 0.00
38400 — — — 0 11 000 O 12 0.16
[Legend]

— A setting is available but error occurs.

Table14.3 Maximum Bit Rate for Each Frequency (Asynchronous Mode)

Maximum Bit Maximum Bit

¢ (MHz) Rate (bit/s) n N ¢ (MHz)  Rate (bit/s) n N
2 62500 0 0 7.3728 230400 0 0
2.097152 65536 0 0 8 250000 0 0
2.4576 76800 0 0 9.8304 307200 0 0
3 93750 0 0 10 312500 0 0
3.6864 115200 0 0 12 375000 0 0
4 125000 0 0 12.288 384000 0 0
4.9152 153600 0 0 14 437500 0 0
5 156250 0 0 14.7456 460800 0 0
6 187500 0 0 16 500000 0 0
6.144 192000 0 0
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Section 14 Serial Communication Interface 3 (SCI3)

Table 144 BRR Settingsfor Various Bit Rates (Clocked Synchronous Mode)

Operating Fre quency ¢ (MHz)

Bit Rate 2 4 8 10 16
(bit/s) n N n N n N n N n N
110 3 70 — — — — — —
250 2 124 2 249 3 124 — — 3 249
500 1 249 2 124 2 249 — — 3 124
1k 1 124 1 249 2 124 — — 2 249
2.5k 0 199 1 99 1 199 1 249 2 99
5k 0 99 0 199 1 99 1 124 1 199
10k 0 49 0 99 0 199 0 249 1 99
25k 0 19 0 39 0 79 0 99 0 159
50k 0 0 19 0 39 0 49 0 79
100k 0 0 0 19 0 24 0 39
250k 0 1 0 0 0 9 0 15
500k 0 0* 0 0 0 0
1M 0 0* 0 1 — — 0
2M 0 0* — — 0
2.5M 0 0* — —
4aM 0 0*
[Legend]
Blank: No setting is available.
— A setting is available but error occurs.
*: Continuous transfer is not possible.
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Section 14 Serial Communication Interface 3 (SCI3)

14.4  Operation in Asynchronous Mode

Figure 14.2 shows the generd formatfor ag/nchronousseral comrunication. One frame consists
of a sartbit (low level), followedby data (in LSB-first order), aparity bit (high or low level), ard
finally stop bits (high leve). InsidetheSCI3, the trasmitter awnl receiver & indgoendet units,
enablingfull duplex. Both thetrarsmitter and theecever dsohaveadouble-buffeed stucture,
so datacan be readbr written duringtiransmissionor recepton, enabling continuous dataransfer.

LSB MSB 1
Serial | Start Transmit/receive data Parity]  stop bit Mark state
data | bit bit
«>l< | >
| | |
1 bit 7 or 8 bits 1 bit, 1or

ornone 2 bits

One unit of transfer data (character or frame)

»

A

Figure 14.2 DataFormat in Asynchronous Communication

14.4.1 Clock

Either an internal clock geneated by the on-chip baud rate geneator or anexternal clock input at
the SAK3 pin can be selectedsthe SCI3’s serial clock sourcacmrding to the seting o the
COM bit in SMR ard the KEO ard CKEL1 bits in SCR3. When an exteal clodk is input at the
SCK3 pin, the cbck freguengy should be 16timesthe bt rate usel.

When the SA3 is operated onrainternal clock, the clock canbe outputfrom the SCK3 pin. The
frequency of the clack output in this case is agpl to the Lt rate, andhe phase is s that the
rising edgeof the cbdk isin the middle of the transnit dag, as $iown in figure 14.3.

CIock|||||||||||||||||||||||||||||||||

Serial data 0 Do | D1 | D2 | D3 | D4 | D5 | D6 | D7 | 01 1 1

1 character (frame)

»
P

<
<%

Figure 14.3 Relationship between Ouput Clock and Trander Data Phase
(Asynchronous Mode) (Example with 8-Bit Data, Parity , Two Stop Bits)
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Section 14 Serial Communication Interface 3 (SCI3)

14.4.2 SA@3 Initia lization

Fadlow the flowchart asshown in figure 14.4to initialize the SCI3.When tre TE bt is cleared to
0, the TDREflag is set® 1. Note hat clearinghe RE bit to 0 does notinitialize the catents of
the RDRF, PER, FER, ardER flags, or the contentsf RDR. Whentheexternal clok is usel in
asynchronous mode, he cbck mustbe sipdied even during initializaion.

[1] Set the clock selection in SCR3.

( Start initialization ) Be sure to clear bits RIE, TIE, TEIE,
| and MPIE, and bits TE and RE, to 0.

Clear TE and RE bits in SCR3 to 0 When the clock output is sellected in
asynchronous mode, clock is output

| [1] immediately after CKE1 and CKEO
Set CKE1 and CKEO bits in SCR3 settings are made. When the clock
T output is selected at reception in

clocked synchronous mode, clock is
Set data transfer format in SMR [2] output immediately after CKE1, CKEO,
| and RE are set to 1.

Set value in BRR [3] [2] Set the data transfer format in SMR.
B Wait [8] Write a value corresponding to the bit
D rate to BRR. Not necessary if an

No external clock is used.

1-bit interval elapsed?

[4] Wait at least one bit interval, then set
the TE bit or RE bitin SCR3to 1. RE
settings enable the RXD pin to be

used. For transmission, set the TXD bit
Set TE and RE bits in in PMR1 to 1 to enable the TXD output
SCR3to 1, and set RIE, TIE, TEIE, |  [4] pin to be used. Also set the RIE, TIE,
and MPIE bits. For tra'n'Smit (TE=1), TEIE, and MPIE bitS, depending on
also set the TxD bit in PMR1. whether interrupts are required. In

| asynchronous mode, the bits are
marked at transmission and idled at

<Initialization completion> . i .
reception to wait for the start bit.

Figure 14.4 Sample SCI3 Initialization FHowchart
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Section 14 Serial Communication Interface 3 (SCI3)

14.4.3 Daa Transmission

Figure 14.5 shavs anexamge of operation for transmission irasyrchronows moce. In
transmisan, he SA3 opeates aslescrbed below.

1. The SCI3monitas the TDRE flag inSSR.If theflag is cleaed to0, the SCI3 reognizesthat
data hes beenwritten to TDR, andtransfersthe datafrom TDR to TSR.

2. Atfter transfaring datfrom TDR to TSR the SCI3 setshe TDREflag to1 and starts
transmisson. If the TIE it is set tol at thstime, a XI interruptrequestis generaed.
Continuoustransmissbn is possble becaise the TXI interrupt routine writes nextransmit dat
to TDR before trarsmisson of the curent tramnsmit data hes been comfeted

3. TheSCI3 dedks the TDRE flag atthe timingfor senang the sbp hit.

4. If the TDRE flag 50, the dat is trarsferred from TDR to TSR, the stop bit is senf ard then
serial trasmissio of the rext frame is stagd

5. Ifthe TDREflagis1, the TEND flagin SSR is set t@, the stophit is sem, ard thenthe “mark
state” is entemd, in which 1 is outputlf the TEIE bit in SCR3is sett 1 at ths time, a TEI
interrupt requestis generaed.

6. Figure 14.6 shows a sanple flowchartfor transmssion in asynchronous mode.

Start Transmit Parity Stop Start Transmit Parity Stop Mark
bit data bit  bit  bit data bit  bit state
Serial 1 0 | DO | D1 D7 | 0/1] 1 0 | DO | D1 D7 | 0/1 1 1
data v v
P 1 frame S| 1 frame |
-t Bt -

TDRE J | ;

I .

L
| 7T | 7T *

LSI TXl interrupt TDRE flag TXl interrupt request generated TEl interrupt request
operation request cleared to O generated
User generated Data written

processing to TDR

Figure 14.5 Example SCI3 Operation n Transmission inAsynchronous Mode
(8-Bit Data, Parity, One Sop Bit)
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Section 14 Serial Communication Interface 3 (SCI3)

( Start transmission ) [1] Read SSR and check that the TDRE
I: flag is set to 1, then write transmit
- data to TDR. When data is written to
[ Read TDRE flag in SSR TDR, the TDRE flag is automaticaly
cleared to 0.
No [2] To continue serial transmission,

read 1 from the TDRE flag to

confirm that writing is possible, then

Yes write data to TDR. When data is
written to TDR, the TDRE flag is
automaticaly cleared to 0.

[3] To output a break in serial
transmission, after setting PCR to 1
and PDR to 0, clear TxD in PMR1 to
0, then clear the TE bit in SCR3 to

No 0.

<
%

Read TEND flag in SSR

Write transmit data to TDR

Yes

2] All data transmitted?

(3] Break output?

Clear PDR to 0 and set PCR to 1

Clear TE bitin SCR3 to 0

<End>

Figure 14.6 Sample Serial Transmisson Flowchart (Asynchronous Mode)
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Section 14 Serial Communication Interface 3 (SCI3)

14.4.4 Serial Data Reception

Figure 14.7 shavs anexamge of operation for recepion in asyrchronausmoce. In seial
reception, th&Clopeaates a desobed below.

1. The SCI3monitas the commuicationline. If a startbit is detected,he SCI3peaforms
internal synchronizaion, recavesdat in RSR, ard chedks the parity bit and sop bit.

2. If anoverrun aror ocaurs (whenrecetion of the next dat is completed while the RDRF flag
Is still set tol), the OER bit in SSR isset tol. If the RIE btin SCR3 is seto 1 at ths time, an
ERI interruptrequest is g@erated. Receie data is not transferdeto RDR.

3. If a paity error is detected, the PHEftt in SR is set to 1 &d receve data is transfeed o
RDR. If the RIE bt in SCR3 is set td at his time, an ERI interruptrequestis generaed.

4. If aframing eror is detected (whethe sbpbitis 0), he FER bit inSSRIis set tol and receive
data is trasferred toRDR. If the RIE bt in SCR3is set 1 at ths time, anERI interrypt
request isgenerated

5. If receptionis completedsuaessfully,the RDRF bitin SSR is set to Bnd recaie data is
transferred toRDR. If the RIE bt in SCR3 is seto 1 at his time, anRXI interrupt request is
geneated. Continuous repaonis possiblebecause th&XI interrupt routinereads theeceive
data trasferred to RDRbefore recgtion of thenext receivedata has beecompleted.

Start Receive Parity Stop Start Receive Parity Stop  Mark state
bit data bit bit bit data bit  bit (idle state)

Serial 1 0 | Do | D1 D7 | 0/1] 1 0 | Do | D1 D7 | 0/1 0 1
data tt tt

| 1 frame L 1 frame =

[ > >|
RDRF .
FER )] T T y)]
LSI RXI request RDRF 0 stop bit  ERI requestin
operation cleared to 0 detected response to

framing error

User RDR data read Framing error
processing processing

Figure 14.7 Example SCI3 Operation in Reception in Asynchronous Mode
(8-Bit Data, Parity, One Sop Bit)
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Section 14 Serial Communication Interface 3 (SCI3)

Tablel14.5 showshe state®f the SSR status flags aneceve daa handling when areceve aror
is detected. If @eceiveerror s detectedthe RDRF flag retaings state bfore receivingdata.
Reception canndieresume while a receie error fbg is set to 1Accordingly, clear th®©ER,
FER PER, and RDRF bits to 0 before resiming reception. Figure 14.8 shows a saple flowchart
for seial datareception.

Table 14.5 SSR Status Flag andReceve DataHandling

SSR Status Flag

RDRF*  OER FER PER Receive Data Receive Error Type

1 1 0 0 Lost Overrun error

0 0 1 0 Transferred to RDR  Framing error

0 0 0 1 Transferred to RDR Parity error

1 1 1 0 Lost Overrun error + framing error
1 1 0 1 Lost Overrun error + parity error

0 0 1 1 Transferred to RDR  Framing error + parity error

1 1 1 1 Lost Overrun error + framing error

+ parity error

Note: * The RDREF flag retains the state it had before data reception.
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Section 14 Serial Communication Interface 3 (SCI3)

( Start reception ) [1] Read the OER, PER, and FER flags in
— SSR to identify the error. If a receive
> error occurs, performs the appropriate

Read OER, PER, and error processing.
FER flags in SSR (1] [2] Read SSR and check that RDRF = 1,

then read the receive data in RDR. The
RDREF flag is cleared automatically.
[8] To continue serial reception, before the
L [4] stop bit for the current frame is received,
No ( Error processing ) read the RDRF flag and read RDR.
The RDREF flag is cleared automatically.
GContinued on next pageD [4] If a receive error occurs, read the OER,
PER, and FER flags in SSR to identify
Read RDREF flag in SSR [] the error. After performing the
appropriate error processing, ensure that

No the OER, PER, and FER flags are all
cleared to 0. Reception cannot be
resumed if any of these flags are set to

Yes 1. In the case of a framing error, a break
can be detected by reading the value of
Read receive data in RDR the input port corresponding to the RxD
T pin.

Yes

All data received?

(3]

(A) » No

Clear RE bitin SCR3to 0

<End>

Figure 14.8 Sample Seral Data Recepton Flowchart (Asynchronous mode)1)
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Section 14 Serial Communication Interface 3 (SCI3)

(4]

( Error processing )

Yes
Break?

Framing error processing

»
P

No
PER =1

Yes

Parity error processing

>
P

Clear OER, PER, and
FER flags in SSRto 0

<End>

Figure 14.8 Sample SerialReception Data Fbwchart (2)
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Section 14 Serial Communication Interface 3 (SCI3)

14.5 Operation in Clocked Synchronous Mode

Figure 14.9 shows the generd formatfor clocked synchronous communicaion. In clocked
syrchronaismode, datais trarsmittedor received syrchronows with clock pulses. Asingle
character intte transmit dataonsists of tle 8-bit data starthg from the LSB. In clocked
syrchronaus seral canmurication, data on the trarsmisson line is ouput from one falling edg of
the serial clok to thenext. In clocked synchronousode, the S{3 receives datam syndironous
with the rising edgeof the seial clock. After 8-bit data is output, the ransmisson linehalds the
MSB state. In clocked synchronows mode, no parity or multiprocesar bit is added Inside the
SCI3, the trarsmitterandreceier are independent units, enakbing full- duplexcommunication
through theuse of a ommon clo&. Both the transmitter iad the receive also hae a double
buffered structure, sodata canbe read orwritten during trarsmisson or recegion, eralding
continuous chta trarsfer.

8-bit

A
Y

One unit of transfer data (character or frame)

*

SynchronizationJ* J |_| |_| I_I—l_l_l_l_l I_l |__|_

clock
SB MSB

Serial data A XBltOXBlHXBltZXBltBXB|t4XB|t5XB|t6XBlt7X 4
I

Don't care Dont care

Note: * High except in continuous transfer

Figure 149 Data Format in Clocked Synchronous Communication

145.1 Clock

Either an internal clock geneated by the on-chip baud rate geneator or anexternal
synchronizaion clock input & the SCK3pin canbeselected, aarding to the settingf the COM
bit in SMR and CK=0 ard CKE1bits in SCR3 When the SCI3is operated oraninterral clock,
the serial clak is ouput from the SAK3 pin. Eight serial cbck pulses i@ output in thetransfe of
onechaacter,andwhen no transfe is peformed te cbdk is fixed high.

145.2 Sas3 Initia lization

Before traasmitting andreceving data, theSCI3 slould be initialized agescrbed in asample
flowchat in figure 14.4.
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Section 14 Serial Communication Interface 3 (SCI3)

145.3 Serial Data Transmisspon

Figure 14.10 slows an eamge of SClI3operation for transmissionn clocked synchronaus mock.
In seral transmission, the SCI3 operaks & descibed below.

1.

7.

The SCI3monitas the TDRE flag inSSR, ad if the flag is 0, the SClrecognizes hat dda has
been written to TDR, andansers tre datafrom TDR to TSR.
The SCI3 setshie TDREflag to 1 and startstarsmissionIf the TIEbit in SCR3is sett 1 at
this time, a traemitdata emptyinterrugt (TXI) is generated
8-bit datis sent from the TxD pin synchronizedwith the outputclock when output clock
mode hasbee speciied, and synchronizedwith the input clockwhenuse d an externd clock
has been specified Serial @dta is transmittedequertially from the LSB (bit Q, from the TXD
pin.
The SCI checks tle TDRE flag at the timing for sending the MSB (lit 7).
If the TDREflag is cleard to O, data is &insferred from DR to TSR,and seal transmission
of the next frame is started.
If the TDREflag is seto 1, the TEND flag in SSRis set to 1andthe TDRE flag maitains
the ouput state of tle last lit. If the TEIEbit in SCR3 is seto 1 at ths time, a TEl mterrupt
requestis geneated.
The S3 pin isfixed high.

Figure 14.11 slows a samie flowchart for seral data trarsmissia. Evenif the TDREflagis
cleared o O, transmisgin will notstart while aeceve error flg (OER FER, orPER) is set td..
Make surethatthereceive eror flags arecleared td before starting trasmission.

Serial T \ \_/—\_/—\_/-( —
clock \—/_\—/_\-«./_\_/_\ W
Serial Bito X Bit 1 X_(“ X Bit7 )X Bito X Bit1 X «_X Bit6 X Bit7

<%

A
Y

1 frame 1 frame
TORE _| | ) | ’
TEND ? ? )] ? )]
| | W ( ﬁ‘
LSI TXI interrupt TDRE flag TXl interrupt request generated TEI interrupt request
operation request cleared to O generated
generated
User Data written
processing to TDR

Figure 1410 Example d SCI3 Operation in Transmission in Clocked Synchronous Mode
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Section 14 Serial Communication Interface 3 (SCI3)

( Start transmission ) [1] Read SSR and check that the TDRE
I: flag is set to 1, then write transmit data
- to TDR. When data is written to TDR,

(M Read TDRE flag in SSR the TDRE flag is automatically cleared
to 0 and clocks are output to start the
data transmission.

[2] To continue serial transmission, be
sure to read 1 from the TDRE flag to
confirm that writing is possible, then
write data to TDR.

When data is written to TDR, the TDRE

(2]

Read TEND flag in SSR

No

Yes

Clear TE bitin SCR3to 0

<End>

Figure 1411 Sanmple Serial Transmisson Flowchart (Clocked SynchronousMode)
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Section 14 Serial Communication Interface 3 (SCI3)

14.5.4 Serial Data Reception(Clocked Syntironous Mode

Figure 14.12 slows an eamgde of SCI3operation for recepion in clocked syrchroncusmoce. In
seril reception, the SA3 opeaates as dscribed below.

1. The SCI3performs inemal initialization syrchronous with asynchronous clak input or

output, startseceiving data.

2. TheSCI3 stors thereceiveal data in FBR.

3. Ifanoverrun aror ocaurs (whenreception of the next datis completed while the RDRF flag
iIn SSRis still set tol), the OER hit in SSR is set td. If the RIE bit in SCRB3 is set b 1 at his
time, an ERlinterryot request isgeneratedreceive dat is not transferred to RDR, and the

RDRF flagremairs to be setto 1.

4. |If recegotionis compleéed sucessfully, he RDRFbit in SSR is set t@, andreceve datas
trarsferred toRDR. If the RIE bt in SCR3 is setb 1 atthistime, an RX| interruptrequestis

geneated.

Serial
clock /_\_/_\ \_/_\(e_/_\_/_\

WAV VA W

),
Serial . ) « )
oot X 8it7 X[ Bito X :: X Bit7

A

BitOX Bit1>< :}‘><Bit6>< Bit 7

\

<
<%

Y

processing

1 frame 1 frame
RDRF 1 | )
OER / ? JL ? )]
LSI RXl interrupt  RDREF flag RXI interrupt request generated
operation request cleared
generated to 0
User RDR data read RDR data has

not been read
(RDRF =1)

ﬂ\
ERI interrupt request

generated by
overrun error

Overrun error
processing

Figure 14.12 Example of SCI3 Recepton Operation in Clocked Syndironous Mode
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Section 14 Serial Communication Interface 3 (SCI3)

Reception canndieresume while areceve error fla is set to 1Accordingly, clear th®©ER,
FER, PER, ath RDRFbits to 0 before resuning recepion. Figure 14.13 stows a samie flowchart
for seial datareception.

( Start reception )

>
P

[1] Read the OER flag in SSR to determine
if there is an error. If an overrun error

Read OER flag in SSR [1] has occurred, execute overrun error

processing.
[2] Read SSR and check that the RDRF
flag is set to 1, then read the receive

[4] data in RDR. When data is read from

No ( Error processing ) RDR, the RDRF flag is automatically

cleared to 0.

[3] To continue serial reception, before the
MSB (bit 7) of the current frame is
received, reading the RDRF flag and
reading RDR should be finished. When

No data is read from RDR, the RDRF flag

is automatically cleared to 0.
Yes [4] If an overrun error occurs, read the

OER flag in SSR, and after performing

the appropriate error processing, clear

the OER flag to 0. Reception cannot be

(Continued below)

Read RDREF flag in SSR [2]

Read receive data in RDR

<
<%

Yes

All data received? [3]

Clear RE bitin SCR3to 0

<End>

(4] ( Error processing )
I
Overrun error processing
I
Clear OER flag in SSRto 0

<End>

Figure 14.13 Sanple Serial ReceptionFlowchart (Clocked Syndironous Mode
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Section 14 Serial Communication Interface 3 (SCI3)

14.5.5 SimultaneousSerial Data Transmission and Reception

Figurel1l4.14 shows a sartgflowchart for simultaneous seal transmitand receive opetians.
The following procdure shouldbe used for simultaneousrsa data trasmit and recee
operatiors. To swtch from tranrsmitmode to simultaneaus trarsmit ard receive male, after
checkng that he SG3 has finishal transmissionand he TDRE and TEND flags ae setto 1, clear
TE to0. Thensimultan@usl set TE ad REto 1 with asingle instructionTo switch from recete
mode to simultaneous trangrand receie mode &ter dhedking that he SCI3has finishd
reception, clear REt0. Then after checking that the RDRF andreceiveeror flags (OR, FER,
and PER arecleared ¢ 0, smultan@usly s¢ TE andRE tol with asingle irstruction.

( Start transmission/reception ) [11 Read SSR and check that the TDRE
] flag is set to 1, then write transmit
= data to TDR.

Read TDRE flag in SSR (1] When data is written to TDR, the

TDRE flag is automatically cleared

No to 0.
[2] Read SSR and check that the RDRF
flag is set to 1, then read the receive

Yes data in RDR.

) ) When data is read from RDR, the
Write transmit data to TDR RDRF flag is automatically cleared
> to 0.

[3] To continue serial transmission/
Read OER flag in SSR reception, before the MSB (bit 7) of
the current frame is received, finish
reading the RDRF flag, reading
RDR. Also, before the MSB (bit 7)

[4] of the current frame is transmitted,
( Error processing read 1 from the TDRE flag to confirm
that writing is possible. Then write
data to TDR.
Read RDRF flag in SSR [2] When data is written to TDR, the

TDRE flag is automatically cleared

No to 0. When data is read from RDR,
the RDREF flag is automatically
cleared to 0.

Yes [4] If an overrun error occurs, read the
OER flag in SSR, and after
Read receive data in RDR performing the appropriate error
processing, clear the OER flag to 0.

Transmission/reception cannot be
resumed if the OER flag is set to 1.
3] For overrun error processing, see
figure 14.13.

A

All data received?

No

Clear TE and RE bits in SCR to 0

<End>

Figure 14.14 Sanple Flowchart of Simultaneous Serial Transmit and Receive Opeations
(Clocked Syntironous Mode)
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Section 14 Serial Communication Interface 3 (SCI3)

14.6  Multiprocessor Communication Function

Use of the multiprocessor communation function enables data trasferbetwe@& anumber of
processrs sharing ommunication linesby asynchronous seial conmunicaton using the
multiprocesso format, inwhich amultiprocessolit is addedo the ransferdata. When
multiprocessor commucation isperformel, eachreceiving sation is a@dressedy auniquelD
code The seial communication cgle mnsists of two component cycles; a ID transmisson cycle
that specifies theeceivingstation, and adata transmissiortycle. The multiprocessobit is useél to
differentiate béween he ID transmissin cyde and thelatatransmissncycle. If the
multiprocesso bit is 1, the cycle is anD transmission cyck; if themultiprocessor I is O, the
cycle is adatatransmisan gy/cle. Fgurel4.15shovs an eamge of inter-processor
commurication using the multirocesso format. The trarsmitting statian first serds the 1D code
of the receivingstation with wich it wantsto peform seial canmunication adata wih al
multiprocesso bit added. It thensend trarsmit cata asdata with a O mutiprocesso bit added.
When data witha 1 multiproessorbit is re@ived, theeceving station ompaes thatat with its
own ID. The station whostb matdes tha receives thelat sennext. StaionswhoselDs donot
match ontinueto skip datauntil data wth a1 multiprocessor bis ajainreceived.

The SCI3usesthe MPIEDit in SCR3 to implementhis function. When the MPIE b is set tol,
transfer ofreceve daiafrom RSRto RDR, error flagdeedion, ad seting the SSRstatus flags,
RDRF,FER, ad OER tol, ae inhibited unt data with al multiprocessobit is receive. On
reception ofa receivechaacte with a 1 muliprocessobit, the MPBRDbit in SSR is setot1 and
the MPIEDit is auomaticallycleared thus normal recepion is resumed If the RIEDit in SCR3is
set tol at ths ime, an RXI interrupis generated

Whenthe mutiprocesso format is selectedhe parity bit setting is renckredinvalid. All other bit
setings ae the same ashosein normal ag/nchronausmode The cbdk used for multi processa
communication ishte samess thatin namal asyrchronaus moe.
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Section 14 Serial Communication Interface 3 (SCI3)

Transmitting

station
¥ Serial transmission line
\
Receiving Receiving Receiving Receiving
station A station B station C station D
(ID=01) (ID = 02) (ID =03) (ID =04)
Serial | , , \ ,
data / \ / H'01 / \ / HAA \ .
5 (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 14.15 Example of Communication Using Multip rocessor Fomat
(Transmission ofData H'AA to Receiving Station A)
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Section 14 Serial Communication Interface 3 (SCI3)

14.6.1  MultiprocessorSerial Data Transmisson

Figure 14.16 slows a samie flowchart for multiprocessor serial dateansmissionFor an ID
transmisson cycle, sethe MPBT bit in SSR tol before transmssbn. For adat transmsson
cycle, clear thé/IPBT bit in SSRto 0 bebre ransmsson. All other SA 3 opeations are the same
as those in asynchronous mode.

( Start transmission )
» [1] Read SSR and check that the TDRE

[~ flag is set to 1, set the MPBT bit in
[1] | Read TDRE flag in SSR | SSR to 0 or 1, then write transmit
data to TDR. When data is written to

No TDR, the TDRE flag is automatically
cleared to 0.
[2] To continue serial transmission, be

Yes sure to read 1 from the TDRE flag to
confirm that writing is possible, then
Set MPBT bit in SSR write data to TDR. When data is

T written to TDR, the TDRE flag is
automatically cleared to 0.

[3] To output a break in serial
transmission, set the port PCR to 1,
clear PDR to 0, then clear the TE bit
in SCR3 to 0.

| Write transmit data to TDR

Clear PDR to 0 and set PCR to 1

Clear TE bit in SCR3to 0

Figure 14.16 Sample Multiprocessor Serial Transmisson Flowchart
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Section 14 Serial Communication Interface 3 (SCI3)

14.6.2  MultiprocessorSerial Data Reception

Figure 14.17 shows a samie flowchart for multiprocesa serialdata recegion. If the MPIE bt in
SCR3 is seta 1, data is skippedntil datawith a 1 multiprocessor bit igceived. Omeceiving
data with &l multiprocessor bitthereceve data is tnasferred to RDR.An RXI interrupt request
Is generaed atthistime. All other SC3 opaations ae the same asm ag/nchronausmode Figure
14.18 shows anexampe of SCI3operatian for mutiprocesso format recepon.

( Start reception )
> [1] Setthe MPIE bitin SCR3 to 1.
| Set MPIE bit in SCR3 to 1 | [1] [2] Read OER and FER in SSR to check for
. errors. Receive error processing is
| Read OER and FER flags in SSRl 2] performed in cases where a receive error
occurs.
Yes [3] Read SSR and check that the RDRF flag
is set to 1, then read the receive data in
RDR and compare it with this station’s
No ID.
Read RDRF flag in SSR [3] If the data is not this station’s ID, set the

MPIE bit to 1 again.

When data is read from RDR, the RDRF

flag is automatically cleared to 0.
[4] Read SSR and check that the RDRF flag

is set to 1, then read the data in RDR.
Read receive data in RDR [5] If a receive error occurs, read the OER
and FER flags in SSR to identify the
error. After performing the appropriate
error processing, ensure that the OER
and FER flags are all cleared to 0.

This station's ID?

Yes Reception cannot be resumed if either of
— these flags is set to 1.
Read OER and FER flags in SSR In the case of a framing error, a break
can be detected by reading the RxD pin
Yes value.

\

FER+OER = 1

Read RDRF flag in SSR [4]

,® (Error processmg)

(Continued on
Read receive data in RDR next page)

|<¢
<t

Yes

All data received?

No
< [A]

| Clear RE bitin SCR3 to 0 |

[
<End>

Figure 14.17 Sample Multiprocessor Serial Recegtion Flowchart (1)
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Section 14 Serial Communication Interface 3 (SCI3)

(5] ( Error processing )

Framing error processing

»
-

Clear OER, and
FER flags in SSRto 0

<End>

Figure 14.17 Sample Multiprocessor Serial Receotion Flowchart (2)
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Section 14 Serial Communication Interface 3 (SCI3)

Start Receive Stop Start Receive data Stop Mark state
bit data (ID1) MPB bit bit (Datal) MPB bit (idle state)
Serial 0 | Do | D1 ) D7 | 1 1 0 | DO | D1 ) D7 | O 1 1
data ‘ W _ W ‘l
1 frame 1 frame !
MPIE ) )

i

RDRF " /

_//
o [/ X
/7 /

ID1

N

LSI RXI interrupt RDREF flag RXI interrupt request
operation request cleared is not generated, and
MPIE cleared to0 RDR retains its state
User 00 RDR data read When data is not
processing this station's ID,
MPIE is set to 1
again

(a) When data does not match this receiver's ID

Start Receive Stop Start Receive data Stop Mark state
bit data (ID2) MPB bit bit (Data2) MPB bit  (idle state)
Serial i .
data 0 | Do | D1 ) D7 | 1 1 0 | DO | D1 ) D7 | O 1 1
< Pt >|
! 1frame 1 frame !

MPIE ) | ) [
Y e LU

£ /
\?atl)lie D1 // X / \'D2 / >< /Data2\
// /7

LSI RXl interrupt RDREF flag RXI interrupt RDREF flag
operation request cleared request cleared
MPIE cleared to 0 to 0
User 00 RDR data read When data is RDR data read
processing this station's MPIE set to 1
ID, reception again
is continued

(b) When data matches this receiver's ID

Figure 14.18 Example of SCI3 Operation in ReceptionUsing Multipro cessor Fomat
(Example with 8-Bit Data, Multipr oces®r Bit, O ne Sop Bit)
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Section 14 Serial Communication Interface 3 (SCI3)

14.7  Interrupts

The SCI3creaes the following six interrypt requests: traemissia end trarsmitdata empy,
receivedata full, and recee erras (overrun errorframing error,and paity error). Table14.6
shows the interrug saurces.

Table 14.6 SCI3 Interrupt Requeds

Interrupt Requests Abbreviation Interrupt Sour ces

Receive Data Full RXI Setting RDRF in SSR

Transmit Data Empty TXI Setting TDRE in SSR

Transmission End TEI Setting TEND in SSR

Receive Error ERI Setting OER, FER, and PER in SSR

The initial value of the TDREflag in SSR isl. Thus, whenthe TIEbit in SCR3is set 0 1 before
transferringthe trarsmit data © TDR, a TX interrupt reqlest is gnerated een if the trarsmit chta
is nd read. The intial value of the TEND flag in SSR isl. Thus, whenthe TEIEDbit in SCR3is
set tol before transferringthe trarsmit data o TDR, aTEl interupt requed is generatedevenif
the trarsmit data has not been sen It is possilde to malke use of the mast of these interrupt
requests efficietly by trarsferringthe transmit dta to TDR in the interrugt routine. Toprevert
the generation of these nterrug requests (TX ard TEI), set tle eralde bits (TIE ard TEIE) that
correspond to thesaterrug requests tol, after transérring the trarsmitdata toTDR.

14.8 Usagd\otes

14.8.1 Break Detedion and Procesing

Whenframing emror detectionis performed, a beakcan bedetected byeading he RxD pin value
direcly. In abreak the inputfrom the RxD pin becomesall 0, seting the FER flag, and passbly
the PERflag. Note hat as he SCI3 ontinues theeceiveopeaation afte receiving abresk, even if
the FERflag is cleared t®, it will be set tol again.
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Section 14 Serial Communication Interface 3 (SCI3)

14.8.2 Mark State and Break Serding

When TE is 0, the TxD pinis useal asan I/0O pat whose diecion (input or output) ard level are
deerminedby PCR ard FDR. This can beused b setthe TxD pin to mak state (hghlevel) or
serd abre& during seral data trangnisson. To maintain the communidan line at mak state
until TE is set tol, set bah PCR ad POR to 1. AS TE is clearedo O at his point, the TxD pin
becanes a I/O port, and 1 is output from the TxD pin. To send abre& during seial transmsson,
first set PCRd 1 andPDR to 0, andthenclear TEto 0. WhenTE is clearedo O, the transmitter is
initialized regardless of tke curremtrarsmissio state, tle TXD pin becomes an 1/O port, drO is
outputfrom the TxD pin.

14.8.3 Receive Eror Flagsand Transmit Operations (Cloked SynchionousMode Only)

Transmission annotbe startd when areceve eror flag (OER, PER, or FER} setto 1,even if
the TDRE flag is cleareda 0. Be sure to dar thereceiveerrorflagsto O beforestarting
transmisgn. Note also hat receiveerrorflags canotbe ckared td even if the REbit is cleared
to 0.

14.8.4 Receive Data Sampling Timing and Recgtion Mar gin in AsynchronousMode

In asynchronaus mode, the SCI3 operate®n abasic cbck with afrequency of 16 timesthe
transfer rate. Imeceotion, the SCI3 sanples the falling edge of the startbit using the basc clock,
andpeaforms nternal synchronizaion. Recave datis latchedinternally atthe rising edgeof the
8th pulse of the bast clock as shown in figure 14.19.

Thus, hereception megin in asynchronousodeis given byformula (1) below.

0 _ 0
M={05-——)- P=05 _ _05)m x 100(%)
= 72N N -

... Fornula (1)

Where N: Ratioof bit rate toclock (N = 16)
D: Clock duty (D =05 to 1.0)
L: Frame lenth (L =9t0 12)
F: Absolute value d clock rate deviation
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Section 14 Serial Communication Interface 3 (SCI3)

Asauming values d F (absolute vale of clock rate deviation) =0 and D (cdlock duty) =05 in
formula (1), the recgtion magin can begiven by the formula.

M = {0.5 — 1/Q x 16)} x 100 [%] = 46.875%

However, this is only the canputedvalue, andamargn of 20% to 30% should be allowed for in
system degn.

<

16 clocks

0

Internal basic

8 clocks

|
7| 15‘0 7 150

clock

Receive data _:'I, ,
(RXD) [ ¥

Start bit | DO |

Synchronization |
sampling timing __

Data sampling H H
timing H H

Figure 14.19 ReceiveData Sanpling Timing in Asynchronous Mode
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Section 15 I°C Bus Interface (IIC)

Section 15 “C Bus Interface (lIC)

The FC bus inerface onforms to ad provides a subset dfi¢ Philipsl’C bus (inter-C bus)
interface functins.The reyisterconfiguration that ontrolsthe FC bus dffers partly from the
Phiips onfiguration, however.

15.1 Features

e Sekcion ofI°’C formator clocked synchronots seial format
— 1°C bus format addresing format with adknowledgebit, for maser/slave opaation

— Clocked synchronaus seral format: na-addessingformatwithout acknowledge bit, for
master peration only

e |I°C busformat

e Twowaysof stting shveaddres

e Start andstop conditionsgeneratedautomaticallyin master moe
e Selection ofadknowledge ouiutlevels whe receiving

e Automatic leadng of acknowedge bit when transmitting

e Wait funcion in master mode

A wait canbe nsered by driving the SQ. pin low after dat tranger, excluding
acknowledgement. e wait can be cleaed by clearng the nterrupt flag.

e Wait funcion in slave node

A wait requestcanbe geneated by driving the SQ. pin low after dat transfer, excluding
acknowledgement. e wait requst is cleard when the nex tranger beomes posible.

e Three irterrug souces

— Daitatransfer end (including transnission modetransition with I°C bus format ad addres
receptionafter loss ofmaster arbitration)

— Addressmatch: whe any slave address mathes or thegeneral call address is rewed in
slave receie mode

— Stop conditiondeiecion
e Sekcionof 16 internal clocks (in masér mode)
e Directbus drive

— Two pins,SCQL ard DA pinsfunction asNMOS open-drain outputs when the bus drive
function is selected
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Section 15 I°C Bus Interface (IIC)

Figure 15.1 shows a block diagram of the C bus interface.

Figure 15.2 shows an exanmple d 1/0 pin connectonsto external circuits. Thel/O pins are NMOS
open drains. Se the wper limit of voltage appiied to the power supgy (V.. voltage range +

03V,i.e.58V.
N
¢ ———» PS >
ICCR <t >
SCL o= Clock
control
> Noise >
canceler < ICMR < >
»| Bus state
decision
> __circuit |—> < >
ICSR P
»| Arbitration g
) ) decision ®
circuit ICDRT < E
SDA o<t Output data | 4 ! £
control | ¢ - °
circuit ICDRS o
! I3
£
ICDRR >
Noise
canceler :
o Address » L
g comparator - ~
|
SAR, SARX < >
N
»| Interrupt > Interrupt
> generator request
[Legend]
ICCR: I2C bus control register
ICMR: I2C bus mode register
ICSR: I2C bus status register
ICDR: I2C bus data register
SAR: Slave address register
SARX: Slave address register X
PS:  Prescaler

Figure 151 Block Diagram of I°C Bus Interface
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Section 15 I°C Bus Interface (IIC)

Vb
o)
Vee é
SCL SCL
SCL s {}
SCL out _|
SDA SDA
SDA i, {}
SDA out I |<C [
3 [ 3 |5
(Master) SCL, SCL i,
This LSI SCL it — SCL oy —
SDA i, SDA ;,
SDA out _| SDA out _|
(Slave 1) (Slave 2)

Figure 15.2 1°C Bus Interface Connetions (Example: This LS| asMaster)

15.2

Input/Output Pins

Table 15.1 sunmarizes he inpu/output pins usel by the I°C bus inteface

Table 15.1 1°C Bus Interface Pins
Name Abbreviation I/0 Functio n
Serial clock SCL I/O0 [IC serial clock input/output
Serial data SDA I/0O [IC serial data input/output
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Section 15 I°C Bus Interface (IIC)

15.3  RegisterDescriptions

The fC businterface haghe following registersICDR, SARX,ICMR, and SAR ae allocated to
oneaddress, ancegisters thatanbe accesskdepend on the ICEit in ICCR. When ICE= 0.
SAR and SARX can be accessed. WhéCE = 1,ICMR andICDR ca1 beaccessed.

e |1°C bus mntrol register (CCR)

e |1°Cbus shtusregister (ICSR)

e |I°C bus dataregister (I(DR)

e 1°Cbus node egister ICMR)

e Slave adress registeiSAR)

e Second slaveddress rgister(SARX)
e Timer seial control register(TSCR)

15.3.1 fC Bus Daa Register (ICDR)

ICDR is an8-bit readle/writable regster hatis usel as atansmit dataegisterwhen
transmitting and aeceivedat registerwhen receving. ICDR isdivided internally inb a shift
register (ICDFR5), receivebuffer ICDRR), and transmit buffer (ICDRT). Datatransfers amonghe
three registers are perforthautanaticallyin coordination with changes inthe bis state, and
affect thestatus of intenal flags sutt as TDRE and BRF. When DRE is 1 and he transmit
buffer is empty, TDRE shows that the nexttransmi daia can bewritten from the CPU. When
RDREF is1, it shows that tavalid receivedat is stored inhie receivebuffer.

If 1°C is intransmit mod andthe rext data isin ICDRT (the TDRE flag is 0) following
transmisson/recepion of one frameof data usirg ICDRS, data is trasferredauomaticallyfrom
ICDRT t0 ICDRS. If I’C is in receivemode ad nopreviousdata remaing ICDRR (the RDRF
flag is 0) following trarsmissia/recetion of oneframe ofdaia using ICDRS, daaistransfered
auomaticallyfrom ICDRS o ICDRR.

If the numbe of bits in aframe, ecludingthe acknaledge bit, is lesstan 8, trasmit data ard
receive datarestoral differently. Transmit datashould bawritten justified towad the MSB side
when MLS =0, and ¢éward the LSB slewhen MLS =1. Receive datdits rea from the LSB
side foud betreakd asvalid whenMLS =0, and bits read from the MSB sidewhenMLS =1.

ICDR canbe written andreadonly whenthe ICEDit is setto 1 inICCR.

Thevalue of ICDR isundefinedafter arese.
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Section 15 I°C Bus Interface (IIC)

The TDRE and RDRFflags are set and clearander the conditions siown belbw. Seting the
TDRE and RDRF flags affestthestatus of the interrupt fl ags.

Initial
Bit Bit Name Value R/W  Description
— TDRE — — Transmit Data Register Empty
[Setting conditions]
¢ Intransmit mode, 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
e When transmit mode (TRS = 1) is set without a
format
e When data is transferred from ICDRT to ICDRS
e When a switch is made from receive mode to
transmit mode after detection of a start condition
[Clearing conditions]
e When transmit data is written in ICDR in transmit
mode
e When a stop condition is detected in the bus line
state after a stop condition is issued with the 12C
bus format or serial format selected
e When a stop condition is detected with the I12C bus
format selected
e In receive mode
— RDRF — — Receive Data Register Full

[Setting condition]

When data is transferred from ICDRS to ICDRR
[Clearing condition]

When ICDR (ICDRR) receive data is read in receive
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Section 15 I°C Bus Interface (IIC)

15.3.2 Slave AddressRegister (SAR)

SAR selectshe slave ddress and selects tctemnunication format. SARan be written ancead
only when the ICE bit is cleared to 0 ihCCR.

Initial
Bit Bit Name Value R/W  Description
7 SVA6 0 R/W  Slave Address 6 to 0
6 SVA5 0 R/W  Sets a slave address
5 SVA4 0 R/W
4 SVAS3 0 R/W
3 SVA2 0 R/W
2 SVAT 0 R/W
1 SVAO 0 R/W
0 FS 0 R/W  Selects the communication format together with the

FSX bit in SARX. Refer to table 15.2.

15.3.3 Secomr Slave Address Regster (SARX)

SARX storeste seond slave addressd sdects the communicatidiormat. SARX ca be
written and rea only when the ICE bit is clearedto O in ICCR.

Initial
Bit Bit Name Value R/W  Description
7 SVAX6 0 R/W  Slave Address 6 to 0
6 SVAX5 0 R/W  Sets the second slave address
5 SVAX4 0 R/W
4 SVAX3 0 R/W
3 SVAX2 0 R/W
2 SVAX1 0 R/W
1 SVAXO0 0 R/W
0 FSX 0 R/W  Selects the communication format together with the FS

bit in SAR. Refer to table 15.2.
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Section 15 I°C Bus Interface (IIC)

Table 15.2 Communication Format

SAR SARX
FS FSX I°C Transfer Format
0 0 SAR and SARX are used as the slave addresses with the I°C bus
format.

0 1 Only SAR is used as the slave address with the I°C bus format.

0 Only SARX is used as the slave address with the I°C bus format.
1 1 Clock synchronous serial format (SAR and SARX are invalid)
15.3.4 fC BusMode Register ICMR)

The FC bus male regster(ICMR) sds thetransferformatand tensfer rae. It can only be

accessed wheathe ICE bitin ICCRIis 1.

Bit

Initial

Bit Name  Value

R/W

Description

MLS 0

R/W

MSB-First/LSB-First Select

0: MSB-first

1: LSB-first

Set this bit to 0 when the I°C bus format is used.

WAIT 0

R/W

Wait Insertion Bit

This bit is valid only in master mode with the I°C bus
format.

When WAIT is set to 1, after the fall of the clock for the
final data bit, the IRIC flag is setto 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 O,
data and acknowledge bits are transferred
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.

w ~ O

CKS2
CKSH1
CKSO0 0

R/W
R/W
R/W

Serial Clock Select 2 to 0
This bit is valid only in master mode.

These bits select the required transfer rate, together
with the 1ICX bit in TSCR. Refer table 15.3.
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Initial
Bit Bit Name Value R/W  Description
2 BC2 0 R/W  Bit Counter2to 0
1 BC1 0 R/W  These bits specify the number of bits to be transferred
0 BCO 0 R/W  hext. With the I°C bus format, 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 than 000, the setting should be made while the
SCL line is low. The value returns to 000 at the end of a
data transfer, including the acknowledge bit.

I°C Bus Format Clocked Synchronous Mode
000: 9 000: 8
001: 2 001: 1
010: 3 010: 2
011: 4 011: 3
100: 5 100: 4
101: 6 101: 5
110: 7 110: 6
111: 8 111: 7
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Section 15 I°C Bus Interface (IIC)

Table 15.3 I°C Transfer Rate

TSCR ICMR

Bit 0 Bit 5 Bit 4 Bit 3 Transfer Rat e

[ICX CKS2 CKS1 CKSO0 Clock ¢=5MHz ¢=8MHz ¢=10MHz ¢ =16 MHz
0 0 0 0 $/28 179MHz 286kHz  357kHz  571kHz
0 0 0 1 $/40 125kHz  200kHz  250kHz  400kHz
0 0 1 0 $/48 104kHz  167kHz  208kHz  333kHz
0 0 1 1 ¢/64  78.1kHz 125kHz  156kHz  250kHz
0 1 0 0 ¢/80  62.5kHz 100kHz 125kHz  200kHz
0 1 0 1 ¢/100 50.0kHz 80.0kHz 100kHz  160kHz
0 1 1 0 ¢/112 446kHz 71.4kHz 89.3kHz 143kHz
0 1 1 1 ¢/128 39.1kHz 62.5kHz 78.1kHz 125kHz
1 0 0 0 ¢/56  89.3kHz 143kHz 179kHz  286kHz
1 0 0 1 ¢/80  62.5kHz 100kHz  125kHz  200kHz
1 0 1 0 ¢/96  52.1kHz 83.3kHz 104kHz  167kHz
1 0 1 1 ¢/128 39.1kHz 62.5kHz 78.1kHz 125kHz
1 1 0 0 ¢/160 31.3kHz 50.0kHz 62.5kHz  100kHz
1 1 0 1 $/200 25.0kHz 40.0kHz 50.0kHz 80.0kHz
1 1 1 0 ¢/224 22.3kHz 35.7kHz 44.6kHz 71.4kHz
1 1 1 1 ¢/256 19.5kHz 31.3kHz 39.1kHz 62.5kHz
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15.3.5 [C BusControl Register (ICCR)

I”’C bus @ntrol register (CCR) consists of the ntrol bits andinterrupt request flags of 1°C bus

interface.
Initial

Bit Bit Name Value R/W  Description

7 ICE 0 R/W  I°C Bus Interface Enable
When this bit is set to 1, the I°C bus interface module is
enabled to send/receive data and drive the bus since it
is connected to the SCL and SDA pins. ICMR and
ICDR can be accessed.
When this bit is cleared, the module is halted and
separated from the SCL and SDA pins. SAR and SARX
can be accessed.

6 IEIC 0 R/W  I°C Bus Interface Interrupt Enable
When this bit is 1, Interrupts are enabled by IRIC.

5 MST 0 R/W  Master/Slave Select

TRS 0 R/W  Transmit/Receive Select

00: Slave receive mode
01: Slave transmit mode
10: Master receive mode
11: Master transmit mode

Both these bits will be cleared by hardware when they
lose in a bus contention in master mode of the I°C bus
format. In slave receive mode, the R/W bit in the first
frame immediately after the start automatically sets
these bits in receive mode or transmit mode by using
hardware. The settings can be made again for the bits
that were set/cleared by hardware, by reading these
bits. When the TRS bit is intended to change during a
transfer, the bit will not be switched until the frame
transfer is completed, including acknowledgement.
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Initial
Bit Bit Name Value R/W  Description
3 ACKE 0 R/W  Acknowledge Bit Judgement Selection
0: The value of the acknowledge bit is ignored, and
continuous transfer is performed. The value of the
received acknowledge bit is not indicated by the
ACKB bit, which is always 0.
1: If the acknowledge bit is 1, continuous transfer is
interrupted.
2 BBSY 0 R/W  Bus Busy

In slave mode, reading the BBSY flag enables to
confirm whether the I°C bus is occupied or released.
The BBSY flag is set to 0 when the SDA level changes
from high to low under the condition of SCI = high,
assuming that the start condition has been issued. The
BBSY flag is cleared to 0 when the SDA level changes
from low to high under the condition of SCI = high,
assuming that the start condition has been issued.
Writing to the BBSY flag in slave mode is disabled.

In master mode, the BBSY flag is used to issue start
and stop conditions. Write 1 to BBSY and 0 to SCP to
issue a start condition. Follow this procedure when also
re-transmitting a start condition. To issue a start/stop
condition, use the MOV instruction. The I°C bus
interface must be set in master transmit mode before
the issue of a start condition.
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Initial
Bit Bit Name Value R/W  Description
1 IRIC 0 R/W  I°C Bus Interface Interrupt Request Flag

Also see table 15.4.
[Setting conditions]
In master mode with I°C bus format

e When a start condition is detected in the bus line
state after a start condition is issued

¢ When a wait is inserted between the data and
acknowledge bit when WAIT = 1

e Atthe rising edge of the ninth transfer/receive clock,
and at the falling edge of the eighth transfer/receive
clock when a wait is inseted

e When a slave address is received after bus
arbitration is lost (when the AL flag is set to1)

e When 1 is received as the acknowledge bit when
the ACKE bit is 1 (when the ACKB bit is setto 1)

I’C bus format slave mode

e When the slave address (SVA, SVAX) matches
(when the AAS and AASX flags are setto 1) and at
the end of data transfer up to the subsequent
retransmission start condition or stop condition
detection (FS = 0 and when the TDRE or RDRF flag
is setto 1)

e When the general call address is detected (when
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)

e When 1 is received as the acknowledge bit when
the ACKE bit is 1 (when the ACKB bit is setto 1)

e When a stop condition is detected (when the STOP
or ESTP flag is setto 1)

Clocked synchronous serial format

e At the end of data transfer (when the TDRE or
RDREF flag is set to 1)

¢ When a start condition is detected with serial format
selected

[Clearing condition]
When 0 is written in IRIC after reading IRIC = 1
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Initial
Bit Bit Name Value R/W  Description
0 SCP 1 w Start Condition/Stop Condition Prohibit

The SCP bit controls the issue of start/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 0 in BBSY and 0 in
SCP. This bit is always read as 1. If 1 is written, the
data is not stored.

15.3.6  fC Bus Status Register (ICSR)

The FC bus stdus reister(ICSR) onsists d statuslags. Also see tale 15.4.

Initial
Bit Bit Name Value R/W  Description
7 ESTP 0 R/W  Error Stop Condition Detection Flag

This bit is valid in I°C bus format slave mode.
[Setting condition]

When a stop condition is detected during frame
transfer.

[Clearing conditions]
e When 0O is written in ESTP after reading ESTP = 1
e When the IRIC flag is cleared to O
6 STOP 0 R/W  Normal Stop Condition Detection Flag
This bit is valid in I°C bus format slave mode.

[Setting condition]

When a stop condition is detected during frame
transfer.

[Clearing conditions]
e When 0 is written in STOP after reading STOP = 1
e When the IRIC flag is cleared to O
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Initial
Bit Bit Name Value R/W  Description
5 IRTR 0 R/W  I°C Bus Interface Continuous Transmission/Reception

Interrupt Request Flag

[Setting conditions]

In I°C bus interface slave mode

e When the TDRE or RDRF flag is set to 1 when
AASX =1

In I°C bus interface other modes

e When the TDRE or RDRF flag is set to 1

[Clearing conditions]

e When 0 is written in IRTR after reading IRTR = 1

e When the IRIC flag is cleared to O

4 AASX 0 R/W  Second Slave Address Recognition Flag
[Setting condition]

When the second slave address is detected in slave
receive mode and FSX =0

[Clearing conditions]
e When 0 is written in AASX after reading AASX = 1
o When a start condition is detected

e In master mode

3 AL 0 R/W  Arbitration Lost
[Setting condition]
When bus arbitration was lost in master mode.
[Clearing conditions]
e When 0 is written in AL after reading AL = 1

e When ICDR data is written (transmit mode) or read
(receive mode)
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Initial
Bit Bit Name Value R/W  Description
2 AAS 0 R/W  Slave Address Recognition Flag

[Setting condition]

When the slave address or general call address is
detected in slave receive mode and FS = 0.

[Clearing conditions]

e When ICDR data is written (transmit mode) or read
(receive mode)

e When 0 is written in AAS after reading AAS =1
e In master mode
1 ADZ 0 R/W  General Call Address Recognition Flag
This bit is valid in I°C bus format slave receive mode.

[Setting condition]

When the general call address is detected in slave
receive mode and FSX =0or FS =0.

[Clearing conditions]

e When ICDR data is written (transmit mode) or read
(receive mode)

e When 0 is written in ADZ after reading ADZ = 1
¢ In master mode
0 ACKB 0 R/W  Acknowledge Bit

In transmit mode, the acknowledge data that are
returned by the receive device is loaded. In receive
mode, the acknowledge data originally specified to this
bit is sent to the transmit device, after receiving data.
When this bit is read, the loaded value (return value
from the receive device) is read at transmission and the
specified value is read at reception.
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15.3.7 TimerSerial Control Regider (TSCR)

The timer seribcontol regiser (TSCR) is a 8-bit readable/writable ragister that ontrols the
opeaating modes.

Initial
Bit Bit Name Value R/W  Description
7102 - All 1 - Reserved
This bit is always read as 1 and cannot be modified.
1 IICRST 0 R/W  I°C Control Unit Reset

Resets the control unit except for the I°C registers.
When a hang up occurs due to illegal communication
during I°C operation, setting IICRST to 1 can set a port
or reset the I°C control unit without initializing registers.

0 [ICX 0 R/W  I°C Transfer Rate Select

Selects the transfer rate in master mode, together with
bits CKS2 to CKSO0 in ICMR. Refer to table 15.3.

When, with the I'C bus formatselected|RIC is set tal and aninterruptis geneated, other flags
mustbe dedked in ordera identify the source tat seiRIC to 1. Although each sourdeas a
corresponding flag;auion is neéed at theend of atransér. When the DRE or RDRF irterral
flag isset, thereadabldRTR flag mayor may notbe setEvenwhen thelRIC flag ard IRTR flag
are setthe TDRE or RDRF internal flagmay notbeset Table 15.4 shows the relationship
betweea theflags and thetransfer states.
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Table 15.4 Flagsand 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 0N 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/ Slave mode transmit/receive end
(except after SARX match)

0 1/0 1 0 0 1 1 0 0 0 0 Slave mode transmit/receive end

0 1 1 0 0 0 1 0 0 0 1 (after SARX match)

0 1/0 0 1/0 1/0 0 0 0 0 0 0/1 Stop condition detected

15.4  Operation

The FC bus inerfacehas seadl and fC bus farmats.

154.1

fC Bus Daa Format

The FC busformats are ddressing formatsad anacknowkdgebit is inseted. Thee areshown
in figures15.3. Figure 15.5 shows thel’C bus timirg. The first framefollowing astart coulition

alwayscaonsists of 8 bits.
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(a) 12C bus format (FS = 0 or FSX = 0)
S SLA RW| A DATA A AA| P
e LA B n__ o1 e mt<t ot : transfer bit count
1 m (n=1108)
m: transfer frame count
(m=1)
(b) 12C bus format (start condition retransmission, FS = 0 or FSX = 0)

S SLA RW| A DATA AA| S SLA RW| A DATA AA| P
1 7 11 ni P 1 1 7 o1t n2 o1 1
| | | | | | | | | |

1 m1 1 m2
n1 and n2: transfer bit count (N1 and n2 = 1 to 8)
m1 and m2: transfer frame count (m1 and m2 = 1)

Figure 15.3 1°C Bus Data Formats (I°C Bus Famats)

"0 Ve an WA wis oo WA wis an an /21

S SLA

RW A DATA A DATA A/A P

Figure 15.4 1°C Bus Timing

[Legend]
S: Start condition. The master device drives SDA from high to low while SCL is high

SLA: Slave address

R/W: 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 drives SDA

DATA: Transferred data

P: Stop condition. The master device drives SDA from low to high while SCL is high
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15.4.2 Master Trangmit Operation

Whendata is set tdCDR during the period betweenthe exection of aninstruction toisste a start
condition andthe creatio of the start codition, the data maynot be output normally, because
therewill be acontertion between ageneration of a start cadition andanoutput of data.

Although data H'FF is to te ser to the ICDR ragister by a dummy write gperationbeforean issue
of a sbp condition, he H'FF data may be output by the dummy write operation if the execuion of
the instructionto isste a sbp condition isdelayed. To prevert these prokems,follow the
flowchart shown below during the mastertrarsmit operation.

In I°C busformat masterrensmit mode, he mastedevice aitputs the transmt clock and transmit
data, ad theslavedevicereturns an acknowtigesignal. The transmissioprocelure and
operatiors synchonize with the ICDR writing are @scribed below.

1. SettleICEbit in ICCR tol. Set bits MLS,WAIT, and CKS2to CKSO0 inICMR, andbit [ICX
in TSCR, accordhg to he operating mode

2. Readthe BBSYflag in ICCRto confirm that the bis is free.
Set hts MST ard TRS b 1 in ICCR toselectmaster trasmit mock.

4. Write 1 to BBSY and0 to SCP. Tis changes SDA from high to low when SCL ishigh, and
generates tle start codition.

5. ThenIRIC ard IRTRflags are set td. If the IEIC Lt in ICCR has beenset tol, aninterrypt
request is sento the CPU.

6. Write the dita (slave addess+ R/W) to ICDR. With thel’C bus foromat (whenthe FS bitin
SAR or the FSXbit in SARX is 0), hefirst frame dita following the start comwlition indicates
the 7-bit slaveaddess and trasmit/receivadirection. Asindicating he end of the transfer, and
sothe IRIC flagis cleaedto 0. Afterwriting ICDR, clearlRIC continuously na to execue
other interrupt hardling rautine. If oneframe ofdata has bee transmitted before the IRIC
clearing, it can not bdetemine theendof trarsmisson. The mastedevice sequetially sends
the ransmission clock and the daawritten to ICDR usihg the iming shown in figure 15.5. The
selectedslave device (i.ehe slave device witthe matbing slave addres) drivesSDA low at
the 9t transmit clock pulse and returns an acknowledge sgnal

7. Whenone frame ofdata has been trasmitted the IRIC flag is set © 1 at herise of be 9th
trarsmit clock pulse. Ater oneframe tas beentramnsmittedSCL is atiomaticallyfixed low in
synchrornizationwith the internal clock until the rext trarsmit ceta iswritten.

8. Readthe ACKB bit in ICSR b confirm that ACKB is cleared to OWhen the slave devicehas
not ackrowledged (ACKB hit is 1), operate e stg [12] toend traasmisson, and retry he
transmt opeaton.

w

Rev. 6.00 Mar. 24, 2006 Page 251 of 412
RENESAS REJO9B0142-0600

Downloaded fronDatasheet.su



Section 15 I°C Bus Interface (IIC)

9. Write the transmit dta tolCDR. Asindicaing the end of the transfer, and sohie IRIC flag is
cleared o 0. Perform thd CDR write and he IRIC flag clearing squentially, just as inle st
[6]. Transmisspon of the nextframe s paformed n synchronizaion with the internal clock.

10. Whenone frame ofdata has been trasmitted the IRIC flag is set® 1 at herise of he 9th
transmi clock pulse After one framehasbeen ransmitted SCL is automaically fixedlow in
syrchronizationwith the interral clock until the rext trarsmit deta iswritten.

11. Read he ACKB bit in ICSR Confirm that the shve device hasbeean adknowledged (ACKB bit
is 0). Whenthere isdata tobe transmitted goto the step [P to cortinue next trarsmission.
When the shve device ha not ackrowledged (ACKB bit is setto 1), opeate the sep[12] to
end trasmisson.

12. Clear tle IRIC flag to 0. And write O to BBSY am SCP inCCR. Ths changes SDA from low
to high when SCL is high, and geneates the stop condtion.

Start condition generation
SCL
(master output) 1 2 3 4 5 6 7 8 9 1 2
Slave address
SDA \ ,(Bit7XBit6XBit5XBit4XBit3XBit2XBit1XBito‘ \ Bit7 X Bit6
(master output) 7]
A ‘ -¢—— Slave address —— p R/W -a—Data 1 —
SDA
(slave output) l[5] \ A J
\i
IRIC
! \ A
IRTR
ICDR | X Address\ RW X Data [1
* 1
v [9] IRIC clearance
ICDR writing Normal
prohibited operation
User processing [4] Write BBSY =1 [6] ICDR write [6] IRIC clearance [9] ICDR write
and SCP =0
(start condition
issuance)
Note: * Data write timing in ICDR

Figure 15.5 Master Transmit M ode Operation Timing Example
(MLS = WAIT =0)
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15.4.3 MasterReceiveOperation

The daa buffer of the FC module careceive dataansecuitvely since it onsists o CDRR and
ICDRS.However, if the mmpletionof receving thelast daa is delayd, therewill be a @ntention
betwea theinstruction to issue stop ©ndition and theSCI clockoutput to receie thenext data,
andmay geneate umecessy clocks or fix the autput level of the SDA line adow. The switch
timing of the ACKB bit in thelCSR rayistershould becontrolledbecausehe aknowledge bit
does notreturn acknowledgenentafter receving the lastdata in master mod&heseproblems ca
be aroidedby using the WAIT funcion. Foll ow the flowchart shown belw.

In master rec&e mode, lte masterdeviceoutputs tre recalve clok, receivesdata, ad returns a
acknowledge signalheslave deice transmits d#éa. The reception pradureand opeations with
the waitfunction synaironizedwith theICDR read opration toreceivedata in sguenceare
shown bebw.

1. Clear the TR®It in ICCR to0 to switch from trasmit mode to recee mode and set the
WAIT bitin ICMR to 1. Alsoclear tle bit in ICSR to ACKB 0 (ackrowledge data settirg).

2. When ICDR is rea (dummydata red), reception is startd, and theeceve clock isoutput,
and dataeceived, m synchronization with the inteal clok. In order todetect wait opetion,
set tle IRIC flag in ICCR must ke clearedo 0. After readng ICDR, clear IRICcontinuously
not o executeothea interrupthandling routine If one frame ofdata has beereceivel before
the IRC clearng, it can nobedeermine the erd of reception.

3. ThelRIC flag is set tol at he fall of the8th receive abck pulself the IEICbit in ICCR has
been set to 1, amterrupt request is setto the CPU SCL s auomaticallyfixed low in
syrnchronizationwith the interral clock until the IRIC flag dearing If the first frame is be last
receivedata, &ecute e sep [10] to haltreception.

4. Clear thdRIC flag to releasdrom the Wait State. Themader device outputs the 9th clock and
drivesSDA at the9th receive clock pise to return aadknowledge sinal.

5. When one franeof data has beemceved, tte IRIC flag in ICCR and the IRTRlag in ICSR
are set to 1 at these of he 9th receve clock pulse The master dace outputs SCiclock to
receive ngt daa.

6. ReadCDR.

7. Clear helRIC flag b detectnext wait opeation. Daiareception processrom the sep [5] to
[7] should beexecued duingone bye recetion perod afte IRIC flag clearing in the st [4]
or [9] torelease wait status.

8. ThelRIC flags set tdl at he fall of 8th receve clok pulse. SCL is aomatically fixed low in
synchronizationwith the internal clock until the IRIC flag clearing If this frameis thelast
receivedata, &ecute e sep [10] to haltreception.
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9. Clear tleIRIC flag in ICCR b carcel waitoperation The masterdevice outputs the 9th clock
anddrivesSDA at the 9th receive clodk pulseto returnan ackowledge signdDatacan be
receivel continuousy by repeating thestep [5] to[9].

10. Set the ACKB bit in ICSR tol soas toreturn“No acknavledye” data. Alsoset he TRShit in
ICCR to1l to switchfrom receive male to trarsmit moc.

11 Clear IRICflag to O to release from th&Vait State.

12.When one frane of data has éen receied,the IRC flag is set tol at he riseof the9th
receive abck pulse.

13. Clear tle WAIT bit to 0 toswitchfrom wait mode to nowait mode. ReadCDR andthe IRIC
flag t0 0. Clearingof the IRIC flag shouldbe after the WAIT = 0. If the WAIT bit is cleared to
0 after cleamg the IRIC flag and thenaninstruction to issue a stopordition is execued, the
stopcondition cannot bessueal because theutput levebf the SDA line isfixed as bw.

14. Clear he BBSY bit ard SCP bit to 0. This chargesSDA from low to high when SQL is high,
and generates tle sbp condtion.

Master tansmit mode | Master receive mode

el
Loamtt e

SCL
(master output)

SDA i/ ‘(Bit7XBit6XBit5XBit4XBit3XBit2XBit1XBit0 ‘(Bit7XBit6XBit5XBit4XBi13Xj
(slave output) = !
: - Data 1 _— 3] 5] -«——Data 2
SDA :
(master output) ! \—A J
y | Y y

e | | | —

o N\ i
= X X

User processing [1] TRS clearedto 0 [2] ICDRread [2] IRIC clearance [4] IRIC clearance [6] ICDR read [7] IRIC clearance
WAIT set to 1 (dummy read) (Data 1)

ACKB cleared to 0

Figure 15.6 Master ReceiveMode Operation Timing Example (1)
(MLS = ACKB =0, WAIT =1)

Rev. 6.00 Mar. 24, 2006 Page 254 of 412
REJQ9B0142-0600 XENESAS
Downloaded fro

atasheet.su



Section 15 I°C Bus Interface (IIC)

SCL
(master output) 8

SDA <Bit0 ‘(BinBiteXBitsXBit4XBit3XBit2XBit1XBito)’ YBiwaitex
(slave output)
Data 2 ] (8] [5] i} Data 3 - 8] 5] -— Data 4 —

SDA

(master output) \ A J \—A_/
IRIC |_

S o [
|

\

ICDR Data 1 X \ Data 2 / X Data 3 \

T \ / [6] ICDR reid \
(Data 3)

User processing [9] IRIC clearance [6] ICDR read [7] IRIC clearance [9] IRIC clearance
(Data 2)

[7] IRIC clearance

Figure 15.6 Master ReceiveMode Operation Timing Example (2)
(MLS = ACKB =0, WAIT =1)

15.4.4  SlaveReceve Operation

In slavereceive mode, thmaster d@ice outputsthe transmit clock ad transmitdata, ad the
slavedevicereturns a aknowledge ginal. The reception proakire and opeationsin slave
receive modere descivedbdow.

1. SettlelCEbitin ICCR tol. Set the MLS kit in ICMR ard the MST andTRS bts in ICCR
according ® the operatingnode.

2. Whenthe startcondition ouput by the mastedevice isdetected the BBSYflag in ICCRis set
to 1.

3. When the shve adires mathes n the firstframefoll owing the start condtion, he device
opeates as thelavedevice specifiedy the maser devte. If the 8h dag bit (R/'W) is 0, the
TRS bit in ICAR remains cled to0, ard shvereceiveoperation is pdormed.

4. At the9th clok pulseof the receive frame, the sladevicedrivesSDA low and reurns an
acknowledge sigha. At the same time, #IRIC flag inICCR is set tdL. If the IEIC bit in
ICCR hes keen set tdl, an irterrupt request is sert to the GPU. If the RDRF inerral flag has
been cleam@to O, it is set td, and theeceve operation ontinues. If the RDRF intenal flag
hasbee set tol and ninth clock isreceivel for thefollowing data receial, the slae device
drives SCLlIow from the falling edge of thereceiveclodk until datais real into ICDR.
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Section 15 I°C Bus Interface (IIC)

5. ReadICDR andclear tle IRIC flag in ICCR to0. The RDRF flag is clearedo O.

Receive operains can b@aformed continuouslyby repeaing steps [4pnd [5]. WhenSDA is
change from low to highwhen SQ. ishigh, ard the sbp cndition isdetected, th&BSY flag in
ICCR is clearedo 0.

Start condition issuance

SCL
(master output) 1 2 3 4 5 6 7 8 9 1 2

SCL High
(slave output)

SDA _\ I(Bit? XBit6 XBit5 X Bit 4 X Bit 3 X Bit 2 X Bit 1 X--Bl-t-()“/ < Bit 7 x Bit 6 x

(master output) <—————— Slaveaddress —————» RW | [4] ~&— Datal1 —

SDA

(slave output) \_ A /
RDRF —|

Y
IRIC Interrupt
request I—
generation *
ICDRS X Address + R/W \

ICDRR x Address + R/W \

b

User processing [5] ICDR read [5] IRIC clearance

Figure 15.7 Example of SlaveReceve Mode Operation Timing (1)
(MLS = ACKB =0)
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Section 15 I°C Bus Interface (IIC)

SCL
(master output)
SCL
(slave output)
A
DA
(mastir output) x Bit 1 x Bit 0 7 ( Bit 7 X Bit 6 XBitS X Bit 4 X Bit 3 X Bit2X Bit 1 X Bit0 y
—— Data1 —» [4] - Data 2 | [4]
SDA
(slave output) \ A /
RDRF
\ \

IRIC Interrupt Interrupt
request request
generation \ generation

ICDRS Data 1 X \ Data 2
ICDRR X Data 1 \ x Data 2

User processing [5] ICDR read [5] IRIC clearance

Figure 15.8 Example of SlaveReceve Mode Operation Timing (2)
(MLS = ACKB = 0)
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Section 15 I°C Bus Interface (IIC)

15.4.5 Slave Transmit Operation

In slave tansmit modetheslave deviceoutputs tle transmi data,while the mastedevice outputs
the recere clock ad reurnsan a&nowledge ginal. The transmissin procedure iad opaations
in slavetrarsmt modearedesribed below.

1.

Set tle ICE bit in ICCR tol. Set tle MLS it in ICMR ard the MST andTRS bts in ICCR
according o the operatingnode.

When the shve adires mathes n the firstframefoll owing detecion of the sart condition,
the slavedevice drivesSDA low at the9th dock pulse aml returns an acknevledge sigral. At
the same timethe IRIC flagin ICCR is set tdl. If the IEIC bit in ICCR hes keenset b 1, an
interrupt request is sentto the CPU. If the 8th dat bit (R/W) is 1, the TRS lit in ICCRis set to
1, and the mode changes © slave tansmit modeauomatically. The TDRE internal flag is set
to 1. The slare devicedrivesSCL low from the fall of the ransmit clack until ICDR datais
written.

After clearing be IRIC flag to O, write daa to ICDR. The TDRE internalflag is cleard to 0.
The written data is transferred t€CDRS, andthe TDRE internal flag andthe IRIC ard IRTR
flags ae set® 1 again. Afterclearing thdRIC flag to O, write the next datito ICDR. The
slave device segentially serts the datawritten into ICDR in accadancewith the clack output
by themasterdevice at theiming shown in figure 15.9.

When ore frameof data hes keentrarsmitted the IRIC flag in ICCR is set td at trerise of
the @h trarsmit clock pulse.If the TDRE internal flag has been settl, this slavedevice
drives SCL lowfrom the fall of the transmit abck urtil data is writtento ICDR. The master
devicedrivesSDA low atthe 9th clock pulse, andreturns anacknowledge sigral. As this
acknowledge signa is soredin the ACKB bit in ICSR this bit canbe used todetermine
whetherthe transfer operaton waspaformed normally. Whenthe TDREinternal flagis 0,the
data writteninto ICDR is transferred tdCDRS, trarsmisson is startedand the TDRE interral
flag and thelRIC andIRTR flags ae set®d 1 again.

To continuetransmission, clea the IRIC flagto O, then write the nextdat to be ransmitted
into ICDR. The TCRE flag is cleared t6.

Trarsmit operdions ca be performedcontinuausly by repeating seps [4] and[5]. To end
trarsmisson, write H'FF tolCDR. When SDA is changed from low to highwhen SCL is hgh, ard
the stopcordition is detected, tie BBSYflag in ICCR is cleared t0.
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Section 15 I°C Bus Interface (IIC)

Slave receive mode ' Slave transmit mode

-t

SCL
(master output)

SCL

(slave output) _\J
(slavg%ﬁtput) \ J \(Blt7 XB|t6 XB|t5 XB|t4 X Bit 3 X B|t2X Bit 1 X Bit 0 y * Bit 7 x Bit6 x

2] i 44 Data 1 -4— Data 2 —

SDA
(master output) RNV, \ A /
\J
TDRE —I_J
| V@3
IRIC Interrupt i Interrupt Interrupt
request | request request
generatiomf generation generation/
ICDRT /: Data 1 X Data 2 x
AN /A
ICDRS / i X Data 1 X/Data 2 /
User processing  [3] IRIC [3] ICDR [3] ICDR [5] IRIC [5] ICDR
clearance  write write clearance write

Figure 15.9 Exampleof Slave Transmit Mode Operation Timing

(MLS =0)
FS=1and FSX =1
S ! DATA DATA P
1 8 n ., 1 n: transfer bit count
| | = (=1t08)
1 m
m: transfer frame count
(m=>=1)

Figure 15.10 1°C BusData Format (Serial Format)

154.6 Clock Synchronous Serial Format

Serial format is amon-aldressingormat that has no acknowiedge bit. Figure 15.10shows ths
format.
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Section 15 I°C Bus Interface (IIC)

15.4.7 IRIC Sdting Timing and SCL Contr ol

The interrupt request flag (IRC) isset at dferen timesdepending onthe WAIT bit in ICMR, the
FShit in SAR, and the FSXbit in SARX. If the TDRE or RDRF intermal flagis setv 1, SCL is
auomaticallyheld low afterone framehas been trasferred this timing is syndironized with e
interral clock. Figure 15.11 stows the IRIC set timirg andSCL corirol.

(a) When WAIT =0, and FS = 0 or FSX = 0 (I2C bus format, no wait)

L 7N\__/8 \_/9o \_ N S

SDA 7 X 8 >\\A /

IRIC |

b

User processing Clear IRIC Write to ICDR (transmit)
or read ICDR (receive)

107

(b) When WAIT =1, and FS = 0 or FSX = 0 (I2C bus format, wait inserted)

scL /g S e\ [\

SDA 8 >< S A / 1

IRIC | | |

User processing Clear Clear Write to ICDR (transmit)
IRIC IRIC orread ICDR (receive)

(¢) When FS =1 and FSX = 1 (synchronous serial format)

SCL 7\ /8 \ STy T

IRIC |

/

User processing Clear IRIC Write to ICDR (transmit)
or read ICDR (receive)

(@)
O
>
><
o]
X
]
\ﬁ\g

Figure 1511 IRIC Sdting Timing and SCL Contr ol
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Section 15 I°C Bus Interface (IIC)

15.4.8 NoiseCancele

The logic lewvels at the SCL andSDA pins are rauted throughnoise cageless before being latched
internally. Figure 15.12 shows ablock diagram of lhe noisecanceler circui

Thenoise cander consistof two cascded ldaches ad a match detectofhe SCL (or SDA)
Inpu signal is sampéd on the sysemclock, butis not passd forward to the next circuit unless he
outpus of both latches gree.If they do not agreg the previous value is hdd.

Sampling clock

C C
SCL or
SDA input —=D Q D Q Match Internal
signal — SCL or
g Latch Latch detector SDA
signa

System clock
period

Sameing ] ] ] [T

Figure 1512 Block Diagram of NoiseCanceler
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Section 15 I°C Bus Interface (IIC)

15.4.9 Sarple Flowcharts

Figures 15.13 to 15.16 showsampe flowcharts for usingthe FC bus nterface in edt mode.

C Start )

]
| Initialize | 111 initiatization

>
>

| Read BBSY in ICCR |

No
BBSY =0?
Yes

$I%(SIVI=S'1I' ; ]ég% [3] Select master transmit mode.

WSritCePBng\i:]:Iéggd [4] Start condition issuance

[2] Test the status of the SCL and SDA lines.

»|
|

| Read IRIC in ICCR |

[5] Wait for a start condition
e ¢
Yes

| Write transmit data in ICDR | [6] Set transmit data for the first byte
I (slave address + R/W).
| Clear IRIC in ICCR | B (After writing ICDR, clear IRIC
>| —  continuously)

| Read IRIC in ICCR |

M o
- i

es

[7] Wait for 1 byte to be transmitted.

| Read ACKB in ICSR |

[8] Test the acknowledge bit,
transferred from slave device.

ACKB = 0?
Yes -
—| | Master receive mode ||

=| Yes

| Write transmit data in ICDR | ] [9] Set transmit data for the second and
- subsequent bytes.

| Clear IRIC in ICCR | (After writing ICDR, clear IRIC

> — immediately)

| Read IRIC in ICCR |

MO 1T —— | |

es
| Read ACKB in ICSR |

[10] Wait for 1 byte to be transmitted.

[11] Test for end of tranfer

End of transmission?
or ACKB =17

Yes

- -
| )

| Clear IRIC in ICCR | ]
|

Write BBSY =0 and
SCP =0in ICCR

C End ) -

[12] Stop condition issuance

Figure 15.13 Sample Flowchart for Master Transmit Mode
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Section 15
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| Master receive operation

I
Set TRS =0in ICCR

I
Set ACKB =0in ICSR

]
Read ICDR

I

I |

[ SetWAIT =1inICMR
|

I ]

| Clear IRIC in ICCR

Read IRIC in ICCR

Yes

| Clear IRIC in ICCR

Read IRIC in ICCR

| Read ICDR

1
| Clear IRIC in ICCR

Read IRIC in ICCR

Last receive?
No

| Clear IRIC in ICCR
I

——

[ SetACKB=1inICSR

|
[ SetTRS=1inICCR

I
| Clear IRIC in ICCR

| Set Wait = 0 in ICMR
1

| Read ICDR
|

| Clear IRIC in ICCR

Wiite BBSY = 0.and
SCP=0inICCR

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.

:| [4] Clear IRIC.
(to end the wait insertion)

[5] Wait for 1 byte to be received.

:| [6] Read the receive data.
:|[7] Clear IRIC.

[8] Wait for the next data to be
received.

:| [9] Clear IRIC.
(to end the wait insertion)

[10] Set acknowledge data for
the last reception.

:| [11] Clear IRIC.
(to end the wait insertion)

[12] Wait for 1 byte to be received.

[13] Clear wait mode.
Read receive data.
Clear IRIC.
(Note: After setting WAIT =0,
IRIC should be cleared to 0.)

] [14] Stop condition issuance.

Figure 15.14 Sanple Flowdhart for Master ReceiveMode
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Section 15 I°C Bus Interface (IIC)

| Initialize |
|

and TRS = 0in ICCR
|

| setackB=oinicsR |

| Read IRIC in ICCR |

(2]

|General call address processing | |

* Description omitted

| Read TRS in ICCR |

No
@ | siave transmit mode | |

Yes

| Read ICDR | :I 3]
|
| Clear IRIC in ICCR | [1] Select slave receive mode.
‘l [2] Wait for the first byte to be received (slave

| Read IRIC in ICCR | address).
[3] Start receiving. The first read is a dummy read.

NO [4] [4] Wait for the transfer to end.
[5] Set acknowledge data for the last reception.

Yes

[6] Start the last reception.

[7]1 Wait for the transfer to end.

—— .
|  setackB=1inicsR | :| [5] [8] Read the last receive data.
|
| Read ICDR | :I (6]
|
| Clear IRIC in ICCR |
I ]
| Read IRIC in ICCR | (7]
e >
Yes T
| Read ICDR | 8l

| Clear IRIC in ICCR |

End

Figure 15.15 Sanple Flowdart for Slave Receive Mode
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Section 15 I°C Bus Interface (IIC)

| | Slave transmit mode | |

|  cearmiciniccr |

[ write transmit datain ICDR_| | [1]

|  clarriciniccR |

|  ReadRICinICCR |

|  ReadAckBinicSR | |

of transmission
(ACKB =1)?

|  setTRs=oiniccrR | |M4
| _
| Read|ICDR | |5

|  clarmiciniccR |

End

(1]

(2]
(3]
[4]
[5]

Set transmit data for the second and
subsequent bytes.

Wait for 1 byte to be transmitted.
Test for end of transfer.
Set slave receive mode.

Dummy read (to release the SCL line).

Figure 15.16 Sample Flowchart for Slave Transmit Mode
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15.5 UsagdNotes

1. In master mde, if aninstruction to generate a start audition is immedately followed by an
instruction to gereratea stopcondition, neither condtion will be output correctly. To output
consecutivestart and stp conditons, after issing the instruction that generates th start
condition, readthe relewant ports, chek that SCL ad SDAareboth low, then issughe
instruction that generates he st cordition. Note that SCLmaynat yet have gore low when
BBSY is cleared to 0.

2. Either of the following two corditions will start the next trarsfer. Payattertion to these
conditions whenreadng or writing to ICDR.
— Write access to ICDRhen ICE = 1 andTRS= 1 (includingautomatictransfer from
ICDRT to ICDRS)

— Read access 1€DR when ICE =1 and TRS= 0 (including automatic transfer from
ICDRSto ICDRR)

3. Table 15.5 shows the iming of SAL and DA outputin synchronizaion with the internal
clock. Timings onthe bis ae determined by the rise ad fall times of signks affecte by the
bus loal cgpaatance, series sistance, lad parallel resistace.

Table 15.5 1°C Bus Timing (SCL and SDA Output)

Item Symbol Output Timing Unit Notes
SCL output cycle time teoio 28t to 256t ns
SCL output high pulse width tecio 0.5t , ns
SCL output low pulse width teoo 0.5t o ns
SDA output bus free time tro 0.5t — 1t ns
Start condition output hold time toraro 0.5t — 1t,, ns
Retransmission start condition output  t_, . 10 ns
setup time

Stop condition output setup time teros0 0.5t +2t,, ns
Data output setup time (master) toonso g0 — 3t ns
Data output setup time (slave) Mg — 3t ns
Data output hold time oo 3t,,. ns

4. SCL and SDA inpus aresanpled in synchronizaion with the internal clock. The AC timing
thereforedepadson the sysm clok cycle t,, as show in tade 20-4 in sectin 20, Electical
Characteristics. Note thatet1’C bus interface ACtiming ecificaionswill notbemetwith a
sysem cbck frequency of less han 5 MHz.
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Section 15 I°C Bus Interface (IIC)

5. Thel®C bus inerfacespecifiction for the SCL rise time tis unde 1000 ns (30 ns fa high-
spee@ mode).In master node, the I°C businterface monitorghe SCL lineand synbronizes
onebit ata ime during communicaton. If t_ (thetime for SCL to gofrom low to V,,) exeeds
the time atermired bythe inpu clock of the I°C bus inteface, thehigh period of SCLis
extenced. The SCL rise times determined by the pull-up resistance ath load cgacitanceof
the SCL lire. To insureproperoperation atthe set trasferrate, agust the pull-up resistace
and loa cgpaatance so thatie SCLrise tmedoes not ¥ceed theralues giva in thetable in
tade 156.

Table 15.6 Permissible SCLRise Time (t,) Values

Time Indic ation

I°C Bus
toe Specification ¢ = o= o= ¢ =16
[ICX Indicatio n (Max.) 5 MHz 8 MHz 10 MHz MHz
0 7.5t Normal mode 1000 ns 1000 ns 937 ns 750ns 468 ns
High-speed mode 300 ns 300 ns 300 ns 300 ns 300 ns
1 17.5t, Normal mode 1000 ns 1000ns 1000ns 1000 ns 1000 ns
High-speed mode 300 ns 300 ns 300 ns 300 ns 300 ns

6. Thel’C bus inerfacespecifiationsfor the SCL and SB riseand falltimesare unde 1000 ns
and 300ns. The fC bus nterface SCL ad SDA outputiming isprescibed by tandf, as
shown in table 15.5. However, becaiseof the rise ad fall times, be I°C bus nterface
specificationsnaynot besatisfied atlie maimum transfer rate. Table 15.7 shows output
timing catulationsfor diff erent operating frequencies, including the worst-case mfluene o
rise andrall times. The values inthe alove tble will vary depending on the setting of the
[ICX bit ard bits CKS0 to CKS2. Depending on the frequency it may not be possble
achieve the maxmum trarsfer ratetherdore,whethe or notthe fC businterface
specifications arenet must b&letermine in aceordancewith the acual seting condtions.

t..., fails tomeet tle FC bus interfacepecifications atry frequency. The solution is either (a
to provide @ding to secue the necessy interval (approximately 1 ps)between issuiace of a
stgp condtion ard isswance of a start contion, or (b) to seéct cevices whae inpu timing
pemits this output timing for use asslavedevices onreced to the I°C bus.

t.., IN high-speed node and 't in stardard mock fail to satisfythe FC businterface
specifications fa worst-case elculatonsof t/t.. Possble lutions that should be

investgated include(a) adusting the rise ad fall times ly meansof a pull-up resitor and
capacitive lod, (b) reducing be transferrateto meet e specificationsor (c) selecting devices
whoseinput timing permits this outputtiming for use asslavedevicesconnectd to the I°C

bus.
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Section 15 I°C Bus Interface (IIC)
Table 15.7 1°C Bus Timing (with Maximum Influence of t /t.)
Time Indic ation (at Maximum Transfer R ate) [n s]
I°’C Bus
t It Specifi-
Influence cation = = o= o=
Item t, Indicati on (Max.) (Min.) 5MHz 8 MHz 10 MHz 16 MHz
teno 0.5t (-t,)  Standard mode  —1000 4000 4000 4000 4000 4000
High-speed mode —-300 600 950 950 950 950
tscio 0.5t , (-t;)  Standard mode —250 4700 4750 4750 4750 4750
High-speed mode —250 1300  1000*"  1000*' 1000*'  1000*'
toro 0.5t ,—1t,,  Standard mode ~ —1000 4700  3800*' 3875*" 3900*' 3938*'
() High-speed mode  —300 1300 750"  825*"  850*' 888"
torno 0.5t,,,—1t,,  Standard mode  —250 4000 4550 4625 4650 4688
() High-speed mode  —250 600 800 875 900 938
tonco 1t (L) Standard mode ~ —1000 4700 9000 9000 9000 9000
High-speed mode —300 600 2200 2200 2200 2200
toroso 0.5t,,,+2t,,  Standard mode  —1000 4000 4400 4250 4200 4125
(1) High-speed mode  —300 600 1350 1200 1150 1075
toonso 1teo*®—3t,,  Standard mode  —1000 250 3100 3325 3400 3513
(master) (1) High-speed mode  —300 100 400 625 700 813
toonso 1ty *-8t,,  Standard mode  —1000 250 3100 3325 3400 3513
(slave) () High-speed mode  —300 100 400 625 700 813
tsoano 3t Standard mode 0 0 600 375 300 188
High-speed mode 0 0 600 375 300 188
Notes: 1. Does not meet the I°C bus interface specification

2. Calculated using the I°C bus specification values (standard mode: 4700 ns min.; high-
speed mode: 1300 ns min.).
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7. Note on ICDR Readt end of Master Reception

To halt recgtion aftercompktion of a recere opaation inmastereceivemode, set th&RS
bit to 1 ard write Oto BBSY aml SCP inCCR. Ths changes the SDA pin from low to high
when the SQ. pin is high, and geneates the stop condtion. After this, receive daa can be read
by mears of an ICDR read but if dataremains inthe buffer the ICDRS receie datawill not be
transferred tdCDR, ard soit will not be possilbe toreadthe secod byte ofdata. If it is
necessy toread theseond byte of data, issuehie stop ondition in maser receve mode (i.e.
with the TRSbit clearedo 0). When reding the recere daa, first confrm that the BBSY bit
in ICCR is cleared t0, the sbp condtion has leengenerated ard the bus fas keenreleased
thenread ICDR with TRS clearedo 0. Note that if the receie data (ICDR data) is readn the
interval betweenexecttion of the instruction for isstance ofthe stopcordition (writing of O to
BBSY ard SCP inICCR) andthe act@a generationof the stgp condtion, the clack maynat be
outputcorrecty in subseuert maser ransmisson.

8. Noteson Start Candition Issuame forRetrarsmisson

Depending onthe timing comhbnationwith the start codition isstance andhe sibsequently
writing data tolCDR, it maynot be possilde toisste the retarsmissionandthe data
transmisson after retrasmisson condtion isswarce.

After start cadition isswarce is doe ard determined the start coniion, write the transmit
data tolCDR, as show below. Figure 15.17shaows the timing of stat condition isswance fo
retransmissionandthe timing for sulsequently writing datato ICDR, together with the
corresponding flowchra
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[1] Wait for end of 1-byte transfer
(1]
[2] Determine whether SCL is low

Clear IRIC in ICSR

[3] Issue restart condition instruction for transmission

Start condition

issuance? | Other processing ||

[4] Determine whether start condition is generated or not

Yes -
Read SCL pin [5] Set transmit data (slave address + R/W)
Write BBSY =1, 3]
SCP =0 (ICSR)
[
N [4] Note: Program so that processing from [3] to [5]
is executed continuously.
Write transmit data to ICDR (5]

&

Start condition
(retransmission)

SCL 9 { f

\__V__/
Ad

SDA ACK / / Bit 7 X
* Data output

IRIC

A . .
[5] ICDR write (next transmit data)
[4] IRIC determination
[3] (Restart) Start condition instruction issuance

[2] Detemination of SCL = Low
[1] IRIC determination

Figure 1517 Flowchart and Timing of Start Condition Instr uction Issuance for
Retrangamission
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¢ Notes onWAIT Function
— Conditions to cawse this phrenanenon

When bath of the following condtions aresatisfied, he clock pulseof the 9th clock could
be outputted cantinuously in mastermoce using the WAIT function due o the failure of

the WAIT insertion after the 8th clock fall.

(1) Settingthe WAIT bit of the ICMR regsterto 1 andoperatirg WAIT, in master mod
(2) If the IRIC bit of interruptflag s cleaedfrom 1 to O betweenthe fall of the 7th clock

and thefall of the 8th clock.

— Error pheromeron

Normally, WAIT statewill be carcelledby clearirg the IRIC flag bit from 1to O after tre
fall of the 8th clock in WAIT state. Inthis case, if he IRIC flag bit is cleareetweea the
7th clock fall and the 8th clock fall, the IRIC flag clear- dta will be retainedinterrally.
Therdore, theWAIT state wil be cancelledight after WAIT inserton on 8th clock fall.

— Restrictions

Please clear the IRIflag bdore theriseof the 7th clock (the @unter value of BC2
through BCO stould be 2 orgreate}, after the RIC flag is set td ontherise ofthe &h

clock.

If the IRIC flag-clkaris delayed dueto the interrupt or other processesird the value of BC
counter is turned to 1 @, plkease confm the SCLpins ae in thelow stde after the
counter value of BC2through BCO is turredto 0, axd clear thdRIC flag. (Sedigure

15.18)

SDA A Transmit/receive data

A Transmit/receive
data

ng_Tl_?l_?l_Tl_Elﬁl_ﬂ_eLrl: veonin [*] [T [2L oL

BcztoBcoo765432:15\o 7165

IRIC clear y When BC2 to BCO =2

IRIC — :
(operation J : E E

example
xample) IRIC flag clear available

\

clear IRIC

IRIC flag clear available

IRIC flag clear unavailable

Figure 15.18 IRIC Flag Clear Timing on WAIT Operation
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Section 15 I°C Bus Interface (IIC)

e Notes onTRS Bit Settig and ICIR RegsterAccess
— Conditions to catse tis failure

Low-fix ation of the SCL pns s carcelledincorrectly whenthe fdlowing conditions are
satisfied

Master mode:

Figure 15.19 slows the notes onlCDR readng (TRS = 1) in mastemmock.

(a) Whenpreviously receive 2-bytedataremains n ICDR unreal (ICDRS arefull).
(b) Reads ICDR regsster after switching to transmi mode (TRS = 1). (RDRF =0 shte)

(c) Sets tarecaeve mode(TRS = 0), aftertransmittirg the first frameof issuedstart
condition by mastermaode.

Slave mode:

Figure 15.20 slows the nates onlCDR writing (TRS =0) in slave moce.

(a) Writes ICDR registerin receive node(TRS = 0), afterenteringthe stat condtion by
slave mode (DRE =0 state).

(b) Addressmatch with thdirst frame, receie 1 by R/Wbit, and switches to tremit
mode (TRS=1).

When these onditions ae saisfied, te lowfixation of the SCL pins s canceled withou
ICDR registeraccess after thirst frame is tansferre.

Along with ICDRS - ICDRR transfer
Cancel condition of SCL =

Stop condition  Start condition Low fixation is set.
! Yy 'Y |
SDA ] ! [ Address [A] | Dan
SCL | I E
TRS bit 1 ! ‘
RDRF bit ! | (b) RDRF = O\i [
ICDRS data full _I E /i |

(a) ICDRS data full

T ICDR read

Detection of 9th clock rise
(TRS =1)

TRS = 0 setting

Figure 15.19 Noteson ICDR Reading with TRS =1 Setting in Master Mode
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Section 15 I°C Bus Interface (IIC)

Along with ICDRT - ICDRR transfer
Cancel condition of SCL =

Stop condition Start condition Low fixation is set.

L AN / \ \
SDA | A | | | | Address [iA] Data
SCL
TRS bit | E (b) TRS = 1—,f
TDRE bit A | 1

T T (a) TDRE = 0 /’T
TRS =0 setting  ICDR write Automatic TRS = 1 setting by

receiving R/W = 1

Figure 1520 Noteson ICDR Writing with TRS =0 Seting in Slave Mode

— Restriction
Please carry out the followirgpuntermeasures whéransmitting/receiving via te lIC bus
interface module.
(1) Pleaseeda thelCDR registers in receivenode, andvrite them in trasmit mode.
(2) Inreceivng opeation withmastermode,please issuéhé start conditionféer cleanmg
the internal flg of thellC bus interface module, usiig). R3 to CLRObit of the
DDCSWRregister onbus-free state (BBSY= 0).
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Section 16 A/D Converter

Section 16 A/D Converter

This LSI includes a sacessive apximationtype 10-bit A/D conwerter that allavs up to eight
analog input kannels ® be selected. fe block diagamof the A/D conwverter is siown in figure
16.1.

16.1 Features

e 10-bit resdution
e Eightinpu channek (four channek for the 42-pin version)
e Conversion time: at least 44 per diannel (at 16 MHz operation)
e Two opeating modes
— Single male: Single-channel A/D conversion
— Scanmode: Continuous A/D conversionon 1 to4 chanrels
e Fourdatregisters
— Conversion rsults aréheld in a 16sit dat register for eat chamel
e Sampé and had function
e Two conversionstat methals
— Sdtware
— External trigger sigral
e Intemupt reqiest
— An A/D conversion end interruptrequest(ADI) can begererated
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Section 16 A/D Converter

Module data bus Internal data bus
[0
SK_>
©
A0 Q0 |2
k=
(2] (2]
[ >
S m
£
AVee g | |alalala Al A
52 D|D|D|D D|D
10bitD/A  K]2Z[p|D|D|D clc
0@ R|R|R|R S|R
= AlB|C|D R
[%0]
[0}
Q
S
wn

* (U

TS > 4—([)14
| P Control circuit

I

--------- ]
Sample-and- ADI

hold circuit interrupt

*ANO —=
AN{ —
AN2 —»|
AN3 —
AN4 —
AN5 —|
ANG —»|
AN7 —

Analog multiplexer

ADTRG

[Legend]

ADCR: A/D control register
ADCSR: A/D control/status register
ADDRA: A/D data register A
ADDRB: A/D data register B
ADDRC: A/D data register C
ADDRD: A/D data register D

Note: AN4, AN5, AN6, and AN7 do not exist in the 42-pin version.

Figure 16.1 Block Diagram of A/D Converter
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Section 16 A/D Converter

16.2  Input/Output Pins

Table 16.1 summarizes he inpu pinsusel by the A/D converter. The eight anabg input pins are
divided into two groups;analog inputpins 0 to 3 (ANO to AN3) comprising group 0, aralog inpu
pins4 to7 (AN4 to AN7) compising group 1L The AV cc pinis the power supgy pin for the
anabg block in the A/D converter.

Table 16.1 Pin Configuration

Pin Name Symbol I/0 Functio n

Analog power supply pin AV Input Analog block power supply pin
Analog input pin O ANO Input Group 0 analog input pins
Analog input pin 1 AN1 Input

Analog input pin 2 AN2 Input

Analog input pin 3 AN3 Input

Analog input pin 4 AN4 Input Group 1 analog input pins
Analog input pin 5 AN5 Input

Analog input pin 6 ANG6 Input

Analog input pin 7 AN7 Input

A/D external trigger input pin  ADTRG Input External trigger input pin for starting A/D
conversion
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Section 16 A/D Converter

16.3  RegisterDescription
The A/D conveter has the followingregistes.

e A/D datregsster A(ADDRA)

e A/D data regster B (ADDRB)

e A/D data regster C (ADDRC)

e A/D datregster D(ADDRD)

e A/D cortrol/statis regster(ADCSR)
e A/D control register (ADCR)

16.3.1 A/D Data Registers Ato D (ADDRA to ADDRD)

Therearefour 16-bit readonly ADDR registers; ADDRA to ADDRD, usel to store the results of
A/D conversion. The ADDR registers, whitstore aconvesionresultfor each bannel, ae
shown in table 16.2.

The onverted10-bit datis stored in bits 6 0 15. The lower 6 bits are alvays readasO.

The da& busbetweenthe CPU andthe A/D corverter is 8 bitswide. The upe byte can be read
directlyfrom the CPUhowever the lower byte slould be readvia a temporegy register. The
temporary rgisterconents are transferdefrom te ADDR when the upe byte datisread.
Therdore, bye access to ADDR shdiibe done by readig theupper byt first then thelower
one. Word access is also psilde. ADDR isinitialized to H'0000.

Table 16.2 AnalogInput Channelsand Corresponding ADDR Registers

Analog | nput Channel

Group O Group 1 A/D Data Regi ster to be Stored Results of A/D Conversi on
ANO AN4 ADDRA
AN1 AN5 ADDRB
AN2 ANG6 ADDRC
AN3 AN7 ADDRD
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Section 16 A/D Converter

16.3.2 A/D Control/Status Register (ADCSR)

ADCSR consists of the aontrol bits and ©nverson end statusbits of the A/D converter.

Initial
Bit Bit Name Value R/W Description
7 ADF 0 R/W A/D End Flag
[Setting conditions]
e When A/D conversion ends in single mode
e When A/D conversion ends on all the channels
selected in scan mode
[Clearing condition]
When 0 is written after reading ADF = 1
6 ADIE 0 R/W A/D Interrupt Enable
A/D conversion end interrupt (ADI) request enabled by
ADF when 1 is set
5 ADST 0 R/W A/D Start
Setting this bit to 1 starts A/D conversion. In single
mode, this bit is cleared to 0 automatically when
conversion on the specified channel is complete. In
scan mode, conversion continues sequentially on the
specified channels until this bit is cleared to 0 by
software, a reset, or a transition to standby mode.
4 SCAN 0 R/W Scan Mode
Selects single mode or scan mode as the A/D
conversion operating mode.
0: Single mode
1: Scan mode
3 CKS 0 R/W Clock Select

Selects the A/D conversions time
0: Conversion time = 134 states (max.)
1: Conversion time = 70 states (max.)

Clear the ADST bit to 0 before switching the
conversion time.
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Section 16 A/D Converter

Initial
Bit Bit Name Value R/W Description
2 CH2 0 R/W Channel Select 0 to 2
CH1 0 R/W Select analog input channels.

0 CHO 0 R/W When SCAN =0 When SCAN = 1
000: ANO 000: ANO
001: AN1 001: ANO to AN1
010: AN2 010: ANO to AN2
011: ANS 011: ANO to ANS
100: AN4 100: AN4
101: ANS 101: AN4 to AN5
110: AN6 110: AN4 to AN6
111: AN7 111: AN4 to AN7

AN4, AN5, AN6, and AN7 do not exist in the 42-pin
version.

16.3.3 A/D Control Register (ADCR)

ADCR erades A/D conwersion stated by anexternal trigger signal.

Initial

Bit Bit Name Value R/W Description

7 TRGE 0 R/W Trigger Enable
A/D conversion is started at the falling edge and the
rising edge of the external trigger signal (ADTRG)
when this bit is set to 1.
The selection between the falling edge and rising edge
of the external trigger pin (ADTRG) conforms to the
WPEGS5 bit in the interrupt edge select register 2
(IEGR2).

6to1 — All 1 — Reserved
These bits are always read as 1.

0 — 0 R/W Reserved

Do not set this bit to 1, though the bit is
readable/writable.
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Section 16 A/D Converter

16.4  Operation

The A/D converter operates Isgccessive approximation with 10tlbesolution. It has two
opeaating modes; single mode ard scan mode.When changing the operating mode or analog inpu
chanrel, in order to preert incorrect opeation,first clear he bit ADST to 0 n ADCSR. The
ADST bit canbe set athe sane time ashte opaating mode oraraloginput chanrel is changed.

16.4.1  SingleMode

In single mode A/D conversion is performed oncefor the anabg inpu on the specifiedsingle
chanrel as fdlows:

1. A/D convesion is staedwhen theADST bit in ADCSR is set td, according to softwa or
external trigger input.

2. WhenA/D conwerspnis canpleted the resut is trarsferred tathe correspoding A/D data
register tohe channel.

3. On comgetion of cawversion the ADF bit in ADCSR is seto 1. If the ADIE bit is set tal at
this time, anADI interrug request is generated

4. The ADST bt remairs setto 1 during A/D conversion WhenA/D corversion ends, the ADST
bit is automatically cleared to Gndthe A/D converter eners tre wait state.

16.4.2 ScarMode

In scanmode A/D conversion is pefformed seqientaly for the anabg inputon the spedfied
channels (four channetsaximum) as fdlows:

1. Whenthe ADST kit is setd 1 by sditware, or extemal triggerinput, A/D conversion stats on
the first channel inthe group (ANO when CH2 =0, AN4 whenCH2 = 1).

2. When A/D converson for eat channel is ompldaed theresut is seaqentially trarsferred to
the AID datregister mrreponding to ead chamel.

3. Whencorversion of all the selectedhamels iscompeted, he ADF flag in ADCSR is seto 1.
If the ADIE bit is set tol at his time, an ADlinterrupt is requested Convesion of the first
channel in thgroup starts gain.

4. The ADST bit is na auomatically cleared to 0Stes [2] to [3] are rgpeatel as long as the
ADST bit remairs set to 1Whenthe ADST ht is cleared t®, A/D converson stops.
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Section 16 A/D Converter

16.4.3 Input Sampling and A/D Conversion Time

The A/D conveter has a buit-in sampe-and-hold circuit. The A/D convetter sampes e aralog
input whenthe A/D conwerspn startdelay time (1) haspassed dter the ADST bit is setto 1, then
stats conwersion. Figure 16.2 shavs the A/D conversiontiming. Tale 16.3 shaws the A/D
conversiontime.

As indicated in figurel6.2, tie A/D converson time includes tard the inputsanpling time. The
length of t, varies deendingon the timingof thewrite access tADCSR. The btal conversion
time therefore varies whin the ranges ndicaed in table 16.3.

In scanmode the valuesgiven in table 16.3 apply to thefirst conversion time.In the seondard
sulseqlent conwersions, he caversiontime is 128states (fixed) when CKS =0 ard 66states
(fixed) whenCKS = 1.

¢

Address

Ivll
o HE8
SjiE

Write signal

Input sampling
timing

ADF

Y
A
Y

A
\

[Legend]

(1):  ADCSR write cycle

(2):  ADCSR address

tp: A/D conversion start delay
tgp:  Input sampling time

tconv: A/D conversion time

Figure 16.2 A/D Converson Timing
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Section 16 A/D Converter

Table 16.3 A/D Conversion Time (Single Mode)

CKS =0 CKS=1
Item Symbol Min Typ Max Min Typ Max
A/D conversion start delay t; 6 — 9 4 — 5
Input sampling time ten, — 31 — — 15 —
A/D conversion time toony 131 — 134 69 — 70

Note: All values represent the number of states.

16.4.4  Exterral Trigger Input Timing

The A/D convesion canalso ke statedby an exernal triggerinput. When tre TRGE bit is set tol
in ADCR, exerral trigger inpu is erabded atthe ADTRG pin. A falling edye at tre ADTRG
input pin ses the ADST bit to 1 in ADCSR staring A/D conversion. Otheroperatons in both
single and sca mades arethe same asvhen the bt ADST has be@ setto 1 by software Figure
16.3 shows the timing.

ADTRG

Internal trigger \

signal

ADST

A/D conversion

| <
|

Figure 16.3 External Trigger I nput Timing
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Section 16 A/D Converter

16.5 A/D Conversion Accuracy Definitions

This LSI's AD corversionaccuacy definitions are gren belaw.

Resadution

The number of A/D conwerter dgital output codes

Quartization eror

Thedeviation inhaent in the A/D converter, given by 1/2 LSB (seefigure 16.4).
Offset eror

Thedeviation of the analog input voltage value from theideal AD conversion baracteistic
whenthe digital output changes from the minimum vdtage \alue 00@O0MO0to 00MO000A
(see figire 16.5).

Full-scale eror

Thedeviation of the analog input voltage value from theideal AD conversion baracteistic
whenthe dgital output changes from 1111111110to 111111111 X(see figure 16.5).

Nonlineaity error

The eror withrespectad theideal AD conversion characeristics betveen zero voltage and
full-scale voltage. Does naiclude offsetrror, full-scale eror, or quantization eror.

Absolute accuracy

Thedeviation betveen the digital value and the anabg inpu value. Includesoffseterror, full-
scale errorquantization eror, ard nonlineaity error.
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Section 16 A/D Converter

Digital output

111

110

101

100

011

010

001

000

Ideal A/D conversion —»

characteristic

Quantization error

Analog
input voltage

Figure 16.4 A/D Converson Accuracy Definitions (1)

Digital output

Full-scale

|

Ideal A/D conversion _— '
characteristic 7

ol Nonlinearity
7
,’ error
7’

’
’

4
~-+~ Actual A/D conversion

error

’
’

characteristic

-

Offset error

FS

Analog
input voltage

Figure 16.5 A/D Converson Accuracy Definitions (2)
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Section 16 A/D Converter

16.6  Usagd\otes

16.6.1 PermissibléSignal Sourcelmpedance

This LSI's anabg inputis desgned sud that corversion acaragy is guaranteed for an input signal
for which the sgnal source mpedanceis 5 kQ or less. This sgecificationis providel to enable e
A/D corverters samje-and-hald circuit input cagcitarce tobe charged within the samping time;
if the sesor outputimpedanceexceels5 kQ, chaging may be nsufi cientandit may not be
possible to guanteeA/D converson accuray. However, for A/D conversion in sigle modewith
a large capcitance providedextermally, the input loadwill essetially comprise oly the irterral
input resistage of10 kQ2, and the signal sourceimpedane isignaed However, asa low-pass
filter effect is oltained inthis case, it maya be posside to fdlow an amlog sigral with a large
differential codficient (eg., 5 mV/usor greder) (see figre 166). When converting a high-speeal
anabg signalor converting in scanmode, a low-impedancebuffer should be insered.

16.6.2 Influenceson Absdute Accuracy

Adding caacitanceaesults n coupling with GND ,andtherefoe misein GND mayadvesely
affect dsoluteaccurag. Be surdo makethe connectionatan electricallystable GND.

Care is also ragred toersue that filter circuts donot interferewith digital signals or act as
anenrason the mouting boad.

This LS A/D converter
Sensor output equivalent circuit
impedance
to 5 kQ 10 kQ
Sensor input —M‘ _L _L MA J_
Towipass =T | Ces 20 pF
: filter I : 15 pF I I
C to 0.1 pF !

Figure 16.6 Analog|nput Circuit Example
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Section 177 EEPROM

Section 17 EEPROM

This LS| hasan on-chip 512-byte EEPROM. The block diagran of the EEPROM is shown in
figure 17.1.

17.1 Features

e Two writing method:
1-byte write
Page write: Page size 8bytes
e Threerealing methals:
Current adress red
Random adlress red
Sequertial read
e Acknowledgepolling pcssble
e Write cycle time:
10 ms (pwer supply voltage Vcc =2.7 V or moe)
e Write/Erase Endrarce:
10° cyclesbyte (byte write mode), 10° cycles/pagdpage write mode)
e Data retemion:
10 years after the write cycle of 10° cycles(pagewrite mode)
¢ Interfacewith the CPU
I°C bus interface (canplies with the standard of Phili ps Corporaion)
Device ©de 1010
Sleep ddresscodecan bechangel (initial value: 000))
The fC bus isopen to theoutside, solile EBPROMcan be directlyaccessed frorthe ouside.

Rev. 6.00 Mar. 24, 2006 Page 287 of 412
RENESAS REJ09B0142-0600

Downloaded fronDatasheet.su



Section 17 EEPROM

Y EEPROM Data bus > 5
i t ~N :
! H'FF10 |
I @ . |
: EEEROM Key < »| 3 > Y-select/ :
' register (EKR) 3 Sense amp. '
1 © :
E > |
| 8 o Memory E
: - array :
| Key control circuit 3 - User area H'0000
| < o |
! 3 -
i P 3 - !
SDA O)e——»] 3 '
! I2C bus interface ~ |——pp| x |
' control circuit Slave address | H'FF09 |
scL O —> - register |
E ESAR \ T !
E Power-on reset Booster circuit I
EEPROM module !
[Legend]
ESAR: Register for referring the slave address
(specifies the slave address of the memory array)

Figure 17.1 Block Diagram of EEPROM
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Section 177 EEPROM

17.2  Input/Output Pins
Pinsusedin the EEP®M are listedin tade 17.1.

Table 17.1 Pin Configuration

Input/
Pin name Symbol  Output Functio n
Serial clock SCL Input The SCL pin is used to control serial input/output data timing.
pin The data is input at the rising edge of the clock and output at

the falling edge of the clock. The SCL pin needs to be pulled
up by resistor as that pin is open-drain driven structure of the
I°C pin. Use proper resistor value for your system by
considering V, |, and the C pin capacitance in section
20.2.2, DC Characteristics and in section 20.2.3, AC
Characteristics. Maximum clock frequency is 400 kHz.

Serial data SDA Input/ The SDA pin is bidirectional for serial data transfer. The SDA

pin Output  pin needs to be pulled up by resistor as that pin is open-drain
driven structure. Use proper resistor value for your system by
considering V, |, and the C pin capacitance in section
20.2.2, DC Characteristics and in section 20.2.3, AC
Characteristics. Except for a start condition and a stop
condition which will be discussed later, the high-to-low and
low-to-high change of SDA input should be done during SCL
low periods.

17.3 RegisterDescription
The EEPROMNhas &ollowing register.

e EEPROM key regster (EKR)

17.3.1 EEPROM Key Regiter (EKR)

EKR is an8-bit reachlde/writable regster, whch dhanges the slare address codevritten in the
EEPROM. The shve a@dresscade s changed by writing H'5F in EKR and thenwriting either of
H'00 to H'07 as an adekss cod to the H'FF addess n the EEPR® by the byte write methal.
EKR is initializedto HFF.
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17.4  Operation

17.4.1 EEPROMiInterface

This LSI has amulti-chip structue with two interral chipsof F-ZTAT™ HD64F3664 ard 512

byte EEPFROM.

The EEPROMinterface is thé’C bus interface. Tis I°C bus isopen tothe outside, so the

commurication with the exerral devices connectito thel’C bus can be made.

17.4.2 Bus Format and Timing

The fC busformat and thé’C bus timingfollow section15.4.1, I°C Bus Data Format.Thebus
formats speciti for the EEPROM arethefollowing two.

1. The EEPRM address is configred oftwo bytes,the write data is tramsferred inthe order of
upper addressandlower address fom eat MSB side.

2. Thewrite datais trarsmittedfrom the MSB sic.

The hus fomatand bus timing of the EEPROM are slown infigure 17.2.

Start
condltlon

Sto?
cond|on

Slave address R/W

ACK]

Upper memory
address

ACK

lower memory
address

ACK

Data

ACK

Data

ACK

WMNW\MW\WW\AWMW

[Legend]

ACK: acknowledge

R/W: R/W code (0 is for a write and 1 is for a read),

Figure 17.2 EEPROM BusFormat and Bus Timing
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Section 177 EEPROM

17.4.3 StartCondition

A high-to-low trarsition of the SDAInpu with the SCL inpa highis neededo generate the start
condition for starting read write gperation

17.4.4  StopCondition

A low-to-high trarsition of the SDAinpu with the SCL inpa highis neededo generate tle sbp
condition for stopping read write operation

The stadby operation stds after areal sequenceby astop ondition. In the caseof write
opeaation, astop ondition terminags thewrite data inputand pace he device in a internally-
timedwrite cycle tothe memaies. After the iernally-timedwrite cycle (t,.) which is specifiel
as {,., the device enérs a sandby mode.

17.45 Ackrowledge

All addressdata and @&l dat swch as red data andvrite dataare transmittedo andfrom in 8-
bit unit. The ackhowledgemert is the sigral thatindicates hat ths 8-bit data is nomally
transmittedto ard from.

In thewrite operation, EPROM s@&ds '0" to adkknowledge in theninth g/cle after recefing the
dat. Inthereadopeaaton, EEPROM sends a rea data foll owing the a&knowledgement after
receivingthe data.After sending recdidata,the EEPROM eters he busopen statelf the
EEPROMrecaves '0" as an acknowl@lgement, it sendsreaddat of the nextaddres. If the
EEPROMdoes not recee acknowledgemat "0" and receves afollowing sop condkion, it stops
the rea operaion and entersa standbymode. If the EEPROM recevesneither aknowledgenent
0" nor a stopcondition, the EEPRM keeps bus gpen without serding readdata.
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Section 17 EEPROM

17.4.6 SlaveAddressang

The EEPROMdevicereceives a 7-bit slaveddress and a-bit RW codefoll owing the generaton
of the start conions. The EEPROM emabes the chp for a reador a write orationwith this
opeaaton.

The sbve aldress casists of a former 4-bit device ®de and latter 3-bit slave a@ldressasshown in
table 17.2. The device cale s usa to distinguish device type and this LSl uses'1010" fixed code
in the samemanneg asin ageneralpurposeEEPROM. The slave ddress code seleatsmedevice
outof all devices with devicecode1010 (8 devices h maximum) which are coneced to the FC
bus. This meas that thedeviceis selected if the inputtedasieaddress codeeceivel in theorder
of A2, Al, AOis equal to the corresponding slagldressreferenceregiser ESAR).

The slare aldress code is storewl the addess HFF( in the EEPROM. It is trarsferred to ESAR
from the slare address rgister in thememory aray during 10 msafter the resetisreleasd. An
access tohe EEPROM isnotallowed during transfer.

The initial value of the slawe adiress codwritten in the EEPROM is H'00. It can ke writtenin the
range of H'00to H'07. Be sure tavrite the data i the byte write mehod

Thenext one bit of the slaveaddress is the R¥ code 0 isfor awrite ard 1 is for area.

The EEPROMturns to a stadby state if thelevice @de snot"1010" or dave adress ode
doesn’t concide.

Table 17.2 SlaveAddresss

Initial Setting

Bit Bit name Value Value Remarks

7 Device code D3 — 1

6 Device code D2 — 0

5 Device code D1 — 1

4 Device code DO — 0

3 Slave address code A2 0 A2 The initial value can be changed
2 Slave address code A1 0 A1 The initial value can be changed
1 Slave address code AQ 0 A0 The initial value can be changed
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Section 177 EEPROM

17.4.7  Write Operations

There are twdypes write operatons;byte write goeraton and pagewrite opeation. Toinitiate
the write ogeratian, inpu 0 to R/W codefollowing theslave address.

1. ByteWrite
A write operation requres an8-bit data of a7-bit slave addressvith R/W code= "0". Then
the EEPROM serds a&knowledganent"0" atthe ninth bit. This enters the wite mode. Then,
two bytesof the memory ddress areeceive from the MSB side in therder ofuppe and
lower. Upon receipt obnebyte memory addresd)d EEPROM sends aknowledgemat "0"
and recaies afollowing a one-bytewrite dda. After recept of write datathe EEPROM sends
acknowledgement "0"If the EEPROMrecaves a sbp ondtion, the EEPROM erters an
internally controllednrite cycle and termrmates receipdf SCL and SDAnputsuntil
completionof the write ¢ycle. The EEPROM returns to a stastby mode after canpletion of
the write cycle.

The byte write @erationis shavn in figure 17.3.

Slave address R/AW|ack| Upper memory || lowermemory |yl \yiite Data  |ACK
address address

Start Sto_F
condition conditon
[Legend]

R/W: R/W code (0 is for a write and 1 is for a read)
ACK: acknowledge

Figure 17.3 Byte Write Operation

2. PagéWrite

This LSl is capable offtie page write operatrowhich allows any numbe of bytesup to 8
bytes tobe writtenin asinge write cycle. Thewrite data is irput in the same segence as tk
byte write in the orar of a strt condition, slave ddress +R/W code, menory addres(n), and
write da@ (Dn) with every ninth bit adcknowledgement”0" output The EEPROM enters the
pagewrite opeation if theEEPROMreceives mae write data (Dn+t) is input insteadf
receiving astop ondition afer receving the write data (Dn)LSB 3 bits (A2 © AO0) in the
EEPROM adress araubmatically incremated b be the(n+1) aldressupon receivig write
data (Dnt1). Thusthe writedata can le receivedsequertially.
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Section 17 EEPROM

Addressesn the pageareincremented at eah receiptof the write data iad thewrite datican
be npu up to 8 bytes If the LSB 3 bits (A2 to A0) in theEEPROM aldress redt the last
address of tk page, the addressvill roll over to thefirst addessof the same age. Whenthe
address is rolledver, write data is receiwktwice or moreto thesameaddress, howevgthe
last received data is validit the receiptof the sbp conditionwrite data reception is
terminated and tewrite operation is ertered.

The pae wrie operaton is stown in figure 17.4.

SVAVAVs Vel oWz ool iaWa LYo oWl

— Upper memory lower memory . .
D Slave address R/W|ACK address ACK| address ACK] Write Data |JACK Write Data |ACK D
Start Sto_?
condition conditon
[Legend]

R/W: R/W code (0 is for a write and 1 is for a read),
ACK: acknowledge

Figure 17.4 PageWrite Operation

174.8 Acknowledge Pdling

Acknowledgepolling featureis usel to show if the EEPROM is in aninterrally-timedwrite cycle
or nat. This feature is nitiated by the input of the 8-bit slave addess + RW codefoll owing the
start comlition during aninterrally-timedwrite cycle. Acknowledge palling will operate R/W
code="0". The ninth acknowledgemat judges f the EEPRM is anintermally-timed writecycle
or nat. Acknowledgemert "1" shows the EEPR®/ is in a intermally-timedwrite cycle ard
acknowedgemert "0" shows the internally-timedwrite cycle has beencompleted The
acknowledge pallin g starts tafunction after a write dta is hpu, i.e.,whenthe stopcordition is
input.
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Section 177 EEPROM

17.4.9 ReadOperation

There ae three read operations currernt addressread, random addresgead, andgequatial read.
Readoperations are nitiated in the same \ay as write opratians with the exceion of R'W = 1.

1. CurrentAddressRead

The internal addess conter mairtains the (n+1) addess tlat is mae by the last addess ()
accesseduring thelast red or write operaon, with inccemented byone. Currat address
read accessebe(n+1) address ket by the nternal addrss counte.

After receving in theorderof a stat condition and he slave address + RY code(R/W = 1),
the EEPROM outpus the 1-byte dat of the (n+1) addressfrom the most sgnificant bit
following adknowledgament '0". If the EEPROM recevesin theordea of acknowledgement
"1" and afollowing sbp condition, he EEFROM siops the read opeation ard isturnedto a
standby state.

In case th&EEPROMhas acessedtie last ddressH'01FF atprevious rea opeaton, the
current adress willroll overand retirns o zero addrss. In casehe EEPROM ha accsesed
the last addressof the page atpreviouswrite opeation the current addess vill roll overwithin
pageaddressingra reurns b thefirst address inhe sane page.

The curent addess isvalid while power ison. The current address aftggowe on will be
undefined. After power is turned on, definethe adiressby the randaom addres real operation
descrbedbebw isnecessy.

The wrrent addres real operation is shown in figure 17.5.

SCL
1 2 3y 4445 6 7\/8\J9 1 8 9

maspWo TRy
D Slave address R/W|ACK Read Data ACK O

Start Sto_P
condition conditon
[Legend]

R/W: R/W code (0 is for a write and 1 is for a read)
ACK: acknowledge

Figure 17.5 Current Addr essRead Operation
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Section 17 EEPROM

2. Random Address Read

This is areal operatian with defined real addres. A randam addressreadrequires adummy

write to set reacddress. Th EEPROM receves a ste condition,slave adress + RW code
(R/W = 0), memory address(upper) and memory address(lower) sequentially. The EEFPROM
outputs acknowledgement "0" aftexceivhg memory addressoflver) then enters a current
address rahwith receiving astart conditioragain. The EEPRK outputsthe readdata ofthe
addressvhich was defiedin the dummy witie opeation. After receving acknowledgment

"1" and afollowing sbp condition, he EEFROM stops the random real operaton and reurns
to a stadby sate.

Therandom addres real operation is shown in figure 17.6.

VAN
VavAVse A ﬂ@éﬂ/;xg

Upper memory| ACK lower memoryf
address address

Slave address Read Data

Slave address R/WJACK|

Start Start Sto
condition condition cond|Fon

[Legend]
R/W: R/W code (0 is for a write and 1 is for a read),
ACK: acknowledge

Figure 17.6 Random Address Read Operation

3. Sequertial Read
This is a male to readthe data seqertially. Data is sgquential readby either a arrent address
read or aandom addreseead. If the EEPROM receves aknowledgenent "0" after 1-byte
read @ta isoutput, the readaddress is inkemented andhe next 1-bytereaddata arecoming
out. Data isoutput squentiallyby inaementing addressesslongas theEEPROMreceives
acknowledgemern "0" after the @ta isoutput. The addesswill roll over ard reurns addess
zero if it reabes the lastddress HO1FF. The seuential read cabe ontinued after rdlover.
The sguentialread is termated if the EBPROM receresacknowledgement "14nd a
following stop condition as he samemanrer as in tle random addessread.

The cortition of a segential read wienthe current addess reads usedis shavn in figure
17.7.
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Section 177 EEPROM

R VAVAWS W BAWE Y CWOWE Y TRY

D Slave address R/W|ACK| Read Data |ACK| . . . . Read Data |ACK

condition condifon

[Legend]

R/W: R/W code (0 is for a write and 1 is for a read)
ACK: acknowledge

Figure 17.7 SequentialRead Opemation (when current address read is used)

17.5 Usagd\otes

175.1 DataProtedion a V_. On/Off

When V. isturned on or df, the data might be desbyed by malfunction. Be cardul of the
notices destbed bebw to preventthe daato be desbyed.

1. SCL and SDA should be fixed to V. or V  duing V. on/off.
2. V. should be turnedoff afterthe EERROM is placel in a sandby state.

3. WhenV_. is turnedon from the intermedate lewel, mafunction is cawsed, so V.. should be
turned onfrom the groundlevel V).

4. V. turn on speal should be lbnge than 10 us

17.5.2 Write/EraseEndurance

The enduranceis 10° cycles/pagél% cumuktive failurerate) in caseof pageprogramming and
10'cycles/byte incase obyte programming The dataretention time ismore tran 10years wiena
device s pageprogranmmedless han 10 cycles.
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Section 17 EEPROM

17.5.3 NoiseSuwppression Time

This EEPROM hasanoisesuppresson funcion atSCL and SDA inpus, that cuts noise of width
less han50 ns Be cardul not to allow noise of width more than 50 nsbeause he noiseof with
morethan 50 msis remgnized as an actiyaulse
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Section 18 Power Supply Circuit

Section 18 Power Supply Circuit

This LSl incorporates minternal power supdy step-down circuit. Use ofthis circuit enables the
internal power supply to befixed ata mnstant level of agproximaily 3.0V, indgpendently of the
voltage of the power supdy connected tohe externalV . pin. As a resul, the aurrentconsumed
when an external power suppy isuseal at3.0 V or above can be held down to virtually the same
low level aswhen used at approxaiely 3.0 V. If the exemal power supgy is 3.0 V orbelow, the
internal voltage wil be practicallythe sameas tre exerral voltage. It is, of caurse, alsgaosside
to use the samedevel of external power suppy voltage ard internal power suypply voltagewithou
using the internal power supplystepdown circuit.

18.1 When Using Internal Power Supply Step-Down Circuit

Connect theexternalpower supply to the V.. pin, and onnect a capacitece ofagroximately 0.1
uF betveen V_ andV, as sbwn infigure 18.1 The internal step-down cuit is male effective
simpy by addng this exerral circut. In the external circuitinterface the external power supply
voltage conrectedto V.. and the GND potental connecteddV arethereference levelsFor
examge, for port inpu/output lewels, the V.. level is the referere far the high level, and tle V
level is that for the lowlevel. The A/D conveter aralogpower suppy is nd affectedby the
interral stepdown circuit.

I VCC VCC =3.0to55V
.
Step-down circuit
Veo
—1
| | Internal Stabilization
nlger%a power capacitance
g supply (approx. 0.1 pF)
Il VSS

Figure 181 PowerSupply Connedion when Internal Step-DownCircuit is Used
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Section 18 Power Supply Circuit

18.2 When Not Using Internal Power Supply Step-Down Cirait

Whenthe interral power supplystepdown circuit is na used, comect he external power supiy
totheV_ pin ard V_. pin, as slownin figure 18.2. The exernal power supplyis theninpu directly
to the internal power supdy. Thepemissble rangefor the power supdy voltageis3.0V to 3.6V.
Operationcamot be guararteedif a voltage outside this range (ess han 3.0 Vor more than 3.6 V)
IS input.

i VCC VCC = 30 tO 36 V

"
Step-down circuit
Il VCL
Internal | Internal
|O@C power
supply
1 Vss

Figure 182 PowerSupply Connedion whenlnternal Step-Down Circuit is Not Usel
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Section 19 List of Registers

Section 19 List oRegsters

Theregister list givesinformation on the on-chip I/O register aldresseshow the register bits are
corfigured, ard the register sates n ead operaing mode The nformation is given asshown
below.

1.

Register ddresses (ddres orde)

Regsters are listeffom the lower allocationaddresses.
Registers ae dassfiedby functionalmodules.

Thedat buswidth is indicatkd.

Thenumberof access statesindicated.

Register bits

Bit configurations of the registers aredescibed in the sameorderas he ragister aldresss.
Reservd bits ae indicatedby — in the bit name ctumn.

When registersconsist of 16 bits, bits aredesribed from the MSB side

Register stateis each opeating mode
Register statearedescrbed in thesane order ashe regiser aldresses.

Theregister states destgbed herearefor the basicoperating modg If thee is aspecificreset
for an on-chip periphaal modue, refer to the sectim onthat orrchip peripheia module.
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Section 19 List of Registers

19.1 Register Addresses (Adress Order)

The da& buswidth indicaesthe numbes d bits by which the regsteris accessed.

Thenumberof access statesdicatestie numbe of states bagkon the spcified rderence clock.

Data
Abbre - Modu le Bus Access
Register Nam e viatio n BitNo. Address Name Width  State
Timer mode register W TMRW 8 H'FF80  Timer W 8 2
Timer control register W TCRW 8 H'FF81 Timer W 8 2
Timer interrupt enable register W TIERW 8 H'FF82  Timer W 8 2
Timer status register W TSRW 8 H'FF83  Timer W 8 2
Timer I/O control register 0 TIORO 8 H'FF84  Timer W 8 2
Timer 1/O control register 1 TIOR1 8 H'FF85  Timer W 8 2
Timer counter TCNT 16 H'FF86 Timer W 16*' 2
General register A GRA 16 H'FF88  Timer W 16+ 2
General register B GRB 16 H'FF8A  Timer W 16+ 2
General register C GRC 16 H'FF8C  Timer W 16*’ 2
General register D GRD 16 H'FFBE  Timer W 16+ 2
Flash memory control register 1 FLMCR1 8 H'FF90 ROM 8 2
Flash memory control register 2 FLMCR2 8 H'FF91 ROM 8 2
Flash memory power control register FLPWCR 8 H'FF92 ROM 8 2
Erase block register 1 EBR1 8 H'FF93 ROM 8 2
Flash memory enable register FENR 8 H'FF9B  ROM 8 2
Timer control register VO TCRVO 8 H'FFAO  TimerV 8 3
Timer control/status register V TCSRV 8 H'FFA1  TimerV 8 3
Timer constant register A TCORA 8 H'FFA2  TimerV 8 3
Timer constant register B TCORB 8 H'FFA3  TimerV 8 3
Timer counter V TCNTV 8 H'FFA4  TimerV 8 3
Timer control register V1 TCRVA1 8 H'FFA5  TimerV 8 3
Timer mode register A TMA 8 H'FFA6  Timer A 8 2
Timer counter A TCA 8 H'FFA7  Timer A 8 2
Serial mode register SMR 8 H'FFA8  SCI3 8 3
Bit rate register BRR 8 H'FFA9  SCI3 8 3
Serial control register 3 SCR3 8 H'FFAA  SCI3 8 3

Rev. 6.00 Mar. 24, 2006 Page 302 of 412
REJQ9B0142-0600 XENESAS
Downloaded fro

atasheet.su



Section 19 List of Registers

Data
Abbre - Module Bus Access
Register Nam e viatio n BitNo. Address Name Width State
Transmit data register TDR 8 H'FFAB SCI3 8 3
Serial status register SSR 8 HFFAC SCI3 8 3
Receive data register RDR 8 H'FFAD SCI3 8 3
A/D data register A ADDRA 16 H'FFBO  A/D converter 8 3
A/D data register B ADDRB 16 HFFB2  A/D converter 8 3
A/D data register C ADDRC 16 H'FFB4  A/D converter 8 3
A/D data register D ADDRD 16 H'FFB6  A/D converter 8 3
A/D control/status register ADCSR 8 H'FFB8  A/D converter 8 3
A/D control register ADCR 8 HFFB9  A/D converter 8 3
Timer control/status register WD TCSRWD 8 HFFCO  WDT*? 8 2
Timer counter WD TCWD 8 HFFC1  WDT*® 8 2
Timer mode register WD TMWD 8 HFFC2 WDT*? 8 2
I’C bus control register ICCR 8 HFFC4 IIC 8 2
I’C bus status register ICSR 8 HFFC5 1IC 8 2
I°C bus data register ICDR 8 HFFC6 IIC 8 2
Second slave address register SARX 8 HFFC6 IIC 8 2
I°C bus mode register ICMR 8 HFFC7 IIC 8 2
Slave address register SAR 8 HFFC7 IIC 8 2
Address break control register ABRKCR 8 H'FFC8  Address break 8 2
Address break status register ABRKSR 8 H'FFC9  Address break 8 2
Break address register H BARH 8 H'FFCA  Address break 8 2
Break address register L BARL 8 H'FFCB  Address break 8 2
Break data register H BDRH 8 HFFCC Address break 8 2
Break data register L BDRL 8 H'FFCD Address break 8 2
Port pull-up control register 1 PUCR1 8 H'FFDO  1/O port 8 2
Port pull-up control register 5 PUCR5 8 H'FFD1 I/0O port 8 2
Port data register 1 PDR1 8 H'FFD4  1/O port 8 2
Port data register 2 PDR2 8 H'FFD5  1/O port 8 2
Port data register 5 PDR5 8 H'FFD8  1/O port 8 2
Port data register 7 PDR7 8 H'FFDA  1/O port 8 2
Port data register 8 PDR8 8 H'FFDB  1/O port 8 2
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Data
Abbre - Module Bus Access
Register Nam e viatio n BitNo. Address Name Width  State
Port data register B PDRB 8 H'FFDD 1/0O port 8 2
Port mode register 1 PMR1 8 H'FFEO I/O port 8 2
Port mode register 5 PMR5 8 H'FFE1 I/O port 8 2
Port control register 1 PCR1 8 H'FFE4 I/O port 8 2
Port control register 2 PCR2 8 H'FFE5 I/O port 8 2
Port control register 5 PCR5 g*° H'FFE8 I/O port 8 2
Port control register 7 PCR7 8 H'FFEA I/O port 8 2
Port control register 8 PCR8 8 H'FFEB I/O port 8 2
System control register 1 SYSCR1 8 H'FFFO Power-down 8 2
System control register 2 SYSCR2 8 H'FFF1 Power-down 8 2
Interrupt edge select register 1 IEGR1 8 H'FFF2 Interrupts 8 2
Interrupt edge select register 2 IEGR2 8 H'FFF3 Interrupts 8 2
Interrupt enable register 1 IENR1 8 H'FFF4 Interrupts 8 2
Interrupt flag register 1 IRR1 8 H'FFF6 Interrupts 8 2
Wake-up interrupt flag register IWPR 8 H'FFF8 Interrupts 8 2
Module standby control register 1 MSTCR1 8 H'FFF9 Power-down 8 2
Timer serial control register TSCR 8 H'FFFC lc 8 2
Notes: 1. Only word access can be used.
2. WDT: Watchdog timer.
3. The number of bits is six for H8/3664N.
e EEPROM
Data
Abbre - Module Bus Access
Register Nam e viatio n Bit No. Address Name Wwidth ~ State
EEPROM key register EKR 8 H'FF10 IEEPROM 8 2
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Section 19 List of Registers

19.2 RegisteBits

Register bit namesof the on-chip peripheralmodules aredescribed below.

Each Ine covers eght bits, and 16-bit regssters ae siown as2 lines.

Register Modu le
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
TMRW CTS — BUFEB BUFEA — PWMD PWMC PWMB TimerW
TCRW CCLR CKS2 CKSH1 CKSO0 TOD TOC TOB TOA

TIERW OVIE — — — IMIED IMIEC IMIEB IMIEA

TSRW OVF — — — IMFD IMFC IMFB IMFA

TIORO — 10B2 10B1 I0BO — IOA2 IOA1 IOAOQ

TIOR1 — I0D2 IOD1 I0DO0 — 10C2 I0C1 I0CO

TCNT TCNT15 TCNT14 TCNT13 TCNT12 TCNT11 TCNT10 TCNT9 TCNTS8
TCNT7 TCNT6 TCNT5 TCNT4 TCNT3 TCNT2 TCNT1 TCNTO

GRA GRA15 GRA14 GRA13 GRA12 GRA11 GRA10 GRA9 GRA8
GRA7 GRAG6 GRAS5 GRA4 GRAS3 GRA2 GRA1 GRAO
GRB GRB15 GRB14 GRB13 GRB12 GRB11 GRB10 GRB9 GRB8
GRB7 GRB6 GRB5 GRB4 GRB3 GRB2 GRB1 GRBO
GRC GRC15 GRC14 GRC13 GRC12 GRC11 GRC10 GRC9 GRC8
GRC7 GRC6 GRC5 GRC4 GRC3 GRC2 GRCH1 GRCO
GRD GRD15 GRD14 GRD13 GRD12 GRD11 GRD10 GRD9 GRD8
GRD7 GRD6 GRD5 GRD4 GRD3 GRD2 GRD1 GRDO
FLMCR1 — SWE ESU PSU EV PV E P ROM

FLMCR2 FLER — — — — — — —

FLPWCR PDWND — — — — — — —

EBR1 — — — EB4 EB3 EB2 EB1 EBO

FENR FLSHE — — — — — — —

TCRVO CMIEB CMIEA OQOVIE CCLR1 CCLRO CKS2 CKS1 CKSO0 Timer V
TCSRV  CMFB CMFA OVF — 0S3 0S2 OSt 0S0

TCORA  TCORA7 TCORA6 TCORA5 TCORA4 TCORA3 TCORA2 TCORA1 TCORAO
TCORB TCORB7 TCORB6 TCORB5 TCORB4 TCORB3 TCORB2 TCORB1 TCORBO

TCNTV TCNTV7 TCNTV6 TCNTV5 TCNTV4 TCNTV3 TCNTV2 TCNTV1 TCNTVO

TCRVA1 — — — TVEG1 TVEGO TRGE — ICKSO
TMA TMA7 TMAG TMA5 — TMAS3 TMA2 TMA1 TMAO Timer A
TCA TCA7 TCA6 TCA5 TCA4 TCA3 TCA2 TCA1 TCAO
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Register Modu le
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
SMR COM CHR PE PM STOP MP CKS1 CKSO0 SCI3
BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR3 TIE RIE TE RE MPIE TEIE CKEA1 CKEO
TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SSR TDRE RDRF OER FER PER TEND MPBR  MPBT
RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
ADDRA  AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2 A/D converter
AD1 ADO — — — — — —
ADDRB  AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRC AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —
ADDRD AD9 ADS8 AD7 AD6 AD5 AD4 AD3 AD2
AD1 ADO — — — — — —

ADCSR  ADF ADIE ~ ADST SCAN  CKS CH2 CH1 CHO
ADCR  TRGE — — — — — — —

TCSRWD B6WI TCWE  B4WI TCSRWE B2WI WDON  BOWI WRST  WDT*'
TCWD TCWD7 TCWD6 TCWD5 TCwD4 TCWD3 TCWD2 TCWD1 TCWDO

TMWD — — — — CKS3 CKS2 CKS1 CKSO0

ICCR ICE I[EIC MST TRS ACKE BBSY IRIC SCP Inc
ICSR ESTP STOP IRTR AASX AL AAS ADZ ACKB

ICDR ICDR7 ICDR6 ICDR5 |ICDR4 ICDR3 |ICDR2 ICDR1 ICDRO
SARX SVAX6 SVAX5 SVAX4 SVAX3 SVAX2 SVAX1 SVAX0 FSX

ICMR MLS WAIT CKS2 CKS1 CKSO0 BC2 BC1 BCO

SAR SVAG6 SVA5 SVA4 SVA3 SVA2 SVA1 SVAO FS

ABRKCR RTINTE CSEL1 CSELO ACMP2 ACMP1 ACMPO DCMP1 DCMPO Address break
ABRKSR ABIF ABIE — — — — — —

BARH BARH7 BARH6 BARH5 BARH4 BARH3 BARH2 BARH1 BARHO

BARL BARL7 BARL6 BARL5 BARL4 BARL3 BARL2 BARL1 BARLO

BDRH BDRH7 BDRH6 BDRH5 BDRH4 BDRH3 BDRH2 BDRH1 BDRHO

BDRL BDRL7 BDRL6 BDRL5 BDRL4 BDRL3 BDRL2 BDRL1 BDRLO

PUCR1  PUCR17 PUCR16 PUCR15 PUCR14 — PUCR12 PUCR11 PUCR10 I/O port
PUCR5 — — PUCR55 PUCR54 PUCR53 PUCR52 PUCR51 PUCRS50

PDR1 P17 P16 P15 P14 — P12 P11 P10

PDR2 — — — — — P22 P21 P20

PDR5 P57** P56** P55 P54 P53 P52 P51 P50

Rev. 6.00 Mar. 24, 2006 Page 306 of 412
REJQ9B0142-0600 XENESAS
Downloaded fro

atasheet.su



Section 19

List of Registers

Register Modu le
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
PDR7 — P76 P75 P74 — — — — I/O port
PDR8 P87 P86 P85 P84 P83 P82 P81 P80
PDRB PB7 PB6 PB5 PB4 PB3 PB2 PB1 PBO
PMR1 IRQ3 IRQ2 IRQ1 IRQO — — TXD TMOW
PMR5 — — WKP5  WKP4  WKP3  WKP2  WKP1 WKPO
PCR1 PCR17 PCR16 PCR15 PCR14 — PCR12 PCR11 PCR10
PCR2 — — — — — PCR22 PCR21 PCR20
PCR5 PCR57** PCR56*° PCR55 PCR54 PCR53 PCR52 PCR51 PCR50
PCR7 — PCR76 PCR75 PCR74 — — — —
PCR8 PCR87 PCR86 PCR85 PCR84 PCR83 PCR82 PCR81 PCR80
SYSCR1 SSBY STS2 STSH STSO NESEL — — — Power-down
SYSCR2 SMSEL LSON DTON MA2 MA1 MAO SA1 SA0
IEGR1 NMIEG — — — IEG3 IEG2 IEG1 IEGO Interrupts
IEGR2 — — WPEG5 WPEG4 WPEG3 WPEG2 WPEG1 WPEGO
IENRA1 IENDT IENTA IENWP — IEN3 IEN2 IEN1 IENO
IRR1 IRRDT IRRTA — — IRRI3 IRRI2 IRRI1 IRRIO
IWPR — — IWPF5 IWPF4 IWPF3 IWPF2 IWPF1 IWPFO
MSTCR1 — MSTIIC MSTS3 MSTAD MSTWD MSTTW MSTTV MSTTA Power-down
TSCR — — — — — — ICRST IlICX Ic
Notes: 1. WDT: Watchdog timer
2. This bit is not included in H8/3664N.
e EEPROM
Register Module
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Name
EKR EKR7 EKR6 EKR5 EKR4 EKR3 EKR2 EKR1 EKRO EEPROM
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Section 19 List of Registers

19.3 Register States in Each Operatig Mode
Register
Name Reset Active Sleep Subactive Subsleep Standby Module
TMRW Initialized  — — — — — Timer W
TCRW Initialized — — — — —
TIERW Initialized — — — — —
TSRW Initialized — — — — —
TIORO Initialized — — — — —
TIOR1 Initialized — — — — —
TCNT Initialized  — — — — —
GRA Initialized — — — — —
GRB Initialized  — — — — —
GRC Initialized  — — — — —
GRD Initialized  — — — — —
FLMCR1 Initialized —— — Initialized Initialized Initialized ROM
FLMCR2 Initialized —— — — — —
FLPWCR Initialized —— — — — —
EBR1 Initialized  — — Initialized Initialized Initialized
FENR Initialized — — — — —
TCRVO Initialized  — — Initialized Initialized Initialized  Timer V
TCSRV Initialized  — — Initialized Initialized Initialized
TCORA Initialized  — — Initialized Initialized Initialized
TCORB Initialized  — — Initialized Initialized Initialized
TCNTV Initialized  — — Initialized Initialized Initialized
TCRVA Initialized  — — Initialized Initialized Initialized
TMA Initialized  — — — — — Timer A
TCA Initialized  — — — — —
SMR Initialized  — — Initialized  Initialized  Initialized  SCI3
BRR Initialized  — — Initialized Initialized Initialized
SCR3 Initialized  — — Initialized  Initialized  Initialized
TDR Initialized — — Initialized Initialized Initialized
SSR Initialized — — Initialized Initialized Initialized
RDR Initialized  — — Initialized Initialized Initialized
Rev. 6.00 Mar. 24, 2006 Page 308 of 412
LENESAS

Downloadecliq E)‘l’jrggtgs léli?sLOBOO



Section 19 List of Registers

Register
Name Reset Active Sleep Subactive Subsleep Standby Module
ADDRA Initialized — — Initialized Initialized Initialized A/D converter
ADDRB Initialized  — — Initialized Initialized Initialized
ADDRC Initialized —— — Initialized  Initialized  Initialized
ADDRD  Initialized —— — Initialized Initialized Initialized
ADCSR Initialized  — — Initialized Initialized Initialized
ADCR Initialized — — Initialized Initialized Initialized
TCSRWD Initialized  — — — — — WDT*
TCWD Initialized — — — — —
TMWD Initialized  — — — — —
ICCR Initialized  — — — — — IC
ICSR Initialized — — — — -
ICDR Initialized — — — — —
SARX Initialized — — — — —
ICMR Initialized  — — — — —
SAR Initialized — — — — —
ABRKCR Initialized —— — — — — Address Break
ABRKSR Initialized —— — — — —
BARH Initialized — — — — —
BARL Initialized — — —_ — -
BDRH Initialized — — — — — —
BDRL Initialized  — — — — -
PUCR1 Initialized — — — — — — I/O port
PUCR5 Initialized —— — — — -
PDR1 Initialized  — — — — —
PDR2 Initialized — — — — — -
PDR5 Initialized  — — — — -
PDR7 Initialized — — — — — —
PDR8 Initialized  — — — — —
PDRB Initialized  — — — — -
PMR1 Initialized  — — — — —
PMR5 Initialized — — — — —
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Section 19

List of Registers

Register
Name Reset Active Sleep Subactive Subsleep Standby Modu le
PCR1 Initialized —— — — — — I/0 port
PCR2 Initialized  — — — — —
PCR5 Initialized  — — — — —
PCR7 Initialized — — — — —
PCR8 Initialized — — — — —
SYSCR1 Initialized —— — — — — Power-down
SYSCR2 Initialized —— — — — — Power-down
IEGR1 Initialized —— — — — — Interrupts
IEGR2 Initialized —— — — — — Interrupts
IENR1 Initialized  — — — — — Interrupts
IRR1 Initialized — — — — — Interrupts
IWPR Initialized —— — — — — Interrupts
MSTCR1 Initialized — — — — — Power-down
TSCR Initialized —— — — — — Ic
Note : —is not initialized
*  WDT: Watchdog timer

e EEPROM
Register
Name Reset Active Sleep Subactive Subsleep Standby Module
EKR Initialized —— — — — — EEPROM
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Section 20 Electrical Characteristics

Section 20 Hectrical Chaacteristcs

20.1 Absolute Maximum Ratings

Table 20.1 Absolute Maximum Ratings

Item Symbol Value Unit Note
Power supply voltage Ve -0.3t0 +7.0 \Y, *
Analog power supply voltage AV, -0.3t0 +7.0 \Y
Input voltage Ports other than Port Band V, -03toV,,+03 V

X1

Port B -0.3t0 AV +0.3 V

X1 -0.3t04.3 \'
Operating temperature Ton —20to +75 °C
Storage temperature T, -55to +125 °C

Note: * Permanent damage may result if maximum ratings are exceeded. Normal operation
should be under the conditions specified in Electrical Characteristics. Exceeding these
values can result in incorrect operation and reduced reliability.

20.2  Electrical Characteristics (FZTAT™ Version, F-ZTAT™ Version
with EEPROM)

20.2.1 Power Supply Voltageand Operating Ranges

Power Suppl Voltage and Oscillation Fr equeny Range

9 osc (MHz) ow (kHz)
16.0 --f---------
32.768 |---- === —---- ]
10.0 --1-- ! : ! :
20 o o 1 : 1 E E E
3.0 4.0 55 Vcge (V) 3.0 4.0 55 Vge (V)
° AVCC =3.3Vto55V ° AVCC =3.3Vto55V
¢ Active mode ¢ All operating modes
¢ Sleep mode
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Section 20 Electrical Characteristics

Power Supply Voltage and Operating Frequency Range

e AVgc=3.3Vto55V
¢ Active mode
¢ Sleep mode
(When MA2 = 0 in SYSCR2)

¢ (kHz)
2000 f-----------

1250 | ----

78.125 f----

3.0 4.0 55 Ve (V)

. AVCC =3.3Vto55V
¢ Active mode
e Sleep mode
(When MA2 =1 in SYSCR2)

¢ (MHz) ¢ sus (kHz)
16.0 f-----------
16.384 | ---- T ]
10.0 |---- | : : :
E 8.192 |----- | i
1.0 f---- 4.096 f---- EEEEEEE B . ]
30 4.0 55 Vo (V) 30 40 55

L AVCC =3.3Vto55V
¢ Subactive mode
e Subsleep mode

Vee (V)
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Section 20 Electrical Characteristics

Analog Power Supply Voltage and A/D Converter Accuracy Guarantee Range

® (MHz)
16.0 p-----------

10.0 |------

2.0 f------

33 40 55 AVge (V)

e VCC =3.0Vto55V
e Active mode
e Sleep mode
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Section 20 Electrical Characteristics

20.2.2 DC Characteristics

Table20.2 DC Characteristics (1)

V,.=30Vto55V,V =00V, T =-20°C to+75°C urless gherwise ndicated.

Values
Iltem Symbol Applic able Pins Test Condition Min Typ Max Unit Notes
Input high V,, RES, NMI, Vee=40Vto55V V, x08 — Vi+03 V
voltage WKPO to WKP5,
IRQO to IRQ3,
ADTRG, TMRIV,
TMCIV, FTCI, Vix09 — V+03
FTIOA to FTIOD,
SCK3, TRGV
RXD, SCL, SDA, V,,=40Vto55V V_ x07 — Vi+03 V
P10 to P12,
P14 to P17,
P20 to P22,
P50 to P57*, Vix08 — Vi +0.3
P74 to P76,
P80 to P87
PBO to PB7 Vie=40Vto55V V, x07 — AV, +03 V
Vix08 — AV_. +0.3
OSC1 Voe=40Vtob55V V., . -05 — Vi+03 V
Vic—03 — V. +0.3
Input low V| RES, NMI, Vi=40Vto55V -0.3 — Vix02 V
voltage WKPO to WKP5,
IRQO to IRQS3,
ADTRG, TMRIV,
TMCIV, FTCI, -0.3 — V% 0.1
FTIOA to FTIOD,
SCK3, TRGV
RXD, SCL, SDA, V,.=40Vto55V -0.3 — Vix03 V
P10 to P12,
P14 to P17,
P20 to P22,
P50 to P57*, -0.3 — V. x0.2
P74 to P76,
P80 to P87,
PBO to PB7
OSC1 V,.,=40Vto55V -03 — 0.5 \Y
-0.3 — 0.3

Note: * P50 to P55 for H8/3664N
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Section 20 Electrical Characteristics

Values
Item Symbol Applic able Pins Test Condition Min Typ Max Unit Notes
Output Vo, P10 to P12, Vi .=40Vto55V V. -10 — — \Y
high P14 to P17, 1 =15mA
voltage P20 to P22, o
P50 to P55, ~loy =0.1 MA Vic—05 — —
P74 to P76,
P80 to P87,
P56, P57* V,,=40Vto55V V —-25 — — \"
oy =0.1 mA
Vi,=30Vto40V V -20 — —
—loy =0.1 mA
Output Vo P10 to P12, Vi=40Vto55V — — 0.6 Vv
low P14 to P17,
lo, = 1.6 mMA
voltage P20 to P22,
P50 to P57*, l,,=0.4 mA — — 0.4
P74 to P76,
P80 to P87 Vi=40Vto55V — — 1.5 \"
lo. =20.0 mA
Vi=40Vto55V — — 1.0
lo.=10.0 mA
Vi=40Vto55V — — 0.4
lo, = 1.6 MA
l,.=0.4 mA — — 0.4
SCL, SDA Vi.=40Vto55V — — 0.6 \"
lo, = 6.0 mA
lo,=3.0mA — — 0.4
Note: * P50 to P55 for H8/3664N
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Section 20 Electrical Characteristics

Values
Item Symbol Applic able Pins Test Condition Min Typ Max Unit Notes
Input/ |1, ] OSC1, RES,NMI, V =0.5Vto — — 1.0 pA
output WKPO to WKP5, (V,,—0.5V)
leakage IRQO to IRQS,
current ADTRG, TRGV,
TMRIV, TMCIV,
FTCI, FTIOA to
FTIOD, RXD,
SCK3, SCL, SDA
P10 to P12, V,=05Vto — — 1.0 pA
P14 to P17, (Ve —0.5V)
P20 to P22,
P50 to P57*",
P74 to P76,
P80 to P87,
PBO to PB7 V,=05Vto — — 1.0 HA
(AV,,—0.5V)
Pull-up -1 P10 to P12, V=50V, 50.0 — 300.0 pA
MOS P14 to P17, V,=00V
current P80 to PSS V=3.0V, — 60.0 — Reference
V,=0.0V value
Input C, All input pins f=1MHz, — — 15.0 pF  HB8/3664N
capaci- except power V,=0.0V,
tance supply pins T,=25°C
SCL, SDA — — 25.0
Active loper Ve Active mode 1 — 15.0 225 mA  **
mode V=5.0V,
supply fosc = 16 MHz
current Active mode 1 — 8.0 — *°
V=30V, Reference
fosc = 10 MHz value
ope Ve Active mode 2 — 1.8 2.7 mA  **
V=50V,
fosc = 16 MHz
Active mode 2 — 1.2 — *2
V=30V, Reference
fosc = 10 MHz value

Notes: 1. P50 to P55 for H8/3664N

2. Pin states during supply current measurement are given below (excluding current in the
pull-up MOS transistors and output buffers).
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Section 20 Electrical Characteristics

Values

ltem Symbol Applic able Pins Test Condition Min Typ Max Unit Notes

Sleep — Ve Sleep mode 1 — 115 17.0 mA *

mode V=50V,

supply fosc = 16 MHz

current Sleep mode 1 — 6.5 — *
Vie=3.0V, Reference
fosc = 10 MHz value

lg eepo Ve Sleep mode 2 — 1.7 25 mA ¥

V=50V,
fosc =16 MHz
Sleep mode 2 — 1.1 — *
Vee=3.0V, Reference
fosc = 10 MHz value

Subactive g, Ve V=30V — 35.0 70.0 HA

mode 32-kHz crystal

supply resonator

current (bsus = n/2)
V=30V — 250 — *
32-kHz crystal Reference
resonator value
((I)SUB = ¢w/8)

Subsleep g zqp Ve V=30V — 25.0 50.0 A

mode 32-kHz crystal

supply resonator

current (dgus = Ou/2)

Standby I, Ve 32-kHz crystal — — 5.0 HA ¥

mode resonator not

supply used

current

RAM data V_,, Ve 2.0 — — \Y

retaining

voltage

Note: * Pin states during supply current measurement are given below (excluding current in the
pull-up MOS transistors and output buffers).

Rev. 6.00 Mar. 24, 2006 Page 317 of 412
RENESAS REJ09B0142-0600

Downloaded fronDatasheet.su



Section 20 Electrical Characteristics

Mode RES Pin Intern al State Other Pins Oscilla tor Pins
Active mode 1 Ve Operates Ve Main clock:
Active mode 2 Operates ceramltc or crystal
(00SC/64) resonator
: Subclock:
Sleep mode 1 Ve Only timers operate Ve Pin X1 =V
Sleep mode 2 Only timers operate
(posc/64)
Subactive mode Ve Operates Ve Main clock:
. ceramic or crystal
Subsleep mode Ve Only timers operate Ve resonator
Subclock:
crystal resonator
Standby mode Ve CPU and timers Ve Main clock:
both stop ceramic or crystal
resonator
Subclock:
Pin X1 =V

Table20.2 DC Characteristics (2)

V,.=30Vto55V,V =00V, T =-20°Cto +75°C, unless ohewise indicatd.

Values

Item Symbol Applic able Pins Test Condition Min  Typ Max Unit Notes
EEPROM I, Ve V=50V, t, =25 — — 2.0 mA *
supply us (when writing)
current

cen Ve V=50V, t, =25 — — 0.3 mA

us (when reading)
EESTBY Ve V=50V, t, =25 — — 3.0 pA

us (at standby)

Note: * The supply current of the EEPROM chip is shown.
For the supply current of H8/3664N, add the above current values to the supply current
of H8/3664F.
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Section 20 Electrical Characteristics

Table20.2 DC Characteristics (3)

V,.=30Vto55V,V =00V, T =-20°Cto +75°C, unless ohawise indicatd.

Applic able Values
ltem Symbol Pins Test Condition Min Typ Max Unit
Allowable output low 1, Output pins except V., =4.0V to — — 2.0 mA
current (per pin) port 8, SCL,and 55V

SDA

Port 8 — — 20.0 mA

Port 8 — — 10.0 mA

SCL and SDA — — 6.0 mA

Output pins except — — 0.5 mA

port 8, SCL, and

SDA
Allowable output low Xl Output pins except V.. =4.0V to — — 40.0 mA
current (total) port 8, SCL,and 5.5V

SDA

Port 8, — — 80.0 mA

SCL, and SDA

Output pins except — — 20.0 mA

port 8, SCL, and

SDA

Port 8, — — 40.0 mA

SCL, and SDA
Allowable output high 11,1 All output pins V,.=4.0Vto — — 2.0 mA
current (per pin) 55V

— — 0.2 mA
Allowable output high 12,1 All output pins V,=4.0Vto — — 30.0 mA
current (total) 55V
— — 8.0 mA

Rev. 6.00 Mar. 24, 2006 Page 319 of 412
RENESAS REJO9B0142-0600

Downloaded fronDatasheet.su



Section 20 Electrical Characteristics

20.2.3 AC Characteristics

Table 203 AC Characteristics

V,.=30Vto55V,V =00V, T =-20°C to #5°C, unless othevise specified.

Applic able Values Referen ce
ltem Symb ol Pins Test Condition Min Typ Max Unit  Figure
System clock fosc OSCHt, Vi=4.0Vto55V 2.0 — 16.0 MHz *
oscillation 0SC2
frequency 20 — 10.0  MHz
System clock ()t 1 — 64 te
cycle time — — 128 s
Subclock oscillation f, X1, X2 — 32.768 — kHz
frequency
Watch clock (¢,,) ty X1, X2 — 305 — ps
cycle time
Subclock (¢g,s) LI 2 — 8 ty, %
cycle time
Instruction cycle 2 — — oyo
time 'subcyc
Oscillation . 0OSCt, — — 100 ms
stabilization time 0SC2
(crystal resonator)

Oscillation . 0OSC1, — — 5.0 ms
stabilization time 0SC2

(ceramic resonator)

Oscillation ox X1, X2 — — 2.0 s
stabilization time

External clock teon OSCt V,;=40Vto55V 25,0 — — ns Figure 20.1
high width 200 — _

External clock teo OSC1 Vie=40V1tob5V 250 — — ns
low width 200 — —

External clock tep, OSCt Vie=40Vto55V — — 10.0 ns
rise time — — 15.0
External clock toer OSCH Vie=40V1to55V — — 10.0 ns
fall time — — 15.0
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Section 20 Electrical Characteristics

Item

Symb ol

Applic able

Pins

Test Condition

Values

Min Typ

Max Unit

Referen ce

Figure

RES pin low
width

REL

RES

At power-on and in t_ —

modes other than

those below

— ms

In active mode and 10 —

sleep mode
operation

cyc

Figure 20.2

Input pin high
width

NMI,
IRQO to
IRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTCI,
FTIOA to
FTIOD

cyc

subcyc

Input pin low
width

NMI,
IRQO to
IRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTCI,
FTIOA to
FTIOD

cyc

subcyc

Figure 20.3

Notes: 1. When an external clock is input, the minimum system clock oscillator frequency is
1.0 MHz.

2. Determined by MA2, MA1, MAO, SA1, and SAQ of system control register 2 (SYSCR2).
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Section 20 Electrical Characteristics

Table 20.4 1°C Bus Interface Timing

V.=30V1to55V,V =00V, T =-20 to+75°C,unless adherwise sgcified.

Test Values Reference
Item Symbol  Condition Min Typ Max Unit Figure
SCL input cycle time  tg, 12t + 600 — — ns  Figure 20.4
SCL input high width  t_,, 3t,+300 — — ns
SCL input low width  t. 5, +300 — — ns
Input fall time of ts, — — 300 ns
SCL and SDA
SCL and SDA input  t — — 1t ns
spike pulse removal
time
SDA input bus-free tour St — — ns
time
Start condition input  t_,, 3t,,, — — ns
hold time
Retransmission start  t_ . 3t — — ns
condition input setup
time
Setup time for stop teros 3t — — ns
condition input
Data-input setup time  t,¢ 1t,,.+20 — — ns
Data-input hold time  t_,, 0 — — ns
Capacitive load of C, 0 — 400 pF
SCL and SDA
SCL and SDA output t Vi,=40V — — 250 ns
fall time to5.5V

— — 300
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Section 20 Electrical Characteristics

Table 20.5 Serial Interface (SCI3)Timing

V,.=30Vto55V,V, =00V, T =-20°C to #5°C,unless othevise specified.

Applic able Values Referen ce
ltem Symbol Pins Test Condition Min  Typ Max Unit Figure
Input Asynchro-  t SCK3 4 — — t, Figure 20.5
clock nous
cyele “Clocked 6 — — t,

synchro-

nous
Input clock pulse teciw SCK3 04 — 06 tg,
width
Transmit data delay  t,, TXD Vi=40Vto55V — — 1 t,.  Figure 20.6
time (clocked — i
synchronous) cye
Receive data setup texs RXD Vi=40Vto55V 625 — — ns
time (clocked 100.0 — — ns
synchronous) '
Receive data hold time t_,, RXD Vi;=40Vtob5V 625 — — ns
(clocked synchronous) 1000 — — s
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Section 20 Electrical Characteristics

20.2.4 A/D Converter Characteristics

Table 20.6 A/D Converter Characteristics

V,.=30Vto55V,V =00V, T =-20°C to #5°C,unless othevise specified.

Applic able  Test Values Referen ce
ltem Symb ol Pins Condition Min Typ Max Unit  Figure
Analog power supply AV, AV, 3.3 V., 55 \Y *!
voltage
Analog input voltage AV, ANO to Ve—03 — AV,+03 V

AN7
Analog power supply  Al. AV AV, =50V — — 20 mA
current ¢

osc —
16 MHz
AISTOP1 AVcc - 50 - HA *2
Reference
value
AISTOPZ AVcc - - 5.0 HA *?
Analog input C.n ANO to — — 30.0 pF
capacitance AN7
Allowable signal R ANO to — — 50 kQ
source impedance AN7
Resolution (data 10 10 10 bit
length)
Conversion time AV,.=33V 134 - — t,.
(single mode) to5.5V
Nonlinearity error — — 75 LSB
Offset error — — 75 LSB
Full-scale error — — 75 LSB
Quantization error — — =05 LSB
Absolute accuracy — — 8.0 LSB
Conversion time AV, =40V 70 —_- - ”
(single mode) to5.5V
Nonlinearity error — — %75 LSB
Offset error — — %75 LSB
Full-scale error — — 75 LSB
Quantization error — — =05 LSB
Absolute accuracy — — +8.0 LSB
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Section 20 Electrical Characteristics

Applic able  Test Values Referen ce

Item Symb ol Pins Condition  Min Typ Max Unit Figure
Conversion time AV..=40V 134 —_- — t.
(single mode) to5.5V

Nonlinearity error — — %35 LSB

Offset error — — +35 LSB

Full-scale error — — 35 LSB

Quantization error — — 205 LSB

Absolute accuracy — — #4.0 LSB

Notes: 1. Set AV_ =V _, when the A/D converter is not used.
2. Al is the current in active and sleep modes while the A/D converter is idle.

3. Alg.., is the current at reset and in standby, subactive, and subsleep modes while the
A/D converter is idle.

STOP1

20.2.5 Watchdog Timer Characteri stics

Table 20.7 Watchdog Timer Characteristics

V,.=30Vto55V,V, =00V, T =-20°C to #5°C, unless othevisespecified.

Applic able Test Values Reference
ltem Symbol Pins Condition Min Typ Max Unit  Figure
On-chip tou 0.2 0.4 — S *
oscillator
overflow
time

Note: * Shows the time to count from 0 to 255, at which point an internal reset is generated,
when the internal oscillator is selected.
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Section 20 Electrical Characteristics

20.2.6 Memory Characteristics

Table 208 Flash Menory Characteristics

V.=30Vto55V,V, =00V, T =-20°C to #5°C, unless othevisespecified.

Test Values

ltem Symbol Condition Min Typ Max Unit
Programming time (per 128 bytes)* *** t, — 7 200 ms
Erase time (per block) *™***° t. — 100 1200 ms
Reprogramming count Nyec 1000 10000 — Times
Programming Wait time after SWE X 1 — — ps

bit setting*'

Wait time after PSU y 50 — — ys

bit setting*'

Wait time after P bit setting*™** z1 1<n<6 28 30 32 us

z2 7<n <1000 198 200 202 us
z3 Additional- 8 10 12 ps
programming

Wait time after P bit clear*’ a 5 — — us

Wait time after PSU bit clear*’ B 5 — — US

Wait time after PV bit setting*' vy 4 — — us

Wait time after dummy write*' ¢ 2 — — us

Wait time after PV bit clear*’ 1 2 — — US

Wait time after SWE bit clear*’ 0 100 — — s

Maximum N — — 1000 Times

programming count* "**°
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Test Values
ltem Symbol Condition Min Typ Max Unit
Erase Wait time after SWE X 1 — — VES
bit setting*"’
Wait time after ESU y 100 — — ps
bit setting*"
Wait time after E bit setting*'*° z 10 — 100 ms
Wait time after E bit clear*' a 10 — — s
Wait time after ESU bit clear*’ B 10 — — s
Wait time after EV bit setting*' v 20 — — us
Wait time after dummy write*' ¢ 2 — — s
Wait time after EV bit clear*” 1 4 — — us
Wait time after SWE bit clear*’ 0 100 — — VES
Maximum erase count* **” N — — 120 Times
Notes: 1. Make the time settings in accordance with the program/erase algorithms.
2. The programming time for 128 bytes. (Indicates the total time for which the P bit in flash
memory control register 1 (FLMCR1) is set. The program-verify time is not included.)
3. The time required to erase one block. (Indicates the time for which the E bit in flash
memory control register 1 (FLMCR1) is set. The erase-verify time is not included.)
4. Programming time maximum value (t,(MAX)) = wait time after P bit setting (z) x
maximum programming count (N)
5. Set the maximum programming count (N) according to the actual set values of z1, z2,

and z3, so that it does not exceed the programming time maximum value (t.,(MAX)).
The wait time after P bit setting (z1, z2) should be changed as follows according to the
value of the programming count (n).

Programming count (n)

1<n<6 z1 =30 ps

7<n<1000 z2 =200 pus
Erase time maximum value (t.(max)) = wait time after E bit setting (z) x maximum erase
count (N)
Set the maximum maximum erase count (N) according to the actual set value of (z), so
that it does not exceed the erase time maximum value (t.(max)).
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Section 20 Electrical Characteristics

20.2.7 EEPROM Characteristics

Table 209 EEPROM Characteristics

V.=30Vto55V,V, =00V, T =-20°C to #5°C, unless othevisespecified.

Test Values Reference
Item Symb ol Condition Min Typ Max Unit  Figure
SCL input cycle time teo 2500 — ns Figure 20.7
SCL input high pulse width teon 600 — — us
SCL input low pulse width teo 1200 — — ns
SCL, SDA input spike pulse te. — — 50 ns
removal time
SDA input bus-free time tour 1200 — — ns
Start condition input hold time ~ t, 600 — — ns
Retransmit start condition input  t . 600 — — ns
setup time
Stop condition input setup time  t 600 — — ns
Data input setup time toons 160 — — ns
Data input hold time teonn 0 —  — ns
SCL, SDA input fall time t,, — — 300 ns
SDA input rise time t,, — — 300 ns
Data output hold time t., 50 — — ns
SCL, SDA capacitive load C, 0 — 400 pF
Access time ta 100 — 900 ns
Cycle time at writing* tc — — 10 ms
Reset release time t — — 13 ms

RES

Note: * Cycle time at writing is a time from the stop condition to write completion (internal
control).
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Section 20 Electrical Characteristics

20.3 Electrical Characteristics (Mask ROM Version)

20.3.1 Power Supply Voltage and Operating Ranges

Power Suppl Voltage and Oscillation Fr equeny Range

Downloaded fronDatasheet.su

¢ osc (MHz) Qw (kHz)
16.0 --f---------
32.768 }---- T ]
10.0 --{-- . : ! :
2.0 o o 1 : 1 E E E
2.7 4.0 55 Ve (V) 2.7 4.0 55 Ve (V)
e AVec=3.0Vto 55V e AVec=3.0Vto 55V
¢ Active mode e All operating modes
e Sleep mode
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Power Supply Voltage and Operating Frequency Range

e AVgc=3.0Vto55V
e Active mode
e Sleep mode
(When MA2 =0 in SYSCR2)
¢ (kHz)

2000 f-----------

1250 f----

78.125 }----

2.7 4.0 S5 Ve (V)
e AVgc=3.0Vto55V
e Active mode
¢ Sleep mode
(When MA2 =1 in SYSCR2)

¢ (MHz) ¢ sus (kHz)
16.0 f-----------
16.384 | ---- T 1
10.0 }---- | ; : :
i 8.192 |----- e i
10 b 4096 |---- = EEEEEEEERE ]
27 40 55 Vge (V) 27 40 5.5

L4 AVCC =3.0Vto55V
e Subactive mode
e Subsleep mode

Vee (V)
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Section 20 Electrical Characteristics

Analog Power Supply Voltage and A/D Converter Accuracy Guarantee Range:

¢ (MHz)
16.0

10.0

2.0

3.0 4.0

55 AV (V)

L4 Vcc=2.7VtO 55V

¢ Active mode
e Sleep mode

20.3.2 DC Characteristics

Table 20.10 DC Characteristics (1)

V,.=27Vto55V,V, =00V, T =-20°C to+75°C urless dherwise ndicated.

Values

ltem Symbol Applic able Pins Test Condition Min Typ Max Unit  Notes
Input high V,, RES, NMI, Vie=40Vto55V V, x08 — V, +03 V
voltage WKPO to WKP5,

IRQO to IRQS,

ADTRG, TMRIV,

TMCIV, FTCI, Vix09 —  V, .+03 V

FTIOA to FTIOD,

SCK3, TRGV

RXD, SCL, SDA, V. ,=40Vto55V V., .x07 — V, +03 V

P10 to P12,

P14 to P17,

P20 to P22,

P50 to P57, Vix08 —  V,+03 V

P74 to P76,

P80 to P87

PBO to PB7 Vi=40Vto55V V x07 — AV_+03 V

Vix08 — AV, .+03 V
OSCH1 Vic=40Vto55V V, . -05 — V. +03 V
Vic—-03 — V., .+03 V
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Values
Item Symbol Applic able Pins Test Condition Min Typ Max Unit Notes
Input low V. RES, NMI, Vi=40Vto55V -0.3 — Vex02 V
voltage WKPO to WKP5,
IRQO to IRQS3,
ADTRG, TMRIV,
TMCIV, FTCI, -0.3 — V. x 0.1 \"
FTIOA to FTIOD,
SCK3, TRGV
RXD, SCL, SDA, V.,.=40Vto55V 0.3 — Vix03 V
P10 to P12,
P14 to P17,
P20 to P22,
P50 to P57, -0.3 — Vix02 V
P74 to P76,
P80 to P87,
PBO to PB7
0OSCH V,.=40Vto55V -03 — 0.5 \"
-0.3 — 0.3 \"
Output Vg, P10 to P12, Vi e=40Vtob55V V. - — — Vv
high P14 to P17, Iy, =15mA 1.0
voltage P20 to P22,
P50 to P55, ~loyy = 0.1 MA Vo — — — \Y;
P74 to P76, 0.5
P80 to P87
P56, P57 Vi =40Vtob55V V - — — Vv
Iy, = 0.1 mA 25
V=27Vto40V V. .- — — \"
Iy, =0.1mA 2.0
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Values
Item Symbol Applic able Pins Test Condition Min Typ Max Unit Notes
Output Vo P10 to P12, Vi=40Vto55V — — 0.6 \Y
low P14 to P17, l, = 1.6 mA
voltage P20 to P22,
P50 to P57, o, = 0.4 mA — — 0.4 Y
P74 to P76
P80 to P87 Vi=40Vto55V — — 1.5 \'
lo. =20.0 mA
Vi=40Vto55V — — 1.0 \Y
lo, = 10.0 mA
V,,=40Vto55V — — 0.4 \Y
l,,=1.6 mA
lo,, = 0.4 mA — — 0.4 \Y
SCL, SDA V,=4.0to — — 0.6 \
lo, = 6.0 mA
lo,=3.0mA — — 0.4 Vv
Input/ [ 1,1 OSC1,RES,NMI, V =0.5Vto — — 1.0 pA
output WKPO to WKP5, (V.. —0.5V)
leakage IRQO to IRQS3,
current ADTRG, TRGV,
TMRIV, TMCIV,
FTCI, FTIOA to
FTIOD, RXD,
SCKS, SCL, SDA
P10 to P12, V,=05Vto — — 1.0 pA
P14 to P17, (Ve —0.5V)
P20 to P22,
P50 to P57,
P74 to P76,
P80 to P87
PBO to PB7 V,=05Vto — — 1.0 pA
(AV,,—0.5V)
Pull-up -1 P10 to P12, V=50V, 50.0 — 300.0 pA
MOS P14 to P17, V, =00V
current P50 to P55 V..=3.0V, — 600 — WA Reference
V,=0.0V value
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Values

ltem Symbol Applic able Pins Test Condition Typ Max Unit Notes

Input C, All input pins f=1 MHz, — 15.0 pF

capaci- except power V,=0.0V,

tance supply pins T,=25°C

Active lopes Ve Active mode 1 15.0 22.5 mA *

mode V=5.0V,

supply fosc = 16 MHz

current Active mode 1 80 — mA *
Vee=3.0V, Reference
fosc = 10 MHz value

lopes Ve Active mode 2 1.8 27 mA ¥

V,=5.0V,
foc =16 MHz
Active mode 2 1.2 — mA *
Vi=3.0V, Reference
fosc = 10 MHz value

Sleep — Ve Sleep mode 1 71 13.0 mA *

mode V=50V,

supply fosc = 16 MHz

current Sleep mode 1 40 — mA *
Vie=3.0V, Reference
fosc = 10 MHz value

SLEEP? Ve Sleep mode 2 1.1 20 mA *

V,=5.0V,
fosc =16 MHz
Sleep mode 2 05 — mA *
Vie=3.0V, Reference
fosc = 10 MHz value

Subactive g, Ve V=30V 35.0 70.0 HA

mode 32-kHz crystal

supply resonator

current (dsus = Du/2)
V=30V 250 — A *
32-kHz crystal Reference
resonator value
(9sus = $/8)

Subsleep g gen Ve V=30V 25.0 50.0 A *

mode 32-kHz crystal

supply resonator

current (dsus = 0/2)

Standby I, Ve 32-kHz crystall — 5.0 pA ¥

mode resonator not used

supply

current

Downloadecliq Fc;rjrgg
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Values
ltem Symbol Applic able Pins Test Condition Min Typ Max Unit  Notes
RAM data V_,, Ve 2.0 — — \"
retaining
voltage

Note: * Pin states during supply current measurement are given below (excluding current in the
pull-up MOS transistors and output buffers).

Mode RES Pin Intern al State Other Pins Oscilla tor Pins

Active mode 1 Ve Operates Ve Main clock:

Active mode 2 Operates feranm'f cr>r crystal
(posc/64) esonato

Sleep mode 1 \Y Only timers operate Vv Subclock:

p cc y P cc Pin X1 =V

Sleep mode 2 Only timers operate

(posc/64)

Subactive mode Ve Operates Ve Main clock:
ceramic or crystal
resonator

Subsleep mode Ve Only timers operate Vo Subclock:
crystal resonator

Standby mode Ve CPU and timers Ve Main clock:

both stop ceramic or crystal
resonator
Subclock:
Pin X1 =V
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Table 20.10 DC Characteristics (2)

V. .=27V1t055V,V =00V, T =-20°Cto +75°C, unless ohawise indicatd.

Applic able Values
ltem Symbol  Pins Test Condition Min Typ Max Unit
Allowable output low |, Output pins Vo=40Vtob55V — — 2.0 mA
current (per pin) except port 8,
SCL, and SDA
Port 8 — — 20.0 mA
Port 8 — — 10.0 mA
SCL and SDA — — 6.0 mA
Output pins — — 0.5 mA
except port 8,
SCL,, and SDA
Allowable output low Xl Output pins V,.=40Vto55V — — 40.0 mA
current (total) except port 8,
SCL and SDA
Port 8, — — 80.0 mA
SCL, and SDA
Output pins — — 20.0 mA
except port 8,
SCL, and SDA
Port 8, — — 40.0 mA
SCL, and SDA
Allowable output high 11,1 All output pins V_,=4.0Vto55V — — 2.0 mA
current (per pin) — — 0.0 mA
Allowable output high 121, 1 Alloutputpins V. ,=40Vto55V — — 30.0 mA
current (total) — — 8.0 mA

Rev. 6.00 Mar. 24, 2006 Page 336 of 412
REJQ9B0142-0600 XENESAS
Downloaded fro

atasheet.su



Section 20 Electrical Characteristics

20.3.3 AC Characteristics

Table 2011 AC Characteristics

V =27V1to55V,V =00V, T =-20°C to #5°C, unless othevisespecified.

Applic able Values Referen ce
ltem Symb ol Pins Test Condition Min  Typ Max Unit  Figure
System clock fosc 0ScCH, Vi=40Vto55V 20 — 16.0 MHz *'
oscillation 0ScC2
frequency 2.0 10.0
System clock ()t 1 — 64 toe  *°
cycle time — — 128 s
Subclock oscillation f, X1, X2 — 32.768 — kHz
frequency
Watch clock (¢,,) ty X1, X2 — 305 — ys
cycle time
Subclock (¢g,) tobeye 2 — 8 t, *°
cycle time
Instruction cycle 2 — — oyo
time subcyc
Oscillation . 0SC1, — — 10.0 ms
stabilization time 0SC2
(crystal resonator)

Oscillation m 0OSCH, — — 5.0 ms
stabilization time 0SC2
(ceramic resonator)
Oscillation o X1, X2 — — 2.0 s
stabilization time
External clock teon OSCH Vi;=40Vto55V 250 — — ns Figure 20.1
high width 200 — — ns
External clock tenL OSCH Vic=40Vtob55V 250 — — ns
low width 200 — — ns
External clock tep, OSCH Vi;=40Vtob55V — — 10.0 ns
rise time — _ 15.0 ns
External clock tops OSCH Vi;=40Vtob55V — — 10.0 ns
fall time

— — 15.0 ns
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Section 20 Electrical Characteristics

Iltem

Symb ol

Applic able

Pins

Test Cond ition

Values

Min

Typ

Max Unit

Referen ce

Figure

RES pin low
width

REL

|

RE

w

At power-on and
in modes other
than those below

t

rc

— ms

In active mode
and sleep mode
operation

10

cyc

Figure 20.2

Input pin high
width

NMI,
IRQO to
IRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTCI,
FTIOA to
FTIOD

cyc

'subcyc

Input pin low
width

NMI,
IRQO to
IRQ3,
WKPO to
WKP5,
TMCIV,
TMRIV,
TRGV,
ADTRG,
FTCI,
FTIOA to
FTIOD

cyc

'subcyc

Figure 20.3

Notes: 1.

1.0 MHz.
2. Determined by MA2, MA1, MAO, SA1, and SAO of system control register 2 (SYSCR2).

When an external clock is input, the minimum system clock oscillator frequency is
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Table 20.12 1°C Bus Interface Timing

Values Test Reference
ltem Symb ol Min Typ Max Unit Condition Figure
SCL input cycle time  t_ 12t +600 — — ns Figure 20.4
SCL input high width  t_, 3t,,+300 — — ns
SCL input low width  t, 5t +300 — — ns
Input fall time of ts — — 300 ns
SCL and SDA
SCL and SDA input  t_, — — L1 ns
spike pulse removal
time
SDA input bus-free tour St — — ns
time
Start condition input  t_,, 3t,,. — — ns
hold time
Retransmission start  t . 3t,,. — — ns
condition input setup
time
Setup time for stop teros 3t — — ns
condition input
Data-input setup time  t,, 1t,,.+20 — — ns
Data-input hold time  t_,, 0 — — ns
Capacitive load of c, 0 — 400 pF
SCL and SDA
SCL and SDA output  t — — 250 ns V=40V
fall time to5.5V

— — 300 ns
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Table 20.13 Serial Interface (SCI3)Timing

V,=27V1t055V,V =00V, T =-20°C to #5°C, unless othevise specified.

Applic able Values Referen ce
Item Symb ol Pins Test Condition Min Typ Max Unit Figure
Input  Asynchro-  tg SCK3 4 - — t,  Figure 20.5
clock nous
cycle  Clocked 6 —  — i,
synchronous
Input clock pulse tscw SCK3 0.4 — 06 g,
width
Transmit data delay ~ t,, TXD Vi .=40Vto55V — — 1 te Figure 20.6
time (clocked 1
— — t
synchronous) eye
Receive data setup toxs RXD Vi =40Vtob55V 625 — — ns
time (clocked 1000 — — ns
synchronous)
Receive data hold ton RXD Vi;=40Vtob55V 625 — — ns
time (clocked
1000 — — ns

synchronous)
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20.3.4 A/D Converter Characteristics

Table 20.14 A/D Converter Characteristics

V =27V1to55V,V =00V, T =-20°C to #5°C, unless othevisespecified.

Applic able Test Values Referen ce
Item Symb ol Pins Condition Min Typ Max Unit Figure
Analog power supply AV, AV, 3.0 V., 55 \Y *
voltage
Analog input voltage AV, ANO to Ve —0.3 — AV, +03 V
AN7
Analog power supply Al AV AV, =50V — — 2.0 mA
current fo=
osc —
16 MHz
AISTOP1 AVcc - 50 - HA *?
Reference
value
AISTOPZ AVCC - — 5.0 HA *?
Analog input C.n ANO to — — 30.0 pF
capacitance AN7
Allowable signal Ran ANO to — — 5.0 kQ
source impedance AN7
Resolution (data 10 10 10 bit
length)
Conversion time AV, =30V 134 — — toe
(single mode) to5.5V
Nonlinearity error — — +7.5 LSB
Offset error — — +7.5 LSB
Full-scale error — — +7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB
Conversion time AV, .=40V 70 — — oo
(single mode) to5.5V
Nonlinearity error — — +7.5 LSB
Offset error — — +7.5 LSB
Full-scale error — — +7.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +8.0 LSB
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Applic able Test Values Referen ce
Item Symb ol Pins Condition Min Typ Max  Unit Figure
Conversion time AV, =40Vto 134 — — oo
(single mode) 55V
Nonlinearity error — — +3.5 LSB
Offset error — — +3.5 LSB
Full-scale error — — +3.5 LSB
Quantization error — — +0.5 LSB
Absolute accuracy — — +4.0 LSB
Notes: 1. Set AV, =V, when the A/D converter is not used.
2. Alg,, is the current in active and sleep modes while the A/D converter is idle.
3. Al is the current at reset and in standby, subactive, and subsleep modes while the

A/D converter is idle.

20.3.5 Watchdog Timer Characteri stics

Table 20.15 Watchdog Timer Characteristics

V,=27V1t055V,V =00V, T =-20°C to #5°C,unless othevise specified.

Applic able Test Values Referen ce
ltem Symb ol Pins Condition Min Typ Max Unit Figure
On-chip towe 0.2 0.4 — s *
oscillator
overflow
time

Note: * Shows the time to count from 0 to 255, at which point an internal reset is generated,
when the internal oscillator is selected.
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Section 20 Electrical Characteristics

20.4  OperationTiming

tosc

ViH

OSCH1 &
ViL

tcpH tepL

tepr - > tops

Figure 201 System Clock Input Timing

£ (44 (44
)7 )Y )

4
\Y; 0.7
Ve /| Ve %

trReL

4
\

Z ))
RES Vi Vi

(

tReL

Figure 20.2 RES Low Width Timing

TRQO to IRQ3 Vi
WKPO to WKP5

ADTRG ViL
TMCI

FTIOA to FTIOD

TMCIV, TMRIV tiH
TRGV

Figure 203 Input Timing
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' b
1
1
1
1
1
1
1 --
1
B tsu Fr
M tsran t
l—

coL SCLH
nwalva ;
1 S E " == Sr ""
tSf_> SCLL - tSDAS
tscL

tS DAH

tsp  tstos
-

SCL

10U

1%
L
bemmmmmm g =

Note: * S, P, and Sr represent the following:
S: Start condition
P: Stop condition
Sr: Retransmission start condition

Figure 20.4 1°C Bus Interface Input/Output Timin g

tsckw
SCK3

tScyc

Figure 205 SCK3 Input Clock Timing
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TXD

RXD

Vi or Vou
SCK3 V| or Vg * Z

tScyc

Vor
(transmit data) VoL

trxs

O ( () X

Note: * Output timing reference levels

Output high: Vg, =2.0V
Output low: Vo =0.8V
Load conditions are shown in figure 20.8.

Figure 206 SCI3 Input/Output Timing in Clocked SynchronousMode

SCL

SDA
(in)

SDA
(out

=

1/fscL
tsf tsp
. tscLH tscLL
tsTAS \—] femmmmme-
| > tSDAH
tSTAH ter tspas tstos
~—> <—
—\ /L .........
\ y R R 4 A W A I / tBUF
|
tAA toH

Figure 20.7 EEPROM Bus Timing
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20.5 Output Load Condition

LSI output pin @ I s

Figure 20.8 Output Load Circuit
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Appendix

A.l

Appendix A Instruction &

Instruction List

Operand Notation

Symbol Description

Rd General (destination*) register

Rs General (source*) register

Rn General register*

ERd General destination register (address register or 32-bit register)

ERs General source register (address register or 32-bit register)

ERNn General register (32-bit register)

(EAd) Destination operand

(EAS) Source operand

PC Program counter

SP Stack pointer

CCR Condition-code register

N N (negative) flag in CCR

Z Z (zero) flag in CCR

\Y V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

- Transfer from the operand on the left to the operand on the right, or transition from
the state on the left to the state on the right

+ Addition of the operands on both sides

- Subtraction of the operand on the right from the operand on the left

X Multiplication of the operands on both sides

+ Division of the operand on the left by the operand on the right

A Logical AND of the operands on both sides

v Logical OR of the operands on both sides
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Symbol Description

® Logical exclusive OR of the operands on both sides
- NOT (logical complement)

(), <> Contents of operand

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

Condition Code Notation

Symbol Description
t Changed according to execution result
* Undetermined (no guaranteed value)
0 Cleared to O
1 Setto 1

— Not affected by execution of the instruction

A Varies depending on conditions, described in notes
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Appendix

Table A.1

Instr uction Sd

1. Data transfer instructions

Downloaded fronDatasheet.su

Addressing Mode and No. of
Instruction Length (bytes) States "
+
) é Condition Code
Mnemonic N w Operation
. £2 |o g
S c|W|g a|s T | e
Slxl o m2Y|g 2o ElS
O|#||®©® B8 6 B ® z|lvic|lz | <
MOV [MOV.B #xx:8, Rd B|2 #xx:8 — Rd8 110 |— 2
MOV.B Rs, Rd B 2 Rs8 - Rd8 t]10|— 2
MOV.B @ERs, Rd B 2 @ERs - Rd8 110 |— 4
MOV.B @(d:16, ERs), Rd | B @(d:16, ERs) - Rd8 t]10|— 6
MOV.B @(d:24, ERs), Rd | B @(d:24, ERs) — Rd8 110 |— 10
MOV.B @ERs+, Rd B 2 @ERs - Rd8 t]10|— 6
ERs32+1 - ERs32
MOV.B @aa:8, Rd B @aa:8 —~ Rd8 110 |— 4
MOV.B @aa:16, Rd B @aa:16 » Rd8 110 |— 6
MOV.B @aa:24, Rd B @aa:24 - Rd8 t]10|— 8
MOV.B Rs, @ERd B 2 Rs8 -~ @ERd 110 |— 4
MOV.B Rs, @(d:16, ERd) | B Rs8 - @(d:16, ERd) t]10|— 6
MOV.B Rs, @(d:24, ERd) | B Rs8 - @(d:24, ERd) 110 |— 10
MOV.B Rs, @-ERd B 2 ERd32-1 - ERd32 t]10|— 6
Rs8 - @ERd
MOV.B Rs, @aa:8 B Rs8 -~ @aa:8 t]0|— 4
MOV.B Rs, @aa:16 B Rs8 - @aa:16 t]0|— 6
MOV.B Rs, @aa:24 B Rs8 - @aa:24 t]0|— 8
MOV.W #xx:16, Rd W\ 4 #xx:16 — Rd16 110 |— 4
MOV.W Rs, Rd W 2 Rs16 - Rd16 t]10|— 2
MOV.W @ERs, Rd W 2 @ERs - Rd16 110 |— 4
MOV.W @(d:16, ERs), Rd | W @(d:16, ERs) — Rd16 110 |— 6
MOV.W @(d:24, ERs), Rd | W @(d:24, ERs) — Rd16 110 |— 10
MOV.W @ERs+, Rd W 2 @ERs - Rd16 t]10|— 6
ERs32+2 -~ @ERd32
MOV.W @aa:16, Rd W @aa:16 - Rd16 t]10|— 6
MOV.W @aa:24, Rd W @aa:24 - Rd16 110 |— 8
MOV.W Rs, @ERd W 2 Rs16 - @ERd 110 |— 4
MOV.W Rs, @(d:16, ERd) | W Rs16 - @(d:16, ERd) 110 |— 6
MOV.W Rs, @(d:24, ERd) | W Rs16 - @(d:24, ERd) 110 |— 10
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Addressing Mode and No. of
Instruction Length (bytes) States "
+
© DC: Condition Code
Mnemonic N w Operation
= g2 |o g
S c | w é o g T | e
oy lslw|c|g ® S ©
(¥l |8 = 5| 3
O|%|x|I® B B B 6N I |H|{N|Z]|V zZ | <
MOV |[MOV.W Rs, @-ERd w 2 ERd32-2 - ERd32 —|—t|t]O0 6
Rs16 - @ERd
MOV.W Rs, @aa:16 w 4 Rs16 - @aa:16 —|—lt]t]O0 6
MOV.W Rs, @aa:24 W Rs16 - @aa:24 —|—|t]|t]O0 8
MOV.L #xx:32, Rd L|6 #xx:32 - Rd32 —|—|t|t]0 6
MOV.L ERs, ERd L 2 ERs32 - ERd32 —|—t|t]O0 2
MOV.L @ERs, ERd L 4 @ERs - ERd32 —|—t|t]O0 8
MOV.L @(d:16, ERs), ERd | L @(d:16,ERs) - ERd32 |—|— |t |t |0 10
MOV.L @(d:24, ERs), ERd | L 10 @(d:24,ERs) - ERd32 |—|—| t |t |0 14
MOV.L @ERs+, ERd L 4 @ERs - ERd32 —|—t|t]O0 10
ERs32+4 -, ERs32
MOV.L @aa:16, ERd L @aa:16 — ERd32 —|—t|t]O0 10
MOV.L @aa:24, ERd L @aa:24 - ERd32 —|—t|t]O0 12
MOV.L ERs, @ERd L 4 ERs32 - @ERd —|—t|t]O0 8
MOV.L ERs, @(d:16, ERd) | L ERs32 - @(d:16,ERd) |—|—| t |t |0 10
MOV.LERs, @(d:24, ERd) | L 10 ERs32 - @(d24,ERd) |—|—|t |t |0 14
MOV.L ERs, @-ERd L 4 ERd32-4 - ERd32 —|—t|t]O0 10
ERs32 - @ERd
MOV.L ERs, @aa:16 L ERs32 . @aa:16 —|—lt]t]0 10
MOV.L ERs, @aa:24 L ERs32 - @aa:24 — =t ] 12
POP |POP.W Rn w @SP - Rn16 — =t 6
SP+2 - SP
POP.L ERn L @SP - ERn32 —|—t|t]O0 10
SP+4 -, SP
PUSH|PUSH.W Rn w SP-2 . SP —|—t|t]O 6
Rn16 - @SP
PUSH.L ERn L SP—4 -, SP —|—t|t]O0 10
ERn32 - @SP
movFPE| MOVFPE @aa:16, Rd B Cannot be used in Cannot be used in
4 this LSI this LSI
mMovTPE(MOVTPE Rs, @aa:16 B Cannot be used in Cannot be used in
4 this LSI this LSI
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2. Arithmeti c instructions

Downloaded fronDatasheet.su

Addressing Mode and No. of
Instruction Length (bytes) States ™'
+
) é Condition Code
Mnemonic N w Operation
: £e 1o :
g AL IMEAE: T |2
Slxl|m2i g2 |e ElS
O|£||® ©® BB 6’ I | H zlvic|Zz | <
ADD |ADD.B #xx:8, Rd B|2 Rd8+#xx:8 — Rd8 —| ¢ N I 2
ADD.B Rs, Rd B 2 Rd8+Rs8 - Rd8 —t OO A 2
ADD.W #xx:16, Rd W\ 4 Rd16+#xx:16 — Rd16 — (1) N I 4
ADD.W Rs, Rd W 2 Rd16+Rs16 - Rd16 — (1) Tttt 2
ADD.L #xx:32, ERd L|6 ERd32+#xx:32 - — (2 R 6
ERd32
ADD.L ERs, ERd L 2 ERd32+ERs32 - —1(2) Tl 2
ERd32
ADDX |ADDX.B #xx:8, Rd B|2 Rd8+#xx:8 +C - Rd8 —t 3)] ¢ ]t 2
ADDX.B Rs, Rd B 2 Rd8+Rs8 +C — Rd8 —|t 3)] ¢t ]t 2
ADDS |ADDS.L #1, ERd L 2 ERd32+1 - ERd32 —|— —|—|— 2
ADDS.L #2, ERd L 2 ERd32+2 - ERd32 —|— —|—|— 2
ADDS.L #4, ERd L 2 ERd32+4 - ERd32 —|— —|—|— 2
INC |INC.BRd B 2 Rd8+1 - Rd8 —|— st |— 2
INC.W #1, Rd W 2 Rd16+1 - Rd16 —|— tlt | — 2
INC.W #2, Rd W 2 Rd16+2 — Rd16 —|— vt |— 2
INC.L #1, ERd L 2 ERd32+1 - ERd32 —|— st |— 2
INC.L #2, ERd L 2 ERd32+2 - ERd32 —|— tlt | — 2
DAA |DAA Rd B 2 Rd8 decimal adjust —|* 2 I 2
- Rd8
SUB |SUB.BRs, Rd B 2 Rd8-Rs8 - Rd8 —1 Tttt 2
SUB.W #xx:16, Rd W\ 4 Rd16—#xx:16 — Rd16 — (1) vt 4
SUB.W Rs, Rd W 2 Rd16-Rs16 - Rd16 — (1) OO A 2
SUB.L #xx:32, ERd L|6 ERd32—-#xx:32 - ERd32 | — |(2) Tl 6
SUB.L ERs, ERd L 2 ERd32-ERs32 - ERd32 |—|(2) Tt 2
SUBX |SUBX.B #xx:8, Rd B|2 Rd8—#xx:8-C - Rd8 —t 3)] ¢t ]t 2
SUBX.B Rs, Rd B 2 Rd8-Rs8-C - Rd8 —t 3) ¢t 2
SUBS [SUBS.L #1, ERd L 2 ERd32-1 - ERd32 —|— —|—|— 2
SUBS.L #2, ERd L 2 ERd32-2 - ERd32 —|— —|—|— 2
SUBS.L #4, ERd L 2 ERd32-4 - ERd32 —|— —|—|— 2
DEC |DEC.BRd B 2 Rd8-1 - Rd8 —|— vt |— 2
DEC.W #1, Rd W 2 Rd16-1 — Rd16 —|— tlt | — 2
DEC.W #2, Rd W 2 Rd16-2 - Rd16 —|— st |— 2
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Addressing Mode and No. of
Instruction Length (bytes) States ™"
+
) DC: Condition Code
Mnemonic N w Operation
S 29 o 3
= c|lu|& g T |2
5 rslu|l olg E | @
SlxlcUS1|s2(© 5|3
CAEIAECIECEEIECIECECEIR IlHIN|Z|V]|c|Z|<
DEC |DEC.L #1, ERd L 2 ERd32-1 - ERd32 — =]t ]|t |—
DEC.L #2, ERd L 2 ERd32-2 -, ERd32 — =]ttt |—
DAS |DAS.Rd B 2 Rd8 decimal adjust — | * e = 2
- Rd8
MULXU |[MULXU. B Rs, Rd B 2 Rd8 x Rs8 - Rd16 — === 14
(unsigned multiplication)
MULXU. W Rs, ERd W 2 Rd16 x Rs16 — ERd32 |—|—|—|—|—|— 22
(unsigned multiplication)
MULXS |MULXS. B Rs, Rd B 4 Rd8 x Rs8 - Rd16 — =]t |t |—=]— 16
(signed multiplication)
MULXS. W Rs, ERd W 4 Rd16 x Rs16 - ERd32 |—|— |t | ¢ |—|— 24
(signed multiplication)
DIVXU |DIVXU. B Rs, Rd B 2 Rd16 + Rs8 - Rd16 — | —|(6)|(7)|—|— 14
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd W 2 ERd32 + Rs16 - ERd32 |—|—|(6)|(7)|— | — 22
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS |DIVXS. B Rs, Rd B 4 Rd16 + Rs8 -~ Rd16 —|—|®)|7)|—|— 16
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd W 4 ERd32 + Rs16 - ERd32 |—|—|(8)|(7)|—|— 24
(Ed: remainder,
Rd: quotient)
(signed division)

CMP |CMP.B #xx:8, Rd B|2 Rd8—#xx:8 — |ttt 2
CMP.B Rs, Rd B 2 Rd8-Rs8 — |ttt 2
CMP.W #xx:16, Rd W\ 4 Rd16—#xx:16 — (M st ]s]s 4
CMP.W Rs, Rd W 2 Rd16-Rs16 — (M s|s]s]s 2
CMP.L #xx:32, ERd L|6 ERd32-#xx:32 —l@) || 4
CMP.L ERs, ERd L 2 ERd32-ERs32 —l@)] t|s]s]s 2
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Downloaded fronDatasheet.su

Addressing Mode and No. of
Instruction Length (bytes) States "
+
) QC: Condition Code
Mnemonic N Operation i
- g2 |o 3
: AP EE:
g <|clu|Z|Y[&2|® s |
o A ACHCICHCHENE) z|vic|zZz | <
NEG |NEG.BRd B |0-Rd8 - Rd8 2 Tt 2
NEG.W Rd W |0-Rd16 - Rd16 2 Tt 2
NEG.L ERd L [0-ERd32 - ERd32 2 Tt 2
EXTU |[EXTU.W Rd W |0 - (<bits 15 to 8> 2 t]10|— 2
of Rd16)
EXTU.L ERd L |0 - (<bits 31 to 16> 2 t]0|— 2
of ERd32)
EXTS |[EXTS.W Rd W | (<bit 7> of Rd16) — 2 110 |— 2
(<bits 15 to 8> of Rd16)
EXTS.L ERd L |(<bit 15> of ERd32) - 2 110 |— 2
(<bits 31 to 16> of
ERd32)
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3. Logic instructions

Addressing Mode and No. of*
Instruction Length (bytes) States
+
) é Condition Code
Mnemonic Uﬂ) = % _ Operation -
E g5 |5]e T|é
QxS T s2© 5|3
O|£|x|® ©® B 6 8 I |H[N|Z |V z | <
AND |AND.B #xx:8, Rd B|2 Rd8[#xx:8 — Rd8 —|—|t|[t|O 2
AND.B Rs, Rd B 2 Rd8[Rs8 - Rd8 —|—]t]t]O 2
AND.W #xx:16, Rd Wi 4 Rd16#xx:16 —» Rd16 —|—lt]t|O 4
AND.W Rs, Rd w 2 Rd1600Rs16 - Rd16 —|—]t]t]O0 2
AND.L #xx:32, ERd L|6 ERd32#xx:32 - ERd32 | —|—| ¢t | ¢t | O 6
AND.L ERs, ERd L 4 ERd32[ERs32 - ERd32 |—|—| t | ¢ | O 4
OR |OR.B #xx:8, Rd B|2 Rd84#xx:8 - Rd8 —|—|t|[t|O 2
OR.B Rs, Rd B 2 Rd8Rs8 - Rd8 —|—]t]t]O0 2
OR.W #xx:16, Rd Wi 4 Rd164xx:16 — Rd16 —|—]t]t]O0 4
OR.W Rs, Rd w 2 Rd16/Rs16 - Rd16 —|—]lt]t]O0 2
OR.L #xx:32, ERd L|6 ERd32#xx:32 - ERd32 |—|— |t |t |0 6
OR.L ERs, ERd L 4 ERd32ERs32 - ERd32 |—|—|t |t |0 4
XOR |XOR.B #xx:8, Rd B|2 Rd80#xx:8 - Rd8 —|—]t]t]O 2
XOR.B Rs, Rd B 2 Rd8[JRs8 - Rd8 —|—]t]t]O 2
XOR.W #xx:16, Rd Wi 4 Rd160#xx:16 — Rd16 —|—]t]t]O0 4
XOR.W Rs, Rd w 2 Rd1600Rs16 - Rd16 —|—]t]t]O0 2
XOR.L #xx:32, ERd L|6 ERd320#xx:32 - ERd32 | —|— | ¢t | ¢ | O 6
XOR.L ERs, ERd L 4 ERd320ERs32 - ERd32 | —|— |t | ¢ | O 4
NOT |NOT.B Rd B 2 - Rd8 - Rd8 —|—lt]t|0 2
NOT.W Rd w 2 - Rd16 - Rd16 —|—]t]t]O0 2
NOT.L ERd L 2 - Rd32 - Rd32 —|—lt]t|0 2
Rev. 6.00 Mar. 24, 2006 Page 354 of 412
B0142-0600 ENESAS

Downloadeg{ %%89

atasheet.su




Appendix

4. Shift instructions

Downloaded fronDatasheet.su

Addressing Mode and No. of
Instruction Length (bytes) States "
) é Condition Code
Mnemonic N w Operation

2 £12 |o g

g g1UE %8 R

sl |uZ Y g2 5|2

O|l%|x|® B IB6 6 - z|lvic|Z2 | <
SHAL [SHAL.B Rd B 2 v e 2
SHAL.W Rd w 2 _ 0 tt s 2
SHAL.L ERd L 2 MSB LSB SR 2
SHAR |SHAR.B Rd B 2 110t 2
SHAR.W Rd W 2 I._ 101 2
SHAR.L ERd L 2 MSB LSB t|ofs 2
SHLL [SHLL.BRd B 2 10| 2
SHLL.W Rd w 2 _ 0 t|ofs 2
SHLL.L ERd L 2 MSB LSB 10| 2
SHLR |SHLR.B Rd B 2 10| 2
SHLR.W Rd w 2 0 _ 10| 2
SHLR.L ERd L 2 MSB LSB 10| 2
ROTXL |ROTXL.B Rd B 2 10| 2
ROTXL.W Rd w 2 _ t|ofs 2
ROTXL.L ERd L 2 MSB <— LSB 10| 2
ROTXR |ROTXR.B Rd B 2 10|t 2
ROTXR.W Rd w 2 _ 10| 2
ROTXR.L ERd L 2 MSB — LSB 10| 2
ROTL |ROTL.B Rd B 2 10| 2
ROTL.W Rd w 2 ;. t|ofs 2
ROTL.L ERd L 2 MSB = LSB 10| 2
ROTR |ROTR.B Rd B 2 10| 2
ROTRW R w |z T ol
ROTR.L ERd L 2 MSB — LSB 10| 2
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5. Bit manipulation instructions

Addressing Mode and No. of*
Instruction Length (bytes) States
+
(o) é Condition Code
Mnemonic N | Operation
Z g2 |o g
S c| W o|g T | 2
AL AL S A E S
O|#||®®® B 66 I |H[N|Z |V z | <
BSET |BSET #xx:3, Rd B 2 (#xx:3 of Rd8) — 1 — =] —=]=|= 2
BSET #xx:3, @ERd | B 4 (#xx:3 of @ERd) ~ 1 — = === 8
BSET #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) ~ 1 o el el el 8
BSET Rn, Rd B 2 (Rn8 of Rd8) ~ 1 o el el el 2
BSET Rn, @ERd B 4 (Rn8 of @ERd) ~ 1 — = === 8
BSET Rn, @aa:8 B 4 (Rn8 of @aa:8) ~ 1 — | — === 8
BCLR [BCLR #xx:3, Rd B 2 (#xx:3 of Rd8) — 0 — =] —=]=|= 2
BCLR #xx:3, @ERd | B 4 (#xx:3 of @ERd) ~ 0 — | — === 8
BCLR #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) — 0 e e e el 8
BCLR Rn, Rd B 2 (Rn8 of Rd8) ~ 0 e 2
BCLR Rn, @ERd B 4 (Rn8 of @ERd) ~ 0 — == ]—=|—= 8
BCLR Rn, @aa:8 B 4 (Rn8 of @aa:8) —~ 0 — | — === 8
BNOT |BNOT #xx:3, Rd B 2 (#xx:3 of Rd8) — = === 2
- (#xx:3 of Rd8)
BNOT #xx:3, @ERd | B 4 (#xx:3 of @ERd) ~ — | — === 8
- (#xx:3 of @ ERd)
BNOT #xx:3, @aa:8 | B 4 (#xx:3 of @aa:8) —|— === 8
- (#xx:3 of @aa:8)
BNOT Rn, Rd B 2 (Rn8 of Rd8) — = === 2
= (Rn8 of Rd8)
BNOT Rn, @ERd B 4 (Rn8 of @ERd) — === |— 8
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B 4 (Rn8 of @aa:8) e el el el 8
- (Rn8 of @aa:8)
BTST |BTST #xx:3, Rd B 2 - (#xx:3 of Rd8) - Z —|—=]=]t |= 2
BTST #xx:3, @ERd B 4 - (#xx:3 of @ERd) - Z — | — =t |— 6
BTST #xx:3, @aa:8 B 4 - (#xx:3 of @aa:8) - Z — ==t |— 6
BTST Rn, Rd B 2 - (Rn8 of @Rd8) - Z —|—=]=]t |— 2
BTST Rn, @ERd B 4 - (Rn8 of @ERd) - Z — ==t |— 6
BTST Rn, @aa:8 B 4 - (Rn8 of @aa:8) - Z — ==t |— 6
BLD |BLD #xx:3, Rd B 2 (#xx:3 of Rd8) - C — =] —=]=|= 2
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Downloaded fronDatasheet.su

Addressing Mode and No. of
Instruction Length (bytes) States ™"
+
0] DC: Condition Code
Mnemonic N w Operation

2 g2 o g

g c|W|x a|g T | 8

AFAAEEIEE A

O|l#|x|®® B8 6 66 ITHINIZIVIC|Z | <
BLD |BLD #xx:3, @ERd B 4 (#xx:3 of @ERd) - C o el el el el I 6
BLD #xx:3, @aa:8 B 4 (#xx:3 of @aa:8) - C — | —| ===t 6
BILD |BILD #xx:3, Rd B 2 - (#xx:3 of Rd8) - C — ===t 2
BILD #xx:3, @ERd B 4 - (#xx:3 of @ERd) - C e el el el e 6
BILD #xx:3, @aa:8 B 4 - (#xx:3 of @aa:8) - C o el el el e 6
BST |BST #xx:3, Rd B 2 C - (#xx:3 of Rd8) e e el el el 2
BST #xx:3, @ERd B 4 C - (#xx:3 of @ERd24) — === ]—|— 8
BST #xx:3, @aa:8 B 4 C - (#xx:3 of @aa:8) e e el el el 8
BIST |BIST #xx:3, Rd B 2 - C - (#xx:3 of Rd8) — === ]—=]— 2
BIST #xx:3, @ERd B 4 - C - (#xx:3 of @ERd24) — == |—|—|— 8
BIST #xx:3, @aa:8 B 4 - C - (#xx:3 of @aa:8) e el e B 8
BAND |BAND #xx:3, Rd B 2 CO(#xx:3 of Rd8) - C — === |=]t 2
BAND #xx:3, @ERd | B 4 CO(#xx:3 of @ERd24) - C — == |=|=]t 6
BAND #xx:3, @aa:8 | B 4 CO#xx:3 of @aa:8) -~ C — == ==t 6
BIAND |BIAND #xx:3, Rd B 2 CO- (#xx:3 of Rd8) - C — == ==t 2
BIAND #xx:3, @ERd | B 4 CO- (#xx:3of @ERd24) - C | —|—|—|—|—| ¢ 6
BIAND #xx:3, @aa:8 | B 4 CO~ (#xx:3 of @aa:8) - C — | —| === 6
BOR |BOR #xx:3, Rd B 2 CO(#xx:3 of Rd8) - C — | —|——|—] 2
BOR #xx:3, @ERd B 4 CO(#xx:3 of @ERd24) - C — | — === 6
BOR #xx:3, @aa:8 B 4 CO(#xx:3 of @aa:8) -~ C — | — ===t 6
BIOR |BIOR #xx:3, Rd B 2 CO- (#xx:3 of Rd8) - C — | — === 2
BIOR #xx:3, @ERd B 4 CO- (#xx:3of @ERd24) - C |—|—|—|—|—| ¢ 6
BIOR #xx:3, @aa:8 B 4 CO- (#xx:3 of @aa:8) - C e el el el el 6
BXOR |BXOR #xx:3, Rd B 2 CO(#xx:3 of Rd8) - C — === |—] 2
BXOR #xx:3, @ERd | B 4 CO(#xx:3 of @ERd24) - C — === 6
BXOR #xx:3, @aa:8 | B 4 CO(#xx:3 of @aa:8) - C — == == 6
BIXOR |BIXOR #xx:3, Rd B 2 CO - (#xx:3 of Rd8) - C — == ==t 2
BIXOR #xx:3, @ERd | B 4 CO - (#xx:30of @QERd24) - C | —|—|—|—|—| ¢ 6
BIXOR #xx:3, @aa:8 | B 4 CO - (#xx:3 of @aa:8) - C — = === 6
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6. Branching instructions

Addressing Mode and No. of
Instruction Length (bytes) States "
() é Condition Code
Mnemonic U’:‘) = Llé) _ Operation -
° o= @) -8
g NG 8 S| g
Slxlc|luiSi|(s2® Branch S| 2
SRESNAICIHCHCHCICICIN Condition I |H|N|Z]|V Z | <
Bcc |BRA d:8 (BT d:8) — 2 If condition | Always — = === 4
BRA d:16 (BT d:16) — 4 is true then === 6
BRN d:8 (BF d:8) — 2 PC — PC+d[\ever Y D R Y 4
BRN d:16 (BF d:16) — 4 else next; — = === 6
BHI d:8 — 2 cOz=0 —_=T=]=]= 4
BHI d:16 — 4 === 6
BLS d:8 — 2 coz=1 —==1=1= 4
BLS d:16 — 4 —===1= 6
BCC d:8 (BHS d:8) _ 2 C=0 === 4
BCC d:16 (BHS d:16) — 4 —_ = === 6
BCS d:8 (BLO d:8) — 2 C=1 — | — === 4
BCS d:16 (BLO d:16) | — 4 === = 6
BNE d:8 — 2 Z-0 — === 4
BNE d:16 — 4 —===1= 6
BEQ d:8 — 2 Z=1 — === 4
BEQ d:16 — 4 — = === 6
BVC d:8 — 2 V=0 —=]=]=]= 4
BVC d:16 — 4 S Y P D D 6
BVS d:8 — 2 V=1 — === 4
BVS d:16 — 4 —===1= 6
BPL d:8 — 2 N=0 —==]=1= 4
BPL d:16 — 4 —===1= 6
BMI d:8 — 2 N=1 —=]=]=]= 4
BMI d:16 — 4 === 6
BGE d:8 — 2 NOV =0 — === 4
BGE d:16 — 4 —==== 6
BLT d:8 — 2 NOV = 1 ——[=]=]= 4
BLT d:16 — 4 —===1= 6
BGT d:8 — 2 ZONOV) =0 |— |—|—|—[— 4
BGT d:16 — 4 == 6
BLE d:8 — 2 ZONNOV) =1 |— | —|—|—|— 4
BLE d:16 — 4 SN [ [ U p— 6
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Addressing Mode and No. of
Instruction Length (bytes) States "’
+
(0] é Condition Code
Mnemonic N | Operation
2 £12 |o g
5 c|lw|& q|g s | g
= ¥l g lu|lag|lg E|S
SlglcluB1]s|2 ® 5|3
O|#£|x|®Q BB N6 I I|{H|{N|Zz|V]c|Z|<
JVP |JMP @ERnN — 2 PC - ERn RN U U (N U
JMP @aa:24 — 4 PC -~ aa:24 —_ == ===
JMP @ @aa:8 — 2 PC - @aa:8 —|—|—=|—=|—|—| 8 | 10
BSR |[BSRd:8 — 2 PC - @-SP SR U [ [ q— —
PC ~ PC+d:8
BSR d:16 — 4 PC - @-SP —|—|—=|—|—|—| 8 |10
PC ~ PC+d:16
JSR |JSR @ERn — 2 PC - @-SP —|—|—=|—|—|—| 6| 8
PC « ERn
JSR @aa:24 — 4 PC - @-SP —|—|—=|—|—|—| 8 | 10
PC ~ aa:24
JSR @ @aa:8 — 2 PC - @-SP —|—|—=|—=|—]—| 8 |12
PC - @aa:8
RTS |RTS — 2 |PC - @SP+ —|—]—=|=]—=|—=| 8 |10
Rev. 6.00 Mar. 24, 2006 Page 359 of 412
RENESAS REJ09BO0142-0600



Appendix

7. System cortrol instructions

Addressing Mode and No. of
Instruction Length (bytes) States "
+
) é Condition Code
Mnemonic N w Operation
2 g2 |o g
g c\Wie| |o&ig 5|8
Slxl|mS|¥ g |o ES
O|%#|x|® QB B I[HIN|Z|V z | <
TRAPA | TRAPA #x:2 — PC - @-SP 1| —|—|—|— 14 | 16
CCR - @-SP
<vector> - PC
RTE |RTE — CCR - @SP+ DR A T 10
PC - @SP+
SLEEP |SLEEP — Transition to power- —|—|—]—|— 2
down state
LDC |LDC #xx:8, CCR B|2 #xx:8 -~ CCR 2 T B A 2
LDC Rs, CCR B 2 Rs8 - CCR R A I 2
LDC @ERs, CCR w 4 @ERs - CCR O R A 6
LDC @(d:16, ERs), CCR |W @(d:16, ERs) - CCR N T B 8
LDC @(d:24, ERs), CCR |W 10 @(d:24, ERs) - CCR R T A 12
LDC @ERs+, CCR w 4 @ERs - CCR 8
ERs32+2 — ERs32 PR
LDC @aa:16, CCR w @aa:16 - CCR O I A 8
LDC @aa:24, CCR w @aa:24 - CCR O R A 10
STC |STC CCR, Rd B 2 CCR - Rd8 — === =
STC CCR, @ERd W 4 CCR - @ERd —|—|—=]=|—
STC CCR, @(d:16, ERd) |W CCR - @(d:16, ERd) —|—|—=|—|—
STC CCR, @(d:24, ERd) |W 10 CCR - @(d:24, ERd) —|—|—|—|— 12
STC CCR, @-ERd w 4 ERd32-2 - ERd32 — === 8
CCR - @ERd
STC CCR, @aa:16 w CCR - @aa:16 ——|—|—|— 8
STC CCR, @aa:24 W CCR - @aa:24 —|—|—=]=|— 10
ANDC |ANDC #xx:8, CCR B CCRO#xx:8 - CCR N R A 2
ORC |ORC #xx:8, CCR B CCR#xx:8 - CCR N I A 2
XORC | XORC #xx:8, CCR B CCRDO#xx:8 - CCR R T A ) 2
NOP |NOP — PC - PC+2 — === 2
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Appendix

8. Block tr ansfer instructions

Addressing Mode and No. of
Instruction Length (bytes) States ™"
+
o é Condition Code
Mnemonic N [ Operation
2 g2 |o g
= clw|& alg T | 2
@ xlslulslslg E| S
lglcW|S|1 |52 513
O|l#|x|®® B 6 N6 I|HIN|Zz|V|Cc|Z|<
eepvov [EEPMOV. B if R4L # 0 then —|—|—|—|—|—] 8+
repeat @R5 - @R6 4n™
R5+1 - R5
R6+1 - R6
R4L-1 - R4L
until R4L=0
else next
EEPMOV. W — if R4 # 0 then —|—|—|—|—|— 8+
repeat @R5 - @R6 4n™
R5+1 - R5
R6+1 - R6
R4-1 - R4
until R4=0
else next

Notes: 1. The number of states in cases where the instruction code and its operands are located
in on-chip memory is shown here. For other cases see appendix A.3, Number of

Execution States.

2. nisthe value set in register R4L or R4.
(1) Setto 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.

synchronization with the E clock is variable.

(6) Setto 1 when the divisor is negative; otherwise cleared to O.

(7) Setto 1 when the divisor is zero; otherwise cleared to 0.
(8) Setto 1 when the quotient is negative; otherwise cleared to 0.

(2) Setto 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.

(3) Retains its previous value when the result is zero; otherwise cleared to 0.

(4) Setto 1 when the adjustment produces a carry; otherwise retains its previous value.
(5) The number of states required for execution of an instruction that transfers data in
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Appendix

Operation Code Map

A.2

Table A.2 Operation CodeMap (1)

AOW 4
any 3
HOX a
40 0
Xans g
diND v
xaav 6
aav 8
o @ @ oW ang aNvig_Tdoxig ] dolg ,
2V e|qeL 2-V 9IqeL | 2V @lqeL
Fm_m._m_ ANvE | “HOXd|~ HO8 | q1q | yiog | LONg | L3ss
NOW any HOX 40 9
1S9
(@
dsr 4sg dir v ojqe | VdvEL 314 4sg S14 NXAIQ | NXTINN | NXAI | NXTNN g
ERle] 199 119 3Iog InNg 1dg SAd oAd o03g ang sog 004 sd IHg Ndg vdg ¥
€
g'AON
2
(] (@ (@ () . . . () () () ()
2-V 9|9eL xans diNo 2-V 9|9el | 2-V a|qel ans 2-VY o|9eL g'any g'"0X g0 ¢-V ®|qel |g-V 8|gel |¢-V @lqel |g-V 8|qeL F
(2 (@ (@ (@
zv ey | XA AOW v o1qeL | - elqBL aav oan OaNV | OHOX 04O oal OIS |,y eqey| <ON 0
HY
4 3 a 0 g v 6 8 A 9 S 14 ) 2z b 0 v
‘T SI HG JO lig Emo_u__cm_m 1SoOw usaym uononisui
19 [Hg | 1V | HY
‘0 SI HG JO 1 Emo_u__cm_m 1SOw usaym uoinonisuj wH\E pug mu\E 1ST |-9P0J uondNISsu|
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Table A.2 Operation CodeMap (2)

anNv HOX =[0) ans dND aav ANOWN Y.
anv HOX d0 ans dND aav NOWN 6.
3714 194 114 399 INg 1d9 SAd OAg 034 aNg Stels] 004 sS4 IHg NHg vdd 8G
dNO Sva E]
03a 03a ans 03a 03a sdans a1
ans 03a Vi
S1X3 S1xX3 93N 93N nix3 nix3 10N 1ON A"
4104 d10d HX104 HX104 el
1104 1104 IX10d IX10d cl
HVHS dVHS dTHS H1HS LE
IVHS TvHS TIHS THS ol
AOW vva 40
ONI ONI saav ONI ONI saav g0
aav ONI V0
N.<m_v% | N.<m_v% | N.<m_v% | 43318 015/0a1 AOW +0
E| 3 a 0 g v 6 8 L 9 S 14 € c A 0 Im_4< HY
19 |HE | IV | HY
91Ag pugz |91Ag 1ST [:9P0J UOoNONJISU|
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Table A.2 Operation CodeMap (3)

‘plol} Ssalppe 8injosge 8y} Sl ee ‘g
‘plaly uoneubisap Joisibal oY) S1 1 | :SBI0N

Y109 | LONg | 13S9 | z,./Bed’
1s1g
4104 10ONgd 13s9 z.9eed.
1sg
amga anNvid IS[0)4}3] dolg
1s19 2. eed/
aig anvd doxd H04
1s19 2,9ee3/
4104 10Ngd 13849 1,204as
1s1g
4104 10ONd 13s9 1,904aL
1S4
amga adnNvid IS[0)4}3] dolg
1s19 1204101
aig anvd d0oxd H04
1s19 1.90102
anNv S[0)¢ d0 90410
SXAIQ SXAIQ soato
SXTNN SXINN G0010
ols ol1Ss a1s ol1Ss
oan oan oan oan 90v1L0
HOTg
Ha1v
4 a g 6 L 9 g 14 € Z b 0 ay
10
‘T SI HQ JO 1q 1uedlyIubIS 1SOW Usym uonINSu|
1A |HA |10 |HO | 19 | HE | IV | HY
"0 SI HQ JO 1q 1uedyIubIs 1SOW Usym uonansu| 91Aq Yy |@1Aq pig |91Aq puz |81AQ 1ST [:3P0D uononisu|
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A.3  Number of Execution States

The statu®f executionfor each instructiorof the H8/300H CPU and the method of cakulating
the number d stategequred for instruction executon ae siown below. Talde A.4 slows the
numbe of cycles d ead type ocaurring in eachinstruction, such as struction fetch and daa
readivrite. Table A.3 shows theumbe of stategequirel for each cycleThe btal numberof
states requed for execution of aninstruction canbe calclated by he following expresson:

Execution states =1 xS +J xS +Kx§, +L xS +Mx S +Nx S|
Examples: When instruction is fetbhed fromon-chip ROM, and an on-chp RAM is accessed.
BSET #0, @FF00

From table A.4:
I=L=2, J=K=M=N=0

From table A.3:
S=2, §=2

Numbe of states rquired forexecution 2x 2+ 2x2=8

Wheninstruction is fetched from on-chip ROM, branchaddess isead fran on-chip ROM, and
on-chip RAM is usdl for stack aea.

JSR@@30

From table A.4:
=2, J=K=1, L=M=N=0

From table A.3:
S=5==2

Numbe of states rquired forexecution 2x 2+ 1x 2+ 1x2=8

Rev. 6.00 Mar. 24, 2006 Page 365 of 412
RENESAS REJO9B0142-0600

Downloaded fronDatasheet.su



Appendix

Table A.3 Number of Cyclesin Each Instruction

Execution Status Acce ss Locati on

(Instruction C ycle) On-Chip Memory On-Chip Perip heral Module

Instruction fetch 2 —

Branch address read ;

K

Byte data access . 2or3*

S
S
Stack operation S
S
S

Word data access

M

Internal operation S 1

N

Note: * Depends on which on-chip peripheral module is accessed. See section 19.1, Register
Addresses (Address Order).
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Table A.4 Number of Cyclesin Each Instruction

Instruct ion  Branch Stack Byte Data  Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruct ion Mnemonic | J K L M N
ADD ADD.B #xx:8, Rd 1

ADD.B Rs, Rd 1

ADD.W #xx:16, Rd 2

ADD.W Rs, Rd 1

ADD.L #xx:32, ERd 3

ADD.L ERs, ERd 1
ADDS ADDS #1/2/4, ERd 1
ADDX ADDX #xx:8, Rd 1

ADDX Rs, Rd 1
AND AND.B #xx:8, Rd 1

AND.B Rs, Rd 1

AND.W #xx:16, Rd 2

AND.W Rs, Rd 1

AND.L #xx:32, ERd 3

AND.L ERs, ERd 2
ANDC ANDC #xx:8, CCR 1
BAND BAND #xx:3, Rd 1

BAND #xx:3, @ERd 2 1

BAND #xx:3, @aa:8 2 1
Bcc BRA d:8 (BT d:8) 2

BRN d:8 (BF d:8) 2

BHI d:8 2

BLS d:8 2

BCC d:8 (BHS d:8) 2

BCS d:8 (BLO d:8) 2

BNE d:8 2

BEQ d:8 2

BVC d:8 2

BVS d:8 2

BPL d:8 2

BMI d:8 2

BGE d:8 2
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Instruct ion Mnemonic

Instruct ion Branch Stack
Addr. Read Operation

Fetch
I

J K

Byte Data
Access

L

Word Data
Access

M

Internal
Operation
N

Bcc

BLT d:8
BGT d:8

BLE d:8

BRA d:16(BT d:16)

BRN d:16(BF d:16)

BHI d:16

BLS d:16

BCC d:16(BHS d:16)
BCS d:16(BLO d:16)
BNE d:16

BEQ d:16

BVC d:16

BVS d:16

BPL d:16

BMI d:16

BGE d:16

BLT d:16

BGT d:16

BLE d:16

) T O T A e O o A S S S A A N \ T\ \C I\

N NN DD DD NN DD NN NN DD N NN DN DN NN

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

—_ NN =

NN

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ ERd
BIAND #xx:3, @aa:8

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8
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Instruct ion  Branch Stack Byte Data  Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruct ion Mnemonic | J K L M N
BIOR BIOR #xx:8, Rd 1
BIOR #xx:8, @ERd 2 1
BIOR #xx:8, @aa:8 2 1
BIST BIST #xx:3, Rd 1
BIST #xx:3, @ERd 2 2
BIST #xx:3, @aa:8 2 2
BIXOR BIXOR #xx:3, Rd 1
BIXOR #xx:3, @ERd 2 1
BIXOR #xx:3, @aa:8 2 1
BLD BLD #xx:3, Rd 1
BLD #xx:3, @ERd 2 1
BLD #xx:3, @aa:8 2 1
BNOT BNOT #xx:3, Rd 1
BNOT #xx:3, @ERd 2 2
BNOT #xx:3, @aa:8 2 2

BNOT Rn, Rd 1

BNOT Rn, @ERd 2 2
BNOT Rn, @aa:8 2 2
BOR BOR #xx:3, Rd 1
BOR #xx:3, @ERd 2 1
BOR #xx:3, @aa:8 2 1
BSET BSET #xx:3, Rd 1
BSET #xx:3, @ERd 2 2
BSET #xx:3, @aa:8 2 2
BSET Rn, Rd 1
BSET Rn, @ERd 2 2
BSET Rn, @aa:8 2 2
BSR BSR d:8 2 1
BSR d:16 2 1 2
BST BST #xx:3, Rd 1
BST #xx:3, @ERd 2 2
BST #xx:3, @aa:8 2 2
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Instruct ion  Branch Stack Byte Data  Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruct ion  Mnemonic I J K L M N
BTST BTST #xx:3, Rd 1
BTST #xx:3, @ERd 2 1
BTST #xx:3, @aa:8 2 1

BTST Rn, Rd 1

BTST Rn, @ERd 2 1
BTST Rn, @aa:8 2 1
BXOR BXOR #xx:3, Rd 1
BXOR #xx:3, @ERd 2 1
BXOR #xx:3, @aa:8 2 1
CMP CMP.B #xx:8, Rd 1
CMP.B Rs, Rd 1
CMP.W #xx:16, Rd 2
CMP.W Rs, Rd 1
CMP.L #xx:32, ERd 3
CMP.L ERs, ERd 1
DAA DAA Rd 1
DAS DAS Rd 1
DEC DEC.B Rd 1
DEC.W #1/2, Rd 1
DEC.L #1/2, ERd 1
DUVXS DIVXS.B Rs, Rd 2 12
DIVXS.W Rs, ERd 2 20
DIVXU DIVXU.B Rs, Rd 1 12
DIVXU.W Rs, ERd 1 20
EEPMOV  EEPMOV.B 2 2n+2*"
EEPMOV.W 2 2n+2*"
EXTS EXTS.W Rd 1
EXTS.L ERd 1
EXTU EXTU.W Rd 1
EXTU.L ERd 1
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Instruct ion Mnemonic

Instruct ion  Branch Stack Byte Data  Word Data Internal
Fetch Addr. Read Operation Access Access Operation

| J K L M N

INC INC.B Rd
INC.W #1/2, Rd
INC.L #1/2, ERd

JMP JMP @ERn
JMP @aa:24
JMP @ @aa:8

JSR JSR @ERn
JSR @aa:24
JSR @ @aa:8

LDC LDC #xx:8, CCR
LDC Rs, CCR
LDC@ERs, CCR
LDC@(d:16, ERs), CCR
LDC@(d:24,ERs), CCR
LDC@ERs+, CCR
LDC@aa:16, CCR
LDC@aa:24, CCR

MOV MOV.B #xx:8, Rd
MOV.B Rs, Rd
MOV.B @ERs, Rd
MOV.B @(d:16, ERs), Rd
MOV.B @(d:24, ERs), Rd
MOV.B @ERs+, Rd
MOV.B @aa:8, Rd
MOV.B @aa:16, Rd
MOV.B @aa:24, Rd
MOV.B Rs, @Erd
MOV.B Rs, @(d:16, ERd)
MOV.B Rs, @(d:24, ERd)
MOV.B Rs, @-ERd
MOV.B Rs, @aa:8

-t A~ DN
- -

W N
-

EXN \V)
-
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Instruct ion Mnemonic

Instruct ion Branch Stack
Addr. Read Operation

Fetch
I

J K

Byte Data
Access

L

Word Data Internal
Access Operation
M N

MOV

MOV.B Rs, @aa:16
MOV.B Rs, @aa:24
MOV.W #xx:16, Rd
MOV.W Rs, Rd

MOV.W @ERs, Rd
MOV.W @(d:16,ERs), Rd
MOV.W @(d:24,ERs), Rd
MOV.W @ERs+, Rd
MOV.W @aa:16, Rd
MOV.W @aa:24, Rd
MOV.W Rs, @ERd
MOV.W Rs, @(d:16,ERd)
MOV.W Rs, @(d:24,ERd)

2
3
2

- W N = AN -

S~ N

1
1

MOV

MOV.W Rs, @-ERd
MOV.W Rs, @aa:16
MOV.W Rs, @aa:24
MOV.L #xx:32, ERd
MOV.L ERs, ERd

MOV.L @ERs, ERd
MOV.L @(d:16,ERs), ERd
MOV.L @(d:24,ERs), ERd
MOV.L @ERs+, ERd
MOV.L @aa:16, ERd
MOV.L @aa:24, ERd
MOV.L ERs,@ERd
MOV.L ERs, @(d:16,ERd)
MOV.L ERs, @(d:24,ERd)
MOV.L ERs, @-ERd
MOV.L ERs, @aa:16
MOV.L ERs, @aa:24

W W oN =

—_

S T O B O A R S A I\ \° I\ R\ R \C B \b]

MOVFPE

MOVFPE @aa:16, Rd**

MOVTPE

MOVTPE Rs, @aa:16**

NN WO D W N A WM OWN
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Instruct ion  Branch Stack Byte Data  Word Data Internal
Fetch Addr. Read Operation Access Access Operation

Instruct ion Mnemonic | J K L M N
MULXS MULXS.B Rs, Rd 2 12

MULXS.W Rs, ERd 2 20
MULXU MULXU.B Rs, Rd 1 12

MULXU.W Rs, ERd 1 20
NEG NEG.B Rd 1

NEG.W Rd 1

NEG.L ERd 1
NOP NOP 1
NOT NOT.B Rd 1

NOT.W Rd 1

NOT.L ERd 1
OR OR.B #xx:8, Rd 1

OR.B Rs, Rd 1

OR.W #xx:16, Rd 2

OR.W Rs, Rd 1

OR.L #xx:32, ERd 3

OR.L ERs, ERd 2
ORC ORC #xx:8, CCR 1
POP POP.W Rn 1 1 2

POP.L ERn 2 2 2
PUSH PUSH.W Rn 1 1 2

PUSH.L ERn 2 2 2
ROTL ROTL.B Rd 1

ROTL.W Rd 1

ROTL.L ERd 1
ROTR ROTR.B Rd 1

ROTR.W Rd 1

ROTR.L ERd 1
ROTXL ROTXL.B Rd 1

ROTXL.W Rd 1

ROTXL.L ERd 1
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Instruct ion

Mnemonic

Instruct ion Branch Stack
Addr. Read Operation

Fetch
I

J K

Byte Data
Access

L

Word Data Internal
Access Operation
M N

ROTXR

ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

1

RTE

RTE

RTS

RTS

SHAL

SHAL.B Rd
SHAL.W Rd
SHAL.L ERd

SHAR

SHAR.B Rd
SHAR.W Rd
SHAR.L ERd

SHLL

SHLL.B Rd
SHLL.W Rd
SHLL.L ERd

SHLR

SHLR.B Rd
SHLR.W Rd
SHLR.L ERd

SLEEP

SLEEP

STC

STC CCR, Rd

STC CCR, @ERd

STC CCR, @(d:16,ERd)
STC CCR, @(d:24,ERd)
STC CCR,@-ERd

STC CCR, @aa:16
STC CCR, @aa:24

SUB

SUB.B Rs, Rd

SUB.W #xx:16, Rd

SUB.W Rs, Rd

SUB.L #xx:32, ERd
SUB.L ERs, ERd

SUBS

SUBS #1/2/4, ERd
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Instruct ion  Branch Stack Byte Data  Word Data Internal
Fetch Addr. Read Operation Access Access Operation
Instruct ion Mnemonic | J K L M N
SUBX SUBX #xx:8, Rd 1
SUBX. Rs, Rd 1
TRAPA TRAPA #xx:2 2 1 2 4
XOR XOR.B #xx:8, Rd 1
XOR.B Rs, Rd 1
XOR.W #xx:16, Rd 2
XOR.W Rs, Rd 1
XOR.L #xx:32, ERd 3
XOR.L ERs, ERd 2
XORC XORC #xx:8, CCR 1

Notes: 1. n:specified value in R4L and R4. The source and destination operands are accessed
n+1 times respectively.

2. Cannot be used in this LSI.
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A4

Table A.5 Combinations of Instructions andAddressng Modes

Combinations of Instructions and Addressing Modes

Addressing Mode

Downloadecliq %%89
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c
| 2| ~
Functions Instructions 81_! 5 ® g 8 °
AEAEAFAE-AE-AR RN
X | c w2 |2 |UW s s |s |2 20O
# | ©® | ©® | |06 | ©® |8 |6 |6 || |
Data MOV BWL|BWL BWL|BWLBWL|BWL| B [BWLIBWL| — | — | — | —
transfer POP, PUSH — | - = === === = =] —]w
instructions MOVFPE, S O A S S S S R T O R
MOVTPE
Arithmetic | ADD, CMP BWLBWL| — | — | — | — | —m | — | — | — | — | — | —
operations | gyB WLIBWL — | — | — - -1 =-T=-1T=
ADDX, SUBX B B|—|—|—|—|—|=|=|=|=1]—=]=
ADDS, SUBS — |l L |- =] = | =|=|=|=1]=|=
INC, DEC — BWL| — | —m | —m | —m | — | — | — | — | — | — | —
DAA, DAS — B |- ||| =] =|=|=|=|=1]—=|=
MULXU, — BN | — | —m | —m | —m | — | — | — | — | — | — | —
MULXS,
DIVXU,
DIVXS
NEG — BWL| — | —m | —m | —m | —m | — | — | — | — | — | —
EXTU, EXTS — WL — | —m | — | — | — | = =] =] =] = | =
Logical AND, OR, XOR — BWL| — | — | — | — | — | — | — | — | — | — | —
operations | NOT — BWL| — | — | —m | —m | —m | —m | —m | — | = | — | —
Shift operations — BWL| — | —m | —m | —m | —m | — | — | — | — | — | —
Bit manipulations — | B B|—|—| —|B|—|—|—|—|—]—
Branching |BCC, BSR SRR U N N U R U N P I I —
instructions | jmp, JSR —l—lol=1=]=T=T=]=T7TO0l0=1=
RTS — -] === | == | =—1O|=|—=]10] =
System TRAPA — | - === =|=|=]=]|=|=1=10
control RTE — =] === =|=|=]=|=|=1=10
instructions SLEEP = == === =1=1=T0
LDC B BIW| W | W |  W|— W W|—|—|—10
STC — | BIW|IW | W W |—| W | W|— | —|—|—
ANDC, ORC, B| —| —| —| —| —| —| —| —| —=| = | —|—
XORC
NOP el el el el el el el el el el el e RO
Block data transfer instructons | — | — | — | — | — | — | — | — | — | — | — | — |BW
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Appendk B 1/O Port Bbck Diagrams

B.1 1/O Port Block

RES goes lowin areset, ad SBY goes lowin areset andn stardby mode.

Internal data bus
A RES SBY

? Pull-up MOS
)
|/

D=
PDR oD—I

——{PucR— L
O

PMR

PCR

IRQ
TRGV

é\r /\fT/\

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

Figure B.1 Port 1 Block Diagram (P17)
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Internal data bus
7\

——|PUCRF—— r

Pull-up MOS
[ )
PMR ad_/ Do—cl

—|PDR _GID—I

PCR

% /\T/\

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

Figure B.2 Port 1 Block Diagram (P16to P14)
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Internal data bus

\_4 Pull-up MOS

A RES  SBY
——|PucR—= ‘
—|PDR _GID—I
PCR
f}
N
NV
[Legend]

PUCR: Port pull-up control register
PDR: Port data register

PCR: Port control register

Figure B.3 Port 1 Block Diagram (P12, P11)
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Internal data bus
7\

—|PUcr Dc
\_4 Pull-up MOS
PMR )y

-—[ron — —
PCR

RES SBY

oll

Timer A \V

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

Figure B.4 Port 1 Block Diagram (P10)
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Internal data bus
7\

PMR 4
—|PDR L >—

PCR

/\T/\

[Legend]

PMR: Port mode register
PDR: Port data register
PCR: Port control register

Figure B.5 Port 2 Block Diagram (P22)
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w
@
<

Internal data bus
A L
—a

U

1]

PDR 9

PCR

/\T/\

A0 =

[Legend]
PDR: Port data register
PCR: Port control register

Figure B.6 Port 2 Block Diagram (P21)
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: Internal data bus
s O
PDR
PCR
N
\
SCKO | |
-t T
..................... [Legend]

PDR: Port data register
PCR: Port control register

Figure B.7 Port 2 Block Diagram (P20)
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Internal data bus
7\

5
]

PCR

\T/\

i ICE v ~
SDAO/SCLO cD_
_______ SDAUSOLI L
[Legend]

PDR: Port data register
PCR: Port control register

Figure B.8 Port 5 Block Diagram (P57, P56)*

Note: * Not included inH8/3664N.
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Internal data bus
7\

—|PUCR : Jo ‘
L \_4 Pull-up MOS
[ )
o/

PMR [ »>—
—|PDR { )—l
PCR
f}
N
V%
WKP TP
ADTRG
[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

Figure B.9 Port 5 Block Diagram (P55)
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Internal data bus
/\

——{PucRi—— r ‘
L \—cl Pull-up MOS
PMR 2D, [ »—
[ O—

PDR 0

PCR

% /\T/\

=
=
=

1T

[Legend]

PUCR: Port pull-up control register
PMR: Port mode register

PDR: Port data register

PCR: Port control register

Figure B.10 Port 5 Block Diagram (P54 to P50)
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Internal data bus

A\
SBY
_TimerV
{0s3 ;
:0S2 3 >._
st 1 >»—
gOSO 5
PDR O
PCR
N
\V/
TMOV :
....................... [Legend]

PDR: Port data register
PCR: Port control register

Figure B.11 Port 7 Block Diagram (P76)
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Internal data bus
7\

;
I

—|PDR 9

PCR

Timer V \V

A /\T/\

[Legend]
PDR: Port data register
PCR: Port control register

Figure B.12 Port 7 Block Diagram (P75)
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Internal data bus o1V
A SBY
PDR OD—I
PCR
f}
N
Timer V \/
TMRIV (1
------------------------- [Legend]

PDR: Port data register
PCR: Port control register

Figure B.13 Port 7 Block Diagram (P74)
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Internal data bus
A SBY

—|PDR _aID—l

PCR
NV

f}
N
[Legend]

PDR: Port data register
PCR: Port control register

Figure B.14 Port 8 Block Diagram (P87 to P&5)

Rev. 6.00 Mar. 24, 2006 Page 390 of 412
REJQ9B0142-0600 XENESAS
Downloaded fro

atasheet.su



Appendix

Timer W

Output
control i
signals
AtoD |

Internal data bus

N SBY
| D e
PDR O
PCR |-
e
\/F
N
) V4

L

[Legend]
PDR: Port data register
PCR: Port control register

Figure B.15 Port 8 Block Diagram (P84 toP81)
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Internal data bus ==
A SBY

—|PDR _<l|:>—|

PCR

Timer W \V

Q /

[Legend]
PDR: Port data register
PCR: Port control register

Figure B.16 Port 8 Block Diagram (P80)
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Internal data bus

A
v
A/D converter
o] DEC .GH3 to GHO |
DE Vin

V

Figure B.17 Port B Block Diagram (PB7 to PBO)
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B.2 Port States in Each Operating Stee

Port Reset Sleep Subsleep Standby Subactive Active

P17 to P14, High Retained Retained High Functioning Functioning

P12to P10  impedance impedance*

P22 to P20  High Retained Retained High Functioning Functioning
impedance impedance*

P57 to P50  High Retained Retained High Functioning Functioning

(P55 to P50 impedance impedance

for

H8/3664N)

P76 to P74  High Retained Retained High Functioning Functioning
impedance impedance

P87 to P80  High Retained Retained High Functioning Functioning
impedance impedance

PB7 to PBO  High High High High High High
impedance impedance impedance impedance impedance impedance

Note: * High level output when the pull-up MOS is in on state.
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Appendix C Product Code Lineup

Product Type Product Code Model Markin g Package Code
H8/3664  Flash memory Standard HD64N3664FP  HD64N3664FP LQFP-64 (FP-64E)
version with  product
EEPROM
Flash memory Standard HD64F3664FP HD64F3664FP LQFP-64 (FP-64E)
version product  neaF3eeaH HD64F3664H QFP-64 (FP-64A)
HD64F3664FX  HDB4F3664FX LQFP-48 (FP-48F)
HDG4F3664FY  HDB4F3664FY LQFP-48 (FP-48B)
HD64F3664BP  HDG4F3664BP SDIP-42 (DP-42S)
Mask ROM  Standard HD6433664FP  HD6433664 (** ) FP  LQFP-64 (FP-64E)
version product  n6433664H HD6433664 (*** )H  QFP-64 (FP-64A)
HD6433664FX  HD6433664 (** ) FX LQFP-48 (FP-48F)
HD6433664FY  HD6433664 (*** ) FY LQFP-48 (FP-48B)
HD6433664BP  HD6433664 (*** ) BP  SDIP-42 (DP-42S)
H8/3663 Mask ROM  Standard HD6433663FP  HD6433663 (*** ) FP  LQFP-64 (FP-64E)
version product  1n6433663H HD6433663 (*** )H  QFP-64 (FP-64A)
HD6433663FX  HD6433663 (*** ) FX LQFP-48 (FP-48F)
HD6433663FY  HDG6433663 (*** ) FY LQFP-48 (FP-48B)
HD6433663BP  HD6433663 (*** ) BP  SDIP-42 (DP-42S)
H8/3662 Mask ROM  Standard HD6433662FP  HD6433662 (*** ) FP  LQFP-64 (FP-64E)
version product | ipga33seoH HD6433662 (**)H  QFP-64 (FP-64A)
HD6433662FX  HD6433662 (*** ) FX  LQFP-48 (FP-48F)
HD6433662FY  HD6433662 (*** ) FY LQFP-48 (FP-48B)
HD6433662BP  HD6433662 (*** ) BP  SDIP-42 (DP-42S)
H8/3661 Mask ROM  Standard HD6433661FP  HD6433661 (*** ) FP  LQFP-64 (FP-64E)
version product  pines3zeeiH  HD6433661 (**)H  QFP-64 (FP-64A)
HD6433661FX  HD6433661 (*** ) FX LQFP-48 (FP-48F)
HD6433661FY  HD6433661 (*** ) FY LQFP-48 (FP-48B)
HD6433661BP  HD6433661 (*** ) BP  SDIP-42 (DP-42S)
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Product Type Product Code Model Markin g Package Code
H8/3660 Mask ROM  Standard HD6433660FP HD6433660 (*** ) FP  LQFP-64 (FP-64E)
version product  1n6433660H HD6433660 (*** )H  QFP-64 (FP-64A)
HD6433660FX HD6433660 (*** ) FX LQFP-48 (FP-48F)
HD6433660FY HD6433660 (*** ) FY  LQFP-48 (FP-48B)
HD6433660BP  HD6433660 (*** ) BP  SDIP-42 (DP-42S)
[Legend]
(***): ROM code
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Appendix D Package Dimensions

Thepadkagedimensonsthatare $iows in the RenesasSemcorducor Pakages Data Book have

priority.
Unit: mm
]
A
o
+
o
Qi
3
*0.22 + 0.05
0.20 £ 0.04~ 1 D]0.08 W) g 83
© oo
= H|H
1.25 7o) o [N Te! 1.0
DA Sl 4’]’«
~— -— 9 o Oo _ 80
W ilililililililililiLliliLli1 Ry v % i\
o
o
H
o
S Package Code FP-64E
EDE -
*Dimension including the plating thickness EIAJ c Conforms
Base material dimension
Mass (reference value) 049

Figure D.1 FP-64E Package Dimensbpbns
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17.2+0.3

(114
48 33

w
\S]

49

64 =17

1 (NI 16
7200 (o @

1.0

y

\
2.70
3.05 Max

]

17.2+£0.3
TOIOID
o8]

I.lLJ‘

1

©|0.10

0.1078

*Dimension including the plating thickness
Base material dimension

,¥0.17 £ 0.05

Unit: mm

<

Q

o 1.6

H -

f o o

S 0 ¥_ 8

0.8+0.3

Package Code FP-64A
JEDEC -
EIAJ Conforms
Mass (reference value) | 1.2 g

Figure D.2 FP-64A Package Dmensbns
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0.50 + 0.1 1 E

12.0+0.2
[]10

36 25

37

I]I]I]I]I]Nig
~
0.65 |

(I

-
w

12.0+0.2

nnononnononm

vy (oD
1

*0.32 + 0.05 =
0.30 + 0.04 ©lo13 M

1.65 Max

1.0

1.45

0.1 +0.05

*Dimension including the plating thickness

Base material dimension

Unit: mm

*0.17 £ 0.05
0.15+0.04

/A
g ittt

Package Code FP-48F
JEDEC —
EIAJ —
Mass (reference value) 049

Figure D.3 FP-48F Padage Dimensbns
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9002 Unit: mm
(17
:ﬁl?ﬂﬂﬂﬂﬂﬂﬂﬁﬂﬁ
1
37 4 524
N = = |[°
o = =
o B = t
= = =
LA 111111111
1 12
*0.22 + 0.05
020+ 0.04 [ 210.08 © ol <
x Qe
© oo
= H| H
0.75 SIS =R 1.0 _
T Slo
/7 *
S
£>0.08 P
+
o
S Package Code FP-48B
JEDEC —
*Dimension including the plating thickness JEITA —
Base material dimension Mass (reference value) 0.2g
Figure D.4 FP-48B Package Dimensbpbns
Unit: mm

37.3
42 38.6 Max
mimininisinisisinisisisisisinisisisininlis]
! x
©
o=
< ©
O ik
OO0 OO0 OO OO OO0 OO0 OO0 OO !
1 <10 21
3
oo 1.38 Max s 15.24
\ 9§ ——
7'7 LD Iy )
[ ‘ \
| _clog \LOZS +01\“\
1.78 £ 0.25 1.0.48.0.10 = = :
‘ i b o 0°-15
S o
Package Code DP-42S
JEDEC -
EIAJ Conforms
Mass (reference value) 4849

Figure D5 DP-42SPackage Dimensbpbns

Rev. 6.00 Mar. 24, 2006 Page 400 of 412

Downloaded F ‘rngata Q\lgizsu()(soo RE N ESAS




Appendix

Appendk E EHBPROM Stacked-$ticture GrossSectional
View

Figure E.1 EEPROM Sacdked-Structure CrossSectonal View
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Main Revisions and Adtons in this Edition

[tem

Page Revision (See Manual for D etails)

Preface
Notes

Vi, Vii

Amended
When using the on-chip emulator (E7, E8) for H8/3664

. The NMI pin is reserved for the E7 or E8, and
cannot be used.

. Pins P85, P86, and P87 cannot be used. In order to

use these pins, additional hardware must be
provided on the user board.

. Area H'7000 to H'7FFF is used by the E7 or E8, and

is not available to the user.

. Area H'F780 to H'FB7F must on no account be

accessed.

. When the E7 or E8 is used, address breaks can be

set as either available to the user or for use by the
E7 or E8. If address breaks are set as being used
by the E7 or E8, the address break control registers
must not be accessed.

. When the E7 or E8 is used, NMI is an input/output

pin (open-drain in output mode), P85 and P87 are
input pins, and P86 is an output pin.

Figure 5.3 Typical Connection to
Crystal Resonator

Figure 5.5 Typical Connection to
Ceramic Resonator

Figure 5.8 Typical Connection to
32.768-kHz Crystal Resonator

78 to
80

Added
Note: Capacitances are reference values.
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Item Page Revision (See Manual for D etails)

6.1.1 System Control Register 1 85 Amended
(SYSCR1)

Bit Bit Name EDescript ion

______________ S S S ) S UG U S U U UUSY S

3 NESEL ENoise Elimination Sampling Frequency Select

EThe subclock pulse generator generates the watch
Eclock signal (¢,,) and the system clock pulse
Egenerator generates the oscillator clock (¢..). This
Ebit selects the sampling frequency of the oscillator
iclock when the watch clock signal (¢,,) is sampled.
When .,.= 4 to 16 MHz, clear NESEL to 0.

EO: Sampling rate is ¢,,/16

51: Sampling rate is ¢,../4

Table 7.2 Boot Mode Operation 102  Amended

» H'55 reception.

£ Host Operation Communication Contents LS| Operation
Q
= Processing Contents Processing Contents
— | Continuously transmits data H'00 H'00, _
- at specified bit rate. ] \OU\_/(
€ =
53 ;
E l * Calculates bit rate and sets BRR in SCI3.
S " ) ) )
5 | Transmits data H's5 when data H00 H'00 « Transmits data H'00 to host as adjustment
P is received error-free. end indication.
©
= H'55
| —

&

9.5.3 Pin Functions 136  Amended
° P84/FT|OD P|n Register TMRW TIOR1 PCR8
Bit Name PWMD |0OD2 |0D1 10DO PCR84 Pin Function
Setting Value 0 0 0 0 0 P84 input/FTIOD input pin
1 P84 output/FTIOD input pin
0 0 1 X FTIOD output pin
0 1 X X FTIOD output pin
1 X X 0 P84 input/FTIOD input pin
1 P84 output/FTIOD input pin
1 X X X X PWM output pin
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Item Page Revision (See Manual for D etails)
9.5.3 Pin Functions 136  Amended
° P83/FT|OC P|n Register TMRW TIOR1 PCR8
Bit Name PWMC 10C2 10C1 10CO PCR83 Pin Function
Setting Value | 0 0 0 0 0 P83 input/FTIOC input pin
1 P83 output/FTIOC input pin
0 0 1 X FTIOC output pin
0 1 X X FTIOC output pin
1 X X 0 P83 input/FTIOC input pin
1 P83 output/FTIOC input pin
1 X X X X PWM output pin
9.5.3 Pin Functions 137  Amended
° P82/FT|OB P|n Register TMRW TIORO PCR8
Bit Name PWMB 10B2 10B1 I0BO PCR82 Pin Function
Setting Value 0 0 0 0 0 P82 input/FTIOB input pin
1 P82 output/FTIOB input pin
0 0 1 X FTIOB output pin
0 1 X X FTIOB output pin
1 X X 0 P82 input/FTIOB input pin
1 P82 output/FTIOB input pin
1 X X X X PWM output pin
11.3.4 Timer Control/Status 150, Amended
Register V (TCSRV) 151 Bit  Bit Name E_Descript ion
3 0s3 iOutput Select3and2
2 0s2 1 These bits select an output method for the
ETMOV pin by the compare match of TCORB and
'TCNTV.
100: No change
501: 0 output1
1 OS1 EOutput Select 1and 0
0 0Sso EThese bits select an output method for the
ETMOV pin by the compare match of TCORA and
1 TCNTV.
13.2.1 Timer Control/Status 192  Amended
Register WD (TCSRWD) Bit Bit Name iDescript ion
4 TCSRWE ETimer Control/Status Register WD Write Enable
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Item Page Revision (See Manual for D etails)

15.5 Usage Notes 271 to Added.
e Notes on WAIT Function 274

¢ Notes on TRS Bit Setting and
ICDR Register Access

16.3.1 A/D Data Registers AtoD 278 Amended

(ADDRA to ADDRD) ... Therefore, byte access to ADDR should be done by

reading the upper byte first then the lower one. Word
access is also possible. ADDR is initialized to H'0000.

Table 20.2 DC Characteristics (1) 314  Amended

Values
Item Applicable Pins Test Condition Min
Input high  PBO to PB7 Vee=4.0V1io55V  V  x0.7
voltage
A=—3334e55=V % 0.8

Input low P50 to P57*, -0.3
voltage P74 to P76,

P80 to P87,

PBO to PB7

Phaig PR7Z AV _=A40Vig55Y 03

AV _—33Vio55V 03

Table 20.2 DC Characteristics (1) 318, Amended

Table 20.10 DC Characteristics 335  Note: * Pin states during supply current

(1) measurement are given below (excluding
current in the pull-up MOS transistors and
output buffers).

Mode RES Pin Intern al State
Active mode 1 Ve Operates
Active mode 2 Operates
(posc/64)
Sleep mode 1 Ve Only timers operate
Sleep mode 2 Only timers operate
(posc/64)
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Item Page Revision (See Manual for D etails)
Table 20.10 DC Characteristics 331, Amended

(1) 332 Values
Item Applicable Pins Test Condi tion Min
Input high  PBO to PB7 Vee=40V1t055V  V, x0.7
voltage
AV, =33Vto55V V. x0.8
Input low P50 to P57*, -0.3
voltage P74 to P76,
P80 to P87,
PBO0 to PB7
Bbote-PBz A 40N 55—6-8
cC
e!‘cc 22\'11 o o \L Cﬁ
Table A.1 Instruction Set 351 Amended
2. Arithmetic instructions
No. of
States ™"
) Condition Code
Mnemonic N
n e]
2 -1 8
rU © c
o E|S
o o ©
OlI1|H|N|Z]|V]|Cc|Z | <
DAA |DAARd B fa I I IR I 2
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A

A/D CONVEITET ....eeeieeieeeieeeieeeeee 275
Sample-and-hold circuit...................... 282
Scan Mode........cooueerieriiiniienienieeene 281
Single mode......cc.ooevevieieeiieeeieee, 281

Absolute maximum ratings..................... 311

Address break .........cccoeeiieriiieiiiiniieee, 67

Addressing modes...........ccceeevveeeeiinireennnenn. 35
Absolute address.........cceceeveevieecieennnnne 37
Immediate .......cccceeveeeviiiiniiiiieeene 37
Memory indirect ........ccovveeeviieeennnennnns 38
Program-counter relative ...................... 37
Register direct........ccevvvvvveeenciininiees 36
Register indirect.........ccccveveeiiieenninnnnns 36
Register indirect with displacement...... 36

Register indirect with post-increment... 36
Register indirect with pre-decrement.... 36

C

Clock
Clock pulse generators.........cccceeveeennene 77
Subclock generator ..........cceeevieeeennnen. 80
System clock generator......................... 78

Condition-code register (CCR)................. 19

CPU e 13

E

EEPROM......coooiiiieiieieeeeeee e 287
acknowledge ........coceeeveiiiieiiiieeie, 2901
Acknowledge polling.........cccccuveneee. 294
Byte WIite ..oooveviieeeiieeeeeeeeeeeee, 293
Corresponding slave address reference
address (ESAR) ......ooovevveiieiiieiees 292
Current address read ........c.cceevveerenee. 295
EEPROM interface.........ccccceeeevveennnnnne 290

Index

EEPROM key register (EKR)............. 289
Page Write ....cvvvveviiieeeiieeeeeeeeee 293
Random address read ...........ccccceennee. 296
Sequential read.........cccceeevieeveiieeennen. 296
Slave addressing...........cccceeeeeuvereennneen. 292
Start condition...........ccceeevveeeeeiereenneen. 291
Stop condition.........ccceeeeevieeerciieeennnen. 2901
Effective address........oooveeviivinieiniiennnens 39

Electrical characteristics
(F-ZTAT™ version, F-ZTAT™ version
with EEPROM)

AC characteristics .........cocevvvveveeennn.... 320
Electrical characteristics
(F-ZTAT™ version, F-ZTAT™ version

with EEPROM)......cccoviiiiiiiiiiieee, 311
DC characteristics ........c.cceeveereernenne. 314

Electrical characteristics

(Mask ROM version) .........cccceeevveeeennnnen. 329
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