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Notice

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

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

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

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

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

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

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

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

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

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

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

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

owned subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.
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4. Allinformation included in this document such as product data, diagrams, charts, programs, algorith
application circuit examples, is current as of the date this document is issued. Such information, hov
subject to change without any prior notice. Before purchasing or using any Renesas products listed
document, please confirm the latest product information with a Renesas sales office. Also, please
and careful attention to additional and different information to be disclosed by Renesas such as that
through our website. (http://www.renesas.com )

5. Renesas has used reasonable care in compiling the information included in this document, but Ren
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the ir
included in this document.

6. When using or otherwise relying on the information in this document, you should evaluate the inforn
light of the total system before deciding about the applicability of such information to the intended ay
Renesas makes no representations, warranties or guaranties regarding the suitability of its products
particular application and specifically disclaims any liability arising out of the application and use of t
information in this document or Renesas products.

7. With the exception of products specified by Renesas as suitable for automobile applications, Renes
products are not designed, manufactured or tested for applications or otherwise in systems the failu
malfunction of which may cause a direct threat to human life or create a risk of human injury or whic
especially high quality and reliability such as safety systems, or equipment or systems for transportz
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea comn
transmission. If you are considering the use of our products for such purposes, please contact a Re
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth

8. Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes li

(1) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purche
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmles
Technology Corp., its affiliated companies and their officers, directors, and employees against any ¢
damages arising out of such applications.

9. You should use the products described herein within the range specified by Renesas, especially wit
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiat
characteristics, installation and other product characteristics. Renesas shall have no liability for malf
damages arising out of the use of Renesas products beyond such specified ranges.

10. Although Renesas endeavors to improve the quality and reliability of its products, IC products have
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physica
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety desi
hardware and software including but not limited to redundancy, fire control and malfunction preventi
appropriate treatment for aging degradation or any other applicable measures. Among others, sinc
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final pi
system manufactured by you.

11. In case Renesas products listed in this document are detached from the products to which the Rene
products are attached or affixed, the risk of accident such as swallowing by infants and small childre
high. You should implement safety measures so that Renesas products may not be easily detached
products. Renesas shall have no liability for damages arising out of such detachment.

12. This document may not be reproduced or duplicated, in any form, in whole or in part, without prior v
approval from Renesas.

13. Please contact a Renesas sales office if you have any questions regarding the information containe
document, Renesas semiconductor products, or if you have any other inquiries.
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O The input pins of CMOS products are generally in the high-impedance state. |
operation with an unused pin in the open-circuit state, extra electromagnetic r
induced in the vicinity of LSI, an associated shoot-through current flows interr
malfunctions may occur due to the false recognition of the pin state as an inp
Unused pins should be handled as described under Handling of Unused Pins
manual.

2. Processing at Power-on
The state of the product is undefined at the moment when power is supplied.

O The states of internal circuits in the LSI are indeterminate and the states of re
settings and pins are undefined at the moment when power is supplied.

In a finished product where the reset signal is applied to the external reset pir
states of pins are not guaranteed from the moment when power is supplied ul
reset process is completed.

In a similar way, the states of pins in a product that is reset by an on-chip pow
reset function are not guaranteed from the moment when power is supplied u
power reaches the level at which resetting has been specified.

3. Prohibition of Access to Reserved Addresses
Access to reserved addresses is prohibited.

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

4. Clock Signals

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

O When the clock signal is generated with an external resonator (or from an ext
oscillator) during a reset, ensure that the reset line is only released after full s
of the clock signal. Moreover, when switching to a clock signal produced with
external resonator (or by an external oscillator) while program execution is in
wait until the target clock signal is stable.

5. Differences between Products

Before changing from one product to another, i.e. to one with a different type nun

confirm that the change will not lead to problems.

[0 The characteristics of MPU/MCU in the same group but having different type
may differ because of the differences in internal memory capacity and layout
When changing to products of different type numbers, implement a system-e\
test for each of the products.

Rev.3.00 Mar. 26, 2007 |
REJO!
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The on-chip system supporting functions include ROM, RAM, a 16-bit integrated tim
(ITU), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a s
communication interface (SCI), an A/D converter, 1/0 ports, and other facilities. Of tf
channels, one has been expanded to support the ISO/IEC 7816-3 smart card interface.
have also been added to reduce power consumption in battery-powered applications: i
modules can be placed in standby, and the frequency of the system clock supplied to 't
be divided down under software control.

The five MCU operating modes offer a choice of expanded mode, single-chip mode, ¢
space size, enabling the H8/3039 Group to adapt quickly and flexibly to avariety of ¢

In addition to its mask-ROM versions, the H8/3039 Group hasan F-ZTAT™ version
programmable on-chip flash memory that can be programmed on-board. These versio
usersto respond quickly and flexibly to changing application specifications.

This manual describes the H8/3039 Group hardware. For details of the instruction set,
H8/300H Series Software Manual.

Note: F-ZTAT isatrademark of Renesas Technology Corp.

Rev.3.00 Mar. 26, 2007
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Figure 2.2 Memory
Map

H'0000

H'FFFF

1. Normal mode (64-Kbyte mode)

5.2.2 Interrupt Priority 91

Registers Aand B
(IPRA, IPRB)

Interrupt Priority
Register B (IPRB)

Description amended

Bit 7 6 5 4 3 2

‘ IPRB7 ‘ IPRB6 ‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘
Initial value 0 0 0 0 o] 0
Read/Write R/W R/IW R/IW R/W R/W R/W

T T 1T T

5.2.3 IRQ Status 93 Description amended

Register (ISR) Bits 5, 4, 1 and 0—IRQ,, IRQ,, IRQ, and IRQ, Flag:
IRQ4F, IRQ1F, and IRQOF): These bits indicate the
IRQ,, IRQ,, IRQ,, and IRQ, interrupt requests.

5.2.4 IRQ Enable 94 Description amended

Register (IER)

Bit 7 6

Initial value 0 0
Read/Write R/W R/W

Reserved bits
Bits 5, 4, 1, and 0—IRQ,, IRQ,, IRQ,, and IRQ, Ene
IRQ4E, IRQ1E, IRQOE): These bits enable or disal
IRQ4 , IRQ1 , IRQO! interrupts.

Rev.3.00 Mar. 26, 2007 P
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Exception Handling is
not Executed

|1

1read O written

|1

lread O
written

(Inadvertent clearing)

‘ Generation condition (2) ‘

6.4.2 Precautionson 131 Description amended
Setting ASTCR and Modes 5 and 7
ABWCR*
ASTCRO=0
ABWCR = HFC
11.2.8 Bit Rate 349 Description added
Register (BRR) The baud rate generator is controlled separately for
individual channels, so different values may be set fi
Table 11.3 Examples 351 Table amended
of B@t Rat.es and BRR ®(MH?)
Settings in ‘ ‘
Asynchronous Mode 1 12 1
Bit Rate | Error
(bits/s) n N (%) ‘
300 2 77 016
11.3.4 Synchronous 376 Description amended

Operation
Clock

An internal clock generated by the on-chip baud rate
or an external clock input from the SCK pin can be s
clearing or setting the CKE1 and CKEQO bits in SCR
bit in SMR. See table 11.9.

Rev.3.00 Mar. 26, 2007 Page viii of xxii
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RES pulse width L

Mode programming tuos
setup time (MD,, MD,,

18.1.4 A/D Conversion 535 Newly added
Characteristics
18.2.2 DC 541 Table amended
Characteristics ;
Item '
Table. 18.'10 Permissible output Total of 27 pins
Permissible Output low current (total) including ports 1, 2,5 !
Currents and B |
A.1 Instruction List 576 Table amended
8. Block transfer
instructions
Mnemonic g‘ Operation
A Zlirazotmen 1
repeat @R5 - @R6 3
R5+1 - R5
R6+1 - R6
R4-1 - R4
until R4=0
else next
A.3 Number of States 584 Table amended
Required for Execution \Word Data_Internal
Table A.4 Number of jAccess  Operation
i . Instruction  Mnemonic ™ N
Cycles per Instruction e P Fop— ! §
Advanced J‘ 2

RENESAS
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All trademarks and registered trademarks are the property of their respective owners.
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Section2 CPU

Overview

21

2.2

23

24

25

2.6

2.7

2.8

L. L

211

2.1.2 Differencesfrom H8/300 CPU
CPU Operating Modes
Address Space
Register Configuration

24.1

2.4.2 General Registers
2.4.3 Control Registers
Register Values.........ccccceevuenee.

244

Data Formats
251 General Register Data Formats
25.2 Memory Data Formats

rirrruricuaulio
Pin Functions

FFEALUIES.......eeeeieeeeeeeeeeeeeeeeeeeeeteeeeeeeeesesssesesssesessssssssssssssssssssssssrsssssssrssnsnrnns.

OVEIVIBIW ...ttt ettt et e e et e e e e e e e s e bt e e s sesbeeessaeeessssbenesan,

Initial CPU

INSEIUCLION SEL ...ttt e e e et e b e e aaeeaeesraesrens
2.6.1  INSruCtion SEt OVEIVIEW .......ccuerueeiiieriesie et
2.6.2 Instructions and Addressing MOdES..........ccccveceerieniesiesee e,
2.6.3 Tablesof Instructions Classified by Function...........cccccceveeevieeveecieennee,
2.6.4 BasiCINSLrUCtion FOIMAELS .........ceveeeieeiiesieie et s
2.6.5 Noteson Use of Bit Manipulation INStructions............ccoceeeereneeniennene,
Addressing Modes and Effective Address Calculation...........cccceccevvveneneeenens

2.7.1 Addressing Modes
2.7.2 Effective Address Calculation
Processing States

281
2.8.2
2.8.3
284
285

OVEIVIBIW ...ttt e et e e et e e e s s e e e s s e bt e e s sesbaeessaeeasessbenesan,

Program Execution State
Exception-Handling State
Exception-Handling Sequences
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3.1.2 Register Configuration.........cccceeeueiieesieenieieeeseeseeseeseeseeeee e sreesseeeeen
3.2  Mode Control Register (MDCR) .......ocuiiieeiesieeee sttt
3.3 System Control ReGIStEr (SY SCR) ....ccvieiiiieie e s este e see et ee e
3.4 Operating Mode DESCIiPLIONS.......c.ciuirieertirieirierieese st
0 5t R |V o 1= USRS
I A |V o 1= USRS
343 MOUEDS ...,
344 MO B ...t
34D MOUE 7 ..ottt
3.5 PinFunctionsin Each Operating Mode...........ccoiiiniiinineereeesee e,
3.6  Memory Map in Each Operating Mode...........ccooeeririeneninreeeeseeeese e,
3.7 Restrictions 0N USe Of MOUE B........couerieieriirieiiiirieerieeesere e
Section 4 EXCeption HaNAIING ........ccooviririeeeseseseseeeeeeseesseeseenn
4.1 OVEIVIBW ..ottt et et r et r e e nren
411 Exception Handling Types and Priority ..o
4.1.2 Exception Handling OPeration .........cccoeeeererieierenieneseseseee s
4.1.3 Exception Vector TabIe ..o
4.2 RESEL...iceeete e n e
421 OVEIVIBW ..ottt et n et n et nnesne e nnn
4.2.2  RESEL SEOUENCE .....ccciiiiiiie ittt sttt sttt s sbe e s s be e sre s
4.2.3  InterruptS after RESEL........cooiiiieiirieee e
4.3 INEEITUPDES. ..ottt et r e nr e r e ene e,
A4 TP INSIUCTION. ....itieitirtieetert ettt nnas
45  Stack Status after Exception Handling.........ccceevevieieice e,
4.6  NOteSON SEACK USAQE ...cuvveiieiecie ettt ettt nae s ne e,
Section 5 Interrupt CONrOIEN ...
I R @ 1Y V1= T SR SSPR
511 FEAIUIES.....co ittt ettt st b san e sare e e
5.1.2  BlOCK DIiaQramM ...cccceeiiecieecieesie ettt sne e s e e s
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531  EXternal INEITUPLS .......ccoeiirieiriirieirierieesi e

5.3.2  INterNal INTEITUPLS. ...cveeee ettt
5.3.3 Interrupt VEeCtor TaDI........cccvvieeieieeee e
54 INtErrupt OPEralioN........cceiueriieiie e et sieesee s e e e e etesee e e e sreesaeeaesneesseenseensenn
54.1 Interrupt Handling ProCESS..........coeeeirieisiriiieiesieeieseeeeeseeie s,
54.2  INtEIrTUPE SEQUENCE .....coueeueiieieite et s,
54.3 Interrupt RESPONSE TIME.....c.oiiiiiriirieeeicrieee et
5.5 USAOE NOLES .....eeiiiee ittt b e s b e b st esare s
5.5.1 Contention between Interrupt and Interrupt-Disabling Instruction........
5.5.2 Instructionsthat INhibit INterruptS.........ccceeeeiie e
5.5.3 Interrupts during EEPMQV Instruction EXecution............cc.ccoceveeeeenene.
554 USBENOLES.......cocoiiiiei e
SeCtion 6 BUS CONLIONEN ...t
B.1  OVEIVIBIW ...ttt e b et e bbbt st e ae e e e s et seeebesneenees
B.1.1  FEAIUIES... oo e e,
6.1.2  BIOCK Diagram......cccciiiirieiiiiiniciesie ettt e
6.1.3  INPUL/OULPUL PINS.....ceiiiieeiiieieeeeie ettt
6.1.4 Register CoNfiguration..........coeerereeerinieinereee et
6.2  ReQISter DESCIIPLONS.......eicieiee et esie e stesee e e e e e e teeaesaesneesneeaeenne s,
6.2.1 Access State Control Register (ASTCR) ....oocvevveeveeie e,
6.2.2 Wait Control Register (WCR)......ccceeieeieeie e,
6.2.3 Wait State Controller Enable Register (WCER) .......cccovveivereiencnieene,
6.2.4 Address Control Register (ADRCR).......cccoiiirireinereese e
8.3 OPEIBLION....ccueitieetiitiiet ettt n e n e,
6.3.1  AraADIVISION...ccuiiiiiiiieriee sttt e
6.3.2 BusControl Signal TiminNg .....ccccceeeiveeeiienieseereese e,
6.3.3 WAL IMOUES. .....ccuiiiieieiiereeie sttt e
6.3.4 Interconnections with Memory (EXample) ........cccoeevineienencencnieenn,
6.4 USAOENOLES ... .oouiiicieeeee e e e
6.4.1 Register Write TIMINg .....cccoevirieiriinesieseeie e
6.4.2 Precautions on Setting ASTCR and ABWCR.........cccccevieevvcceciieieniene,
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7.3.3 PinFunctionsin EaCh MOGE........ccoocuiiiiceeie e,

7.34  Input PUll-UpP TranSIStOrS.......coioeeieesierieeseeeeieste e seeeseeesee e s
B = o U F S SRPRRSUPTSPRS
TAL  OVEIVIEW.....ceieee ettt sttt e e stte e e e sate e e e saae e e e atae e e enasaeessareeeeanseeessnnns.
742 RegiSter DESCIIPLIONS......coveeitereeeeerieeete et
7.4.3 PinFunctionsin EaCh MOdE.........ccceeuvieieeeeieece e,
28 T = o 0 YOS PR SRRPRORRPSRORRONY
T.5.1  OVEIVIEW... ..t ceee ettt see ettt e e et e e e s e e e st e e e enasae e e saneeeeeneeeesnnnns.
7.5.2 Register DESCIPLIONS. ....ciceiceeeiieseee et
7.5.3 PinFunctionsin EaCh MOdE.........cccooviiiiiicieecee e,
7.5.4  Input PUl-UP TranSiStOrS.......cceiueeererieneeienieseeieste et seere e seene e
TB  POMT B ettt e e et e e et e e e e e e e e aetaeeeeateeeeennns.
AT R @ < VT R ORR
7.6.2 Register DESCIPLIONS.....cciieieeeeeeseesee et e e ene s
7.6.3 PinFunctionsin EaCh MOdE.........cccoovieiiiiiiiecee e,
A A = o O SRS RORSUPRSPRS
TT. L OVEIVIEW.c...ceviee ettt e ettt e e et e e et e e e e ette e e eesseeeesaseeeeasseeeennnes.
772 RegiSter DESCIIPLION. ....cciieeeitereeieeie ettt
R T o B < TS SRS OSSR OP SRR
S R @< o = YRR
7.8.2 Register DESCIPLIONS. ....ciceieeeeieeseee e et
7.8.3 PINFUNCHONS.....cooiiiieecee ettt st e e e,
T  POM O ettt e et e et e e e etae e e e aateeeeeanns.
A N R @ < VT ORI
7.9.2 RegiSter DESCIIPLIONS......coveeitirieieeierieeete ettt
7.9.3  PINFUNCHONS.....cooiiiceece ettt st e e,
A0 L T o O NSO RSUPRRPSS
A L0 R R @ V= V1= PSPPI
7.10.2 RegiSter DESCIIPLIONS......civieeterieeeiertereetesie ettt sre e sre e ebe e,
7.00.3 PiNFUNCHIONS.....ooouiicciecee ettt ettt et st seaee et s eae e e ebeeennee e,
0 = o O = TSSO
8 S R @ V= V1= RSP OUPRRY
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8.2

8.3

84

8.5

8.6

REQiStEr DESCITPLIONS ... vttt

8.2.1 Timer Start Register (TSTR)....ceceecieiee e
8.2.2 Timer Synchro RegISter (TSNC) ...ccvecvveievieiee e
8.2.3 Timer Mode Register (TMDR) ......cccocoviieeie e
8.24 Timer Function Control Register (TFCR)........ccccvvreineneneeerieeeenieee,
8.25 Timer Output Master Enable Register (TOER) ........cccocoveierenieienerienne,
8.26 Timer Output Control Register (TOCR) .......coevririeerienieeresieeseeniene,
8.2.7 Timer Counters (TCNT) c.ueeceececee e seesreesee e see e e e
8.2.8 Genera Registers (GRA, GRB).....ccccccvvievie e
8.2.9 Buffer Registers (BRA, BRB)......ocooiieicecece e,
8.2.10 Timer Control ReGIStErS (TCR) ....ccvvviieiriiieierieie e,
8.2.11 Timer I/O Control Register (TIOR) .......cccvirieeririeinereeeeereeee e,
8.2.12 Timer Status RegiSter (TSR) .....cvvireiririeirie e,
8.2.13 Timer Interrupt Enable Register (TIER) ......cooveveeveiii e
CPU INEEITACE. ...t
8.3.1 16-Bit AcCCessible REQISLEIS .....cccvieiiieiecie et
8.3.2 8-Bit Accessible REQISENS........coviieiriieire e,
L0707 £ 1o OSSOSO PTRPTROTRRIY
S R @ V= V= PRI
8.4.2 BaSICFUNCLONS........cciriieerirtieererreeeenre e,
8.4.3  SYNCRIrONIZAtiON .....ccveieecee et
844  PWM MOUE.......cociiririciiireceee s,
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The H8/300H CPU has a 32-hit internal architecture with sixteen 16-bit general regist
concise, optimized instruction set designed for speed. It can address a 16-Mbyte lineal
space. Itsinstruction set is upward-compatible at the object-code level with the H8/30
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated tim
(ITU), aprogrammable timing pattern controller (TPC), awatchdog timer (WDT), a s
communication interface (SCI), an A/D converter, 1/O ports, and other facilities.

The H8/3039 Group consists of four models: the H8/3039 with 128 kbytes of ROM a
of RAM, the H8/3038 with 64 kbytes of ROM and 2 kbytes of RAM, the H8/3037 wi
of ROM and 1 kbytes of RAM, and the H8/3036 with 16 kbytes of ROM and 512 byt

The five MCU operating modes offer a choice of expanded mode, single-chip mode a
space size.

In addition to the mask-ROM version of the H8/3039 Group, an F-ZTAT™ version w
chip flash memory that can be freely programmed and reprogrammed by the user afte
installed is also available. Thisversion enables users to respond quickly and flexibly t
application specifications, growing production volumes, and other conditions.

Table 1.1 summarizes the features of the H8/3039 Group.

Note: F-ZTAT isatrademark of Renesas Technology Corp.
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' YU VMRt

Maximum clock rate: 18 MHz
Add/subtract: 111 ns
Multiply/divide: 778 ns

Two CPU operating modes

Normal mode (64-kbyte address space)
Advanced mode (16-Mbyte address space)

Instruction features

8/16/32-bit data transfer, arithmetic, and logic instructions
Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bi
Signed and unsigned divide instructions (16 bits + 8 bits, 32 bit
Bit accumulator function

Bit manipulation instructions with register-indirect specification
positions
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H8/3037

ROM: 32 kbytes
RAM: 1 kbyte

H8/3036

ROM: 16 kbytes
RAM: 512 bytes

Interrupt controller

Five external interrupt pins: NMI, IRQ,, IRQ,, IRQ,, IRQ

1’ 4 5

25 internal interrupts
Three selectable interrupt priority levels

Bus controller

Address space can be partitioned into eight areas, with indep
specifications in each area

Two-state or three-state access selectable for each area
Selection of four wait modes

16-bit integrated
timer unit (ITU)

Five 16-bit timer channels, capable of processing up to 12 pu
or 10 pulse inputs

16-bit timer counter (channels 0 to 4)

Two multiplexed output compare/input capture pins (channels
Operation can be synchronized (channels 0 to 4)

PWM mode available (channels 0 to 4)

Phase counting mode available (channel 2)

Buffering available (channels 3 and 4)

Reset-synchronized PWM mode available (channels 3 and 4)
Complementary PWM mode available (channels 3 and 4)
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ettt Viaivti-g

* Usable as an interval timer

Serial » Selection of asynchronous or synchronous mode
communication

interface (SCI),
2 channels * On-chip baud-rate generator

e Full duplex: can transmit and receive simultaneously

e Smart card interface functions added (SCIO only)

A/D converter * Resolution: 10 bits
« Eight channels, with selection of single or scan mode
« Variable analog conversion voltage range
e Sample-and-hold function
e Can be externally triggered

I/O ports e 55 input/output pins
e 8input-only pins

Operating modes  Five MCU operating modes

Mode Address Space Address Pins Bus Width
Mode 1 1 Mbyte A t0 A, 8 bits
Mode 3 16 Mbytes A to A, 8 bits
Mode 5 1 Mbyte A to A, 8 bits

Mode 6 64 kbytes — —

Mode 7 1 Mbyte — —

* On-chip ROM is disabled in modes 1 and 3

Power-down state «  Sleep mode
« Software standby mode
e Hardware standby mode
e Module standby function
e Programmable System clock frequency division
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HD6433038F  HD6433038VF  80-pin QFP (FP-80A) Mas
HD6433038TE  HD6433038VTE  80-pin TQFP (TFP-80C)
HD6433037F  HD6433037VF  80-pin QFP (FP-80A) Mas
HD6433037TE  HD6433037VTE  80-pin TQFP (TFP-80C)
HD6433036F  HD6433036VF  80-pin QFP (FP-80A) Mas
HD6433036TE  HD6433036VTE  80-pin TQFP (TFP-80C)

Note: * There are two 3 V versions: one with V. =2.7Vto 5.5V and ¢
and one with V_.=3.0Vto 5.5V and ¢ =2 to 10 MHz. Howeve
one flash memory version, with V. =3.0t0 5.5V and 9= 210 ]
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Note: * Mask ROM: RESO o é

Flash memory: FWE

Figurel.1 Block Diagram
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Note: * Mask ROM: RESO
Flash memory: FWE

Figure1.2 Pin Arrangement (FP-80A, TFP-80C Top View)
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Pin PROI

No. Model Mode 3 Mode 5 Mode 6 Mode 7 Flash

1 PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP,/ PB,/TP/ NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,

2 PB,/TP/ PB,/TP/ PB,/TP/ PB,/TP/ PB,/TP/ NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,

3 PB,/ TP,/ PB,/ TP,/ PB,/ TP,/ PB,/TP,/  PB/JTP,/ NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,

4 PB./TP,/ PB./TP,/ PB./TP,/ PB/TP,/  PBJTP,/ NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,

5 PB,/ TP,/ PB,/ TP,/ PB,/ TP,/ PB/TP,/  PB/JTP,  NC
TOCXA, TOCXA, TOCXA, TOCXA, TOCXA,

6 PB/TP,/ PB/TP,/ PB/TP,/ PB/TP./  PBJTP./ NC
TOCXB, TOCXB, TOCXB, TOCXB, TOCXB,
MD, MD, MD, MD, MD, Ve
PB,/TP,/ PB,/TP,/ PB,/TP,/ PB/TP./  PBJTP./ NC
ADTRG ADTRG ADTRG ADTRG ADTRG

9 P9,/TxD, P9,/TxD, P9,/TxD, P9/TXxD,  P9/TxD, NC

10  P9,/RxD, P9,/RXD, P9,/RXD, P9,/RxD,  P9/RXD, V.

11 P9,/SCK/ P9,/SCK/ P9,/SCK/ P9,/SCK/ P9,/SCK/ NC
IRQ, IRQ, IRQ, IRQ, IRQ,

12 VSS VSS VSS VSS VSS VSS

13 D, D, D, P3, P3, /0,

14 D, D, D, P3, P3, /0,

15 D, D, D, P3, P3, /0,

16 D, D, D, P3, P3, /0,

17 D, D, D, P3 P3 110

4

4
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My ™) FLyRy 49 0 Ry
23 A A, P1/A, P1, P1, A,
24 A, A, P1,/A, P1, P1, A,
25 A, A, P1/A, P1, P1, A,
26 A, A, P1/A, P1, P1, A,
27 A, A, P1/A, P1, P1, A,
28 A, A, P1/A, P1, P1, A,
29 A, A, PLJ/A, P1, P1, A,
30 VSS VSS VSS VSS VSS VSS
31 A, A, P2/A, P2, P2, A,
32 A A, P2,/A, P2, P2, A,
33 A, A, P2,/A,, P2, P2, A,
34 A, A, P2,JA,, P2, P2, A,
35 A, A, P2,/A,, P2, P2, A,
36 A, A, P2JA., P2, P2, A,
37 A, A, P2/A,, P2, P2, A,
38 A, A, P2,JA., P2, P2, A,
39 A, A, P5/A, P5, P5, A,
40 A, A, P5/A,, P5, P5, Vg
41 A, A, P5,/A,, P5, P5, Ve
42 A, A, P5,/A,, P5, P5, Vg
43 P6/WAIT P6,/WAIT P6,/WAIT P6, P6, NC
44 MD, MD, MD, MD MD Vi
45  MD MD, MD, MD MD, Ve
46 ¢ ® ® 0 ® NC

RENESAS
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A TAL A TAL AN TAL AN TAL EALF

52 XTAL XTAL XTAL XTAL XTAL XTAL
53 VCC VCC VCC VCC VCC VCC
54 AS AS AS P6, P6, NC
55 RD RD RD P6, P6, NC
56  WR WR WR P6, P6, Ve,
57 RESO/ RESO/ RESO/ RESO/ RESO/ FWE

FWE* FWE* FWE* FWE* FWE*
58 AV AV AV AV AV Ve
59  P7/AN, P7,/AN, P7,/AN, P7,JAN, P7,JAN, NC
60  P7/AN, P7, /AN, P7, /AN, P7 /AN, P7 /AN, NC
61  P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC
62  P7/AN, P7./AN, P7./AN, P7/AN, P7/AN, NC
63  P7,/AN, P7,JAN, P7,JAN, P7,/AN, P7,/AN, NC
64  P7JAN, P7/AN, P7/AN, P7/AN, P7/AN, NC
65 P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, NC
66  P7,JAN, P7./AN, P7./AN, P7.JAN, P7.JAN, NC
67 AV, AV AV AV, AV V.
68 P8/IRQ, P8,/IRQ, P8,/IRQ, P8,/IRQ, P8/IRQ, V.
69  P8/IRQ, P8,/IRQ, P8,/IRQ, P8/IRQ, P8/IRQ, Vg
70 P9/TxD, P9,/TxD, P9,/TxD, P9/TxD,  P9/TxD, NC
71 P9/RxD, P9./RXD, P9./RXD, P9/RxD,  P9/RxD, NC
72 P9/SCK/ P9,./SCK,/ P9,./SCK,/ P9./SCK,/  P9/SCK/ V.

IRQ, IRQ, IRQ, IRQ, IRQ,
73 PAJTP/ PAJTP,/ PAJTP,/ PAJTP,/ PAJTP/  CE

TCLKA TCLKA TCLKA TCLKA TCLKA
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PAJTP,/ PAJTP./ PAJTP./ PAJTP.  PAJITP,/
TIOCB/ TIOCB/ TIOCB/ TIOCB/  TIOCB/
TCLKD TCLKD TCLKD TCLKD TCLKD

77 PAJTP/ PA/TP,/ PA/TP,/ PAJTP/  PAJTP/  NC
TIOCA, TIOCAJA,  TIOCA, TIOCA, TIOCA,

78  PAJTP/ PAJTP,/ PAJTP,/ PAJTP/  PAJTP/  NC
TIOCB, TIOCBJA,  TIOCB, TIOCB, TIOCB,

79  PAJTP/ PAJTP,/ PAJTP,/ PAJTP/  PAJTP/  NC
TIOCA, TIOCAJA,  TIOCA, TIOCA, TIOCA,

80 PAJTP/ A, PA /TP PA/TP/  PAJTP/  NC
TIOCB, TIOCB, TIOCB, TIOCB,

Notes: Pins marked NC should be left unconnected.

For details about PROM mode see section 15, ROM.

* Mask ROM: RESO
Flash Memory: FWE
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supply.

Vg 12, Input Ground: For connection to ground
30, Connect all V pins to the 0-V sys
50 supply.

Clock XTAL 52 Input For connection to a crystal resonat
For examples of crystal resonator :
external clock input, see section 1¢
Pulse Generator.

EXTAL 51 Input For connection to a crystal resonat
of an external clock signal. For exa
crystal resonator and external cloc
section 16, Clock Pulse Generator.

[0} 46 Output System clock: Supplies the system
external devices

Operating MD,, 7, Input Mode 2 to mode 0: For setting the

mode control  MD,, 45, mode, as follows. These pins shou

MD 44 changed during operation.

MD. MD MD,

1 0

Operati

2

Mode 1

Mode 3

Mode 5

Mode 6

F|IlrP|FP|FPRP|[O|OC|O|O
FP|IP|O|O|(FR|FL,|O|O
| O|FrRP|O|(FR|O|Fr|O

Mode 7
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al

Input

Standpy. vwnen driven 10w, tnis
transition to hardware standby mc

Interrupts NMI 49 Input Nonmaskable interrupt: Reques
nonmaskable interrupt

IRQ,, IRQ, 72,11, Input Interrupt request 5, 4, 1, 0: Masl

IRQ,, IRQ, 69, 68 interrupt request pins

Addressbus A toA,, 77t080, Output  Address bus: Outputs address s

A t0A, 421031,

A oA, 291022

Data bus D,to D, 20to 13 Input/ Data bus: Bidirectional data bus
output
Bus control AS 54 Output Address strobe: Goes low to ind
address output on the address bu

RD 55 Output  Read: Goes low to indicate readil
external address space.

WR 56 Output Write: Goes low to indicate writin
external address space indicates
the data bus.

WAIT 43 Input Wait: Requests insertion of wait <
cycles during access to the exterr
space.

16-bit TCLKDto 76to73 Input Clock input A to D: External cloc

integrated TCLKA

t'lr_PSr unit TIOCA,to 3,1, 79, Input/ Input capture/output compare /

(ITV) TIOCA, 77,75 Output GRA4 to GRAO output compare ¢
capture, or PWM output

TIOCB,to 4, 2, 80, Input/ Input capture/output compare E

TIOCB, 78,76 output GRB4 to GRBO output compare ¢
capture, or PWM output

TOCXA, Output Output compare XA4: PWM out|

TOCXB, Output Output compare XB4: PWM out
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0

R

SCK,, 72,11 Input/ Serial clock:(channels 0 and 1): S
SCK, output input/output
A/D AN, to AN, 66 to 59 Input Analog 7 to 0: Analog input pins
converter ADTRG 8 Input A/D trigger: External trigger input
A/D conversion
AV . 67 Input Power supply pin and reference vc
pin for the A/D converter. Connect
system power supply when not usi
converter.
AV 58 Input Ground pin for the A/D converter. (
system power-supply (0 V).
I/O ports P1,toP1, 29to22 Input/ Port 1: Eight input/output pins. The
output of each pin can be selected in the |
direction register (P1DDR).
P2, to P2, 38to31 Input/ Port 2: Eight input/output pins. The
output of each pin can be selected in the |
direction register (P2DDR).
P3,to P3, 20to 13 Input/ Port 3: Eight input/output pins. The
output of each pin can be selected in the |
direction register (P3DDR).
P5,to P5, 42to 39 Input/ Port 5: Four input/output pins. The
output each pin can be selected in the pol
direction register (P5DDR).
P6,to P6,, 56to54, Input/ Port 6: Four input/output pins. The
P6, 43 output each pin can be selected in the pol
direction register (P6DDR).
P7,to P7, 66 1to59 Input Port 7: Eight input pins
P8, P8, 69, 68 Input/ Port 8: Two input/output pins. The
output each pin can be selected in the pol

direction register (P8DDR).
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| -
direction register (PBDDR).
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211

Features

The H8/300H CPU has the following features.

Upward compeatibility with H8/300 CPU

Can execute H8/300 series object programs without alteration

General-register architecture

Sixteen 16-hit general registers (also usable as sixteen 8-bit registers or eight 32-b
Sixty-two basic instructions

g
O
g

8/16/32-hit arithmetic and logic instructions
Multiply and divide instructions
Powerful bit-manipulation instructions

Eight addressing modes

Oooooogooo

Register direct [Rn]

Register indirect [ @ERN]

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

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

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

Memory indirect [ @@aa:8]

16-Mbyte linear address space
High-speed operation

O

O
g
O
g

All frequently-used instructions execute in two to four states

Maximum clock frequency: 18 MHz
8/16/32-hit register-register add/subtract: 111 ns
8 x 8-bit register-register multiply: 778 ns
16 + 8-hit register-register divide: 778 ns
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212 Differences from H8/300 CPU
In comparison to the H8/300 CPU, the H8/300H has the following enhancements.

* Moregenerd registers

Eight 16-bit registers have been added.
» Expanded address space

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

O Norma mode supports the same 64-kbyte address space as the H8/300 CPU.
» Enhanced addressing

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

* Enhanced instructions
0 Datatransfer, arithmetic, and logic instructions can operate on 32-bit data.
O Signed multiply/divide instructions and other instructions have been added.
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CPU operating modes

| alivu vudiada arvao vuiliiv

Advanced mode

Maximum 16 Mbytes,
and data areas combi

Figure2.1 CPU Operating Modes

RENESAS
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H'0000

HFFFF

1. Normal mode (64-Kbyte mode)

H'00000

HFFFFF

(a) 1-Mbyte mode

N

H'000000

H'FFFFFF

(b) 16

g

2. Advanced mode

Figure2.2 Memory Map
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T rEgdTTErTE T ONT s

15 07 07
ERO EO ROH ROL
ER1 E1l R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ER5 ES5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23
PC |
76543

Legend:

SP:
PC:
CCR:
I:

ul:

OsNzcxT

Stack pointer

Program counter
Condition code register
Interrupt mask bit

User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

CCR [1ulH]uln]

Figure2.3 CPU Registers

RENESAS
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(RO to R7). These registers are functionally equivalent, providing a maximum sixteen !
registers. The E registers (EO to E7) are also referred to as extended registers.

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

Figure 2.4 illustrates the usage of the general registers. The usage of each register can |
independently.

» Address registers

» 32-bit registers « 16-bit registers  8-bit registe
E registers
— (extended registers)
EO to E7
ER registers ] RH register:
ERO to ER7 ROH to R7F
L] R registers
RO to R7

RL registers
ROL to R7L

Figure 2.4 Usage of General Registers
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<o F \ERG) T

Stack area

/\_/

Figure2.5 Stack

24.3 Control Registers

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

Program Counter (PC)

This 24-bit counter indicates the address of the next instruction the CPU will execute.
of al CPU ingtructionsis 2 bytes (one word) or a multiple of 2 bytes, so the least sign
bit isignored. When an instruction is fetched, the least significant PC bit is regarded ¢

Condition Code Register (CCR)

This 8-bit register containsinternal CPU status information, including the interrupt m.
and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

Bit 7—Interrupt Mask Bit (1): Masks interrupts other than NM| when set to 1. NMI
regardless of the | bit setting. The | bit is set to 1 at the start of an exception-handling

Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by software u:
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an inte
bit. For details see section 5, Interrupt Controller.
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Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of data.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-z

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

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

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

The carry flag is al'so used as a bit accumulator by bit manipulation instructions.

Some instructions leave flag bits unchanged. Operations can be performed on CCR by
STC, ANDC, ORC, and XORC ingtructions. The N, Z, V, and C flags are used by conc
branch (Bcc) instructions.

For the action of each instruction on the flag bits, see appendix A.1, Instruction List. F
Ul bits, see section 5, Interrupt Controller.

244 Initial CPU Register Values

In reset exception handling, PC isinitialized to avalue loaded from the vector table, ar
in CCRisset to 1. The other CCR bits and the general registersare not initialized. In p
the stack pointer (ER7) is not initialized. The stack pointer must therefore be initializec
MOV .L instruction executed immediately after areset.
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Figures 2.6 and 2.7 show the data formatsin general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don't care
7

1-bit data RnL ' Don't care E 1

7 43 0

4-bit BCD data RnH Don't care

________________ 7 43

4-bit BCD data RnL | Dont care
7 o

Byte data RnH I::j Don't care

MSB Lse

________________ 7

Byte data RnL Don't care
""""""""IVISB L

Legend:
RnH: General register RH
RnL: General register RL

Figure2.6 General Register Data Formats
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31 16 15
Longword data ERn

MSB
Legend:
ERn: General register
En:  General register E
Rn:  General register R

MSB: Most significant bit
LSB: Least significant bit

Figure2.7 General Register Data Formats
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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]e|s|al3]2]1]o0

MSB‘ ‘LSB
MSB‘ ‘
‘LSB
MSB‘
LSB

Figure2.8 Memory Data Formats

When ER7 (SP) is used as an address register to access the stack, the operand size shc
size or longword size.
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Data transfer

MOV, PUSH*!, POP*!, MOVTPE*’, MOVFPE**

Arithmetic operations

ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DA
MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS, EXTU

Logic operations

AND, OR, XOR, NOT

Shift operations

SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR

Bit manipulation

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

Branch

Bce*®, IMP, BSR, JSR, RTS

System control

TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP

Block data transfer

EEPMOV

Tc

Notes: 1. POP.W Rn is identical to MOV.W @SP+, Rn.
PUSH.W Rn is identical to MOV.W Rn, @-SP.
POP.L ERn is identical to MOV.L @SP+, Rn.
PUSH.L ERn is identical to MOV.L Rn, @-SP.
2. These instructions are not available on the H8/3039 Group.
3. Bcc is a generic branching instruction.
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iRty AR R w Ll > a o
c S| |2 3| w8
| |Gl |G |8 8|8 |z|c
# | 2| ®|©®|®|®|0 |0 || |6
Data MOV BWL |BWL |BWL|BWL |BWL [BWL| B |BWL|BWL| — | —
transfer POP, PUSH — T 1 T _T _T_1T_=
MOVFPE, e el el e e e B — | — | =
MOVTPE
Arithmetic |ADD, CMP BWLIBWL| — | — | — | — | — | — | — | — | —
operations SUB VR YT O P I I R
ADDX, SUBX B B — | - | | = | = | = | = | =
ADDS, SUBS — L — | - - = = | = | = | = | =
INC, DEC —BWL| — | — | — | — | — | — | — | — | —
DAA, DAS — B — | - | | = | = | = | = | =
MULXU, —|BwW| — | —m | —m | —m | — | = | — | — | =
MULXS,
DIVXU, DIVXS
NEG —BWL| — | — | — | — | — | — | — | — | —
EXTU, EXTS —lwL| — | —m | —m | —m | — | = | = | =1 =
Logic AND, OR, BWLIBWL| — | — | — | — | — | — | — | — | —
operations |XOR
NOT —|BWL| — | — | — | — | — | — | — | — | —
Shift instructions — |BWL| — | — | — | — | — | — | — | — | —
Bit manipulation — B B — | = | = B — | — | — | =
Branch Bcc, BSR — —_ — — — — — — | — @) C
JMP, JSR — | - O | = =] =] =] =10 | ==
RTS — |- = = =] = = = = ==
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SLEEP — | — | =

LDC B B

g|=

STC — B

g|=
g|=
g|=

g|=

2|=

ANDC, ORC, B — | —
XORC

NOP — | — | =

Block data transfer — | — | =

Legend:
B: Byte
W: Word
L: Longword
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Rn General register*

ERn General register (32-bit register or address register)
(EAd) Destination operand
(EAs) Source operand
CCR Condition code register
N (negative) flag of CCR
z Z (zero) flag of CCR
V (overflow) flag of CCR
C C (carry) flag of CCR
PC Program counter
SP Stack pointer
#IMM Immediate data
disp Displacement
+ Addition
- Subtraction
X Multiplication
+ Division
ad Logical AND
ad Logical OR
ad Exclusive logical OR
- Move
- NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-hit length

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-hit r
to R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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MOVTPE B

Rs - (EAs)
Cannot be used in the H8/3039 Group.

POP WiL

@SP+ - Rn

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

PUSH WiL

Rn - @-SP

Pushes a general register onto the stack. PUSH.W Rn is id
MOV.W Rn, @—SP. Similarly, PUSH.L ERn is identical to N
@-SP.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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SUBX

Performs addition or subtraction with carry on data in two ge
registers, or on immediate data and data in a general registe

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

DEC Increments or decrements a general register by 1 or 2. (Byte
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

DAA, B Rd decimal adjust - Rd

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

MULXU B/W Rd xRs - Rd
Performs unsigned multiplication on data in two general regi
8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd xRs - Rd

Performs signed multiplication on data in two general registe
bits x 8 bits — 16 bits or 16 bits x 16 bits - 32 bits.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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10-DIt quouctit alld 1Lo-DIit rermaindacet.

CMP

B/WI/L

Rd - Rs, Rd — #IMM

Compares data in a general register with data in another ge
register or with immediate data, and sets CCR according to

NEG

B/WI/L

0-Rd - Rd

Takes the two's complement (arithmetic complement) of da
general register.

EXTS

WiL

Rd (sign extension) — Rd

Extends byte data in the lower 8 bits of a 16-bit register to v
or extends word data in the lower 16 bits of a 32-bit register
longword data, by extending the sign bit.

EXTU

WiL

Rd (zero extension) — Rd

Extends byte data in the lower 8 bits of a 16-bit register to v
or extends word data in the lower 16 bits of a 32-bit register
longword data, by padding with zeros.

Note:

Size refers to the operand size.
B: Byte
W: Word
Longword
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yclicial icylolct Ul inicuialc udila.

XOR B/WI/L RdORs - Rd, Rd O #IMM - Rd

Performs a logical exclusive OR operation on a general regi
another general register or immediate data.

NOT B/WI/L -Rd - Rd

Takes the one's complement of general register contents.

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

Table2.6  Shift Instructions

Instruction Size* Function

SHAL, B/W/L Rd (shift) - Rd

SHAR Performs an arithmetic shift on general register contents.
SHLL, B/WI/L Rd (shift) - Rd

SHLR Performs a logical shift on general register contents.
ROTL, B/WI/L Rd (rotate) - Rd

ROTR Rotates general register contents.

ROTXL, B/WI/L Rd (rotate) - Rd

ROTXR

Rotates general register contents through the carry bit.

Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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witdlo a optillicu Uit 1l a yTlicial 1tylotel Ul Ticihivly vupceial
bit number is specified by 3-bit immediate data or the lower
general register.

BNOT B = (<bit-No.> of <EAd>) - (<bit-No.> of <EAd>)
Inverts a specified bit in a general register or memory opera
number is specified by 3-bit immediate data or the lower 3 b
general register.

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

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

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

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

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

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

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

BLD

BILD

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

Transfers a specified bit in a general register or memory oj
the carry flag.

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

Transfers the inverse of a specified bit in a general registe!
operand to the carry flag.

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

BST

BIST

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

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

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

Transfers the inverse of the carry flag value to a specified |
general register or memory operand.

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

Note:

*

Size refers to the operand size.

B: Byte
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BHI High coz=0
BLS Low or same cz=1
Bcc (BHS) Carry clear (highorsame) C=0

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 NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV
BLE Less or equal ZONNDOV

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
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condition code register size is one byte, but in transfer from m
is read by word access.

STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location. The cor
register size is one byte, but in transfer to memory, data is wri
access.
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate da
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate date
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with imme
NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.

B: Byte
W: Word
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repeat @ER5+ - @ER6+, R4-1 -, R4
until R4=0
else next;

Transfers a data block according to parameters set in gene
R4L or R4, ERS5, and ERG.

R4L or R4: Size of block (bytes)
ERS5: Starting source address
ERG6: Starting destination address

Execution of the next instruction begins as soon as the tran
completed.

2.6.4 Basic I nstruction For mats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of &
field (OPfield), aregister field (r field), an effective address extension (EA field), and
field (cc).

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

Register Field: Specifiesagenera register. Address registers are specified by 3 bits, d
by 3 bits or 4 bits. Some instructions have two register fields. Some have no register fie

Effective Address Extension: Eight, 16, or 32 bits specifying immediate data, an absc
address, or a displacement. A 24-bit address or displacement is treated as 32-bit datain
first 8 bitsare 0 (H'00).

Condition Field: Specifies the branching condition of Bcc instructions.
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Operation field, register fields, and effective address extension

op ‘ m rm

EA (disp)

MOV.B @(d:1

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2.9 Instruction Formats

265 Notes on Use of Bit Manipulation I nstructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify al
byte, then write the byte back. Care is required when these instructions are used to ac
with write-only bits, or to access ports.

The BCLR instruction can be used to clear flagsin the on-chip registers. In an interru
routine, for example, if it is known that the flag is set to 1, it is not necessary to read t
of time.

2.7 Addressing M odes and Effective Address Calculation

2.7.1 Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 2.11. Each inst
a subset of these addressing modes. Arithmetic and logic instructions can use the regi:
and immediate modes. Data transfer instructions can use all addressing modes except
counter relative and memory indirect. Bit manipulation instructions use register direct
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register dire

Rev.3.00 Mar. 26, 2007 Pe
REJO
RENESAS



MNTYlottl HIUNTLL WILH Uiopiduititclit I\, LIV U5y TN

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/H#xX:16/#xX:32
7 Program-counter relative @(d:8, PC)/@(d:16, PC)
8 Memory indirect @@aa:8

1. Register Direct—Rn

The register field of the instruction code specifies an 8-, 16-, or 32-hit register containil
operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers. RO to R7 anc
can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit registers.

2. Register Indirect—@ERN

The register field of the instruction code specifies an address register (ERn), the lower
which contain the address of the operand.

3. Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn)

A 16-bit or 24-bit displacement contained in the instruction code is added to the conter
address register (ERn) specified by the register field of the instruction, and the lower 2
sum specify the address of amemory operand. A 16-bit displacement is sign-extended
added.

Rev.3.00 Mar. 26, 2007 Page 42 of 682
REJ09B0353-0300
RENESAS



¢ Reygisiel inadirect witrl pre-vceciclticl it—Gr—reiRil
Thevauel, 2, or 4 is subtracted from an address register (ERn) specified by ther
in the instruction code, and the lower 24 bits of the result become the address of a
operand. The result is also stored in the address register. The value subtracted is 1
access, 2 for word access, or 4 for longword access. For word or longword access,
register value should be even.

5. Absolute Address—@aa: 8, @aa: 16, or @aa:24

The instruction code contains the absolute address of a memory operand. The absolutc
may be 8 bits long (@aa:8), 16 bitslong (@aa:16), or 24 bits long (@aa:24). For an 8
address, the upper 16 bits are al assumed to be 1 (H'FFFF). For a 16-bit absolute addi
upper 8 bits are asign extension. A 24-bit absolute address can access the entire addre
Table 2.12 indicates the accessible address ranges.

Table2.12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8)  H'FFF00 to H'FFFFF H'FFFFOO to H'FFFFFF
(1,048,320 to 1,048,575) (16,776,960 to 16,777,215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32,767, 1,015,808 to 1,048,575) (0 to 32,767, 16,744,448 to
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1,048,575) (0 to 16,777,215)
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7. Program-Counter Relative—@(d:8, PC) or @(d:16, PC)

Thismode is used in the Bcc and BSR instructions. An 8-bit or 16-bit displacement cot
the instruction code is sign-extended to 24 bits and added to the 24-bit PC contentsto ¢
24-bit branch address. The PC value to which the displacement is added is the address |
byte of the next instruction, so the possible branching range is—126 to +128 bytes (—63
words) or —32766 to +32768 bytes (—16383 to +16384 words) from the branch instructi
resulting value should be an even number.

8. Memory Indirect—@@aa: 8

This mode can be used by the IMP and JSR instructions. The instruction code contains
absolute address specifying a memory operand. This memory operand contains a branc
The memory operand is accessed by longword access. Thefirst byte of the memory op
ignored, generating a 24-bit branch address. See figure 2.10. The upper bits of the 8-bit
address are assumed to be 0 (H'0000), so the address range is 0 to 255 (H'000000 to H'
Note that the first part of thisrange is also the exception vector area. For further details
5, Interrupt Controller.

/\_/

Specified by @aa:8 — Reserved

Figure2.10 Memory-Indirect Branch Address Specification
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1-IVidyte operaling moaes tne upper 4 DILS O the CalCulaled adaress are ignored 1n ord
generate a 20-bit effective address.
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Processing states F% Program execution state |

The CPU executes program instructions in sequence

# Exception-handling state |

A transient state in which the CPU executes a hardware sequenct

(saving PC and CCR, fetching a vector, etc.) in response to a res
interrupt, or other exception

% Reset state

The CPU and all on-chip supporting modules are initialized and h:

% Power-down state Sleep mode

The CPU is halted to conserve power

Software standby

Hardware standby

Figure2.11 Processing States
2.8.2 Program Execution State

In this state the CPU executes program instructions in normal sequence.
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interrupts, and trap instructions. Table 2.14 indicates the types of exception handling a
priority. Trap instruction exceptions are accepted at all timesin the program execution

Table2.14 Exception Handling Typesand Priority

Detection Timing

Start of Exception F

Synchronized with
clock

Exception handling s
immediately when RI
from low to high

End of instruction
execution or end of
exception handling*

When an interrupt is
exception handling st
end of the current ins
current exception-hau
sequence

Priority Type of Exception
High Reset
A
Interrupt
Trap instruction
Low

When TRAPA instruction

is executed

Exception handling s
a trap (TRAPA) instrt
executed

Note: * Interrupts are not detected at the end of the ANDC, ORC, XORC, and LDC i
or immediately after reset exception handling.

Figure 2.12 classifies the exception sources. For further details about exception source:
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Interr

Controller.
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(Program execution state>
SLEEP

instruction
with SSBY =0

End of Exception
exception

handling

Sleep mode

SLEEP instruction
with SSBY =1

pt

kSoftware standby mode

Interrupt

NMI, IRQq, IRQ 1,

. . \ or IRQ interrupt
Exception-handling state/<

A

ES = high

STBY = high, RES = low
< Reset state™! ><

(n

\\ardware standby mode

Power-down state

Notes: 1. From any state except hardware standby mode, a transition to the reset state occ
whenever RES goes low.
2. From any state, a transition to hardware standby mode occurs when STBY goes |

Figure2.13 State Transitions

284 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The re
entered when the RES signal goes low. Reset exception handling starts after that, whe
changes from low to high. When reset exception handling starts the CPU fetches a sta
from the exception vector table and starts program execution from that address. All in
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e

execution branches to that address.

e

Figure 2.14 shows the stack after the exception-handling sequence.

\—/—\ \—/—\

SPD4 SP (ER7) —» CCR
SPP3 SP+1
SPb2 SP+2 PC
SPP1 SP+3

SP (ER7) — Stack area SP+4

\_/_\ \_/_\

Before exception » After exception
handling starts Pushed on stack handling ends

Legend:
CCR: Condition code register
SP:  Stack pointer

Notes: 1. PC is the address of the first instruction executed after the return from the
exception-handling routine.
2. Registers must be saved and restored by word access or longword access,
starting at an even address.

Figure2.14 Stack Structure after Exception Handling
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2.8.6 Power-Down State

In the power-down state the CPU stops operating to conserve power. There are three
mode, software standby mode, and hardware standby mode.

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed
SSBY bit iscleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registe
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEE
instruction is executed while the SSBY bit isset to 1 in SY SCR. The CPU and clock |
on-chip supporting modul es stop operating. The on-chip supporting modules are reset
as a specified voltage is supplied the contents of CPU registers and on-chip RAM are
The 1/O ports also remain in their existing states.

Hardware Standby Mode: A transition to hardware standby mode is made when the
goes low. Asin software standby mode, the CPU and clock halt and the on-chip supp
modules are reset, but as long as a specified voltage is supplied, on-chip RAM conten
retained.

For further information see section 17, Power-Down State.
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controlled by the bus controller.

29.2 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The databusis 16 bits wide, permitting botl
word access. Figure 2.15 shows the on-chip memory access cycle. Figure 2.16 indicate
states.

Bus cycle

--— T, state %Tz state —»

. I U e W

Internal address bus X Address ><

Internal read signal \ L/
Internal data bus ‘ ‘ ‘
(read access) :>—< ‘Read data )
Internal write signal \ I\ /

Internal data bus -
(write access) > < _Write data >—

Figure2.15 On-Chip Memory Access Cycle
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D7 to DO T

| High imbedance |

Figure2.16 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The databusis8 or 16 b
depending on the register being accessed. Figure 2.17 shows the on-chip supporting n
timing. Figure 2.18 indicates the pin states.

Bus cycle

|
|

Il
|
|

— T, state — - T, state - T; stat

5

Internal address bus X Address

Internal read signal ‘ \ ‘ ‘
Read g ! /_
access | data b | 1 1

Internal data bus :/\ ( Read data

Internal write signal \ /_
Write ! | i
access ‘ 1 }

Internal data bus :>—< Write data

Figure2.17 Access Cyclefor On-Chip Supporting Modules
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D7 to DO

High impedance : |

Figure2.18 Pin Statesduring Accessto On-Chip Supporting Modules

294 Accessto External Address Space

The external address space is divided into eight areas (areas 0 to 7). Bus-controller sett
determine whether each area accessed in two or three states. For details see section 6, E
Controller.
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pins (MD, to MD,) asindicated in table 3.1. The input at these pins determines expan
single-chip mode.

Table3.1 Operating Mode Selection

Mode Pins Description

Operating Initial Bus On-Chip
Mode MD, MD, MD, Address Space Mode** ROM

— 0 0 0 — — —

Mode 1 0 0 1 Expanded mode 8 bits Disabled
Mode 2 0 1 0 — — —

Mode 3 0 1 1 Expanded mode 8 bits Disabled
Mode 4 1 0 0 — — —

Mode 5 1 0 1 Expanded mode 8 bits Enabled
Mode 6 1 1 0 Single-chip normal mode  — Enabled
Mode 7 1 1 1 Single-chip advanced mode — Enabled

Notes: 1. If the RAM enable bit (RAME) in the system control register (SYSCR) is cle
these addresses become external addresses.

2. In mode 6 and 7, clearing bit RAME in SYSCR to 0 and reading the on-chiy
always return H'FF, and write access is ignored. For details, see section 14
Operation.

For the address space size there are three choices: 64 kbytes, 1 Mbyte, or 16 Mbytes.

Modes 1 and 3 are on-chip ROM disable expanded modes capable of accessing exterr
and peripheral devices.

Mode 1 supports a maximum address space of 1 Mbyte.

Mode 3 supports a maximum address space of 16 Mbytes.
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select one of these seven modes. The inputs at the mode pins must not be changed duril

operation.

312 Register Configuration

The H8/3039 Group has a mode control register (MDCR) that indicates the inputs at th
pins (MD, to MD,), and a system control register (SY SCR). Table 3.2 summarizes thes

Table3.2 Registers

Address* Name Abbreviation R/W Initial
H'FFF1 Mode control register MDCR R Undete
H'FFF2 System control register SYSCR R/W H'0B

Note: * The lower 16 bits of the address are indicated.
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Read/Write — — — — — R R

Reserved bits Mode select 2
Bits indicating 1
operating modé

Note: Determined by pins MD, to MDg.

Bits 7 and 6—Reserved: These bits cannot be modified and are alwaysread as 1.
Bits5to 3—Reserved: These bits cannot be modified and are always read as 0.

Bits2 to 0—Mode Select 2to 0 (MDS, to MDS)): These bitsindicate the logic level:
MD, to MD, (the current operating mode). MDS, to MDS, correspond to MD, to MD,
MDS, are read-only bits. The mode pin (MD, to MD,) levels are latched when MDCR

Rev.3.00 Mar. 26, 2007 Pe

REJO!
RENESAS



Reserved t

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use Ul bit in C(
as a user hit or an interrupt mask |

Standby timer select 2to 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. (For
information about software standby mode see section 17, Power-Down State.)

When software standby mode is exited by an external interrupt, this bit remains set to 1
this bit, write 0.

Bit 7

SSBY Description

0 SLEEP instruction causes transition to sleep mode (Ini
1 SLEEP instruction causes transition to software standby mode

Bits 6 to 4—Standby Timer Select (STS2 to ST S0): These hits select the length of ti
and on-chip supporting modules wait for the internal clock oscillator to settle when sof
standby mode is exited by an external interrupt. Set these bits so that the waiting time v
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Waiting time = 65,536 states

Waiting time = 131,072 states

Waiting time = 1,024 states

=)
Rrlo|lo|r

— lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code

user bit or an interrupt mask bit.

Bit 3

UE Description

0 Ul bit in CCR is used as an interrupt mask bit

1 Ul bit in CCR is used as a user bit (I

Bit 2—NM | Edge Select (NMIEG): Selectsthe valid edge of the NMI input.

Bit 2

NMIEG  Description

0 An interrupt is requested at the falling edge of NMI (Ir
1 An interrupt is requested at the rising edge of NMI

Bit 1—Reserved: This bit cannot be modified and is always read as 1.

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME hi
initialized by the rising edge of the RES signal. It is not initialized in software standby

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Ir
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Ports 1, 2, and 5 and part of port A function as address pins A,, to A,, permitting access
maximum 16-Mbyte address space. The initial bus mode after areset is 8 bits, with 8-t
al areas. A, to A, arevalid when O iswritten in bits 7 to 5 of the bus release control re
(BRCR). (In this mode A, is always used for address output.)

34.3 Mode5

Ports 1, 2, and 5 can function as address pins A , to A, permitting access to a maximur
address space, but following areset they are input ports. To use ports 1, 2, and 5asan
the corresponding bits in their data direction registers (PLDDR, P2DDR, and P5SDDR) |
to 1. The address bus width can be selected freely by setting DDR of ports 1, 2, and 5.
bus mode after areset is 8 bits, with 8-bit accessto all areas.

344 Mode 6

This mode operates using the on-chip ROM, RAM, and registers. All 1/O ports are avai
Mode 6 is anorma mode with 64-kbyte address space.

345 Mode 7

This mode is an advanced mode with a 1-Mbyte address space which operates using th
ROM, RAM, and registers. All I/O ports are available.

Note: The H8/3039 Group cannot be used in mode 2 and 4.
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Port2 A t0A, — A 10 A, — P2,to P2** P2, to P2,
Port3 D, toD, — D, to D, — D, to D, P3,to P3,
Port5 A toA, — A t0A, — PS5, to P5** P5, to P5,
Port A PA,to PA, — PAto PAX’ A, — PA,to PA, PA, toPA,
Notes: 1. H8/3039 Group cannot be used in these modes.
2. Initial state. These pins become address output pins when the correspondi
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.
3. Initial state A, is always an address output pin. PA; to PA, are switched ovi
A, output by writing 0 in bits 7 to 5 of ADRCR.
3.6 Memory Map in Each Operating M ode

Figure 3.1 shows a memory map of the H8/3039. Figure 3.2 shows a memory map of
Figure 3.3 shows a memory map of the H8/3037. Figure 3.4 shows a memory map of
The address space is divided into eight areas.

Modes 1, 3 and 5 are the 8-bit bus mode.

The address locations of the on-chip RAM and on-chip registers differ between the 1-
modes (modes 1, 5, and 7) and 16-Mbyte mode (mode 3), and 64-kbyte mode (mode ¢
address range specifiable by the CPU in the 8- and 16-hit absolute addressing modes |
@aa:16) aso differs.
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H'1FFFF Area 0 Area 0
H20000 | "o HIFFFFF( __ |
HaFFFF| | Areal | H200000
H'60000 (External address | orgag | H3FFFFFL ___________1 .
H7FFFF | ___space ___|""°9° H'400000
HAo000 | T T T T T T A H'5FFFFF
f Area 5 [P-TaTe e o s N e
H'BFFFF _______________________ H'600000 External
:ggg?:?: Area 6 agg;g:s Area 3
HEOOOO |~ T T H7FFFFF| __ 2"~ |
Area 7 H'800000
Area 4
_______________________ HOFFFFF| __ |
H'F8000 H'A00000
H'FEFOF 2 Area 5
H'FEF10 chin RAM @ |HBFFFFF| __________ 1
On-chip 2 4] H'C00000
............. - =]
H'FFF00 2 |3 Area 6
H'FFFOF 5 @ |HDFFFFR_ |
HFFF10 External @ 3 % HE00000
address L |g<
H'FFF1B Space ?, S § preat
H'FFF1C ) R
On-chip I/O = < o
— registers Y H'FF8000
”””” H'FFEFOF 0
H'FFEF10 ?
On-chip RAM* 2 3
_____________ o =]
H'FFFF00 2 e
H'FFFFOF S |e
HFFFF10 External © % %
address £ |8=<
HFFFF1B| _ SPace 2 |SE
H'FFFF1C S |23
On-chip I/0 = |52
registers >
HFFFFFF v % v

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3.1 HB8/3039 Memory Map in Each Operating Mode (1)
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H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000

H'BFFFF

H'C0000

H'DFFFF

H'E0000

H'F8000

H'FEFOF
H'FEF10

H'FFFO0

H'FFFOF

H'FFF10

H'FFF1B
HFFF1C

H'FFFFF

External
address
space

On-chip I/0
registers

(second half)

H'F70F
HF710

FFFO0
F'FFOF

HFFIC
HFFFF

On-chip RAM

On-chip I/O

registers

8-bit absolute addresses

H'1FFFF

H'F8000

H'FEF10

H'FFFO0

H'FFFOF

HFFF1C

H'FFFFF

On-chip I/0
registers

Note: * External addresses can be accessed by disabling on-chip RAM.

Figure3.1 HB8/3039 Memory Map in Each Operating Mode (2)
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wirrrr | ] Areald Area 0
H'20000 WiFFFFF| |
warrre || Areal | 4200000
H'40000
HSFFFF| | Areaz Area 1
H'60000 | External address | araq 3 H3FFFFF | __ )l .
H7FFFF | ___space ___[77°9° H'400000
H'80000
HOFFFF |1 Aread Area 2
H'A0000 WSFFFFF| |
HBFFFF | .| Areas 1600000 | Extarnal
ESEIO:('):?: Area 6 address Area 3
HEoo00 [T Area7 | |HTFRFER|SPAce |
rea H'800000
Area 4
_______________________ WOFFFFF| |
H'F8000 H'A00000
HFEF10 ™ R cserved Area 5
H'FF70F o i
H'EF710 . v @ |HBFFFFFRI
On-chip RAM ¢ |8 |HCo0000
............. 7)) =}
H'FFFO0 2 1% . Area 6
H'FFFOF 5 |o E‘E('):('):(')ZOFOF _______________________
" ° 5o
HFFF10 External ﬂi 2<
address % % < Area 7
H'FFF1B space S =5
H'FFF1C g |28
Onchiplio || = |S&| | l______ o
registers o H'FF8000
H'FFFFF .
”””” :EEE?&S Reserved*! "
HFFF710 _ o &
On-chip RAM @ 3
_____________ 2 s
H'FFFF00 2 |3
H'FFFFOF 5 e
HFFFF10 External “5 % %
address £ |&<
k=]
H'FFFF1B Space 2 |=5
H'FFFF1C 2 128
On-chip 110 = |92
registers =
HFFFFFF| [y ® vy

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.

Figure 3.2 H8/3038 Memory Map in Each Operating Mode (1)
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H'08000
H'OFFFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000

H'FEF10
H'FF70F
HFF710

H'FFFO0
H'FFFOF
H'FFF10

H'FFF1B
HFFF1C

H'FFFFF

Reserved”?
Area 0
Area 1
Area 2
Exterrslgla?:gdress Area 3
Area 4
Area 5
Area 6
Area 7
Reserved*? "
@
on-chip RAM™2| ¢ 8
o) =
_____________ 0 S
n e
@ @
K=} [}
2 g
External W‘ 2 %
address g |4 <
space 5 |8c
[} =0
g |28
On-chip 1/0 = |92
registers 3

H'F710

H'FFO0
H'FFOF

HFF1C

HFFFF

On-chip RAM

On-chip
1/0 registers

8-bit absolute addresses

H'F8000

H'FF710

H'FFF00
H'FFFOF

H'FFFFF

HFFF1C

H'OFFFF

On-chip 1/0
registers

Notes: 1. Do not access the reserved area.

2. External addresses can be accessed by disabling on-chip RAM.

Figure 3.2 H8/3038 Memory Map in Each Operating Mode (2)
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wirrrr| | Areald Area 0
H'20000 WiFFFFF| |
H3FFFE| | Areal | 14200000
H'40000
H5FFFF| | Areaz Area 1
H'60000 | External address | Areq 3 H3FFFFF( |
H7FFFF | ___space ___ |7 °9° H'400000
H'80000
HOFFFF | ...l Aread Area 2
H'A0000 HSFFFFF| |
HBFFFF| .| Areas | H600000 | Extarnal
Eg(;'():?:?: Area 6 address Area 3
= Area7 | |HTFEREE|SPACe |
rea H'800000
Area 4
_______________________ WOFFFFF| |
H'F8000 H'A00000
HFEFL0 ™ cerved . Area 5
H'FFBOF o i
H'FFB10 ] %2 & |HBFFFFF| L.
On-chip RAM ¢ |8 |Hco0000
............. 7)) =}
H'FFF00 2 1% . Area 6
H'FFFOF 5 |o E‘EOF('):('):OFOF _______________________
" ° 5o
HFFF10 External ﬂi 2<
address % % < Area 7
H'FFF1B space S =5
H'FFF1C S |23
Onchiplio || = |S&| | 1. __ o
registers o H'FF8000
H'FFFFF .
”””” :EEEE%,O: Reserved*! "
HFFFB10 _ o &
On-chip RAM @ 3
_____________ 2 s
H'FFFF00 2 |3
H'FFFFOF 5 e
HFFFF10 External “5 % %
address £ |2 <
H'FFFF1B Space 2 |=5
H'FFFF1C 2 128
On-chip I/0 = |92
registers =
HFFFFFF |y ® vy

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.

Figure 3.3 H8/3037 Memory Map in Each Operating Mode (1)
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H'08000

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000

H'FEF10
H'FFBOF
HFFB10

H'FFFO0
H'FFFOF
H'FFF10

H'FFF1B
HFFF1C

H'FFFFF

Reserved”!
Area 0
Area 1
Area 2
Exterrslgla?:gdress Area 3
Area 4
Area 5
Area 6
Area 7
Reserved*? "
@
on-chip RAM™2| ¢ 8
o) =
_____________ 0 S
n e
@ @
K=} [}
2 g
External W‘ 2 %
address g |4 <
space 5 |8c
[} =0
g |28
On-chip 1/0 = |92
registers 3

H'FB10

H'FFO0
H'FFOF

HFFIC
HFFFF

On-chip
RAM

On-chip I/0
registers

8-bit absolute addresses

H'F8000

H'FFB10

H'FFF00

H'FFFOF

HFFF1C

H'FFFFF

On-chip 1/0
registers

Notes: 1. Do not access the reserved area.

2. External addresses can be accessed by disabling on-chip RAM.

Figure 3.3 H8/3037 Memory Map in Each Operating Mode (2)
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wirrrr| | Areald Area 0
H'20000 HiFFFFF| |
H3FFFE| | Areal | 4200000
H'40000
H5FFFF| | Areaz Area 1
H'60000 | External address | Areq 3 H3FFFFF | __ )l .
H7FFFF | ___space ___|"°°9° H'400000
H'80000
HOFFFF | ...l Aread Area 2
H'A0000 HSFFFFF | . .
v A——| Areas | H600000 [ Exiermal
H'COOOO Area 6 address Area 3
HDFFFF|___________|7"%9° space
H'E0000 Area 7 H7REFFE| P20 1
rea H'800000
Area 4
_______________________ HOFFFFF| 1
H'F8000 H'A00000
HFEFLO M ccerved - Area 5
H'FFDOF o )
H'FFD10 . ® |HBFFFFF| L
On-chip RAM"?2 @ % | H'C00000
............. 7)) =}
H'FFFO0 2 |3 i Area 6
H'FFFOF 5 |o E‘E('):('):(')ZOFOF _______________________
" ° 5o
HFFF10 External ﬂi 2<
address 2 |35 Area 7
= [
H'FFF1B Space S =5
H'FFF1C g |28
Onchiplio || = |S&| |l __ o
registers o H'FF8000
HFFFFFL |y~ vy __ H'FFEF10 1
H'FFFDOF Reserved 2
H'FFFD10 ) o @
On-chip RAM @ 3
_____________ 3 |
H'FFFF00 2 g
H'FFFFOF 5 e
HFFFF10 External S % %
address = 3 g
= ©
H'FFFF1B Space 2 |l=5
HFFFFIC ‘ 2T |28
On-chip I/0 = =2
registers =
HFFFFFF| |y ® v

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.

Figure 3.4 H8/3036 Memory Map in Each Operating Mode (1)
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e et

H'1FFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'9FFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000

H'FEF10
H'FFDOF
H'FFD10

H'FFFO0
H'FFFOF
H'FFF10

H'FFF1B
HFFF1C

H'FFFFF

Reserved”*
Area 0
Area 1
Area 2
Exterrslgla?:gdress Area 3
Area 4
Area 5
Area 6
Area 7
Reserved*? "
@
on-chip RAM™2| 4 8
o) =
_____________ 0 S
0 e
@ @
K=} [}
2 g
External W‘ = %
address g |4 <
space 5 |8c
[} =0
g |28
On-chip 1/0 = |92
registers 2

1T vt

H'FD10

FFFO0
FFFOF

HFF1C

HFFFF

On-chip RAM

On-chip /0

registers

8-bit absolute addresses

H'F8000

H'FFD10

H'FFFO0

H'FFFOF

HFFF1C

H'FFFFF

On-chip 110
registers

Notes: 1. Do not access the reserved area.
2. External addresses can be accessed by disabling on-chip RAM.

Figure 3.4 H8/3036 Memory Map in Each Operating Mode (2)
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Table 3.4 shows the restrictions concerning each addressing mode.

Table3.4 AccessRestrictionsin Mode 6 (Single-Chip Normal M ode)

Conditions
Addressing Mode Restricted Item Address Range Operation Restriction
Register direct (Rn) O O No problem O
Register indirect Contents of ERn H'00010000 or Read datais Set upper 16
(@ERN) above, with lower  undefined. to H'0000; or,
16 bits in range Writes are same data as
H'0000 to H'F710  invalid. H'00000-H'0!
H'10000-H'1F
on-chip ROM
Register indirect with Value of ERn
displacement contents plus
(@(d:16,ERn), displacement
@(d:16,ERN))
Register indirect with Value of ERn
post-increment contents
(@ERN+) incremented (or
Register indirect with decremented) by
pre-decrement 1,2, 0r4
(@ERnN-)
Absolute address O O No problem O
(@aa:8)
Absolute address Value of @aa H'010000 or Read datais Do not specif
(@aa:16) sign-extended to above, with lower  undefined. or above as 3
24 bits 16 bits in range Writes are address; or, v
H'0000 to H'F710  invalid. data as in H'C
H'OFFFF to H
H'1FFFF in o
ROM.
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nrcuialc

-

NV prvuicin

-

Program-counter Value of PC plus H'010000 or Does not Do not acce
relative displacement above, with lower  operate addresses i
(@(d:8,PC), 16 bits in range normally shown unde
@(d:16,PC)) H'0000 to H'F710  since or, write san
instruction H'00000—H(
code is H'10000-H":
undefined. on-chip RO
Memory indirect O O No problem O

(@@aa:8)

RENESAS
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Exception handling is prioritized as shown in table 4.1. If two or more exceptions occ
simultaneously, they are accepted and processed in priority order. Trap instruction ex
accepted at all timesin the program execution state.

Table4.1 Exception Typesand Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high tral
RES pin
Interrupt Interrupt requests are handled when exe
current instruction or handling of the curr
is completed
Low Trap instruction (TRAPA) Started by execution of a trap instruction

41.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handle

1. The program counter (PC) and condition code register (CCR) are pushed onto the
2. The CCRinterrupt mask bitissetto 1.

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

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

Internal interrupts: 25 interrupts from on-ckt
« Trap instruction supporting modules

Figure4.1 Exception Sources
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4 H'0008 to H'0009 H'0010 t

5 H'000A to H'000B H'0014 tc

6 H'000C to H'000D H'0018 t

External interrupt (NMI) 7 H'000E to H'000F H'001C t

Trap instruction (4 sources) 8 H'0010 to H'0011 H'0020 tc

9 H'0012 to H'0013 H'0024 tc

10 H'0014 to H'0015 H'0028 t

11 H'0016 to H'0017 H'002C t

External interrupt IRQ, 12 H'0018 to H'0019 H'0030 tc

IRQ, 13 H'001A to H'001B H'0034 tc

Reserved for system use 14 H'001C to H'001D H'0038 fc

15 H'001E to H'001F H'003C t

External interrupt IRQ, 16 H'0020 to H'0021 H'0040 tc

IRQ, 17 H'0022 to H'0023 H'0044 tc

Reserved for system use 18 H'0024 to H'0025 H'0048 tc

19 H'0026 to H'0027 H'004C t

Internal interrupts*? 20 H'0028 to H'0029 H'0050 tc
to to to

60 H'0078 to H'0079 H'00FO tc

Notes: 1. Lower 16 bits of the address.

2. For the internal interrupt vectors, see section 5.3.3, Interrupt Vector Table.
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The chip can also be reset by overflow of the watchdog timer. For details see section 1
Watchdog Timer.

422 Reset Sequence
The H8/3039 Group enters the reset state when the RES pin goes low.

To ensure that the chip is reset, hold the RES pin low for at least 20 ms at power-up. T
chip during operation, hold the RES pin low for at least 10 system clock (¢) cycles. Wt
the flash memory version, hold at "Low" level for aleast lusec. See appendix D.2, Pin
Reset, for the states of the pinsin the reset state.

When the RES pin goes high after being held low for the necessary time, the H8/3039
starts reset exception handling as follows.

» Theinterna state of the CPU and the registers of the on-chip supporting modules a
initialized, and the | bitissetto 1in CCR.

» The contents of the reset vector address (H'0000 to H'0003 in advanced mode) arer
program execution starts from the address indicated in the vector address.

Figure 4.2 shows the reset sequence in modes5and 7.
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Sﬂzzotsu ﬁ:
(10108A 19531 JO SJUBUOD) ssalppe uelS (¥) ‘(2)

Z00000.H = (€) ‘000000.H = (T) :10198A 18581 JO ssaippy  (g) ‘(T)

(ppim 19-9T)
SNQ eyep [eulalu|

@

reubis
M [eulalu|

| | ;
o\ pe fewsou

snq ssalppe
reusaiu|

S3

ononnsul - Buissasoid 4219} J10108A ,
6oud 1511} [eusaiu|
yolayaid

Figure4.2 Reset Sequence (Modes5 and 7)
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4.5 Interrupts

Interrupt exception handling can be requested by five external sources (NMI, IRQ,, IR
IRQ,) and 25 internal sourcesin the on-chip supporting modules. Figure 4.3 classifiest
sources and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (W1
integrated timer unit (1ITU), serial communication interface (SCI), and A/D converter.
interrupt source has a separate vector address.

NMI isthe highest-priority interrupt and is always accepted. Interrupts are controlled b
interrupt controller. The interrupt controller can assign interrupts other than NMI to tw
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned il
priority registers A and B (IPRA and IPRB) in the interrupt controller.

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts
P { IRQo, IRQy, IRQy, IRQs (4)

Interrupts
WDT* (1)
ITU (15)
Internal interrupts | SCI (8)
A/D converter (1)

Notes: Numbers in parentheses are the number of interrupt sources.
* When the watchdog timer is used as an interval timer, it generate:s
an interrupt request at every counter overflow.

Figure4.3 Interrupt Sourcesand Number of Interrupts
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4.0

Slack status alter exception Hanailing

Figure 4.4 shows the stack after completion of trap instruction exception handling anc
exception handling.

\/\\/\

SP-4 SP (ER7) - CCR

SP-3 SP+1 PCe

SP-2 SP+2 PCH

SP-1 SP+3 PCL

SPER7) -~ [ Stack area —| SP+4 E
Before exception handing ———  After exception handling

Save on stack
Legend:
PCE: Bits 23 to 16 of program counter (PC)

PCH:
PCL:
CCR:
SP:

Bits 15 to 8 of program counter (PC)
Bits 7 to 0 of program counter (PC)
Condition code register

Stack pointer

Notes: 1. PC indicates the address of the first instruction that will be executed after return.

2. Saving and restoring of registers must be conducted at even addresses in word-size
or longword-size units.

Figure4.4 Stack after Completion of Exception Handling (Advanced M
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N~ = 7

Use the following instructions to restore registers:

POP
POP

. WRn
.L ERn

(or

MOV. W @5P+,
(or MOV.L @BP+,

Rn)
ERn)

Setting SP to an odd value may lead to a malfunction. Figure 4.5 shows an example of
happens when the SP value is odd.

SP —*

Legend

\_/—\

TRAPA instruction executed
—_—

SP set to H'FFEFF

. CCR:
PC:
R1L:

SP:  Stack pointer

SP—*

\_/—\

CCR

PC

Data saved above SP

Condition code register
Program counter
General register R1L

Note: The diagram illustrates modes 1, 3, and 5.

SP —*

\_/—\

RIL HF
HF

PC HF

HF

HF

MOV. B R1L, @-ER7

- =

CCR contents lost

Figure4.5 Operation when SP Valueis Odd
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Interrupt priority registers (IPRs) for setting interrupt priorities

Interrupts other than NMI can be assigned to two priority levels on a module-by-n
in interrupt priority registers A and B (IPRA and IPRB).

Three-level masking by the | and Ul bitsin the CPU condition code register (CCR
Independent vector addresses

All interrupts are independently vectored; the interrupt service routine does not ha
identify the interrupt source.

Five external interrupt pins

NMI has the highest priority and is always accepted; either therising or falling ed
selected. For each of IRQ,, IRQ,, IRQ,, and IRQ,, sensing of thefalling edge or le
can be selected independently.
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input

Y Y

, IRQ input -
IRQ input section ISR
Interrupt
OVF | Priority request .
TME decision logic

Vector
) > number

ADI :

ADIE g —
Interrupt controller ( L
UE
SYSCR
Legend:

I: Interrupt mask bit

IER: IRQ enable register

IPRA: Interrupt priority register A
IPRB: Interrupt priority register B

ISCR: IRQ sense control register
ISR: IRQ status register
SYSCR: System control register
UE: User bit enable

ul: User bit/interrupt mask bit

Figure5.1 Interrupt Controller Block Diagram
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External interrupt IRQ,, IRQ,, and

request 5,4, 1, and 0 IRQ,, IRQ

Input

sensing selectable

Maskable interrupts, falling e

514 Register Configuration

Table 5.2 lists the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Address** Name Abbreviation R/W Ini
H'FFF2 System control register SYSCR R/W H'C
H'FFF4 IRQ sense control register ISCR R/W H'C
H'FFF5 IRQ enable register IER R/W H'C
H'FFF6 IRQ status register ISR RI(W)*? H'(
H'FFF8 Interrupt priority register A IPRA R/W H'C
H'FFF9 Interrupt priority register B IPRB R/W H'(

Notes: 1. Lower 16 bits of the address.

2. Only 0 can be written, to clear flags.
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\oT1 OLU).

SYSCRiisinitialized to H'OB by areset and in hardware standby mode. It is not initiali.
software standby mode.

Bit 7 6 5 4 3 2 1
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘

Initial value 0 0 0 0 1 0 1

Read/Write R/W R/W R/W R/W R/W R/W —
RA
Reserved bi

Standby timer NMI edge select
select 2to 0 Selects the NMI input
Software standby User bit enable

Selects whether to use the Ul bi
as a user bit or interrupt mask b
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Bit 2—NM | Edge Select (NMIEG): Selectsthe NMI input edge.

Bit 2

NMIEG Description

0 Interrupt is requested at falling edge of NMI input (
1 Interrupt is requested at rising edge of NMI input
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Ll L v ~ - A = -

‘ IPRA7 ‘ IPRAG6 ‘ — ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

Pri
lev
Sel
pric
of |
chs
inte
reg

Priority level
Selects the pr
of ITU channe
interrupt reque

Priority level A2
Selects the priority leve
ITU channel O interrupt

Priority level A3
Selects the priority level of
WDT interrupt requests

Priority level A4
Selects the priority level of IRQ4 and IRQ:
interrupt requests

Reserved bit

Priority level A6
Selects the priority level of IRQ interrupt requests

Priority level A7
Selects the priority level of IRQq interrupt requests
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Bit 6—Priority Level A6 (IPRAG): Selectsthe priority level of IRQ1 interrupt reque

Bit6

IPRAG6 Description

0 IRQ1 interrupt requests have priority level 0 (low priority) (
1 IRQ1 interrupt requests have priority level 1 (high priority)

Bit 5—Reserved bit: This bit can be written and read, but it does not affect interrupt

Bit 4—Priority Level A4 (IPRA4): Selectsthe priority level of IRQ, and IRQ, interr

Bit4

IPRA4 Description

0 IRQ,, IRQ, interrupt requests have priority level O (low priority) (
1 IRQ,, IRQ, interrupt requests have priority level 1 (high priority)

Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WTD interrupt reque

Bit3

IPRA3 Description

0 WDT interrupt requests have priority level O (low priority) (
1 WDT interrupt requests have priority level 1 (high priority)
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Bitl
IPRA1 Description

0 ITU channel 1 interrupt requests have priority level 0 (low priority) (Ir

1 ITU channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level A0 (IPRAOQ): Selectsthe priority level of ITU channel 2 interruy,

Bit0

IPRAO Description

0 ITU channel 2 interrupt requests have priority level 0 (low priority) (Ir
1 ITU channel 2 interrupt requests have priority level 1 (high priority)
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Re:

Priority leve
Selects the p
of A/D conve
interrupt requ

Priority level B2
Selects the priority le\
channel 1 interrupt re

Priority level B3
Selects the priority level of
channel O interrupt requests

Reserved bits

Priority level B6
Selects the priority level of ITU channel 4 interrupt reques

Priority level B7
Selects the priority level of ITU channel 3 interrupt requests

IPRB isinitialized to H'00 by areset and in hardware standby mode.
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Bit6
IPRB6 Description

0 ITU channel 4 interrupt requests have priority level 0 (low priority) (Ir

1 ITU channel 4 interrupt requests have priority level 1 (high priority)

Bits 5 and 4—Reserved: These bits cannot be modified and are always read as 0.

Bit 3—Priority Level B3 (IPRB3): Selectsthe priority level of SCI channel O interruy

Bit3

IPRB3 Description

0 SCI channel 0 interrupt requests have priority level O (low priority) (Ir
1 SCI channel O interrupt requests have priority level 1 (high priority)

Bit 2—Priority Level B2 (IPRB2): Selects the priority level of SCI channel 1 interrug

Bit2

IPRB2 Description

0 SCI channel 1 interrupt requests have priority level O (low priority) (Ir
1 SCI channel 1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selectsthe priority level of A/D converter interruy

Bitl

IPRB1 Description

0 A/D converter interrupt requests have priority level O (low priority) (Ir
1 A/D converter interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: This bit cannot be modified and is always read as 0.
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neaurvvine - - NAVV) LA AY) - - PNAVV) NAVY)

Reserved bits Reserved bits
IRQs5 to IRQ4 flags IRQq, IRQq flags
These bits indicate IRQs and IRQ,4 These bits indicates |
interrupt request status interrupt request statt

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

ISRisinitialized to H'00 by areset and in hardware standby mode.
Bits 7, 6, 3 and 2—Reserved: These bits cannot be modified and are alwaysread as (

Bits5, 4, 1 and 0—IRQ,, IRQ,, IRQ, and IRQ, Flags (IRQ5F, IRQ4F, IRQ1F, an
These bitsindicate the status of IRQ,, IRQ,, IRQ,, and IRQ, interrupt requests.

Bits 5,4, 1,and 0
IRQ5F, IRQ4F,
IRQLF, and IRQOF  Description

0 [Clearing conditions] (h
« 0is written in IRQnF after reading the IRQNF flag when IRC

« IRQNSC = 0, IRQn input is high, and interrupt exception hal
carried out.

¢ IRQNSC =1 and IRQn interrupt exception handling is carrie

1 [Setting conditions]

+ IRQnSC = 0 and IRQn input is low.

« IRQNSC =1 and IRQn input changes from high to low.
Note: n=5,4,1and0
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Reaad/\Write

RIW RIW RIW RIW RIW RIW

RIW

Reserved bits Reserved bits

IRQs to IRQ4 enable
These bits enable or disable
IRQs and IRQy interrupts

IER isinitialized to H'00 by areset and in hardware standby mode.

IRQ; to IRQq en
These bits enab
IRQq and IRQq i

Bits 7, 6, 3, and 2—Reserved: These bits cannot be modified and are alwaysread as C

Bits5, 4, 1, and 0—IRQ,, IRQ,, IRQ,, and IRQ, Enable (IRQ5E, IRQ4E, IRQ1E,
These hits enable or disable IRQ5, IRQ4, IRQ1, IRQO interrupts.

Bits 5,4,1,and 0

IRQ5E, IRQ4E,

IRQLE, and IRQOE  Description

0 IRQ,, IRQ,, IRQ,, IRQ, interrupts are disabled (Ini
1 IRQ,, IRQ,, IRQ,, IRQ, interrupts are enabled
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reada/vvrite R/VV R/VV R/VV R/VV R/VV R/VV R/VV R/VV

Reserved bits Reserved bits

IRQ5 and IRQ, sense control
These bits select level sensing or falling-edge
sensing for IRQs and IRQ, interrupts

IRQ; and IRQq sense control
These bits select level sensing ol
sensing for IRQ; and IRQq interrt

ISCRisinitialized to H'00 by areset and in hardware standby mode.

Bits 7, 6, 3, and 2—Reserved: These bits are readable/writable and do not affect sele
level sensing or falling-edge sensing.

Bits 5, 4, 1, and 0—IRQ,, IRQ,, IRQ,,and IRQ,Sense Control (IRQ5SC, IRQ4SC
IRQOSC): These bits selects whether interrupts IRQ,, IRQ,, IRQ,, IRQ, are requested
sensing of pinsIRQ,, IRQ,, IRQ,, IRQ, or by falling-edge sensing.

Bits 5,4, 1,and 0
IRQ5SC, IRQ4SC,
IRQ1SC, IRQOSC Description

0 Interrupts are requested when IRQ,, IRQ,, IRQ,, IRQ, inputs are
(I
1 Interrupts are requested by falling-edge input at IRQ,, IRQ,, TRC
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R4, Cadll U UscU LU CATL SUTWATE Stdl Uy TTIOUC,

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the st
I and Ul bitsin CCR. The NMIEG hit in SY SCR selects whether an interrupt is reques
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling ha

number 7.

IRQ,, IRQ,, IRQ,, IRQ, Interrupts: These interrupts are requested by input signals
IRQ,, IRQ,, IRQ,. The IRQ,, IRQ,, IRQ,, IRQ, interrupts have the following features.

» |ISCR settings can select whether an interrupt is requested by the low level of thein
IRQ,, IRQ,, IRQ,, IRQ,, or by the falling edge.

* |ER settings can enable or disable the IRQ,, IRQ,, IRQ,, IRQ, interrupts.

Interrupt priority levels can be assigned by four bitsin IPRA (IPRA7, IPRAG, and |
» Thestatusof IRQ,, IRQ,, IRQ,, IRQ, interrupt requestsisindicated in ISR. The | SF
be cleared to 0 by software.

Figure 5.2 shows a block diagram of interrupts IRQ,, IRQ,, IRQ,, IRQ,.

4>

IRQn input

Note: n=5,4,1and 0

IRQNSC IRQNE
l IRQNF
Edge/level R P Q
sense circuit
f R
Clear signal

IRQN
reque

Figure5.2 Block Diagram of InterruptsIRQ,, IRQ,, IRQ,, and IRQ,
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IRQNF

Note: n=5,4,1and 0

Figure5.3 Timing of Setting of IRQNF

Interrupts IRQ,, IRQ,, IRQ,, IRQ,have vector numbers 17, 16, 13, 12. These interrupt
detected regardless of whether the corresponding pin is set for input or output. When |
for external interrupt input, clear its DDR bit to 0 and do not use the pin for SCI input

5.3.2 Internal Interrupts
Twenty-five internal interrupts are requested from the on-chip supporting modules.

»  Each on-chip supporting module has status flags for indicating interrupt status, an
for enabling or disabling interrupts.

* Interrupt priority levels can be assigned in IPRA and IPRB.

533 Interrupt Vector Table

Table 5.3 lists the interrupt sources, their vector addresses, and their default priority o
default priority order, smaller vector numbers have higher priority. The priority of int
than NMI can be changed in IPRA and IPRB. The priority order after areset isthe de
shown in table 5.3.
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15 H'001E to H'001F H'003C to H'003F
IRQ, External pins 16 H'0020 to H'0021 H'0040 to H'0043 PR
IRQ, 17 H'0022 to H'0023 H'0044 to H'0047
Reserved — 18 H'0024 to H'0025 H'0048 to H'004B

19 H'0026 to H'0027 H'004C to H'004F
WOQVI (interval timer) Watchdog timer 20 H'0028 to H'0029 H'0050 to H'0053 IPF
Reserved — 21 H'002A to H'002B H'0054 to H'0057

22 H'002C to H'002D H'0058 to H'005B

23 H'002E to H'002F H'005C to H'005F
IMIAO (compare match/ ITU channel0 24 H'0030 to H'0031 H'0060 to H'0063 IPF
input capture AQ)
IMIBO (compare match/ 25 H'0032 to H'0033 H'0064 to H'0067
input capture B0)
OVI0 (overflow 0) 26 H'0034 to H'0035 H'0068 to H'006B
Reserved — 27 H'0036 to H'0037 H'006C to H'006F
IMIAL1 (compare match/ ITU channel1 28 H'0038 to H'0039 H'0070 to H'0073 IPF
input capture A1)
IMIB1 (compare match/ 29 H'003A to H'003B H'0074 to H'0077
input capture B1)
OVI1 (overflow 1) 30 H'003C to H'003D H'0078 to H'007B
Reserved — 31 H'003E to H'003F H'007C to H'007F
IMIA2 (compare match/ ITU channel2 32 H'0040 to H'0041 H'0080 to H'0083 IPF
input capture A2)
IMIB2 (compare match/ 33 H'0042 to H'0043 H'0084 to H'0087
input capture B2)
OVI2 (overflow 2) 34 H'0044 to H'0045 H'0088 to H'008B
Reserved — 35 H'0046 to H'0047 H'008C to H'008F
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IMIA4 (compare match/ ITU channel 4 40 H'0050 to H'0051 H'00AO0 to H'00A3 IP
input capture A4)
IMIB4 (compare match/ 41 H'0052 to H'0053 H'00A4 to H'O0A7
input capture B4)
OV14 (overflow 4) 42 H'0054 to H'0055 H'00A8 to H'00AB
Reserved — 43 H'0056 to H'0057 H'00AC to H'O0AF —

44 H'0058 to H'0059 H'00BO to H'00B3

45 H'005A to H'005B H'00B4 to H'00B7

46 H'005C to H'005D H'00B8 to H'00BB

47 H'005E to H'0O05F H'00BC to H'00BF

48 H'0060 to H'0061 H'00CO to H'00C3

49 H'0062 to H'0063 H'00C4 to H'00C7

50 H'0064 to H'0065 H'00C8 to H'00CB

51 H'0066 to H'0067 H'00CC to H'00CF
ERIO (receive error 0) SCl channel0 52 H'0068 to H'0069 H'00DO to H'00D3 IP
RXI0 (receive data full 0) 53 H'006A to H'006B H'00D4 to H'00D7
TXIO (transmit data 54 H'006C to H'006D H'00D8 to H'00DB
empty 0)
TEIO (transmit end 0) 55 H'006E to H'006F H'00DC to H'00DF
ERI1 (receive error 1) SClchannel1 56 H'0070 to H'0071 H'00EO to H'OOE3 IP
RXI1 (receive data full 1) 57 H'0072 to H'0073 H'00E4 to H'00E7
TXI1 (transmit data 58 H'0074 to H'0075 H'00ES to H'00EB
empty 1)
TEI1 (transmit end 1) 59 H'0076 to H'0077 H'00EC to H'00EF
ADI (A/D end) A/ID 60 H'0078 to H'0079 H'00FO to H'OOF3 IP

Note: * Lower 16 bits of the address.
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NMI interrupts are always accepted except in the reset and hardware standby states. IR
and interrupts from the on-chip supporting modules have their own enable bits. Interry
are ignored when the enable bits are cleared to 0.

Table5.4 UE, I, and Ul Bit Settingsand Interrupt Handling

SYSCR CCR

UE I ul Description

1 0 — All interrupts are accepted. Interrupts with priority leve
higher priority.

— No interrupts are accepted except NMI.

0 0 — All interrupts are accepted. Interrupts with priority leve

higher priority.
1 0 NMI and interrupts with priority level 1 are accepted.

No interrupts are accepted except NMI.

UE=1

Interrupts IRQ,, IRQ,, IRQ,, and IRQ, and interrupts from the on-chip supporting modt
be masked by the | bit in the CPU's CCR. Interrupts are masked when the | bit is set to
unmasked when the | bit is cleared to 0. Interrupts with priority level 1 have higher pri
5.4 isaflowchart showing how interrupts are accepted when UE = 1.
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A

| Save PC and CCR |
Y

| -1 |
Y

| Read vector address |

v

Branch to interrupt
service routine

Figure5.4 ProcessUp to Interrupt Acceptancewhen UE =1
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pending.

When an interrupt request is accepted, interrupt exception handling starts after exec
current instruction has been completed.

In interrupt exception handling, PC and CCR are saved to the stack area. The PC ve
saved indicates the address of the first instruction that will be executed after the rett
interrupt service routine.

Next the | bitisset to 1in CCR, masking al interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt servicer
starts executing from the address indicated by the contents of the vector address.

Thel and Ul bitsin the CPU's CCR and the IPR bits enabl e three-level masking of IRC
IRQ,, and IRQ, interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when the |l bit isset to 1, and are
when the | bit iscleared to O.

Interrupt requests with priority level 1 are masked when the | and Ul bits are both s
are unmasked when either the | bit or the Ul bit is cleared to 0.

For example, if the interrupt enable bits of all interrupt requestsaresetto 1, IPRA i
H'10, and IPRB is set to H'00 (giving IRQ, and IRQ, interrupt requests priority ovel
interrupts), interrupts are masked as follows:

a If I =0, al interrupts are unmasked (priority order: NMI > IRQ, > IRQ, > IRQO
b. If I =1and Ul =0, only NMI, IRQ,, and IRQ, are unmasked.
c. IfI=1and Ul =1, al interrupts are masked except NMI.

Figure 5.5 shows the transitions among the above states.
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~—

\ N
c. Allinterrupts are
masked except NMI

Figure5.5 Interrupt Masking State Transitions (Example)

Figure 5.6 is a flowchart showing how interrupts are accepted when UE = 0.

If an interrupt condition occurs and the corresponding interrupt enable bit is set to
interrupt request is sent to the interrupt controller.

When the interrupt controller receives one or more interrupt requests, it selects the
priority request, following the IPR interrupt priority settings, and holds other requ
If two or more interrupts with the same | PR setting are requested simultaneoudly, |
controller follows the priority order shown in table 5.3.

The interrupt controller checksthe | bit. If thel bit is cleared to O, the selected inte
is accepted regardless of its IPR setting, and regardless of the Ul bit. If thel bitis
the Ul bit is cleared to 0, only NMI and interrupts with priority level 1 are accepte
requests with priority level 0 are held pending. If the | bit and Ul bit are both set tc
NMI is accepted; all other interrupt requests are held pending.

When an interrupt request is accepted, interrupt exception handling starts after exe
current instruction has been completed.

In interrupt exception handling, PC and CCR are saved to the stack area. The PC \
saved indicates the address of the first instruction that will be executed after the re
interrupt service routine.

Thel and Ul bitsare set to 1 in CCR, masking al interrupts except NMI.

The vector address of the accepted interrupt is generated, and the interrupt service
starts executing from the address indicated by the contents of the vector address.
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| Save PC and CCR |

1

| I <1,Ul <1 |

1

| Read vector address |

1

Branch to interrupt
service routine

Figure 5.6 ProcessUp to Interrupt Acceptance when UE =0
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No. Item Memory 2 States 3¢
Interrupt priority decision 2%t 2%t 2%
2 Maximum number of states 1to 23 1to 27 1t
until end of current instruction
3 Saving PC and CCR to stack 4 8 12
4 Vector fetch 4 8 12
5 Instruction prefetch** 4 8 12
6 Internal processing*® 4 4 4
Total 19to 41 31to 57 43

Notes: 1. 1 state for internal interrupts.

2. Prefetch after the interrupt is accepted and prefetch of the first instruction in t

service routine.

3. Internal processing after the interrupt is accepted and internal processing afte
4. The number of states increases if wait states are inserted in external memory
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handling is carried out. If ahigher-priority interrupt is also requested, however, interri
handling for the higher-priority interrupt is carried out, and the lower-priority interrup
This also appliesto the clearing of an interrupt flag.

Figure 5.8 shows an example in which an IMIEA bitisclearedto Ointhe ITU'S TIER

, TIER write cycle by CPU IMIA exception handlin

! ‘ | | L

Internal
address bus >< TIER address ><

Internal
write signal

IMIEA |

IMIA |

—\

IMFA interrupt !
signal ‘

Figure5.8 Contention between Interrupt and Interrupt-Disabling Instru

This type of contention will not occur if the interrupt is masked when the interrupt en:
flag iscleared to 0.
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The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requ

When the EEPM OV .B instruction is executing a transfer, no interrupts are accepted un
transfer is completed, not even NMI.

When the EEPMOV.W instruction is executing atransfer, interrupt requests other than
not accepted until the transfer is completed. If NMI is requested, NMI exception handli
atransfer cycle boundary. The PC value saved on the stack is the address of the next in
Programs should be coded as follows to allow for NMI interrupts during EEPMOV.W

L1: EEPMO V. W
MOV.WR4, R4
BNE L1

554 Usage Notes

The IRQNF flag specification calls for the flag to be cleared by writing O to it after it he
while set to 1. However, it is possible for the IRQNF flag to be cleared by mistake simy
writing O to it, irrespective of whether it has been read while set to 1, with the result th
exception handling is not executed. Thiswill occur when the following conditions are

1. Setting Conditions

(1) Multiple external interrupts (IRQa, IRQb) are being used.
(2) Different clearing methods are being used: clearing by writing O for the IRQaF flag
clearing by hardware for the IRQbF flag.

(3) A bit-manipulation instruction is used on the IRQ status register for clearing the IR
else ISR isread as a byte unit, the IRQaF flag bit is cleared, and the valuesread in t
bits are written as a byte unit.
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when the ISR write in generation condition (2) is performed the IRQbF flag will be cl
inadvertently, and interrupt exception handling will not be executed.

However, thisinadvertent clearing of the IRQbF flag will not occur if O iswritten to tl
once between generation conditions (1) and (2).

IRQaF

((

e !

1 read O written 1 read

EER |

lread 1 IRQb 1 read
written executed v

IRQbF

(Inadverten

‘ Generation condition (1) Generation ¢

Figure5.9 IRQnNF Flagwhen Interrupt Exception Handling isnot Exec
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MOQOV.B #HFE, ROL
MOV.B ROL, @ISR

Method 2: Perform dummy processing within the IRQb interrupt exception handling r
clear the IRQbF flag.

Example. Whenb=1

IRQB MOV.B #HFD, ROL
MOV.B ROL, @ISR
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6.1.1 Features
Features of the bus controller are listed below.

* Independent settings for address areas 0 to 7
O 128-kbyte areasin 1-Mbyte mode.
0 2-Mbyte areasin 16-Mbyte mode.
O Areas can be designated for two-state or three-state access.
* Four wait modes
O Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 cal
O Zeroto three wait states can be inserted automatically.
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Bus control ™ EAccess State co
circuit g - EWait reguest si
=1
8
]
©
©
=
g
£
WAT Wait-state
controller
WCR
Legend: N4

ASTCR: Access state control register
WCER: Wait state controller enable register
WCR:  Wait control register

Figure6.1 Block Diagram of Bus Controller
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Read RD Output  Strobe signal indicating reading fron
address space

Write WR Output Strobe signal indicating writing to th
address space, with valid data on th
bus(D7 to DO)

Wait WAIT Input Wait request signal for access to ex
state-access areas

6.1.4 Register Configuration
Table 6.2 summarizes the bus controller's registers.

Table6.2 BusController Registers

Address* Name Abbreviation R/W Init
H'FFED Access state control register ASTCR R/W H'F
H'FFEE Wait control register WCR R/W H'F
H'FFEF Wait state controller enable register WCER R/W H'F
H'FFF3 Address control register ADRCR R/W H'F

Note: * Lower 16 bits of the address.
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\ AST7 \ AST6 \ AST5 \ AST4 \ AST3 \ AST2 \ AST1 \
Initial value 1 1 1 1 1 1 1
Read/Write RIW RIW RIW RIW RIW R/W RIW

Bits selecting number of states for access to each area

ASTCRisinitialized to H'FF by areset and in hardware standby mode. It is not initiali
software standby mode.

Bits 7 to 0—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select wh
corresponding areais accessed in two or three states.

Bits 7to 0

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

1 Areas 7 to 0 are accessed in three states (In

ASTCR specifies the number of statesin which external areas are accessed. On-chip m
registers are accessed in afixed number of states that does not depend on ASTCR settil
Therefore, in the single-chip modes (modes 6 and 7), the set value is meaningless.
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Read/Write — — — — R/W R/W R/W

Reserved bits Wait coun
These bits
number of
inserted

Wait mode select 1/0
These bits select the wait mode

WCR isinitialized to H'F3 by areset and in hardware standby mode. It is not initializ
software standby mode.

Bits 7 to 4—Reser ved: These bits cannot be modified and are alwaysread as 1.

Bits 3 and 2—Wait Mode Select 1 and 0 (WM S1/0): These bits select the wait mod

Bit3 Bit2

WMS1 WMSO0 Description

0 0 Programmable wait mode (
1 No wait states inserted by wait-state controller

1 0 Pin wait mode 1
1 Pin auto-wait mode
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1 3 states inserted (Ir

6.2.3 Wait State Controller Enable Register (WCER)

WCER is an 8-bit readable/writable register that enables or disables wait-state control «
three-state-access areas by the wait-state controller.

Bit 7 6 5 4 3 2 1

‘ WCE7 ‘ WCE6 ‘ WCE5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCE1 ‘
Initial value 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W

Wait state controller enable 7to 0
These bits enable or disable wait-state control

WCER isinitialized to H'FF by areset and in hardware standby mode. It is not initializ
software standby mode.

Bits 7 to 0—Wait-State Controller Enable 7 to 0 (WCE7 to WCEQ): These bits ena
disable wait-state control of external three-state-access areas.

Bits 7to 0

WCE7 to WCEO Description

0 Wait-state control disabled (pin wait mode 0)

1 Wait-state control enabled (Ini

WCER enables or disables wait-state control of external three-state-access areas. There
single-chip modes (modes 6 and 7), the set value is meaningless.
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Initial value 1 1 1 1 1 1 1
Read/Write R/W R/W R/W — — —_ _

| |
Address 23 to 21 enable Reserved bits
These bits enable PAg to
PA, to be used for Ayz to
A, address output

Mode 3 {

ADRCRisinitialized to H'FE by areset and in hardware standby mode. It is not initie
software standby mode.

Bit 7—Address 23 Enable (AE): Enables PA4 to be used as the A, address output |
0 inthis bit enables A,, address output from PA4. In modes other than 3 this bit cannc
modified and PA4 has its ordinary input/output functions

it7

»E Description

PA, is the A, address output pin
PA, is the PA,/TP /TIOCA, input/output pin (

ROl >

Bit 6—Address 22 Enable (A,,E): Enables PA,to be used as the A, address output p
in this bit enables A, address output from PA,. In modes other than 3 this bit cannot L
and PA, hasits ordinary input/output functions.

it6

»E Description

PA, is the A, address output pin
PA, is the PA /TP /TIOCB, input/output pin (

ROl >m

Rev.3.00 Mar. 26, 2007 Pac
REJO!
RENESAS



Bits4 to 0—Reserved
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H'00000

H'1FFFF
H20000

H'3FFFF
H'40000

H'5FFFF
H'60000

H'7FFFF
H'80000

H'9FFFF
H'A0000

H'BFFFF
H'C0000

H'DFFFF
H'E0000

H'FFFFF

Area 0 (128 kbytes)

Area 1 (128 kbytes)

Area 2 (128 kbytes)

Area 3 (128 kbytes)

Area 4 (128 kbytes)

Area 5 (128 kbytes)

Area 6 (128 kbytes)

Area 7 (128 kbytes)

On-chip RAM*1*2

External address space”®

3]

On-chip I/O registers*?

a. 1-Mbyte modes with

on-chip ROM disabled

(mode 1)

H'000000

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'9FFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FFFFFF

Area 0 (2 Mbytes)

Area 1 (2 Mbytes)

Area 2 (2 Mbytes)

Area 3 (2 Mbytes)

Area 4 (2 Mbytes)

Area 5 (2 Mbytes)

Area 6 (2 Mbytes)

Area 7 (2 Mbytes)

On-chip RAM*1*2

External address space”

3]

On-chip I/O registers*?

b. 16-Mbyte modes with

on-chip ROM disabled

(mode 3)

Notes: There is no area division in modes 6 and 7.

H'00000

H'1FFFF
H20000

On-chiy
Area 0 (1

Area 1 (1

H'3FFFF

H'40000

H'5FFFF

Area 2 (1

H'60000

Area 3 (1

H'7FFFF

H'80000

Area 4 (1

H'9FFFF

H'A0000

HBFFFF

Area 5 (1

H'C0000

H'DFFFF
H'E0000

H'FFFFF

Area 6 (1

Area 7 (1

On-chip |

External adc

On-chip I/

c. 1-Mbyte r
on-chip R
(mode 5)

1. The number of access states to on-chip ROM, on-chip RAM, and on-chip I/O registers is fi
2. This area follows area 7 specifications when the RAME bit in SYSCR is 0.

3. This area follows area 7 specifications.

Figure6.2 AccessAreaMap (Model, 3, and 5)
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Pin wait mode 0

Programmable wait

Disabled

Pin wait mode 1

| 0| 0| 00|
WlW|lw|w| w

Pin auto-wait mode

Note: n=0to7
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Read
access

Write
access

Address bus

D7 to DO

dn S A

T, | T3

External addressf

Valid

Figure6.3 BusControl Signal Timing for 8-Bit, Three-State-Access Al
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Address bus

AS
RD
Read
access
D7 to DO
WR
Write
access
D7 to DO

Valid

Figure6.4 BusControl Signal Timing for 8-Bit, Two-State-Access Are
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1 0 — — Disabled

Pin wait mode

0 0 Enabled Programmable
1 Enabled No wait states

1 0 Enabled Pin wait mode :

1 Enabled Pin auto-wait nr

Note: n=0to7

The ASTn and WCERn bits can be set independently for each area. Bits WM S1 and W/
to all areas. All areas for which WSC control is enabled operate in the same wait mod
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Address bus X External address

AS ] B

RD
Read |_
access Read dat:
Data bus
~
-
WR [
Write
access
Data bus Write data

~

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.5 Pin Wait Mode 0
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If the wait count is 0, this mode operates in the same way as pin wait mode 0.

Figure 6.6 shows the timing when the wait count is 1 (WC1 = 0, WCO = 1) and one &
state isinserted by WAIT input.

Read
access

Write
access

~

Inserted by  Inserted by
wait count | WAIT signal

WAIT pin

Address bus X

External address

s T

-

-

Read da

-

Data bus

Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.6 Pin Wait Mode 1
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Figure 6.7 shows the timing when the wait count is 1.

0 o) v L L o L
i

WAIT

Address bus X External address External address

\
X
s ]
—

[
[

RD
Read
access Read data Read d:
S
D
L ata bus { > {
~
WR |'
Write
access
L Data bus —< Write data >—< Write data

Note: * Arrows indicate time of sampling of the WAIT pin.

Figure6.7 Pin Auto-Wait Mode
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I I
Address bus X External address
AS |_

RD —| |_
Read
access Read data
Data bus
~
-
WR
Write
access
Data bus Write data

Figure 6.8 Programmable Wait Mode
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777 | programmable wait mode
Area 1 3-state-access area, _
ea programmable wait mode |
3-state-access area, _
Area 2 pin wait mode 0 -
Area 3 3-state-access area, B
pin wait mode 0
Area 4 2-state-access area, P
rea no wait states inserted
Area 5 2-state-access area,
no wait states inserted
Area 6 2-state-access area,
no wait states inserted
Area 7 2-state-access area,
no wait states inserted T

Bt 7 6 5 4 3 2 1
ASTCR HOF: [ 0 | 0 | o [ o | 1 [ 1 | 1 |

WCER H33: | 0 [ o [ 2 ] 1 [ o[ o] 1]

WCR HF3: | — | —

Note: Wait states cannot be inserted in areas designated for two-state access by ASTCR.

Figure6.9 Wait Mode Settings (Example)
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8-bit bus.

Two 32-kword x 8-bit SRAM devices (SRAM1 and SRAM?2) are connected to area 3
devices are accessed in two states via an 8-bit bus.

One 32-kword x 8-bit SRAM (SRAM3) is connected to area 7. This device is accesse
bus, using three-state access with an additional wait state inserted in pin auto-wait mo
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H'6FFFF Area 3

H'70000 8-bit, two-state-access are
Not used

H'7FFFF

N Areas 4, 5, 6

H'E0000 )
SRAM3

H'E7FFF Area 7
Not used 8-bit, three-state-access a

- (one auto-wait state)
On-chip RAM
H'EEEFE On-chip /O registers )

Note: The bus width and the number of access states of the on-chip memories and I/(
are fixed; they cannot be changed by register setting.

Figure6.10 Memory Map (H8/3039 Mode 5)
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State access.

Address f>< >< ASTCR address ><

2-state access
to area 2

' 3-state accessto area 2

Figure6.11 ASTCR Write Timing

6.4.2 Precautions on Setting ASTCR and ABWCR*

Use the H8/3039 Group on-chip program to set ASTCR and ABWCR as shown belov
on-chip ROM access cycle for H8/3039 Group can be emulated using the evaluation ¢
support tools.

Modes5 and 7

ASTCRO=0
ABWCR =H'FC

Note: * The ABWCR (buswidth control register; lower 16-bit address: H'FFEC) i
onto thisL SI. For detailed features of the ABWCR, see the H8/3048 Grovu|
H8/3048F-ZTAT™ Hardware Manual.
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Each port has a data direction register (DDR) for selecting input or output, and a data
(DR) for storing output data. In addition to these registers, ports 2, and 5 have an inpu
control register (PCR) for switching input pull-up transistors on and off.

Ports 1 to 3 and ports 5, 6, and 8 can drive one TTL load and a 90-pF capacitive load.
and B can drive one TTL load and a 30-pF capacitive load. Ports 1 to 3 and ports 5, 6,
B can drive a Darlington pair. Ports 1, 2, 5, and B can drive LEDs (with 10-mA currel
P8,, P8,, PA_to PA,, and PB, to PB, have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, 1/0O Block Diagrams.
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AUV Voo VULpuL
Port 2 |+ 8-bit I/O port [P2,to P2/ Address output pins (A, to  |Address output |Generic ir
« Input pull-up A oA, A) (A, to_ A§) and
generic input
» Candrive -0
LEDs DDR N O
generic input
DDR = 1:
address output
Port 3 |+ 8-bit I/O port |P3, to P3/ Data input/output (D, to D,) Generic ir
D, to D,
Port 5 |» 4-bit I/O port |P5, to P5/ Address output (A to A)  |Address output (Generic ir
A, to A (A toA,) and
* |nput pull-u 19 16 19 16.
putp P 4-bit generic
* Can drive input
LEDs
DDR = 0:
generic input
DDR = 1:
address output
Port 6 | 4-bit /O port |P6/WR, Bus control signal output (WR, RD, AS) Generic ir
P6,RD,
P6,/AS
P6,/WAIT Bus control signal input/output (WAIT) and 1-bit
generic input/output
Port 7 [+ 8-bit Input P7,to P7/ Analog input (AN, to AN ) to A/D converter, and generic inf
port AN, to AN,
Port 8 [« 2-bit I/O port P8,/ IRQ, IRQ, input and 1-bit generic input/output IRQ, and |
» P8, and P8, and gener
have Schmitt (Pg /IRQ, TRQ, input and 1-bit generic input/output output
inputs
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niputo

timing pattern
controller
(TPC), input
or output
(TIoCB,) for
16-bit

integrated
timer unit
(ITY), and
generic
input/output
PAJTP,/ TPCoutput [TPC output |TPC output (TP, to TP,), IT
TIOCAJA,, |(TP,toTP,), |(TP,toTP,), |output (TIOCA, TIOCB,, Tl
PAJTP,/ ITU input ITU input generic input/output
TIOCB,/A,,, |and output and output
PA/TP/ (TIOCA,, (TIOCA,,
TIOCA/A,, |TIOCB,, TIOCB,,
TIOCA)), and |TIOCA),
generic input/ |address
output output
(A23 to AZI)’
and generic
input/output
PAJTP./ TPC output (TP, to TP,), ITU input and output (TCLKD, T
TIOCB,/ TCLKB, TCLKA, TIOCB,, TIOCA,), and generic input/outy
TCLKD,
PA,JTP,/
TIOCA/
TCLKC,
PAJTP,/
TCLKB,
PA/TP,/
TCLKA
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TIOCA,,
PB,/TP/
TIOCB,,
PB/TP,/
TIOCA,
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In mode 5 (expanded modes with on-chip ROM enabled), settings in the port 1 datad
register (PLDDR) can designate pins for address bus output (A, to A,) or generic inpu
and 7 (single-chip mode), port 1 is ageneric input/output port.

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also driv
Darlington transistor pair.

Port 1

Port 1 pins

P1,/A,
Plg/Ag
Pls/Ag
P1,4/A,
P13/A,
P1,/A,
P1,/A;

P1o/Ag

Modes 1 and 3 Mode 5

A~ (output)
Ag (output)
As (output)
A4 (output)
A5 (output)
A, (output)
A (output)

Ap (output)

P1, (input)/A, (output)
P1g (input)/Ag (output)
P15 (input)/As (output)
P1, (input)/A,4 (output)
P15 (input)/A5 (output)
P1, (input)/A, (output)
P1, (input)/A, (output)

P11y (input)/Ag (output)

Modes

P1, (in|
Plg (in)
P15 (in)
P1, (in)
P15 (in)
P1, (in)
P1, (in)

P1g (in)

Figure7.1 Port 1 Pin Configuration
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register
H'FFC2 Port 1 data register P1DR R/W H'00 H'00
Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (PADDR)

P1DDR isan 8-hit write-only register that can select input or output for each pin in por

Bit 7 6 5 4 3 2 1

\ P17DDR‘ P16DDR‘ P15DDR‘ P14DDR‘ P13DDR \ P1,DDR \ P1,DDF
Modeg{lnitial value 1 1 1 1 1 1 1
13 Read/Write — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0
S107 | Read/Write W W W W W W

Port 1 data direction 7to O
These bits select input or
output for port 1 pins

P1DDR isinitialized to H'00 by areset and in hardware standby mode. In software star
it retainsits previous setting. If a PADDR bit is set to 1, the corresponding pin maintair
state in software standby mode.
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\
Port 1data7to 0

These bits store data for port 1 pins

When abit in PADDRisset to 1, if port 1 is read the value of the corresponding P1DF
returned directly, regardless of the actual state of the pin. When abit in PADDR iscle
port 1 isread the corresponding pin level isread.

P1DRisinitialized to H'00 by areset and in hardware standby mode. In software stan
retains its previous setting.

Rev.3.00 Mar. 26, 2007 Pac

REJO!
RENESAS



AU L0 UMLPUL LT VL Jud Lt vl Wi gyl bt L iUt v 1.« S 1IVVVO LT i Tl i A

1and3.

~———> A (output)
—— Ag (output)
~——= Ag (output)
-— A, (output)
Port 1
~~——> Aj (output)
~——= A, (output)
~— A, (output)

~— Ag (output)

Figure 7.2 Pin Functionsin Modes 1 and 3 (Port 1)

Mode5

Address output or generic input can be selected for each pinin port 1. A pin becomes e
output pin if the corresponding PADDR bit is set to 1, and ageneric input pin if this bit
to 0. Following areset, al pins are input pins. To use apin for address output, its P1DL
be set to 1. Figure 7.3 shows the pin functionsin mode 5.
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T ~——> A5 (output) P15 (input)
~——> A, (output) P1, (input)
~—— A, (output) P1, (input)
~— A (output) P1, (input)

Figure 7.3 Pin Functionsin Mode 5 (Port 1)

Modes 6 and 7 (Single-Chip M ode)

Input or output can be selected separately for each pinin port 1. A pin becomes an ou
the corresponding PLDDR bit isset to 1, and an input pin if thisbit is cleared to 0. Fic
shows the pin functionsin modes 6 and 7.

~——= P1- (input/output)
~—— P1g (input/output)
~—— P1g (input/output)
~——> P1, (input/output)
Port 1
~——> P13 (input/output)
~—— P1, (input/output)
~—— P1, (input/output)

~—— P1, (input/output)

Figure 7.4 Pin Functionsin Modes6 and 7 (Port 1)
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OULPUL PITIS (A5 LO Ag). TTTHITIOUC O \EXPdlIUCU TTIOUC WILTT OT=CHp RUIVE CHiabliceu), SCturie
port 2 data direction register (P2DDR) can designate pins for address bus output (A ; tc
generic input. In modes 6 and 7 (single-chip mode), port 2 is a generic input/output por

Port 2 has software-programmable built-in pull-up transistors. Pinsin port 2 can drive «
load and a 90-pF capacitive load. They can also drive a Darlington transistor pair.

Port 2 pins

- P27/A15
[ P26/A14
= P25/A3
D P24/A12
Port 2
- P23/A(;
~— P2,/A1g
[ P21/A9

[ P20/A8

Modes 1 and 3

A;s (output)
Aq4 (output)
A1z (output)
A1 (output)
A1 (output)
Aqo (output)
Ag (output)

Ag (output)

Modes 5

P2, (input)/A5 (output)
P2g (input)/A14 (output)
P25 (input)/A13 (output)
P2, (input)/A1, (output)
P25 (input)/A11 (output)
P2, (input)/A1y (output)
P2, (input)/Ag (output)

P2, (input)/Ag  (output)

Mode 6

P2, (inp
P2g (inpt
P25 (inpt
P2, (inp
P25 (inpt
P2, (inpt
P2, (inpt

P24 (inpt

Figure7.5 Port 2 Pin Configuration
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register
H'FFC3 Port 2 data register P2DR R/W H'00 H

H'FFD8 Port 2 input pull-up P2PCR R/W H'00 H
control register

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR)

P2DDR isan 8-hit write-only register that can select input or output for each pinin pc

Bit 7 6 5 4 3 2 1
‘P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR‘P22DDR ‘ P2,DI
Modes {Initial value 1 1 1 1 1 1 1
1and 3| Read/write — — — — — — —
Modes {Initial value 0 0 0 0 0 0 0
S07 | ReadMrite W W W W W W W

Port 2 data direction 7to 0
These bits select input or
output for port 2 pins

P2DDR isinitialized to H'00 by areset and in hardware standby mode. In software st
it retainsits previous setting. If a P2DDR bit is set to 1, the corresponding pin maintai
state in software standby mode.
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!
Port 2 data 7 to O
These bits store data for port 2 pins

When ahitin P2DDRisset to 1, if port 2 is read the value of the corresponding P2DR
returned directly, regardless of the actua state of the pin. When abit in P2DDR is clea
port 2 isread the corresponding pin level isread.

P2DR isinitialized to H'00 by areset and in hardware standby mode. In software stand
retains its previous setting.

Port 2 Input Pull-Up Control Register (P2PCR)

P2PCR is an 8-bit readable/writable register that controls the MOS input pull-up transi
2.

Bit 7 6 5 4 3 2 1

‘ P27PCR‘ P26PCR‘ P25PCR‘ P24PCR‘ P23PCR ‘ P2,PCR ‘ P21PCR‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

Port 2 input pull-up control 7to 0
These bits control input pull-up
transistors built into port 2

When a P2DDR bit is cleared to 0 (selecting generic input) in modes 7 to 5, if the corre
bit from P2,PCR to P2,PCR is set to 1, the input pull-up transistor is turned on.

P2PCR isinitialized to H'00 by areset and in hardware standby mode. In software stan
retains its previous setting.
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1and3.

~——> A5 (output)
~~——> A4, (output)
~—= A3 (output)
~——= A1, (output)
Port 2
~——> A4, (output)
~—> Ao (output)
~— Ag (output)

~— Ag (output)

Figure 7.6 Pin Functionsin Modes 1 and 3 (Port 2)

Mode5

Address output or generic input can be selected for each pinin port 2. A pin becomes
output pin if the corresponding P2DDR bit is set to 1, and ageneric input pin if this bi
to 0. Following areset, all pinsareinput pins. To use a pin for address output, its P2D
be set to 1. Figure 7.7 shows the pin functionsin modes 5.
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~——> Aq; (output) P25 (input)

~—> Ao (output) P2, (input)
~— A4 (output) P2, (input)
~— Ag (output) P2, (input)

Figure 7.7 Pin Functionsin Modes 1 and 3 (Port 2)

Modes6 and 7

Input or output can be selected separately for each pinin port 2. A pin becomes an outy
the corresponding P2DDR bit is set to 1, and an input pin if thisbit is cleared to 0. FigL
shows the pin functionsin modes 6 and 7.

—— P2, (input/output)
— P2¢ (input/output)
~—— P25 (input/output)
~——> P2, (input/output)
Port 2
~——> P23 (input/output)
~—— P2, (input/output)
~—— P2, (input/output)

~— P2, (input/output)

Figure 7.8 Pin Functionsin Modes6 and 7 (Port 2)
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standby mode they retain their previous state.
Table 7.4 summarizes the states of the input pull-up transistors in each mode.

Table7.4 Input Pull-Up Transistor States (Port 2)

Hardware Standby Software Standby
Mode Reset Mode Mode Other Mo
1 Off Off Off Off
3
5 Off Off On/Off On/Off
6
7
Legend:
Off: The input pull-up transistor is always off.

On/Off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0. Otherwise, it
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FiHs 1T pure S Ladll anve uric 1 1L 10dU dl'lu a 9U-pir- Lapalluve 10al. 1 TIcy Ldll d SV UNve
Darlington transistor pair.

Port 3 pins Modes 1,3 and 5 Modes 6 and 7

~~— P3,/D; D; (input/output) P3- (input/outpu
— P3¢/Dg De (input/output) P3¢ (input/outpu
+— P35/Dg Ds (input/output) P35 (input/outpu
— P3,4/D, D, (input/output) P3, (input/outpu
Port 3
+— P33/D3 D3 (input/output) P35 (input/outpu
~~— P3,/D, D, (input/output) P3, (input/outpu
+—> P3;/Dq D; (input/output) P3; (input/outpu
— P3;/Dyg Dy (input/output) P3, (input/outpu

Figure7.9 Port 3 Pin Configuration

74.2 Register Descriptions
Table 7.5 summarizes the registers of port 3.

Table7.5 Port 3Registers

Address* Name Abbreviation R/W Initial \
H'FFC4 Port 3 data direction register P3DDR W H'00
H'FFC6 Port 3 data register P3DR R/W H'00

Note: * Lower 16 bits of the address.
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!
Port 3 data direction 7 to 0
These bits select input or output for port 3 p

Modes 1, 3, and 5: Port 3 functions as a data bus. P3DDR is ignored.

Modes 6 and 7: Port 3 functions as an input/output port. A pinin port 3 becomes an
the corresponding P3DDR hit isset to 1, and an input pin if this bit is cleared to 0.

P3DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P3DDR isinitialized to H'00 by areset and in hardware standby mode. In software st
it retainsits previous setting. If a P3DDR bit is set to 1, the corresponding pin maintai
state in software standby mode.

Port 3 Data Register (P3DR)

P3DR is an 8-hit readable/writable register that stores datafor pins P3, to P3,.

Bit 7 6 5 4 3 2 1

‘ P3; ‘ P3¢ ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P3;
Initial value 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW

Port 3 data7to 0
These bits store data for port 3 pins

When abit in PBDDRisset to 1, if port 3 is read the value of the corresponding P3DF
returned directly, regardless of the actual state of the pin. When abit in P3BDDRiscle
port 3 isread the corresponding pin level isread.

P3DRisinitialized to H'00 by areset and in hardware standby mode. In software stan
retains its previous setting.
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~—— D (input/output)
~——-= Dg (input/output)
~——= Dg (input/output)
———> D, (input/output)
Port 3
~+——= D3 (input/output)
~——= D, (input/output)
~+——> D, (input/output)

~——— Dg (input/output)

Figure7.10 Pin Functionsin Modes 1, 3and 5 (Port 3)
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~— P3¢ (input/output)
~— P35 (input/output)
~——> P3, (input/output)
Port 3
~——> P33 (input/output)
~—— P3, (input/output)
~—— P3, (input/output)

~— P3 (input/output)

Figure7.11 Pin Functionsin Modes6 and 7 (Port 3)
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5 data direction register (PSDDR) designate pins for address bus output (A,,to A,;) Or ¢
input. In mode 6 and 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmable built-in pull-up transistors. Port 5 can drive one TTI
90-pF capacitive load. They can aso drive an LED or a Darlington transistor pair.

Port 5

Port 5
pins

P53/A 19
P5,/A15
P5./A17

P5¢/A16

Modes 1, 3

Aqg (output)
A5 (output)
A7 (output)

A (output)

Mode 5

P53 (input)/A,g (output)
P5, (input)/A;g (output)
P51 (input)/A;7 (output)

P5¢ (input)/A.g (output)

Modes |

P53 (ing
P5, (ing
P51 (ing

P5¢ (ing

Figure 7.12 Port 5 Pin Configuration
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register
H'FFCA Port 5 data register P5DR R/W H'FO H

H'FFDB Port 5 input pull-up PS5PCR R/W H'FO H
control register

Note: * Lower 16 bits of the address.

Port 5 Data Direction Register (PSDDR)

P5DDR isan 8-hit write-only register that can select input or output for each pinin pc

Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘P53DDR‘P52DDR ‘ P5,DI
Modes {Initial value 1 1 1 1 1 1 1
1and 3| Read/write  — — — _ _ _ _
Modes {Initial value 1 1 1 1 0 0 0
5107 |ReadWrite — — — — w W
Reserved bit‘s Port 5 data (llirectio

These bits select iny
output for port 5 pin:

PSDDR isinitialized to H'FO by areset and in hardware standby mode. In software st
it retainsits previous setting. If a PSDDR bit is set to 1, the corresponding pin maintai
state in software standby mode.
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Reserved bits Port5data3to 0
These bits store da
for port 5 pins

When ahitin PSDDRisset to 1, if port 5is read the value of the corresponding PSDR
returned directly, regardless of the actua state of the pin. When abit in PSDDR is clea
port 5 isread the corresponding pin level isread.

Bits P5, to P5, are reserved. They cannot be modified and are always read as 1.

P5DR isinitialized to H'FO by areset and in hardware standby mode. In software stand
retains its previous setting.

Port 5 Input Pull-Up Control Register (P5SPCR)

P5PCR is an 8-bit readable/writable register that controls the MOS input pull-up transi:
5.

Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ P53PCR ‘ P5,PCR ‘ P51PCR ‘ P
Initial value 1 1 1 1 0 0 0
Read/Write — — — — R/W R/W R/W
Reserved bits Port 5 input pull-up col

These bits control input |
transistors built into port

When a P5DDR hit is cleared to 0 (selecting generic input) in modes 5 to 7, if the corre
bit from P5,PCR to P5,PCR is set to 1, the input pull-up transistor is turned on.

P5PCR isinitialized to H'FO by areset and in hardware standby mode. In software star
it retains its previous setting.
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modes 1 and 3.

~— A9 (output)
~— Aqg (output)
Port 5
~— A7 (output)

~—> A (output)

Figure 7.13 Pin Functionsin Modes 1 and 3 (Port 5)

Mode5

Address output or generic input can be selected for each pinin port 5. A pin becomes
output pin if the corresponding PSDDR hit is set to 1, and ageneric input pin if this bi
to 0. Following areset, all pinsare input pins. To use a pin for address output, its P5D
set to 1. Figure 7.14 shows the pin functions in mode 5.

When P5DDR =1 When P5DDR =0

~— Ajq (output) P53 (input)

~—* Az (output) P5, (input)
Port 5

~— A7 (output) P51 (input)

<— A (output) P54 (input)

Figure7.14 Pin Functionsin Mode5 (Port 5)
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~— P5, (input/output)
Port 5
~— P5, (input/output)

~— P5; (input/output)

Figure7.15 Pin Functionsin Mode 6 and 7 (Port 5)

754 Input Pull-Up Transistors

Port 5 has built-in MOS input pull-up transistors that can be controlled by software. Tt
pull-up transistors can be turned on and off individually.

When a P5PCR hit is set to 1 and the corresponding PSDDR hit is cleared to O, the inpt
transistor is turned on.

The input pull-up transistors are turned off by areset and in hardware standby mode. Ir
standby mode they retain their previous state.

Table 7.7 summarizes the states of the input pull-up transistors in each mode.

Table7.7 Input Pull-Up Transistor States (Port 5)

Mode Reset Hardware Standby Mode Software Standby Mode  Other

1 Off Off Off Off

3

5 Off Off On/Off On/Off
6

7

Legend:

Off: The input pull-up transistor is always off.

On/Off: The input pull-up transistor is on if PSPCR = 1 and P5DDR = 0. Otherwise, it is
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Pinsin port 6 can drive one TTL load and a 90-pF capacitive load. They can also driv
Darlington transistor pair.

Port 6

Port 6 pins Modes 1,3 and 5

P65/ WR WR (output)
P6,/RD RD (output)
P65 /AS AS (output)

P66,/ WAIT P6 (input/output)/ WAIT (input)

Modes 6
P65 (inpt
P64 (inpt
P65 (inpt
P6 (inpt

Figure 7.16 Port 6 Pin Configuration
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register
H'FFCB Port 6 data register P6DR R/W  H'80 H'80
Note: * Lower 16 bits of the address.

Port 6 Data Direction Register (P6DDR)

PEDDR is an 8-hit write-only register that can select input or output for each pin in por

Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ P65DDR‘ P64DDR‘ P63DDR‘ — ‘ — ‘I
Initial value 1 0 0 0 0 0 0
Read/Write — w W w w W
Reserved bits Port 6 data direction 5to 3,0

These bits select input or output for |

Bits 7, 6, 2, and 1 are reserved.
P6DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PEDDR isinitialized to H'80 by areset and in hardware standby mode. In software star
it retainsits previous setting. If a PEBDDR bit is set to 1, the corresponding pin maintair
state in software standby mode.
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Reserved bits Port 6 data5to 3,0
These bits store data for |

When abit in PEBDDR is set to 1, if port 6 is read the value of the corresponding PEDF
returned directly. When abit in PBDDR is cleared to O, if port 6 is read the correspon
isread. Bits 7, 6, 2, and 1 are reserved. Bit 7 cannot be modified and alwaysreads 1. |
1 can be written and read, but cannot be used as ports. If bit 6, 2, or 1in PEBDDR is re:
valueis 1, the value of the corresponding bit in P6DR will beread. If bit 6,2, or Lin |
read while itsvalueis 0, it will alwaysread 1.

PEDR isinitialized to H'80 by areset and in hardware standby mode. In software stan
retains its previous setting.
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— WR (output)
— RD (output
Port 6 (output)
— AS (output)

+—— P& (input/output)/WAIT (input)

Figure7.17 Pin Functionsin Modes 1, 3, and 5 (Port 6)
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P6,DDR 0 1
Pin function RD output

P6,/AS Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function AS output

P6,/WAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P6,DDR sele

function as follows

WCER All 1s Not .
WMS1 0 1 -
P6,DDR 0 1 0 (
Pin function P6, input P6, output WAIT inp
Note: * Do not set bit P6,DDR to 1.
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~— P65 (input/output)
Port 6 ~— P6, (input/output)
+— P63 (input/output)

< P6, (input/output)

Figure7.18 Pin Functionsin Modes6 and 7 (Port 6)
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~——— P7, (input)/AN (input)
——— P7¢ (input)/ANg (input)
~—— P75 (input)/AN;5 (input)
—— P74 (input)/AN, (input)
Port 7
—— P73 (input)/AN 3 (input)
~—— P75 (input)/AN, (input)
~—— P74 (input)/AN (input)

~—— P74 (input)/AN (input)

Figure7.19 Port 7 Pin Configuration

7.7.2 Register Description

Table 7.10 summarizes the port 7 register. Port 7 is an input-only port, so it has no da
register.

Table7.10 Port 7 Data Register

Address* Name Abbreviation R/W Initial V
H'FFCE Port 7 data register P7DR R Undetel
Note: * Lower 16 bits of the address.
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When P7DR isread, the pin levels are aways read.

7.8 Port 8

7.8.1 Overview

Port 8 isa 2-bit input/output port that is also used for IRQ, and IRQ, input. Figure 7.20
pin configuration of port 8.

Pin P8, functions as input/output pin or as an IRQ, input pin. Pins P8, function as eithe
or IRQ, input pinsin modes 1, 3, and 5, and as input/output pins or IRQ, input pinsin r
7.

Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can also drive
Darlington transistor pair. Pins P8, and P8, have Schmitt-trigger inputs.

Port 8 pins Modes 1, 3, and 5 Modes 6 and 7

bort 8 l«—» P8,/IRQ; P8, (input)/IRQ; (input) P8, (input/output)/l
or

la—= P8y/IRQ, P8, (input/output)/IRQy (input) P8, (input/output)/l

Figure 7.20 Port 8 Pin Configuration
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Note: * Lower 16 bits of the address.

Port 8 Data Direction Register (PSDDR)

P8DDR isan 8-hit write-only register that can select input or output for each pinin pc

7 6 5 4 3 2 1
O I N e R
Initial value 1 1 1 0 0 0 0
Read/Write — — — W W W W
Reserved bits Port 8 data direction 1 .

These bits select input ol
output for port 8 pins

PBDDR isinitialized to H'EO by areset and in hardware standby mode. In software st:
it retainsits previous setting. If a PBDDR bit is set to 1, the corresponding pin maintai
state in software standby mode.
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Reserved bits Port 8dataland O
These bits store date

for port 8 pins

When ahitin PBDDRisset to 1, if port 8 isread the value of the corresponding PBDR
returned directly. When abit in PBDDR is cleared to O, if port 8 isread the correspondi
isread.

Bits 7 to 2 are reserved. Bits 7 to 5 cannot be modified and always read 1. Bit 4, 3, and
written and read, but it cannot be used for port input or output. If bit 4, 3, and 2 of P8D
whileitsvalueis 1, bit 4, 3 and 2 of PBDR isread directly. If bit 4, 3, and 2 of PBDDR
whileitsvalueis O, it alwaysreads 1.

P8DR isinitialized to H'EO by areset and in hardware standby mode. In software stanc
retains its previous setting.
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P8,DDR 0
Modes 1, 3, and 5 Modes
Pin function P8, input lllegal setting P8,
IRQ, input
P8/IRQ,  Bit P8 DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output

IRQ, input
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configuration of port 9.

Pinsin port 9 can drive one TTL load and a 30-pF capacitive |load. They can also drive
Darlington transistor pair.

Port 9 pins

l=—— P95 (input/output)/SCK; (input/output)/IRQ5 (input)
=—— P9, (input/output)/SCK, (input/output)/IRQ, (input)
—— P93 (input/output)/RxD (input)

Port 9
=——> P9, (input/output)/RxDg (input)
~——> P9, (input/output)/TxD; (output)

~——> P9, (input/output)/TxDg (output)

Figure7.21 Port 9 Pin Configuration

7.9.2 Register Descriptions
Table 7.13 summarizes the registers of port 9.

Table7.13 Port 9 Registers

Address*  Name Abbreviation R/W Initi
H'FFDO Port 9 data direction register P9DDR W H'C(
H'FFD2 Port 9 data register PODR R/W H'C(

Note: * Lower 16 bits of the address.
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Reserved bits Port 9 data direction 5to 0
These bits select input or
output for port 9 pins

A pinin port 9 becomes an output pin if the corresponding PODDR bit is set to 1, and
if thisbit iscleared to 0.

PIODDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
PODDR isinitialized to H'CO by areset and in hardware standby mode. In software st

it retainsits previous setting. If a PODDR bit is set to 1, the corresponding pin maintai
state in software standby mode.

Port 9 Data Register (P9DR)

PIODR is an 8-bit readable/writable register that stores output data for pins P9, to P9,.

Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ P95 ‘ P9, ‘ P9, ‘ P9, ‘ P9,
Initial value 1 1 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W
Reserved bits Port 9data5to 0

These bits store data
for port 9 pins

When abit in PODDR is set to 1, if port 9 is read the value of the corresponding PODF
returned. When abit in PODDR is cleared to O, if port 9 is read the corresponding pin

Bits 7 and 6 are reserved. They cannot be modified and are awaysread as 1.
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Pin Pin Functions and Selection Method
P9/SCK,/ Bit C/Ain SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, and bit P9,[
IRQ, the pin function as follows

CKE1 0

C/A 1

CKEO 1 _

P9,DDR 0 1 — —

Pin function P9, P9, SCK, output SCK, output S

input | output
IRQ, input

P9,/SCK,/ Bit C/A in SMR of SCIO, bits CKEO and CKE1 in SCR of SCI, and bit P9,DI

IRQ, the pin function as follows

CKE1 0

C/A 1

CKEO 1 —

P9,DDR 0 1 — —

Pin function P9, P9, SCK, output SCK, output S

input | output
IRQ, input
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SMIF 0

RE 0 1

P9,DDR 0 1 —

Pin function P9, input | P9, output RxD, input F

P9,/TxD,  Bit TE in SCR of SCI1 and bit P91DDR select the pin function as follows
TE 0 1
P9,DDR 0 1 —
Pin function P9, input P9, output TxD, outpt
P9,/TxD, Bit TE in SCR of SCIO, bit SMIF in SCMR, and bit P9 DDR select the pin-
follows
SMIF 0
TE 0 1
P9,DDR 0 1 —
Pin function P9, input | P9, output TxD, output T
Note: * Functions as the TxD, output pin, but there are two states: one

the pin is driven, and another in which the pin is at high imped
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Pinsin port A can drive one TTL load and a 30-pF capacitive load. They can also drive
Darlington transistor pair. Port A has Schmitt-trigger inputs.

Port A

Port A pins

PA7/TP,TIOCB, /A0
PAg/TP/TIOCA, /A,
PAg/TP5/TIOCB /A,
PA,/TPYTIOCA{ /A3
PA3/TP,/TIOCB, /TCLKD
PA,/TP,/TIOCA, ITCLKC
PA{/TP/TCLKB
PAo/TPYTCLKA

Mode 3

Ay (output)

Modes 1,5and 7

PA  (input/output)/TP; (output)/TIOCB, (input/output
PA g (input/output)/TPg (output)/TIOCA, (input/output
PA g (input/output)/TPs (output)/TIOCB (input/output
PA 4 (input/output)/TP, (output)/TIOCA, (input/output
PA 3 (input/output)/TP;3 (output)/TIOCB  (input/output
PA , (input/output)/TP, (output)/TIOCA  (input/output
PA ; (input/output)/TP; (output)/ TCLKB (input)

PA  (input/output)/TPy (output)/ TCLKA (input)

PAg (input/output)/TPg (output)/TIOCA, (input/output) /A,; (output)

PA 5 (input/output)/TPs5 (output)/TIOCB, (input/output) /A, (output)

PA 4 (input/output)/TP, (output)/TIOCA; (input/output) /A,3 (output)

PA 3 (input/output)/TP; (output)/TIOCB ( (input/output)/TCLKD (input)

PA > (input/output)/TP, (output)/TIOCA g (input/output)/TCLKC (input)

PA 1 (input/output)/TP; (output)/ TCLKB (input)

PA ¢ (input/output)/TPy (output)/ TCLKA (input)

Figure7.22 Port A Pin Configuration
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register
H'FFD3 Port A data register PADR R/W H'00
Note: * Lower 16 bits of the address.

Port A Data Direction Register (PADDR)

PADDR isan 8-bit write-only register that can select input or output for each pininp
corresponding PADDR hit should also be set when apin isused as a TPC output.

7 6 5 4 3 2 1
Bit ‘PA7DDR‘ PABDDR‘ PAsg DDR‘ PA4DDR‘PA3 DDR‘PAZ DDR ‘ PA,C
Modes Initial value 0 0 0 0 0 0 0
1,5,and 7| Read/Write w w w W W w W
Initial value 1 0 0 0 0 0 0

Mode 3 .
Read/Write — W W Y w w W

Port A data direction 7 to 0
These bits select input or output for port /

A pinin port A becomes an output pin if the corresponding PADDR bit is set to 1, an
pinif thisbit is cleared to 0. However, in mode 3, PA, DDR isfixed at 1, and PA7 fur
address output pin.

PADDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

PADDR isinitialized to H'00 in modes 1, 5 and 7 and to H'80 in mode 3 by areset an
hardware standby mode. In software standby mode it retains its previous setting. If al
is set to 1, the corresponding pin maintains its output state in software standby mode.
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Port A data 7 to O
These bits store data for port A pins

When abitin PADDR isset to 1, if port A isread the value of the corresponding PADI
returned directly. When abit in PADDR is cleared to O, if port A isread the corresponc
level isread.

PADR isinitialized to H'00 by areset and in hardware standby mode. In software stanc
retains its previous setting.

When port A pins are used for TPC output, PADR stores output data for TPC output gr
1. If abit in the next data enable register (NDERA) is set to 1, the corresponding PADF
be written. In this case, PADR can be updated only when data is transferred from NDR
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PA/TP,/  The mode setting, ITU channel 2 settings (bit PWM2 in TMDR and bits IO
TIOCB,/  in TIOR2), bit NDER7 in NDERA, and bit PA7DDR in PADDR select the p

A, as follows

Mode 1,5t07

ITU channel 2 (1) in table below (2) in table below

settings

PA.DDR — 0 1 1

NDER7 — — 0 1

Pin function TIOCB, output PA, PA, TP,
input output | outpl

TIOCB2 input*
Note: * TIOCB2 input when I0B2 =1 and PWM2 = 0.

ITU channel 2 ) Q) (2)
settings

10B2 0 1
I0B1 0 0 1 —
I0BO 0 1 — —
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pelow

pelow

PA,DDR

0

1

0

NDERG

0

1

0

Pin
function

TIOCA,
output

PA

) 6
input

PA

6

output

TP

6
output

TIOCA, input*

TIOCA,
output

PA

i 6
input

PA

6
output

T
ou

TIOCA, input*

Note: *

TIOCA, input when IOA2 = 1.

ITU
channel 2
settings

)

@

)

(

PWM2

I0OA2

IOA1

IOA0
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PA.DDR — 0 — 0
NDERS5 — — 0 1 — — 0
Pin TIOCB,| PA, | PA, | TP, |TIOCB,| PA, | PA,
function output | input | output | output | output | input | output |0
TIOCBL1 input* TIOCBL1 input
Note: * TIOCB, input when IOB2 = 1 and PWM1 = 0.
ITU
channel 1 (2) (2) 2)
settings
10B2 0 1
I0B1 1 —
I0BO — —
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PA,DDR

0

0

NDER4

0 1

0

Pin
function

TIOCA,
output

PA

4

input

PA, | TP

4 5

output | output

TIOCA, input*

TIOCA,
output

PA

4

input

PA

4

output

T
ou

TIOCA, input*

Note: *

TIOCA, input when IOA2 = 1.

ITU
channel 1
settings

)

1)

)

PWM1

I0OA2

IOA1

IOA0

Rev.3.00 Mar. 26, 2007 Page 178 of 682

REJ09B0353-0300

RENESAS



U

Pin
function

TIOCB, output

PA, input

PA, outpu

TIOCB, inpL

TCLKD input**

Notes: 1. TIOCBO input when IOB2 =1 and PWMO = 0.
2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of T

TCRO.

ITU
channel 0 (2)
settings

@

)

10B2

I0B1

I0BO

RENESAS
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Pin TIOCA, output PA, input | PA, output
function TIOCA, input

TCLKC input*®

Notes: 1. TIOCA, input when IOA2 = 1.

2. TCLKC input when TPSC2 = TPSC1 =1 and TPSCO =0 in any
TCRO.

ITU
channel 0 (2) (1) 2 (
settings

PWMO 0
I0A2 0 1 -
IOA1 0 0 1 — -
IOA0 0 1 — — -
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and TPSCO = 1 in any of TCR4 to TCRO.

PA/TP,/  Bit NDERO in NDERA and bit PAODDR in PADDR select the pin function
TCLKA

PA,DDR 0 1

NDERO — 0

Pin PA, input PA, output TP,
function TCLKA input*

Note: * TCLKA input when MDF =1 in TMDR, or when TPSC2 =1 an
TPSCO =0 in any of TCR4 to TCRO.
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Pinsin port B can drive one TTL load and a 30-pF capacitive load. They can also drive
aDarlington transistor pair. Pins PB, to PB, have Schmitt-trigger inputs.

Port B pins

~——= PB (input/output)/TP;5(output)/ADTRG (input)
~——-= PBg (input/output)/TP;3(output)/ TOCXB 4 (output)
~——> PB, (input/output)/TP;, (output)/ TOCXA 4 (output)
Port B [* ™ PBj3 (input/output)/TP;; (output)/TIOCB 4 (input/output)
~——> PB, (input/output)/TP;q(output)/TIOCA, (input/output)
~— PB (input/output)/TPq (output)/TIOCB 3 (input/output)

+— PBj (input/output)/TPg (output)/TIOCA 3 (input/output)

Figure7.23 Port B Pin Configuration

Register Descriptions

Table 7.17 summarizes the registers of port B.

Table7.17 Port B Registers

Address*  Name Abbreviation R/W Ini
H'FFD4 Port B data direction register PBDDR W H'
H'FFD6 Port B data register PBDR R/W H'

Note: * Lower 16 bits of the address.

Rev.3.00 Mar. 26, 2007 Page 182 of 682
REJ09B0353-0300
RENESAS



\ \ \
[
| ] Port B data7,5t0 0
Reserved bit These bits select input or output for por

A pinin port B becomes an output pin if the corresponding PBDDR hit is set to 1, anc
if thishit iscleared to 0.

Bit 6 isreserved.
PBDDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
PBDDR isinitialized to H'00 by areset and in hardware standby mode. In software st

it retains its previous setting. If aPBDDR bit is set to 1, the corresponding pin mainta
gtate in software standby mode.

Port B Data Register (PBDR)

PBDR is an 8-bit readable/writable register that stores data for pins PB,, PB, to PB,,.

Bit 7 6 5 4 3 2 1

‘ PB; ‘ — ‘ PBs ‘ PB4 ‘ PB 3 ‘ PB, ‘ PB
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

1
) Port B data7,5to 0
Reserved bit These bits store data for port B pins

When abit in PBDDR is set to 1, if port B isread the value of the corresponding PBD
returned directly. When abit in PBDDR is cleared to O, if port B is read the correspor

level isread. Bit 6 is reserved. Bit 6 can be written and read, but cannot be used for a
output.
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7.11.3 Pin Functions

The port B pins are also used for TPC output (TP,,, TP, to TR,), ITU input/output (TI1C
TIOCB,, TIOCA,, TIOCA,) and output (TOCXB,, TOCXA,), and ADTRG input. Tabl
describes the selection of pin functions.
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ADTRG input*

Notes: *

ADTRG input when TRGE = 1.

PB./ ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit ND
TP,/ NDERB, and bit PB,DDR in PBDDR select the pin function as follows
TOCXB,  TExpa4, Not both 1 Both -
CMD1
PB.DDR 0 1 1 —
NDER13 — 0 1 —
Pin function | PB,input | PB, output | TP output TOCXB, o
PB,/ ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit ND
TP,/ NDERB, and bit PB4DDR in PBDDR select the pin function as follows
TOCXA, " TExaa, Not both 1 Both -
CMD1
PB,DDR 0 1 1 —
NDER12 — 0 1 —
Pin function | PB,input | PB, output | TP,output TOCXA, 0
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Pin function TIOCB, output PB, input | PB, output
TIOCB, input*

Note: * TIOCB, input when CMD1 = PWM4 =0 and IOB2 = 1.

reetmn | @ @ ® @

EB4 0 1

CMD1 — 0

10B2 — 0 0 0 1

I0B1 — 0 0 1 —

10B0 — 0 1 — —

Rev.3.00 Mar. 26, 2007 Page 186 of 682
REJ09B0353-0300
RENESAS



Pin function

TIOCA, output

PB, input

PB, output

TIOCA, input

Note: * TI

OCA, input when CMD1 = PWM4 = 0 and IOB2 = 1.

ITU channel
4 settings

)

@

@

@

EA4

0

CMD1

PWM4

I0A2

I0A1

IOAO0
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Pin function TIOCB, output PB, input | PB, output
TIOCB, input*

Note: * TIOCB3 input when CMD1 = PWM3 =0 and IOB2 = 1.

et | @ @ ® @

EB3 0 1

CMD1 — 0

10B2 — 0 0 0 1

I0B1 — 0 0 1 —

10B0 — 0 1 — —
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Pin function

TIOCA, output

PB, input

PB, output

TIOCA, input

Note: * TI

OCA, input when CMD1 = PWM3 = 0 and IOA2 = 1.

ITU channel
3 settings

)

@

@

@

EA3

0

CMD1

PWM3

I0A2

I0A1

IOAO0
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811

Features

ITU features are listed below.

» Capabhility to process up to 12 pulse outputs or 10 pulse inputs

» Ten genera registers (GRs, two per channel) with independently-assignabl e outpu
input capture functions

» Selection of eight counter clock sources for each channel:
Internal clocks: @, ¢/2, @/4, ¢/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD

» Five operating modes selectable in all channels:

O

Waveform output by compare match

Selection of 0 output, 1 output, or toggle output (only 0 or 1 output in channel
Input capture function

Rising edge, falling edge, or both edges (selectable)

Counter clearing function

Counters can be cleared by compare match or input capture

Synchronization

Two or more timer counters (TCNTS) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization e
synchronous register input and output.

PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronizati
five-phase PWM output is possible

» Phase counting mode selectable in channel 2
Two-phase encoder output can be counted automatically.
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Input capture registers can be double-buffered. Output compare registers can be
automatically.

» High-speed access viainternal 16-bit bus

The 16-bit timer counters, general registers, and buffer registers can be accessed at
viaa 16-bit bus.

» Fifteen interrupt sources

Each channel has two compare match/input capture interrupts and an overflow intel
interrupts can be requested independently.

» Output triggering of programmable pattern controller (TPC)
Compare match/input capture signals from channels 0 to 3 can be used as TPC outy

Table 8.1 summarizesthe I TU functions.
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~

Input/output pins

TIOCA,, TIOCB, TIOCA,, TIOCB, TIOCA,, TIOCB, TIOCA,, TIOCB, TI

Output pins — — — — T(
T(
Counter clearing GRAO/GRBO GRA1/GRB1 GRA2/GRB2 GRA3/GRB3 G
function compare match compare match compare match compare match cc
or input capture or input capture or input capture or input capture or
Compare 0 (0] O (0] (0] O
match o o o o o
output
Toggle O (@) — O O
Input capture function O (0] (0] (0] (0]
Synchronization o] (0] o] o] (0]
PWM mode o o} ) O (0]
Reset-synchronized — — — o (0]
PWM mode
Complementary PWM  — — — (0] O
mode
Phase counting mode — — 0] — —
Buffering — — — o) o)
Interrupt sources Three sources Three sources Three sources Three sources Tl

* Compare
match/input
capture AO

* Compare
match/input
capture BO

* Overflow

* Compare
match/input
capture Al

* Compare
match/input
capture B1

* Overflow

* Compare
match/input
capture A2

* Compare
match/input
capture B2

« Overflow

* Compare
match/input
capture A3

* Compare
match/input
capture B3

« Overflow

Legend:
O: Available
Not available

Rev.3.00 Mar. 26, 2007 Pac
REJO!

RENESAS



TOCXAy, TOCXBy < | Control logic
TIOCAg to TIOCA, O

0, @2, ¢4, @8 > I—l r OVI0 to OVI-

-
-
-
-

‘

s
2
|

TIOCB, to TIOCB, :

<t (40] N — o
ol |zl |lsllvl]|w <] TOCcCrR K>
C C C c c
C C C C C o
SIIB |8 8] |8 <] TSTR K &
(8] (8] (8] [$] [$] “CE
— —_ —_ —_ —_ E
EI|E||E||E||E <] TSNC K E
=l |l=ll=]]l=2]|]|= 0
sl |a|l|lallg] |2 < | TMDR K__ > @
(o] (o] [{e] [{e] [{o]
— — — — —

<] TFCR K>

0

<
<
<

Module data bus

Legend:

TOER: Timer output master enable register (8 bits)
TOCR: Timer output control register (8 bits)

TSTR: Timer start register (8 bits)

TSNC: Timer synchro register (8 bits)

TMDR: Timer mode register (8 bits)

TFCR: Timer function control register (8 bits)

Figure8.1 1TU Block Diagram (Overall)
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Legend:
TCNT:
GRA, GRB:
TCR:
TIOR:
TIER:

TSR:

‘ | Comparator

[ONANA

ARG

TCNT
GRA
GRB

TCR
TIOR
TIER
TSR

000

0 0 0 0

Module data bus

Timer counter (16 bits)

General registers A and B (input capture/output compare registers) (1

Timer control register (8 bits)

Timer 1/O control register (8 bits)

Timer interrupt enable register (8 bits)

Timer status register (8 bits)

Figure 8.2 Block Diagram of ChannelsOand 1 (for Channel 0)

Rev.3.00 Mar. 26, 2007 Pac

RENESAS

REJO!



ULV TUYIC

-
Comparator =
-
N N N N N N N
E i} o x
(Z) é o 6 Of |wWw %
Module data bus
Legend:
TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare register:
(16 bits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)
TIER2: Timer interrupt enable register 2 (8 bits)
TSR2: Timer status register 2 (8 bits)

Figure 8.3 Block Diagram of Channel 2
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Ccomparator | -

A 00000

< —

TCNT3
BRA3
GRA3
BRB3
GRB3
TCR3
TIOR3
TIER3
TSR3

00 00 00000

Module data bus

Legend:

TCNT3: Timer counter 3 (16 bits)

GRA3, GRB3: General registers A3 and B3 (input capture/output compare registe
(16 bits x 2)

BRA3, BRB3: Buffer registers A3 and B3 (input capture/output compare buffer re
(16 bits x 2)

TCR3: Timer control register 3 (8 bits)

TIOR3: Timer 1/O control register 3 (8 bits)

TIERS: Timer interrupt enable register 3 (8 bits)

TSR3: Timer status register 3 (8 bits)

Figure8.4 Block Diagram of Channel 3
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TCNT4
BRA4
GRA4
BRB4
GRB4
TCR4
TIOR4
TIER4
TSR4

00 00 00000

Module data bus

Legend:

TCNT4: Timer counter 4 (16 bits)

GRA4, GRB4: General registers A4 and B4 (input capture/output compare registers
(16 hits x 2)

BRA4, BRB4: Buffer registers A4 and B4 (input capture/output compare buffer regi
(16 bits x 2)

TCR4: Timer control register 4 (8 bits)

TIOR4: Timer 1/O control register 4 (8 bits)

TIER4: Timer interrupt enable register 4 (8 bits)

TSR4: Timer status register 4 (8 bits)

Figure8.5 Block Diagram of Channel 4
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(phase-A Input pin In phase c
mode)

Clock input B TCLKB  Input External clock B input pin
(phase-B input pin in phase ct
mode)

Clock input C TCLKC  Input External clock C input pin

Clock input D TCLKD  Input External clock D input pin

Input capture/output  TIOCA,  Input/ GRAO output compare or inpu

compare AO output  PWM output pin in PWM mod

Input capture/output  TIOCB,  Input/ GRBO output compare or inpu

compare BO output

Input capture/output  TIOCA,  Input/ GRAL output compare or inpu

compare Al output  PWM output pin in PWM mod

Input capture/output  TIOCB,  Input/ GRB1 output compare or inpu

compare Bl output

Input capture/output  TIOCA,  Input/ GRAZ2 output compare or inpu

compare A2 output  PWM output pin in PWM mod

Input capture/output  TIOCB,  Input/ GRB2 output compare or inpu

compare B2 output

Input capture/output  TIOCA,  Input/ GRA3 output compare or inpu

compare A3 output  PWM output pin in PWM mod
complementary PWM mode, ¢
synchronized PWM mode

Input capture/output  TIOCB,  Input/ GRB3 output compare or inpu

compare B3 output  PWM output pin in compleme

mode or reset-synchronized F
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Output compare XA4 TOCXA, Output

PWM output pin in complemen
mode or reset-synchronized P\

Output compare XB4 TOCXB, Output

PWM output pin in complemen
mode or reset-synchronized P\
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H'FF61 Timer synchro register TSNC R/W
H'FF62 Timer mode register TMDR R/W
H'FF63 Timer function control register TFCR R/W
H'FF90 Timer output master enable register TOER R/W
H'FF91 Timer output control register TOCR R/W
H'FF64 Timer control register O TCRO R/W
H'FF65 Timer 1/O control register 0 TIORO R/W
H'FF66 Timer interrupt enable register 0 TIERO R/W
H'FF67 Timer status register 0 TSRO R/(W)*?
H'FF68 Timer counter 0 (high) TCNTOH R/W
H'FF69 Timer counter 0 (low) TCNTOL R/W
H'FF6A General register A0 (high) GRAOH R/W
H'FF6B General register AO (low) GRAOL R/W
H'FF6C General register BO (high) GRBOH R/W
H'FF6D General register BO (low) GRBOL R/W
H'FF6E Timer control register 1 TCR1 R/W
H'FF6F Timer I/O control register 1 TIOR1 R/W
H'FF70 Timer interrupt enable register 1 TIER1 R/W
HFF71 Timer status register 1 TSR1 R/(W)*?
H'FF72 Timer counter 1 (high) TCNT1IH R/W
H'FF73 Timer counter 1 (low) TCNTIL R/W
H'FF74 General register Al (high) GRA1H R/W
H'FF75 General register A1 (low) GRALL R/W
H'FF76 General register B1 (high) GRB1H R/W
H'FF77 General register B1 (low) GRBI1L R/W
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T LOUTILE!D  (IVWw) YN VY
H'FF7E General register A2 (high) GRA2H R/W
H'FF7F General register A2 (low) GRA2L R/W
H'FF80 General register B2 (high) GRB2H R/W
H'FF81 General register B2 (low) GRB2L R/W

3 H'FF82 Timer control register 3 TCR3 R/W
H'FF83 Timer 1/O control register 3 TIOR3 R/W
H'FF84 Timer interrupt enable register 3 TIER3 R/W
H'FF85 Timer status register 3 TSR3 R/(W)*?
H'FF86 Timer counter 3 (high) TCNT3H R/W
H'FF87 Timer counter 3 (low) TCNT3L R/W
H'FF88 General register A3 (high) GRA3H R/W
H'FF89 General register A3 (low) GRA3L R/W
H'FF8A General register B3 (high) GRB3H R/W
H'FF8B General register B3 (low) GRB3L R/W
H'FF8C Buffer register A3 (high) BRA3H R/W
H'FF8D Buffer register A3 (low) BRA3L R/W
H'FF8E Buffer register B3 (high) BRB3H R/W
H'FF8F Buffer register B3 (low) BRB3L R/W
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el cuutitct 5 (Ivw) FTCIN TS nN/vv

H'FF98 General register A4 (high) GRA4H R/W
H'FF99 General register A4 (low) GRAA4L R/W
H'FF9A General register B4 (high) GRB4H R/W
H'FF9B General register B4 (low) GRBA4L R/W
H'FF9C Buffer register A4 (high) BRA4H R/W
H'FF9D Buffer register A4 (low) BRA4L R/W
H'FFOE Buffer register B4 (high) BRB4H R/W
H'FFIF Buffer register B4 (low) BRBA4L R/W

Notes: 1. The lower 16 bits of the address are indicated.
2. Only 0 can be written, to clear flags.
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\ — \ — \ — ‘STR4‘STR3‘STR2‘STR1‘

Initial value 1 1 1 0 0 0 0
Read/Write — — — R/W R/W R/W R/W
Reserved bits Counter start 4to 0
These bits start and
stop TCNT4 to TCNTO

TSTRisinitialized to H'EO by areset and in standby mode.
Bits 7 to 5—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 4—Counter Start 4 (STR4): Starts and stops timer counter 4 (TCNT4).

Bit4

STR4 Description

0 TCNT4 is halted (Ini
1 TCNT4 is counting

Bit 3—Counter Start 3 (STR3): Starts and stops timer counter 3 (TCNT3).

Bit 3

STR3 Description

0 TCNT3 is halted (Ini
1 TCNT3 is counting

Rev.3.00 Mar. 26, 2007 Page 204 of 682
REJ09B0353-0300
RENESAS



Bit 1
STR1 Description

0 TCNT1 is halted (In
1 TCNT1 is counting

Bit 0—Counter Start 0 (STRO): Starts and stops timer counter O (TCNTO).

Bit 0

STRO Description

0 TCNTO is halted (In
1 TCNTO is counting

Rev.3.00 Mar. 26, 2007 Pac
REJO!
RENESAS



Read/Write — — — R/W R/W R/W R/W

Reserved bits Timer sync4to 0
These bits synchronize
channels 4 to 0

TSNC isinitialized to H'EO by areset and in standby mode.

Bits 7 to 5—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit ——Timer Sync 4 (SYNC4): Selects whether channel 4 operates independently or

synchronously.

Bit 4

SYNC4  Description

0 Channel 4's timer counter (TCNT4) operates independently TCNT4 is prese

cleared independently of other channels (Ini

Channel 4 operates synchronously
TCNT4 can be synchronously preset and cleared

Bit 3—Timer Sync 3 (SYNC3): Selects whether channel 3 operates independently or

synchronously.

Bit 3

SYNC3  Description

0 Channel 3's timer counter (TCNT3) operates independently TCNT3 is prese

cleared independently of other channels (Ini

Channel 3 operates synchronously
TCNT3 can be synchronously preset and cleared
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Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently ol

synchronously.

Bit 1

SYNC1  Description

0 Channel 1's timer counter (TCNT1) operates independently TCNT1 is pres

cleared independently of other channels (Ir

Channel 1 operates synchronously
TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel O operates independently ot

synchronously.

Bit O

SYNCO  Description

0 Channel 0's timer counter (TCNTO) operates independently TCNTO is prest

cleared independently of other channels (Ir

Channel 0 operates synchronously
TCNTO can be synchronously preset and cleared
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Read/Write — R/W R/W R/W R/W R/W R/W

PWM mode 4to 0
These bits select PWM
mode for channels 4 to 0

Flag direction
Selects the setting condition for the overflow
flag (OVF) in timer status register 2 (TSR2)

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDRisinitialized to H'80 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Phase Counting M ode Flag (M DF): Selects whether channel 2 operates norm
phase counting mode.

Bit 6

MDF Description

0 Channel 2 operates normally (Ini
1 Channel 2 operates in phase counting mode

When MDF is set to 1 to select phase counting mode, timer counter 2 (TCNT2) operate
up/down-counter and pins TCLKA and TCLKB become counter clock input pins. TCN
both rising and falling edges of TCLKA and TCLKB, and counts up or down as follow

Counting Direction Down-Counting Up-Counting
TCLKA pin EY High Y Low £ Low Y
TCLKB pin Low £ High Y High £ Low
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Bit 5—Flag Direction (FDIR): Designates the setting condition for the overflow flag
timer status register 2 (TSR2). The FDIR designation isvalid in al modes in channel

Bit 5

FDIR Description

0 OVF is setto 1 in TSR2 when TCNT2 overflows or underflows (I
1 OVF is setto 1 in TSR2 when TCNT2 overflows

Bit 4—PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in F

Bit 4

PWM4 Description

0 Channel 4 operates normally (I
1 Channel 4 operates in PWM mode

When bit PWM4 is set to 1 to select PWM mode, pin TIOCA4 becomes a PWM outp
output goesto 1 at compare match with general register A4 (GRA4), and to 0 at comg
with general register B4 (GRB4).

If complementary PWM mode or reset-synchronized PWM mode is selected by bits C
CMDOQO in the timer function control register (TFCR), the CMD1 and CMDO setting ta
precedence and the PWM4 setting isignored.

Bit 3—PWM Mode 3 (PWM 3): Selects whether channel 3 operates normally or in F

Bit 3

PWM3 Description

0 Channel 3 operates normally (I
1 Channel 3 operates in PWM mode
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Bit 2
PWM2 Description

0 Channel 2 operates normally (Ini

1 Channel 2 operates in PWM mode

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA2 becomes a PWM outpu
output goesto 1 at compare match with general register A2 (GRA2), and to 0 at compe
with general register B2 (GRB2).

Bit 1—PWM Mode 1 (PWM1): Selects whether channel 1 operates normally or in Pv

Bit 1

PWM1 Description

0 Channel 1 operates normally (Ini
1 Channel 1 operates in PWM mode

When bit PWM1 is set to 1 to select PWM mode, pin TIOCA 1 becomes a PWM outpu
output goesto 1 at compare match with general register A1 (GRA1), and to 0 at compa
with general register B1 (GRB1).

Bit 0—PWM Mode 0 (PWMO): Selects whether channel 0 operates normally or in Pv

Bit 0

PWMO Description

0 Channel 0 operates normally (Ini
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCAO becomes a PWM outpu
output goesto 1 at compare match with general register A0 (GRAO), and to 0 at compa
with general register BO (GRBO).
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Read/Write — — R/W R/W R/W R/W R/W

Reserved bits

Combination mode 1/0

These bits select complementary
PWM mode or reset-synchronized
PWM mode for channels 3 and 4

Buffer mode B4 and A4
These bits select buffering of
general registers (GRB4 and
GRAA4) by buffer registers
(BRB4 and BRA4) in channel 4

Buffer mode B3
These bits select
of general registe
and GRAZ3) by bt
registers (BRB3
in channel 3

TFCRisinitialized to H'CO by areset and in standby mode.

Bits 7 and 6—Reserved: These bits cannot be modified and are alwaysread as 1.
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1 Channels 3 and 4 operate together in reset-synchronized PWM r

Before selecting reset-synchronized PWM mode or complementary PWM mode, halt tl
counter or counters that will be used in these modes.

When these hits select complementary PWM mode or reset-synchronized PWM mode,
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Sef
timer sync bits SYNC4 and SYNC3 in the timer synchro register (TSNC) arevalid in
complementary PWM mode and reset-synchronized PWM mode, however. When com
PWM mode is selected, channels 3 and 4 must not be synchronized (do not set bits SY |
SYNC4 both to 1 in TSNC).

Bit 3—Buffer Mode B4 (BFB4): Selects whether GRB4 operates normally in channel
whether GRB4 is buffered by BRB4.

Bit 3

BFB4 Description

0 GRB4 operates normally (Ini
1 GRB4 is buffered by BRB4

Bit 2—Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channe
whether GRA4 is buffered by BRA4.

Bit 2

BFA4 Description

0 GRA4 operates normally (Ini
1 GRA4 is buffered by BRA4
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Bit 0—Buffer Mode A3 (BFA3): Selects whether GRA3 operates normally in chann
whether GRA3 is buffered by BRA3.

Bit 0

BFA3 Description

0 GRAS operates normally (Ir
1 GRAS is buffered by BRA3
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Read/Write — — R/W R/W R/W R/W R/W

Reserved bits

Master enable TOCXA,4, TOCXB,4
These bits enable or disable output
settings for pins TOCXA4 and TOCXBy,

Master enable TIOCA3, TIOCB3, TIOCA,4
These bits enable or disable output settings
TIOCAg, TIOCB3, TIOCA,, and TIOCB,

TOER isinitialized to H'FF by areset and in standby mode.

Bits 7 and 6—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 5—Master Enable TOCXB, (EXB4): Enables or disables I TU output at pin TOC.

Bit 5

EXB4 Description

0 TOCXB, output is disabled regardless of TFCR settings (TOCXB, operates &
input/output pin). If XTGD = 0, EXB4 is cleared to 0 when input capture A oc
channel 1.

1 TOCXB, is enabled for output according to TFCR settings (Ini

Bit 4—Master Enable TOCXA, (EXA4): Enables or disables I TU output at pin TOC

Bit 4
EXA4 Description
0 TOCXA, output is disabled regardless of TFCR settings (TOCXA, operates &
input/output pin).
If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in channel 1
1 TOCXA, is enabled for output according to TFCR settings (Ini
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Bit 2—Master Enable TIOCB, (EB4): Enables or disables ITU output at pin TIOCE

Bit 2
EB4 Description
0 TIOCB, output is disabled regardless of TIOR4 and TFCR settings (TIOCB,
a generic input/output pin).
If XTGD = 0, EB4 is cleared to 0 when input capture A occurs in channel 1.
1 TIOCB, is enabled for output according to TIOR4 and TFCR settings (Ir

Bit 1—Master Enable TIOCA, (EA4): Enables or disables I TU output at pin TIOC/

Bit 1
EA4 Description
0 TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR settings
operates as a generic input/output pin).
If XTGD = 0, EA4 is cleared to 0 when input capture A occurs in channel 1.
1 TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR setting

(Ir

Bit 0—Master Enable TIOCA, (EA3): Enables or disables ITU output at pin TIOC/

Bit 0
EA3 Description
0 TIOCA, output is disabled regardless of TIOR3, TMDR, and TFCR settings
operates as a generic input/output pin).
If XTGD = 0, EA3 is cleared to 0 when input capture A occurs in channel 1.
1 TIOCA, is enabled for output according to TIOR3, TMDR, and TFCR setting

(I
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Read/Write — — — R/W — — R/W

| |
Reserved bits Output level se
These bits selec
levels in complel
PWM mode and
synchronized PV

Reserved bits

External trigger disable

Selects externally triggered disabling of output in
complementary PWM mode and reset-synchroniz
PWM mode

The settings of the XTGD, OL$4, and OL S3 bits are valid only in complementary PWI
and reset-synchronized PWM mode. These settings do not affect other modes.

TOCR isinitialized to H'FF by areset and in standby mode.
Bits 7 to 5—Reserved: These bits cannot be modified and are always read as 1.

Bit 4—External Trigger Disable (XTGD): Selects externally triggered disabling of I
in complementary PWM mode and reset-synchronized PWM mode.

Bit 4
XTGD Description

0 Input capture A in channel 1 is used as an external trigger signal in complerr
PWM mode and reset-synchronized PWM mode.

When an external trigger occurs, bits 5 to 0 in the timer output master enable
(TOER) are cleared to 0, disabling ITU output.

1 External triggering is disabled (Ini
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Bit 0—Output Level Select 3 (OL S3): Selects output levelsin complementary PWIN
reset-synchronized PWM mode.

Bit 0

OLS3 Description

0 TIOCB,, TOCXA,, and TOCXB, pin outputs are inverted

1 TIOCB,, TOCXA,, and TOCXB, pin outputs are not inverted (In

Rev.3.00 Mar. 26, 2007 Pac
REJO!
RENESAS



vter moaes. up-counter

3 TCNT3 Complementary PWM mode: up/down-counter
2 TCNT4 Other modes: up-counter

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initial value o o o o o o o o o o0 o o o o
Read/Write  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Each TCNT isa 16-hit readable/writable register that counts pulse inputs from a clock
clock source is selected by bits TPSC2 to TPSCO in the timer control register (TCR).

TCNTO and TCNT1 are up-counters. TCNT2 is an up/down-counter in phase counting
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in compleme
mode and up-counters in other modes.

TCNT can be cleared to H'0000 by compare match with general register A or B (GRA
by input captureto GRA or GRB (counter clearing function) in the same channel.

When TCNT overflows (changes from H'FFFF to H'0000), the overflow flag (OVF) is
the timer status register (TSR) of the corresponding channel.

When TCNT underflows (changes from H'0000 to H'FFFF), the overflow flag (OVF) i
TSR of the corresponding channel.

The TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read |
word access or byte access.

Each TCNT isinitialized to H'0000 by areset and in standby mode.
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3 GRA3, GRB3  Output compare/input capture register; can be by buffer
4 GRA4, GRB4  BRAand BRB

Bit 15 14 13 12 11 10 9 8 7 6 S5 4 3 2

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/

A general register is a 16-bit readable/writable register that can function as either an ¢
compare register or an input capture register. The function is selected by settingsin th
control register (TIOR).

When a general register is used as an output compare register, its value is constantly ¢
with the TCNT value. When the two values match (compare match), the IMFA or IM|
to 1 in the timer status register (TSR). Compare match output can be selected in TIOR

When ageneral register is used as an input capture register, rising edges, falling edge:
edges of an external input capture signal are detected and the current TCNT valueis s
general register. The corresponding IMFA or IMFB flag in TSR is set to 1 at the same
valid edge or edges of the input capture signal are selected in TIOR.

TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-syni
PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written ot
either word access or byte access.

General registers are initialized to the output compare function (with no output signal’
and in standby mode. The initial value is H'FFFF.
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compare register, oA OF bRD Carll Tunctuort as ar Oulg
buffer register: the BRA or BRB value is automatically |
to GRA or GRB at compare match

e When the corresponding GRA or GRB functions as an
capture register, BRA or BRB can function as an input
buffer register: the GRA or GRB value is automatically
to BRA or BRB at input capture

Bit 15 14 13 12 11 10 9 8 7 6 S5 4 3 2

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

A buffer register is a 16-bit readable/writable register that is used when buffering is sel
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3in TH

The buffer register and general register operate as a pair. When the general register fun
output compare register, the buffer register functions as an output compare buffer regis
the general register functions as an input capture register, the buffer register functions ¢
capture buffer register.

The buffer registers are linked to the CPU by an internal 16-bit bus and can be written
either word or byte access.

Buffer registers areinitialized to H'FFFF by areset and in standby mode.
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3 TCR3

4 TCR4
Bit 7 6 5 4 3 2 1
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1
Initial value 1 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W

Timer prescale
These bits sele
counter clock

Clock edge 1/0
These bits select external clock edge

Counter clear 1/0
These bits select the counter clear source

Reserved bit

Each TCR is an 8-hit readable/writable register that selects the timer counter clock so
the edge or edges of external clock sources, and selects how the counter is cleared.

TCRisinitialized to H'80 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bits 6 and 5—Counter Clear 1/0 (CCLR1, CCLRO): These bits select how TCNT i
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compare match refgister,‘ and by input capture when the g]eneral register func
input capture register.

2. Selected in the timer synchro register (TSNC).

Bits 4 and 3—Clock Edge 1/0 (CKEG1, CKEGO0): These bits select external clock ir
when an external clock sourceis used.

Bit 4 Bit 3

CKEG1 CKEGO Description

0 0 Count rising edges (Initi
1 Count falling edges

1 — Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in TCR2 are
Phase counting takes precedence.

Bits2to 0—Timer Prescaler 2to 0 (TPSC2 to TPSCO): These bits select the counte
source.

Bit 2 Bit 1 Bit 0
TPSC2 TPSC1 TPSCO Function
0 0 0 Internal clock: ¢ (Initi
1 Internal clock: @2
1 0 Internal clock: @/4
1 Internal clock: @/8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input

Rev.3.00 Mar. 26, 2007 Page 222 of 682
REJ09B0353-0300
RENESAS



TIOR isan 8-bit register. The ITU hasfive TIORs, one in each channel.

Channel Abbreviation Function
0 TIORO TIOR controls the general registers. Some functions diffe
1 TIOR1 mode. TIOR3 and TIOR4 settings are ignored when cormr
PWM mode or reset-synchronized PWM mode is selecte
2 TIOR2 channels 3 and 4.
3 TIOR3
4 TIOR4
Bit 7 6 5 4 3 2 1
‘ — ‘ I0B2 ‘ I0B1 ‘ I0BO ‘ — ‘ I0A2 ‘ I0A1
Initial value 1 0 0 0 1 0 0
Read/Write — R/W R/W R/W — R/W R/W

Reserved bit

I/0O control A2
These bits sele
functions

Reserved bit

I/O control B2 to BO
These bits select GRB functions

Each TIOR is an 8-bit readable/writable register that selects the output compare or inf
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pit
output compare function is selected, TIOR also selects the type of output. If input cap
selected, TIOR also selects the edge or edges of the input capture signal.

TIOR isinitialized to H'88 by areset and in standby mode.
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Output toggles at GRB compare mal
(1 output in channel 2)***?

1

1 0 0
1

1 0

1

GRB is an input
capture register

GRB captures rising edge of input

GRB captures falling edge of input

GRB captures both edges of input

Notes: 1. After a reset, the output is O until the first compare match.
2. Channel 2 output cannot be toggled by compare match. This setting selects

instead.

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bits 2to 0—I/O Control A2to A0 (I0A2to 10A0): These bits select the GRA funct

Bit 2 Bit 1 Bit 0
I0OA2 I0A1 IOAOQ

Function

GRA is an output
compare register

No output at compare match (In

0 output at GRA compare match**

1 output at GRA compare match**

Output toggles at GRA compare ma
(1 output in channel 2)***?

0 0 0
1

1 0

1

1 0 0
1

1 0

1

GRA is an input
capture register

GRA captures rising edge of input

GRA captures falling edge of input

GRA captures both edges of input

Notes: 1. After a reset, the output is O until the first compare match.
2. Channel 2 output cannot be toggled by compare match. This setting selects

instead.

Rev.3.00 Mar. 26, 2007 Page 224 of 682

REJ09B0353-0300

RENESAS



3 TSR3

4 TSR4

Bit 7 6 5 4 3 2 1
- = =] =] = | oF | e

Initial value 1 1 1 1 1 0 0

Read/Write — — — — — R/(W)*  R/(W)*

Reserved bits

Overflow flag
Status flag indicating
overflow or underflow

Input capture/compare match fl;
Status flag indicating GRB compa
match or input capture

Input capture/compare me
Status flag indicating GRA c
match or input capture

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

Each TSR is an 8-hit readable/writable register containing flags that indicate TCNT o
underflow and GRA or GRB compare match or input capture. These flags are interruy
and generate CPU interruptsif enabled by corresponding bitsin the timer interrupt en
(TIER).

TSRisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 1.
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Notes: * TCNT underflow occurs when TCNT operates as an up/down-counter. Unde
occurs only under the following conditions:

1. Channel 2 operates in phase counting mode (MDF =1 in TMDR)

2. Channels 3 and 4 operate in complementary PWM mode (CMD1 = 1 anc
in TFCR)

Bit 1—Input Capture/Compare Match Flag B (IMFB): This status flag indicates Gl
compare match or input capture events.

Bit 1
IMFB Description
0 [Clearing condition]
Read IMFB when IMFB = 1, then write 0 in IMFB (Ini
1 [Setting conditions]

*« TCNT = GRB when GRB functions as a compare match register.

e TCNT value is transferred to GRB by an input capture signal, when GRB
as an input capture register.

Bit 0—Input Capture/Compare Match Flag A (IMFA): This statusflag indicates G
compare match or input capture events.

Bit O
IMFA Description
0 [Clearing condition]
Read IMFA when IMFA = 1, then write 0 in IMFA. (Ini
1 [Setting conditions]

e TCNT = GRA when GRA functions as a compare match register.

¢ TCNT value is transferred to GRA by an input capture signal, when GRA
as an input capture register.
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3 TIER3

4 TIER4
Bit 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB
Initial value 1 1 1 1 0 0
Read/Write — — — — R/W R/W

Reserved bits

Overflow interrupt enable
Enables or disables OVF
interrupts

Input capture/compare matcl
interrupt enable B
Enables or disables IMFB inter

Input capture/comp
interrupt enable A
Enables or disables |
interrupts

Each TIER is an 8-bit readable/writable register that enables and disables overflow in
requests and general register compare match and input capture interrupt requests.

TIER isinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 1.
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Bit 1—Input Capture/Compare Match Interrupt Enable B (IMIEB): Enables or di
interrupt requested by the IMFB flag in TSR when IMFB is set to 1.

Bit 1

IMIEB Description

0 IMIB interrupt requested by IMFB is disabled (Ini
1 IMIB interrupt requested by IMFB is enabled

Bit 0—Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or d
interrupt requested by the IMFA flag in TSR when IMFA isset to 1.

Bit 0

IMIEA Description

0 IMIA interrupt requested by IMFA is disabled (Ini
1 IMIA interrupt requested by IMFA is enabled

8.3 CPU Interface

8.3.1 16-Bit Accessible Registers

The timer counters (TCNTS), general registers A and B (GRAs and GRBs), and buffer
and B (BRAs and BRBS) are 16-bit registers, and are linked to the CPU by an internal .
bus. These registers can be written or read aword at atime, or abyte at atime.

Figures 8.6 and 8.7 show examples of word access to atimer counter (TCNT). Figures
8.10, and 8.11 show examples of byte accessto TCNTH and TCNTL.
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Figure8.6 Accessto Timer Counter (CPU Writesto TCNT, Word)

Internal data bus

H H
> )
< ;
CPU L Bus interface < {} L -

| G|“

TCNTH | TCNTL

Figure 8.7 Accessto Timer Counter (CPU Reads TCNT, Word)

Internal data bus

H H
<> )
< ;
CPU L Bus interface < L -
VARV

| TCNTH | TCNTL |

Figure8.8 Accessto Timer Counter (CPU Writesto TCNT, Upper By
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Figure8.9 Accessto Timer Counter (CPU Writesto TCNT, L ower Byt

Internal data bus

H H
CPU L Bus interface {} L

TCNTH | TCNTL

VANIVAN

N/ \/

Figure8.10 Accessto Timer Counter (CPU Reads TCNT, Upper Byte

Internal data bus

H H
CPU L Bus interface {} L

TCNTH | TCNTL

VANIVAN

N/ N/

Figure8.11 Accessto Timer Counter (CPU Reads TCNT, Lower Byte
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Internal data bus

H H
> )

< )

CPU L Bus interface < L -
> )

TCR

Figure8.12 TCR Access (CPU Writesto TCR)

Internal data bus

H H
> )
CPU L Bus interface {} L -

>

YANIVAN

TCR

Figure8.13 TCR Access (CPU Reads TCR)
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Synchronous Operation: The timer counters in designated channels are preset synchr
Data written to the timer counter in any one of these channels is simultaneously writter
timer countersin the other channels as well. The timer counters can also be cleared syn
if so designated by the CCLR1 and CCLRO bitsin the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goesto 1.
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100%
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and C
automatically become output compare registers.

Reset-Synchronized PWM Mode: Channels 3 and 4 are paired for three-phase PWM
complementary waveforms. (The three phases are related by having a common transitic
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 au
function as output compare registers, TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, &
TOCXB, function as PWM output pins, and TCNT, operates as an up-counter. TCNT4
independently, and is not compared with GRA4 or GRB4.

Complementary PWM Mode: Channels 3 and 4 are paired for three-phase PWM oultj
non-overlapping complementary waveforms. When complementary PWM mode is sele
GRA3, GRB3, GRA4, and GRB4 automatically function as output compare registers, ¢
TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and TOCXB, function as PWM output
TCNT3 and TCNT4 operate as up/down-counters.

Phase Counting M ode: The phase relationship between two clock signalsinput at TC
TCLKB isdetected and TCNT2 counts up or down accordingly. When phase counting
selected TCLKA and TCLKB become clock input pinsand TCNT2 operates as an up/c
counter.
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change counting direction.
* Reset-synchronized PWM mode
The buffer register valueis transferred to the general register at GRA3 compare m
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counter.

( Counter setup )

Select counter clock 1

No

Type of counting?

Yes - )
( Free-running counting )
( Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter
Periodic counter Free-running counter

Figure8.14 Counter Setup Procedure (Example)
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5. Setthe STRbitto 1in TSTR to start the timer counter.

Free-running and periodic counter operation: A reset leaves the counters (TCNTS)
channels 0 to 4 all set as free-running counters. A free-running counter starts counting
corresponding bit in TSTR is set to 1. When the count overflows from H'FFFF to H'O(
overflow flag (OVF) isset to 1 in the timer status register (TSR). If the corresponding
set to 1 in the timer interrupt enable register, a CPU interrupt is requested. After the o
counter continues counting up from H'0000. Figure 8.15 illustrates free-running count

TCNT value

H'0000 ; ‘ ‘ ,
STRO to ‘ 3 ;

STRA4 bit : :

OVF !

Figure8.15 Free-Running Counter Operation

When achannel is set to have its counter cleared by compare match, in that channel T
operates as a periodic counter. Select the output compare function of GRA or GRB, &
or CCLRO in the timer control register (TCR) to have the counter cleared by compare
set the count period in GRA or GRB. After these settings, the counter starts counting |
periodic counter when the corresponding bit is set to 1 in TSTR. When the count matc
GRB, the IMFA or IMFB flag is set to 1 in TSR and the counter is cleared to H'0000.
corresponding IMIEA or IMIEB bitissetto 1in TIER, a CPU interrupt is requested
After the compare match, TCNT continues counting up from H'0000. Figure 8.16 illu:
periodic counting.
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IMF /—5 |

Figure8.16 Periodic Counter Operation

Count timing:

* Internal clock source
Bits TPSC2 to TPSCO in TCR select the system clock (¢) or one of three internal cl
obtained by prescaling the system clock (¢/2, ¢@/4, ¢/8).
Figure 8.17 shows the timing.

S e A Y o O
ne L ]

TCNT input

TCNT N-1 X

X

N

Figure8.17 Count Timing for Internal Clock Sources

» External clock source
Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLK
valid edge or edges are selected by bhits CKEG1 and CKEGO. Therising edge, fallir
both edges can be selected.
The pulse width of the external clock signal must be at least 1.5 system clocks whel
edgeis selected, and at least 2.5 system clocks when both edges are selected. Short
will not be counted correctly.

Figure 8.18 shows the timing when both edges are detected.
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Figure8.18 Count Timing for External Clock Sources (when Both Edgesare

Waveform Output by Compare Match

In1TU channels 0, 1, 3, and 4, compare match A or B can cause the output at the TIO
TIOCB pinto goto 0, goto 1, or toggle. In channel 2 the output can only go to 0 or gt

Sample setup procedur e for waveform output by compare match: Figure 8.19 shc
procedure for setting up waveform output by compare match.

( Output setup ) 1. Select the compare match output mode (C

toggle) in TIOR. When a waveform output

‘ is selected, the pin switches from its gene

output function to the output compare funt

1 (TIOCA or TIOCB). An output compare pir
0 until the first compare match occurs.

Select waveform
output mode

Set output timing 2 2. Set avalue in GRA or GRB to designate t
compare match timing.

Start counter 3 3. Setthe STR bitto 1 in TSTR to start the ti
i counter.

Waveform output

Figure 8.19 Setup Procedurefor Waveform Output by Compare Match (E:
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GRB

GRA

H'0000

TIOCB

TIOCA |

No change

' No change
Py

No change

' No change
Py

lo

0o

Figure8.20 0Oand 1 Output (Examples)

Figure 8.21 shows examples of toggle output. TCNT operates as a periodic counter, cle
compare match B. Toggle output is selected for both compare match A and B.

TCNT value

GRB

GRA

H'0000

TIOCB

TIOCA

Counter cleared by compare match with GRB

Tin

To
out

To
out

Figure 8.21 Toggle Output (Example)
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TCNT input
clock

TCNT

GR

Compare
match signal

TIOCA,
TIOCB

N+1

[

X

Figure8.22 Output Compare Timing

RENESAS
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Set TIOR to select the input capture functio
general register and the rising edge, falling
or both edges of the input capture signal. C

( Input selection )

port data direction bit to 0 before making th
Select input-capture input | 1 TIOR settings.
Start counter 2 2. Setthe STR bitto 1 in TSTR to start the tin
counter.

!

Input capture

Figure 8.23 Setup Procedurefor Input Capture (Example)
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TIOCA

GRA

X HO0005 X Hoieo| X

ere X

X H'0180

Figure 8.24 Input Capture (Example)
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Input-capture input

Internal input
capture signal

TCNT N

GRA, GRB ><

Figure8.25 Input Capture Signal Timing
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dmple Setup Froceauretor syncnronization

Figure 8.26 shows a sample procedure for setting up synchronization.

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing
synchronized to this

No

- channel?
Write to TCNT 2
Yes
| Select counter clear source | 3 | Select counter clear
| Start counter |5 | Start counter
Synchronous preset Counter clear Synchronous cle

1. Setthe SYNC bits to 1 in TSNC for the channels to be synchronized.

2. When a value is written in TCNT in one of the synchronized channels, the same value is
simultaneously written in TCNT in the other channels.

. Set the CCLR1 or CCLRO bit in TCR to have the counter cleared by compare match or inpu

. Set the CCLR1 and CCLRO bits in TCR to have the counter cleared synchronously.

. Set the STR bits in TSTR to 1 to start the synchronized counters.

aprw

Figure8.26 Setup Procedurefor Synchronization (Example)
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Value of TCNTO to TCNT2
/

Cleared by compare match with GRBO

GRBO
GRB1

GRAO

GRB2

GRA1

GRA2 |
HoooQ b

TIOCA, Lo A

TIOCA;

TIOCA,

Figure 8.27 Synchronization (Example)
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in GRA and GRB, the output does not change when compare match occurs.

Table8.4 PWM Output Pinsand Registers

Channel Output Pin 1 Qutput 0 Output
0 TIOCA, GRAO GRBO
1 TIOCA, GRAl1 GRB1
2 TIOCA, GRA2 GRB2
3 TIOCA, GRA3 GRB3
4 TIOCA, GRA4 GRB4
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Select counter clock

Select counter clear source

Set GRA

Set GRB

Select PWM mode

Start counter

l

PWM mode

I TV S T RV E A T AR

select the desired edge(s) of the
external clock signal.

. Set bits CCLR1 and CCLRO in TC

to select the counter clear source.

. Set the time at which the PWM

waveform should go to 1 in GRA.

. Set the time at which the PWM

waveform should go to 0 in GRB.

. Set the PWM bit in TMDR to sele

PWM mode. When PWM mode is
selected, regardless of the TIOR
contents, GRA and GRB become
output compare registers specifyil
the times at which the PWM

goes to 1 and 0. The TIOCA pin
automatically becomes the PWM
output pin. The TIOCB pin conforr
to the settings of bits IOB1 and IC
in TIOR. If TIOCB output is not
desired, clear both I0B1 and 10B!

. Setthe STR bitto 1 in TSTR to st

the timer counter.

Figure8.28 Setup Procedurefor PWM Mode (Example)

Rev.3.00 Mar. 26, 2007 Page 246 of 682
REJ09B0353-0300
RENESAS



TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match with GF

TCNT value

GRB

GRA

H'0000

TIOCA

. Counter cleared by GRA

/ Counter cleared by compare match with GF

b. Counter cleared by GRB

Figure8.29 PWM Mode (Example 1)
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GRA [~ SRR | S
H'0000 ‘ ‘ ‘ | |
TIOCA | | ‘_
Write jo GRA Write jo GRA
a. 0% duty cycle
TN  Gounter leared by compare match with GRA
GRA  [----msmmmmmmmnees S R
GRB | o | A
H0000 | | s
TIOCA | | B
Write jo GRB Write jo GRB

b. 100% duty cycle

Figure8.30 PWM Mode (Example 2)
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Table85 Output Pinsin Reset-Synchronized PWM Mode

Channel  Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1' (complementary waveform to PWM outpt
4 TIOCA, PWM output 2
TOCXA, PWM output 2' (complementary waveform to PWM outpt
TIOCB, PWM output 3
TOCXB, PWM output 3' (complementary waveform to PWM outpt

Table8.6 Register Settingsin Reset-Synchronized PWM Mode

Register  Setting
TCNT3 Initially set to H'0000
TCNT4 Not used (operates independently)

GRA3 Specifies the count period of TCNT3

GRB3 Specifies a transition point of PWM waveforms output from TIOCA, and Tl
GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and Tt
GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and T
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Stop counter

Select counter clock

Select counter clear source

Select reset-synchronized
PWM mode

Set TCNT

Set general registers

Start counter

'

Reset-synchronized PWM mode

AN T I TR A

. Set bits TPSC2 to TPSCO0 in TCR

select the counter clock source fo
channel 3. If an external clock sol
is selected, select the external clc
edge(s) with bits CKEG1 and CKI
in TCR.

. Set bits CCLR1 and CCLRO in TC

to select GRA3 compare match a
the counter clear source.

. Set bits CMD1 and CMDO in TFC

select reset-synchronized PWM n
TIOCAgz, TIOCB3, TIOCA,, TIOCI
TOCXA,, and TOCXB, automatic
become PWM output pins.

. Preset TCNT3 to H'0000. TCNT4

need not be preset.

. GRA3 is the waveform period reg

Set the waveform period value in
GRAS. Set transition times of the
PWM output waveforms in GRB3
GRA4, and GRB4. Set times with
the compare match range of TCN
X £ GRA3 (X: setting value)

. Setthe STR3 bitin TSTRto 1to ¢

TCNT3.

Figure8.31 Setup Procedurefor Reset-Synchronized PWM Mode (Exam
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TCNT3 value

GRA3
GRB3
GRA4
GRB4
H'0000

TIOCA;

TIOCB;

TIOCA,

TOCXA,

TIOCB,

TOCXB,

/ Counter cleared at compare match with GF

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

Figure 8.32 Operation in Reset-Synchronized PWM M ode (Example
(when OLS3=0LA=1)

For the settings and operation when reset-synchronized PWM mode and buffer mode
selected, see section 8.4.8, Buffering.
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Table 8.7 lists the PWM output pins. Table 8.8 summarizes the register settings.

Table8.7 Output Pinsin Complementary PWM Mode

Channel  Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1' (non-overlapping complementary waveforr
output 1)
4 TIOCA, PWM output 2
TOCXA, PWM output 2' (non-overlapping complementary waveforr
output 2)
TIOCB, PWM output 3
TOCXB, PWM output 3' (non-overlapping complementary waveforr
output 3)

Table8.8 Register Settingsin Complementary PWM Mode

Register  Setting

TCNT3 Initially specifies the non-overlap margin (difference to TCNT4)
TCNT4 Initially set to H'0000

GRA3 Specifies the upper limit value of TCNT3 minus 1

GRB3 Specifies a transition point of PWM waveforms output from TIOCA, and TIC
GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and TO
GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and TO
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Stop counting

Select counter clock

Select complementary
PWM mode

Set TCNTs

Set general registers

Start counters

l

Complementary PWM mode

. Set bits TPSC2 to TPSCO in T

select the same counter clock
for channels 3 and 4. If an ext
clock source is selected, selec
external clock edge(s) with bit
CKEG1 and CKEGO in TCR. [
select any counter clear sourc
with bits CCLR1 and CCLRO i

. Set bits CMD1 and CMDO in T

to select complementary PWN
TIOCAg, TIOCBg3, TIOCA,, TI(
TOCXA,, and TOCXB4 autom
become PWM output pins.

. Clear TCNT4 to H'0000. Set tt

non-overlap margin in TCNT3
set TCNT3 and TCNT4 to the
value.

. GRA3 is the waveform period

register. Set the upper limit va
TCNT3 minus 1 in GRA3. Set
transition times of the PWM ol
waveforms in GRB3, GRA4, a
GRBA4. Set times within the co
match range of TCNT3 and T¢
T < X (X: initial setting of GRB
GRAA4, or GRBA4. T: initial setti
TCNT3)

. Set bits STR3 and STR4 in TS

1 to start TCNT3 and TCNTA4.

After exiting complementary PWM mode, to resume operating in complem
PWM mode, follow the entire setup procedure from step 1 again.

Figure8.33 Setup Procedurefor Complementary PWM M ode (Examy
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mode.

2. After setting channels 3 and 4 to

operating mode, wait at least one

Stop counting 2 count before clearing bits STR3 &
STR4 of TSTR to 0 to stop the co

i operation of TCNT3 and TCNT4.

Normal operation

Figure8.34 Clearing Procedurefor Complementary PWM Mode (Examj
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TCNT3 and
TCNT4 values

GRA3

GRB3

Down-counting starts at compare
/ match between TCNT3 and GRA3

GRA4 |

GRB4 S R S

H0000 “—r——+—— — . —
TR ' 1! Up-counting starts when

TIOCA; Hoon '\ TCNT4 underflows ;i |

nocs, || A

TocA, o i

Figure8.35

Operation in Complementary PWM Mode (Example 1)
(when OLS3=0LA=1)
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wo NN
TIOCBg_I_, |_| O%dutycycle |_| I_, |_,—

a. 0% duty cycle

TCNT3 and
TCNT4 values

GRAB [~ fo g

GRB3 [ 7

H'0000

TIOCAg J |__| | ] | ] I
Toce, | [ | | [ [ ] B

100% duty cycle

b. 100% duty cycle

Figure 8.36 Operation in Complementary PWM M ode (Example 2)
(when OLS3=0LA=1)
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GRA3

IMFA

Buffer transfer
signal (BR to GR)

GR

Flag not
( // \\
)
Setto 1 B
Buffer transfer S
No buffe

Figure 8.37 Overshoot Timing

RENESAS
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Buffer transfer
signal (BR to GR)

o Y

Buffer transfer No buffer ti

Figure 8.38 Undershoot Timing

In channel 3, IMFA isset to 1 only during up-counting. In channel 4, OVFissettolo
an underflow occurs. When buffering is selected, buffer register contents are transferre
general register at compare match A3 during up-counting, and when TCNT4 underflow

General Register Settingsin Complementary PWM Mode

When setting up general registers for complementary PWM mode or changing their set
during operation, note the following points.

e Initial settings
Do not set values from H'0000 to T — 1 (where T isthe initial value of TCNT3). Af
counters start and the first compare match A3 event has occurred, however, settings
range al so become possible.

» Changing settings
Use the buffer registers. Correct waveform output may not be obtained if ageneral
written to directly.

» Cautions on changes of general register settings
Figure 8.39 shows six correct examples and one incorrect example.
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\ /\ /

/\ \\

\\/ \) /\ \\/\ \) /\ \) \)
GR ><V ><V ><V ><V ><V [ ><V

Figure8.39 Changing a General Register Setting by Buffer Transfer (Exal

O Buffer transfer at transition from up-counting to down-counting
If the general register value isin the range from GRA3 - T + 1 to GRA3, do n
buffer register value outside this range. Conversely, if the general register valu
this range, do not transfer avalue within this range. See figure 8.40.

GRA3 " T Y lllegal ck

Figure8.40 Changing a General Register Setting by Buffer Transfer (Cau

O Buffer transfer at transition from down-counting to up-counting
If the general register value isin the range from H'0000 to T — 1, do not transfe
register value outside this range. Conversely, when a general register valueisc
range, do not transfer avalue within this range. See figure 8.41.
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-

Figure8.41 Changing a General Register Setting by Buffer Transfer (Caut

O General register settings outside the counting range (H'0000 to GRA3)
Waveforms with a duty cycle of 0% or 100% can be output by setting a general
avalue outside the counting range. When a buffer register is set to a value outsi
counting range, then later restored to a value within the counting range, the cour
direction (up or down) must be the same both times. See figure 8.42.

H'0000

Output pin

Output pin

BR D Y D O

N
2 A

Write during down-counting Write during up-counting

Figure8.42 Changing a General Register Setting by Buffer Transfer (Exan

Settings can be made in thisway by detecting GRA3 compare match or TCNT4 un
before writing to the buffer register.
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functions can be used, and interrupts can be generated.

Phase counting is available only in channel 2.

Sample Setup Procedurefor Phase Counting M ode

Figure 8.43 shows a sample procedure for setting up phase counting mode.

( Phase counting mode )

Select phase counting mode 1 1. Set the MDF bitin TMDR to 1 to
phase counting mode.

2. Select the flag setting condition v
the FDIR bit in TMDR.

3. Setthe STR2 bitto 1in TSTR to

Select flag setting condition 2 the timer counter.

Start counter 3

'

Phase counting mode

Figure 8.43 Setup Procedurefor Phase Counting Mode (Example)
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TCNT2 value

Tcike 4 1 } s R
Tcka R } | o

Counting

Figure8.44 Operation in Phase Counting M ode (Example)

Table8.9 Up/Down Counting Conditions

Counting Direction Up-Counting Down-Countin
TCLKA pin £ High Y Low High Y Low
TCLKB pin Low £ High Y Y Low 4

P_hase P'hase
‘dlﬁerence‘ ‘dn‘ference‘ , Pulse width Pulse width
- [ ] - :4—»:

o

| Phase difference and overlap: at lea:

' Overlap ' ' Overlap ' Pulse width: at lea

Figure8.45 Phase Difference, Overlap, and Pulse Width in Phase Counting
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PR M TR TR M I I T A T O T R P T e M R IR e B TR e

figure 8.46.

Compare match signal

BR GR Comparator TCI

Figure8.46 Compare Match Buffering

General register used for input capture

The TCNT vaueistransferred to the general register at input capture. The previol
register value is transferred to the buffer register.
Seefigure 8.47.

Input capture signal

BR GR TCN

Figure 8.47 Input Capture Buffering

Complementary PWM mode

The buffer register value istransferred to the general register when TCNT3 and T¢
change counting direction. This occurs at the following two times:

0 When TCNT3 matches GRA3
0 When TCNT4 underflows

Reset-synchronized PWM mode
The buffer register value istransferred to the general register at compare match A
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Lapuuic iualicuault Ul uic ycilitial 1Tylolclo.
2. Set bhits BFA3, BFA4, BFB3, and BFB4 ir
to select buffering of the required genera
3. Setthe STR bits to 1 in TSTR to start the
counters.

| Set buffer bits | 2

| Start counters | 3

'

Buffered operation

Figure 8.48 Buffering Setup Procedure (Example)
Examples of Buffering

Figure 8.49 shows an example in which GRA is set to function as an output compare re
buffered by BRA, TCNT is set to operate as a periodic counter cleared by GRB compa
and TIOCA and TIOCB are set to toggle at compare match A and B. Because of the bu
when TIOCA toggles at compare match A, the BRA value is simultaneoudly transferre
This operation is repeated each time compare match A occurs. Figure 8.50 shows the tr
timing.
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VMMM

BRA H0200 | . HO100 | >< |~ | H0200 |
GRA H'0250 >< 1! 10200 >< T H0100 >< T H0200 |
TIOCA | | | | |

Compare match A

TIOCB

Figure 8.49 Register Buffering (Example 1: Buffering of Output CompareF

0 L) L L) ) L L gL
TCNT n X n+1

c |—|
m(;rtncﬁasriznal

Buffer transf

SI;ngj ranster |—|

BR N

GR n X =N

Figure 850 Compare Match and Buffer Transfer Timing (Example
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GRA >< H'0005 ! H 0160 \<

BRA >< >< Vo005 ><* H'0160

GRB :>< >< H'0180
} } }

J

Input capture A

Figure8.51 Register Buffering (Example 2: Buffering of Input Capture Re
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GR

BR

M— X \n ne XN
N (s
m >< M M X An

Figure8.52 Input Captureand Buffer Transfer Timing (Example)
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& B i e ERE SUSELEEEe

H'0999 | --<~lf--==~dnmeme- W one e |

H'0000

BRB3 Ho999 | X | H'1FFF X H0999 ||

GRB3 H'Oé99 >< H:‘(:)999 >< H'1FFF >< H'1FFF >< H'O:9:99

TIOCA, | | |

TIOCB,

Figure 8.53 Register Buffering (Example 4: Buffering in Complementary PWI
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“a Vi Uly viauoe via il Vo Uul.[Jul. Uy U'J[JI U'JI 1AL JotlLld IHO Vi Uie uddd CUIOI.UI \IJI \} AT UtAc
register (DDR) of the corresponding input/output port. Figure 8.54 illustrates the timil
enabling and disabling of ITU output by TOER.

Address X TOER address ><
TOER ><

ITU output pin Timer output >< 1/0O port

ITU output 4><7 Generic input/out

Figure8.54 Timing of Disabling of I TU Output by Writing to TOER (Ex
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TIOCA; pin }\ " o~
Input capture \\

signal I—I ’—‘__

((
)T 1
()() :
TOER N X HCo . N X_ HCO
ITU output 5 ‘
pins P ITU output >< :: I/0 port ITU output 1/C
)T
ITU output e Generic ITU output - (
‘ input/output ‘ i
Legend:

N: Arbitrary setting (H'C1 to H'FF)

Figure 855 Timing of Disabling of ITU Output by External Trigger (Exan
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¢ O R T A B O
Address :>< TOCR address ><

TOCR ><
~—

ITU output pin ><

Inverted

Figure8.56 Timing of Inverting of ITU Output Level by Writingto TOCR (|
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IMFA and IMFB are set to 1 by a compare match signal generated when TCNT matche
register (GR). The compare match signal is generated in the last state in which the valu
(when TCNT is updated from the matching count to the next count). Therefore, when
matches a general register, the compare match signal is not generated until the next tinr
input. Figure 8.57 shows the timing of the setting of IMFA and IMFB.

; i |

TCNT input
clock

TCNT N X N+1

GR N

Compare
match signal

IMF

IMI

Figure 857 Timing of Setting of IMFA and IMFB by Compare Match
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Input capture
signal

IMF

TCNT N

GR >< N

IMI

Figure 858 Timing of Setting of IMFA and IMFB by Input Capture

Timing of Setting of Overflow Flag (OVF)

OVFisset to 1 when TCNT overflows from H'FFFF to H'0000 or underflows from H
H'FFFF. Figure 8.59 shows the timing.
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OVF

ovi

Figure8.59 Timing of Setting of OVF

8.5.2 Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the sta
cleared. Figure 8.60 shows the timing.

TSR write cycle

Ty T2 T3
f— e e

o | |
Address >< TSR address ><

IMF, OVF

Figure8.60 Timing of Clearing of Status Flags
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Table 8.10 lists the interrupt sources.

Table8.10 ITU Interrupt Sources

Channel Interrupt Source Description Priorit
0 IMIAO Compare match/input capture AO High
IMIBO Compare match/input capture BO 4
oVIo Overflow 0
1 IMIAL Compare match/input capture Al
IMIB1 Compare match/input capture B1
ovil Overflow 1
2 IMIA2 Compare match/input capture A2
IMIB2 Compare match/input capture B2
oVI2 Overflow 2
3 IMIA3 Compare match/input capture A3
IMIB3 Compare match/input capture B3
OVI3 Overflow 3
4 IMIA4 Compare match/input capture A4
IMIB4 Compare match/input capture B4
OVvi4 Overflow 4 Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities ce
changed by settings in IPRA and IPRB.
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MV (i e viite 1o VL pul vl v, S Tiygvl v Y. UL,

TCNT write cycle
Ty T2 T3

Address X TCNT address ><

Internal write signal

Counter clear signal

TCNT N >< H'0000

Figure8.61 Contention between TCNT Write and Clear
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Address X TCNT address ><

Internal write signal

TCNT input clock

TCNT N >< P M

TCNT write data

Figure 8.62 Contention between TCNT Word Write and Increment
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Address X TCNTH address ><

Internal write signal

TCNT input clock

N >< M
TCNTH “
TCNT write data

TCNTL X >< X+1 >< X

Figure8.63 Contention between TCNT Byte Write and I ncrement
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Address

LJ L

GR address ><

Internal write signal

TCNT N >< N+1

GR N >< /M

General register write data

Compare match signal : -—— |nhik

Figure 8.64 Contention between General Register Write and Compare M
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Address X TCNT address ><

Internal write signal

TCNT input clock

Overflow signal

TCNT H'FFFF >< M

TCNT write data

OVF

Figure 8.65 Contention between TCNT Write and Overflow
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o ]
Address :>< GR address ><

Internal read signal

Input capture signal

GR X >< M
Internal data bus —< X >7

Figure 8.66 Contention between General Register Read and I nput Cap
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Input capture signal

Counter clear signal

TCNT input clock

TCNT N >< H'0000

o N

Figure 8.67 Contention between Counter Clearing by Input Capturear
Counter Increment
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Address X GR address ><

Internal write signal

Input capture signal

TCNT M

GR >< \M

Figure 8.68 Contention between General Register Write and Input Cap

Note on Waveform Period Setting

When a counter is cleared by compare match, the counter is cleared in the last state at
TCNT value matches the general register value, at the time when this value would nol
updated to the next count. The actual counter frequency is therefore given by the follc
formula:
%

(N+1

(f: counter frequency. @: system clock frequency. N: value set in general regi
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Address X BR address ><

Internal write signal

Input capture signal

GR N \>< \X

BR M >< \N

TCNT value

Figure 8.69 Contention between Buffer Register Write and Input Captu
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Write A to upper byte

Tent2 [ w | x| ofchannel2 TonT2 [ A
B — e
Tents |y |z | TCNT3 | A
Upper byte Lower byte ) Upper byt
Write A to lower byte
of channel 3
_— TCNT2

4

TCNT3

Upper byt

* Word write to channel 2 or word write to channel 3

ToNT2 [ w | x| Tont2 [ A
i d
rws v [z ] wieswoso rours [ a

Upper byte Lower byte Upper byt

Note on Setup of Reset-Synchronized PWM Mode and Complementary PWM M
When setting bits CMD1 and CMDO in TFCR, take the following precautions:

*  Writeto bits CMD1 and CMDO only when TCNT3 and TCNT4 are stopped.

» Do not switch directly between reset-synchronized PWM mode and complementa
mode. First switch to normal mode (by clearing bit CMD1 to 0), then select reset-
PWM mode or complementary PWM mode.
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HIUCpPCl vt it y.

9.1.1 Features
TPC features are listed below.

» 15-bit output data
Maximum 15-bit data can be output. TPC output can be enabled on a bit-by-bit ba
» Four output groups and one 3-bit output.
Output trigger signals can be selected in 4-bit groups to provide up to three differe
outputs and one 3-bit output.
» Selectable output trigger signals

Output trigger signals can be selected for each group from the compare-match sig
ITU channels.

* Non-overlap mode
A non-overlap margin can be provided between pul se outputs.

Note: * Note that since thisLSI doesnot havea TP, pin, it isa 15-bit programmat
pattern controller (TPC).
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Control logic NDERA NDERB
TPMR TPCR

TP15 -

(TPL)*~— Pulse output
TP13 ~-— pins, group 3
TP12 ——
TPll -
TPip —+— Pulse output
TPy —«—{ pins, group 2
TPg —~—
TP7 i
TPg —+— Pulse output
TP; -=—{ pins, group 1
TP, ~=—]
TPy
TP, —+— Pulse output
TP, = pins, group 0
TPO -

——————————————— PBDR -----NDRB ----

777777777777777 PADR L ----NDRA ----

Legend:

TPMR: TPC output mode register
TPCR:  TPC output control register
NDERB: Next data enable register B
NDERA: Next data enable register A
PBDDR: Port B data direction register
PADDR: Port A data direction register
NDRB: Next data register B

NDRA: Next data register A

PBDR: Port B data register

PADR:  Port A data register

Note: * Since this LSI does not have this pin, this signal cannot be output to the outside.

Figure9.1 TPC Block Diagram
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+

TPC output 2

Output

TP,

TPC output 3 TP, Output

TPC output 4 TP, Output Group 1 pulse outf
TPC output 5 TP, Output

TPC output 6 TP, Output

TPC output 7 TP, Output

TPC output 8 TP, Output Group 2 pulse outf
TPC output 9 TP, Output

TPC output 10 TP, Output

TPC output 11 TP, Output

TPC output 12 TP, Output Group 3 pulse outf
TPC output 13 TP, Output

(TPC output 14)* (TP )* (Output)*

TPC output 15 TP, Output

Note: * Since this LS| does not have this pin, this signal cannot be output to the ou

RENESAS
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Port B data direction register PBDDR W H'0(

H'FFD4
H'FFD6 Port B data register PBDR RI(W)*? H'0(
H'FFAO TPC output mode register TPMR R/W H'F
H'FFA1 TPC output control register TPCR R/W H'FI
H'FFA2 Next data enable register B NDERB R/W H'0C
H'FFA3 Next data enable register A NDERA R/W H'0C
H'FFA5/ Next data register A NDRA R/W H'0(
H'FFA7*°
H'FFA4/ Next data register B NDRB R/W H'0(
H'FFAG**
Notes: 1. Lower 16 bits of the address.

2. Bits used for TPC output cannot be written.

3. The NDRA address is H'FFA5 when the same output trigger is selected for T

groups 0 and 1 by settings in TPCR. When the output triggers are different,
address is H'FFA7 for group 0 and H'FFAS for group 1. Similarly, the addres
is H'FFA4 when the same output trigger is selected for TPC output groups 2
settings in TPCR. When the output triggers are different, the NDRB address
for group 2 and H'FFA4 for group 3.
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Initial value 0 0 0 0 0 0 0
Read/Write W W W W W W

Port A data direction 7to O
These bits select input or
output for port A pins

Port A is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC o
be set to 1. For further information about PADDR, see section 7.10, Port A.

922 Port A Data Register (PADR)

PADR is an 8-bit readable/writabl e register that stores TPC output datafor groups 0 &
these TPC output groups are used.

Bit 7 6 5 4 3 2 1
‘ PA7 ‘ PAg ‘ PAs5 ‘ PA 4 ‘ PA3 ‘ PA ‘ PA 1
Initial value 0 0 0 0 0 0 0

Read/Write R/(W)*  R/(W)* RI(W)* R/(W)* R/(W)* R/(W)* R/(W)*
|
Port Adata7to 0
These bits store output data
for TPC output groups 0 and 1

Note: * Bits selected for TPC output by NDERA settings become read-only bits.

For further information about PADR, see section 7.10, Port A.
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Port B data direction 7,5to 0
These bits select input or
Reserved bit output for port B pins

Port B is multiplexed with pins TP, TP,, to TP,. Bits corresponding to pins used for Tl
must be set to 1. For further information about PBDDR, see section 7.11, Port B.

9.24 Port B Data Register (PBDR)

PBDR is an 8-hit readable/writable register that stores TPC output data for groups 2 an
these TPC output groups are used.

Bit 7 6 5 4 3 2 1
‘ PB~ ‘ — ‘ PBs ‘ PB4 ‘ PB3 ‘ PB, ‘ PB1 ‘
Initial value 0 0 0 0 0 0 0

Port B data7,5to 0
These bits store output data
Reserved bit for TPC output groups 2 and 3

Read/Write  RAW)* RIW)* RIW)* RIWY RIWY RIW)* RI(W)*
[

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 7.11, Port B.
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software standby mode.

Same Trigger for TPC Output GroupsOand 1

If TPC output groups 0 and 1 are triggered by the same compare match event, the ND
isH'FFAS. The upper 4 bits belong to group 1 and the lower 4 bits to group 0. Addres
consists entirely of reserved bits that cannot be modified and alwaysread 1.

Address H'FFA5S
Bit 7 6 5 4 3 2 1
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
Next data 7 to 4 Next data3to O
These bits store the next output These bits store the nex
data for TPC output group 1 data for TPC output grot
Address H'FFA7
Bit 7 6 5 4 3 2 1
Initial value 1 1 1 1 1 1 1
Read/Write — — — — — — —

Reserved bits
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Bit 7 6 5 4 3 2 1
‘ NDR7 ‘ NDR6 ‘ NDRS5 ‘ NDR4 ‘ — ‘ — ‘ — ‘

Initial value 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W — — —
Next data 7 to 4 Reserved bits

These bits store the next output
data for TPC output group 1

Address H'FFA7

Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘
Initial value 1 1 1 1 0 0 0
Read/Write — — — — R/W R/W R/W
Reserved bits Next data3to 0

These bits store the nex
data for TPC output grot
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software standby mode.

Note: * SincethisLSl doesnot havea TP, pin, the TP, signal cannot be output to

Same Trigger for TPC Output Groups2 and 3

If TPC output groups 2 and 3 are triggered by the same compare match event, the ND
isH'FFA4. The upper 4 bits belong to group 3 and the lower 4 bits to group 2. Addres
consists entirely of reserved bits that cannot be modified and alwaysread 1.

Address HFFA4

Bit 7 6 5 4 3 2 1
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
Next data 15to 12 Next data 11 to 8
These bits store the next output These bits store the ne»
data for TPC output group 3 data for TPC output grol
Address H'FFA6
Bit 7 6 5 4 3 2 1
Initial value 1 1 1 1 1 1 1
Read/Write — — — — — — —

Reserved bits
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Address H'FFA4

Bit 7 6 5 4 3 2 1
‘ NDR15 ‘ NDR14‘ NDR13‘ NDR12 ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W — — —
Next data 15to 12 Reserved bits

These bits store the next output
data for TPC output group 3

Address H'FFAG

Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘
Initial value 1 1 1 1 0 0 0
Read/Write — — — — R/W R/W R/W
Reserved bits Next data 11to 8

These bits store the r
data for TPC output g
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Read/Write R/W R/W R/W R/W R/W R/W R/W

Next data enable 7to 0
These bits enable or disable
TPC output groups 1 and 0

If abit is enabled for TPC output by NDERA, then when the ITU compare match eve
the TPC output control register (TPCR) occurs, the NDRA value is automatically tran
the corresponding PADR bit, updating the output value. If TPC output is disabled, the
not transferred from NDRA to PADR and the output value does not change.

NDERA isinitialized to H'00 by areset and in hardware standby mode. It is not initia
software standby mode.

Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These hits enable or dis
output groups 1 and O (TP, to TR,) on a bit-by-bit basis.

Bits 7to 0
NDER7 to NDERO Description
0 TPC outputs TP, to TP, are disabled
(NDR, to NDRO are not transferred to PA, to PA)) (
1 TPC outputs TP, to TP, are enabled

(NDR, to NDR, are transferred to PA, to PA)
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Read/Write R/W R/W R/W R/W R/W R/W R/W

Next data enable 15to 8

These bits enable or disable
TPC output groups 3 and 2

If abit isenabled for TPC output by NDERB, then when the ITU compare match even
the TPC output control register (TPCR) occurs, the NDRB value is automatically trans
corresponding PBDR hit, updating the output value. If TPC output is disabled, the bit v
transferred from NDRB to PBDR and the output value does not change.

NDERB isinitialized to H'00 by areset and in hardware standby mode. It isnot initiali
software standby mode.

Bits 7 to 0—Next Data Enable 15 to 8 (NDER15 to NDERS): These bits enable or d
output groups 3 and 2 (TP, to TRP,)* on abit-by-bit basis.

Bits 7to O
NDER15 to NDER8  Description
0 TPC outputs TP, to TP, are disabled
(NDR15 to NDR8 are not transferred to PB, to PB,) (Ini
1 TPC outputs TP, to TP, are enabled

(NDR15 to NDRS8 are transferred to PB, to PB,)

Note: * SincethisLSl doesnot haveaTP,, pin, the TP, signal cannot be output to't
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Read/Write R/W R/W R/W R/W R/W R/W R/W

Group 3 compare

match select 1 and 0

These bits select

the compare match Group 2 compare

eventthat triggers a0k select 1 and 0

TPC output group 3 These bits select

(TP15t0 TP1p)* the compare match
event that triggers
TPC output group 2
(TP]_]_ to Tpg)

Group 1 compare
match select 1 and 0
These bits select
the compare match Group 0 cc
event that triggers match sele
TPC output group 1 These bits
(TP7 10 TPy) the compar
event that t
TPC output
(TP3 to TPC

Note: * Since this LS| does not have a TP14 pin, the TP14 signal cannot be output to

TPCRisinitialized to H'FF by areset and in hardware standby mode. It is not initializ
software standby mode.

Rev.3.00 Mar. 26, 2007 Pac
REJO!
RENESAS



TPC output group 3 (TP, to TP_,)* is triggered by com|
in ITU channel 2

TPC output group 3 (TP, to TP,,)* is triggered by com|
in ITU channel 3 (Ini

Note: * Since this LSI does not have a TP, pin, the TP, signal cannot be output off-

Bits 5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): The
select the compare match event that triggers TPC output group 2 (TP, to TR,).

Bit 5 Bit4
G2CMS1 G2CMSO0 Description
0 0 TPC output group 2 (TP,, to TP,) is triggered by compa
ITU channel 0
1 TPC output group 2 (TP,, to TP,) is triggered by compa
ITU channel 1
1 0 TPC output group 2 (TP,, to TP,) is triggered by compa
ITU channel 2
1 TPC output group 2 (TP,, to TP,) is triggered by compa

ITU channel 3 (Ini
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1 0 TPC output group 1 (TP, to TP,) is triggered by comp:

ITU channel 2
1 TPC output group 1 (TP, to TP,) is triggered by comp:
ITU channel 3 (h

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCM S1, GOCM S0): The
select the compare match event that triggers TPC output group O (TP, to TR,).

Bitl Bit0
GOCMS1 GOCMSO0 Description
0 0 TPC output group 0 (TP, to TP,) is triggered by comp:
ITU channel 0
1 TPC output group 0 (TP, to TP,) is triggered by comp:
ITU channel 1
1 0 TPC output group 0 (TP, to TP,) is triggered by comp:
ITU channel 2
1 TPC output group 0 (TP, to TP,) is triggered by comp:
ITU channel 3 (I
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Read/Write — — — — R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TP;,)*

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TP;; to TPg)

Group 1 non-overlap
Selects non-overlapping TPC
output for group 1 (TP, to TP,)

Group 0 non-overlap
Selects non-overlapping TPC
output for group 0 (TP; to TPy)

Note: * Since this LSI does not have a TP44 pin, the TP, signal cannot be output to tl

The output trigger period of a non-overlapping TPC output waveformis set in general |
(GRB) in the ITU channel selected for output triggering. The non-overlap margin is sef
register A (GRA). The output values change at compare match A and B. For details see
9.3.4, Non-Overlapping TPC Output.

TPMRisinitialized to H'FO by areset and in hardware standby mode. It is not initialize
software standby mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.
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1 Non-overlapping TPC output in group 3 (independent 1 and O output at
match A and B in the selected ITU channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping TPC o
group 2 (TP, to TPR,).

Bit 2

G2NOV Description

0 Normal TPC output in group 2 (output values change at compare matct
selected ITU channel) (I

1 Non-overlapping TPC output in group 2 (independent 1 and O output at

match A and B in the selected ITU channel)

Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping TPC o
group 1 (TP, to TR,).

Bit 1

G1NOV Description

0 Normal TPC output in group 1 (output values change at compare matct
selected ITU channel) (h

1 Non-overlapping TPC output in group 1 (independent 1 and O output at

match A and B in the selected ITU channel)
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9.3 Operation

93.1 Overview

When corresponding bitsin PADDR or PBDDR and NDERA or NDERB aresetto 1,
isenabled. The TPC output initially consists of the corresponding PADR or PBDR con
When a compare-match event selected in TPCR occurs, the corresponding NDRA or N
contents are transferred to PADR or PBDR to update the output values.

Figure 9.2 illustrates the TPC output operation. Table 9.3 summarizes the TPC operatir
conditions.

DDR NDER
Q Q
Output trigger signal
C
Q DR Di= Q NDR Df~—

TPC output pin

Figure9.2 TPC Output Operation
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Sequentia output of up to 16-bit patternsis possible by writing new output datato NL
NDRB before the next compare match. For information on non-overlapping operation
9.3.4, Non-Overlapping TPC Output.

9.3.2 Output Timing

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and
when the selected compare match event occurs. Figure 9.3 shows the timing of these «
for the case of normal output in groups 0 and 1, triggered by compare match A.

0 L] ] L] L

TCNT N N+1

GRA N

Compare
match A signal

NDRA n
PADR m RN n
TPy to TP, m n

Figure9.3 Timing of Transfer of Next Data Register Contentsand Output (
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ITU setup

Port and
TPC setup

ITU setup

-

Select GR functions

Set GRA value

Select counting operation

Select interrupt request

Set initial output data

Select port output

Enable TPC output

Select TPC output trigger

Set next TPC output data

Start counter

-

10

11.

Compare match?

Yes

Set next TPC output data

No

11

Set TIOR to make GRA an output
register (with output inhibited).

Set the TPC output trigger period.
Select the counter clock source wil
TPSC2 to TPSCO in TCR. Select t
clear source with bits CCLR1 and |
Enable the IMFA interrupt in TIER.
Set the initial output values in the [
of the input/output port pins to be t
TPC output.

Set the DDR bits of the input/outpL
pins to be used for TPC output to ]
Set the NDER bits of the pins to be
TPC output to 1.

Select the ITU compare match eve
used as the TPC output trigger in T
Set the next TPC output values in tl

. Setthe STR bitto 1 in TSTR to star

timer counter.
At each IMFA interrupt, set the next
values in the NDR bits.

Figure 9.4 Setup Procedurefor Normal TPC Output (Example)
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TP;

The ITU channel to be used as the output trigger channel is set up so that GRA is an output c
register and the counter will be cleared by compare match A. The trigger period is set in GRA
The IMIEA bit is set to 1 in TIER to enable the compare match A interrupt.

H'F8 is written in PADDR and NDERA, and bits GICMS1, GICMS0, GOCMS1, and GOCMS(
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.
Output data H'80 is written in NDRA.

The timer counter in this ITU channel is started. When compare match A occurs, the NDRA c
are transferred to PADR and output. The compare match/input capture A (IMFA) interrupt ser
writes the next output data (H'CO) in NDRA.

Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive IMFA interrupts.

Figure9.5 Normal TPC Output Example (Five-Phase Pulse Output
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ITU setup

Port and
TPC setup

ITU setup

-

( | Select GR functions |

\
| Set GR values |

\
| Select counting operation |

\
L | Select interrupt requests |
( | Set initial output data |
| Set up TPC output |

\
| Enable TPC transfer |

\

| Select TPC transfer trigger |
\
| Select non-overlapping groups |

Set next TPC output data

Start counter

10

11

Compare match A?

Yes

Set next TPC output data

No

12

&

10.

11.

12.

Set TIOR to make GRA and GRB
compare registers (with output inh
Set the TPC output trigger period
and the non-overlap margin in GR
Select the counter clock source wi
TPSC2 to TPSCO in TCR. Select t
clear source with bits CCLR1 and
Enable the IMFA interrupt in TIER
Set the initial output values in the
of the input/output port pins to be |
TPC output.

Set the DDR bits of the input/outpt
to be used for TPC output to 1.
Set the NDER bits of the pins to b
TPC output to 1.

In TPCR, select the ITU compare
event to be used as the TPC outp
In TPMR, select the groups that w
in non-overlap mode.

Set the next TPC output values in
bits.

Set the STR bitto 1 in TSTR to st:
counter.

At each IMFA interrupt, write the n
value in the NDR bits.

Figure9.6 Setup Procedurefor Non-Overlapping TPC Output (Examp!
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T T
aaliams o

TP,

L N N

TP, __l

The ITU channel to be used as the output trigger channel is set up so that GRA and GRB are outpt
compare registers and the counter will be cleared by compare match B. The TPC output trigger
period is set in GRB. The non-overlap margin is set in GRA. The IMIEA bit is set to 1 in TIER to en
IMFA interrupts.

H'FF is written in PADDR and NDERA, and bits GICMS1, G1ICMS0, GOCMS1, and GOCMSO0 are s
TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Bits GINOV and GONOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 i
written in NDRA.

The timer counter in this ITU channel is started. When compare match B occurs, outputs change frc
1to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is dela
by the value of GRA). The IMFA interrupt service routine writes the next output data (H'65) in NDR/
Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'
at successive IMFA interrupts.

Figure 9.7 Non-Overlapping TPC Output Example (Four-Phase Complerr

Non-Overlapping Pulse Output)
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TIOC pin \‘

Input capture

signal
NDR N
\
DR M >< S N

Figure9.8 TPC Output Triggering by Input Capture (Example)
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occur.

Note: * SincethisLSl doesnot havea TP, pin, the TP, signal cannot be output to

94.2 Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to DR hits takes ple
follows.

1. NDR hitsare always transferred to DR bits at compare match A.

2. At compare match B, NDR hits are transferred only if their value is 0. Bits are not
if their valueis 1.

Figure 9.9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
Q DR D= . Q NDR D

TPC output pin

Figure9.9 Non-Overlapping TPC Output
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Compare
match A

Compare
match B

NDR write NDR write

' 1
NDR | | >< | | ><

. ) X

0 output 0/1 output 0 output 0/1 output
Write to NDR Write to NDR
in this interval in this interval
Do not write Do not write
to NDR in this to NDR in this
interval interval

Figure9.10 Non-Overlapping Operation and NDR Write Timing
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timer operation, an interval timer interrupt is requested at each TCNT overflow.

10.1.1 Features
WDT features are listed below.

» Selection of eight counter clock sources
@2, @32, @64, @128, (/256, (512, ¢/2048, or ¢/4096

» Interval timer option

» Timer counter overflow generates areset signal or interrupt.
Thereset signal is generated in watchdog timer operation. An interval timer interr
generated in interval timer operation.

» Watchdog timer reset signal resets the entire H8/3039 Group chip internally, and ¢
output externally.*

The reset signal generated by timer counter overflow during watchdog timer opere
the entire H8/3039 Group internally. An external reset signal can be output from tl
to reset other system devices simultaneously.

Note: * TheRESO pin of the mask ROM version is the dedicated FWE input pin ¢
ZTAT version. Therefore, the F-ZTAT version cannot output the reset sigr
outside.
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l Internal clock
2
RSTCSR v
@32
@64
Reset Reset control Clock
(internal, external) Clock @128
selector @256
512
Legend: @
TCNT: Timer counter 2048
TCSR:  Timer control/status register ©4096
RSTCSR: Reset control/status register

Figure10.1 WDT Block Diagram

10.1.3 Pin Configuration
Table 10.1 describes the WDT output pin.*

Note: * Showsthe mask ROM version pin. The F-ZTAT does not have any pins use
WDT. For F-ZTAT version, see section 15.9, Notes on Flash Memory
Programming/Erasing.

Table10.1 WDT Pin

Name Abbreviation 110 Function

Reset output RESO Output* External output of the watchdog timer r

Note: * Open-drain output. Externally pull-up to Vcc whether or not the reset output
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H'FFA9  Timer counter TCNT R/W
H'FFAA H'FFAB  Reset control/status register RSTCSR R/(W)*®

Notes: 1. Lower 16 bits of the address.
2. Write word data starting at this address.
3. Only 0 can be written in bit 7 to clear the flag.

10.2 Register Descriptions

10.2.1  Timer Counter (TCNT)

TCNT isan 8-bit readable and writable* up-counter.

Bit 7 6 5 4 3 2 1
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

When the TME hitisset to 1in TCSR, TCNT starts counting pulses generated from &
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (ch
H'FF to H'00), the OVF bitissetto 1 in TCSR. TCNT isinitialized to H'00 by areset
the TME hit is cleared to 0.

Note: * TCNT iswrite-protected by a password. For details see section 10.2.4, No
Register Access.
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‘ OVF ‘ WT/W‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘

Initial value 0 0 0 1 1 0 0
Read/Write RI(W)*  R/W RIW — — RIW RIW
Clock select

These bits sele
TCNT clock sol

Reserved bits

Timer enable
Selects whether TCNT runs or halts

Timer mode select
Selects the mode

Overflow flag
Status flag indicating overflow

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

Bits 7 to 5 areinitialized to 0 by areset and in standby mode. Bits 2 to O are initialized
reset. |n software standby mode bits 2 to 0 are not initialized, but retain their previous\
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Set when TCNT changes from H'FF to H'00

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog
interval timer. If used as an interval timer, the WDT generates an interval timer interr
when TCNT overflows. If used as a watchdog timer, the WDT generates a reset signa
TCNT overflows.

Bit 6

WTAT Description

0 Interval timer: requests interval timer interrupts (
1 Watchdog timer: generates a reset signal

Bit 5—Timer Enable (TME): Selectswhether TCNT runsor is halted.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (
1 TCNT is counting

Bits 4 and 3—Reserved: These bits cannot be modified and are alwaysread as 1.

Bits2to 0—Clock Select 2to 0 (CK S2/1/0): These bits select one of eight internal ¢
obtained by prescaling the system clock (¢), for input to TCNT.
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WYols
1 0 @2048
1 @4096

10.2.3 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-bit readable and writable* register that indicates when areset signal h
generated by watchdog timer overflow, and controls external output of the reset signal.

Note: * RSTCSR iswrite-protected by apassword. For details see section 10.2.4, N

Register Access.
Bit 7 6 5 4 3 2 1
‘ WRST ‘ RSTOE‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 1 1 1 1 1

Read/Write ~ R/(W)*1  R/W — — — — —

Reserved bits

Reset output enable*2
Enables or disables external output of the reset signal

Watchdog timer reset
Indicates that a reset signal has been generated

Notes: 1. Only 0 can be written in bit 7 to clear the flag.
2. With the mask ROM version, enable and disable can be set. With the F-ZT/
do not set enable.

Bits 7 and 6 are initialized by input of areset signal at the RES pin. They are not initial
reset signals generated by watchdog timer overflow.
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(2) Cleared by reading WRST when WRST = 1, then writing 0 in WERST
1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog timei

Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the R
the reset signal generated if TCNT overflows during watchdog timer operation.

Bit 6

RSTOE Description

0 Reset signal is not output externally (
1 Reset signal is output externally*?

Notes: 1. Mask ROM version. Dedicated FWE input pin for F-ZTAT version.
2. Mask ROM version. Do not set to 1 with the F-ZTAT version.

Bits 5 to 0—Reserved: These bits cannot be modified and are always read as 1.
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both have the same write address. The write data must be contained in the lower byte o
written word. The upper byte must contain H'5A (password for TCNT) or H'A5 (passw
TCSR). Thistransfers the write data from the lower byteto TCNT or TCSR.

TCNT write 15 8 7

Address H'FFA8* | H'5A | Write data
TCSR write 15 8 7

Address H'FFA8* | H'A5 | Write data

Note: * Lower 16 bits of the address.

Figure10.2 Format of Data Written to TCNT and TCSR
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Writing 0 in WRST hbit 15 8 7

Address  H'FFAA* | H'A5 | H'00
Writing to RSTOE bit 15 8 7

Address H'FFAA* | H'5A | Write data

Note: * Lower 16 bits of the address.

Figure10.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR

These registers are read like other registers. Byte access instructions can be used. The
addresses are H'FFA8 for TCSR, H'FFA9 for TCNT, and H'FFAB for RSTCSR, asli

10.3.

Table10.3 Read Addressesof TCNT, TCSR, and RSTCSR

Address* Register
H'FFA8 TCSR
H'FFA9 TCNT
H'FFAB RSTCSR
Note: * Lower 16 bits of the address.

RENESAS
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TCNT value (normally by writing H'00) before overflow occurs. If TCNT failsto be re
overflows due to a system crash etc., the H8/3039 Group isinternally reset for a duratic
states.

The watchdog reset signal can be externaly output from the RESO pin* to reset extern
devices. Thereset signal is output externally for 132 states. External output can be enal
disabled by the RSTOE bit in RSTCSR.

A watchdog reset has the same vector as areset generated by input at the RES pin. Sof
distinguish a RES reset from awatchdog reset by checking the WRST bit in RSTCSR.

If aRES reset and awatchdog reset occur simultaneously, the RES reset takes priority.

Note: * Mask ROM version.
Since the RES pin is a dedicated FWE input pin with the F-ZTAT version, t
signal cannot be output to the outside.
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Start H'00 written Reset ‘ H'00 w
in TCNT in TCN

Internal
reset signal

518 states

FESo |
-~

132 states

Figure10.4 Watchdog Timer Operation (Mask ROM Version)

10.3.2 Interval Timer Operation

Figure 10.5 illustrates interval timer operation. To use the WDT as an interval timer, ¢
WTI/IT to 0 and set bit TME to 1 in TCSR. Aninterval timer interrupt request is gener
TCNT overflow. Thisfunction can be used to generate interval timer interrupts at reg
intervals.

HFF --------------------~ -
TCNT
count value
H'00 {- -
A \] Y Y y
WT/TT=0 Interval Interval Interval Interval Interv
TME=1 timer timer timer timer timer
interrupt interrupt interrupt interrupt interri

Figure10.5 Interval Timer Operation
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TCNT H'FF >< H'00

Overflow signal

OVF

Figure10.6 Timing of Setting of OVF
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TCNT HFF >< H'00

Overflow signal

OVF

WDT internal
reset

WRST

Figure 10.7 Timing of Setting of WRST Bit and Internal Reset

10.4  Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (W(
interval timer interrupt is requested whenever the OVF bitisset to 1 in TCSR.
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TCNT :>< ><

Internal write
signal

TCNT input
clock

TCNT N >< .M

Counter write data

Figure 10.8 Contention between TCNT Write and Increment

Changing CKS2 to CKS0 Values

Halt TCNT by clearing the TME bit to 0 in TCSR before changing the values of bits C
CKS0.
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When the SClI is not used, it can be halted to conserve power. Each SCI channel can k
independently. For details see section 17.6, Module Standby Function.

Channel 0 (SCI0) also has a smart card interface function conforming to the | SO/IEC
(Identification Card) standard. This function supports serial communication with a sir
details, see section 12, Smart Card Interface.

11.1.1 Features
SCI features are listed below.

» Selection of asynchronous or synchronous mode for serial communication
a.  Asynchronous mode

Serial datacommunication is synchronized one character at atime. The SCI can c
with auniversal asynchronous receiver/transmitter (UART), asynchronous commt
interface adapter (ACIA), or other chip that employs standard asynchronous serial
communication. It can also communicate with two or more other processors using
multiprocessor communication function. There are twelve selectable serial data
communication formats.

O Datalength: 7 or 8 hits

O Stop bit length: 1 or 2 bits

O Parity bit: even, odd, or none

O Multiprocessor hit: lorO

O Receive error detection: parity, overrun, and framing errors

O Break detection: by reading the RxD level directly when aframing eri
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sumultaneously The transmitting and receiving sections are both double-buffered, S
data can be transmitted and received continuously.

* Built-in baud rate generator with selectable bit rates

» Selectable transmit/receive clock sources: internal clock from baud rate generator, «
clock from the SCK pin.

» Four types of interrupts
Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts a
independently.
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Bus

J U

| RDR | | TOR | SSR | BRR

Al U SCR Lo

RxD —~ | RSR | [ TSR SMR Baud rate [« ¢
[ Transmit/ generator |,
receive control D
TxD = - .
Parity generation t Clock

Parity check

External clock

SCK =

> TEI
= TXI
> RXI
= ERI

Legend:

RSR:
RDR:
TSR:
TDR:
SMR:
SCR:
SSR:
BRR:

Receive shift register
Receive data register
Transmit shift register
Transmit data register
Serial mode register
Serial control register
Serial status register
Bit rate register

Figure11.1 SCI Block Diagram
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Transmit data pin TxD, Output SCI, transmit d

1 Serial clock pin SCK, Input/output SCI, clock inpu
Receive data pin RxD, Input SCI, receive de
Transmit data pin TxD, Output SCI, transmit d
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0 H'FFBO Serial mode register SMR R/W I
H'FFB1 Bit rate register BRR R/W I
H'FFB2 Serial control register SCR R/W I
H'FFB3 Transmit data register TDR R/W I
H'FFB4 Serial status register SSR R/(W)*? I
H'FFB5 Receive data register RDR R I
1 H'FFB8 Serial mode register SMR R/W I
H'FFB9 Bit rate register BRR R/W I
H'FFBA Serial control register SCR R/W I
H'FFBB Transmit data register TDR R/W I
H'FFBC Serial status register SSR RI(W)** |
H'FFBD Receive data register RDR R I

Notes: 1. Lower 16 bits of the address.

2. Only 0 can be written to clear flags.
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Read/Write — — — — — — _

The SCI loads serial datainput at the RxD pin into RSR in the order received, LSB (bit
thereby converting the data to parallel data. When 1 byte has been received, it is autom
transferred to RDR. The CPU cannot read or write RSR directly.

11.2.2 Receive Data Register (RDR)

RDR is an 8-bit register that stores received seria data.

Bit 7 6 5 4 3 2 1
Initial value 0 0 0 0 0 0 0
Read/Write R

When the SCI finishesreceiving 1 byte of seria data, it transfers the received data fron
RDR for storage. RSR is then ready to receive the next data. This double buffering allc
be received continuously.

RDR isaread-only register. Its contents cannot be modified by the CPU. RDR isinitia
H'00 by areset and in standby mode.
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The SCI loads transmit data from TDR into TSR, then transmits the data serially fromr
pin, LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the
transmit data from TDR into TSR and starts transmitting it. If the TDRE flag is set to
however, the SCI does not load the TDR contentsinto TSR. The CPU cannot read or
directly.

11.2.4 Transmit Data Register (TDR)

TDRisan 8-hit register that stores data for seria transmission.

Bit 7 6 5 4 3 2 1
Initial value 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W

When the SCI detects that TSR is empty, it moves transmit datawritten in TDR from
TSR and starts seria transmission. Continuous serial transmission is possible by writi
transmit datain TDR during serial transmission from TSR.

The CPU can awaysread and write TDR. TDR isinitialized to H'FF by areset and in
mode.
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Read/Write R/W R/W R/W R/W R/W R/W R/W

Clock selec
These hits s
baud rate g¢
clock source

Multiprocessor mc
Selects the multiprc
function

Stop bit length
Selects the stop bit length

Parity mode
Selects even or odd parity

Parity enable
Selects whether a parity bit is added

Character length
Selects character length in asynchronous mode

Communication mode
Selects asynchronous or synchronous mode

The CPU can awaysread and write SMR. SMRisinitialized to H'00 by areset and in
mode.

Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronc
synchronous mode.

Bit_7

C/IA Description

0 Asynchronous mode (Ini
1 Synchronous mode
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Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the &
parity bit to transmit data, and the checking of the parity bit in receive data. In synchr
the parity bit is neither added nor checked, regardless of the PE setting.

Bit 5

PE Description

0 Parity bit not added or checked (I
1 Parity bit added and checked*

Note: * When PE is setto 1, an even or odd parity bit is added to transmit data acc
even or odd parity mode selected by the O/E bit, and the parity bit in receiv
checked to see that it matches the even or odd mode selected by the O/E |

Bit 4—Parity Mode (O/E): Selects even or odd parity. The O/E bit setting isvalid in
asynchronous mode when the PE bit is set to 1 to enable the adding and checking of a
The O/E setting isignored in synchronous mode, or when parity adding and checking
in asynchronous mode.

Bit 4

O/E Description

0 Even parity** (I
1 Odd parity*?

Notes: 1. When even parity is selected, the parity bit added to transmit data makes a
number of 1s in the transmitted character and parity bit combined. Receive
have an even number of 1s in the received character and parity bit combine

2. When odd parity is selected, the parity bit added to transmit data makes ar
of 1s in the transmitted character and parity bit combined. Receive data mt
odd number of 1s in the received character and parity bit combined.

Bit 3—Stop Bit Length (STOP): Selects one or two stop bits in asynchronous mode.
is used only in asynchronous mode. In synchronous mode no stop bit is added, so the
setting isignored.
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stop bitis1 it istreated asastop bit. If the second stop bit isO it is treated as the start b
next incoming character.

Bit 2—M ultiprocessor Mode (M P): Selects a multiprocessor format. When a multipr:
format is selected, parity settings made by the PE and O/E bits are ignored. The MP bit
valid only in asynchronous mode. It isignored in synchronous mode.

For further information on the multiprocessor communication function, see section 11..
Multiprocessor Communication.

Bit 2

MP Description

0 Multiprocessor function disabled (Ini
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CK S1/0): These bits select the clock source of tt
baud rate generator. Four clock sources are available: @, ¢/4, ¢/16, and @/64.

For the relationship between the clock source, bit rate register setting, and baud rate, se
11.2.8, Bit Rate Register (BRR).

Bit 1 Bit 0
CKS1 CKSO Description
0 0 @ clock selected (Ini

0 1 @4 clock selected
1 0 @16 clock selected
1 1 @64 clock selected
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Read/Write R/W R/W R/W R/W R/W R/W R/W

Clock en.
These bit:
SCI clock

Transmit end interruj
Enables or disables tre
end interrupts (TEI)

Multiprocessor interrupt en
Enables or disables multiproc
interrupts

Receive enable
Enables or disables the receiver

Transmit enable
Enables or disables the transmitter

Receive interrupt enable
Enables or disables receive-data-full interrupts (RXI) and
receive-error interrupts (ERI)

Transmit interrupt enable
Enables or disables transmit-data-empty interrupts (TXI)

The CPU can aways read and write SCR. SCRisinitialized to H'00 by areset and in
mode.
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Note: * 1 XlInterrupt requests can pe cleared by reading the value 1 irom the |1 DRE
clearing it to O; or by clearing the TIE bit to O.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full inte
requested when the RDRF flag is set to 1 in SSR due to transfer of serial receive datafi
RDR; also enables or disables the receive-error interrupt (ERI).

Bit 6

RIE Description

0 Receive-end (RXI) and receive-error (ERI) interrupt requests are disabled*
(Ini

1 Receive-end (RXI) and receive-error (ERI) interrupt requests are enabled

Note: * RXI and ERI interrupt requests can be cleared by reading the value 1 from tl
FER, PER, or ORER flag, then clearing it to O; or by clearing the RIE bit to 0

Bit 5—Transmit Enable (TE): Enables or disables the start of SCI serial transmitting

Bit 5

TE Description

0 Transmitting disabled** (In
1 Transmitting enabled**

Notes: 1. The TDRE flag is fixed at 1 in SSR.
2. Inthe enabled state, serial transmitting starts when the TDRE flag in SSR is
0 after writing of transmit data into TDR. Select the transmit format in SMR &
setting the TE bit to 1.
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mode, or serial clock input is detected in synchronous mode. Select the rec
in SMR before setting the RE bit to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocess
The MPIE setting is valid only in asynchronous mode, and only if the MP bit is set to
The MPIE setting isignored in synchronous mode or when the MP bit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation) (h
[Clearing conditions]
e The MPIE bitis cleared to 0
e MPB =1 inreceived data

1 Multiprocessor interrupts are enabled*

Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and settir
RDRF, FER, and ORER status flags in SSR are disabled until data with th
multiprocessor bit set to 1 is received.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect
errors, and does not set the RDRF, FER, and ORER flags in SSR. When it
data in which MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically
MPIE bit to 0, and enables RXI and ERI interrupts (if the RIE bit is setto 1 |
setting of the FER and ORER flags.
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clearing the TEIE bit to 0.

Bits 1 and 0—Clock Enable 1 and 0 (CK E1/0): These hits select the SCI clock sourc
enable or disable clock output from the SCK pin. Depending on the settings of CKEL &
the SCK pin can be used for generic input/output, seria clock output, or serial clock in

The CKEOQ setting is valid only in asynchronous mode, and only when the SCI isintern
clocked (CKE1 = 0). The CKEQ setting isignored in synchronous mode, or when an ex
clock sourceis selected (CKEL = 1). After setting the CKE1 and CKEQ bits, select the
operating mode in SMR. For further details on selection of the SCI clock source, seeta

Bit 1 Bit 0
CKE1 CKEO Description
0 0 Asynchronous mode Internal clock, SCK pin available for gene
input/output**
Synchronous mode Internal clock, SCK pin used for serial clol
0 1 Asynchronous mode Internal clock, SCK pin used for clock out|
Synchronous mode Internal clock, SCK pin used for serial clol
1 0 Asynchronous mode External clock, SCK pin used for clock ing
Synchronous mode External clock, SCK pin used for serial clc
1 1 Asynchronous mode External clock, SCK pin used for clock ing
Synchronous mode External clock, SCK pin used for serial clc

Notes: 1. Initial value
2. The output clock frequency is the same as the bit rate.
3. The input clock frequency is 16 times the bit rate.
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Read/Write  R/W)* RIW)* R/(W)* RIW)* R/(W)* R R

Mult
bit t
Valu
proc
be tr

Multiproces
Stores the re
multiprocess

Transmit end
Status flag indicating
transmission

Parity error
Status flag indicating detection
a receive parity error

Framing error
Status flag indicating detection of a receil
framing error

Overrun error
Status flag indicating detection of a receive overru

Receive data register full
Status flag indicating that data has been received and storec

Transmit data register empty
Status flag indicating that transmit data has been transferred from TDR
TSR and new data can be written in TDR

Note: * Only 0 can be written to clear the flag.
The CPU can aways read and write SSR, but cannot write 1 in the TDRE, RDRF, OF

and FER flags. These flags can be cleared to 0 only if they have first been read while
TEND and MPB flags are read-only bits that cannot be written.
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Software reads TDRE while it is set to 1, then writes O

TDR does not contain valid transmit data (Ini
[Setting conditions]

¢ The chip is reset or enters standby mode

e The TE bitin SCR is cleared to 0

« TDR contents are loaded into TSR, so new data can be written in TDR

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive

Bit 6
RDRF Description
0 RDR does not contain new receive data (Ini
[Clearing conditions]
e The chip is reset or enters standby mode
* Software reads RDRF while it is set to 1, then writes 0
¢ The DMAC reads data from RDR
1 RDR contains new receive data
[Setting condition]
When serial data is received normally and transferred from RSR to RDR
Note: The RDR contents and RDRF flag are not affected by detection of receive errors

clearing of the RE bit to 0 in SCR. They retain their previous values. If the RDRF
set to 1 when reception of the next data ends, an overrun error occurs and recei
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* Software reads ORER while it is set to 1, then writes 0

1 A receive overrun error occurred*’
[Setting condition]
Reception of the next serial data ends when RDRF =1
Notes: 1. Clearing the RE bit to 0 in SCR does not affect the ORER flag, which retair

2.

previous value.

RDR continues to hold the receive data before the overrun error, so subsec
data is lost. Serial receiving cannot continue while the ORER flag is set to :
synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due tc
error in asynchronous mode.

Bit 4
FER Description
0 Receiving is in progress or has ended normally (I
[Clearing conditions]
e The chip is reset or enters standby mode
* Software reads FER while it is set to 1, then writes O
1 A receive framing error occurred*?
[Setting condition]
The stop bit at the end of receive data is checked and found to be 0
Notes: 1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains

value.

When the stop bit length is 2 bits, only the first bit is checked. The second ¢
checked. When a framing error occurs the SCI transfers the receive data ir
does not set the RDRF flag. Serial receiving cannot continue while the FEF
to 1. In synchronous mode, serial transmitting is also disabled.
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1 A receive parity error occurred*?
[Setting condition]
The number of 1s in receive data, including the parity bit, does not match tt
odd parity setting of O/E in SMR

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the PER flag, which retains i

2.

value.

When a parity error occurs the SCI transfers the receive data into RDR but c
the RDRF flag. Serial receiving cannot continue while the PER flag is set to
synchronous mode, serial transmitting is also disabled.

Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character we
transmitted TDR did not contain new transmit data, so transmission has ended. The TE
aread-only bit and cannot be written.

Bit 2
TEND Description
0 Transmission is in progress
[Clearing condition]
Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag
1 End of transmission (Ini

[Setting conditions]
e The chip is reset or enters standby mode. The TE bit is cleared to O in ¢
« TDRE is 1 when the last bit of a serial character is transmitted
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Note: * ITthe Rk DILIS Cleared 10 U wnhen a multuprocessor tormat 1S selected, MFb
previous value.

Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocesso
transmit data when a multiprocessor format is selected for transmitting in asynchrono
The MPBT setting isignored in synchronous mode, when a multiprocessor format is
or when the SCI is not transmitting.

Bit 0

MPBT Description

0 Multiprocessor bit value in transmit data is 0 (h
1 Multiprocessor bit value in transmit data is 1

11.2.8 Bit Rate Register (BRR)

BRR isan 8-hit register that, together with the CKS1 and CKS0 bitsin SMR that sele
rate generator clock source, determines the serial communication bit rate.

Bit 7 6 5 4 3 2 1
Initial value 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W

The CPU can dways read and write BRR. BRR is initialized to H'FF by areset and in
mode.

The baud rate generator is controlled separately for the individual channels, so differe
may be set for each.

Table 11.3 shows examples of BRR settings in asynchronous mode. Table 11.4 shows
BRR settingsin synchronous mode.
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300 0 207 0.16 0 217 021 0 255 O 1 77
600 0 103 0.16 0 108 o0.21 0 127 O 0 15¢
1200 0 51 0.16 0 54 -0.70 0 63 0 o 77
2400 0 25 0.16 0 26 1.14 0 31 0 0 38
4800 0o 12 0.16 0 13 -2.48 0 15 0 0 19
9600 0 6 -6.99 0O 6 -2.48 0o 7 0 0
19200 0o 2 8.51 0o 2 13.78 0 3 0 0
31250 0o 1 0 0 1 4.86 0 1 22.88 0
38400 0o 1 -1862 0 1 -14.67 0 1 0 — —
¢ (MH2)

3.6864 4 4.9152
Bit Rate 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
150 1 191 0 1 207 0.16 1 255 O 2 64
300 1 95 0 1 103 0.16 1 127 O 1 129
600 0 191 0 0 207 0.16 0 255 O 1 64
1200 0 95 0 0 103 0.16 0 127 O 0 129
2400 0 47 0 0 51 0.16 0 63 0 0 64
4800 0 23 0 0 25 0.16 0 31 0 0 32
9600 0 11 0 0 12 0.16 0 15 0 0 15
19200 0 5 0 0 -6.99 0 0 0
31250 — — — 0 3 0 0 -1.70 O
38400 0 2 0 0 8.51 0o 3 0 0
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OUVU 4 1 U.1l0 Y R v 1 U 4
1200 0 155 0.16 0 159 0 0 191 O 0 20
2400 o 77 0.16 0 79 0 0 95 0 0 10
4800 0 38 0.16 0 39 0 0 47 0 0 51
9600 0 19 -2.34 0 19 0 0 23 0 0 25
19200 0 -2.34 0 0 0o 11 0 0 12
31250 0 0 0 2.40 0 533 0 7
38400 0 -2.34 0 0 0 0 0
@ (MHz)

9.8304 10 12
Bit Rate Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N
110 2 174 -0.26 2 177 -0.25 2 212 003 2 21
150 2 127 O 2 129 0.16 2 155 016 2 15
300 1 255 O 2 64 0.16 2 77 016 2 79
600 1 127 O 1 129 0.16 1 155 016 1 15
1200 0 255 O 1 64 0.16 1 77 016 1 79
2400 0 127 O 0 129 0.16 0 155 016 0 15
4800 0 63 0 0 64 0.16 o 77 016 0 79
9600 0 31 0 0 32 -1.36 0 38 016 0 39
19200 0 15 0 0 15 1.73 0 19 -234 0 19
31250 0 -1.70 O 0 0 11 0 0 11
38400 0 0 0 1.73 0 9 -234 0 9
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OUVU 14 1ol U.1D 4 191 v L Zurf U.10 1L £595
1200 1 90 0.16 1 95 0 1 103 0.16 1 116
2400 0 181 0.16 0 191 0 0 207 016 O 233
4800 0 90 0.16 0 95 0 0 103 016 0 116
9600 0 45 -0.93 0 47 0 0 51 016 0 58
19200 0 22 -0.93 0 23 0 0 25 016 0 28
31250 0 11 0 0 14 -1.70 0 15 0 0 17
38400 0 10 3.57 0 11 0 0 12 016 0 14
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1k 1 124 1 249 2 124 — — 2 249
25k 0 199 1 99 1 199 1 249 2 99
5k 0 99 0 199 1 99 1 124 1 199
10 k 0 49 0 99 0 199 O 249 1 99
25k 0 19 0 39 0 79 0 99 0 159
50 k 0 0 19 0 39 0 49 0 79
100 k 0 0 0 19 0 24 0 39
250 k 0 0 0 0 0 15
500 k 0 0* 0 0 0 0

1M 0 0* 0 — — 0

2M 0 o* — — 0

25M — — 0 0* — —
4aM 0 0~
Legend:

Blank: No setting available

— Setting possible, but error occurs

*: Continuous transmission/reception not possible

Note: Settings with an error of 1% or less are recommended.

RENESAS
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N=_—_ ¥  x10°-1
8x22n—1xB

Bit rate (bits/s)

BRR setting for baud rate generator (0 < N < 255)
System clock frequency (MHz)

Baud rate generator clock source (n =0, 1, 2, 3)

= e zZ2W

(For the clock sources and values of n, see the following table.)

SMR Settings

n Clock Source CKs1 CKSO0
0 0] 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is calculated as follows.

@ x10°

Error (%) = {
(N+1) x B x 64 x 2"

— 1} x 100

Rev.3.00 Mar. 26, 2007 Page 354 of 682
REJ09B0353-0300
RENESAS



L. VI NALoC

Y v
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
12 375000 0 0
12.288 384000 0 0
14 437500 0 0
14.7456 460800 0 0
16 500000 0 0
17.2032 537600 0 0
18 562500 0 0

RENESAS
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4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
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12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0

RENESAS
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selected by the C/A bit in SMR and the CKE1 and CKEO bitsin SCR, as snown in tabl

Asynchronous Mode:

Datalength is selectable: 7 or 8 bits.

Parity and multiprocessor bits are selectable, and so is the stop bit length (1 or 2 bit
sel ections determine the communication format and character length.

In receiving, it is possible to detect framing errors, parity errors, overrun errors, anc
State.

Aninternal or external clock can be selected as the SCI clock source.

0 When aninternal clock is selected, the SCI operates using the on-chip baud rate
and can output a serial clock signal with a frequency matching the bit rate.

0 When an externa clock is selected, the external clock input must have a frequer
16 times the bit rate. (The on-chip baud rate generator is not used.)

Synchronous Mode:

The communication format has a fixed 8-bit data length.
In receiving, it is possible to detect overrun errors.
Aninternal or external clock can be selected as the SCI clock source.

O When aninternal clock is selected, the SCI operates using the on-chip baud rate
and outputs a serial clock signal to external devices.

0 When an externa clock is selected, the SCI operates on the input serial clock. T
baud rate generator is not used.
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Rlr|o|lo| k| K

7-bit data

Abse

Pres

Rlr|lo|lo|lkr|kr|k|r|lo]|c

P RP|IPIPIOO|O|O|O|C

POl | O|FRP|O|RFR|O]|PFL]|C

Asynchronous 8-bit data
mode (multi-
processor

Present Abse

format) 7-bit data

P OlO|O|O0O|O|O|OC|O|O|C

Synchronous 8-bit data
mode

Absent

Table11.9 SMR and SCR Settingsand SCI Clock Sour ce Selection

SMR SCR Settings
Bit7 Bit1 Bit 0 SCI Communication Form
C/IA CKE1 CKEO Mode Clock Source SCK Pin Function
0 0 0 Asynchronous Internal SCI does not use tl
0 0 1 mode Outputs a clock wit
matching the bit ra
0 1 0 External Inputs a clock with
0 1 1 16 times the bit rat
1 0 0 Synchronous Internal Outputs the serial ¢
1 0 1 mode
1 1 0 External Inputs the serial clc
1 1 1
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Figure 11.2 shows the general format of asynchronous serial communication. In asynct
serial communication the communication lineis normally held in the mark (high) state
monitors the line and starts serial communication when the line goes to the space (low)
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), |
(high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the
The SCI samples each data bit on the eighth pulse of a clock with afrequency 16 times
Receive dataislatched at the center of each hit.

Idle (m
1 (LSB) (MSB)

Serialdata| 0 |D0|D1|D2|D3|D4|D5|D6|D7|0/1|1 1

Start Parity| Stop
bit Transmit or receive data bit bit
-t ot -
1 bit 7 bits or 8 hits 1bitor 1 bitor
no bit 2 bits

One unit of data (character or frame)

- -

Figure11.2 DataFormat in Asynchronous Communication (Example: 8-Bit D
Parity and 2 Stop Bits)
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0 0 0 0 | S | 8-bit data |STOP

0 0 0 1 | S | 8-bit data |STOP|ST
0 1 0 0 | S | 8-bit data | P |ST
0 1 0 1 | S | 8-bit data | P |ST
1 0 0 0 | S | 7-bit data |STOP

1 0 0 1 | S | 7-bit data |STOP|STOP

1 1 0 0 | S | 7-bit data | P |STOP

1 1 0 1 | S | 7-bit data | P |STOP|ST
0 — 1 0 | S | 8 bit data | MPB |ST
0 — 1 1 | s | 8 bit data | wpa Js7
1 — 1 0 | S | 7-bit data | MPB |STOP

1 — 1 1 | S | 7-bit data | MPB |STOP|ST
Legend:

S: Start bit

STOP: Stop bit

P: Parity bit

MPB: Multiprocessor bit
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When the SCI operates on an internal clock, it can output a clock signal at the SCK pin
frequency of this output clock is equal to the bit rate. The phaseisaligned asin figure
therising edge of the clock occurs at the center of each transmit data bit.

Uy

| o |po|p1|p2|D3|[p4|D5|[D6|D7[00n| 1 1

1 frame

\

Figure11.3 Phase Relationship between Output Clock and Serial Date
(Asynchronous Mode)

Transmitting and Receiving Data

SCI Initialization (Asynchronous M ode): Before transmitting or receiving, clear the
bitsto 0 in SCR, then initialize the SCI as follows.

When changing the communication mode or format, always clear the TE and RE bits t
following the procedure given below. Clearing TE to 0 sets the TDRE flag to 1 and inif
TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and ORER
RDR, which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 11.4 shows a sample flowchart for initializing the SCI.
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[ RE DIS cleared 1o V) | TIE, TEIE, and MPIE bits as necessary. Setting
‘ or RE bit enables the SCI to use the TxD or Rx

Select communication 2
format in SMR

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TE or RE bhitto 1 in SCR
Set RIE, TIE, TEIE, and 4
MPIE bits as necessary

'

Transmitting or receiving

Figure11.4 Sample Flowchart for SCI Initialization
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Read IbRETIag In SoR

Yes

No

Write transmit data
in TDR and clear TDRE
flag to 0 in SSR

All data
transmitted?

No

Read TEND flag in SSR

Output break
signal?

Yes

Clear DR bit to 0O,
set DDR bitto 1

Clear TE bitto 0 in SCR

-

\j
End

P ERAL AT N At~ y TR TATRRARIT IS M TRAR MRALA Al

written, write data in TDR, then clear the TDRE
flag to O.

. To output a break signal at the end of serial trans

set the DDR bit to 1 and clear the DR bit to 0
(DDR and DR are I/O port registers), then clear t
TE bitto 0 in SCR.

Figure11.5 Sample Flowchart for Transmitting Serial Data
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L Start oit: One 0 DIt Is output.
Transmit data: 7 or 8 bits are output, LSB first.

0 Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one mu
bit is output. Formats in which neither a parit
amultiprocessor bit is output can also be sele

O

O Stop bit: One or two 1 bits (stop bits) are output.
0 Mark state: Output of 1 continues until the start bit of the
transmit data.

» The SCI checksthe TDRE flag when it outputs the stop bit. If the TDRE flag is O,
loads new data from TDR into TSR, outputs the stop bit, then begins serial transm
next frame. If the TDRE flag is 1, the SCI setsthe TEND flag to 1 in SSR, outpult:
then continues output of 1 in the mark state. If the TEIE bitisset to 1 in SCR, atr:
interrupt (TEI) isrequested at thistime.

Figure 11.6 shows an example of SCI transmit operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Dgta bit bit  bit D%ta bit bit

0|DO|D1|“|D7|O/1|1 O|D0|D1|“|D7|O/1|1

(

TDRE |
5

TEND ? T ?
‘ t ‘ %

TXI TXI interrupt handler TXI
interrupt  writes data in TDR and interrupt TEl interrupt reg
request clears TDRE flag to O request

< -

‘ 1 frame

Figure11.6 Example of SCI Transmit Operation in AsynchronousMc
(8-Bit Data with Parity and 1 Stop Bit)
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Read ORER, PER,
and FER flags in SSR

(continued on next page)

Read RDRF flag in SSR | 4

No

Yes

Read receive data
from RDR, and clear
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

1

End

handling, clear the ORER, PER, anc
flags all to 0. Receiving cannot resul
of the ORER, PER, and FER flags r
set to 1. When a framing error occur
RxD pin can be read to detect the br

. SCI status check and receive data r

SSR, check that RDRF is set to 1, t
receive data from RDR and clear the
flag to 0. Notification that the RDRF
changed from 0 to 1 can also be giv
RXI interrupt.

. To continue receiving serial data: ch

RDRF flag, read RDR, and clear the
flag to O before the stop bit of the cu
frame is received.

Figure11.7 Sample Flowchart for Receiving Serial Data (1)
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I
Overrun error handling

[
|

Yes

Framing error handling

Clear RE bitto 0 in SCF

o
-

No
PER =17?

Yes

Parity error handling

o —
-l

Clear ORER, PER, and
FER flags to 0 in SSR

End

Figure11.7 Sample Flowchart for Receiving Serial Data (2)
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setting of the O/E bitin SMR.

O Stop hit check: The stop bit value must be 1. If there are two stop bits, only the
bit is checked.

0 Statuscheck: The RDRF flag must be 0 so that receive data can be transferre
RSR into RDR.

If these checks all pass, the RDRF flag is set to 1 and the received datais stored in |
of the checks fails (receive error)*, the SCI operates asindicated in table 11.11.

Note: * When areceive error occurs, further receiving is disabled. In receiving, the
isnot set to 1. Be sure to clear the error flags.

* Whenthe RDRFflagisset to 1, if the RIE bitis set to 1 in SCR, areceive-data-full
(RXI) isrequested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in SC
set to 1, areceive-error interrupt (ERI) is requested.

Table 11.11 Receive Error Conditions

Receive Error Abbreviation Condition Data Transfer

Overrun error ORER Receiving of next data ends Receive data not
while RDRF flag is still setto 1 from RSR to RDR
in SSR

Framing error FER Stop bit is 0 Receive data tran

from RSR to RDR

Parity error PER Parity of receive data differs Receive data tran
from even/odd parity setting in  from RSR to RDR
SMR
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=R b)Y ‘ ‘ b)Y
s ‘ 1€

RXI RXI interrupt handler T
request reads data in RDR and
- »| Clears RDRF flag to O
1 frame

Framing er
ERI reques

Figure11.8 Example of SCI Receive Operation (8-Bit Data with Parity and Or

11.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share a sin
communication line. The processors communicate in asynchronous mode using aforn
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID. A
communication cycle consists of an ID-sending cycle that identifies the receiving pro
data-sending cycle. The multiprocessor bit distinguishes I D-sending cycles from data:
cycles.

The transmitting processor starts by sending the ID of the receiving processor with wi
to communicate as data with the multiprocessor bit set to 1. Next the transmitting prox
transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocess
1. When they receive data with the multiprocessor bit set to 1, receiving processors cc
datawith their IDs. The receiving processor with a matching ID continues to receive f
incoming data. Processors with IDs not matching the received data skip further incom
until they again receive data with the multiprocessor bit set to 1. Multiple processors «
receive datain this way.

Figure 11.9 shows an example of communication among different processors using a
multiprocessor format.
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Transmitting

processor
! Serial communication line
\ ' ' '
Receiving Receiving Receiving Receiving
processor A processor B processor C processor D
(ID=01) (ID =02) (ID =03) (ID = 04)
Serial data H'01 H'AA
(MPB =1) (MPB = 0)
ID-sending cycle: receiving Data-sending cycle:
processor address data sent to receiving

processor specified by ID
Legend:
MPB: Multiprocessor bit

Figure11.9 Example of Communication among Processor s using M ultiprocesx
(Sending Data H'AA to Receiving Processor A)
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’4—

|  Read TDREflagin SSR |

— e

Yes

Write transmit data in
TDR and set MPBT bit in SSR

\
Clear TDRE flag to O

No

All data transmitted?

Yes

—
e

|  Read TENDflagin SSR |

Yes
) No
Output break signal?
Yes

| Clear DR hitto 0, set DDR hitto 1 |

| Clear TEbitto0OinSCR |

Y
End

 write: read SSR, check that tf

flag is 1, then write transmit
data in TDR. Also set the MP|
0 or 1in SSR. Finally, clear tt
flag to O.

. To continue transmitting seria

after checking that the TDRE
indicating that data can be wr
write data in TDR, then clear
flag to O.

. To output a break signal at th

serial transmission: set the DI
1 and clear the DR bitto 0 (D
DR are /O port registers), the
the TE bit to 0 in SCR.

Figure11.10 Sample Flowchart for Transmitting M ultiprocessor Serial
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U Start bit: One 0 DIt 1s output.

0 Transmit data: 7 or 8 bits are output, L SB first.

O Multiprocessor bit:  One multiprocessor bit (MPBT value) is output.

0 Stop bit: One or two 1 bits (stop bits) are output.

O Mark state: Output of 1 bits continues until the start bit of the next trar

» The SCI checksthe TDRE flag when it outputs the stop bit. If the TDRE flag is O, t
loads datafrom TDR into TSR, outputs the stop bit, then begins serial transmission
frame. If the TDRE flag is 1, the SCI setsthe TEND flag in SSR to 1, outputs the s
continues output of 1 bitsin the mark state. If the TEIE bitisset to 1 in SCR, atran
interrupt (TEI) isrequested at thistime.

Figure 11.11 shows an example of SCI transmit operation using a multiprocessor form:

Multi- Multi-
processor processor
bit bit
Start Stop Start Stop
1 bit Data bit  bit Data bit
Serial o [po|ot | [o7]on|1 | ofpofot| [o7]on]1
data 4 ) S|
45
TDRE |
4
TEND ? ? ?
‘ ‘ b ‘ b
TXI TXI interrupt handler TXI
request  writes data in TDR and request TEI request

clears TDRE flag to O

1 frame

Figure11.11 Exampleof SCI Transmit Operation (8-Bit Data with M ultiproces
One Stop Bit)
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Read ORER and FER flags in SSR

FEROORER=1"7?

No

| Read RDRF flag in SSR

| 3

e

Yes

| Read receive data from RDR

No
Own ID?

Yes

~ e h
set the MPIE bit to 1 again and clear th
RDRF flag to 0. If the ID matches, clear
RDRF flag to 0.

4. SCI status check and data receiving: re
SSR, check that the RDRF flag is set tc
then read data from RDR.

5. Receive error handling and break detec
if a receive error occurs, read the
ORER and FER flags in SSR to identify
After executing the necessary error har
clear the ORER and FER flags both to
Receiving cannot resume while either tl
or FER flag remains set to 1. When a fr
error occurs, the RxD pin can be read t
the break state.

Read ORER and FER flags in SSR

FEROORER=17?
No

0
Finished receiving?
Yes

| Clear RE bitto 0in SCR

End

=

5

(__Error handling )

(continued on next page)

Figure11.12 Sample Flowchart for Receiving Multiprocessor Serial Dat
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Overrun error handling

Yes

Break?

Y

Framing error handling

Clear RE bit to 0 in SCF

-

Clear ORER and FER
flags to 0 in SSR

A\
End

Figure11.12 Sample Flowchart for Receiving Multiprocessor Serial Date
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RDRF | |

I (

y — P g

RDR value X ID1
RXI request RXI handler reads Not own ID, so No R
(multiprocessor RDR data and clears  MPIE bit is set RDR
interrupt), MPIE =0 RDRF flag to 0 to 1 again

a. Own ID does not match data

Start Stop Start Stop
1 bit Data (ID2) . MPB  bit  bit DatanataZ) MPB  bit
|O|DO|D1|"|D7|1|1|O|DO|D1|:|D7|O|1

I
T

MPIE |

I
T

RDRF . . I—
T T
S S

RDR value ID1 X ID2 ><

RXI request RXI interrupt handler Own ID, so receiving M

(multiprocessor reads RDR data and continues, with data  to

interrupt), MPIE =0 clears RDRF flag to 0 received by RXI
interrupt handler

b. Own ID matches data

Figure11.13 Example of SCI Receive Operation (8-Bit Data with Multiproces
One Stop Bit)
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Figure 11.14 shows the general format in synchronous serial communication.

-<«—— Transfer direction
One unit (character or frame) of serial data

*
Serial clock E

LSB SB

M
serialdata_, X Bito X Bit1 X Bit2 X Bit3 X Bit4 X 8it5 X Bit6 X Bit7 X
|

Don't care Dol

Note: * High except in continuous transmitting or receiving

Figure 11.14 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is placed on the communication lir
falling edge of the serial clock to the next. Datais guaranteed valid at the rise of the set
In each character, the serial data bits are transmitted in order from LSB (first) to MSB |
output of the MSB, the communication line remains in the state of the MSB. In synchr
the SCI receives data by synchronizing with the rise of the serial clock.

Communication For mat

The datalength is fixed at 8 bits. No parity bit or multiprocessor bit can be added.

Clock

Aninternal clock generated by the on-chip baud rate generator or an external clock inp
SCK pin can be selected by clearing or setting the CKE1 and CKEO bitsin SCR and th
SMR. Seetable 11.9. When the SCI operates on an internal clock, it outputs the clock s
SCK pin. Eight clock pulses are output per transmitted or received character. When the
transmitting or receiving, the clock signal remainsin the high state.
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Figure 11.15 shows a sample flowchart for initiaizing the SCI.

Start of initialization

[

. Select the clock source in SCR. Clear the RIE,
MPIE, TE, and RE bits to 0.
2. Select the communication format in SMR.
Clear TE and RE 3. Write the value corresponding to the bit rate in |
bits to 0in SCR This step is not necessary when an external clo
4. Wait for at least the interval required to transmit
one bit, then set the TE or RE bitto 1 in SCR. A
the RIE, TIE, and TEIE bits as necessary.

Set CKE1 and CKEQO bits in 1

SCR (leaving TE and RE Setting the TE or RE bit enables the SCI to use
bits cleared to 0) TxD or RxD pin.

Note: In simultaneous transmitting and receiving, the

‘ 2 bits should be cleared to 0 or set to 1 simultane

Select communication
format in SMR

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TEor REto 1in SCR
Set RIE, TIE, and TEIE 4
bits as necessary

i

Start transmitting or receiving

Figure11.15 Sample Flowchart for SCI Initialization
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tat tne 1URE ag 1S 4, Indicating that data
Read TDRE flag in SSR 2 written, write data in TDR, then clear the TI
to 0.

Yes

Write transmit data in
TDR and clear TDRE flag
to 0in SSR

All data
transmitted?

Yes

Read TEND flag in SSR

Clear TE bitto 0 in SCR

'

End

Figure11.16 Sample Flowchart for Serial Transmitting
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15 3CIELLCU, UI1E oLl ODutpuls Udla Tl SyTILhirori Zati O witn trie irput CIUCK. Dadla 1S Ol
the TxD pinin order from LSB (bit 0) to MSB (bit 7).

» The SCI checksthe TDRE flag when it outputs the MSB (bit 7). If the TDRE flag
loads datafrom TDR into TSR and begins serial transmission of the next frame. If
flag is 1, the SCI setsthe TEND flag to 1 in SSR, and after transmitting the MSB,
TxD pininthe MSB state. If the TEIE bit in SCRis set to 1, atransmit-end interrt
requested at thistime.

» After the end of serial transmission, the SCK pin isheld in aconstant state.

Figure 11.17 shows an example of SCI transmit operation.

Transmit
direction

Serial clock
Serial data Bito X Bit1 ><:: X Bit7 XBito X Bit1 X

TDRE ¥
TEND N N
TXI TXI interrupt handler  TXI TEI
request writes data in TDR request requi
and clears TDRE
flag to O
1 frame

Figure11.17 Example of SCI Transmit Operation
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:: 2., 3. Receive error handling: if a receiv

Start receiving occurs, read the ORER flag in SSR,

executing the necessary error handl

i the ORER flag to 0. Neither transmif

| Read ORER flag in SSR | 2 receiving can resume while the OR
remains set to 1.

4. SCI status check and receive data r

SSR, check that the RDRF flag is se

3 then read receive data from RDR ar

the RDRF flag to 0. Notification that
flag has changed from 0 to 1 can als
(continued on next page) ~ diven by the RXI interrupt.
. To continue receiving serial data: ch
Read RDRF flag in SSR | 4 RDRF flag, read RDR, and clear the

flag to O before the MSB (bit 7) of th
frame is received.

No

Yes

Read receive data
from RDR, and clear
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

i

End

Figure11.18 Sample Flowchart for Serial Receiving (1)
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Clear ORER flag to 0 in SSR

End

Figure11.18 Sample Flowchart for Serial Receiving (2)

In receiving, the SCI operates as follows.

The SCI synchronizes with serial clock input or output and initializesinternally.
Receive datais stored in RSR in order from LSB to MSB.

After receiving the data, the SCI checks that the RDRF flag is 0 so that receive da
transferred from RSR to RDR. If this check passes, the RDRF flagisset to 1 and t
datais stored in RDR. If the check does not pass (receive error), the SCI operates
intable 11.11. If any receive error is detected, the subsequent data transmission/re
disabled.

After setting the RDRF flag to 1, if the RIE bit isset to 1 in SCR, the SCI requests
data-full interrupt (RXI). If the ORER flag is set to 1 and the RIE bit in SCR is als
the SCI requests areceive-error interrupt (ERI).
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RDRF |

I(d

ORER /

I
T \

(
o7

)

RXI
request

RXI interrupt handler RXI
reads data in RDR and | request
clears RDRF flag to 0

1 frame

Ovel
ERI

Figure11.19 Example of SCI Receive Operation

Transmitting and Receiving Serial Data Simultaneoudly (Synchronous Mode): Fig
shows a sample flowchart for transmitting and receiving serial data simultaneously anc

the procedure to follow.
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Yes

Write transmit data in TDR and
clear TDRE flag to 0 in SSR

Read ORER flag in SSR |

Read RDRF flag in SSR | 4

No

Yes

Read receive data from RDR
and clear RDRF flag to 0 in SSR

End of transmitting and
receiving?

Yes

Clear TE and RE bits to 0 in SCR

1

End

Note: When switching from transmitting or receiving to simultaneous
transmitting and receiving, clear the TE and RE bits both to O,
then set the TE and RE bits both to 1.

changed from 0 to 1 can a
given by the TXI interrupt.

. Receive error handling: if :

error occurs, read the ORI
SSR, then after executing
sary error handling, clear t
flag to 0.

Neither transmitting nor re
can resume while the ORE
remains set to 1.

. SCI status check and rece

data read: read SSR, chec
the RDREF flag is 1, then re
receive data from RDR an
the RDRF flag to 0. Notific
that the RDRF flag has ch
from 0 to 1 can also be gi\
by the RXI interrupt.

. To continue transmitting a

receiving serial data: chec
RDRF flag, read RDR, anc
the RDREF flag to O before
MSB (bit 7) of the current 1
is received. Also check the
the TDRE flag is setto 1, |
ing that data can be writtel
data in TDR, then clear the
flag to O before the MSB (|
the current frame is transn

Figure11.20 Sample Flowchart for Serial Transmitting
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requested when the TEND flag isset to 1 in SSR.

The RXI interrupt is requested when the RDRF flag isset to 1 in SSR. The ERI interru
requested when the ORER, PER, or FER flag issetto 1 in SSR.

Table11.12 SCI Interrupt Sources

Interrupt Description Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)

TXI Transmit data register empty (TDRE) T

TEI Transmit end (TEND) Low
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Data can be written into TDR regardless of the state of the TDRE flag. If new datais!
TDR when the TDRE flag is O, the old data stored in TDR will be lost because this de
yet been transferred to TSR. Before writing transmit datain TDR, be sure to check th:
flagissetto 1.

Simultaneous Multiple Receive Errors

Table 11.13 indicates the state of SSR status flags when multiple receive errors occur
simultaneously. When an overrun error occurs the RSR contents are not transferred to
receive datais lost.

Table11.13 SSR Status Flagsand Transfer of Receive Data

Receive Data
SSR Status Flags Transfer

RDRF ORER FER PER RSR - RDR Receive Errors

1 1 0 0 X Overrun error

0 0 1 0 @) Framing error

0 0 0 1 @) Parity error

1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error

0 0 1 1 @) Framing error + parity error

1 1 1 1 X Overrun error + framing error +

Notes: O: Receive data is transferred from RSR to RDR.
x: Receive data is not transferred from RSR to RDR.
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When the TE bit is cleared to 0 the TxD pin becomes an /O port, the level and directic
output) of which are determined by DR and DDR bits. This feature can be used to send
signal.

After the serial transmitter isinitialized, the DR value substitutes for the mark state unt
bit isset to 1 (the TxD pin function is not selected until the TE bit is set to 1). The DDI
bits should therefore both be set to 1 beforehand.

To send abreak signal during serial transmission, clear the DR bit to 0, then clear the T
When the TE hit is cleared to O the transmitter isinitialized, regardless of its current ste
TxD pin becomes an input/output port outputting the value 0.

Receive Error Flagsand Transmitter Operation (Synchronous Mode Only)

When areceive error flag (ORER, PER, or FER) is set to 1 the SCI will not start transr
even if the TDRE flag is cleared to 0. Be sure to clear the receive error flags to 0 when
transmit. Note that clearing the RE bit to 0 does not clear the receive error flagsto 0.

Receive Data Sampling Timing in Asynchronous M ode and Receive Margin

In asynchronous mode the SCI operates on a base clock with 16 times the bit rate frequ
receiving, the SCI synchronizes internally with the fall of the start bit, which it sampl e
base clock. Receive datais latched at the rising edge of the eighth base clock pulse. Sex
11.21.
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Synchronization I
sampling timing ‘ l

Data sampling I_l I_l

timing

Figure11.21 Receive Data Sampling Timing in Asynchronous M ode

The receive margin in asynchronous mode can therefore be expressed as shown in eq

M:|(O.S—%)—(L—O.5)Fw(l+ﬂ|><100% .......... 1

. Receive margin (%)
Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D =0t01.0)
Frame length (L = 9to 12)
Absolute deviation of clock frequency

mMrozz

From equation (1), if F =0 and D = 0.5 the receive margin is 46.875%, as given by ec
WhenD =0.5,F=0:

M =[0.5—1/(2 x 16)] x 100%
2 AB.875%% o vvveeeeeeeeeeeeeeee e ee e es e ss e eeeeen )

Thisis atheoretical value. A reasonable margin to allow in system design is 20% to 3
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S E -

TDRE |_| |_|
TXD ><XO><Xl><X2><X3><X4><X5><X6><X7><YO><Yl><:

%» Continuous tran:

Note: * Make sure that t is at least 5 states.

Figure11.22 Transmission in Synchronous Mode (Example)
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(1) End of seria datatransmission
(2 TEbit=0
(3) C/A bit = 0... switchover to port output

(4) Occurrence of low-level output (see figure 11.23)

SCK/port

Data

TE

C/A

CKE1

CKEO

/Half—cycle low-level output oc

End of transmission&!jl)m) Low-level output

@
Bit 6>< Bit

7

' (3)C/A=0

Figure 11.23 Operation when Switching from SCK Pin Function to Port Pin

RENESAS
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(2 TEbit=0

(3) CKELlhit=1

(4) C/A bit =0 ... switchover to port output
(5) CKE1 hit=0

High-level outp
A

SCK/port |
(1) End of transmission

Data Bit 6>< Bit 7

(@TE=0
TE
_ (4 C/A=0

C/A

(3) CKE1=1 !
CKE1 ; (5) CKE1 =

1

CKEO

Figure11.24 Operation when Switching from SCK Pin Function to Port Pin F
(Preventing L ow-L evel Output)
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carried out by means of aregister setting.

1211 Features
Features of the Smart Card interface supported by the H8/3039 Group are as follows.

» Asynchronous mode

Data length: 8 bits

Parity bit generation and checking

Transmission of error signal (parity error) in receive mode

Error signal detection and automatic data retransmission in transmit mode
Direct convention and inverse convention both supported

*  On-chip baud rate generator allows any hit rate to be selected

» Threeinterrupt sources

0 Threeinterrupt sources (transmit data empty, receive data full, and transmit/rex
that can issue reguests independently

O0Ooood
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>
@
ROR | | TOR | SCMR | BRR
il UK SSR o
RXDO*H RSR | || TSR SCR Baud rate |=— @4
SMR generator |, 16
Transmission/
TXD.. ¢ reception control -— @64
0 Parity generation | 4 { Clock
Parity check
SCK,~=
= TXI
= RXI
Legend: = ERI

SCMR: Smart Card mode register
RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
BRR: Bit rate register

Figure12.1 Block Diagram of Smart Card Interface
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. Output SClI, transmit data outpt

Transmit data pin 0 TxD

12.1.4 Register Configuration

Table 12.2 shows the registers used by the Smart Card interface. Details of SMR, BRI
TDR, and RDR are the same as for the normal SCI function: see the register descripti
section 11, Serial Communication Interface.

Table12.2 Smart Card Interface Registers

Address** Name Abbreviation R/W Initial
H'FFBO Serial mode register SMR R/W H'00
H'FFB1 Bit rate register BRR R/W H'FF
H'FFB2 Serial control register SCR R/W H'00
H'FFB3 Transmit data register TDR R/W H'FF
H'FFB4 Serial status register SSR R/(W)*? H'84
H'FFB5 Receive data register RDR R H'00
H'FFB6 Smart card mode SCMR R/W H'F2
register

Notes: 1. Lower 16 bits of the address.
2. Can only be written with O for flag clearing.
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‘—‘—‘—‘—‘SDIR‘SINV‘—‘

Initial value 1 1 1 1
Read/Write — — — —

0
R/W

0 1

R/W —
|

Reserved bits

—

Smart card
mode selec
Enables or ¢
the smart ce
interface fun

Smart card data inve
Inverts data logic level

Smart card data transfer directi
Selects the serial/parallel convers

SCMR is an 8-hit readabl e/writable register that selects the Smart Card interface functi

SCMRisinitialized to H'F2 by areset, and in standby mode.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/parallel conv

format.

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (I
Receive data is stored in RDR LSB-first

1 TDR contents are transmitted MSB-first

Receive data is stored in RDR MSB-first
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1 TDR contents are inverted before being transmitted
Receive data is stored in inverted form in RDR

Bit 1—Reserved: Thisbit cannot be modified and is always read as 1.

Bit 0—Smart Card Interface Mode Select (SMIF): This bit enables or disables the
interface function.

Bit 0

SMIF Description

0 Smart Card interface function is disabled (
1 Smart Card interface function is enabled

Rev.3.00 Mar. 26, 2007 Pac
REJO!
RENESAS



Status flag indicating
end of transmission

Error signal status
Status flag indicating that an
error signal has been received

Note: * Only 0 can be written to bits 7 to 3, to clear these flags.

Bit 4 of SSR has a different function in Smart Card interface mode. Coupled with this,
conditions for bit 2, TEND, are also different.

Bits 7 to 5—Operate in the same way as for the normal SCI. For details, see section 11
Status Register (SSR).

Bit 4—Error Signal Status (ERS): In Smart Card interface mode, bit 4 indicates the
error signal sent back from the receiving end in transmission. Framing errors are not de
Smart Card interface mode.

Bit 4

ERS Description

0 Indicates normal data transmission, with no error signal returned
[Clearing conditions] (Ir
« Upon reset, in standby mode, or in module stop mode
¢ When 0 is written to ERS after reading ERS = 1

1 Indicates that the receiving device sent an error signal reporting a parity er
[Setting condition]
When the low level of the error signal is sampled

Note: Clearing the TE bit in SCR to 0 does not affect the ERS flag, which retains its pr:

state.
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When 0 is written to TDRE after reading TDRE = 1
1 End of transmission

[Setting conditions]
¢ Upon reset and in standby mode
e When the TE bitin SCR is 0 and the ERS bit is also 0

« When TDRE = 1 and ERS = 0 (normal transmission) 2.5 etu after tran:
1-byte serial character
Note: etu: Elementary Time Unit (time for transfer of 1 bit)

123  Operation

12.3.1 Overview
The main functions of the Smart Card interface are as follows.

* Oneframe consists of 8-bit and plus a parity bit.

* Intransmission, aguard time of at least 2 etu (Elementary Time Unit: the time for
one bit) isleft between the end of the parity bit and the start of the next frame.

» If aparity error is detected during reception, alow error signal level is output for ¢
period, 10.5 etu after the start bit.

» If theerror signal is sampled during transmission, the same data is transmitted aut
after the elapse of 2 etu or longer.

»  Only asynchronous communication is supported; there is no clocked synchronous
communication function.
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isinput to the CLK pin of the IC card. No connection is needed if the IC card uses an il
clock.

LSl port output is used as the reset signal.

Other pins must normally be connected to the power supply or ground.

Vee
TXDO . 1o
RxDg Data line
SCKg CLK
Clock line
Px (port)
H8/3039 Group Reset line RST
Chip IC
Connected equipment

Figure12.2 Schematic Diagram of Smart Card Interface Pin Connectio

Note: If anIC card is not connected, and the TE and RE bits are both set to 1, closed
transmission/reception is possible, enabling self-diagnosis to be carried out.
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Ds DO | D1 D2 | D3 | b4 | D5 | D6 | D7 Dp
Transmitting station output
When a parity error occurs
Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE
Transmitting station output
- - -—
Receivi
Legend: output
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure12.3 Smart Card Interface Data Format
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lineis pulled high with a pull-up resistor.

[4] The receiving station carries out a parity check.
If there is no parity error and the data is received normally, the receiving station wa
reception of the next data.
If aparity error occurs, however, the receiving station outputs an error signal (DE, |
to request retransmission of the data. After outputting the error signal for the prescr
of time, the receiving station places the signal line in the high-impedance state agai
signal lineis pulled high again by apull-up resistor.

[5] If the transmitting station does not receive an error signal, it proceeds to transmit th
frame.
If it does receive an error signal, however, it returns to step [2] and retransmits the ¢
data
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DIt

Register Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
SMR 0 0 1 O/E 1 0 CKS1
BRR BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1
SCR TIE RIE TE RE 0 0 0
TDR TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1
SSR TDRE RDRF ORER ERS PER TEND 0
RDR RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1
SCMR — — — — SDIR SINV —
Note: —: Unused bit.

SMR Setting: The O/E bit is cleared to 0 if the IC card is of the direct convention typ
1if of the inverse convention type.

Bits CKS1 and CK S0 select the clock source of the on-chip baud rate generator. See <
12.3.5, Clock.

BRR Setting: BRR is used to set the bit rate. See section 12.3.5, Clock, for the methc
calculating the value to be set.

SCR Setting: The function of the TIE, RIE, TE, and RE bitsis the same as for the no
For details, see section 11, Serial Communication Interface.

Bit CKEOQ specifies the clock output. Set these bitsto 0 if aclock is not to be output, ¢

clock isto be output.
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types of 1C card (direct convention and inverse convention).

Direct convention (SDIR = SINV = O/E = 0)

@ A z zZ A zZ Z Z A A Z (2 St

Ds | DO D1 | D2 | D3 D4 D5 | b6 D7 | Dp

With the direct convention type, the logic 1 level corresponds to state Z and the log
state A, and transfer is performed in LSB-first order. The start character data above

The parity bit is 1 since even parity is stipulated for the Smart Card.

Inverse convention (SDIR = SINV = O/E = 1)

@ A zZ zZ A A A A A A Z (2 St

Ds | D7 D6 | D5 D4 D3 D2 D1 DO | Dp

With the inverse convention type, the logic 1 level corresponds to state A and the Ic
to state Z, and transfer is performed in MSB-first order. The start character data abc
The parity bit is 0, corresponding to state Z, since even parity is stipulated for the S
With the H8/3039 Group, inversion specified by the SINV bit applies only to the de
to DO. For parity bit inversion, the O/E bit in SMR is set to odd parity mode (the sa
to both transmission and reception).
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B= @ x10°
1488 x 2 x (N + 1)

Where: N =Vauesetin BRR (0< N < 255)
B = Bit rate (bit/s)
@ = Operating frequency* (MH2z)
n= Seetable 12.4

Table12.4 Correspondence between n and CKS1, CKS0

n CKS1 CKSO
0 0 0
1 1
2 1 0
3 1

Note: * If the gear function is used to divide the system clock frequency, use the d
frequency to calculate the bit rate. The equation above applies directly to 1
division.

Table12.5 Examplesof Bit Rate B (bit/s) for Various BRR Settings (When n =

9(MH2)
N 7.1424 10.00 10.7136 13.00 14.2848 16.00
0 9600.0 13440.9 14400.0 17473.1 19200.0 21505.4
1 4800.0 6720.4 7200.0 8736.6 9600.0 10752.7
2 3200.0 4480.3 4800.0 5824.4 6400.0 7168.5

Note: Bit rates are rounded off to one decimal place.
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7.1424 10.00 10.7136 13.00 14.2848 16.00
bit/s N Error N Error N Error N Error N Error N Error

9600 0 0.00 1 30 1 25 1 8.99 1 0.00 1 12.01

Table12.7 Maximum Bit Rate at Various Frequencies (Smart Card Interface M

@ (MHz) Maximum Bit Rate (bit/s) N n
7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0

The hit rate error is given by the following formula:

@
1488 x 22 x B x (N + 1)

Error (%) = ( x 10°— 1) x 100
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[2] Clear the error flags ERS, PER, and ORER in SSR to 0.

[3] Set the O/E bit and CKS1 and CK S0 bitsin SMR. Clear the C/A, CHR, and MP b
set the STOP and PE bitsto 1.

[4] Set the SMIF, SDIR, and SINV bitsin SCMR.

When the SMIF bit is set to 1, the TxD, and RxD, pins are both switched from por
pins, and are placed in the high-impedance state.

[5] Set the value corresponding to the bit rate in BRR.

[6] Set the CKEOQ bit in SCR. Clear the TIE, RIE, TE, RE, MPIE, TEIE and CKE1 bit
If the CKEO bit is set to 1, the clock is output from the SCK pin.

[7] Wait at least one hit interval, then set the TIE, RIE, TE, and RE bitsin SCR. Do n
bit and RE bit at the same time, except for self-diagnosis.
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[2] Check that the ERS error flag in SSR is cleared to 0.
[3] Repeat steps[2] and [3] until it can be confirmed that the TEND flag in SSR is set

[4] Write the transmit datato TDR, clear the TDRE flag to 0, and perform the transmit
The TEND flagis cleared to 0.

[5] When transmitting data continuously, go back to step [2].

[6] To end transmission, clear the TE hit to 0.

With the above processing, interrupt servicing is possible.

If transmission ends and the TEND flag is set to 1 while the TIE bit is set to 1 and intet
requests are enabled, atransmit data empty interrupt (TXI1) request will be generated. I
occursin transmission and the ERS flag is set to 1 while the RIE bit is set to 1 and inte
requests are enabled, atransfer error interrupt (ERI) request will be generated.

For details, see the following Interrupt Operations.
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Error processing

Write data to TDR,
and clear TDRE flag
in SSRto 0

Error processing

| Clear TE bitto 0 |

|
( End )

Figure12.4 Example of Transmission Processing Flow
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In case of normal transmission: TEND flag is set
In case of transmit error: ERS flag is set
Steps (2) and (3) above are repeated until the TEN

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in |
transmission, DO in MSB-first transmission) of the next transfer data has been cc

Figure12.5 Relation Between Transmit Operation and I nternal Registe

Serial Data Reception

Data reception in Smart Card mode uses the same processing procedure as for the norn
Figure 12.6 shows an example of the transmission processing flow.

[1] Perform Smart Card interface mode initialization as described above in Initiaizatio

[2] Check that the ORER flag and PER flag in SSR are cleared to O. If either flag is set
the appropriate receive error processing, then clear both the ORER and the PER fla

[3] Repeat steps[2] and [3] until it can be confirmed that the RDRF flag is set to 1.
[4] Read the receive data from RDR.
[5] When receiving data continuoudly, clear the RDRF flag to 0 and go back to step [2]

[6] To end reception, clear the RE hit to 0.
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ORER =0and No
PER=0

Yes -
<—< Error processing

No
RDRF:1>

Read RDR and clear
RDRF flag in SSR to 0

All data received?

| Clear RE bitto 0 |

Figure12.6 Example of Reception Processing Flow
With the above processing, interrupt servicing is possible.

If reception ends and the RDRF flag is set to 1 while the RIE bit is set to 1 and interru
are enabled, areceive data full interrupt (RXI) request will be generated. If an error o
reception and either the ORER flag or the PER flag is set to 1, atransfer error interrug
request will be generated.

For details, see Interrupt Operation below.

If aparity error occurs during reception and the PER is set to 1, the received datais st
transferred to RDR, and therefore this data can be read.
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TEND flag can be used to check that the transmit operation has been completed.

Interrupt Operation

There are three interrupt sources in smart card interface mode: transmit data empty inte
requests, transfer error interrupt (ERI) requests, and receive data full interrupt (RXI) re
transmit end interrupt (TEI) request is not used in this mode.

When the TEND flagin SSRisset to 1, a TXI interrupt request is generated.

When the RDRF flag in SSR is set to 1, an RXI interrupt request is generated.

When any of flags ORER, PER, and ERS in SSRisset to 1, an ERI interrupt request is
The relationship between the operating states and interrupt sourcesis shown in table 1Z

Table12.8 Smart Card Mode Operating States and Interrupt Sources

Operating State Flag Mask Bit Interrupt Sc
Transmit Mode Normal operation TEND TIE TXI

Error ERS RIE ERI
Receive Mode Normal operation RDRF RIE RXI

Error PER, ORER RIE ERI
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In reception, the SCI samples the falling edge of the start bit using the basic clock, an
internal synchronization. Receive dataislatched internally at the rising edge of the 1€
the basic clock. Thisisillustrated in figure 12.7.

372 clocks

186 clocks
|~

0 185 371/0 185 371 0
Internal
basic S S
clock P P P
, e | (( B
Receive 1! Start bit /) B
data(RxD) [ . (., ( Do (( ((
R AR 1) /) /)
Synchro- o
nization } b Lo
samplin 1 l (o (( ( (!
timinpg ’ Fo ) )] P
Data
sampling ( (( (( (
timing ) )] )] ]

Figure12.7 Receive Data Sampling Timing in Smart Card Mode
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N~

F: Absolute value of clock frequency deviation

Assuming values of F =0 and D = 0.5 in the above formula, the reception margin form
follows.

When D =0.5and F =0,

M =(0.5—1/2 x 372) x 100%
= 49.866%
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automatically set to 1. If the RIE bit in SCR is enabled at thistime, an ERI interruy,
generated. The PER hit in SSR should be kept cleared to O until the next parity bit
[2] The RDRF bit in SSR is not set for aframe in which an error has occurred.

[3] If no error is found when the received parity bit is checked, the PER bit in SSR is

[4] If no error is found when the received parity bit is checked, the receive operation i
have been completed normally, and the RDRF flag in SSR is automatically set to
bit in SCR is enabled at thistime, an RXI interrupt request is generated.

[5] When anormal frame is received, the pin retains the high-impedance state at the ti
error signal transmission.

‘47 nth transfer frame 4%47 Retransferred frame 4+7 :;:::?ﬁ:_:
1Ds,|Do|D1|Dz|D3|D4|D5|D6|D7|Dp|-|%—|Ds|D0|D1|D2|D3|D4|Ds|D6|D7|Dp[D—E)|Ds|D0|D1|Dz|De
RDRF

A by
PER
b b3
Figure12.8 Retransfer Operation in SCI Receive Mode
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1S ICLCIVEU.
[8] If an error signal is not sent back from the receiving end, the ERS bit in SSR is not
[9] If an error signal is not sent back from the receiving end, transmission of one frame
aretransfer, is judged to have been completed, and the TEND bit in SSR is set to 1.
bit in SCRisenabled at thistime, a TXI interrupt request is generated.

‘47 nth transfer frame 4,%7 Retransferred frame 4»%7 ]:I;;?:Zfﬁ
-|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp|—|95—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|DpI&'Ds Dojp1jp2lt
[rore | |

* Transfer to TSR from TDR | * Transfer to TSR from TDR * Transfer to
; from TC
TEND 1 ]
iy kg
ERS
A g kg

Figure12.9 Retransfer Operation in SCI Transmit Mode
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see section 17.6, Module Standby Function.

13.1.1 Features
A/D converter features are listed below.

* 10-bit resolution
» Eight input channels
» Selectable analog conversion voltage range

The analog voltage conversion range can be programmed by input of an analog re
voltage at the AV . pin.

» High-speed conversion

Conversion time: minimum 7.4 us per channel (with 18 MHz system clock)
» Two conversion modes

Single mode: A/D conversion of one channel

Scan mode: continuous conversion on one to four channels
» Four 16-bit data registers

A/D conversion results are transferred for storage into data registers correspondin
channels.

e Sample-and-hold function
» A/D conversion can be externally triggered
* A/D interrupt requested at end of conversion
At the end of A/D conversion, an A/D end interrupt (ADI) can be requested.
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£
(2]
— =}
i) @
R
AVCC — (o))
o2
zel2lelele| [8]s
88 1alalala o2
SE <|<|<|< <
AV — - o >_C<)
SS s
Qo
IS
ANO =
+
ANy — T —
——) - —_
AN2 — 3 ! i ()
Analog | | . Comparator
AN3 multi- | % Control circuit
,,,,,,,,,,, |
AN4 plexer Sample-and-
ANg — hold circuit ¢
ANG —
AN7 ™
? 1
A
S in
ADTRG
Legend:
ADCR: A/D control register

ADCSR:
ADDRA:
ADDRB:
ADDRC:
ADDRD:

A/D control/status register
A/D data register A
A/D data register B
A/D data register C
A/D data register D

Figure13.1 A/D Converter Block Diagram
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Fin Name ation AV Functuon

Analog power supply pin AV . Input Analog power supply and referer
Analog ground pin AV Input Analog ground and reference vol
Analog input pin 0 AN, Input Group 0 analog inputs

Analog input pin 1 AN, Input

Analog input pin 2 AN, Input

Analog input pin 3 AN, Input

Analog input pin 4 AN, Input Group 1 analog inputs

Analog input pin 5 AN, Input

Analog input pin 6 AN, Input

Analog input pin 7 AN, Input

A/D external trigger input pin  ADTRG Input External trigger input for starting
conversion
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A/D data register B (high)

H'FFE2 ADDRBH R H'0C
H'FFE3 A/D data register B (low) ADDRBL R H'0C
H'FFE4 A/D data register C (high) ADDRCH R H'OC
H'FFE5 A/D data register C (low) ADDRCL R H'0C
H'FFE6 A/D data register D (high) ADDRDH R H'OC
H'FFE7 A/D data register D (low) ADDRDL R H'0C
H'FFE8 A/D control/status register ADCSR R/(W)*? H'0C
H'FFE9 A/D control register ADCR R/W H'7F

Notes: 1. Lower 16 bits of the address

2. Only 0 can be written in bit 7 to clear the flag.
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nRcau/vviic ~n LAY LAY A LAY [AS A ~n n ~n [BS ~n ~n LAY

(n=AtoD) ‘ ‘

A/D conversion data Reserved &
10-bit data giving an
A/D conversion result

The four A/D dataregisters (ADDRA to ADDRD) are 16-hit read-only registers that ¢
results of A/D conversion.

An A/D conversion produces 10-bit data, which istransferred for storage into the A/C
register corresponding to the selected channel. The upper 8 bits of the result are storex
byte of the A/D dataregister. The lower 2 bits are stored in the lower byte. Bits5t0 0
data register are reserved bits that always read 0. Table 13.3 indicates the pairings of ¢
channels and A/D dataregisters.

The CPU can awaysread the A/D dataregisters. The upper byte can be read directly,
lower byteisread through atemporary register (TEMP). For details see section 13.3,
Interface.

The A/D dataregisters areinitialized to H'0000 by areset and in standby mode.

Table13.3 Analog Input Channelsand A/D Data Registers

Analog Input Channel

Group O Group 1 A/D Data Register
ANO AN4 ADDRA
AN1 ANS5 ADDRB
AN2 ANG ADDRC
AN3 AN7 ADDRD
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These bits sele
input channels

Clock select
Selects the A/D conversion time

Scan mode
Selects single mode or scan mode

A/D start
Starts or stops A/D conversion

A/D interrupt enable
Enables and disables A/D end interrupts

A/D end flag
Indicates end of A/D conversion

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

ADCSR is an 8-bit readable/writable register that selects the mode and controls the A/l
ADCSRisinitialized to H'00 by areset and in standby mode.

Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7

ADF Description

0 [Clearing condition] (Ini
Cleared by reading ADF while ADF = 1, then writing 0 in ADF

1 [Setting conditions]

e Single mode: A/D conversion ends
*« Scan mode: A/D conversion ends in all selected channels
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Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains se
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin.

Bit 5

ADST Description

0 A/D conversion is stopped (I
1 Single mode: A/D conversion starts; ADST is automatically cleared to 0 w

conversion ends.

Scan mode: A/D conversion starts and continues, cycling among the sel
channels, until ADST is cleared to 0 by software, by a reset
transition to standby mode.

Bit 4—Scan Mode (SCAN): Selects single mode or scan made. For further informati
operation in these modes, see section 13.4, Operation. Clear the ADST bit to 0 before
the conversion mode.

Bit 4

SCAN Description

0 Single mode (I
1 Scan mode

Bit 3—Clock Select (CKYS): Selectsthe A/D conversion time. Clear the ADST bit to
switching the conversion time.

Bit 3

CKS Description

0 Conversion time = 266 states (maximum) (I
1 Conversion time = 134 states (maximum)

Bits 2 to 0—Channel Select 2to 0 (CH2 to CHO): These bits and the SCAN bit sele
input channels. Clear the ADST bit to O before changing the channel selection.
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4 \Y) \Y) I-\I\I4 I-\I\l4
1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,

13.23 A/D Control Register (ADCR)

Bit 7 6 5 4 3 2 1
tmee | — | — | — | = [ = | - |

Initial value 0 1 1 1 1 1 1

Read/Write R/W — — — — - _

Reserved bits

Trigger enable
Enables or disables external triggering of A/D conversion

ADCR isan 8-bit readable/writable register that enables or disables external triggering
conversion. ADCR isinitialized to H'7F by areset and in standby mode.

Bit 7—Trigger Enable (TRGE): Enables or disables external triggering of A/D conve

Bit 7

TRGE Description

0 A/D conversion cannot be externally triggered (In
1 A/D conversion starts at the falling edge of the external trigger signal (ADT!

Bits 6 to 0—Reserved: These bits cannot be modified and are always read as 1.
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When reading an A/D dataregister, always read the upper byte before the lower byte.
to read only the upper byte, but if only the lower byte is read, incorrect data may be ol

Figure 13.2 shows the data flow for access to an A/D data register.

Upper-byte read

CPU
(HAA)

Lower-byte read

CPU
(H'40)

Bus interface

Module data bus

TEMP
(H'40)

ADDRNH
(HAA)

ADDRnNL
(H'40)

(n=Ato D)

Bus interface

Module data bus

TEMP
(H'40)

i

ADDRNH
(H'AA)

ADDRnNL
(H'40)

(n=Ato D)

Figure 13.2 A/D Data Register Access Operation (Reading H' AA40)

RENESAS

Rev.3.00 Mar. 26, 2007 Pac

REJO!



CUNVETSIUN stalnts WrIiCTH 1 Le ALV O Uit 1o 5ct LU L DYy UIWAE, UF DYy CALETTIal tigyce! HT1pu
ADST bit remains set to 1 during A/D conversion and is automatically cleared to O wh
conversion ends.

When conversion endsthe ADF bit isset to 1. If the ADIE bitisaso setto 1, an ADI i
requested at thistime. To clear the ADF flag to O, first read ADCSR, then write O in Al

When the mode or analog input channel must be switched during analog conversion, tc
incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. Af
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST
set at the same time as the mode or channel is changed.

Typical operations when channel 1 (AN,) is selected in single mode are described next
Figure 13.3 shows atiming diagram for this example.

1. Single mode s selected (SCAN = 0), input channel AN, isselected (CH2 = CH1 =/
1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST :

When A/D conversion is completed, the result is transferred into ADDRB. At the
the ADF flagis set to 1, the ADST bit iscleared to 0, and the A/D converter becom

Since ADF =1 and ADIE =1, an ADI interrupt is requested.
The A/D interrupt handling routine starts.

The routine reads ADCSR, then writes 0 in the ADF flag.

The routine reads and processes the conversion result (ADDRB).

Execution of the A/D interrupt handling routine ends. After that, if the ADST bit is
A/D conversion starts again and steps 2 to 7 are repeated.

N

N o g~ ®
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When the mode or analog input channel selection must be changed during analog conv
prevent incorrect operation, first clear the ADST bit to O in ADCSR to halt A/D conver
making the necessary changes, set the ADST hit to 1. A/D conversion will start again f
first channel in the group. The ADST bit can be set at the same time as the mode or chs
selection is changed.

Typical operations when three channelsin group 0 (AN, to AN,) are selected in scan v
described next. Figure 13.4 shows atiming diagram for this example.

1.

Scan mode is selected (SCAN = 1), scan group O is selected (CH2 = 0), analog inpL
AN, to AN, are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST
When A/D conversion of the first channel (AN,) is completed, the result is transfer
ADDRA. Next, conversion of the second channel (AN,) starts automatically.
Conversion proceeds in the same way through the third channel (AN,).

When conversion of all selected channels (AN, to AN,) is completed, the ADF flag
and conversion of thefirst channel (AN,) starts again. If the ADIE bitisset to 1, an
interrupt is requested at thistime.

Steps 2 to 4 are repeated as long asthe ADST bit remains set to 1. When the ADST
cleared to 0, A/D conversion stops. After that, if the ADST bitisset to 1, A/D conv
starts again from the first channel (AN,).
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Figure 13.4 Example of A/D Converter Operation

(Scan Mode, Channels AN, to AN, Selected)
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In scan mode, the values given in table 13.4 apply to the first conversion. In the seconc
subsequent conversions the conversion timeis fixed at 256 states when CKS =0 or 12¢
when CKS= 1.

—

Address bus

—

Write signal

Input sampling
timing .
)

ADF

tD tSPL

tcony

Legend:

(1):  ADCSR write cycle
(2): ADCSR address

tp: Synchronization delay
tspL: Input sampling time
tcony: A/D conversion time

Figure13.5 A/D Conversion Timing
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13.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE bitissetto 1in ADCR,
trigger input is enabled at the ADTRG pin. A high-to-low transition at the ADTRG pi
ADST bitto 1in ADCSR, starting A/D conversion. Other operations, in both single a
modes, are the same asif the ADST bit had been set to 1 by software. Figure 13.6 sho
timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

1

Figure13.6 External Trigger Input Timing
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Setting Range of Analog Power Supply and Other Pins

(1) Analog input voltage range
The voltage applied to analog input pins AN, to AN, during A/D conversion shoulc
range AV < ANN<AV_.

(2) Relation between AV ., AV and V., Vg

Asthe relationship between AV _, AV and V _, V, set AV = V. If the A/D cor
not used, the AV . and AV pins must on no account be |eft open.

If conditions (1) and (2) above are not met, the reliability of the device may be adverse

Notes on Board Design

In board design, digital circuitry and analog circuitry should be as mutually isolated as
and layout in which digital circuit signal lines and analog circuit signal lines cross or ar
proximity should be avoided as far as possible. Failure to do so may result in incorrect
of the analog circuitry due to inductance, adversely affecting A/D conversion values.

Also, digital circuitry must be isolated from the analog input signals (AN, to AN.,), and
power supply and reference voltage (AV ) by the analog ground (AV ). Also, the ana
(AV ) should be connected at one point to a stable digital ground (V) on the board.

Notes on Noise Counter measur es

A protection circuit connected to prevent damage due to an abnormal voltage such as a
surge at the analog input pins (AN, to AN,) and analog power supply (AV ) should be
between AV . and AV as shown in figure 13.7.

Also, the bypass capacitors connected to AV . and the filter capacitor connected to AN
must be connected to AV ..
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Te—
O AVce

*1 ANp to AN7
O T AVss

/\

Notes: Values are reference values.
1.

10 pF 0.01 pF

2. Rjy: Input impedance

Figure 13.7 Example of Analog Input Protection Circuit

Table13.5 Analog Pin Specifications

Item Min Max Un
Analog input capacitance — 20 pF
Permissible signal source impedance — 10* kQ

Note: * WhenV_=4.0Vto55Vand@<12 MHz
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A/D Conversion Precision Definitions

H8/3039 Group A/D conversion precision definitions are given below.

Resolution
The number of A/D converter digital output codes

Offset error

The deviation of the analog input voltage value from the ideal A/D conversion char
when the digital output changes from the minimum voltage value B'0000000000 (K
B'0000000001 (H'001) (see figure 13.10).

Full-scale error

The deviation of the analog input voltage value from the ideal A/D conversion char
when the digital output changes from B'1111111110 (H'3FE) to B'1111111111 (H*
figure 13.10).

Quantization error
The deviation inherent in the A/D converter, given by 1/2 LSB (see figure 13.9).

Nonlinearity error

The error with respect to the ideal A/D conversion characteristic between the zero \
the full-scale voltage. Does not include the offset error, full-scale error, or quantiza

Absolute precision

The deviation between the digital value and the analog input value. Includes the off
full-scale error, quantization error, and nonlinearity error.
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100
011 —
010 |~ L Quantization error
001 — 727
oo
- £ = = = 2 = Fs
8 8 8 8 8 8 8
Analog
input voltage

Figure13.9 A/D Conversion Precision Definitions (1)

Digital output Full-scale error

Ideal A/D conversion
characteristic

" L— Nonlinearity
error

<+ Actual A/D conversion
" characteristic

FS

L

Analog

Offset error input voltage

Figure 13.10 A/D Conversion Precision Definitions (2)
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will essentially comprise only the internal input resistance of 10 kQ, and the signal sou
impedance is ignored.

However, since alow-pass filter effect is obtained in this case, it may not be possible t
analog signal with alarge differential coefficient (e.g., voltage regulation 5 mV/usor g

When converting a high-speed analog signal and when performing conversion in the sc
low-impedance buffer should be inserted.

Influences on Absolute Precision

Adding capacitance results in coupling with GND, and therefore noisein GND may ad
affect absolute precision. Be sure to make the connection to an electrically stable GND
AV
Careisaso required to insure that filter circuits do not communicate with digital signa
mounting board, thus acting as antennas.

H8/3039 Group
AID converter
Sensor output equivalent circuit
impedance
Up to 10 kQ 10 kQ
Sensor input —AAA l . MM
+ Low-pass : 2
! filter C I ; 15 pF l l
i Upto 0.1 pF '

Note: Values are reference values.

Figure13.11 Example of Analog Input Circuit
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The RAM enable bit (RAME) in the system control register (SY SCR) can enable or d
on-chip RAM.

Table 14.1 shows the address of the on-chip RAM in each operating mode.

Table14.1 The Addressof the On-Chip RAM in Each Operating Mode

H8/3039 H8/3038 H8/3037 H8/30:
Mode (4 kbytes) (2 kbytes) (1k byte) (512 b
Modes 1, 5, 7 H'FEF10 to H'FF710 to H'FFB10 to H'FFD
H'FFFOF H'FFFOF H'FFFOF H'FFF
Mode 3 H'FFEF10 to H'FFF710 to H'FFFB10 to H'FFF|
H'FFFFOF H'FFFFOF H'FFFFOF H'FFF
Mode 6 H'F710 to H'F710 to H'FB10 to H'FD1!
H'FFOF H'FFOF H'FFOF H'FFOI
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9

SYSCR

Bus interface
H'FEF10* H'FEF11*
H'FEF12* H'FEF13*
- On-chip RAM A
H'FFFOE* H'FFFOF*
Even addresses Odd addresses

Legend:
SYSCR: System control register

Note: * Lower 20 bits of the address

Figure14.1 RAM Block Diagram (H8/3039in Modes 1, 5 and 7)

14.1.2 Register Configuration

The on-chip RAM is controlled by the system control register (SY SCR). Table 14.2 gi\

address and initial value of SY SCR.

Table14.2 RAM Control Register

Address* Name Abbreviation R/W

Initial \

H'FFF2 System control register SYSCR R/W

H'0B

Note: * Lower 16 bits of the address
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RA
Ene
disz
on-

Reserv¢

NMI edge select
User bit enable

Standby timer select 2to 0
Software standby

One function of SY SCR isto enable or disable access to the on-chip RAM. The on-cf
enabled or disabled by the RAME bit in SY SCR. For details about the other bits, see
System Control Register (SY SCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bi
initialized at the rising edge of the input at the RES pin. It isnot initialized in softwart
mode.

Bit 0

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (h
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on abyte or aword basis.

Byte data can be accessed in two states using the higher 8 bits of the data bus. Word de
beginning from an even address can be accessed in two states using the 16-bit data bus
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The mode pins (MD, to MD,) can be set to enable or disable the on-chip ROM. Seeta

The on-chip flash memory product (H8/3039F-ZTAT) can be erased and programmec
well as with a general-purpose PROM programmer.

Table15.1 Operating Mode and ROM

Mode Pins
Mode MD, MD, MD, On-Cl
Mode 1 0 0 1 Disab
(1-Mbyte expanded mode with on-chip ROM disabled) addre!
Mode 2 0 1 0
(1-Mbyte expanded mode with on-chip ROM disabled)*
Mode 3 0 1 1
(16-Mbyte expanded mode with on-chip ROM disabled)
Mode 4 1 0 0
(16-Mbyte expanded mode with on-chip ROM disabled)*
Mode 5 1 0 1 Enabl
(16-Mbyte expanded mode with on-chip ROM enabled)
Mode 6 (single-chip normal mode) 1 1 0
Mode 7 (single-chip advanced mode) 1 1 1

Note: * Modes 2 and 4 cannot be used with this LSI. Do not set the mode pin to m
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0 Erase mode

O Program-verify mode

0 Erase-verify mode
Programming/erase methods

The flash memory is programmed 32 bytes at atime. Erasing is performed by block
block to be erased can be specified by setting the corresponding bit. There are block
32 kbytes x 3 blocks, 28 kbytes x 1 block, and 1 kbyte x 4 blocks.

Programming/erase times

The flash memory programming time is 10 ms (typ.) for simultaneous 32-byte prog
equivalent to 300 us (typ.) per byte, and the erase timeis 100 ms (typ.) per block.

Reprogramming capability

The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/verified or
0 Boot mode

O User program mode

Automatic bit rate adjustment

With data transfer in boot mode, the this LSI's bit rate can be automatically adjuste
the transfer bit rate of the host (9600 bps and 4800 bps).

Flash memory emulation by RAM

Part of the RAM area can be overlapped onto flash memory, to emulate flash memc
inreal time.

PROM mode

Flash memory can be programmed/erased in PROM mode, using a PROM program
well asin on-board programming mode.

Protect modes

There are three protect modes, hardware, software, and error protect, which alow [
status to be designated for flash memory program/erase/verify operations.
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Internal data bus (lower 8 bits)

Legend:
FLMCR:
EBR:
RAMCR:
FLMSR:

Notes: 1.

2.

C> O
@M "] mode ™ mo

Bus interface/controller Operating FW

S A

H'00000 H'00001
H'00002 H'00003

On-chip Flash memory
A (128 kbytes) A

H1FFFC | H1FFFD

H'1FFFE H'1FFFF
even address odd address

Flash memory control register
Erase block register
RAM control register
Flash memory status register

Functions as the FWE pin in the flash memory versions and as the RESO p
mask ROM versions.

The registers that control the flash memory versions (FLMCR, EBR, RAMC]
FLMSR) are used in the flash memory versions only. They are not provided
mask ROM versions. Reading the corresponding addresses in a mask ROM
will always return 1s, and writes to these addresses are disabled.

Figure15.1 Block Diagram of Flash Memory
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Input Sets this LSI operating mode

Mode 2 MD

2

Mode 1 MD, Input Sets this LS| operating mode
Mode 0 MD, Input Sets this LS| operating mode
Transmit data TxD, Output  Serial transmit data output

Receive data RxD Input Serial receive data input

1

Notes: The transmit data and receive data pins are used in boot mode.
* In the mask ROM versions, the FWE pin functions as the RESO pin.

15.2.4 Register Configuration
The registers used to control the on-chip flash memory when enabled are shown in tabl

Table15.3 Flash Memory Registers

Register Name Abbreviation R/W Initial Value Addr
Flash memory control register ~ FLMCR R/W H'00*? H'FF-
Erase block register EBR R/W H'00 H'FF
RAM control register RAMCR R/W HF1 H'FF
Flash memory status register FLMSR R H'7F H'FF-

Notes: 1. Lower 16 bits of the address.
2. When a high level is input to the FWE pin, the initial value is H'80.

Theregistersin table 15.3 are used in the flash memory versions only. Reading the cor
addressesin amask ROM version will always return 1s, and writes to these addresses ¢
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the E bit. FLMCR isinitialized by areset, and in hardware standby mode and softwar
mode. Itsinitial valueis H'80 when a high level isinput to the FWE pin, and H'00 wh
level isinput. In mode 6 the FWE pin must be fixed low, as flash memory on-board p
is not supported. Therefore, bitsin this register cannot be set to 1 in mode 6. When or
memory is disabled, aread will return H'00, and writes are invalid. When setting bits
register to 1, each bit should be set individually.

Writes to the ESU, PSU, EV and PV bhitsin FLMCR are enabled only when FWE = 1
1; writesto the E bit only when FWE =1, SWE = 1, and ESU = 1; and writesto the P
when FWE =1, SWE=1,and PSU = 1.
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tran
ore
prog

Erase m
Designa
to or exit
mode
L— Program-verify
Designates tran:
or exit from prog
mode

— Erase-verify mode
Designates transition to
or exit from erase-verify
mode

— Program setup
Prepares for a transition to program

— Erase setup
Prepares for a transition to erase mode.

\— Software write enable bit
Enables or disables the flash memory.

‘— Flash write enable bit
Sets hardware protection against flash memory programming/er:

Bit 7—Flash Write Enable Bit (FWE): Sets hardware protection against flash memol
programming/erasing. When using this bit, refer to section 15.9, Notes on Flash Memo
Programming/Erasing.

Bit 7

FWE Description

0 When a low level is input to the FWE pin (hardware-protected state)
1 When a high level is input to the FWE pin
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|o€tting conaitony
When FWE = 1

Bit 5—Erase Setup Bit (ESU)**: Prepares for atransition to erase mode. Do not set t
PSU, EV, PV, E, or P hit at the same time.

Bit 5

ESU Description

0 Erase setup cleared (h
1 Erase setup

[Setting condition]
When FWE =1, and SWE =1

Bit 4—Program Setup Bit (PSU)*": Prepares for atransition to program mode. Do r
SWE, ESU, EV, PV, E, or P bit at the same time.

Bit 4

PSU Description

0 Program setup cleared (I
1 Program setup

[Setting condition]
When FWE =1, and SWE =1
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When FWE =1, and SWE =1

Bit 2—Program-Verify (PV)*": Selects program-verify mode transition or clearing. C
the SWE, ESU, PSU, EV, E, or P hit at the same time.

Bit 2
PV Description
0 Program-verify mode cleared (Ini

Transition to program-verify mode
[Setting condition]
When FWE =1, and SWE =1

Bit 1—Erase (E)*'*°. Selects erase mode transition or clearing. Do not set the SWE, E
EV, PV, or P bit at the same time.

Bit 1

E Description

0 Erase mode cleared (Ini
1 Transition to erase mode

[Setting condition]
When FWE =1, SWE =1, and ESU =1
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When FWE =1, SWE =1, and PSU =1

Notes: 1. Do not set two or more bits at the same time.
Do not turn off V. when abit is set.
2. Do not set/clear the SWE bit simultaneously with other bits (ESU, PSU, E
3. Set the P and E bits according to the program and erase algorithms shown
15.5, Programming/Erasing Flash Memory.
For the usage precautions, see section 15.9, Notes on Flash Memory
Programming/Erasing.

15.3.2 EraseBlock Register (EBR)

EBR is an 8-bit register that designates the flash memory block for erasure. EBR isin
H'00 by areset, in hardware standby mode, or software standby mode, when a high le
input to the FWE terminal, or when the FLMCR SWE bit is 0 when ahigh level is ap
FWE terminal. When a bit is set in EBR, the corresponding block can be erased. Othe
erase - protected. The blocks are erased block by block. Therefore, set only one bit in
set bitsin EBR to erase two or more blocks at the same time.

Each bit in EBR cannot be set until the SWE bit in FLMCR is set. The flash memory
configuration is shown in table 15.4. To erase all the blocks, erase each block sequent

This LSl does not support the on-board programming mode in mode 6, so bitsin thisi
cannot be set to 1 in mode 6.
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Bits7to 0—Block 7 to 0 (EB7 to EBO): These bits select blocks (EB7 to EBO) to be e

Bits 7to 0

EB7 to EBO Description

0 Block EB7 to EBO is not selected. (Ini
1 Block EB7 to EBO is selected.

Note: Set each bit of EBR to H'00 except when erasing.

Table15.4 Flash Memory Erase Blocks

Block (Size) Address

EBO (1 kbyte) H'00000 to H'003FF
EB1 (1 kbyte) H'00400 to H'007FF
EB2 (1 kbyte) H'00800 to H'00BFF
EB3 (1 kbyte) H'00CO00 to H'00FFF
EB4 (28 kbytes) H'01000 to H'O7FFF
EB5 (32 kbytes) H'08000 to H'OFFFF
EB6 (32 kbytes) H'10000 to H'17FFF
EB7 (32 kbytes) H'18000 to H'1FFFF
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l1to4 1 Read/Write — — —_ — R R R

Modes | Initial value 1 1 1 1 0 0 0
5to 7 | Read/Write — — — — R/W*  R/W* R/W*

RAM2/1

This bit is use
bit 3 to set the
area.

L— RAM select
This bit is used witt
bits 2 and 1 to set
L Reserved bits the RAM area.

Note: * Cannot be set to 1 in mode 6.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.

Bit 3—RAM Select (RAMS): Isused with bits 2 to 1 to reassign an areato RAM (se
Theinitia setting for thisbit is0in modes 5, 6, and 7 (internal flash memory enabled
programming is enabled.* In modes other than 5to 7, 0 is always read and writing is
Itisinitialized by areset and in hardware standby mode. It is not initialized in softwa
mode.

When bit 3 is set, all flash-memory blocks are protected from programming and erasit

Bits2to 1—RAM2 to RAM 1: These bits are used with bit 3 to reassign an areato R
table 15.5). Theinitial setting for thisbitisOin modes5, 6, and 7 (internal flash mem
and programming is enabled.* In modes other than 5to 7, 0 is always read and writin
They areinitialized by areset and in hardware standby mode. They are not initialized
standby mode.
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Bit 3

Bit 2

Bit 1

RAM
RAM Area RAMS RAM2 RAM1 Emulation Si
H'FFF800 to H'FFFBFF 0 0/1 0/1 No emulation
H'000000 to H'0003FF 1 0 0 Mapping RA
H'000400 to H'0007FF 1 0 1
H'000800 to H'000BFF 1 1 0
H'000CO00 to H'0O00FFF 1 1 1
ROM area RAM area
H'00000 EBo H'FEF10
H'003FF HFF7FF
Egg’_‘é’g’;k H'007FF area H'FFBFF ) (HFF800:
(H'00000-H00FFF)| 100800 | Mapping RAM RAM H'EEC00
H'00BFF EB2 selection H'FFFOF
H'00C00
EB3 area
H'0OFFF

Figure 15.2 Example of Overlap ROM Areaand RAM Area
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L Reserved bits

Flash memory error

Status flag indicating that

an error was detected during
programming or erasing

Bit 7—Flash Memory Error (FLER): Indicatesthat an error occurred while flash m
being programmed or erased. When bit 7 is set, flash memory is placed in an error-prc

Bit 7

FLER Description

0 Flash memory program/erase protection (error protection**) is disabled
[Clearing condition]
WDT reset, reset by RES pin, or hardware standby mode

1 An error has occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection**) is enabled
[Setting conditions]

1. Flash memory was read*’ while being programmed or erased (includir
instruction fetch, but not including reading of a RAM area overlapped ¢
memory).

2. A hardware exception-handling sequence (other than a reset, invalid i
trap instruction, or zero-divide exception) was executed just before prc
erasing.*’

3. The SLEEP instruction (including software standby mode) was execut
programming or erasing.

Notes: 1. For details, see section 15.6.3, Error Protection.
2. The read data has undetermined values.
3. Before stack and vector read by exception handling.

Bits 6 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.
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Table15.6 Setting On-Board Programming Modes

Mode FWE MD, MD, MD,

Boot mode mode 5 1* 0*? 0 1
mode 7 0*? 1 1

User program mode mode 5 1 0 1
mode 7 1 1 1

Notes: 1. For the High level input timing, see items (6) and (7) of Notes on Using the E
2. In the boot mode, the MD, setting becomes inverted input.

In the boot mode, the mode control register (MDCR) can be used to monitor
of modes 5 and 7 in the same way as in the normal mode.
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Host

Programming control
program

Host

Programming control
program

New application ) New application
program program
This chip This chip
< SCI N SCI__
Boot program \ k Boot program N
Flash memory RAM Flash memory RAM
Boot program area
Application program Application program
(old version) (old version)
3. Flash memory initialization 4. Writing new application program

The erase program in the boot program area (in The programming control program transfe

RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, entire flash

from the host to RAM by SCI communicat
executed, and the new application progra

memory erasure is performed, without regard to host is written into the flash memory.

blocks.

Host

Programming control
program

This chip

RAM ‘

Flash memory

New application
program
This chip
Boot program SCi
Flash memory RAM
Boot program area
Flash memory
erase

Programming \S
control program §

New application
program

Program execut

Figure15.3 Boot Mode
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Host
Programming/
erase control program
New application
program

This chip

Flash memory RAM

Transfer
program

Application program
(old version)

3. Flash memory initialization

The programming/erase program in RAM is
executed, and the flash memory is initialized (to
H'FF). Erasing can be performed in block units,
but not in byte units.

Host

New application )
program
This chip
SCI
Boot program
Flash memory RAM
FWE assessment
,,,,, program__ ___
Transfer program
Programming/ < ‘
pherase control program
Flash memory
erase

New application
program
This chip
=
Flash memory RAM 1
Transfer;
program

Programming/
erase control program

Application program
(old version)

4. Writing new application program
Next, the new application program in the
written into the erased flash memory bloc
not write to unerased blocks.

Host

This chip

SCI_
_
RAM

Flash memory

FWE assessment
,,,,, program_____

Transfer program

Programming/ \0
erase control program

New application
program

Program execu

Figure 15.4 User Program Mode (Example)
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~

After the program has been stored the end of writing, execution branches to the top ac
(H'FF300) of the on-chip RAM, execute the program written on the on-chip RAM, an
flash memory program/erase.

The system configuration in boot mode is shown in figure 15.5, and the boot program
execution procedurein figure 15.6.

This LS
Flash men
A
Host Write data reception
» RXD;
Verify data transmission SCi1 » On-chi|
- TXD,

Figure15.5 System Configuration in Boot Mode

Rev.3.00 Mar. 26, 2007 Pac
REJO!
RENESAS



L

| and sets value in bit rate register
I
After bit rate adjustment, this LSI
transmits one byte of H'00 data to
host to indicate end of adjustment
I
Host confirms normal reception
of bit rate adjustment end
indication (H'00), and transmits
one byte of H'55 data
I

After receiving H'55, this LSI
sends H'AA and receives two bytes
of the byte count (N) of the program

transferred to the on-chip RAM.**

P ——

This LSI transfers the user
program to RAM.*2
I
This LSI calculates the remaining
umber of bytes to be sent (N = N - 1)]

Transfer
end byte count
N =02

Yes

After branching to the
RAM boot program area
(H'FEF10 to H'FF2FF),

this LSI checks the data in
the flashmemory user area.

Erase all blocks of flash
memory.*3

A

After sending H'AA, this LSI
branches to the RAM area
(H'FF300) and executes the user
program transferred to the RAM.

Notes:

performs transfer.

At the end of SCI bit rate adjustment, this |
one byte of H'00 data to signal the end of :

Check if the host normally received the on
rate adjustment end signal sent from this L
sent one byte of H'55 data.

After H'55 is sent, the host receives H'AA :
the byte count of the user program that is

transferred to this LSI.

Send the 2-byte count in upper byte and lo
order. Then sequentially send the program
the user.

This LSI sequentially sends (echo back) ez
the received byte count and user program
as verification data.

This LSI sequentially writes the received u
program to the on-chip RAM area (H'FF30

Before executing the transferred user prog
checks if data was written to flash memory
control branched to the RAM boot progran
(H'FEF10-H'FF2FF). If data was already v
flash memory, all the blocks are erased.

After sending H'AA, this LSI branches to tf
RAM area (H'FF300) and executes the use
written to that area.

1. The RAM area that can be used by the 1
3.0 kbytes. Set the transfer byte count t¢
3.0 kbytes. Always send the 2-byte tran:
count in upper byte and lower byte orde
Transfer byte count example: For 256 b
upper byte H'01, lower byte H'00.

2. Set the part that controls the user progr:
memory at the program according to the
memory programming/erase algorithms

3. When a memory cell malfunctions and c
erased, this LS| sends one H'FF byte as
error and stops the erase operation and
operations.

Figure 15.6 Boot Mode Execution Procedure

Rev.3.00 Mar. 26, 2007 Page 456 of 682
REJ09B0353-0300

RENESAS



Figure 15.7 Measuring the Low Period of the Communication Data from t

When boot mode isinitiated, this LS| measures the low period of the asynchronous S
communication data (H'00) transmitted continuously from the host (figure 15.7). The
transmit/receive format should be set as follows:. 8-bit data, 1 stop bit, no parity. This
calculates the bit rate of the transmission from the host from the measured low period
transmits one H'00 byte to the host to indicate the end of bit rate adjustment. The host
confirm that this adjustment end indication (H'00) has been received normally, and tre
H'55 byteto the LSI. If reception cannot be performed normally, initiate boot mode &
and repeat the above operations. Depending on the host's transmission bit rate and the
clock frequency of this LSI, there will be adiscrepancy between the bit rates of the hc
LSI. To ensure correct SCI operation, the host's transfer bit rate should be set to 4800
bps*".

Table 15.7 shows typical host transfer bit rates and system clock frequencies for whic
adjustment of thisLSI bit rate is possible. The boot program should be executed withi
clock range*’.

Table15.7 System Clock Frequenciesfor which Automatic Adjustment of This
RatelsPossible

System Clock Frequency for which Automatic Adjusti

Host Bit Rate (bps) of This LSI Bit Rate Is Possible (MHz)
9600 81t0 18
4800 41018

Notes: 1. The host hit rate settings are 4800 and 9600bps only. Do not use any other

2. ThisLSl may automatically adjusts the bit rate except for bit rate and syste
combinations as shown in table 15.7. However, the bit rate of the host and
be different and subsequent transfers will not be carried out normally. The
aways execute the boot mode within the range of the bit rate and system c
combinations shown in table 15.7.
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Boot program
area
(Approximately 1kbyte)

H'FF300

User program

transfer area

(Approximately
3.0 kbytes)

H'FFFOF

Notes: 1. The boot program area cannot be used until a transition is made to the exe
state for the user program transferred to RAM. Note also that the boot prog
remains in this RAM area even after control branches to the user program.

2. When flash memory emulation is performed using RAM, part of the user pr
transfer area (H'FF800 to H'FFBFF) is used as an area for carrying out em
and therefore user program transfer must not be performed to this area.

Figure15.8 RAM Areasin Boot Mode

Notes on using the boot mode

(1) When this LS| comes out of reset in boot mode, it measures the low period the inpL
SCI's RXD, pin. The reset should end with RXD, high. After the reset ends, it takes
states for this LS| to get ready to measure the low period of the RXD, input.

(2) If any data has been written to the flash memory (if al datais not H'FF), al flash v
blocks are erased when this mode is executed. Therefore, boot mode should be use
on-board programming, or for forced recovery if the program to be activated in use
mode is accidentally erased and user program mode cannot be executed, for exampl

(3) Interrupts cannot be used during programming or erasing of flash memory.
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call, etc., a stack area must be specified for use by the user program.
There are no other internal 1/0 registersin which theinitial value is changed.

(6) Transition to the boot mode executes a reset-start of this LS| after setting the MD,

FWE pins according to the mode setting conditions shown in table 15.6.

At thistime, this LSI latches the status of the mode pin inside the microcomputer |

the boot mode status at the reset clear (startup with Low — High) timing*".

To clear boot mode, it is necessary to drive the FWE pin low during the reset, and

reset release**. The following points must be noted:

(a) Before making atransition from the boot mode to the regular mode, the microc
boot mode must be reset by reset input viathe RES pin. At thistime, the RES |
hold at low level for at least 20 system clock.**

(b) Do not change the input levels at the mode pins (MD, to MD,) or the FWE pin
boot mode. When making amode transition, first enter the reset state by inputt
level to the RES pin. When awatchdog timer reset was generated in the boot n
microcomputer mode is not reset and the on-chip boot program is restarted reg
the state of the mode pin.

(c) Do not input low level to the FWE pin while the boot program is executing an
programming/erasing flash memory.**

(7) If the mode pin and FWE pin input levels are changed from 0 V to V. or from V
during areset (while alow level is being input to the RES pin), the microcompute!
mode will change.

Therefore, since the state of the address dual port and bus control output signals (4
changes, use of these pins as output signals during reset must be disabled outside t
microcomputer.

Notes: 1. The mode pin and FWE pin input must satisfy the mode programming sett
relative to the reset clear timing.

2. For notes on FWE pin High/Low, see section 15.9, Notes on Flash Memor
Programming/Erasing.
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auser program. Therefore, on-chip flash memory on-board programming can be perfor
providing a means of controlling FWE and supplying the write data on the board and p
write program in apart of the program area.

To select thismode, set the LSl to on-chip ROM enable modes 5 and 7 and apply a hig
the FWE pin. In this mode, the peripheral functions, other than flash memory, are perfc
sameasin modes5 and 7.

Since the flash memory cannot be read while it is being programmed/erased, place a pr
program on external memory, or transfer the programming program to RAM area, and
in the RAM. In mode 6, do not program/erase the flash memory. When setting mode 6,
input low level to the FWE pin.

Figure 15.9 shows the procedure for executing when transferred to on-chip RAM. Duri
start, starting from the user program mode is possible.
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T ITAI TSI T ARIRAL

program

Sl it~ Lt

to RAM.

A

Branch to pro

gram in RAM.

A

FWE
(user prog

= high
ram mode)

A

Execute on-board programming

program

in RAM

(flash memory reprogramming).

A

Input low level to

FWE after SWE

bit clear (user program mode exit)

A

Execute user application
program in flash memory.

Note: *

D e e D

Transfers the on-board programming progr:

Branches to the program in RAM.

Sets the FWE pin to a high level.*
(Switches to user program mode.)

After confirming that the FWE pin is a high |
the on-board programming program in RANM
reprograms the user application program in

At the end of reprograming, clears the SWE
the user program mode by switching the FV
a high level to a low level.*

Branches to, and executes, the user applice
reprogrammed in flash memory.

For notes on FWE pin High/Low, see sectio
on Flash Memory Programming/Erasing.

Note:

Figure 15.9 User Program Mode Execution Procedure (Example)

Normally do not apply a high level to the FWE pin. To prevent erroneous pro

erasing in the event of program runaway, etc., apply ahigh level to the FWE |
when programming/erasing flash memory (including flash memory emulation
If program runaway, etc. causes overprogramming or overerasing of flash me

memory cells will not operate normally.

Also, while ahigh level is applied to the FWE pin, the watchdog timer should
to prevent overprogramming or overerasing due to program runaway, etc.

In mode 6, do not reprogram flash memory. When setting mode 6, always set
toalow level.
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The flash memory cannot be read while being programmed or erased. Therefore, the pr
controls flash memory programming/erasing (the programming control program) shoul
located and executed in on-chip RAM or external memory.

For the programming/erasing notes, see section 15.9, Notes on Flash Memory
Programming/Erasing. For the wait time after each bit in FLMCR is set or cleared, see
18.2.5, Flash Memory Characteristics.

Notes: 1. Operation isnot guaranteed if setting/resetting of the SWE, ESU, PSU, EV,
P bitsin FLMCR is executed by a program in flash memory.

2. When programming or erasing, set the FWE pin input level to the high leve
FWE to 1. (programming/erasing will not be executed if FWE = 0).
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‘M P tup stat

N rogram setup state Progl
) P=0
b\
N

X\
~o
Program-verify mode,

Notes: O: Normal mode o: On-board programming mode

1. Do not make a state transition by setting or clearing two or more bits at the same time.

2. After transition from the erase mode to the erase setup state, do not make a transition to the €
without going through the software reprogramming enable state.

3. After transition from the programming mode to the program setup state, do not switch to the p
mode without going through the software reprogramming enable state.

Figure15.10 State Transition by Setting of Each Bit of FLMCR

1551 Program Mode

Follow the procedure shown in the program/program-verify flowchart in figure 15.11
or programs to flash memory. Performing program operations according to this flowc
enable data or programs to be written to flash memory without subjecting the device t
stress or sacrificing program datareliability. Programming should be carried out 32 by
time.

For the wait time (x, y, z, a, B, Y, €, n) after setting or clearing each bit in the flash me
control register (FLMCR) and the maximum programming count (N), see table 18.15.

Following the elapse of (x) us or more after the SWE bit is set to 1 in flash memory c
register (FLMCR), 32-byte program data is stored in the program data area and reprog
area, and the 32-byte data in the reprogram data area written consecutively to the writ
(The lower 8 bits of the first address written to must be H'00, H'20, H'40, H'60, H'80,
or H'EQ.) 32 consecutive byte data transfers are performed. The program address and
are latched in the flash memory. A 32-byte data transfer must be performed even if wi
than 32 bytes; in this case, H'FF data must be written to the extra addresses.
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The wait time after P bit setting must be changed according to the number of reprogran
loops. For details, see section 18.2.5, Flash Memory Characteristics.

1552 Program-Verify Mode

In program-verify mode, the data written in program mode is read to check whether it |
correctly written in the flash memory.

Clear the P bit in FLMCR, then wait for at least (a) s before clearing the PSU hbit to e
mode. After exiting program mode, the watchdog timer setting is also cleared. Then th
mode is switched to program-verify mode by setting the PV bit in FLMCR. Before rea
program-verify mode, adummy write of H'FF data should be made to the addresses to

The dummy write should be executed after the elapse of (y) ps or more. When the flash
read in this state (verify datais read in 16-bit units), the data at the latched address is re
least (€) us after the dummy write before performing this read operation. Next, the orig
written data is compared with the verify data, and reprogram data is computed (see figL
and transferred to RAM. After verification of 32 bytes of data has been completed, exit
verify mode, wait for at least () ps, then determine whether 32-byte programming has
reprogramming is necessary, set program mode again, and repeat the program/program
sequence as before. However, ensure that the program/program-verify sequenceisnot |
more than (N) times on the same bits.

Note: A 32-byte areato store program data and a 32-byte area to store reprogram dat:
required in RAM.
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Set PSU bit in FLMCR
Wait (y) ps

*6

Set P bit in FLMCR

Start of programming

possible), with the write start address at a 32-|
The lower 8 bits of the first address written to
H'20, H'40, H'60, H'80, H'A0, H'CO, or H'EO. A
transfer must be performed even if writing few
in this case, H'FF data must be written to the ¢

| Wait (z) ps *G*7 3. Verify data is read in 16-bit (word) units. (Byte
[ also possible.)
Clear P bit in FLMCR End of programming 4. Reprogram data is determined by the comput:
Wait (a) ps *6 table below (comparison of data stored in the
[ area with verify data). Programming of reprog
Clear PSU bit in FLMCR N executed in the next programming loop. There
Wait (B) ps 6 which programming has been completed will k
I again if the result of the subsequent verify ope
| Disable WDT | 5. An area for storing write data (32 bytes) and a
\ reprogram data (32 bytes) must be provided ir
Set PV bit in FLMCR N contents of the latter are rewritten in accordan
Wait (y) Hs 6 reprogramming data computation.
I 6. Thevaluesofx,y, z, a,B,v,€n,andN are sl
| Set verify start address | 18.2.5, Flash Memory Characteristics.
| 7. The value of z depends on the number of repr
| Programming end flag - 0 | (n). Details are given in section 18.2.5, Flash
} Characteristics.
H'FF dummy write to verify address .
Wait (g) ps 6
I ) )
" Write Verify Reprogram
| Read verify data | *3 Data  Data Data Comments
0 0 1 Programming complet
Programming OK? 0 1 0 Programming incompl
Programming end 1 0 1 —
flag — 1 (unfinished) 1 1 1 Still in erased state; nc
| Reprogram data computation | *4
[
Transfer computation result to reprogram 5
data area
‘ RAM
| Increment verify address |
Program data storage
area (32 bytes)
32-byte
data verification completed?
Clear PV bitin FLMCR 6 Reprogram data storag
Wait () ps area (32 bytes)
Reprogram

Clear SWE bit in FLMCR

Clear SWE bit in FLMCR

End of programming

Programming failure

Figure 15.11 Program/Program-Verify Flowchart
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in erase block register (EBR) at least (x) us after setting the SWE bitto 1in FLMCR. N
watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. Set
greater than (z2) ms+ (y + a + B) usasthe WDT overflow period. Preparation for enter|
mode (erase setup) is performed next by setting the ESU bit in FLMCR. The operating
then switched to erase mode by setting the E bit in FLMCR after the elapse of at least (

The time during which the E bit is set is the flash memory erase time. Ensure that the e
does not exceed (z) ms.

Note:  With flash memory erasing, preprogramming (setting al datain the memory tc
to "0") is not necessary before starting the erase procedure.

1554 Erase-Verify Mode

In erase-verify mode, datais read after memory has been erased to check whether it ha
correctly erased.

After the elapse of the fixed erase time, clear the E bit in FLMCR, then wait for at leas
before clearing the ESU bit to exit erase mode. After exiting erase mode, the watchdog
setting is also cleared. The operating mode is then switched to erase-verify mode by se
bit in FLMCR. Before reading in erase-verify mode, a dummy write of H'FF data shou
to the addresses to be read. The dummy write should be executed after the elapse of (y)
When the flash memory isread in this state (verify dataisread in 16-bit units), the date
latched addressisread. Wait at least (€) ps after the dummy write before performing th
operation. If the read data has been erased (all "1"), adummy write is performed to the
address, and erase-verify is performed. If the read datais unerased, set erase mode agai
repeat the erase/erase-verify sequence as before. However, do not repeat the erase/eras
sequence more than (N) times.
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Notes:

vvait \y) ¥ |

Set E bitin FLMCR

Increment
verify address

Wait (z) ms *2
[
Clear E bit in FLMCR End
Wait (a) ps *2
|
Clear ESU bit in FLMCR N
Wait (B) ps 2
Disable WDT |
I
Set EV bitin FLMCR .
Wait (y) ps
I
Set block start address
to verify address
I
H'FF dummy write to verify address v
Wait (€) us
I
Read verify data | *3
No

Start of erase

of erase

Verify data = H'FFFF?

Last address of block?

ne-n+1
*2

Clear EV bit in FLMCR
Wait (n) ps

Clear EV bitin FLMCR
Wait (n) ps

Yes

Clear SWE bit in FLMCR |

[ Clear SWE bit in FLMCR

End of erasing

. Preprogramming (setting erase block data to all Os) is not necessary.

. Thevalues of x,y, z, a, B, v, € n, and N are shown in section 18.2.5, Flash Memory Characteristics.
. Verify data is read in 16-bit (word) units. (Byte-unit reading is also possible.)

. Set only one bit in EBR two or more bits must not be set simultaneously.

. Erasing is performed in block units. To erase multiple blocks, each block must be erased in turn.

Figure15.12 Erase/Erase-Verify Flowchart (Single-Block Erasing)

RENESAS
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Ulsaliced Ul aloried. nadardwd € protecu ol 1s resct Uy sctuliygs il wtie fasit et nory: COre
(FLMCR) and erase block register (EBR). In the case of error protection, the P bit and
set, but atransition is not made to program mode or erase mode. (Seetable 15.8.)
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Reset/standby * Inareset (including a WDT overflow No

protection

reset) and in standby mode, FLMCR
and EBR are initialized, and the
program/erase-protected state is
entered.

+ In areset via the RES pin, the reset
state is not entered unless the RES pin
is held low until oscillation stabilizes
after powering on (The minimum
oscillation stabilization time is 20ms).
In the case of a reset during operation,
hold the RES pin low for at least 20
system clock cycles.*®

Error protection  « When a microcomputer operation error No

(error generation (FLER=1)) was
detected while flash memory was being
programmed/erased, error protection is
enabled. At this time, the FLMCR and
EBR settings are held, but
programming/erasing is aborted at the
time the error was generated. Error
protection is released only by a reset
via the RES pin or a WDT reset, or in
the hardware standby mode.

No**

Notes: 1.

o ks wnD

Two modes: program-verify and erase-verify.
The RAM area that overlapped flash memory is deleted.

All blocks become unerasable and specification by block is impossible.

For more information, see section 15.9, Notes on Flash Memory Programm

See sections 4.2.2, Reset Sequence and 15.9, Notes on Flash Memory

Programming/Erasing. This LSI requires a minimum reset time during oper

system clocks.
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Iltem Description Program Erase

Emulation Setting the RAMS bit in RAMCR sets the No*?
protection*? program/erase-protected state for all

blocks.
Block Erase protection can be set for individual —
specification blocks by settings in erase block register
protection (EBR).**

However, program protection is disabled.

Setting EBR to H'00 places all blocks in the
erase-protected state.

Notes: 1. Two modes: program-verify mode and erase-verify mode.

2. Programming to the RAM area that overlaps flash memory is possible.
3. All blocks become unerasable, and specification by block is impossible.

4. Set H'00 in the EBR bits, except for erase.
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EBR settings*® are retained, but program mode or erase mode is aborted at the point a
error occurred. When 1 is set in the FLER bit, transition to the program mode or erase
cannot be made even by setting the P and E bitsin FLMCR. However, PV and EV bit
setting is enabled, and atransition can be made to verify mode.

Error protection isreleased only by areset viathe RES pin or aWDT reset, or in thet
standby mode.

Figure 15.13 shows the flash memory state transition diagram.

Notes: 1. Thisisthe statein which the Por E bitin FLMCR is set to 1. In this state,

disabled. For more information, see section 15.6.4, NMI Input Disable Cor

2. For adetailed description of the FLER bits setting conditions, see section :
Memory Status Register (FLMSR).

3. Datacan be written to FLMCR and EBR. However, when transition to the

standby mode was made in the error protection state, the registers are initic
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RESEL O Stanaby
(hardware prote

Program mode
Erase mode

Reset or hardware standby mode

Y

D VF PRER FLER =0

Reset or hardw
standby mode

Error occurrence

Error protection mode
(software standby mode)

Software
standby mode

Error protection mode

B R ——
Software standby
mode release

INIT FLER =

Legend:

RD: Memory read enable RD: Memory read disabled
VF: Verify-read enable VF: Verify-read disabled
PR: Programming enable PR: Programming disabled
ER: Erasing enable ER: Erasing disabled

INIT: Registers (FLMCR, EBR) initialize state

Figure 15.13 Flash Memory State Transitions
(When High Level Apply to FWE Pinin Modes5 and 7 (On-Chip ROM Ena

The error protection function is disabled for errors other than the FLER bit set conditio
considerable time elapses up to transit to this protection state, the flash memory may a
damaged. As aresult, this function cannot completely protect the flash memory against

Therefore, to prevent such erroneous operation, operation must be carried out correctly
according with the program/erase algorithmsin the state that flash write enable (FWE)
addition, the operation must be always carried out correctly by supervising microcomp
inside and outside the chip with the watchdog timer, etc. At transition to this protectior
flash memory may be erroneously programmed or erased, or its abort may result in inc
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Thisis done to avoid the following operation states:

1. Generation of an NMI input during programming/erasing violates the program/ere
algorithms and normal operation can not longer be assured.

2. Vector-read cannot be carried out normally*? during NM1 exception handling duri
programming/erasing and the microcomputer runs away as a result.

3. If an NMI input is generated during boot program execution, the normal boot moo
cannot be executed.

Therefore, this LS| has conditions that exceptionally disable NMI inputs only in the o
programming mode. However, this does not assure normal programming/erasing and
microcomputer operation.

Thus, in the FWE application state, all requests, including NMI, inside and outside the
microcomputer, exception handling, and bus release must be restricted. NMI inputs ar
disabled in the error protection state and the state that holds the P or E bit in FLMCR
memory emulation by RAM.

Notes: 1. Indicatesthe period up to branching to the on-chip RAM boot program are
to H'FF2FF). (This branch occurs immediately after user program transfer
completed.)

Therefore, after branching to RAM area, NMI input is enabled in states ott

program/erase state. Thus, interrupt requests inside and outside the microc

must be disabled until initial writing by user program (writing of vector tal

processing program, etc.) is completed.

2. Inthiscase, vector read is not performed normally for the following two re

a. The correct value cannot be read even by reading the flash memory dul
programming/erasing. (Vaue is undefined.)

b. If avalue has not yet been written to the NMI vector table, NMI excep
will not be performed correctly.
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original RAM area (H'FF800 to H'FFBFF). For a description of the RAMCR and RAM
setting procedure, see section 15.3.3, RAM Control Register (RAMCR).

Example of real-time emulation of flash memory

An example of RAM area H'FF800 to H'FFBFF overlapping EB2 (H'00800 to H'00BF
memory areais shown below.

A

H'00000
Block area
Flash memory
space
Overlapping RAM
EB2 {H'OO800 N | A
mage area
area | j00BFF Ui )
| H'O0OFFF
H'FEF10
On-chip
RAM area
H'FF800
H'EFBEF | (Real RAM area)
H'FFCO00
H'FFFOF

Procedure:

1.

2.

Part (H'FF800 to H'FFBFF) of RAM
overlaps the area (EB2) needed to
real-time reprogramming.

(Bits 3 to 1 in the RAMCR are set t
and the overlap flash memory area
is selected.)

Real-time reprogramming is carrie
the overlapping RAM.

After the reprogramming data is ve
overlapping is released. (RAMS bit

The data written to H'FF800 to H'F
are written to flash memory space.

Note: * When part (H'FF800 to H'FFE

overlapped a small block are:
memory, the overlapped flast
area cannot be accessed. Th
be accessed by releasing ove

Figure15.14 Example of RAM Overlapping Operation
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(2) NMI input disable conditions
When the P and E bitsin FLMCR are set, NMI input is disabled, the same as norn
program/erase even when using the emulation function.

NMI input is cleared when the P and E bits are reset (including watchdog timer re:
standby mode, when a high level is not applied to FWE, and when the SWE bit in
in state in which a high level isinput to FWE.

15.8 Flash Memory PROM Mode

1581 PROM Mode Setting

This LS| has a PROM mode, besides an on-board programming mode, as a flash merr
program/erase mode. In the PROM mode, a program can be freely written to the on-c
using a PROM programmer that supports the Renesas Technology 128 kbytes flash ir
chip microcomputer device type.

For notes on PROM mode use, see sections 15.8.9, Notes on Memory Programming 8
Notes on Flash Memory Programming/Erasing.
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on-cnip RUM
area

H'1FFFF H'1FFFF

Figure15.15 PROM Mode Memory Map

15.83 PROM Mode Operation

Table 15.10 shows how the different operating modes are set when using PROM mode
15.11 lists the commands used in PROM mode. Details of each mode are given below.

Memory Read Mode

Memory read mode supports byte reads.

Auto-Program Mode

Auto-program mode supports programming of 128 bytes at atime. Status polling is
confirm the end of auto-programming.

Auto-Erase Mode

Auto-erase mode supports automatic erasing of the entire flash memory. Status poll
to confirm the end of auto-erasing.

Status Read Mode

Status polling is used for auto-programming and auto-erasing, and normal terminati
confirmed by reading the 1/0 6 signal. In status read mode, error information is out
error occurs.
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Legend:

L: Low level

H:  High level

X: Undefined

Hi-Z: High impedance

Notes: For command writes when making a transition to auto-program or auto-erase 1
Vce (V) to FWE.
1. Chip disable is not a standby state; internally, it is an operation state.
2. Ainindicates that there is also address input in auto-program mode.
3. The pin names are those assigned in this LS| PROM mode.

Table15.11 PROM Mode Commands

Number 1st Cycle 2nd Cy
Command Name of Cycles Mode Address Data Mode  Addres
Memory read mode 1 Write X H'00 Read RA
Auto-program mode 129 Write X H'40 Write ~ WA
Auto-erase mode 2 Write X H'20 Write X
Status read mode 2 Write X H71 Write X

Legend:

RA:  Read address
WA: Program address
Dout: Read data

Din: Program data

Note: In auto-program mode, 129 cycles are required for command writing by a simul
128-byte write.
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Schmitt trigger OE, CE, WE V. 1.0 — 25 \Y;
input voltage E
P 9 vV, 20 — 3.5 Vv
V, -V, 04 — — v
Output high 0.0, Vo, 24 — — \ loy =—
voltage
Output low 0,0, V. — — 0.45 \ I, =1
voltage
Input leakage  0-0,, A —A, |I,]| — — 2 HA
current
V. current Reading I — 40 65 mA
Programming | — 50 85 mA
Erasing I — 50 85 mA

Note: For the electrical characteristics of the flash memory version, see section 18.2.1
Maximum Ratings.

Exceeding the absolute maximum ratings may cause permanent damage to the
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Command write cycle t e 20 — us
CE hold time t,, — ns
CE setup time — ns
Data hold time [ 50 — ns
Data setup time t, 50 — ns
Write pulse width toep 70 — ns
WE rise time t — 30 ns
WE fall time t, — 30 ns
Command write Memory read mode
A16-A0 X Address stable ><
Lees Leen toxic
cE ![ | \ /
OE ; twep . /
WE 1
tdsjesile—wildn
v N
1/07-1/00 < i 7}> <<<

Note: Data is latched on the rising edge of WE.

/

Figure15.16 Timing Waveform in Memory Read Mode Transition

RENESAS
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— 100

Output disable delay ume Ly
Data output hold time t,, 5 — ns
' LA \
Al6-A0 ><Y Address stable 7XT Address stable ><
7
CE v,
OE v,
WE Viy tacc tace
toh — tonle—m
(4 N )
VO7-1/00 (({ DK )

Figure 15.17 CE/OE Enable State Read

r p s \
A16-A0 XT Address stable va Address stable 7}<:
tee tee
X
. toe < toe »
OE
| J \

WE Vin tacc ‘ ety face ton

1/07-1/00 { <<< = >\7 ( <<+ ]
AN Jif A\

Figure 15.18 CE/OE Clock Read
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Data nola ume L ou —

Data setup time t, 50 — ns
Write pulse width toen 70 — ns
WE rise time t — 30 ns
WE fall time t, — 30 ns
Memory read mode Another mode command write
A16-A0 >< Address stable X
tI"IXtC tces E(E

=\ [
T t
t wep

WE N

‘NNIL”

tds<_> -

1/07-1/00 <<< >>> <<<s_z

Note: Do not enable WE and OE simultaneously.

Figure15.19 Transition From Memory Read Mode to Another Mod
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Command write cycle e — s
CE hold time o — ns
CE setup time t.. — ns
Data hold time t,, 50 — ns
Data setup time t, 50 — ns
Write pulse width ep 70 — ns
Status polling start time [ 1 — ms
Status polling access time to. — 150 ns
Address setup time t, 0 — ns
Address hold time t, 60 — ns
Memory write time Lo 1 3000 ms
WE rise time t — 30 ns
WE fall time t, — 30 ns
Write setup time b 100 — ns
Write end setup time 100 — ns
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‘ T—’lbyte to 128bytes\——— o
tds td h rite

o7 (D) @) & H——
Vo <§ >>\ Zt j; Et j; ] Progra
end ide

105-1100 (@D (@, L D—A oo )

Progra
end ide

Figure 15.20 Auto-Program Mode Timing Waveforms

Cautions on Use of Auto-Program Mode

In auto-program mode, 128 bytes are programmed simultaneously. This should be
by executing 128 consecutive byte transfers.

A 128-byte data transfer is necessary even when programming fewer than 128 byt
case, H'FF data must be written to the extra addresses.

If avalue other than an effective address is input, processing will switch to amem
operation but awrite error will be flagged.

Memory address transfer is performed in the second cycle (figure 15.20). Do hot f
transfer after the second cycle.

Do not perform a command write during a programming operation.

Perform one auto-programming operation for a 128-byte block for each address.
Characteristics are not guaranteed for two or more programming operations.
Confirm normal end of auto-programming by checking 1/0 6. Alternatively, status
can also be used for this purpose.
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Command write cycle e — us
CE hold time o — ns
CE setup time — ns
Data hold time i 50 — ns
Data setup time t, 50 — ns
Write pulse width ep 70 — ns
Status polling start time te 1 — ms
Status polling access time to. — 150 ns
Memory erase time race 100 40000 ms
WE rise time t — 30 ns
WE fall time t, — 30 ns
Erase setup time 100 — ns
Erase end setup time t 100 — ns

FWE _/

Al16-A0

/\

‘tnxtc

f

fens fees fceh toxic
CE
f |

—

fests Spa |

1107

1106

1/105-1/00

tan

»

i

)

(EED,

]

terase

Et j; Erase end

(@)

identification signal

Erase normal and
confirmation signal

\_/‘_\—
\_/‘_\—

(@D,

Figure 15.21 Auto-Erase Mode Timing Waveforms
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AC Characteristics

Table 15.18 AC Characteristicsin Status Read Mode

Conditions: V=50V £10%, V=0V, T,=25°C£5°C

Item Symbol Min Max Unit Notes
Command write cycle t e 20 — us
CE hold time t., — ns
CE setup time t.. — ns
Data hold time t,, 50 — ns
Data setup time t, 50 — ns
Write pulse width ep 70 — ns
OE output delay time t, — 150 ns
Disable delay time t, — 100 ns
CE output delay time t, — 150 ns
WE rise time t — 30 ns
WE fall time t — 30 ns
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Note: 1/03 and 1/02 are undefined.

Figure 15.22 Status Read Mode Timing Waveforms

Table15.19 Status Read Mode Return Commands

Pin Name 1/07 1106 1/05 1104 1/03 1102 1/01
Attribute Normal Command Program- Erase — — Program-
end error ming error  error ming or
identification erase count
exceeded
Initial value 0 0 0 0 0 0 0
Indications  Normal Command Program- Erase — — Count
end: 0 error: 1 ming error: 1 exceeded:
Abnormal  Otherwise: ©MO" 1 Otherwise: 1
end: 1 0 Otherwise: 0 Otherwise:
0 0

Notes on status read mode

After exiting auto-program mode or auto-erase mode, status read mode must be execut
dropping the power supply.

Immediately after powering on, or once powering off, the return command is undefine

Rev.3.00 Mar. 26, 2007 Page 486 of 682
REJ09B0353-0300
RENESAS



settling time)
PROM mode setup time tom 10 — ms
V.. hold time t 0 — ms

dwn

Memory read "
Command wait state

mode
Command wait Auto-program mode Normal/abnormal
Auto-erase mode end identification
__ fosca tomv state tdwn
7 3\
Vee
f
RES —7
i Ag

FWE 1 N

Note: Set the FWE input pin low level, except in the auto-program and auto-erase modes.

Figure 15.23 Oscillation Stabilization Time, Boot Program Transfer Ti
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For other chips for which the erasure history is unknown, it is recommendex

erasing be executed to check and supplement the initialization (erase) level.
2. Inthe PROM mode, auto-programming to a 128-byte programming unit blc

be performed only once.

Do not perform additional programming to a programmed 128-byte progre

block.

To reprogram, perform auto-programming after auto-erasing.

Reprogram to
programmed address
I
| Auto-erase (chip batch) |

| Auto-program |

C =

Figure 15.24 Reprogramming to Programmed Address

15.9 Noteson Flash Memory Programming/Erasing

The following describes notes when using the on-board programming mode, RAM emt
function, and PROM mode.

(1) Program/erase with the specified voltage and timing.
Applied voltages in excess of the rating can permanently damage the device.
Use a PROM writer that supports the Renesas Technology 128 kbytes flash memor:
microcomputer device type.
Do not set the PROM writer at the HN28F101. If the PROM writer is set to the HN
mistake, a high level can be input to the FWE pin and the LS| can be destroyed.
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cells may not operate normally.

(3) Notes on FWE pin High/Low switching (See figures 15.25 to 15.27.)

Input FWE in the state microcomputer operation is verified. If the microcomputer
satisfy the operation confirmation state, fix the FWE pin at alow level to set the p
mode.

To prevent erroneous programming/erasing of flash memory, note the following ir
High/Low switching:

Apply an input to the FWE pin after the V cc voltage has stabilized within the'
If aninput is applied to the FWE pin when the microcomputer V cc voltage doe
the rated voltage, flash memory may be erroneously programmed or erased bex
microcomputer isin the unconfirmed state.

Apply an input to the FWE pin when the oscillation has stabilized (after the 0s
stabilization time).

When turning on the Vcc power, apply an input to the FWE pin after holding t
at alow level during the oscillation stabilization time (t,_,=20ms). Do not appl
the FWE pin when oscillation is stopped or unstable.

In the boot mode, perform FWE pin High/Low switching during reset.

In transition to the boot mode, input FWE = High level and set MD, to MD, w
input islow. At thistime, the FWE and MD, to MD, inputs must satisfy the mc
programming setup time (t,,,o) relative to the reset clear timing. The mode proc
setup time is necessary for RES reset timing even in transition from the boot rr
another mode.

In reset during operation, the RES pin must be held at alow level for at least 2
clocks.

In the user program mode, FWE = High/Low switching is possible regardless ¢
input.
FWE input switching is also possible during program execution on flash memc
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To prevent erroneous programming/erasing in the event of program runaway, etc., i
level to the FWE pin only when programming/erasing flash memory (including flas
emulation by RAM). Avoid system configurations that constantly input a high level
FWE pin. Handle program runaway, etc. by starting the watchdog timer so that flas
is not overprogrammed/overerased even while ahigh level isinput to the FWE pin.

(5) Program/erase the flash memory in accordance with the recommended algorithms.
The recommended algorithms can program/erase the flash memory without applyir
stress to the device or sacrificing the reliability of the program data.

When setting the PSU and ESU bitsin FLMCR, set the watchdog timer for progran
etc.

(6) Do not set/clear the SWE bit while a program is executing on flash memory.
Before performing flash memory program execution or data read, clear the SWE bi
If the SWE bit is set, the flash data can be reprogrammed, but flash memory cannot
accessed for purposes other than verify (verify during programming/erase).
Similarly perform flash memory program execution and dataread after clearing the
even when using the RAM emulation function with a high level input to the FWE p

However, RAM areathat overlaps flash memory space can be read/programmed wi
SWE hit is set or cleared.

(7) Do not use an interrupt during flash memory programming or erasing.
Since programming/erase operations (including emulation by RAM) have priority v
level isinput to the FWE pin, disable all interrupt requests, including NMI.

(8) Do not perform additional programming. Reprogram flash memory after erasing.

With on-board programming, program to 32-byte programming unit blocks one tim
Program to 128-byte programming unit blocks one time only even in the PROM mc
all the programming unit blocks before reprogramming.

Bus release must also be disabled.
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-t L
¢
- tOSC1 > Min
- » —
£
Vee
i—» | K
tvbs Min O ps
FWE - \
. —
MD, to MDg 1 -
tvps
RES + X
SWE SWE
set N clear
SWE bit s

[ ]: Flash memory access disabled period
(x: Wait time after SWE setting)”2

[ ]: Flash memory reprogrammable period
(Flash memory program execution and data read, other than verify, are disabled.)

Notes: 1. Always fix the level by pulling down or pulling up the mode pins (MD, to MDg)
until powering off, except for mode switching.
2. See section 18.2.5, Flash Memory Characteristics.

Figure 15.25 Powering On/Off Timing (Boot Mode)
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e L

A
MD,, to MD,* mf

tuos
ES 7/ \
SWE
set \ SWE
clear
SWE bit »

[ ]: Flash memory access disabled period
(x: Wait time after SWE setting)*2

[ ]: Flash memory reprogrammable period
(Flash memory program execution and data read, other than verify, are disabled.)

Notes: 1. Always fix the level by pulling down or pulling up the mode pins (MD, to MDg)
except for mode switching.
2. See section 18.2.5, Flash Memory Characteristics.

Figure 15.26 Powering On/Off Timing (User Program Mode)
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FWE Z 7\—c -
tvos tups* 2
(-~
o DS
. tRESW .
RES /l
A \
SWE set
\ SWE clear
SWE bit
2 > 2 PN -~

Mode switching**

Boot mode Mode  ~ User
switching®! mode

[_]: Flash memory access disabled time

(x: Wait time after SWE setting)*3

[_]: Flash memory reprogammable period
(Flash memory program execution and data read, other than verify, are disabled.)

User
mode

User program mode

Notes: 1. In transition to the boot mode and transition from the boot mode to another mode, mode switchin

is necessary.

During this switching period (period during which a low level is input to the RES pin), the state of

dual port and bus control output signals (AS,RD,WR) changes.
Therefore, do not use these pins as output signals during this switching period.

2. When making a transition from the boot mode to another mode, the mode programming setup tir
to the RES clear timing is necessary.

3. See section 18.2.5, Flash Memory Characteristics.

Figure 15.27 Mode Transition Timing
(Example: Boot Mode — User Mode « User Program Mode)

RENESAS
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(1 [

Internal data bus (lower 8 bits)

) -

H'00000 H'00001
H'00002 H'00003
- On-chip ROM -
H'1FFFE H'1FFFF
Even addresses Odd addresses

Figure 15.28 ROM Block Diagram (H8/3039)
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» Theflash memory versions only registers for flash memory control (FLMCR, EBF
and FLM SR) are not provided in the mask ROM versions. Reading the corresponc
addressesin amask ROM version will always return 1s, and writes to these addre:
disabled. This must be borne in mind when switching from the flash memory vers

mask ROM version.

HD6433039
(ROM: 128 kbytes)
Address:
H'00000-H'1FFFF

H'00000

H'1FFFF

HD6433038

(ROM: 64 kbytes)

Address:

H'00000—H'OFFFF

Not used”

H'00000

H'OFFFF
H'10000

H'1FFFF

HD6433037

(ROM: 32 kbytes)

Address:

H'00000-H'07FFF

Not used”

Note: * Program H'FF to all addresses in these areas.

H'00000

H'07FFF
H'08000

H'1FFFF

HD6433(
(ROM: 16 k
Addres
H'00000-F

Not use

Figure15.29 Mask ROM Addresses and Data
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Frequency division ratios of 1/1, 1/2, 1/4, and 1/8 can be selected for the frequency di
settings in adivision control register (DIVCR). Power consumption in the chip is redt
almost direct proportion to the frequency division ratio*”.

Notes: 1. Usage of the @ pin differs depending on the chip operating mode and the P
setting in the module standby control register (MSTCR). For details, see <
System Clock Output Disabling Function.
2. Thedivision ratio of the frequency divider can be changed dynamically du
operation. The clock output at the ¢ pin aso changes when the division rat
changed. The frequency output at the ¢ pin is shown below.

@=EXTAL x n

EXTAL: Frequency of crystal resonator or external clock sigr
n: Frequency division ratio (n= 1/1, 1/2, 1/4, or 1/8)
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! circui diviaer
E EXTAL ‘ ‘ circuit ‘

Division
control
: register

< Databus > @ g2to @

Figure 16.1 Block Diagram of Clock Pulse Generator

16.2 Oscillator Circuit

Clock pulses can be supplied by connecting a crystal resonator, or by input of an exterr
signal.
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EXTAL T‘ }ﬂT
1
XTAL J\/\/\,L{ }ﬂT
Rd CLo

Figure16.2 Connection of Crystal Resonator (Example)

Table16.1 Damping Resistance Value (Example)

Frequency (MHz) 2 4 8 10 12 16
Rd (Q) 1k 500 200 0 0 0

Crystal Resonator

Figure 16.3 shows an equivalent circuit of the crystal resonator. The crystal resonator
the characteristics listed in table 16.2.

XTAL +—o *—

AT-cut parallel-resonanc
Co

Figure 16.3 Crystal Resonator Equivalent Cir cuit
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Notes on Board Design
When a crystal resonator is connected, the following points should be noted:

Other signal lines should be routed away from the oscillator circuit to prevent inductior
interfering with correct oscillation. See figure 16.4.

When the board is designed, the crystal resonator and its load capacitors should be plac
aspossible to the XTAL and EXTAL pins.

Avoid Signal A Signal B
CLz | LSI
ﬁ_ | | : 3 XTAL
== ?
i | | 3 3 EXTAL
Cu1

Figure 16.4 Example of Incorrect Board Design
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EXTAL

XTAL

EXTAL

XTAL

— External clock inpu

Open

a. XTAL pin left open

External clock inpu

74HCO04

b. Complementary clock input at XTAL pin

Figure16.5 External Clock Input (Examples)
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Item Symbol  Min Max Min Max  Unit  Test Con
External clock rise  t_, — 10 — 5 ns Figure 16.
time
External clock fall  t_, — 10 — 5 ns
time
External clock — 30 70 30 70 % ¢=5 MHz
input duty (aft,,) 40 60 40 60 % @< 5 MHz
¢@clock width duty —— 40 60 40 60 %
(bft,)
tcyc
- -
EXTAL Z Vee
- X 1~ lex
teye

-/

Figure 16.6 External Clock Input Timing
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Conditions: V=27V 1055V, AV_=27V1t055V,V =AV =0V

Item Symbol Min Max Unit NC
External clock output stabilization toer™ 500 — us Fic
delay time
Note: * t,, includes a 10t  RES pulse width (t.,)-
)
Vee 2.7 l?L
)
STBY Vi
EXTAL AVAVAVAVAVAVAVAVAVAVAVA
? HHAVAVAVAVAVAVAY
)
RES D) 77
tpExT” _
Note: * tpext includes a 10 t.,c RES pulse width (tresw)-

Figure 16.7 External Clock Output Stabilization Delay Time
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16.5 Frequency Divider

The frequency divider divides the duty-adjusted clock signal to generate the system clc
frequency division ratio can be changed dynamically by modifying the value in DIV CF
described below. Power consumption in the chip is reduced in ailmost direct proportion
frequency division ratio. The system clock generated by the frequency divider can be o

Qpin.

16.5.1 Register Configuration
Table 16.5 summarizes the frequency division register.

Table16.5 Frequency Division Register

Address* Name Abbreviation R/W

Initi:

H'FF5D Division control register DIVCR R/W

H'FC

Note: * The lower 16 bits of the address are shown.

Rev.3.00 Mar. 26, 2007 Page 504 of 682
REJ09B0353-0300
RENESAS



nRTau/vviilc — i I I — — LAYA A S

|
Reserved bits ’7
Divide bits 1
These bits sel
frequency divi

DIVCR isinitiaized to H'FC by areset and in hardware standby mode. It is not initia
software standby mode.

Bits 7 to 2—Reser ved: These bits cannot be modified and are alwaysread as 1.

Bits 1 and 0—Divide (DIV1 and DIV0): These hits select the frequency division rati
follows.

Bit 1 Bit 0

DIV1 DIVO Frequency Division Ratio

0 0 11 (I
0 1 1/2

1 0 1/4

1 1 1/8
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communication, and other time-dependent processing differs before and after any chan
division ratio. The waiting time for exit from software standby mode also changes whe
division ratio is changed. For details, see section 17.4.3, Selection of Oscillator Waitin
Exit from Software Standby Mode
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» Sleep mode
» Software standby mode
* Hardware standby mode

The module standby function can halt on-chip supporting modules independently of tl
down state. The modules that can be halted are the ITU, SCIO, SCI1, and A/D convert

Table 17.1 indicates the methods of entering and exiting these power-down modes an
of the CPU and on-chip supporting modules in each mode.
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H'FFF2 System control register SYSCR R/W H'0
H'FF5E Module standby control MSTCR R/W H'4
register
Note: * Lower 16 bits of the address.
17.21  System Control Register (SYSCR)
Bit 7 6 5 4 3 2 1
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ —
Initial value 0 0 0 0 1 0 1
Read/Write R/W R/W R/W R/W R/W R/W —
RA
Resery

These bits select the
waiting time at exit from
software standby mode

Software standby
Enables transition to
software standby mode

NMI edge select

User bit enable

Standby timer select 2to 0

SY SCR is an 8-bit readable/writable register. Bit 7 (SSBY) and bits6 to 4 (STS2 to S
the power-down state. For information on the other SY SCR bits, see section 3.3, Syst

Register (SY SCR).
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Bits 6 to 4—Standby Timer Select (STS2 to ST S0): These hits select the length of ti
and on-chip supporting modules wait for the clock to settle when software standby moc
by an external interrupt. If the clock is generated by a crystal resonator, set these bits &
the clock frequency so that the waiting time (for the clock to stabilize) will be at least 7
table 17.3. If an external clock is used, any setting is permitted.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description
0 0 0 Waiting time = 8192 states (Initial

1 Waiting time = 16384 states
0 Waiting time = 32768 states
1 Waiting time = 65536 states
0
1

Waiting time = 131072 states
Waiting time = 1024 states
— lllegal setting
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‘ PSIUF‘ — ‘MSIUPL‘J‘MSIUF‘%‘MSIUP;S‘ — ‘ —

Initial value 0 1 0 0 0 0 0
Read/Write R/W — R/W R/W R/W — —
\ \
Reserved bit Reserved bit
@clock stop

Enables or disables
output of the system clock

Module standby 5to 3,and 0
These bits select modules
to be placed in standby

MSTCRisinitialized to H'40 by areset and in hardware standby mode. It is not initia
software standby mode.

Bit 7—@ Clock Stop (PSTOP): Enables or disables output of the system clock (¢).

Bit 7

PSTOP Description

0 System clock output is enabled (I
1 System clock output is disabled

Bit 6—Reserved: This bit cannot be modified and is always read as 1.

Bit 5—Module Standby 5 (M STOPS5): Selects whether to place the ITU in standby.

Bit 5

MSTOP5 Description

0 ITU operates normally (I
1 ITU is in standby state
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Bit 3
MSTOP3  Description

0 SCI1 operates normally (Ini

1 SCI1 is in standby state

Bits 2 to 1—Reserved: Bits2 to 1 are reserved.

Bit 0—Module Standby 0 (M STOPO): Selects whether to place the A/D converter in

Bit 0

MSTOPO Description

0 A/D converter operates normally (Ini
1 A/D converter is in standby state
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supporting modules which have been placed in standby by the module standby functic
remain halted.

17.3.2  Exit from Sleep Mode
Sleep mode is exited by an interrupt, or by input at the RES or STBY pin.

Exit by Interrupt: An interrupt terminates sleep mode and causes a transition to the i
exception handling state. Sleep mode is not exited by an interrupt source in an on-chiy
module if the interrupt is disabled in the on-chip supporting module. Sleep modeis nc
an interrupt other then NMI if the interrupt is masked by interrupt priority settings (IF
settings of the | and Ul bitsin CCR.

Exit by RES Input: Low input at the RES pin exits from sleep mode to the reset state

Exit by STBY Input: Low input at the STBY pin exits from sleep mode to hardware
mode.
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LU, LIOLK, dllU ON=CHrp suppordriy moddics dll fiat. 1 e Or=Chilp suppordrig mouulcs
and halted. Aslong as the specified voltage is supplied, however, CPU register content
chip RAM data are retained. The settings of the 1/0 ports are also held.

17.4.2  Exit from Software Standby Mode

Software standby mode can be exited by input of an external interrupt at the NMI, IRQ
by input at the RES or STBY pin.

Exit by Interrupt: When an NMI, IRQ,, or IRQ, interrupt request signal is received, tt
oscillator begins operating. After the oscillator settling time selected by bits STS2to S
SYSCR, stable clock signals are supplied to the entire chip, software standby mode enc
interrupt exception handling begins. Software standby mode is not exited if the interruy
bits of interrupts IRQ,, and IRQ), are cleared to O, or if these interrupts are masked in th

Exit by RES Input: When the RES input goes low, the clock oscillator starts and clocl
supplied immediately to the entire chip. The RES signal must be held low long enough
clock oscillator to stabilize. When RES goes high, the CPU starts reset exception handl

Exit by STBY Input: Low input at the STBY pin causes atransition to hardware stanc
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External Clock

Any value may be set.

ol o,

Table17.3 Clock Freguency and Waiting Timefor Clock to Settle

Waitin
DIVl DIVO STS2 STS1 STSO Timeg 18 MHz 16 MHz 12 MHz 10MHz 8MHz 6MHz 4MHz 2MHz

0 0 0 0 0 8192 states  0.46 0.51 0.65 0.8
0 0 1 16384 states  0.91 1.0 13 1.6
0 1 0 32768 states 1.8 2.0 2.7 3.3 16.4
0 1 1 65536 states 3.6 4.1 5.5 6.6 16.4 32.8
1 0 0 131072 states 32.8 65.5
1 0 1 1024 states 0.057 0.064 0.085 0.10 0.26 0.51
1 1 lllegal setting

0 1 0 0 0 8192 states  0.91 1.02
0 0 1 16384 states 1.8 16.4
0 1 0 32768 states 3.6 16.4 32.8
0 1 1 65536 states 16.4 21.8 32.8 65.5
1 0 0 131072 states 14.6 16.4 32.8 43.7 65.5 131.1
1 0 1 1024 states  0.11 0.13 0.26 0.34 0.51 1.0
1 1 — lllegal setting

1 0 0 0 0 8192 states
0 0 1 16384 states 16.4 32.8
0 1 0 32768 states 16.4 32.8 65.5
0 1 1 65536 states 32.8 65.5 131.1
1 0 0 131072 states 65.5 87.4 131.1 262.1
1 0 1 1024 states 0.51 0.68 1.02 2.0
1 1 — lllegal setting

1 1 0 0 0 8192 states
0 0 1 16384 states 16.4 32.8 65.5
0 1 0 32768 states  14.6 16.4 21.8 26.2 32.8 65.5 1311
0 1 1 65536 states  29.1 32.8 43.7 52.4 65.5 131.1 262.1
1 0 0 131072 states 58.3 65.5 87.4 104.9 131.1 174.8 262.1 524.3
1 0 1 1024 states  0.46 0.51 0.68 0.82 1.0 1.4 2.0 4.1
1 1 — lllegal setting

[ ] : Recommended setting

RENESAS
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Software standby mode is exited at the next rising edge of the NMI signal.

osciacor LTI el
¢ [
NMI }

NMIEG

L

SSBY |

NMI exception 4 Software standby  Oscillator NMI exce
handling mode (power- settling time handling
NMIEG = 1 down state) (tosc2)
SSBY =1

SLEEP

instruction

Figure17.1 NMI Timingfor Software Standby Mode (Example)

1745 Usage Note

The 1/O ports retain their existing statesin software standby mode. If aport isin the hi
state, its output current is not reduced.
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high-impedance state.
Clear the RAME bit to 0 in SY SCR before STBY goes low to retain on-chip RAM da

The inputs at the mode pins (MD, to MD,) should not be changed during hardware ste

17.5.2  Exit from Hardware Standby Mode

Hardware standby mode is exited by inputs at the STBY and RES pins. While RES is
STBY goes high, the clock oscillator starts running. RES should be held low long enc
clock oscillator to settle. When RES goes high, reset exception handling begins, follo
transition to the program execution state.
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m
w

STBY

| |
| |
-,
| |

Oscillator
settling time

—

Res
exce
hanc

Figure17.2

Hardware Standby Mode Timing
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of the next bus cycle after the MSTCR write cycle.

17.6.2 Read/Writein Module Standby

When an on-chip supporting module isin module standby, read/write access to its reg
disabled. Read access always resultsin H'FF data. Write accessisignored.

17.6.3 Usage Notes
When using the module standby function, note the following points.

Cancellation of Interrupt Handling: When an on-chip supporting module is placed
by the module standby function, its registers are initialized, including registers with ir
request flags. Consequently, if an interrupt occurs just before the MSTOP hit is set to
interrupt will not be recognized. The interrupt source will not be held pending.

Pin States: Pins used by an on-chip supporting module lose their module functions w
module is placed in module standby. What happens after that depends on the particule
details, see section 7, 1/0 Ports. Pins that change from the input to the output state req
care. For example, if SCI1 is placed in module standby, the receive data pin losesitsr
function and becomes a generic I/O pin. If its data direction bit is set to 1, the pin bect
output pin, and its output may collide with external serial data. Data collisions should
by clearing the data direction bit to O or taking other appropriate action.

Register Resetting: When an on-chip supporting module is halted by the module star
function, all itsregisters are initialized. To restart the module, after its MSTOP bit is ¢
its registers must be set up again. It is not possible to write to the registers while the b
setto 1.
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MSTCR write cycle

(PSTOP = 1)

T1 T2 T3

9pin )}

MSTCR write cycle
(PSTOP =0)

T 12 T3

High impedance

il

Figure17.3 Starting and Stopping of System Clock Output

Table17.4 @Pin Statein Various Operating States

Operating State

PSTOP =0

PSTOP =1

Hardware standby

High impedance

High impedance

Software standby

Always high

High impedance

Sleep mode

System clock output

High impedance

Normal operation

System clock output

High impedance
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Table18.1 Absolute Maximum Ratings

Item Symbol Value

Power supply voltage Ve -0.3t0 +7.0

Input voltage (except port 7)* V., -0.3toV_+0.3

Input voltage (port 7) V, -0.3t0 AV +0.3

Analog power supply voltage AV . -0.3t0 +7.0

Analog input voltage V. -0.3to AV +0.3

Operating temperature L Regular specifications: —20 to +75

Wide-range specifications: —40 to +85

Storage temperature T -55to +125

Caution:  Permanent damage to the chip may result if absolute maximum ratings are
Note: * 12V must not be applied to any pin, as this will cause permanent damage
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1citl il yp VidA Ul 1oL
Schmitt Port A, Vv, 1.0 — — \Y
trigger input pg 45 pg v, — — V._x07 V
voltages 0 v - - ce
PB,to PB, V, -V, 04 — — Y
Input high  RES, STBY, V., V=07 — V103 V
voltage NMI, MD,,
MD,, MD,
EXTAL V,.x07 — V,+03 V
Port 7 2.0 — AV +0.3 V
Ports 1, 2, 3, 5, 2.0 — V103 V
6,9, PB, PB,,
PB,
Input low RES, STBY, vV, -0.3 — 0.5 \Y
voltage MD,, MD,, MD,
NMI, EXTAL, -0.3 — 0.8 \%
ports 1, 2, 3, 5,
6,7,9,PB,
PB,, PB,
Output high  All output pins ~ V_, V,.-05 — — \ loy =-
voltage except RESO _
g (excep ) 35 — — Voo, =
Output low  All output pins  V_, — — 0.4 \ Iy, =1
voltage (except RESO)
Ports 1, 2, 5, B — — 1.0 Vool =1
RESO — — 0.4 Y, I, =2
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ek RESVU — — 10.U

(off state)

Input Ports 2, 5 -, 50 — 300 MA V=

pull-up MOS

current

Input NMI, RES C, — — 50 pF V=

capacitance |1 input pins — — 20 fl_z 1
except NMI and a”
RES

Current Normal lee — 50 70 mA f=1

dissipation*® operation
Sleep mode — 35 50 f=1
Standby mode*® — 0.01 5.0 PA T, <

— — 20.0 50°(

Analog During A/D Al — 1.7 2.8 mA

power conversion

supply Idle — 002 100 LA

current

RAM standby voltage Vi 2.0 — — \

Notes: 1. If the A/D converter is not used, do not leave the AV__ and AV pins open.

Connect AV to V,

cc’

and connect AV to V..

2. Current dissipation values are for V,, min =V_—-0.5 V and V, max =0.5 V1
output pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for vV, <V_<45V,V min=V

C

.*x0.9,and V, max =0.3

RENESAS
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VT - VT VCC o~ VWU T - v
Input high  RES, STBY, V., Ve x0.9 — V103 V
voltage NMI, MD,, MD,,
MD,
EXTAL V. x07 — V,.+03 V
Port 7 V. x07 — AV +0.3 V
Ports 1, 2, 3, 5, V,.x07 — V403 V
6,9, PB,, PB,,
PB,
Input low RES, STBY, vV, -0.3 — Veex01 V
voltage MD,, MD,, MD,
NMI, EXTAL, -0.3 — Vex02 V V<
ports 1, 2, 3, 0.8 v V=
5,6,7,9, ' «
40V
PB, PB,, PB,
Output high All output pins ~ V_, V,.-05 — — \ loy = -
voltage except RESO -
9 (excep ) V.10 —  — Voo, =-
Output low  All output pins  V_, — — 0.4 \ I, =1
voltage (except RESO)
Ports 1, 2, 5, B — — 1.0 Vo V<
IOL =
4V <
IOL =
RESO — — 0.4 Voo =
Input STBY, NMI, I | — — 1.0 AV, =
leakage RES, MD,, MD,, V.
current MD,
Port 7 — — 10 MA V=
AV -
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capacitance

-1 —— T D | -

All input pins — — 20 -|-= E
except NMI as=
and RES
Current Normal o — 12 338 mA f=8
dissipation*® operation B.0V) (B5V)
Sleep mode — 8 25.0 mA f=8
B0V) (55V)
Standby mode*” — 001 5.0 HA T, <!
— — 20.0 MA  50°C
Analog During A/D Al — 13 2.5 mA AV
power conversion — 1.7 28 mA AV
supply B — i i e
current Idle — 0.02 10.0 HA
RAM standby voltage Ve 2.0 — — \
Notes: 1. If the A/D converter is not used, do not leave the AV_. and AV pins open.

Connect AV to V_, and connect AV to V.

Current dissipation values are for V,, min=V_-0.5V and V, max = 0.5V \
output pins unloaded and the on-chip pull-up MOS transistors in the off sta
The values are for V,, <V <2.7V,V, min=V_x0.9,and V, max=0.3
I depends on V. and f as follows:

I, max = 3.0 (mA) + 0.7 (MA/MHz - V) x V__x f [normal mode]

I.. max = 3.0 (mA) + 0.5 (MA/MHz - V) x V__ x f [sleep mode]
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VT - VT VCC o~ VWU T - v
Input high  RES, STBY, V., Ve x0.9 — V103 V
voltage NMI, MD,, MD,,
MD,
EXTAL V. x07 — V,.+03 V
Port 7 V. x07 — AV +0.3 V
Ports 1, 2, 3, 5, V,.x07 — V403 V
6,9, PB,, PB,,
PB,
Input low RES, STBY, vV, -0.3 — Veex01 V
voltage MD,, MD,, MD,
NMI, EXTAL, -0.3 — Vex02 V V<
ports 1, 2, 3, 5, 0.8 Vv V. =
6,7,9, PB, ' 55V
PB,, PB, '
Output high All output pins ~ V_, V.05 — — \ loy = -
voltage except RESO -
9 (excep ) V.10 —  — Voo, =-
Output low  All output pins  V_, — — 0.4 \ I, =1
voltage (except RESO)
Ports 1, 2, 5, B — — 1.0 Vo V<
IOL =
4V <
IOL =
RESO — — 0.4 Voo =
Input STBY, NMI, I | — — 1.0 AV, =
leakage RES, MD,, MD,, V.
current MD,
Port 7 — — 10 MA V=
AV -
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sy 7 REm T D |

capacitance input pins — — 20 fr=_l
except NMI a”
and RES
Current Normal o — 15 415 mA f=1
dissipation*® operation B.0V) (B5V)
Sleep mode — 10 30.5 mA f=1
(3.0V) (B5V)
Standby mode*® — 0.01 5.0 PA T, <
— — 20.0 MA  50°C
Analog During A/D Al — 13 2.5 mA AV
power conversion — 1.7 — mA AV
supply - i e
current Idle — 0.02 10.0 HA
RAM standby voltage Vi 2.0 — — \

Notes: 1. If the A/D converter is not used, do not leave the AV__ and AV pins open.
Connect AV to V_, and connect AV to V.

2. Current dissipation values are for V,, min =V_-0.5 V and V, max = 0.5 V1
output pins unloaded and the on-chip pull-up transistors in the off state.
3. The values are forV,,,<V_<3.0V,V, min=V__x0.9, and V, max =0.3
4. | dependson V_ and f as follows:
I, max = 3.0 (mA) + 0.7 (MA/MHz - V) x V__ x f [normal mode]

I.. max = 3.0 (mA) + 0.5 (MA/MHz - V) x V__ x f [sleep mode]
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roitifooivic Uuiputl vl Ul 21 pitio nivivuuniy 1 - -

low current (total) ports 1,2, 5and B
Total of 23 pins, including — — 75*%/65*
ports 8,9, A and B
Total of all output pins, — — 120

including the above

Permissible output All output pins lon — — 2.0
high current (per pin)

Permissible output Total of all output pins >, — — 40
high current (total)

Notes: To protect chip reliability, do not exceed the output current values in table 18.3.

When driving a Darlington pair or LED, always insert a current-limiting resistor ir
line, as shown in figures 18.1 and 18.2.

1. The value is for conditions: V. =2.7Vt0 55V, AV =27Vt 55V
2. The value is for conditions: V.. =4.5Vt0 55V, AV =45V1to 55V
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Darlington pair 747

Figure18.1 Darlington Pair Drive Circuit (Example)

LSI

Ports 600 O

~

LED

Figure18.2 LED Drive Circuit (Example)
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range specifications)

ConditionB: V=30V t055V,AV_ =30V 1t055V,V_ =AV_ =0V, @=2M
10 MHz, T, =-20°C to +75°C (regular specifications), T, = —40°C to +¢
range specifications)

Condition C: V =5.0V +10%, AV, =5.0V +10%, V=AV =0V, =2 MHz
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wid

specifications)
Condition A Condition B Condition C
8 MHz 10 MHz 18 MHz

Item Symbol Min  Max Min  Max Min  Max Unit
Clock cycle time te 125 500 100 500 555 500 ns
Clock low pulse width t. 40 — 30 — 17 —

Clock high pulse width te 40 — 30 — 17 —

Clock rise time te, — 20 — 15 — 10

Clock fall time te — 20 — 15 — 10
Address delay time to — 60 — 50 — 25
Address hold time tan 25 — 20 — 10 —
Address strobe delay time taso — 60 — 40 — 25

Write strobe delay time twso — 60 — 50 — 25
Strobe delay time ty — 60 — 50 — 25

Write data strobe pulse width 1 t,,* 85 — 60 — 32 —

Write data strobe pulse width 2 t,¢,,* 150 — 110 — 62 —
Address setup time 1 e 20 — 15 — 10 —
Address setup time 2 thss 80 — 65 — 38 —

Read data setup time teps 50 — 35 — 15 —

Read data hold time t 0 — 0 — 0 —
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noLdu vdia avvvoo uiiv <

“ACC2

= =

Read data access time 3 taces™ — 70 — 50 — 20
Read data access time 4 taces™ — 180 — 150 — 80
Precharge time toe™ 85 — 60 — 40 —
Wait setup time trs 40 — 40 — 25 —
Wait hold time s 10 — 10 — 5 —
Note: * For Condition A, the following times depend on the clock cycle time as show
tee = 1.5 %t —68 (ns) tysws = 1.0 xt  —40 (ns)
tee, = 2.5 % t —73 (ns) tyswe = 1.5 X t .—38 (ns)
tee; = 1.0 ><t .—55 (ns) w=1.0xt —40 (ns)
tioes = 2.0 % t .—70 (ns)

For Condition B, the following times depend on the clock cycle time as show

ACCl =15 xt
tACCZ 5Xt

—1OXI
—ZOXI

ACC3

ACC4

.—90
.—90
.—90
.—90

(ns)
(ns)
(ns)
(ns)

tyew, = 1.0 Xt =40 (ns)
twsW2 15x t .—40 (ns)
tey =10 %t —40 (ns)

For Condition C, the following times depend on the clock cycle time as show

=15xt,
—ZSXI
—1OXI
-ZOXI

ACCl

ACCZ

ACC3

ACC4

34
34
36
31

(ns)
(ns)
(ns)
(ns)

tysw = 1.0 x t =24 (ns)
tyswe = 1.5 ><t .—22 (ns)
o =1.0x tcyc -21 (ns)
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Condition C: V =5.0V #10%, AV =5.0V +10%, V_=AV_ =0V, =2 MHzt

a

=-20°C to +75°C (regular specifications), T, = —-40°C to +85°C (wid

specifications)
Condition A Condition B Condition C
8 MHz 10 MHz 18 MHz
Item Symbol  Min Max Min Max Min Max  Unit Tes
RES setup time tress 200 — 200 — 200 — ns Figt
RES pulse width tresw 10 — 10 — 10 — tcyc
Mode programming tuos 200 — 200 — 200 — ns
setup time (MD,, MD,,
MD,)
RESO output delay teeso — 100 — 100 — 100 ns Fig
time
RESO output pulse teesow 132 — 132 — 132 — teyc
width
NMI setup time [ 200 — 200 — 150 — ns Figt
(NMI, IRQ,, IRQ,,
IRQ,, IRQ;)
NMI hold time b 10 — 10 — 10 —
(NMI, 1IRQ,, IRQ,,
IRQ,, IRQ;)
Interrupt pulse width  t,, 200 — 200 — 200 —
(NMI, IRQ,, IRQ,
when exiting software
standby mode)
Clock oscillator toser 20 — 20 — 20 — ms  FigL
settling time at reset
(crystal)
Clock oscillator tosco 8 — 8 — 7 — ms  FigL

settling time in
software standby
(crystal)
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Condition C: V_ =5.0V +10%, AV =5.0V £10%, V= AV_ =0V, ¢= 2 MHz

a

=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wi

specifications)
Condition A Condition B Condition C
8 MHz 10 MHz 18 MHz
Item Symbol Min  Max Min  Max Min  Max  Unit
ITU  Timer output delay  t, — 100 — 100 — 100 ns
time
Timer input setup ~ t,¢ 50 — 50 — 50 —
time
Timer clock input Lk 50 — 50 — 50 —
setup time
Timer  Single | S 15 — 15 — 15 — e
clock  edge
pulse  goiy o 25 — 25 — 25 —
width edges
SCI Input  Asynchro- t . 4 — 4 — 4 —
clock  nous
cycle Synchro- 6 — 6 — 6 —
nous
Input clock rise time  t.,, — 1.5 — 15 — 1.5
Input clock fall time  t.,, — 1.5 — 15 — 1.5
Input clock pulse t 0.4 0.6 0.4 0.6 0.4 0.6 t

width

'SCKW

Scyc

RENESAS
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clock input)

Receive data hold 0 — 0 — 0 —
time (synchronous
clock output)

Ports Output data delay  t,,, — 100 — 100 — 100 ns
and  time
TPC  Input data setup time t,, 50 — 50 @ — 50 —
Input data hold time t.., 50 — 50 — 50 —
5V

C=90pF: ports 1, 2,3,5,6,

This LSI C=30pF: ports9, A, B
output pin
PP R, =2.4kQ
Ry =12kQ

Input/output timing measurem
eLow: 0.8V
e High: 2.0V

Figure 18.3 Output Load Circuit
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ConditionB: V_.=30Vto55V,AV_=30V1t055V,V =AV_ =0V,0=2N
10 MHz, T,=-20°C to +75°C (regular specifications), T, = —40°C to +
range specifications)

Condition C: V=50V £10%, AV =50V £10%, V=AV =0V, p=2MHz
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wi
specifications)

Condition A Condition B Condition (
8 MHz 10 MHz 18 MHz

Item Min Typ Max Min Typ Max Min Typ M

Resolution 10 10 10 10 10 10 10 10 1(

Conversion time — — 16.8 — — 134 — — 7.

Analog input — — 20 — — 20 — — 2

capacitance

Permissible signal- — — 10%* — — 10%* — — 1

source impedance _ 52 _ _ 5*3 _ _ 5

Nonlinearity error — — +7.5 — — +7.5 — — +!

Offset error — — +7.5 — — +7.5 — — +!

Full-scale error — — +7.5 — — +7.5 — — +:

Quantization error — — +0.5 — — +0.5 — — =+

Absolute accuracy — — +8.0 — — +8.0 — — +

Notes: 1.
2.

3
4.
5

The value isfor4.0V<AV__<55V.

cc —

The value is for 2.7 V< AV_< 4.0 V.

The value is for ¢< 12 MHz.

. The value is for @> 12 MHz.

. Thevalueisfor3.0V<AV_<4.0V.

RENESAS
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Power supply voltage Ve -0.3t0 +7.0
—0.3toV,+0.3
—0.3t0 AV +0.3

Input voltage (except port 7)**

Input voltage (port 7)

Analog power supply voltage AV . -0.3t0+7.0
Analog input voltage V. -0.3t0 AV +0.3
Operating temperature Tow Regular specifications: —20 to +75**

Wide-range specifications: —40 to +85**

Storage temperature T -55to +125

Caution:  Permanent damage to the chip may result if absolute maximum ratings are ¢
Notes: 1. 12V must not be applied to any pin, as this will cause permanent damage tc

2. The operating temperature range when programming/erasing flash memory
+75°C (regular specifications) or T, = 0 to +85°C (wide-range specifications)
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T,=0°Cto +85°C (wide-range specifications))

Iltem Symbol  Min Typ Max Unit Test
Schmitt Port A, Vv, 1.0 — — \Y
trigger input P8, to P8, v — — V_x07 V
voltages PB,to PB, T cc
V,'-V, 04 — — \%
Input high  RES, STBY, V., V.-07 — V103 V
voltage NMI, MD,, MD,,
MD,, FWE
EXTAL V,.x07 — V,.+t03 V
Port 7 2.0 — AV_,+03 V
Ports 1, 2, 3, 2.0 — V. 403 V
56,9,
PB,, PB,, PB,
Input low RES, STBY, vV, -0.3 — 0.5 \Y
voltage MD,, MD,, MD,,
FWE
NMI, EXTAL, -0.3 — 0.8 \%
ports 1, 2, 3,
5,6,7,9,
PB, PB,, PB,
Output high  All output pins  V_, V,.-05 — — \ loy =
voltage _
g 3.5 — — Voo, =
Output low  All output pins ~ V_, — — 0.4 \ Iy, =
voltage Ports 1, 2, 5, B — — 1.0 Vool =
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leakage 2,0,06,9, A DB Ve =

current

(off state)

Input Ports 2, 5 -, 50 — 300 MA V=

pull-up

current

Input NMI, RES C, — — 50 pF V=

capacitance input pins — — 20 fT:_l,l
except NMI a ¢
and RES

Current Normal lec — 50 70 mA =18

dissipation  operation

2 4.4

r Sleep mode — 35 50 f= 16

Standby mode** — 0.01 5.0 PA  T,<E
— — 20.0 50°C

Analog During A/D Al — 1.7 2.8 mA

power conversion

supply Idle — 0.02  10.0 HA

current

RAM standby voltage V, 2.0 — — \%

RAM

Notes: 1.

Connect AV . to V,

cc?

If the A/D converter is not used, do not leave the AV_. and AV pins open.
and connect AV to V..

2. Current dissipation values are for V,, min=V_-0.5Vand V, max=0.5Vw
output pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for V,

<

RAM —

V. <45V, V, min=V

C

-%0.9,and V, max =0.3\

4. Power supply current value when programming/erasing in flash memory (T,
+75°C (regular specifications), T, = 0°C to +85°C (wide-range specifications;
(max) higher than the power supply current value in normal operation.
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trigger input P8, to P8,, V-

. — — V,.x07 V
voltages PB, to PB,
V., -V, V., x004 — — %
Input high  RES, STBY, V., Vi*x09 — V103 V
voltage NMI, MD, to
MD,, FWE
EXTAL Ve x07 — V. +03 V
Port 7 V,.x07 — AV +0.3 V
Ports 1t0 3, 5, 6, Vix07 — V103 V
9, PB,, PB,, PB,
Input low RES, STBY, vV, -0.3 — V,.x01 V
voltage FWE, MD, to
MD,, FWE
NMI, EXTAL, -0.3 — V,.x02 V V.
ports 1 to 3,
5t07,9, PB,, 08 V..
PB,, PB, 5.5\
Output high  All output pins ~ V_, V,.-05 — — \ oy =
voltage
V,.-1.0 — — Voo,®
Output low  All output pins  V — — 0.4 \ lo =
voltage Ports 1, 2, 5, B — — 1.0 VooV,
|OL =
4V -
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lrnree-state  Forts 1, £, o5, o, [l — — pA - V=
leakage 6,8toB Ve
current
(off state)
Input pull-up Ports 2 and 5 -, 10 — 300 MA V=
current 55V
Vin =
Input NMI, RES C, — — 50 pF V=
capacitance input pins — — 20 pF fT:_l
except NMI a=
and RES
Current Normal oo ** — 15 41.5 mA  f=1(
dissipation  operation B0V) (5:5V)
245
mr Sleep mode — 10 30.5 mA = 1(
(B.0V) (5V)
Standby mode*® — 0.01 50 HA T, <!
— — 20.0 50°C
Analog During A/D Al — 13 2.5 mA AV
power conversion — 17 28 AV
supply : : «
current Idel — 0.02 10.0 l.lA
RAM standby voltage Ve 2.0 — — \Y
Notes: 1. If the A/D converter is not used, do not leave the AV__ and AV pins open.
Connect AV to V., and connect AV to V..

2. Current dissipation values are for V,, min = VCC -0.5V and V, max=0.5V
output pins unloaded and the on-chip pull-up transistors in the off state.

3. The values are for V,,, < V< 3.0V, V, min=VCC x 0.9, and V, max = 0.2

RAM —

4. | dependsonV_ and fas foll

I, max = 3.0 (mA) + 0.7 (MA/MHz V) x V__ x f [normal mode]
I, max = 3.0 (mA) + 0.5 (MA/MHz V) x V__ x f [sleep mode]

OWS:

5. The current dissipation value when programming/erasing flash memory (T -
+75°C (regular specifications), T, = 0°C to +85°C (wide-range specifications;
(max) higher than the current dissipation value in normal operation.
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Permissible output Total of 27 pins 2 — — 80

oL

low current (total) including ports 1, 2, 5
and B
Total of 23 pins, — — 75%%|
including ports 8, 9, A 65**
and B
Total of all output pins, — — 120

including the above

Permissible output All output pins lon — — 2.0
high current (per pin)

Permissible output Total of all output pins >, — — 40
high current (total)

Notes: To protect chip reliability, do not exceed the output current values in table 18.1

When driving a Darlington pair or LED, always insert a current-limiting resistor
line, as shown in figures 18.4 and 18.5.

1. Conditions: V=30Vt 55V, AV, =30Vto55V
2. Conditions: V.. =45V1t055V, AV =45Vto55V
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Darlington pair 777

Figure18.4 Darlington Pair Drive Circuit (Example)

LSI

Ports 600 O

~

LED

Figure18.5 LED Drive Circuit (Example)
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specifications)

Condition B: V  =5.0V +10%, AV, =5.0V +10%, V=AV =0V, =2 MHz
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wi

specifications)

Condition A Condition B

10 MHz 18 MHz

Item Symbol Min  Max Min  Max Unit
Clock cycle time e 100 500 555 500 ns
Clock low pulse width te, 30 — 17 —

Clock high pulse width t., 30 — 17 —

Clock rise time te, — 15 — 10

Clock fall time t, — 15 — 10
Address delay time to — 50 — 25
Address hold time " 20 — 10 —
Address strobe delay time teo — 40 — 25

Write strobe delay time theo — 50 — 25

Strobe delay time t, — 50 — 25

Write data strobe pulse width 1 t,,.* 60 — 32 —

Write data strobe pulse width 2t ,, 110 — 62 —
Address setup time 1 t 15 — 10 —
Address setup time 2 te 65 — 38 —

Read data setup time teps 35 — 15 —

Read data hold time t 0 — 0 —

RENESAS
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Read data access time 1 t..* — 100 — 50

Read data access time 2 teer — 200 — 105

Read data access time 3 taces” — 50 — 20

Read data access time 4 tace™ — 150 — 80

Precharge time toe* 60 — 40 —

Wait setup time s 40 — 25 — ns F
Wait hold time t 10 — 5 —

Note: * For condition A, the following times depend on the clock cycle time as show
=15xt, -50 (ns) =1.0xt, —40 (ns)

ACCZ =25x t —50 (ns) WSWZ =15x t —40 (ns)

Am =1.0 ><t —50 (ns) =1.0xt, —40 (ns)

=20 ><t .—50 (ns)

ACCl WSW1

ACC4

For condition B, the following times depend on the clock cycle time as show
=15xt, —34 (ns) =1.0xt, —24 (ns)

ACCZ =25 ><t —34 (ns) WSWZ =15 ><t —22 (ns)

Am =1.0 ><t —36 (ns) =1.0xt, —21 (ns)

=20 ><t —31 (ns)

ACCl WSW1

ACC4
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Condition A Condition B
10 MHz 18 MHz

Item Symbol Min  Max Min  Max Unit
RES setup time toess 200 — 200 — ns
RES pulse width | - 20 — 20 — tcyc
Mode programming setup time tos 200 — 200 — ns
NMI setup time tows 200 — 150 — ns
(NMI, IRQ,, IRQ,, IRQ,, IRQ,)
NMI hold time ton 10 — 10 —
(NMI, IRQ,, IRQ,, IRQ,, IRQ,)
Interrupt pulse width tow 200 — 200 —
(NMI, IRQ,, IRQ, when exiting
software standby mode)
Clock oscillator settling time at toser 20 — 20 — ms
reset (crystal)
Clock oscillator settling time in t 8 — 7 — ms

software standby (crystal)

'‘0SC2

RENESAS
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Condition A Condition B

10 MHz 18 MHz T
Item Symbol Min  Max Min  Max Unit C
ITU Timer output delay time  t — 100 — 100 ns
Timer input setup time tres 50 — 50 —
Timer clock input setup  t 50 — 50 —
time
Timer clock  Single t o 15 — 15 — e
pulse width  edge
Both S 25 — 25 —
edges
SCI Input clock  Asynchro-  tg 4 — 4 —
cycle nous
Synchro- 6 — 6 —
nous
Input clock rise time oo — 15 — 15
Input clock fall time tocr — 15 — 15
Input clock pulse width  t_,, 04 0.6 04 06 tg,
Transmit data delay time  t, — 100 — 100 ns
Receive data setup time  t_. 100 — 100 —
(synchronous)
Receive data hold time -~ 100 — 100 —
(synchronous clock
input)
Receive data hold time 0 — 0 —
(synchronous clock
output)
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5V

C=90pF: ports 1, 2,3,5,6

This LSI C=30pF: ports 9, A, B
output pin
R, =2.4kQ
Ry =12kQ

C § Ry Input/output timing measuren
*Low: 0.8V
e High: 2.0V

T

Figure18.6 Output Load Circuit
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ConditionB: V_=5.0V +£10%, AV_.=5.0V £10%, V=AV =0V, =2 MHz t
T,=-20°C to +75°C (regular specifications), T, = —40°C to +85°C (wid

specifications)
Condition A Condition B
10 MHz 18 MHz

Item Min Typ Max Min Typ Max
Resolution 10 10 10 10 10 10
Conversion time — — 13.4 — — 7.5
Analog input capacitance — — 20 — — 20
Permissible signal- — — 5*t — — 10*?
source impedance — — 5
Nonlinearity error — — +7.5 — — +3.5
Offset error — — 7.5 — — +3.5
Full-scale error — — +7.5 — — +3.5
Quantization error — — +0.5 — — +0.5
Absolute accuracy — — +8.0 — — +4.0

Notes: 1. The value is for 9= 10 MHz.
2. The valueis for < 12 MHz.
3. The value is for > 12 MHz.
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wide-range specifications)

Iltem Symbol Min Typ Max  Unit
Programming time***?** t, — 10 200 ms/32b
Erase time*"'*°*° t. — 100 300  ms/blocl
Reprogramming count Nyec — — 100 Times
Programming Wait time after SWE bit setting** X 10 — — us
Wait time after PSU bit setting** y 50 — — us
Wait time after P bit setting**** z 150 — 500 s
Wait time after P bit clear** o 10 — — us
Wait time after PSU bit clear** B 10 — — us
Wait time after PV bit setting** y 4 — — us
Wait time after H'FF dummy write** & 2 — — us
Wait time after PV bit clear** n 4 — — us
Maximum programming count**** N — — 403  Times
Erase Wait time after SWE bit setting** X 10 — — us
Wait time after ESU bit setting** y 200 — — us
Wait time after E bit setting***® z 5 — 10 ms
Wait time after E bit clear** a 10 — — us
Wait time after ESU bit clear** B 10 — — us
Wait time after EV bit setting** y 20 — — us
Wait time after H'FF dummy write** & 2 — — us
Wait time after EV bit clear** n 5 — — us
Maximum erase count*"*° N 30 — 60 Times

Notes: 1. Set the times according to the program/erase algorithms.

2. Programming time per 32 bytes (Shows the total time the flash memory col
(FLMCR) is set. It does not include the programming verification time.)

Rev.3.00 Mar. 26, 2007 Pac

RENESAS

REJO!



b BT fTRAAIT TN i AL MU= AR Iy BT TSRS T e iAtial it iy WMl M

wait time after E bit setting (z) and the maximum erase count (N):

t.(max) = Wait time after E bit setting (z) x maximum erase count (N)
To set the maximum erase time, the values of z and N should be set so as t
above formula.

Examples: Whenz=5[ms]: N =60 times
When z =10 [ms]: N =30 times
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Programming time***?** t, — 10 200 ms/32b
Erase time*'*°*° t. — 100 300  ms/blocl
Reprogramming count Nyec — — 100 Times
Programming Wait time after SWE bit setting** X 10 — — us
Wait time after PSU bit setting** y 50 — — us
Wait time after P bit setting** ** z 150 — 500 s
Wait time after P bit clear** o 10 — — us
Wait time after PSU bit clear** B 10 — — us
Wait time after PV bit setting** y 4 — — us
Wait time after H'FF dummy write** & 2 — — us
Wait time after PV bit clear** n 4 — — us
Maximum programming count**** N — — 403  Times
Erase Wait time after SWE bit setting** X 10 — — us
Wait time after ESU bit setting** y 200 — — us
Wait time after E bit setting***® z 5 — 10 ms
Wait time after E bit clear** a 10 — — us
Wait time after ESU bit clear** B 10 — — us
Wait time after EV bit setting** y 20 — — us
Wait time after H'FF dummy write** & 2 — — us
Wait time after EV bit clear** n 5 — — us
Maximum erase count*"*° N 30 — 60 Times

Notes: 1. Make each time setting in accordance with the program/program-verify flov

2.

erase/erase-verify flowchart.
Programming time per 32 bytes (Shows the total period for which the P-bit
memory control register (FLMCR) is set. It does not include the programmil
verification time.)
Block erase time (Shows the total period for which the E-bit in FLMCR is se
include the erase verification time.)
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t.(max) = Wait time after E bit setting (z) x maximum erase count (N)

To set the maximum erase time, the values of z and N should be set so as t
above formula.

Examples: When z =5 [ms], N = 60 times
When z = 10 [ms], N = 30 times

18.3 Operational Timing

This section shows timing diagrams.

18.3.1 BusTiming
Bustiming is shown as follows:

» Basic buscycle: two-state access

Figure 18.7 shows the timing of the external two-state access cycle.
» Basic buscycle: three-state access

Figure 18.8 shows the timing of the external three-state access cycle.
» Basic buscycle: three-state access with one wait state

Figure 18.9 shows the timing of the external three-state access cycle with one wait
inserted.
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RD
(read)

D5 to Dy
(read)

WR (write)

D5 to Dy
(write)

» tpch
tasp, laccs tsp taH
tas1 N AN
_ tech
tasp laccs tsp tAH
tast | N
tacct trps tRoH
L
1,
PCH
tasp tso | tan
tasa /1 n
- -
B twswi N
L twps1 | | twoH

twpp ™

Figure 18.7 Basic BusCycle: Two-State Access

RENESAS
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RD (read) #‘A "
- tacco _|lros
(read) oo oo
WR (write) s :—j/—

twps2
D, to Dy
(write) /

Figure 18.8 Basic Bus Cycle: Three-State Access
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RD (read)
D, to D, —
(read)
WR (write)
D; to Dy
(write)
t t twrs ™t
wrs| twrh T

war 7 X

Figure18.9 Basic BusCycle: Three-State Accesswith One Wait Stat
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* Interrupt input timing
Figure 18.12 shows the interrupt input timing for NMI and IRQ,, IRQ,, IRQ,, and I

¢ I

tRESS trReESS

tmps tRESW
MD2 to MDO >JF
FWE*

Note: * The FWE input timing shown is for entering and exiting boot mode.

|

iy}
m
w

Figure18.10 Reset Input Timing

NIV T

tRESD tRESD
| B
RESO* N

Note: * Flash version does not have RESO output pin

trResow

Figure18.11 Reset Output Timing
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tamis
|~

IRQg: Edge-sensitive IRQ;
L

IRQ, : Level-sensitive IRQ; (i=0, 1, 4, and 5)
MW
NMI : / £§<
IRQ;
(=0,1)

Figure18.12 Interrupt Input Timing
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el e e e I =

STBY | ' ! \_1 »_]#55—

tosc1 tos
|«

- -

RES ] ” \ § ‘,‘,

Figure 18.13 Oscillator Settling Timing

18.34 TPC and I/O Port Timing

TPC and /O port timing is shown below.

Ty T2 T3

e e o B o E—

, wﬁ
trrs tPRH

e et B e B
Ports 1 to 3, >J7i %
5t09, A, and
B (read)

tPwp

Ports 1 to 3, >J
5,6,8,9 A,

and B (write)

Figure18.14 TPC and I/O Port Input/Output Timing
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troco
Output >%
compare™!
trics
Input
capture®2

Notes: 1. TIOCAgq to TIOCA,, TIOCBy to TIOCB,, TOCXA,, TOCXB,
2. TIOCA, to TIOCA,, TIOCBy to TIOCB,

Figure18.15 ITU Input/Output Timing

0 N
treks
[ E— |

TCLKA to 5
TCLKD (
trekwe trekwH
f—y—————————————————————————p~

Figure 18.16 1TU External Clock Input Timing
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tsckw tsckr tscks

SCK
N~
tScyc
Figure18.17 SCK Input Clock Timing
tScyc
ScK _/ ><_/—\L_/Z Z—\_/—
trxp
z;)r(slaansmit >% >< ><
data) trxs| |tRxH
R D - -
gétce;ive >< ><<<<< §>>>><
ata

Figure 18.18 SCI Input/Output Timing in Synchronous Mode
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el Al Ve gtitiiAvint 1wy re-t

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)

ERn 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

\% 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 tran
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

ad Logical AND of the operands on both sides

. Logical OR of the operands on both sides

d Exclusive logical 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

registers (RO to R7 and EO to E7).
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A

A Varies depending on conditions, described in notes
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o & | _-| 0 o .| ®|.=| Condition Code
a slclu2y g 29
Mnemonic O | Operation £ z|® 0 OO E|||H|IN|zZ|V|C
MOV.B #xx:8, Rd B | #xx:8 - Rd8 2 — =t t]0 |-
MOV.B Rs, Rd B | Rs8 — Rd8 2 — = t] t|0 |-
MOV.B @ERs, Rd B | @ERs - Rd8 2 — =t t]|0 |-
MOV.B @(d:16, ERs), | B | @(d:16, ERs) - Rd8 4 —|— 1 t]1]0 |-
Rd
MOV.B @(d:24, ERs), | B | @(d:24, ERs) —» Rd8 8 — =] t] |0 |-
Rd
MOV.B @ERs+, Rd B | @ERs - RD8 2 —|— | ]| |0 |-
ERs32+1 - ERs32
MOV.B @aa:8, Rd B | @aa:8 -~ Rd8 2 — = Y| |0 |-
MOV.B @aa:16, Rd B | @aa:16 -~ Rd8 4 —|— | | t]O |-
MOV.B @aa:24, Rd B | @aa:24 - Rd8 6 — = t]|t]0 |-
MOV.B Rs, @ERd B | Rs8 -~ @ERd 2 —|— | 1] t]|0 |-
MOV.B Rs, @(d:16, B | Rd8 —~ @(d:16, ERd) 4 — =] t]s]0 |-
ERd)
MOV.B Rs, @(d:24, B | Rd8 - @(d:24, ERd) 8 —|—] t]t]0 |-
ERd)
MOV.B Rs, @-ERd B | ERd32-1 — ERd32 2 — =] | t|0 |-
Rs8 - @ERd
MOV.B Rs, @aa:8 B | Rs8 - @aa:8 2 — = t] |0 |-
MOV.B Rs, @aa:16 B | Rs8 - @aa:16 4 —|—| t]t]0 |-
MOV.B Rs, @aa:24 B | Rs8 - @aa:24 6 — = t] |0 |-
MOV.W #xx:16, Rd W | #xx:16 —» Rd16 4 —|— t] |0 |-
MOV.W Rs, Rd W | Rs16 - Rd16 2 —|— | 1] t]|0 |-
MOV.W @ERs, Rd W | @ERs - Rd16 2 — = t] |0 |-
MOV.W @(d:16, ERs), | W | @(d:16, ERs) - Rd16 4 —|—1]t]t|0 |-
Rd
MOV.W @(d:24, ERs), | W | @(d:24, ERs) -~ Rd16 8 — =] ] t|0 |-
Rd
MOV.W @ERs+, Rd W | @ERs - Rd16 2 —|—1] t]t|0 |-
ERs32+2 - @ERd32
MOV.W @aa:16, Rd W | @aa:16 - Rd16 4 —|— | t]| 1|0 |-
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MOV.W Rs, @(d:186, W | Rs16 - @(d:16, ERd) 4 0

ERd)

MOV.W Rs, @(d:24, W | Rs16 - @(d:24, ERd) 8 0

ERd)

MOV.W Rs, @-ERd W | ERd32-2 - ERd32 0
Rs16 - @ERd

MOV.W Rs, @aa:16 W | Rsl6 - @aa:16 0

MOV.W Rs, @aa:24 W | Rsl16 - @aa:24 0

MOV.L #xx:32, Rd L | #xx:32 - Rd32 0

MOV.L ERs, ERd L | ERs32 - ERd32 0

MOV.L @ERs, ERd L | @ERs - ERd32 4 0

MOV.L @(d:16, ERs), L | @(d:16, ERs) - ERd32 6 0

ERd

MOV.L @(d:24, ERs), L | @(d:24, ERs) - ERd32 10 0

ERd

MOV.L @ERs+, ERd L | @ERs - ERd32 0
ERs32+4 - ERs32

MOV.L @aa:16, ERd L | @aa:16 —» ERd32 0

MOV.L @aa:24, ERd L | @aa:24 - ERd32 0

MOV.L ERs, @ERd L | ERs32 -~ @ERd 4 0

MOV.L ERs, @(d:16, L | ERs32 - @(d:16, ERd) 6 0

ERd)

MOV.L ERs, @(d:24, L | ERs32 - @(d:24, ERd) 10 0

ERd)

MOV.L ERs, @-ERd L | ERd32-4 - ERd32 0
ERs32 -~ @ERd

MOV.L ERs, @aa:16 L | ERs32 - @aa:16 0

MOV.L ERs, @aa:24 L | ERs32 - @aa:24 0

POP.W Rn W | @SP - Rnl16 0
SP+2 - SP

POP.L ERn L | @SP - ERN32 0
SP+4 - SP
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PUSH.L ERn SP-4 - SP 4|—|—|1]|1]o0]-
ERN32 - @SP

MOVFPE @aa:16, Cannot be used in the 4 Cannot be used in

Rd H8/3039 Group Group

MOVTPE Rs, Cannot be used in the 4 Cannot be used in

@aa:16 H8/3039 Group Group

RENESAS
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ADD.B #xx:8, Rd B | Rd8+#xx:8 — Rd8 2 ! '
ADD.B Rs, Rd B | Rd8+Rs8 - Rd8 2 ¢ t
ADD.W #xx:16, Rd W | Rd16+#xx:16 — Rd16 4 (1) ¢
ADD.W Rs, Rd W | Rd16+Rs16 - Rd16 2 1) t
ADD.L #xx:32, ERd L | ERd32+#xx:32 - 6 ) !
ERd32
ADD.L ERs, ERd L | ERd32+ERs32 - 2 2) t
ERd32
ADDX.B #xx:8, Rd B | Rd8+#xx:8 +C —~ Rd8 2 t 3)
ADDX.B Rs, Rd B | Rd8+Rs8 +C — Rd8 2 ! ®3)
ADDS.L #1, ERd L | ERd32+1 - ERd32 2 — —
ADDS.L #2, ERd L | ERd32+2 - ERd32 2 — —
ADDS.L #4, ERd L | ERd32+4 - ERd32 2 — —
INC.B Rd B | Rd8+1 - Rd8 2 — t
INC.W #1, Rd W | Rd16+1 - Rd16 2 — !
INC.W #2, Rd W | Rd16+2 - Rd16 2 — !
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DAA Rd B | Rd8 decimal adjust 2 — ] x|
- Rd8

SUB.B Rs, Rd B | Rd8-Rs8 - Rd8 2 — eyt

SUB.W #xx:16, Rd W | Rd16—#xx:16 — Rd16 — )] t] ]

SUB.W Rs, Rd W | Rd16-Rs16 - Rd16 2 — @) st

SUB.L #xx:32, ERd L | ERd32—#xx:32 — @] t] ]
- ERd32

SUB.L ERs, ERd L | ERd32-ERs32 2 — ] t] ]
- ERd32

SUBX.B #xx:8, Rd B | Rd8—+#xx:8-C - Rd8 — |t (3] ¢

SUBX.B Rs, Rd B | Rd8—Rs8-C - Rd8 2 — |t (3] ¢

SUBS.L #1, ERd L | ERd32-1 - ERd32 2 — === |—|-

SUBS.L #2, ERd L | ERd32-2 - ERd32 2 == —]-

SUBS.L #4, ERd L | ERd32-4 - ERd32 2 == —]-

DEC.B Rd B | Rd8-1 - Rd8 2 — =]t |t

DEC.W #1, Rd W | Rd16-1 - Rd16 2 — =]t ]t -

DEC.W #2, Rd W | Rd16-2 — Rd16 2 — =] ]|t

DEC.L #1, ERd L | ERd32-1 - ERd32 2 — =]ttt

DEC.L #2, ERd L | ERd32-2 - ERd32 2 — =] ]t ]t

DAS.Rd B | Rd8 decimal adjust 2 — [ * x|
- Rd8

MULXU. B Rs, Rd B | Rd8 x Rs8 — Rd16 2 — | —|—=|—=]—|-
(unsigned multiplication)

MULXU. W Rs, ERd W | Rd16 x Rs16 — ERd32 2 — === |—]-
(unsigned multiplication)

MULXS. B Rs, Rd B | Rd8 x Rs8 - Rd16 4 — =] |t |—]-
(signed multiplication)

MULXS. W Rs, ERd W | Rd16 x Rs16 — ERd32 4 — =] |t |—]-
(signed multiplication)

DIVXU. B Rs, Rd B | Rd16 + Rs8 - Rd16 2 —|—|6)|(7)|— |-
(RdH: remainder,
RdL: quotient)
(unsigned division)

RENESAS
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Rd: quotient)
(unsigned division)

(<bits 31 to 16> of
ERd32)

DIVXS. B Rs, Rd B | Rd16 + Rs8 - Rd16 4 —1(®)[(7)
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd W | ERd32 + Rs16 — ERd32 4 —1(®)[(7)
(Ed: remainder,
Rd: quotient)
(signed division)
CMP.B #xx:8, Rd B | Rd8—#xx:8 [
CMP.B Rs, Rd B | Rd8-Rs8 2 R
CMP.W #xx:16, Rd W | Rd16—#xx:16 @) ]t
CMP.W Rs, Rd W | Rd16-Rs16 2 @t
CMP.L #xx:32, ERd L | ERd32—#xx:32 @) t]¢*
CMP.L ERs, ERd L | ERd32-ERs32 2 @) t|¢
NEG.B Rd B | 0-Rd8 - Rd8 2 Tt
NEG.W Rd W | 0-Rd16 - Rd16 2 I
NEG.L ERd L | 0-ERd32 - ERd32 2 L
EXTU.W Rd W | 0 - (<bits 15 to 8> 2 —|0 ]| ¢
of Rd16)
EXTU.L ERd L | 0 - (<bits 31 to 16> 2 —|0 ¢
of Rd32)
EXTS.W Rd W | (<bit 7> of Rd16) - 2 —| t]t
(<bits 15 to 8> of Rd16)
EXTS.L ERd L | (<bit 15> of Rd32) - 2 — t]t
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AND.B #xx:8, Rd

Rd8[#xx:8 —» Rd8

B 0
AND.B Rs, Rd B | Rd8[Rs8 - Rd8 2 — =]t ]t |0]-
AND.W #xx:16, Rd W | Rd16[#xx:16 — Rd16 —|—]t ]t |0]-
AND.W Rs, Rd W | Rd1600Rs16 — Rd16 2 —|—]t]t|0]-
AND.L #xx:32, ERd L | ERd320#xx:32 -~ ERd32 —|—]t]t|0]-
AND.L ERs, ERd L | ERd32CERs32 — ERd32 4 —|—]t ]t |0]-
OR.B #xx:8, Rd B | Rd8[#xx:8 — Rd8 —|—| t|t|0|-
OR.B Rs, Rd B | Rd8Rs8 - Rd8 2 —|—]t ]t |0]-
OR.W #xx:16, Rd W | Rd16[#xx:16 — Rd16 —|—] ¥t |0]-
OR.W Rs, Rd W | Rd16[Rs16 - Rd16 2 —|—]t ]t |0]|-
OR.L #xx:32, ERd L | ERd32[#xx:32 — ERd32 —|—]t ]t |0]-
OR.L ERs, ERd L | ERd32CERs32 — ERd32 4 —|—| t]|t]0|-
XOR.B #xx:8, Rd B | Rd80#xx:8 — Rd8 —|—]t ]t |0]-
XOR.B Rs, Rd B | Rd8ORs8 - Rd8 2 —|—]t]t|0]-
XOR.W #xx:16, Rd W | Rd160#xx:16 — Rd16 —|—]t]t]|0]-
XOR.W Rs, Rd W | Rd1600Rs16 — Rd16 2 —|—]t ]t |0]-
XOR.L #xx:32, ERd L | ERd320#xx:32 - ERd32 —|—| t]|t]0|-
XOR.L ERs, ERd L | ERd320ERs32 - ERd32 4 —|—]t ]t |0]-
NOT.B Rd B | - Rd8 - Rd8 2 —|—| t]|t]0|-
NOT.W Rd W | - Rd16 - Rd16 2 —|—]t ]t |0]-
NOT.L ERd L | = Rd32 - Rd32 2 —|—]t ]t |0]-
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SHAL.B Rd

SHAL.W Rd

SHAL.L ERd

SHAR.B Rd

SHAR.W Rd

SHAR.L ERd

SHLL.B Rd

SHLL.W Rd

SHLL.L ERd

SHLR.B Rd

SHLR.W Rd

SHLR.L ERd

C MSB LSB
Nl
MSB LSB C
T o
[ ]
C MSB LSB
o ]
MSB LSB C

ROTXL.B Rd

ROTXL.W Rd

ROTXL.L ERd

C MSB =— LSB

ROTXR.B Rd

ROTXR.W Rd

ROTXR.L ERd

T

MSB —=LSB C

ROTL.B Rd

ROTL.W Rd

ROTL.L ERd

[ I

C MSB+—LSB

ROTR.B Rd

ROTR.W Rd

ROTR.L ERd

ris|low|r|slo|lr|s|lo|r|S|lo|r|S|lo|r|S|o|r|S|o|lr|S|®

M

MSB—LSB C

NN NN NN N[NNI NN N[NNI N[NNI NN

o|jlojlojlojloloj]ojlojlo|j]lo|]o|o|lo|lo|]o|jlo|lOo|Oo|o|O | O
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BSET #xx:3, Rd B | (#xx:3 0f Rd8) ~ 1 — === ]—-
BSET #xx:3, @ERd B | (#xx:3 of @ERd) ~ 1 — | —|—|—=]—-
BSET #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 1 4 — | —|—|—=]—-
BSET Rn, Rd B | (Rn8 of Rd8) ~ 1 — = ===
BSET Rn, @ERd B | (Rn8 of @ERd) ~ 1 — === |—]-
BSET Rn, @aa:8 B | (Rn8 of @aa:8) ~ 1 4 — === |—]-
BCLR #xx:3, Rd B | (#xx:3 0of Rd8) ~ 0 — | —|—|—=]—-
BCLR #xx:3, @ERd B | (#xx:3 of @ERd) ~ 0 — == ]=]—]-
BCLR #xx:3, @aa:8 B | (#xx:3 of @aa:8) ~ 0 4 = — -
BCLR Rn, Rd B | (Rn8 of Rd8) ~ 0 — === —]-
BCLR Rn, @ERd B | (Rn8 of @ERd) ~ 0 = ===
BCLR Rn, @aa:8 B | (Rn8 of @aa:8) ~ 0 4 — | —|—|—=]—-
BNOT #xx:3, Rd B | (#xx:3 of Rd8) « — = ===
- (#xx:3 of Rd8)
BNOT #xx:3, @ERd B | (#xx:3 of @ERd) — | —|—=|—=]—-
- (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 B | (#xx:3 of @aa:8) 4 — | —|—|—=]—-
- (#xx:3 of @aa:8)
BNOT Rn, Rd B | (Rn8 of Rd8) — R R DU PR U
- (Rn8 of Rd8)
BNOT Rn, @ERd B | (Rn8 of @ERd) ~ — === —]-
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B | (Rn8 of @aa:8) 4 — === ]—-
- (Rn8 of @aa:8)
BTST #xx:3, Rd B | = (#xx:3 of Rd8) - Z — == 1 |—]-
BTST #xx:3, @ERd B | = (#xx:3 of @ERd) - Z =t |—]-
BTST #xx:3, @aa:8 B | - (#xx:3 of @aa:8) -~ Z 4 =]t | —]-
BTST Rn, Rd B | - (Rn8 of @Rd8) - Z — ==t |—]-
BTST Rn, @ERd B | = (Rn8 of @ERd) - Z — ==t |—]-
BTST Rn, @aa:8 B | - (Rn8 of @aa:8) - Z 4 — ==t |—]-
BLD #xx:3, Rd B | (#xx:3 of Rd8) -~ C —_ ===
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BILD #xx:3, Rd

- (#xx:3 of Rd8) - C

BILD #xx:3, @ERd

= (#xx:3 of @ERd) - C

BILD #xx:3, @aa:8

- (#xx:3 of @aa:8) - C

BST #xx:3, Rd

C - (#xx:3 of Rd8)

BST #xx:3, @ERd

C - (#xx:3 of @ERd24)

BST #xx:3, @aa:8

C - (#xx:3 of @aa:8)

BIST #xx:3, Rd

- C - (#xx:3 of Rd8)

BIST #xx:3, @ERd

= C - (#xx:3 of @ERd24)

BIST #xx:3, @aa:8

- C - (#xx:3 of @aa:8)

BAND #xx:3, Rd

CO(#xx:3 of Rd8) -~ C

BAND #xx:3, @ERd

Cl(#xx:3 of @ERd24) - C

BAND #xx:3, @aa:8

CO(#xx:3 of @aa:8) -~ C

BIAND #xx:3, Rd

CO~- (#xx:3 of Rd8) -~ C

BIAND #xx:3, @ERd

CO~ (#xx:3 of @ERd24) - C

BIAND #xx:3, @aa:8

CO- (#xx:3 of @aa:8) - C

BOR #xx:3, Rd

CO(#xx:3 of Rd8) — C

BOR #xx:3, @ERd

CO#xx:3 of @ERd24) -~ C

BOR #xx:3, @aa:8

CO(#xx:3 of @aa:8) -~ C

BIOR #xx:3, Rd

CO- (#xx:3 of Rd8) — C

BIOR #xx:3, @ERd

CO- (#xx:3 of @ERd24) — C

BIOR #xx:3, @aa:8

CO- (#xx:3 of @aa:8) - C

BXOR #xx:3, Rd

C O (#xx:30fRd8) - C

BXOR #xx:3, @ERd

C O(#xx:3 of @ERd24) - C

BXOR #xx:3, @aa:8

C O (#xx:3 of @aa:8) - C

BIXOR #xx:3, Rd

C O - (#xx:30f Rd8) -~ C

BIXOR #xx:3, @ERd

C [ - (#xx:3 of @ERd24) ~ C

BIXOR #xx:3, @aa:8

{ox 0w v I w v I v w v v v v v 8 v« v« v« A e A e I v v v v v I o v v v I v v I v ) v B B v Y v« o< ) v}

C 0~ (#xx:3 of @aa:8) -~ C
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BRA d:8 (BT d:8)

BRA d:16 (BT d:16)

BRN d:8 (BF d:8)

BRN d:16 (BF d:16)

BHI d:8

BHI d:16

BLS d:8

BLS d:16

BCC d:8 (BHS d:8)

BCC d:16 (BHS d:16)

BCS d:8 (BLO d:8)

BCS d:16 (BLO d:16)

BNE d:8

BNE d:16

BEQ d:8

BEQ d:16

BVC d:8

BVC d:16

BVS d:8

BVS d:16

BPL d:8

BPL d:16

BMI d:8

BMI d:16

BGE d:8

BGE d:16

BLT d:8

BLT d:16

BGT d:8

BGT d:16

If condition
is true then
PC -~
PC+d else
next;

Always 2 — === |—]-
4 === —]-
Never 2 — === |—]-
4 === —]-
cOoz=0 2 — = ===
4 | — == —]-
coz=1 2 — === |—]-
4 === —]-
Cc=0 2 == —]-
4 == —]-
c=1 2 == —]-
4 === —]-
Z=0 2 = ===
4 === —]-
z=1 2 — = ===
4 | — == —]-
V=0 2 — === |—]-
4 === —]-
v=1 2 — == |—=]—=]-
4 = ===
N=0 2 — == |—=]—]-
4 === —]-
N=1 2 === —]-
4 === —]-
NOV=0 2 === ]—]-
4 === —]-
NOV=1 2 — == |=]—]-
4 | — == —]-
ZOMNDOV) P RS S R D N
=0
4 === —]-
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PC ~

JMP @ERnN

JMP @aa:24

JMP @@aa:8

BSR d:8

BSR d:16

JSR @ERn

JSR @aa:24

JSR @@aa:8

RTS

PC+d else
next;

PC « ERn
PC ~ aa:24
PC - @aa:8
PC - @-SP
PC — PC+d:8
PC - @-SP
PC ~ PC+d:16
PC - @-SP
PC — @ERn
PC - @-SP
PC - @aa:24
PC - @-SP
PC - @aa:8
PC - @SP+
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TRAPA #x:2 —| PC - @-SP 201 |—|—|—|—]-
CCR - @-SP
<vector> - PC
RTE — | CCR ~ @SP+ N N
PC - @SP+
SLEEP — | Transition to power- — === |—]-
down state
LDC #xx:8, CCR B | #xx:8 - CCR 2 2 I I I 2
LDC Rs, CCR B | Rs8 - CCR 2 2 T T R
LDC @ERs, CCR W | @ERs - CCR 4 LR A
LDC @(d:16, ERs), W | @(d:16, ERs) - CCR 6 E2 T T RO
CCR
LDC @(d:24, ERs), W | @(d:24, ERs) - CCR 10 E2 T T R 4
CCR
LDC @ERs+, CCR W | @ERs - CCR 4 E 2 T T O 4
ERs32+2 - ERs32
LDC @aa:16, CCR W | @aa:16 - CCR 6 E 2 T T O 4
LDC @aa:24, CCR W | @aa:24 - CCR 8 E T I I S
STC CCR, Rd B | CCR - Rd8 2 == —=—]-
STC CCR, @ERd W | CCR - @ERd 4 == =—]-
STC CCR, @(d:16, W | CCR - @(d:16, ERd) 6 == —=|—]-
ERd)
STC CCR, @(d:24, W | CCR - @(d:24, ERd) 10 === —]-

ERd)

STC CCR, @-ERd W | ERd32-2 - ERd32 4 — | — == —]-
CCR - @ERd

STC CCR, @aa:16 CCR - @aa:l6 6 = —]-

STC CCR, @aa:24 CCR - @aa:24 8 = — -

ANDC #xx:8, CCR

CCR[#xx:8 - CCR

ORC #xx:8, CCR

CCR[#xx:8 - CCR

XORC #xx:8, CCR

W w | w| S|

CCRO#xx:8 - CCR

NOP

PC - PC+2
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EEPMOV. B — | if R4L # 0 then 4 |—|—|—|—|—|—
repeat @R5 - @R6
R5+1 - R5
R6+1 - R6
R4L-1 - R4L
until R4L=0
else next
EEPMOV. W — | if R4 £ 0 then 4 | —|—|—|—|—|—
repeat @R5 - @R6
R5+1 - R5
R6+1 - R6
R4-1 - R4
until R4=0
else next

Notes: 1. The number of states is the number of states required for execution when th
instruction and its operands are located in on-chip memory. For other cases
A.3, Number of States Required for Execution.

2. nisthe value setin register R4L or R4.

(1) Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to O.

(2) Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to O.

(3) Retains its previous value when the result is zero; otherwise cleared to 0.
(4) Set to 1 when the adjustment produces a carry; otherwise retains its previou

(5) The number of states required for execution of an instruction that transfers ¢
synchronization with the E clock is variable.

(6) Set to 1 when the divisor is negative; otherwise cleared to 0.
(7) Set to 1 when the divisor is zero; otherwise cleared to 0.
(8) Set to 1 when the quotient is negative; otherwise cleared to 0.
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AOW

ANV

=[0)¢

40

Xans

dNO

Xaav

aav

qeL

AOWd33

@
2’V e|qeL

@

'V algeL

AOW

ang
ang

anNvig
anva

Hox1g
doxg

doig
404

NOW

1sig
lsd

ANy

40X

40

1s1g

4704 1ONg

13sd

dsg

diNrC

(@
2’V alqeL

Vdvdl

a1y

ysd

S1d

NXAIQ

NXTINN | NXAIQ

NXINN

114

394

INg

1dd

SAd

oNnd

O3g

aNg

sod

004

s

IHgG Nyg

vdg

9'AON

dND

(@
2V alqeL

(@)
[AACIN

ans

(@)
Z'valgeL

a9'any

adox

ad0

(@)
2’V alqeL

(@ (@)
2V elqel |2V elqel

(@
AL

AOW

(@
Z'v algeL

(@)
Z'v alqeL

aav

oa1

OaNV

240X

240

oa

(@

oLs A CLAN

dON

g

v

4 1

HY
wv

TSI HE JO 1Ig JUed1JIuB 'S 1SOW UBUM Lo oIS |

‘0S| HE J0 g 1Ued1}IUB'S 1SOW UBLYM Lo NINIIsU |

14 [He

1V [HY

a1Ag puz

a1Aq 5T

©P02 uohdnJsu|
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ANy ¥OX j<[e] ans dWD aav AOW YL

aNv d0OX <[e] ans dWD aav NOW 6L

3949 INg 1dg SAd OoAg [eEL:] 3Ng Sjel| 004 S1g IHE Nyg vdd 89

dWO Sva =1

ans o3a o3a sdans at

ans o3a V1

93N 93N nix3 nix3 1ON 10N LT

d10d d10Y dXx1od dX10d €T

1104 1104 IX10d IX10d <t

dVHS dVHS HTHS HTHS T

IVHS VHS TIHS TIHS 0T

AOW vva 40

saav ONI ONI saav a0

aav ONI v0

. ® d3371s 01S/0a1 NOW 10

2’V 3|qel
o) <] v 6 8 L 9 S 14 € 4 T 0 Im|_< Hv
19 [Hg [ IV [HY

91Aq puz | @1AQ 1ST | @p0d UoKINISU|
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‘plaly SSaIppe 2IN|j0se dy S ee ‘g
‘plaly uoneubisap Ja)siBal dYy S1 4 T :SSION

d109 10Nd 13549 N,%mmn_h
1s19
d7109 10Nd 13S49 N*ommn_h
1S9
alg aNvig HoXId dolg
1s19 N*Nmmm_w
alg anvg dox4d do9g
1s149 N%mmm_h
1049 1ONg 13s9 T *hohn_h
1s1g
d109 10Nd 13549 Too_oh
1S9
alg aNvig HoxXId dolg
1s149 Thohoh
alga anNva q0Xd yog
is1a 1,9040L
anvy t=[0):4 =[0) 904T0
SXAId SXAId S0dTo
SXINA SXINN S00TO
J1S o1S
oan oani 9010
HOT4d
Ha1v
2 | 6 L 9 S 14 € 4 T 0 HY
10
UGS 1S0W USYM U0 1oNnJIsu |
1a|HA|[ 10 [HO[ 18 [HA [ IV [HY
1UB IS JS0W UBYM UO 11oNJSU | 91Aq U |914q pig | 81Aq pugz | 91AQ ST | @POD UoNoNJISu|
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Examples of Calculation of Number of States Required for Execution

Examples. Advanced mode, stack located in external address space, on-chip supportin
accessed with 8-bit bus width, external devices accessed in three states with one wait
16-bit bus width.

BSET #0, @FFFFC7:8
FromtableA.3,S=4and S =3
FromtableA4,I=L=2andJ=K=M=N=0
Number of states=2x4+2x3=14

JSR @@30
FromtableA.3,S=S5=§ =4
Fromtable A4, =J=K=2andL=M=N=0
Number of states=2x4+2x4+2x4=24
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Branch address read S,

Stack operation S,

Byte data access S, 2 3+m
Word data access S, 4 6 +2m
Internal operation S, 1 1 1 1 1

Legend:
m: Number of wait states inserted in external device access
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ADD.L #xx:32, ERd
ADD.L ERs, ERd

ADDS

ADDS #1/2/4, ERd

ADDX

ADDX #xx:8, Rd
ADDX Rs, Rd

AND

AND.B #xx:8, Rd
AND.B Rs, Rd
AND.W #xx:16, Rd
AND.W Rs, Rd
AND.L #xx:32, ERd
AND.L ERs, ERd

ANDC

ANDC #xx:8, CCR

BAND

BAND #xx:3, Rd
BAND #xx:3, @ERd
BAND #xx:3, @aa:8

Bcc

BRA d:8 (BT d:8)
BRN d:8 (BF d:8)
BHI d:8

BLS d:8

BCC d:8 (BHS d:8)
BCS d:8 (BLO d:8)
BNE d:8

BEQ d:8

BVC d:8

BVS d:8

BPL d:8

BMI d:8

BGE d:8

BLT d:8

BGT d:8

BLE d:8

N N N NN NN N N DN DN DN DN DN DN DN DNDNINDDND PPN O DN P PP PP, ®
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BNE d:16

2

BEQ d:16 2

BVC d:16 2

BVS d:16 2

BPL d:16 2

BMI d:16 2

BGE d:16 2

BLT d:16 2

BGT d:16 2

BLE d:16 2

BCLR BCLR #xx:3, Rd 1
BCLR #xx:3, @ERd 2 2
BCLR #xx:3, @aa:8 2 2

BCLR Rn, Rd 1
BCLR Rn, @ERd 2 2
BCLR Rn, @aa:8 2 2

BIAND BIAND #xx:3, Rd 1
BIAND #xx:3, @ERd 2 1
BIAND #xx:3, @aa:8 2 1

BILD BILD #xx:3, Rd 1
BILD #xx:3, @ERd 2 1
BILD #xx:3, @aa:8 2 1

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

RENESAS
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BNOT Rn, Rd
BNOT Rn, @ERd
BNOT Rn, @aa:8

BOR

BOR #xx:3, Rd
BOR #xx:3, @ERd
BOR #xx:3, @aa:8

BSET

BSET #xx:3, Rd
BSET #xx:3, @ERd
BSET #xx:3, @aa:8
BSET Rn, Rd
BSET Rn, @ERd
BSET Rn, @aa:8

BSR

BSR d:8 Normal

Advanced

BSR d:16 Normal

Advanced

NP [N|PFP

BST

BST #xx:3, Rd
BST #xx:3, @ERd
BST #xx:3, @aa:8

BTST

BTST #xx:3, Rd
BTST #xx:3, @ERd
BTST #xx:3, @aa:8
BTST Rn, Rd
BTST Rn, @ERd
BTST Rn, @aa:8

BXOR

BXOR #xx:3, Rd
BXOR #xx:3, @ERd
BXOR #xx:3, @aa:8

N N RPN N P NN PN DN PINININININ N P NN PN DN PN DN P
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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
DIVXS DIVXS.B Rs, Rd 2
DIVXS.W Rs, ERd 2
DIVXU DIVXU.B Rs, Rd 1
DIVXU.W Rs, ERd 1
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
INC INC.B Rd 1
INC.W #1/2, Rd 1
INC.L #1/2, ERd 1
JMP JMP @ERnN 2
JMP @aa:24 2
JMP @@aa:8 Normal 2 1
Advanced 2 2
JSR JSR @ERN Normal 2 1
Advanced 2 2
JSR @aa:24 Normal 2 1
Advanced 2 2
JSR @@aa:8 Normal 2 1 1
Advanced 2 2 2

RENESAS
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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
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)
MOV.W Rs, @-ERd
MOV.W Rs, @aa:16

N B A N P W DN PFP MNP P N WOWDNDPRP P MNP ODNPRP P MAADNDP P P|&~M®

L S e S N N i e

N - = T = T e e S SN S
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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

N N NN NN DN NN

MOVFPE MOVFPE @aa:16, Rd*’

MOVTPE MOVTPE Rs, @aa:16**

MULXS MULXS.B Rs, Rd
MULXS.W Rs, ERd
MULXU MULXU.B Rs, Rd

MULXU.W Rs, ERd

NEG NEG.B Rd
NEG.W Rd
NEG.L ERd

NOP NOP

NOT NOT.B Rd
NOT.W Rd
NOT.L ERd

OR OR.B #xx:8, Rd
OR.B Rs, Rd
OR.W #xx:16, Rd
OR.W Rs, Rd
OR.L #xx:32, ERd
OR.L ERs, ERd

N W P N P PP P PR, P P[P P[DND DN WO D O W0 N B WO N
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ROTL.W Rd
ROTL.L ERd

ROTR

ROTR.B Rd
ROTR.W Rd
ROTR.L ERd

ROTXL

ROTXL.B Rd
ROTXL.W Rd
ROTXL.L ERd

ROTXR

ROTXR.B Rd
ROTXR.W Rd
ROTXR.L ERd

RTE

RTE

RTS

RTS

Normal

Advanced

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

Pl P RP(FPr P RP[RP P PP P RPININMNIN|P P PR P P[P P PR P
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STC CCR, @aa:24

SuUB

SUB.B Rs, Rd
SUB.W #xx:16, Rd
SUB.W Rs, Rd
SUB.L #xx:32, ERd
SUBL.L ERs, ERd

SUBS

SUBS #1/2/4, ERd

SUBX

SUBX #xx:8, Rd
SUBX Rs, Rd

TRAPA

TRAPA #x:2 Normal

Advanced

XOR

XOR.B #xx:8, Rd
XOR.B Rs, Rd
XOR.W #xx:16, Rd
XOR.W Rs, Rd
XOR.L #xx:32, ERd
XOR.L ERs, ERd

N W R N R RPI[NINFP RP|IRP[RP O R, N P[>

XORC

XORC #xx:8, CCR

1

Notes:

1. nisthe value setin register R4L or R4. The source and destination are acc

times each.
2. Not used with this LSI.
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1D
H'1E
H'1F

H'20 — — — — — —

H21 — — — — — —

H22 — — — — — —

H23 — — — — — —

H'24 — — — — — —

H'25 — — — — — —

H'26 — — — — — —

H27 — — — — — —

H'28 — — — — — —

H'29 — — — — — —

H'2A — — — — — —

H'2B — — — — — —

H'2C — — — — — —
H'2D — — — — — —
H'2E — — — — — —
H'2F — — — — — —
H'30 — — — — — —
H'31 — — — — — —
H'32 — — — — — —
H'33 — — — — — —
H'34 — — — — — —
H'35 — — — — — —
H'36 — — — — — —
H'37 — — — — — —
H'38 — — — — — —
H'39 — — — — — —
H'3A — — — — — —
H'3B — — — — — —
H'3C — — — — — —
H'3D — — — — — —

H'3E — — — — — —

H'3F — — — — — —
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H'47 RAMCR 8 — — — — RAMS RAM2 RAM1 —

H'48 — — — — — — — — —

H'49 — — — — — — — — —

H'4A — — — — — — — — —

H'4B — — — — — — — — —

H'4C — — — — — — — — —

H'4D FLMSR 8 FLER — — — - — — —

H'4E — — — — — — — — —

H'4F — — — — — — — — —

H'50 — — — — — — — — —

H'51 — — — — — — — — —

H'52 — — — — — — — — —

H'53 — — — — — — — — —

H'54 — — — — — — — — —

H'55 — — — — — — — — —

H'56 — — — — — — — — —

H'57 — — — — — — — — —

H'58 — — — — — — — — —

H'59 — — — — — — — — —

H'5A — — — — — — — — —

H'5B — — — — — — — — —

H'5C — — — — — — — — —

H'5D DIVCR 8 — — — — — — DIVl DIVO

H'5E MSTCR 8 PSTOP — MSTOP5 MSTOP4 MSTOP3 — — MSTOP(

H'5F — — — — — — — — —
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H'67 TSRO 8 —_ —_ —_ — OVF IMFB IMFA
H'68 TCNTOH 16

H'69 TCNTOL

H'6A GRAOH 16

H'6B GRAOL

H'6C GRBOH 16

H'6D GRBOL

H'6E TCR1 8 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSCl1l TPSCO
H'6F TIOR1 8 10B2 10B1 10BO — I0A2 I0A1 I0A0
H'70 TIER1 8 — — — — OVIE IMIEB IMIEA
H'71 TSR1 8 — — — — OVF IMFB IMFA
H'72 TCNT1H 16

H'73 TCNTIL

H'74 GRA1H 16

H'75 GRAILL

H'76 GRB1H 16

H'77 GRBI1L

H'78 TCR2 8 CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1l TPSCO
H'79 TIOR2 8 10B2 10B1 10BO — I0A2 I0A1 I0A0
H'7A TIER2 8 —_ —_ —_ — OVIE IMIEB IMIEA
H'7B TSR2 8 —_ —_ —_ — OVF IMFB IMFA
H'7C TCNT2H 16

H'7D TCNT2L

H'7E GRA2H 16

H'7F GRA2L

H'80 GRB2H 16

H'81 GRB2L

Rev.3.00 Mar. 26, 2007 Page 592 of 682
REJ09B0353-0300

RENESAS



H'89 GRA3L

H'8A GRB3H 16

H'8B GRB3L

H'8C BRA3H 16

H'8D BRA3L

H'8E BRB3H 16

H'8F BRB3L

H'90 TOER 8 — EXB4 EXA4 EB3 EB4 EA4 EA3

H'91 TOCR 8 — — XTGD — — OLS4 OLS3
H'92 TCR4 8 CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSCl1l TPSCO
H'93 TIOR4 8 10B2 10B1 10BO — I0A2 I0A1 I0A0

H'94 TIER4 8 — — — — OVIE IMIEB IMIEA
H'95 TSR4 8 — — — — OVF IMFB IMFA
H'96 TCNT4H 16

H'97 TCNT4AL

H'98 GRA4H 16

H'99 GRAA4L

H'9A GRB4H 16

H'9B GRBA4L

H'9C BRA4H 16

H'9D BRA4L

H'9E BRB4H 16

H'9F BRB4L

RENESAS
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8 NDR7 NDR6 NDR5 NDR4 — — — —
H'A6 NDRB*" 8 — — — — — — — —

8 — — — — NDR11 NDR10 NDR9 NDR8
H'A7 NDRA*" 8 — — — — — — — —

8 — — — — NDR3 NDR2 NDR1 NDRO
H'A8 TCSR** 8 OVF WTAT  TME — — CKS2 CKS1 CKSO
H'A9 TCNT* 8
HAA — — — — — — — — —
H'AB RSTCSR*" 8 WRST RSTOE — — — — — —
HAC — — — — — — — — —
H'AD — — — — — — — — —
HAE — — — — — — — — —
HAF — — — — — — — —
H'BO SMR 8 C/A CHR PE OE STOP MP CKS1  CKSO
H'B1 BRR 8
H'B2 SCR 8 TIE RIE TE RE MPIE  TEIE CKE1  CKEO
H'B3 TDR 8
H'B4 SSR 8 TDRE RDRF ORER FER PER TEND  MPB MPBT
H'B5 RDR 8
H'B6 SCMR 8 — — — — SDIR  SINV = — SMIF
H'B7
H'B8 SMR 8 C/A CHR PE OE STOP MP CKS1  CKSO
H'B9 BRR 8 — — — — — — — —
HBA SCR 8 TIE RIE TE RE MPIE  TEIE CKE1  CKEO
HBB TDR 8 — — — — — — — —
HBC SSR 8 TDRE RDRF ORER FER PER TEND  MPB MPBT
H'BD RDR 8 — — — — — — — —
HBE — — — — — — — — —
H'BF — — — — — — — — —
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H'C7

H'C8 PSDDR 8 — — — — P5,DDR P5,DDR P5DDR P5,DDR
H'CY P6DDR 8 — — P6,DDR P6,DDR P6DDR — — P6,DDR
HCA  PSDR 8 — — — — PS, PS, PS, PS5,
HCB  P6DR 8 — — P6, P, P6, — — P6,
HCC  — — — — — — — — —
HCD  PS8DDR 8 — — — — — — P8DDR P8DDR
HCE  P7DR 8 P7, P7, P7, P7, P7, P7, P7, P7,
H'CF PSDR 8 — — — — — — P8, P8,
H'DO P9DDR 8 — — P9,DDR P9,DDR P9DDR P9,DDR P9DDR P9 DDR
HD1 PADDR 8 PADDR PADDR PADDR PADDR PADDR PADDR PADDR PADDR
HD2 PDR 8 — — P9, P9, P9, P9, P9, P9,
HD3 PADR 8 PA, PA, PA, PA, PA, PA, PA, PA,
HD4 PBDDR 8 PB,DDR — PB,DDR PB,DDR PBDDR PB,DDR PB,DDR PB,DDR
HD5 — — — — — — — — —
H'D6 PBDR 8 PB, — PB, PB, PB, PB, PB, PB,
HD7 — — — — — — — — —
HD8  P2PCR 8 P2,PCR P2,PCR P2,PCR P2PCR P2PCR P2PCR P2PCR P2PCR
HD9 — — — — — — — — —
HDA  — — — — — — — — —
HDB  PS5PCR 8 — — — — P5,PCR P5PCR P5PCR P5PCR
HDC  — — — — — — — — —
HDD  — — — — — — — — —
HDE  — — — — — — — — —
HDF  — — — — — — — — —
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H'E7 ADDRDL 8 AD1 ADO — — — — — —
H'E8 ADCSR 8 ADF ADIE ADST SCAN CKS CH2 CH1 CHO
H'E9 ADCR 8 TRGE — — — — — — —
H'EA — — — — — — — — —
H'EB — — — — — — — — —
HEC — — — — — — — — —
H'ED ASTCR 8 AST7 AST6 AST5 AST4 AST3 AST2 AST1 ASTO
H'EE WCR 8 — — — — WMS1 WMSO0 WC1 WCO0
H'EF WCER 8 WCE7 WCE6 WCE5 WCE4 WCE3 WCE2 WCEl1 WCEO
H'FO — — — — — — — — —
H'F1 MDCR 8 — — — — — MDS2 MDS1  MDSO
H'F2 SYSCR 8 SSBY  STS2 STS1 STSO UE NMIEG — RAME
H'F3 ADRCR 8 A,E AE AE — — — — —
H'F4 ISCR 8 — — IRQ5SC IRQ4SC — — IRQ1SC IRQOSC
H'F5 IER 8 — — IRQ5E  IRQ4E — — IRQLE IRQOE
H'F6 ISR 8 — — IRQ5F IRQ4F — — IRQ1F  IRQOF
H'F7 — — — — — — — — —
H'F8 IPRA 8 IPRA7 IPRA6 — IPRA4 IPRA3 IPRA2 IPRAl1 IPRAO
H'F9 IPRB 8 IPRB7 IPRB6 — — IPRB3 IPRB2 IPRB1 —
H'FA — — — — — — — — —
H'FB — — — — — — — — —
H'FC

H'FD — — — — — — — — —
H'FE — — — — — — — — —
H'FF — — — — — — — — —
Legend:

ITU:  16-bit integrated timer unit

TPC: Programmable timing pattern controller

WDT: Watchdog timer

SCl:  Serial communication interface

A/D:  A/D converter

Notes: 1. The address depends on the output trigger setting.

2. For write access to TCSR, TCNT, and RSTCSR, see section 10.2.4, Notes on Register Access.
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Bit
Initial bit
values Initial value

Read/Write

Possible types of access

4 3 2

1 0

‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘*

R |Read only

W | Write only

R/W | Read and write

0 0 0

Counter start 0

0 0
R/IW

0 | TCNTO is halted

1| TCNTO is counting

Counter start 1

0 | TCNT1 is halted

1| TCNT1 is counting

Counter start 2

0 | TCNT2 is halted

1| TCNT2 is counting

Counter start 3

0

TCNTS3 is halted

1

TCNT3 is counting

Counter start 4

0

TCNT4 is halted

1

TCNT4 is counting
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ﬂQ

Program mode

0 | Program mode cleared (Initial value

1 | Transition to program mode
[Setting condition]
When FWE =1, SWE =1, and PSU

Erase mode

0 | Erase mode cleared (Initial value)

1 | Transition to erase mode

[Setting condition]

When FWE =1, SWE =1, and ESU = 1

Program-verify mode

0 | Program-verify mode cleared (Initial value)

1 | Transition to program-verify mode
[Setting condition]
When FWE =1 and SWE =1

Erase-verify mode

0 | Erase-verify mode cleared (Initial value)

1 | Transition to erase-verify mode
[Setting condition]
When FWE =1 and SWE =1

Program setup

0 | Program setup cleared (Initial value)

1 | Program setup
[Setting condition]
When FWE =1 and SWE = 1

Erase setup

0 | Erase setup cleared (Initial value)

1 |Erase setup
[Setting condition]
When FWE =1 and SWE =1

Software write enable bit

0 | Program/erase disabled (Initial value)

1 | Program/erase enabled
[Setting condition]
When FWE =1

Flash write enable bit

0 | When a low level is input to the FWE pin (hardware protection state)

1 | When a high level is input to the FWE pin

Note: This register is used only in the flash memory versions.
Reading the corresponding address in a mask ROM version will always return 1s, and writes to this address are di
Fix the FWE pin low in mode 6.
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Block 7to O

0 | Block EB7 to EBO is not selected (Initial value)
1 | Block EB7 to EBO is selected

Note: When not erasing flash memory, EBR should be cleared to H'00.
This register is used only in the flash memory versions. Reading the corresponding adi

in a mask ROM version will always return 1s, and writes to this address are disabled.
1s cannot be set in this register in mode 6.
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5t07 |Read/Write — — —

— — R/W* R/W* R/W
Reser\‘/ed bits
RAM select, RAM2, RAM1
Bit3 | Btz Bitl RAM Area RAM Emul
RAMS| RAM2| RAM1
0 0/1 | 0/1 | HFFFOO0O0 to HFFF3FF No emulati
1 0 0 H'000000 to H'0003FF Mapping R
1 H'000400 to H'0007FF
1 0 H'000800 to H'000BFF
1 H'000C00 to H'000FFF

Note: This register is used only in the flash memory versions. Reading the corresponding addre
a mask ROM version will always return 1s, and writes to this address are disabled.

* In mode 6 (single-chip normal mode), flash memory emulation by RAM is not supporte

these bits can be modified, but must not be set to 1.
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Flash memory error

0 | Flash memory write/erase protection is disabled (Initial value)
1 | An error has occurred during flash memory writing/erasing
Flash memory error protection is enabled

DIVCR—Division Control Register H'5D Sy
Bit 7 6 5 7 3 2 1

I i R B e
Initial value 1 1 1 1 1 1 0
Read/Write — — — — — — R/W

Divide bits 1 and 0
Bitl | BitO Frec
DIV1 | DIVO | Divi

0 0 1/1ir

1 1/2

1 0 1/4
1 1/8
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Module standby 0

0

A/D converter operates normally

1

A/D converter is in standby state

Module standby 3

0 | SCI1 operates normally

1| SCIlis in standby state

Module standby 4

0 | SCI0 operates normally

1| SCIO is in standby state

Module standby 5

0

ITU operates normally

1

ITU is in standby state

@clock stop

0

@ clock output is enabled

1

¢ clock output is disabled
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e — ‘

—

Counter start 0
0| TCNTO s he
1| TCNTOis co

Counter start 1

0

TCNT1 is halted

1

TCNT1 is counting

Counter start 2

0| TCNT2 is halted

1| TCNT2 is counting

Counter start 3

0 | TCNT3 is halted

1| TCNT3 is counting

Counter start 4

0

TCNT4 is halted

1

TCNT4 is counting
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Timer sync O
0 | TCNTO operates indepe
1| TCNTO is synchronized

Timer sync 1

0

TCNT1 operates independently

1

TCNT1 is synchronized

Timer sync 2

0 | TCNT2 operates independently

1| TCNT2 is synchronized

Timer sync 3

0 | TCNTS3 operates independently

1| TCNT3 is synchronized

Timer sync 4

0

TCNT4 operates independently

1

TCNT4 is synchronized
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PWM mode 0
0 | Channel 0 operates normal
1 | Channel 0 operates in PWN\

PWM mode 1
0 | Channel 1 operates normally
1| Channel 1 operates in PWM mode

PWM mode 2
0 | Channel 2 operates normally
1| Channel 2 operates in PWM mode

PWM mode 3
0 | Channel 3 operates normally
1 | Channel 3 operates in PWM mode

PWM mode 4
0 | Channel 4 operates normally
1| Channel 4 operates in PWM mode

Flag direction

0

OVF is setto 1 in TSR2 when TCNT2 overflows or underflow:

1

OVF is setto 1 in TSR2 when TCNT2 overflows

Phase counting mode flag

0

Channel 2 operates normally

1

Channel 2 operates in phase counting mode
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Buffer mode A3
0 | GRA3 operates nor
1| GRAS3 is buffered b

Buffer mode B3
0 | GRB3 operates normally
1 | GRB3 is buffered by BRB3

Buffer mode A4
0 | GRA4 operates normally
1 | GRAA4 is buffered by BRA4

Buffer mode B4
0 | GRB4 operates normally
1 | GRB4 is buffered by BRB4

Combination mode 1 and O

Bit5 | Bit4 )
CMD1lCMDOo Operating Mode of Channels 3 and 4
0 0 | Channels 3 and 4 operate normally
1
1 0 Channels 3 and 4 operate together in complementary PWM m
1 Channels 3 and 4 operate together in reset-synchronized PWN\
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Timer prescaler 2to 0

Bit2 | Bitl | BitO TCNT Clock Source
TPSC2|TPSC1|TPSCO
0 0 0 Internal clock: @
1 Internal clock: @/2
1 0 Internal clock: ¢/4
1 Internal clock: ¢/8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input

Clock edge 1 and O

Bit4 | Bit3
Counted Edges of External Clock
CKEG1/CKEGO
0 0 Rising edges counted
1 Falling edges counted
1 — | Both edges counted
Counter clear 1 and 0
Bit6 | Bit5 TCNT Clear Source
CCLR1|CCLRO
0 0 TCNT is not cleared
1 TCNT is cleared by GRA compare match or inpu
1 0 TCNT is cleared by GRB compare match or inpu
1 Synchronous clear: TCNT is cleared in synchron
with other synchronized time
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1/0 control A2 to AO

Bit2 | Bitl | Bit0O .
IOA2 | IOAL | I0AO GRA Function
0 0 0 GRA is an output | No output at compare match
1 | compare register | g output at GRA compare matc
1 0 1 output at GRA compare matcl
1 Output toggles at GRA compare
1 0 0 GRAis aninput | GRA captures rising edge of ing
1 | captureregister | GRA captures falling edge of inj
1 0 GRA captures both edges of ing
1
I/0 control B2 to BO
Bit6 | Bit5 | Bit4 .
GRB Function
I0B2 | IOB1 | IOBO
0 0 0 GRB is an output | No output at compare match
1 | compare register | g output at GRB compare match
1 0 1 output at GRB compare match
1 Output toggles at GRB compare matc
1 0 0 | GRBisaninput | GRB captures rising edge of input
1 | captureregister | GRB captures falling edge of input
1 0 GRB captures both edges of input
1
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Input capture/compare match interrupt
0 | IMIA interrupt requested by IMFA is d
1 | IMIA interrupt requested by IMFA is el

Input capture/compare match interrupt enable

0

IMIB interrupt requested by IMFB is disabled

1

IMIB interrupt requested by IMFB is enabled

Overflow interrupt enable

0

OVl interrupt requested by OVF is disabled

1

OVl interrupt requested by OVF is enabled

Rev.3.00 Mar. 26, 2007 Pac
REJO!
RENESAS



Input capture/compare match flag A
0 | [Clearing condition]
Read IMFA when IMFA = 1, then write 0 in IMFA
1| [Setting conditions]
* TCNT = GRA when GRA functions as a compare
match register.

» TCNT value is transferred to GRA by an input capt
signal, when GRA functions as an input capture re

Input capture/compare match flag B

0

[Clearing condition]
Read IMFB when IMFB = 1, then write 0 in IMFB

[Setting conditions]

* TCNT = GRB when GRB functions as a compare
match register.

e TCNT value is transferred to GRB by an input capture
signal, when GRB functions as an input capture register.

Overflow flag

0 | [Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF

1 | [Setting condition]
TCNT overflowed from H'FFFF to H'0000

Note: * Only O can be written to clear the flag.
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GRAO H/L—General Register A0 H/L H'6A, H'6B

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Output compare or input capture register

GRBO H/L—General Register BOH/L H'6C, H'6D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2
Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Output compare or input capture register

TCR1—Timer Control Register 1 H'6E
Bit 7 6 5 4 3 2 1
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1
Initial value 1 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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TIER1—Timer Interrupt Enable Register 1 H'70

Bit 7 6 5 4 3 2 1

‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB
Initial value 1 1 1 1 1 0 0
Read/Write — — — — — R/W R/W

Note: Bit functions are the same as for ITUO.

TSR1—Timer Status Register 1 H'71

Bit 7 6 5 4 3 2 1
- = =] =] — | o | s

Initial value 1 1 1 1 1 0 0

Read/Write — — — — — R/I(W)*  R/I(W)*

Notes: Bit functions are the same as for ITUO.
* Only 0 can be written to clear the flag.

TCNT1H/L—Timer Counter 1 H/L H'72,H'73

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initalvaue O O O O O O O O O O O O o0 o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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GRB1 H/L—General Register B1 H/L H'76, H'77

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/

Note: Bit functions are the same as for ITUO.

TCR2—Timer Control Register 2 H'78
Bit 7 6 5 4 3 2 1
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1
Initial value 1 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W

Notes: 1. Bit functions are the same as for ITUO.
2. When channel 2 is used in phase counting mode, the counter clock sourc
bits CKEG1, CKEGO and TPSC2 to TPSCO is ignored.
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<. Lnhannel £ aoes not nave a compare matcn toggie output tuncton. It tnis s
used, 1 output will be selected automatically.

TIER2—Timer Interrupt Enable Register 2 H'7A

Bit 7 6 5 4 3 2 1
T — [ — ] =] = [ ove | mes]

Initial value 1 1 1 1 1 0 0

Read/Write — — — — — R/W R/W

Note: Bit functions are the same as for ITUO.
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‘ T T T LT

same as |
Overflow flag

0 | [Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF
1 | [Setting condition]

TCNT overflowed from H'FFFF to H'0000 or underflo
H'0000 to H'FFFF

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

TCNT2H/L—Timer Counter 2 H/L H'7C,H'7D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2
Initial value 0 0 0 0O O 0 0 0O O 0 O 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Phase counting mode: up/down-counter
Other modes: up-counter
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GRB2 H/L—General Register B2 H/L H'80, H'81

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TCR3—Timer Control Register 3 H'82
Bit 7 6 5 4 3 2 1
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CLEGO ‘ TPSC2 ‘ TPSC1 ‘
Initial value 1 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.

TIOR3—Timer 1/0O Control Register 3 H'83
Bit 7 6 5 4 3 2 1
‘ — ‘ 10B2 ‘ 10B1 ‘ 10B0 ‘ — ‘ I0A2 ‘ I0A1 ‘
Initial value 1 0 0 0 1 0 0
Read/Write — R/W R/W R/W — R/W R/W

Note: Bit functions are the same as for ITUO.
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TSR3—Timer Status Register 3 H'85

Bit 7 6 5 4 3 2 1
- = =] =] = | o | s
Initial value 1 1 1 1 1 0 0
Read/Write — — — — — R/I(W)*  R/I(W)*
‘ Bit functic

same as f
Overflow flag

0 | [Clearing condition]

Read OVF when OVF = 1, then write 0 in OVF

1 | [Setting condition]

TCNT overflowed from H'FFFF to H'0000 or underflo
H'0000 to H'FFFF

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

TCNT3H/L—Timer Counter 3 H/L H'86, H'87

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2
Initial value 0 0 0 0 O 0 0 0O O 0O O 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Complementary PWM mode: up/down counter
Other modes: up-counter
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GRB3 H/L—General Register B3 H/L H'8A, H'8B

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initial value i1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

QOutput compare or input capture register (can be buffered)

BRA3 H/L—Buffer Register A3 H/L H'8C, H'8D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initial value i1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Used to buffer GRA

BRB3 H/L—Buffer Register B3 H/L H'8E, H'8F

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initial value 117 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write ~ R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Used to buffer GRB
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Master enable TIOCA;

0

TIOCA3 output is disabled regardless of TIOR3, TMDR, and TFCR

1

TIOCAg is enabled for output according to TIOR3, TMDR, and TFC

Master enable TIOCA,

0 | TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR se

1| TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR

Master enable TIOCB,4

0 | TIOCB, output is disabled regardless of TIOR4 and TFCR settings

1| TIOCBy, is enabled for output according to TIOR4 and TFCR settings

Master enable TIOCB3

0 | TIOCB3 output is disabled regardless of TIOR3 and TFCR settings

1| TIOCBj is enabled for output according to TIOR3 and TFCR settings

Master enable TOCXA,

0 | TOCXA, output is disabled regardless of TFCR settings

1| TOCXA, is enabled for output according to TFCR settings

Master enable TOCXB,4

0 | TOCXB, output is disabled regardless of TFCR settings

1 | TOCXB, is enabled for output according to TFCR settings
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Output level select 3
0 | TIOCB3, TOCXA4, and TOCXB 4 outputs are invertec
1| TIOCB3, TOCXA,4, and TOCXB 4 outputs are not inve

Output level select 4
0 | TIOCA3, TIOCA 4, and TIOCB,4 outputs are inverted
1| TIOCA3, TIOCA 4, and TIOCB,4 outputs are not inverted

External trigger disable

0 | Input capture A in channel 1 is used as an external trigger signal in
reset-synchronized PWM mode and complementary PWM mode*

1| External triggering is disabled

Note: * When an external trigger occurs, bits 5 to 0 in TOER are cleare
disabling ITU output.

TCR4—Timer Control Register 4 H'92
Bit 7 6 5 4 3 2 1
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘
Initial value 1 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITUO.
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TIER4—Timer Interrupt Enable Register 4 H'94

Bit 7 6 5 4 3 2 1

‘ — ‘ — ‘ — ‘ — ‘ — ‘ OVIE ‘ IMIEB
Initial value 1 1 1 1 1 0 0
Read/Write — — — — — R/W R/W

Note: Bit functions are the same as for ITUO.

TSR4—Timer Status Register 4 H'95

Bit 7 6 5 4 3 2 1
- = =] =] — | o | s
Initial value 1 1 1 1 1 0 0
Read/Write — — — — — RI(W)*  R/I(W)*
Notes: Bit functions are the same as for ITUO.
* Only 0 can be written to clear the flag.

TCNT4 H/L—Timer Counter 4 H/L H'96, H'97

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initalvalue O O O O O O O O O O O o o o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITU3.
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GRB4 H/L—General Register B4 H/L H'9A, H'9B

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITU3.

BRA4 H/L—Buffer Register A4 H/L H'9C, H'9D

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initial value 11 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITU3.

BRB4 H/L—Buffer Register B4 H/L H'9E, H'9F

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initial value i1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for ITU3.
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|
Group 0 non-overlap
0 | Normal TPC output in group 0
Output values change at compare match A in the selected ITU

1| Non-overlapping TPC output in group 0, controlled by compare
A and B in the selected ITU channel

Group 1 non-overlap
0 | Normal TPC output in group 1
Output values change at compare match A in the selected ITU cha

1| Non-overlapping TPC output in group 1, controlled by compare ma
A and B in the selected ITU channel

Group 2 non-overlap
0 | Normal TPC output in group 2
Output values change at compare match A in the selected ITU channe

Non-overlapping TPC output in group 2, controlled by compare match
A and B in the selected ITU channel

Group 3 non-overlap
0 | Normal TPC output in group 3
Output values change at compare match A in the selected ITU channel

Non-overlapping TPC output in group 3, controlled by compare match
A and B in the selected ITU channel
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Group 0 compare match select 1 and 0

Bit 1

Bit 0

GOCMS1|GOCMSO0

ITU Channel Selected as Output Trigger

0 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITL
1 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITL

1 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in ITL
1

TPC output group 0 (TP to TPy) is triggered by compare match in ITL

Group 1 compare match select 1 and O

Bit 3

Bit 2

G1CMS1|G1CMSO0

ITU Channel Selected as Output Trigger

0 0 TPC output group 1 (TP, to TP,) is triggered by compare match in ITU ¢
1 TPC output group 1 (TP, to TP,) is triggered by compare match in ITU ¢

1 0 TPC output group 1 (TP, to TP,) is triggered by compare match in ITU
1

TPC output group 1 (TP, to TP,) is triggered by compare match in ITU

Group 2 compare match select 1 and 0

Bit 5 Bit 4

ITU Channel Selected as Output Trigger

G2CMS1|G2CMS0

0 0 TPC output group 2 (TP, to TPy) is triggered by compare match in ITU ¢
1 TPC output group 2 (TP, to TPg) is triggered by compare match in ITU c

1 0 TPC output group 2 (TP, to TPg) is triggered by compare match in ITU ¢
1

TPC output group 2 (TP44 to TPg) is triggered by compare match in ITU ¢

Group 3 compare match select 1 and 0

Bit 7 Bit

6

G3CMS1|G3CMS0

ITU Channel Selected as Output Trigger

0 0 TPC output group 3 (TP45 to TP,)* is triggered by compare match in ITU
1 TPC output group 3 (TP45 to TP,)* is triggered by compare match in ITU
1 0 TPC output group 3 (TP45 to TP4,)* is triggered by compare match in ITU
1 TPC output group 3 (TP45 to TP45)* is triggered by compare match in ITU

Note: * Since this LSI does not have a TP, pin, the TP, signal cannot be output off-chip.
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Next data enable 15to0 8

Bits 7to O D inti
NDER15 to NDER8 escription
0 TPC outputs TPq5to TPg* are disabled
(NDR15 to NDRS8 are not transferred to PB 7 t
1 TPC outputs TPq5to TPg* are enabled
(NDR15 to NDR8 are transferred to PB- to PE

Note: * Since this LSI does not have a TP14 pin, the TP4 signal ca
output off-chip.

NDERA—Next Data Enable Register A H'A3
Bit 7 6 5 4 3 2 1
‘ NDER7 ‘ NDERG6 ‘ NDERS‘ NDER4‘ NDER3 ‘ NDER2 ‘ NDER1
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

Next data enable 7to 0

Bits 7t0 O -
Description
NDER7 to NDERO
0 TPC outputs TP; to TP are disabled
(NDR7 to NDRO are not transferred to PA ; to
1 TPC outputs TP, to TPy are enabled
(NDR7 to NDRO are transferred to PA 7 to PA
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Next output data for Next output data fc

TPC output group 3* TPC output group .
Address H'FFAG
Bit 7 6 5 4 3 2 1
Initial value 1 1 1 1 1 1 1
Read/Write — — — — — — —

» Different output triggers for TPC output groups 2 and 3

Address H'FFA4
Bit 7 6 5 4 3 2 1
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ — ‘ — ‘ —
Initial value 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W — — —
Next output data for
TPC output group 3*
Address H'FFA6
Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9
Initial value 1 1 1 1 0 0 0
Read/Write — — — — R/W R/W R/W

Next output data fc
TPC output group

Note: * Since this LS| does not have a TP, pin, the TP,, signal cannot be output off-
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Next output data for Next output data f

TPC output group 1 TPC output group
Address H'FFA7
Bit 7 6 5 4 3 2 1
Initial value 1 1 1 1 1 1 1
Read/Write — — — — — — —

Different output triggers for TPC output groups 0 and 1

Address H'FFA5
Bit 7 6 5 4 3 2 1
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ —
Initial value 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W — — —
Next output data for
TPC output group 1
AddressH'FFA7
Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1
Initial value 1 1 1 1 0 0 0
Read/Write — — — — R/W R/W R/W

Next output data
TPC output grour
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Clock select 2 to ‘0

CKS2| CKS1|CKSO|LC
0 0 0 (
1 14

1 0 q

1 14

1 0 0 q
1 14

1 0 (

1 14

Timer enable

0

TCNT is initialized to H'00 and halted

1

TCNT is counting

Timer mode select

0 | Interval timer: requests interval timer interrupts

1 | Watchdog timer: generates a reset signal

Overflow flag

0

[Clearing condition]

Read OVF when OVF = 1, then write 0 in OVF

[Setting condition]

TCNT changes from H'FF to H'00

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

RSTCSR—Reset Control/Status Register H'AB (read),
H'AA (write)

Bit 7 6 5 4 3 2 1

| WRsT |RsTOE| — | — | — | — | —

Initial value 0 0 1 1 1 1 1

Read/Write R/I(W)* R/W — — — —

Reset output enable
0 | Reset signal is not output externally
1| Reset signal is output externally

Watchdog timer reset

0 | [Clearing condition]

Reset signal input at RES pin, or 0 written by software
1 | [Setting condition]

TCNT overflow generates a reset signal

Note: * Only O can be written in bit 7 to clear the flag.
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Mu

Clock select 1 and |

Bit 1

Bit 0

CKS1

CKSO

Cloc

0

0

@clo

@4 c

@16

1
0
1

@64

Itiprocessor mode

0

Multiprocessor function

1

Multiprocessor format se

Stop bit length

0

One

stop bit

1

Two

stop bits

Parity mode

0

Even parity

1

Odd parity

Parity enable

0

Parity bit is not added or checked

1

Parity bit is added and checked

Character len

gth

0 | 8-bit data

1 | 7-bit data

Communication mode

0

Asynchronous mode

1

Synchronous mode
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Clock enable 1and 0

T

Bitl | Bit2 Clock Seleci o
CKE1l|CKE2 OCK Selection an utpu
0 0 | Asynchronous mode | Internal clock, SCK pin available for generi

Synchronous mode

Internal clock, SCK pin used for serial

1 | Asynchronous mode

Internal clock, SCK pin used for clock

Synchronous mode

Internal clock, SCK pin used for serial

1 0 | Asynchronous mode

External clock, SCK pin used for clock

Synchronous mode

External clock, SCK pin used for seria

1 | Asynchronous mode

External clock, SCK pin used for clock

Synchronous mode

External clock, SCK pin used for seria

Transmit-end interrupt enable

0 | Transmit-end interrupt requests (TEI) are disabled

1 | Transmit-end interrupt requests (TEI) are enabled

Multiprocessor interrupt enable

0 | Multiprocessor interrupts are disabled (normal receive operation)

1 | Multiprocessor interrupts are enabled

Transmit enable
0 | Transmitting is disabled
1 | Transmitting is enabled

Receive interrupt enable

Receive enable

0 | Receiving is disabled

1 | Receiving is enabled

0 | Receive-data-full (RXI) and receive-error (ERI) interrupt requests are disabled

1 | Receive-data-full (RXI) and receive-error (ERI) interrupt requests are enabled

Transmit interrupt enable

0 | Transmit-data-empty interrupt request (TXI) is disabled

1 | Transmit-data-empty interrupt request (TXI) is enabled
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[
Multiprocessor bit

Multiprocessor bit tre

0 | Multiprocessor bit value in 0
receive data is 0

Multiprocessor bif
transmit data is O

1 | Multiprocessor bit value in 1
receive data is 1

Multiprocessor bif
transmit data is 1

Transmit end

0 | [Clearing conditions]

Read TDRE when TDRE = 1, then write 0 in TDRE.

1 | [Setting conditions]
Reset or transition to standby mode.
TE is cleared to 0 in SCR.

TDRE is 1 when last bit of serial character is transmitted.

Parity error

Framing error
0 | [Clearing conditions]

Reset or transition to standby mode.
Read FER when FER = 1, then write 0

in FER.

1 | [Setting condition]
Framing error (stop bit is 0)

0 | [Clearing conditions]
Reset or transition to standby mode
Read PER when PER = 1, then writ
PER.

1 | [Setting condition]

Parity error: (parity of receive data
match parity setting of O/E in SMR]

Overrun error

Receive data register full
0 | [Clearing conditions]

Reset or transition to standby mode.
Read RDRF when RDRF = 1, then write 0 in

RDRF.

1 | [Setting condition]
Serial data is received normally and transferred

0 | [Clearing conditions]
Reset or transition to standby mode
Read ORER when ORER =1, then
ORER.

1 | [Setting condition]

Overrun error (reception of next ser
ends when RDRF = 1)

from RSR to RDR

Transmit data register empty

0 | [Clearing conditions]
Read TDRE when TDRE = 1, then write 0 in TDRE.

1 | [Setting conditions]

Reset or transition to standby mode.

TEis 0in SCR

Data is transferred from TDR to TSR, enabling new
data to be written in TDR.

Note: * Only 0 can be written to clear the flag.
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SCMR—Smart Card Mode Register H'B6
Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ SDIR ‘ SINV ‘ —
Initial value 1 1 1 1 0 0 1
Read/Write — — — — R/W R/W —

Smart card interface mode select

0

Smart card interface function is di

1

Smart card interface function is er

Smart card data invert

0 | Unmodified TDR contents are transmitted
Received data is stored unmodified in RDR

1| Inverted 1/0 logic levels of TDR contents are transmitted
1/0 logic levels of received data are inverted before storage il

Smart card data transfer direction

0 | TDR contents are transmitted LSB-first
Received data is stored LSB-first in RDR

1 | TDR contents are transmitted MSB-first
Received data is stored MSB-first in RDR
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BRR—BIt Rate Register

H'B9

Bit 7 6 5 4 3 2 1
Initial value 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for SCIO.

SCR—Serial Control Register H'BA
Bit 7 6 5 4 3 2 1

‘ TIE ‘ RIE ‘ TE ‘ RE MPIE ‘ TEIE ‘ CKE1 ‘

Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
Note: Bit functions are the same as for SCIO.

TDR—Transmit Data Register H'BB
Bit 7 6 5 4 3 2 1
Initial value 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for SCIO.
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- Uy U Call De WIILLET1 L0 cical Uic liay.

RDR—Receive Data Register H'BD
Bit 7 5 4 3 1
Initial value 0 0 0 0 0
Read/Write R
Note: Bit functions are the same as for SCIO.
P1DDR—Port 1 Data Direction Register H'CO
Bit 7 6 5 4 3 2 1
‘ P1,DDR ‘ Plg DDR‘ Pls DDR‘ P1,DDR ‘ P13;DDR ‘ P1,DDR ‘ P14L
Modes | Initial value 1 1 1 1 1 1 1
land 3| Read/Write — — — — — — —
Modes | Initial value 0 0 0 0 0 0 0
5107 | Read/Write W W w W

Port 1 input/output select

0

Generic input pin

1

Generic output pin
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Port 2 input/output select
0 | Generic input pin
1 | Generic output pin

P1DR—Port 1 Data Register H'C2
Bit 7 6 5 4 3 2 1
‘ P1, ‘ Plg ‘ Plg ‘ P1, ‘ P1g ‘ P1, ‘ P1,
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

Data for port 1 pins

P2DR—Port 2 Data Register H'C3
Bit 7 6 5 4 3 2 1
‘ P2, ‘ P2¢ ‘ P2g ‘ P2, ‘ P24 ‘ P2, ‘ P2,
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

Data for port 2 pins
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0 | Generic input pin

1 | Generic output pin

P3DR—Port 3 Data Register H'C6
Bit 7 6 5 4 3 2 1
‘ P3-; ‘ P36 P35 ‘ P34 ‘ P33 ‘ P3, ‘ P31
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
Data for port 3 pins
P5DDR—Port 5 Data Direction Register H'C8
Bit 7 5 4 3 2 1
‘ — ‘ ‘ — ‘ — ‘P53DDR‘P52DDR‘P51[
Modes | Initial value 1 1 1 1 1 1
land 3 | Read/Write — — — — — —
Modes | Initial value 1 1 1 0 0 C
St07 | Read/Write — — — w v

Port 5 input/outpt

0

Generic input

1

Generic outpu
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FOlL O 1HpuyouLtpul scicut
0 | Generic input
1 | Generic output

P5DR—Port 5 Data Register

H'CA
5 4 3
1 1 0
— — R/W

P55 \ P5, \ P5,

Data for port 5 pins

P6DR—Port 6 Data Register

H'CB
5 4 3
P65 P64
0 0 0

R/W R/W R/W

Data for port 6 pins
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R ikl i
0 | Generic input
1 | Generic output

P7DR—Port 7 Data Register H'CE
Bit 7 6 5 4 3 2 1
‘ P7, ‘ P7g ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P7,
Initial value —* —* —* _* _* _* _
Read/Write R R R R R R R

Data for port 7 pins

Note: * Determined by pins P7; to P7q.

P8DR—Port 8 Data Register H'CF

Bit 7 6 5 4 3 2 1
T B B B B = Y

Initial value 1 1 1 0 0 0 0

Read/Write — — — R/W R/W R/W R/W

Data for port 8 pin:
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Port 9 input/output select
0 | Generic input
1| Generic output

PADDR—Port A Data Direction Register H'D1
Bit 7 6 5 4 3 2 1
‘ PA7DDR‘ PA6DDR‘ PA5DDR‘ PA4DDR‘ PA;DDR ‘ PA,DDR ‘ PA;D
Mode 3 Initial value 1 0 0 0 0 0 0
Read/Write — w W w W W W
Modes | nitial value 0 0 0 0 0 0 0
t10a7”d ® | Read/MWrite w w w w w w
\
Port A input/output select
0 | Generic input
1| Generic output
PO9DR—Port 9 Data Register H'D2
Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ P9y ‘ P9, ‘ P95 ‘ P9, ‘ P9, ‘
Initial value 1 1 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W

Data for port 9 pins
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PBDDR—Port B Data Direction Register H'D4

Bit 7 6 5 4 3 2 1
‘PB7DDR‘ — ‘PB5DDR‘PB4DDR‘PB3DDR‘PBZDDR‘PBlDDF
Initial value 0 0 0 0 0 0 0
Read/Write W w W W W W W
T [

\
Port B input/output select

0 | Generic input
1| Generic output

PBDR—Port B Data Register H'D6
Bit 7 6 5 4 3 2 1
‘ PB 7 ‘ — ‘ PBs ‘ PB4 ‘ PB 3 ‘ PB > ‘ PB 1
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
T [

\
Data for port B pins
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| 0 | Input pull-up transistor is off |
‘ 1 ‘ Input pull-up transistor is on ‘

Note: Valid when the corresponding P2DDR bit is cleared to O (designating generic il

PSPCR—Port 5 Input Pull-Up Control Register H'DB
Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ P53PCR ‘ P5,PCR ‘ P51PCR‘
Initial value 1 1 1 1 0 0 0
Read/Write — — — — R/W R/W R/W
|

Port 5 input pull-up cont
0 | Input pull-up transisto
1 | Input pull-up transisto

Note: Valid when the corresponding PSDDR bit is cleared to O (designating generic il

ADDRA H/L—A/D Data Register A H/L H'EO, H'El

15 14 13 12 11 10 9 8 7 6 S5 4 3 2

Bit
‘ADQ‘ADS‘AD7‘AD6‘AD5‘AD4‘AD3‘AD2‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘
Initalvalue 0 O O O O O O O O O O O o0 o
ReadWrite R R R R R R R R R R R R R R
J

ADDRAH ADDRAL

A/D conversion data
10-bit data giving an
A/D conversion result
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A/D conversion data
10-bit data giving an
A/D conversion result

ADDRC H/L—A/D Data Register C H/L H'E4, H'E5

15 14 13 12 11 10 9 8 7 6 S5 4 3 2

Bit
‘ADQ‘AD8‘AD7‘AD6‘AD5‘AD4‘AD3‘ADZ‘ADl‘ADO‘ — ‘ — ‘ — ‘ —
Initalvalue 0 O O O O O O O O O O O o0 o
ReadWrite R R R R R R R R R R R R R R
J
ADDRCH ADDRCL
A/D conversion data
10-bit data giving an
A/D conversion result
ADDRD H/L—A/D Data Register D H/L H'E6, H'E7
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2
‘ADQ‘AD8‘AD7‘AD6‘AD5‘AD4‘AD3‘ADZ‘ADl‘ADO‘ — ‘ — ‘ — ‘ —
Initalvalue 0 O O O O O O O O O O O o0 o
ReadWrite R R R R R R R R R R R R R R
J
ADDRDH ADDRDL

A/D conversion data
10-bit data giving an
A/D conversion result
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0 | A/D conversion cannot be externally triggered
1 | A/ID conversion starts at the fall of the external trigger signal (Al
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ClOoCK selecCt

0 | Conversion time = 266 states (maximum)

1 | Conversion time = 134 states (maximum)

Channel select 2to 0

Group Channel Description
Selection|  Selection
CH2 CH1 | CHO | Single Mode | Scar
0 0 0 ANg ANg
Scan mode 1 AN, AN,
0 | Single mode 1 0 AN, ANo
1 | Scan mode 1 AN AN
1 0 0 ANy, AN,
1 | ANg AN,
1 0 ANg ANy4
1 | ANy AN,

A/D start

0 | A/D conversion is stopped

conversion ends

1 | Single mode: A/D conversion starts; ADST is automatically cleared to O whe

Scan mode: A/D conversion starts and continues, cycling among the selec
channels, until ADST is cleared to 0 by software, by a reset, o
transition to standby mode

A/D interrupt enable
0 | A/D end interrupt request is disabled
1 | A/D end interrupt request is enabled

A/D end flag

0 | [Clearing condition]
Read ADF while ADF = 1, then write O in ADF

1 | [Setting conditions]
Single mode: A/D conversion ends

Scan mode: A/D conversion ends in all selected channels

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

RENESAS
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Area / 1o 0 access state control

Bits 710 0 Number of States in Access Cycle
AST7 to ASTO y
0 Areas 7 to O are two-state access areas
1 Areas 7 to 0 are three-state access areas
WCR—Wait Control Register H'EE Bu
Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘
Initial value 1 1 1 1 0 0 1
Read/Write — — — — R/W R/W R/W

Wait mode select 1 and 0

Wait count 1 and O

Bit 3 | Bit2 . Bitl | BitO .
WMS1|WMS0 Wait Mode wci | weo | Numberof Wa
0 0 Programmable wait mode 0 0 No wait states ins
1 | No wait states inserted by wait-state controll
wait-state controller 1 1 state inserted
1 0 Pin wait mode 1 1 0 2 states inserted
1 Pin auto-wait mode 1 3 states inserted
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Wait-state control is disabled (pin wait mode (
1 | Wait-state control is enabled

MDCR—Mode Control Register H'F1 Sy
Bit 7 6 5 4 3 2 1
‘ — ‘ - ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1
Initial value 1 1 0 0 0 —x —*
Read/Write — — — — — R R

Mode select 2to 0

Bit2 | Bitl | BitO .
MD; | MD; | MDg Operating mo

0 0o |—

0 1 Mode 1
1 0 |—

1 Mode 3
0 0 |—

1 1 Mode 5

1 0 Mode 6

1 Mode 7

Note: * Determined by the state of the mode pins (MD, to MDg).
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RAM enable
0 | On-chip RAM is
1 | On-chip RAM is

NMI edge select
0 | Aninterrupt is requested at the falling edc
1| An interrupt is requested at the rising edg

User bit enable
0 | CCR bit 6 (Ul) is used as an interrupt mask |
1| CCR bit 6 (Ul) is used as a user bit

Standby timer select 2to 0

Bit6 | Bit5 | Bit4 .
STS2 | STS1|STSO Standby Timer
0 0 0 Waiting time = 8192 states
1 Waiting time = 16384 states
1 0 Waiting time = 32768 states
1 | Waiting time = 65536 states
1 0 — | Waiting time = 131072 states
1 — | lllegal setting

Software standby

0

SLEEP instruction causes transition to sleep mode

1

SLEEP instruction causes transition to software standby mode
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L nocau/vviitc NV V LAV A S LAY A R — — A

Address 23 to 21 enable
0 | Address output
1| I/O pins other than the above
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IRQs, IRQ4, IRQ; and IRQg sense control

0 | Interrupts are requested when IRQs, IRQy, IRQ;, and Il
inputs are low

1 | Interrupts are requested by falling-edge input at IRQg, |

|R01 and |RQO
|ER—IRQ Enable Register H'F5 Interrup
Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ — ‘ — ‘ IRQ1E ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W
L ]

IRQs, IRQ4, IRQ4, IRQg enable
0| IRQs, IRQ4, IRQ; and IRQq interrupts are di
1| IRQs, IRQy4, IRQq and IRQy interrupts are el
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IRQs, IRQy4, IRQq and IRQq flags

Bits 5,4,1and O
IRQSF . . -
IRQ4F Setting and Clearing Conditions
IRQ1F
IRQOF
0 [Clearing conditions]
¢ Read IRQnF when IRQnF = 1, then write 0 in |
* IRQNSC =0, IRQn input is high, and interrupt ¢
handling is carried out.
¢ IRQNSC =1 and IRQn interrupt exception han
carried out.
1 [Setting conditions]
* IRQNSC =0 and IRQn input is low.
* IRQNSC =1 and IRQn input changes from higt

Note: n=5,4,1and 0

Note: * Only O can be written to clear the flag.
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0 | Priority level O (low priority)
1 | Priority level 1 (high priority)

* Interrupt sources controlled by each bit

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
IPRA7 IPRA6 — IPRA4 IPRA3 IPRA2 IPRA1
Interrupt  IRQ, IRQ, — IRQ,,  WDT ITU ITU
source IRQ, channel  channel
0 1
IPRB—Interrupt Priority Register B H'F9 Interrup
Bit 7 6 5 4 3 2 1
IPRB7 ‘ IPRB6 ‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘
Initial value 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

Priority level B7, B6, B3to B1
0 | Priority level O (low priority)
1 | Priority level 1 (high priority)

* Interrupt sources controlled by each bit

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1
IPRB7 IPRB6 — — IPRB3 IPRB2 IPRB1
Interrupt  ITU ITU — — SCI SCI A/ID
source channel channel channel channel converte
3 4 0 1
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P1,

Modes 1, 3,and 5 Reset
[
S R

Q D
P1,DDR
C *
\
WP1D
Modes 6 and 7 Reset
|
R

Q D
P1,DR

c
T

Modes 1, 3, and 5 WP1
’\[CL RP1

™S~

L~

Legend:

WP1D: Write to P1DDR
WP1: Write to port 1
RP1: Read port1

Notes: n=0to 7
* Set priority

FigureC.1 Port 1 Block Diagram
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P2,

I/
Modes 1, 3, and F I‘Qeset
S R

Q D
P2,DDR
C
\
WP2D
Modes 6 and 7 Reset
|
R

Q D
P2,DR

C

I
Modes WP2

Tt 1 .

1,3,and 5 L
e
™S~
L

Legend:

WP2P: Write to P2PCR
RP2P: Read P2PCR
WP2D: Write to P2DDR
WP2:  Write to port 2
RP2: Read port 2

Notes: n=0to7
* Set priority

FigureC.2 Port 2 Block Diagram
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P3,

address c
WP3D
Reset
Modes 6 and 7 I‘?
Q P3,DR b
C
Modes W‘P3
1,3,and5 L

’\[CL RP3
N
e

I/

Read external
address |1
L

Legend:

WP3D: Write to P3DDR
WP3: Write to port 3
RP3: Read port 3

Note: n=0to7

FigureC.3 Port 3 Block Diagram
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P5,,

L 1‘
Modes 1, ‘3 I‘?eset ';
S R ;
Q DI |
P5,DDR
C *
T
WP5D
Modes 6 and 7 Reset
|
R
Q DF—
P5,DR
C
\
Modes WP5
1,3,and 5 ,
’\[CL RP5
L L

Legend:

WP5P: Write to PSPCR
RP5P: Read P5PCR
WP5D: Write to PSDDR
WP5:  Write to port 5
RP5: Read port 5

Notes: n=0to 3
* Set priority

FigureC.4 Port 5Block Diagram
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P6o

Re‘set

[N—

Q D
P6,DR

WP6

’\ECL RP6
N
L~

Legend:
WP6D:
WP6:
RP6:

L
Write to P6DDR

Write to port 6
Read port 6

FigureC.5(a) Port 6 Block Diagram (Pin P6))

RENESAS
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P6,

WFoD

Re‘set
Modes 6 and 7 R
Q D
Modes P6,DR
1,3,
and 5 ?
WP6

Interr

s

’\[CL RP6

™
I/

Legend:

WP6D: Write to P6DDR
WP6:  Write to port 6
RP6:  Read port 6

Note: n=3to5

I/

Figure C.5(b) Port 6 Block Diagram (Pins P6, to P6,)
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Legend:
RP7: Read port 7

Note: n=0to7

<]

I

FigureC.6 Port 7 Block Diagram

RENESAS
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P8y

Re‘set

/

Q D
P8,DR

WP8

e

™S
I/

Inf

L
Legend:
WP8D: Write to PBDDR

WP8:  Write to port 8
RP8: Read port 8

FigureC.7(a) Port 8 Block Diagram (Pin P8)
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P8,

/N

4!} wivuco LAY
| 6and 7 Q D
P8,DR
Modes c
1,3,and 5 T
WP8

»[CL RPs

™
I/

Legend:

WP8D: Write to PBDDR
WP8:  Write to port 8
RP8: Read port 8

L
>

Figure C.7 (b) Port 8 Block Diagram (Pin P8)
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P9,

Re‘set

Q D
P9,DR

WP9

JRe
PECL% RPo

™~
I/

Legend:

WP9ID: Write to PODDR
WP9: Write to port 9
RP9: Read port9

I/

Out

Seri;
data

Gua

FigureC.8 (a) Port 9 Block Diagram (Pin P9,)
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P9,

D
Q P9,DR

WP9

JRs

™S
e

Legend:

WPID: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9

’\[CL.i RP9
I/

FigureC.8 (b) Port 9 Block Diagram (Pin P9,)

RENESAS
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P9y

; . Serl

)/I . D
~ Q P9,DR
¢
WP9
™S~
I/
Legend:

WP9ID: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9

Note: n=2,3

date

FigureC.8 (c) Port 9 Block Diagram (Pin P9,, P9,)
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PO,

RS G Peon ]|
c E
T ,
WP9 I Cl
' oen
i— Cl
(CL% RPY ;
™S~ :
L L !
e Cl
Interru
e|> e IR
Legend: :

WP9ID: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9

Note: n=4and5

Figure C.8 (d) Port 9 Block Diagram (Pin P9,, P9,)
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PA,

Re‘set
R
] AR ﬂ%
c
WPA
—> T e

TP«
enc

Ne:

Legend:

WPAD: Write to PADDR
WPA: Write to port A
RPA: Read port A

Note: n=0orl

FigureC.9 (a) Port A Block Diagram (PinsPA, PA))
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PA,

3 Q D

Ne

WPA

— RPA

=
S

>

Legend:

WPAD: Write to PADDR
WPA: Write to port A
RPA: Read port A

Note: n=2o0r3

FigureC.9 (b) Port A Block Diagram (PinsPA,, PA.)
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Re‘set E

R f

> r 1

PA, 0 5 :
] PA,DR ;

c :

WPA :

’\@i RPA i

[> I L '

Legend:

WPAD: Write to PADDR
WPA:  Write to port A
RPA: Read port A

Notes: n=4to7
PA; address output enable is fixed at 1 in mode 3.

FigureC.9(c) Port A Block Diagram (Pins PA, to PA))
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Re‘set

en;

PB Q D
n PB,DR

WPB

— Ne

*— RPB

=
=

>

» N

Legend:

WPBD: Write to PBDDR
WPB:  Write to port B
RPB: Read port B

Note: n=0to 3

Figure C.10 (a) Port B Block Diagram (Pins PB,to PB,)
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PB : Q D i E
— Nex

WPB

- Hasiim

I/

Legend:

WPBD: Write to PBDDR
WPB: Write to port B
RPB: Read port B

Note: n=4o0r5

FigureC.10 (b) Port B Block Diagram (PinsPB,, PB,)
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PB;

1 :
D 1
~ Q PB,DR ;
C ! '
WPB :
-
. el
I/
ADc
c{> - AL
ing

Legend:

WPBD: Write to PBDDR
WPB: Write to port B
RPB: Read port B

Figure C.10 (c) Port B Block Diagram (Pin PB.)
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[0} — Clock T H Clock outpu
output
RESO** — T*? T T RESO
Pl1,toP1, 1,3 L T T A to A,
5 T T keep Input port (I
T A, to A, (DC
6,7 T T keep I/O port
P2,toP2, 1,3 L T A tOA,
5 T keep Input port (I
T A to A, (DI
6,7 T T keep I/O port
P3,toP3, 1,35 T T T D, to D,
6,7 T T keep I/O port
P5,toP5, 1,3 L T T A to A,
5 T T keep Input port (I
T A, to A, (D
6,7 T T keep I/O port
P6, 1,3,5 T T keep 110 port, W/
6,7 T T keep I/O port
P6.toP6, 1,3,5 H T T WR, RD, A¢
6,7 T T keep I/O port
P7,to P7, 1,3,5t07 T T T Input port
P8, 1,3,5 T T keep I/O port
6,7 T T keep I/O port
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FRg WAy o ! ! YNNI = U] \MUIRCOIN =

T A, oA,
[ADRCR = 1] (ADRCR =
keep I/O port
1,5,6,7 T T keep I/O port
PA, 3 L T T A
1,5,6,7 T T keep I/O port
PB,PB,to 1,3,5t07 T T keep I/O port
PB,
Legend:
H: High
L: Low
T: High-impedance state
keep: Input pins are in the high-impedance state; output pins maintain their previot

DDR: Data direction register bit
ADRCR: Address control register

Notes: 1 Mask ROM version. Dedicated FWE input pin for the F-ZTAT version.
2 Low output only when WDT overflows causes a reset.
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Access to external address

T T, T3
: ‘ (

RES

Internal
reset signal

Address bus '
(modes 1, 3, 5) >< >< H'000000

AS (modes 1, 3, 5)

High

RD (read access)
(modes 1, 3, 5)

High

WR (write access)
(modes 1, 3, 5) High

Data bus ngh in
(write access)
(modes 1, 3, 5)

/0 port \ High in
(modes 1, 3,5t0 7) /

FigureD.1 Reset during Memory Access (Reset during T1 State)
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RES

Internal
reset signal

Address bus
(modes 1, 3, 5)

AS (modes 1, 3, 5)

RD (read access)
(modes 1, 3, 5)

WR (write access)
(modes 1, 3, 5)

Data bus
(write access)
(modes 1, 3, 5)

I/O port
(modes 1, 3,5t07)

Access to external address

>< >< H'00000

High

High

Jle

FigureD.2 Reset during Memory Access (Reset during T2 State)
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RES

Internal
reset signal

Address bus
(modes 1, 3, 5)

AS (modes 1, 3, 5)

RD (read access)
(modes 1, 3, 5)

WR (write access)
(modes 1, 3, 5)

Data bus
(write access)
(modes 1, 3, 5)

I/O port
(modes 1, 3,510 7)

Access to external aadress

>< H'0C
High i

[ \

\ /
\ High i

/

FigureD.3 Reset during Memory Access (Reset during T3 State)
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e =

STBY

t; = 10tcyc t,=20ns
-

0
m
(72

(2) To retain RAM contents with the RAME bit cleared to 0 in SY SCR, RES does not
driven low asin (1).

Timing of Recovery from Har dware Standby M ode

Drive the RES signal low approximately 100 ns before STBY goes high.

STBY

t>100 ns tosc
e

ny)
m
w
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ADo4raVUsIVIE

ADo4AraUSIVIE

ouU-pIn Yrr

version  nsArF3039VTE

HD64F3039VTE 80-pin TQF

Mask ROM 5V HD6433039F HD6433039(***)F  80-pin QFP

version Version  |ing433039TE  HD6433039(***)TE  80-pin TQF

3V HD6433039VF  HD6433039(***)VF  80-pin QFP

Version  |ing433039VTE  HD6433039(***)VTE 80-pin TQF

H8/3038  Mask ROM 5V HD6433038F HD6433038(***)F  80-pin QFP
version Version  |1ng433038TE  HD6433038(***)TE  80-pin TQF

3V HD6433038VF  HD6433038(***)VF  80-pin QFP

Version  |ing433038VTE  HD6433038(***)VTE 80-pin TQF

H8/3037  Mask ROM 5V HD6433037F HD6433037(***)F  80-pin QFP
version Version  11ng433037TE  HD6433037(***)TE  80-pin TQF

3V HD6433037VF  HD6433037(***)VF  80-pin QFP

Version  |ing433037VTE  HD6433037(***)VTE 80-pin TQF

H8/3036  Mask ROM 5V HD6433036F HD6433036(***)F  80-pin QFP
version Version  |ing433036TE  HD6433036(***)TE  80-pin TQF

3V HD6433036VF  HD6433036(***)VF  80-pin QFP

version HD6433036VTE

HD6433036(***)VTE

80-pin TQF!

Note: (***)in mask ROM versions is the ROM code.
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