To our customers,

Old Company Name in Catalogs and Other Documents

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

Renesas Electronics website: http://www.renesas.com

April 1%, 2010
Renesas Electronics Corporation

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

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

All information included in this document is current as of the date this document 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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Technology Corp. product best suited to the customer's application; they do not convey any
under any intellectual property rights, or any other rights, belonging to Renesas Technology
a third party.

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

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

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

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

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

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

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

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

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

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

Rev. 3.00 Sep 27, 2006 page ii of xxvi
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Note: Fix all unused input pinsto high or low level.
Generally, the input pins of CMOS products are high-impedance input pins. |
arein their open states, intermediate levels are induced by noise in the vicinity
through current flows internally, and a malfunction may occur.

3. Processing before Initialization

Note:  When power isfirst supplied, the product’s state is undefined.
The states of internal circuits are undefined until full power is supplied throug
chip and alow level isinput on the reset pin. During the period where the stat
undefined, the register settings and the output state of each pin are also undefi
your system so that it does not malfunction because of processing whileitisil
undefined state. For those products which have a reset function, reset the LSI
after the power supply has been turned on.

4. Prohibition of Accessto Undefined or Reserved Addresses

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

Rev. 3.00 Sep 27, 2006 [
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The on-chip emulator (E10T)*? has functions that allow it to emulate directly amicro
mounted on the user board. This makes possible on-board program debugging.

The on-chip supporting functions include ROM, RAM, a 16-hit integrated timer unit (
programmabl e timing pattern controller (TPC), a watchdog timer (WDT), a serial con
interface (SCI), an A/D converter, aD/A converter, 1/O ports, adirect memory access
(DMAC), arefresh controller, and other facilities. Of the two SCI channels, one has b
expanded to support the ISO/IEC7816-3 smart card interface. Functions have al so bes
reduce power consumption in battery-powered applications: individual modules can b
standby, and the frequency of the system clock supplied to the chip can be divided do
software control.

The address space is divided into eight areas. The data bus width and access cycle len
selected independently in each area, simplifying the connection of different types of n
Seven operating modes (modes 1 to 7) are provided, offering a choice of data buswid
address space size.

With these features, the H8/3048B Group can be used to implement compact, high-pe
systems easily.

Versions with either flash memory (F-ZTAT™™**) or mask ROM as the on-chip ROM
available. This enables users to respond quickly and flexibly to changing application ¢
from theinitial production stage through full-scale volume production.

This manual describes the H8/3048B Group hardware. For information on H8/3048 G
products, please refer to the H8/3048 Group Hardware Manual. For details of the instl
refer to the H8/300H Series Programming Manual.

Notes: 1. F-ZTAT (Flexible ZTAT) isatrademark of Renesas Technology Corp.
2. Anon-chip emulator (E10T) is not provided in the mask ROM version.

Rev. 3.00 Sep 27, 2006 |
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1. Only programs in the on-chip flash memory can be devel oped and debugged. Cons
emulation is not possible for programs in external memory or in the no-ROM mode

2. Refresh controller and DMAC operation are not supported, so settings should not b
the registers for these modul es.

3. During break mode of on-chip emulation, the watchdog timer stops counting. Acco
counter value may be invalid after resuming from the break mode.

4. The FWE (BRK) pin and pins P91, P93, and P95 are reserved for the E10T, and ca
used.

5. AreaH'F7000 to H'F7FFF in 1-M address mode (area H'FF7000 to H'FF77FF in 1€
mode) is used by the E10T, and is not available to the user.

6. Theinitial program instructions following areset should be initialize stack pointer (
read mode register (MDCR). (After initializing SP using the MOV .L instruction, us
MOQV .B instruction to read the MDCR register.)

7. Emulation of the hardware standby mode is not supported.

Rev. 3.00 Sep 27, 2006 page Vi of xxvi
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2. HB8/3048F-ONE has single power supply with flash memory and E10T ins

H8/3048B (

Hardware H8/3048 Group
Manual (Rev. 7.0) (Rev. 3.
ROM Type ZTAT Mask ROM F-ZTAT
Model Type H8/3048 H8/3048 mask ROM H8/3048F H8/3048F-ONE  |H
version R
H8/3047 mask ROM
version
H8/3045 mask ROM
version
H8/3044 mask ROM
version
Model Spec PROM model |Mask ROM model Dual power Single power M
supply, flash supply, flash m
memory is memory installed,
installed internal step-
down (5 V
operation model),
high-speed
operation model
Refer to 1.4, Refer to 1.4.3,
Differences Differences
between between
H8/3048F and |H8/3048F and
H8/3048F-ONE. |H8/3048F-ONE.
Model Type HD6473048 HD6433048 HD64F3048 HD64F3048B Hi
No. HD6433047 (5 V operation (5
HD6433045 model) m
HD6433044 HD64F3048BV  |H
(3 V operation 3
model) m
Pin Refer to figure 1.2, Pin Arrangement of H8/3048ZTAT, 5-V operation models
Assignment H8/3048 Mask ROM Version, H8/3047 Mask ROM and an external capa

Version, H8/3045 Mask ROM Version, H8/3044 Mask
ROM Version, and H8/3048F (FP-100B or TFP-100B, Top
View), in section 1.

connected.

Refer to figure 1.3, H
Pin Arrangement (FP
100B, Top View), in s

Rev. 3.00 Sep 27, 2006 p:
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Fo/ova4. 52 KDYLES

Flash Memory — — Refer to section |Refer to section
19, Flash 18, ROM
Memory (H8/3048F-ONE:
(H8/3048F Dual |Single Power
Power Supply). |Supply, H8/3048B
Mask ROM
Version)
Clock Pulse Refer to section 20, Clock Pulse Generator. Refer to section 19, CI
Generator Generator.
Power-Down |Refer to section 21, Power-Down State. Refer to section 20, Pc
State State.
Clock oscillator settling time: Waiting time of up to 131072 |Clock oscillator settlin
states time of up to 262144 s
Electrical Refer to table 22.1, Electrical Characteristics of H8/3048 |Refer to table 21.1, Ele
Characteristics |Group Products, in section 22. Characteristics of H8/?

(Clock Rate)

and H8/3048B Group |
section 21.

1to 18 MHz 1to 16 |5V operation models:
MHz 2 to 25 MHz,
3 V operation models:
2 to 25 MHz.
List of Refer to table B.1, Comparison of H8/3048 Group Internal I/O Register Specificatic
Registers appendix B.
Refer to appendix B.1, Addresses.
Notes on — — — Refer to section
Usage 1.4, Notes on
H8/3048F-ONE
(Single Power
Supply)
On-chip — — — On-chip emulator
Emulator (E10T)
(E10T)

Rev. 3.00 Sep 27, 2006 page Viii of xxvi
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Figure 1.3 H8/3048B
Group Pin
Arrangement (FP-
100B or TFP-100B,

Note: 1. For the 5V operation product, this pin is
V terminal, and for the 3 V operation models, this
as the V terminal that requires an external capaci

Top View)
1.3.3 Pin Functions 18,19 Table amended
Table 1.4 Pin Type Symbol Pin No. 110 Name and Function
: AID and D/A AV . 76 Input Power supply pin for the
Functions converters converters. Connect to t
supply (Vo) when not us
D/A converters.
AV 86 Input Ground pin for the A/D a
Connect to system grou
Vier 7 Input Reference voltage input
D/A converters. Connec
power supply (Vo) wher
and D/A converters.
1.4.2 Product Type 21 Sample markings amended

Names and Markings

Table 1.5 Differences
in H8/3048F and
H8/3048F-ONE

Dual Power Supply
Model: H8/3048F

Single Power Supply Model: H8/

Sample

markings
H8/3048 64F3048F25
3J1 H8/3048F-ONE
:z:soaame PGM50 B 0021

BK80090

RENESAS
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! ! !
Read|Write IRQb Reac
0

1 1
Execution
Clea
Occurrence condition 1 Occurren
10.2.3 Timer Mode 335 Table amended
Register (TMDR) Counting Direction ~ Down-Counting Up-Counting
Bit 6—Phase Counting TCLKA pin 1 High ow Low
TCLKB pi L High High
Mode Flag (MDF) pin W L A |
13.2.8 Bit Rate 473, Table amended
Register (BRR) 475 : @(MH2) :
Table 13.3 Examples 3 3 3.6864 3 25
of Bit Rates and BRR Bit Rate Error Error Erro
. . bits/s N % 'n N % 'n N %
Settings in (bus’s) 0 SO, o)
110 212 003 2 64 070 3 110 -00
Asynchronous Mode ; ;
150 155 0.16 1 191 000 '3 80 047
300 77 016 1 95 000 :2 162 =01
600 155 0.16 0 191 000 2 80 047
1200 77 016 10 95 000 1 162 0.1
2400 38 016 0 47 000 i1 80 047
4800 19 -234 10 23 000 :0 162 L0.a
9600 9 234 10 11 000 :0 80 047
19200 4 234 10 5 000 (0 40 -07
31250 2 0.00 0 3 784 10 24 000
38400 1 2207 ‘0 2 000 (0 19 1.73
13.3.2 Operation in 492 Figure amended
ASynChrOnOUS |\/|Ode Start Parity Stop Start Parity
D?‘a bit bit bit D%ta bit
Figure 13.8 Example o [oo]or [ JorJor ]t | ofoofo1] Jor[on

of SCI Receive

‘ [T

Operation (8-Bit Data RORE
with Parity and One

FER

R N

Stop Bit)

‘ \ !
RXI RXI interrupt handler
request reads data in RDR and

| clears RDRF flag to 0
1 frame

Rev. 3.00 Sep 27, 2006 page x of xxvi
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| |
TXI ‘ TXI interrupt handler TXI

request  writes data in TDR and request
‘ clears TDRE flag to 0
1 frame
13.3.4 Synchronous 500 Description amended
Operation An internal clock generated by the on-chip baud ra
Clock generator or an external clock input from the SCK |
selected by setting the C/A bit in SMR and the CKE
CKEQO bits in SCR. See table 13.9.
14.2.3 Serial Mode 521 Table amended
Register (SMR) Bit 7: GM Description
Bit 7—GSM Mode 0 Using the regular smart card interface mode
(GM) The TEND flag is set 12.5 etu after the beginning of the start
Clock output on/off control only
1 Using the GSM mode smart card interface mode
The TEND flag is set 11.0 etu after the beginning of the start
Clock output on/off and fixed-high/fixed-low control
(set by SCR)
18.5.1 Flash Memory 587 Note amended
Control Register 1 Note: * Do not access flash memory while the E bi
(FLMCR1)
Bit 1—Erase Bit (E)
Section 21 Electrical 653, Table amended
Characteristics 654 H8/3048B Group
Table 21.1 Electrical ; H8/3048
Characteristics of ttem j Halois (Fs.cn’g'i fronn
H8/3048 Group and Power | ROM
H8/3048B Group | S ]
Absolute V,, pin rating ' Yes — —
Products maximum |
ratings
Flash | b |seetable | —
memory H 21.11
charac- '
teristics™*

Rev. 3.00 Sep 27, 2006 p
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Note amended

Note: 4. Byte data must be used to access FLMCR1
FLMCR2, EBR, and RAMCR.

Registers FLMCR1, FLMCR2, EBR, and RAMCR ar
implemented in the flash memory version only. The |
ROM version does not have these registers.

Table amended

H8/3048F-ONE

Not include this register

H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

H8/3048B mask ROM version

Include this register

Table amended

H8/3048F-ONE

Include this register

H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

H8/3048B mask ROM version

Not include this register

B.1 Addresses (For 742
H8/3048F-ONE,

H8/3048B Mask ROM
Version)

B.3 Function 829
ADCR

ADCR 829
SsYscrR 833

Table amended

Standby timer select 2to 0

Bit6 | Bit5 | Bit4 Standby Timer
H8/3048F-ONE
STS2| STS1|STSO| 1ig/3048B mask ROM version )
0 0 0 Waiting time = 8,192 states Waiting time = 8,192 states
1 Waiting time = 16,384 states Wiaiting time = 16,384 state:
1 0 | Waiting time = 32,768 states | Waiting time = 32,768 state:
1 Waiting time = 65,536 states Waiting time = 65,536 state:
1 0 0 Waiting time = 131,072 states | Waiting time = 131,072 stat
1 | Waiting time = 262,144 states | Waiting time = 1,024 states
1 0 Waiting time = 1,024 states lllegal setting
1 lllegal setting lllegal setting

Note: * H8/3048F
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

Rev. 3.00 Sep 27, 2006 page Xxii of xxvi
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1.3.3  PINFUNCLONS ..ottt e s
1.4  Noteson H8/3048F-ONE (Single Power SUPPLY) ...ooovevieeiereiie e,
141  Voltage APPliCAITION. .....ccoieiiiieere e
1.42 Product Type Namesand Markings.........ccoccceerenenenenenieneneeseseenns
1.43 Differences between H8/3048F and H8/3048F-ONE ............cccoceveennen
L4V PN
145 Note on Changeover to H8/3048 Group Mask ROM Version................
15 Setting Oscillation Settling Wait TIME .......cccvveeeeiiee e,
1.6 Noteson Crystal Resonator CONNECLION ..........cooveeeerierirenieneeesie e
SECHON 2 CPU ..ot
2.1 OVEIVIBIW ..ttt b bbb et b e b e e bt et e e e b e sn e besaesbenae s
201 FEAIUMES. ....eieeete ettt e e n e n e,
2.1.2 Differences from H8/300 CPU .........ccoceieierineniiniereeeee e
2.2 CPU OpPerating MOES.......c.ccoiiierieeite ettt eb e
2.3 ACArESS SPACE. ... citiieeueiterieiet ettt et b e et re e
2.4 Register CONfiQUIaiON.......ccccereieerierieiesie ettt eb e b re e
241 OVEIVIBW. ...ttt sttt ettt bbbt e ne et besne s e e nes
242 GeNneral REQISIES......ocueiie e et eree e te st et se e s sneeaeene e,
2.4.3  CONtrol REQISIES .....ceiiecieeieeie ettt srae et nne e snne e,
24.4 Initid CPU Register VAIUES........ccooireeierieirereee e
2.5 DalAFOIMELS.......eeieiiie ettt ee e e,
251 Generd Register Data FOrMALS.........ccoerieieeierienieenenieee e,
252 Memory Data FOrmaLS.........ccocviieeiiiiiiiie it
2.6 INSITUCTION SBL ...ttt e sb e
2.6.1  INSrUCION SEL OVEIVIEW ....oviviiieiieie sttt
2.6.2 Instructions and Addressing MOdES...........cccerereererieneseneneee e,
2.6.3 Tablesof Instructions Classified by FUNCLION..........cccooveenincincicen,
2.6.4 BasiCINSruCtion FOrMELS .........cooeeriereriisieie e e
2.6.5 Noteson Use of Bit Manipulation INStructions...........cccceeeevveeeieeneenennne,
2.7 Addressing Modes and Effective Address Calculation...........cccccvvevevveneenieennnn
2.7.1  AJAressing MOUES .......cccueiieeiesie et e et ete e ae e e e nae e enee e,
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2.9 Basic Operational TiMING .......ccccoereerinieerinieesee s,
2.9 1 OVEIVIBW. ..ottt ettt b et b ettt b e bbb ae e,
2.9.2 On-Chip Memory ACCESS TIMING....cccuevieiureerriereesieesiesseeseeseesreeseeeeenn
2.9.3 On-Chip Supporting Module AcCess TIMING .....ccceeveeveereeiireeesieneenies
294 Accessto External AdAress SPace........coccovereerireenenieeseseeeseseeeene,
Section 3 MCU Operating MOES ...........ccocveirveereeieeeeeseee s
Bl OVEIVIBW ...ttt e bbbt et b e et e b et e e e b e b reene e,
3.1.1 Operating Mode SEIECHION .......cccvveeieieeiesee e
3.1.2 Register Configuration........ccccceeeeiieereenieieeiesieseeseeseesee e see e esseeeen
3.2  Mode Control Register (MDCR) .....ccccoeiirieiriiieiriesie et
3.3 System Control Register (SYSCR) .....ocveeriirieiriiieerienieesesie e
3.4 Operating Mode DESCIIPLIONS ......c.couirveeriirieiresieiee sttt
B4 L MOOE L.t bbb,
4.2 MOOB 2.t bbb,
4.3 MOOE 3. bbb,
I Y o [ USRS
345 MOOBS ... et a e,
3 T 1V o o L= PSSR
AT MOOB 7 ..ttt bbb,
3.5 PinFunctionsin Each Operating MOde...........cccveiivieniesieece e,
3.6  Memory Map in Each Operating MO ..........ccceveeieenieiiee e,
Section 4 EXception HaNdling .........c.cccoeveevciciieieieeceeceesee e
R © V= oV SO
4.1.1 Exception Handling Typesand Priority......cccccovoveveevenieeseeneeseece e,
4.1.2 Exception Handling OPeration..........ccceveeieereereeieeeeeseeseeseeseesas e snes,
4.1.3 EXCeption VECIOr Table.....ccveiuieeeece e,
R . SRS
A R O V< 1= SRS
4.2.2  RESEL SEOUENCE ......eeiveieeieereeteste sttt st sr e r e ere e
4.2.3  INterruptS after RESEL........ccccvece e,
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513  PinConfigUration.........ccccoereimereienenieeee et sesre e sesne s seese e
514 Register Configuration.........ccccceceereeieeesieeseeseeeese e seeseeseeseeesee e,
5.2 ReQISter DESCIIPLIONS.......cccueieeieesieeite e seesee st e e eee e ste e tesaesaesneesneenseennen,
521 System Control Register (SYSCR) .....coccevveerieiieese e see e,
5.2.2 Interrupt Priority Registers A and B (IPRA, IPRB)........ccccooeveininicinnne,
523 IRQ Status REGISIEr (ISR).....ciiieerieiriereeiete ettt
524 |IRQ Enable Register (IER) .......ccoeiieiririeirierecese e
525 IRQ Sense Control Register (ISCR) ......ccccceevveriiereriese e see e esee e,
5.3 INLEITUPL SOUICES.....coviiiiii ittt ettt st be e st s be e st enane s
5.3.1  EXterNal INEITUPLS ...ooceeeceecee e s,
5.3.2  INternal INtEITUPLS.......cooiveerireeeiie ettt e
5.3.3 Interrupt Vector Table........ccoooiiiiiieeceee e
5.4 INLErTUPL OPEIatiON......c.cevieeeiitireeiieterteest ettt bbb e eae
54.1 Interrupt Handling ProCESS........cccevveciiieicieseesiees e,
54.2  INtEITUPL SEQUENCE .......vei ittt sttt st nae e ere s,
54.3 Interrupt RESPONSE TIME......ccieiieiieie e,
55 USAOENOLES ... e
55.1 Contention between Interrupt and Interrupt-Disabling Instruction.........
55.2 Instructions That INhibit INtEITUPLS .....c.evveerireiiereere e,
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The H8/300H CPU has a 32-bit 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 functionsinclude 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, aD/A converter, 1/O ports, a direct
access controller (DMAC), arefresh controller, and other facilities.

The H8/3048B Group has 128 kbytes of on-chip ROM and 4 kbytes of on-chip RAM.

Seven MCU operating modes offer a choice of data bus width and address space size.
(modes 1 to 7) include one single-chip mode and six expanded modes.

In addition to mask ROM products, the H8/3048B Group includes F-ZTAT ™™ versic
with on-chip user-programmable flash memory. It enables users to respond quickly ar
changing application specifications as well as to conditions when ramping up from ini
volume production. The on-chip emulator (E10T)*? is capable of direct emulation of t
microcontroller when mounted in the user’s system, thereby making possible on-boar
debugging.

Table 1.1 summarizes the features of the H8/3048B Group.

Notes: 1. F-ZTAT (Flexible ZTATO) isatrademark of Renesas Technology Corp.
2. Anon-chip emulator (E10T) is not provided in the mask ROM version.
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High-speed operation (flash memory version)

0 Maximum clock rate: 25 MHz

O Add/subtract: 80 ns

O Multiply/divide: 560 ns

0O 16-Mbyte address space

Instruction features

O 8/16/32-bit data transfer, arithmetic, and logic instructions

O Signed and unsigned multiply instructions (8 bits x 8 bits, 16 t
bits)

O Signed and unsigned divide instructions (16 bits + 8 bits, 32 b
bits)

O Bit accumulator function

0 Bit manipulation instructions with register-indirect specificatior
positions

Memory ROM: 128 kbytes

RAM: 4 kbytes
Interrupt Seven external interrupt pins: NMI, IRQ, to IRQ,
controller

30 internal interrupts
Three selectable interrupt priority levels

Bus controller

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

Chip select output available for areas 0 to 7

8-bit access or 16-bit access selectable for each area
Two-state or three-state access selectable for each area
Selection of four wait modes

Bus arbitration function

Rev. 3.00 Sep 27, 2006 page 2 of 872
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usabple as an interval tumer

DMA controller
(DMAC)

Short address mode
0 Maximum four channels available
0 Selection of /0O mode, idle mode, or repeat mode

O Can be activated by compare match/input capture A interrup
channels 0 to 3, transmit-data-empty and receive-data-full in
SCI channel 0, or external requests

Full address mode
0 Maximum two channels available
0 Selection of normal mode or block transfer mode

0 Can be activated by compare match/input capture A interrup
channels 0 to 3, external requests, or auto-request

16-bit integrated
timer unit (ITU)

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

One 16-bit timer counter (channels 0 to 4)

Two multiplexed output compare/input capture pins (channels 0
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)

DMAC can be activated by compare match/input capture A inter
(channels 0 to 3)
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Serial
communication
interface (SCI),
2 channels

Selection of asynchronous or synchronous mode
Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator

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
Sample-and-hold function

A/D conversion can be externally triggered

D/A converter

Resolution: 8 bits
Two channels
D/A outputs can be sustained in software standby mode

1/0 ports e 70 input/output pins
e 8input-only pins

Operating * Seven MCU operating modes

modes Mode Address Space  Address Pins Initial Bus Width  Max.
Model 1 Mbyte A to A, 8 bits 16 bi
Mode 2 1 Mbyte A t0 A, 16 bits 16 bi
Mode 3 16 Mbytes A, t0 A 8 bits 16 bi
Mode 4 16 Mbytes A, t0A, 16 bits 16 bi
Mode 5 1 Mbyte A t0A, 8 bits 16 bi
Mode 6 16 Mbytes A, t0 A 8 bits 16 bi
Mode 7 1 Mbyte — — —

On-chip ROM is disabled in modes 1 to 4

Rev. 3.00 Sep 27, 2006 page 4 of 872
REJ09B0325-0300

RENESAS



Froauct lrieup vioael (o v) vioael (o V) FaCkKage ROV
HD64F3048BTE HD64F3048BVTE 100-pin TQFP (TFP-100B)  Flash
HD64F3048BF HDG4F3048BVF  100-pin QFP (FP-100B) memor
HD6433048BTE HD6433048BVTE 100-pin TQFP (TFP-100B)  Mask
HD6433048BF  HD6433048BVF  100-pin QFP (FP-100B) ROM
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MDy —— o L VPPE) 1 — 12 = P52/A18
- o
MDy Data bus (lower) | J K] O & [+ P51/Aw
MDg ——= [ P50/A16
EXTAL — - —
XTAL ——= 85 ] [~ P27/A15
@ 2g H8/300H CPU = o [ e
STBY — 5 - [ P2s/Ar3
RES —~ o = S [+ P24/A12
N " o) — S
RESOFWE' ' — M [ & 023;:11
— o .
NMI Interrupt controller | L~ 2 2710
— 9 I~ 2 K A [ PaiAe
P66/CWR = S = — k| £
6/ DMA controller [N S [ P2o/Ag
Po/AWR == [ e ©OmAc) [ g —
P64/RD =+ ROM k= @ [~ Pl7/A7
pan © | (mask ROM, e p1ga
PB3/AS == 5 KT [ K [ or flash ore
P62/BACK =~ & —1{  memory) -~ P1s/As
P61/BREQ = K> T [ PLiAg
J— L Refresh L [Ny (y= .
PGO/WATT == | S contoller [ kK O £ [+~ P1g/As
- [ P12/A2
_ (ol — RAM > P1y/AL
isﬁo" K [ K | Watchdog timer | L_I*" Plo/Ao
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P8,/CS,/IRQz == § — 16biti H
=Ty -DILIr 1 JRN—— S—
P81/CS3/IRQy == < timer unit Serial communication [~—— [—
P8o/RFSH/IRQq = kK (ITv) S— interface —
—L - —l (SCI) x 2 channels L
=] “ — P95/SCK1
> pre - P94/SCKC
o AID converter s
‘ ‘ timing pattern — 9 P93/RxD1
controller (TPC) DIA converter — k| & P92/RxDo
& I |- L] P91/TXD1
{1 ‘ i ] P9o/TXDo
1=l [N i
U U A= U [ U_1[ U
| Port B | | Port A | ‘ 1 ‘ | Port 7 |
2‘55552:3’&" 8)03"&?‘#522@5 188 2 £222222
ElOXxXxX0000 <000 S555 £>2> 00T
52830088 355350888 " ERINTES
SPEREEEE os<<sEEER ZZEEERTEER
s Raffds 224383k c2
ESEEfEEEL 599380 e
Saipsgaes g2ReEeEkk
= o o oo kE % 5 j% RN
1 I~ o o a o =~ o a o o
a @ Soo0 o EE
£ ceeSk o
Iy 223K &
g fige8

Notes: 1. This pin functions as the FWE (input) pin on the H8/3048F-ONE (single power supply on-chip flash memory ver
HB8/300H Series versions with on-chip mask ROM it functions as the RESO (output) pin, and on dual power sup
memory versions (Vpp = 12 V) and on-chip PROM versions it functions as the RESO (output)/Vpp (input) pin.

2. Pin 1 on the H8/3048B Group which operates at 5 V is not used as the V¢ terminal, but is used as the V¢, terr
external capacitor must be connected. Pin 1 is the V¢ pin on versions that operate on 3 V.

Figure1l.1 Block Diagram
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Hnavea v pPill. 1Te o v OPE alOlN TTIOUCT S OF UIE Mo/ JU40oD BIOUp Tave Pifl L, WillCih
power supply pin. See section 1.4, Notes on H8/3048F-ONE (Single Power Supply). |
the differences shown in table 1.2, the pin arrangements are the same.

Tablel.2 Comparison of H8/3048B Group and H8/3048 Group Pin Arrangem

H8/3048F-ONE HB/30488
’ Mask ROM Version H8/3048 | H8/3047
Pin H8/3048 | Mask Mask
Package
g Number 5 V_ 3 V. 5 V. 3 V_ H8/3048F JTAT ROM ROM
Operation |Operation|Operation | Operation Version | Version
Model Model Model Model
FP-100B 1 VCL VCC VCL VCC VCC VCC VCC VCC
(TFP-100B) — — RESO | RESO
10 FWE FWE RESO RESO Vpp! Vpp! RESO | RESO
RESO | RESO
1 (Ve 1 (Vce)
Vee

7

H8/3048B Group and
H8/3048F-ONE
5V operation model

H8/3048B Group and
H8/3048F-ONE
3V operation model
and H8/3048 Group

Figure1.2 Connection of Pin 1
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P7,/AN, [] 82 a4
P75/ANs [] 83 43[
P7g/ANg/DAq [] 84 a2
P7,/AN7/DA; [] 85 ar
AES L es Top view 40 N
P8,/RFSHRQ, (] 87 3oL
P8,/CS,IRQ, ] 88 (FP-100B, TFP-100B) 38[
P8,/CS,/IRQ, ] 89 37[
P8,/CS,/IRQ3 [] 90 36
P8,4/CSy ] 91 35[
Vss [ 92 34
PAQ/TPo/TEND,/TCLKA [ 93 33[
PA,/TP,/TEND,/TCLKB [ 94 32[
PAL/TP,ITIOCA)TCLKC [] 95 31[
PAg/TP3/TIOCBy/TCLKD [] 96 30
PA4/TP4/TIOCA{/A3/CSg [] 97 29[
PAs/TP5/TIOCB4/A,,/CSs [] 98 28[
PAG/TPG/TIOCA,/A1/CS, ] 99 27[
PA7/TP7/TIOCBZ/A20 E 100 O =+ N M < 1D © N~ 0 O O «+ N M < I.hz6 B
N M TN O N~N0 00 A A A A A A A A A A NN NN NN
Db ggogd
— O « N M < 1 © ~N N O 4 N MO < 1D O 4 N ™M N T U ©
B~ o o a o a o a o a 0 a R 04 *UJ (=2 B =2 B o> B o) I o> B o) TS SIS S A L 72 T S S
cgoagooaaaz>g24a4a4dgadgadd>dad
SN2 2E Sa8a2eS8s88 588
SEErErEEEEE]Q EEEERY
o923 I3 3o Q9
<O g < m c O L I O
QO Q00X X|bmlr g g
00000 |x T |
FFEEOOCIOID
FE X6
(s :
O = B
(=] 7
<C

Notes: 1. For the 5V operation product, this pin is used as the V¢, terminal, and for the 3 V operz
this pin is used as the V- terminal that requires an external capacitor.

2. (1) Pin 10 of the H8/3048F-ONE (single power supply version) functions as the FWE pi
H8/3048F-ONE has no RESO output. Pin 10 functions as the RESO pin in on-chip
versions and as the RESO/Vpp pin in on-chip PROM versions and dual power supp
memory versions.

(2) Do NOT apply 12 V to the H8/3048F-ONE (single power supply), or to H8/3048 Grc
H8/3048B Group mask ROM products as the chip will be destroyed.

Figure 1.3 H8/3048B Group Pin Arrangement (FP-100B or TFP-100B, Top
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*3

l VCL (VCC) VCL (VCC) VCL (VCC) VCL (VCC) VCL (VCC) VCL (VCC) VCL (VCC) VCL

C(

VCC VCC VCC VCC VCC VCC VCC VCC VCC

2  PBJTP/ PB/TP/ PB/TP/ PB/TP/ PB/TP/ PB/TP/ PB/TP/ NC NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,

3  PB/TP/ PB/TP/ PB/TP/ PB/TP/ PB/TP/ PB/TP/ PB/TP/ NC NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,

4  PB/TP,/ PB/TP,/ PB/TP,/ PB,/TP,/ PB,/TP,/ PB/TP,/ PB/TP,/ NC NC
TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA, TIOCA,

5  PB/TP,/ PB/TP,/ PB/TP,/ PB/TP,/ PB/TP./ PB/TP./ PB/TP,/ NC NC
TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB, TIOCB,

6 PB/TP,/ PB/TP,/ PB/TP/ PB/TP,/ PB/TP/ PB/TP,/ PB/TPJ/ NC NC
TOCXA, TOCXA, TOCXA, TOCXA, TOCXA, TOCXA, TOCXA,

7  PBJTP,/ PBJTP,/ PBJTP./ PB/TP,/ PB/TP./ PBJTP,/ PBJTP./ NC NC
TOCXB, TOCXB, TOCXB, TOCXB, TOCXB, TOCXB, TOCXB,
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10™

FWE FWE FWE FWE FWE FWE FWE — FWE
RESO RESO RESO RESO RESO RESO RESO V,, V.,
11 VSS VSS VSS VSS VSS VSS VSS VSS VSS
12 P9 TxD, P9,/TxD, P9/TxD, P9/TxD, P9/TxD, P9/TxD, P9/TxD, NC NC
13 P9/TxD, P9,/TxD, P9,/TxD, P9/TxD, P9/TxD, P9,/TxD, P9/TxD, NC NC
14 P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, P9,/RxD, NC NC
15 P9/RxD, P9/RxD, P9/RxD, P9/RxD, P9/RxD, P9/RxD, P9/RxD, NC NC
16  P9,/SCK, P9,/SCK, P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ P9,/SCK,/ NC NC
RQ, IRQ, RQ, IRQ, RQ, IRQ, RQ,
17 P9/SCK,/ P9/SCK,/ P9/SCK,/ P9/SCK,/ P9 /SCK,/ P9 /SCK,/ P9 /SCK,/ NC NC
IRQ, IRQ, IRQ, IRQ, RQ, IRQ, RQ,
18 P4/D,* P4/D,* P4/DS' P4JD)? P4/DST P4/D P4, NC NC
19 P4/D,** P4/D** P4/D" P4/D* P4/D' P4/D' P4 NC NC
20 P4/D,"* P4/D,”* P4JD,”" P4JD,** P4/D,' P4/D,"' P4, NC NC
21  P4/D,)* P4JD* P4/D' P4J/D,? P4JD P4/DT P4, NC NC
22 Vg Vg, V. v, V. v, V. v, V.

ss

Ss

ss

Ss

ss

Ss

ss
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a
o
a
o

a

a

28 D, D, D, D, D, D, P3, I/0,
29 D, D,, D, D,, D, D,, P3, I/0,
30 D, D, D, D, D, D, P3, I/0,
31 D, D, D, D,, D, D,, P3, I/0,
32 D, D,, D, D,, D, D,, P3, I/0,
33 D, D, D, D, D, D, P3, I/0,
34 D, D, D, D, D, D, P3, I/0,
35 Ve Vee Vee Vee Vee Ve Vee Vee
36 A, A, A, A, P1/A, P1JA, P1, A,
37 A A A, A P1/A,  PL/A,  P1 A,
38 A, A, A, A, P1/A, PLJA,  P1, A,
39 A, A, A, A, P1/A, P1JA,  P1, A,
40 A, A, A, A, P1/A, PlJA,  P1, A,
41 A, A, A, A, P1/A,  PLJA,  P1, A,
42 A, A, A, A, P1/A, P1JA,  P1, A,
43 A, A, A, A, P1/A,  PLJ/A,  P1, A,
44 VSS VSS VSS VS VSS VSS VSS VSS
45 A, A, A, A, P2J/A,  P2JA, P2, A,
46 A, A, A, A, P2J/A,  P2JA, P2 OE
47 A, A, A, A, P2,/A, P2JA, P2, A,
48 A, A, A, A P2JA, P2JA, P2, A,
49 A, A, A, A P2/A, P2JA, P2, A,
50 A, A, A, A P2JA, P2JA, P2, A,
51 A, A, A A, P2JA, P2JA, P2, A,
52 A, A, A A, P2JA, P2JA, P2, CE
53 A, A, A A, P5/A, P5JA, P5, Ve,
54 A, A, A A, P5/A, P5J/A, PS5 Ve,
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59 P&/ P6,/ P6,/ P6,/ P6,/ P6,/ P6, NC NC
BREQ BREQ BREQ BREQ BREQ BREQ
60 P6,/ P6,/ P6,/ P6,/ P6,/ P6,/ P6, NC NC
BACK BACK BACK BACK BACK BACK

61 o ® ® ® @ () ® NC NC
62 STBY STBY STBY STBY STBY STBY STBY Ve
63 RES RES RES RES RES RES RES NC RES
64  NMI NMI NMI NMI NMI NMI NMI EA, A,
65 Vg Vs Vs Vs Vs Ves Vs Vs Vs
66 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL NC EXT/
67 XTAL  XTAL  XTAL  XTAL  XTAL  XTAL  XTAL NC XTAI
68 V. Ve Ve Ve Ve Ve Ve Ve Ve
69 AS AS AS AS AS AS P6, NC A,
70 RD RD RD RD RD RD P6, NC NC
71 HWR HWR HWR HWR HWR HWR P8, NC Ve
72 LWR CWR LWR CWR LWR CWR P6, NC NC
73 MD, MD, MD, MD, MD, MD, MD, Vi, Vs
74 MD, MD, MD, MD, MD, MD, MD, Vi, Vo
75  MD, MD, MD, MD, MD, MD, MD, Vg Ve
76 AV AV AV AV AV AV AV Ve Ve
77 Ve Vioer A Vioer A (A A Ve Ve
78 P7JAN, P7/AN, P7/AN, P7/JAN, P7/JAN, P7/AN, P7/AN, NC NC
79  P7J/AN, P7/AN, P7/AN, PT7/JAN, P7/AN, P7/AN, P7/AN, NC NC
80 P7/AN, P7/AN, PT7/JAN, P7/AN, PT7/AN, P7/AN, P7/AN, NC NC
81 P7JAN, P7/AN, P7/AN, P7/AN, P7JAN, P7JAN, P7/JAN, NC NC
82 P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, P7/AN, NC NC
83 P7J/AN, P7/JAN, P7JAN, P7/AN, P7JAN, P7/AN, P7/AN, NC NC
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P8/ P8,/ P8/ P8/ P8/ P8/ P8/IRQ, EAj
RFSH/ RFSH/ RFSH/ RFSH/ RFSH/  RFSH/
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,

88 Pps/CS,/ P8/CS/ Ps/CS/ P8/CS/ P8/CS/ P8/CS/ P8/IRQ, PGM NC
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,

89 Pps/CS/ P8JCS,/ Ps/CS/ P8JCS,/ P8/CS/ P8/CS/ P8/IRQ, NC Ve
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,

90 p8/cS/ Ps8/CS/ P8/CS/ P8/CS/ P8/CS/ P8/CS/ P8/IRQ, NC WE
IRQ, IRQ, IRQ, IRQ, IRQ, IRQ,

91 P8/CS, Ps8/CS, P8/CS, Ps8/CS, P8/CS, P8/CS, PS8, NC NC

92 VSS VSS VSS VSS VSS VSS VSS VSS VSS

93 PAJ/TP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ NC NC
TEND/ TEND/ TEND/ TEND/ TEND/ TEND/ TEND,/
TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA

94  PA/TP/ PAJTP/ PA/TP/ PAJ/TP/ PAJTP/ PA/TP/ PAJ/TP/ NC NC
TEND/ TEND/ TEND/ TEND/ TEND/ TEND/ TEND/
TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB

95 PAJTP/ PAJTP,/ PAJTP/ PAJTP/ PAJTP,] PAJTP/ PAJTP/ NC NC
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC

96 PAJTP/ PAJTP/ PAJTPJ PAJTP/ PAJTP/ PAJTPJ PAJTP/ NC NC
TloceB/ TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB,/ TIOCB/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD

97 PAJ/TP/ PAJTP/ PA/JTP/ PAJTP/ PAJTP/ PAJTP/ PAJTP/ NC NC
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA,
CS, CS, CS, CS, CS, A,/CS,

98 PAJTP/ PAJTP/ PAJTPJ PAJTP/ PAJTP/ PAJTP/ PAJTP/ NC NC
TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB/ TIOCB,/ TIOCB,
CS. CS. CS. CS. CS. A,J/CS,

99 PAJTP/ PAJTP/ PAJTPJ PAJTP/ PAJTP/ PAJTP/ PAJTP/ NC NC
TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA,
CS, CS, CS, CS, CS, A,[CS,

100 PA/TP/ PAJTP/ A, A, PAJTP,] A, PAJTP,/ NC NC
TIOCB, TIOCB, TIOCB, TIOCB,
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Ro/oVU40 MaASK RUIVI VETrsSIONn, Ao/oU4 7 IMAasSK RUIVIE VETSIOnN, Fo/oU40 IMaSK R
version, and H8/3044 mask ROM version, this pin is also used as the V_ tet

4. This pin functions as the FWE pin on the single power supply on-chip flash r
version. Under no circumstances should 12 V be applied to the single powelr
chip flash memory version (H8/3048F-ONE), or to H8/3048 Group or H8/304
mask ROM products. Doing so will destroy the chip. This pin functions as an
control signal in modes 5, 6, and 7. The pin functions as the RESO pin in on
ROM versions, on-chip PROM versions, and dual power supply flash memo
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Connect all V__pins to the systc
supply.

Ss

11, 22, 44,
57, 65, 92

Input

Ground: For connection to gro
Connect all V pins to the 0-V |
power supply.

Internal step-
down pin

CcL

1*2

Output

The external capacitor must be
between the V_ and GND (0 V
connectto V..

Veu

0.1 puF
& H

Clock

XTAL

67

Input

For connection to a crystal resc
For examples of crystal resona
external clock input, see sectiol
Pulse Generator.

EXTAL

66

Input

For connection to a crystal resc
input of an external clock signa
examples of crystal resonator &
clock input, see section 19, Clo
Generator.

61

Output

System clock: Supplies the sy
to external devices.
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0 1 1 Mode
1 0 0 Mode
1 0 1 Mode
1 1 0 Mode
1 1 1 Mode

System control RES 63 Input Reset input: When driven low, t
resets the chip

RESO 10 Output  Reset output: For the mask RC
outputs a reset signal to externa
Also used as a power supply for

(RESO/V,,) programming of the flash memol
with dual power supply.

FWE™*? 10 Input Write enable signal: Write-cont
for writing to flash memory for th
memory version with single pow

STBY 62 Input Standby: When driven low, this
transition to hardware standby n

BREQ 59 Input Bus request: Used by an exterr
master to request the bus right

BACK 60 Output  Bus request acknowledge: Inc
the bus has been granted to an «
master

Interrupts NMI 64 Input Nonmaskable interrupt: Reque
nonmaskable interrupt

IRQ, to 17, 16, Input Interrupt request 5 to 0: Maske

IRQ, 90 to 87 interrupt request pins

Address bus A to A, 97 t0 100, Output Address bus: Outputs address
56 to 45,
43t0 36

Data bus D,to D, 34 to 23, Input/  Data bus: Bidirectional data bus
21to 18 output
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e exteltlal alduress space, I
data on the upper data bus (D,

72

Output

Low write: Goes low to indicat
the external address space; inc
data on the lower data bus (D,

58

Input

Wait: Requests insertion of wa
bus cycles during access to the
address space

Refresh
controller

87

Output

Refresh: Indicates a refresh cy

88

Output

Row address strobe RAS: Ro
strobe signal for DRAM connec

70

Output

Column address strobe CAS:
address strobe signal for DRAN
to area 3; used with 2WE DRA

Write enable WE: Write enabls
DRAM connected to area 3; us
2CAS DRAM.

71

Output

Upper write UW: Write enable
DRAM connected to area 3; us
DRAM.

Upper column address strob:
Column address strobe signal
connected to area 3; used with
DRAM.

72

Output

Lower write LW: Write enable
DRAM connected to area 3; us
DRAM.

Lower column address strob
Column address strobe signal 1
connected to area 3; used with
DRAM.
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HUCLAWLO 4, 4, 99, mpdt capuurc/output Cornparc
TIOCA, 97, 95 output  GRA4 to GRAO output compare
capture, or PWM output
TIOCB,to 5, 3, 100, Input/ Input capture/output compare
TIOCB, 98, 96 output GRB4 to GRBO output compare
capture
TOCXA, 6 Output  Output compare XA4: PWM ou
TOCXB, 7 Output  Output compare XB4: PWM ou
Programmable TP, to TP, 9to 2, Output  TPC output 15 to 0: Pulse outp
timing pattern 100 to 93
controller (TPC)
Serial TxD,, TxD, 13,12 Output  Transmit data (channels 0 anc
communication SCI data output
interface (SCI) RxD,, RxD, 15, 14 Input Receive data (channels 0 and
SCI data input
SCK,, SCK, 17,16 Input/ Serial clock (channels 0 and 1
output  SCI clock input/output
A/D converter AN, to AN, 85to 78 Input Analog 7 to 0: Analog input pin:
ADTRG 9 Input  A/D trigger: External trigger inp
starting A/D conversion
D/A converter DA, DA, 85, 84 Output  Analog output: Analog output f
converter
A/D and D/A AV . 76 Input Power supply pin for the A/D an
converters converters. Connect to the syste
supply (V..) when not using the .
D/A converters.
AV 86 Input Ground pin for the A/D and D/A|

Connect to system ground (V).
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output  The direction of each pin can b
the port 2 data direction registe
P3,to P3, 34to27 Input/ Port 3: Eight input/output pins.
output  The direction of each pin can b
the port 3 data direction registe

P4, to P4, 261to 23, Input/ Port 4: Eight input/output pins.
21to 18 output  The direction of each pin can b
the port 4 data direction registe

P5,to P5, 561053 Input/ Port 5: Four input/output pins.
output  of each pin can be selected in t
data direction register (P5DDR

P6,to P6, 721069, Input/ Port 6: Seven input/output pins
60 to 58 output  direction of each pin can be sel
port 6 data direction register (P

P7,toP7, 851078 Input Port 7: Eight input pins
P8,to P8, 91to87 Input/ Port 8: Five input/output pins. -

output  of each pin can be selected in t
data direction register (P8DDR

P9,toP9, 17to12 Input/ Port 9: Six input/output pins. T
output  of each pin can be selected in 1
data direction register (P9DDR

PA to PA;, 100to 93 Input/ Port A: Eight input/output pins.
output  direction of each pin can be sel
port A data direction register (F

PB,to PB, 9to2 Input/ Port B: Eight input/output pins.
output  direction of each pin can be sel
port B data direction register (F

Notes: 1. For H8/3048 Group products and H8/3048B Group models operating at 3 \
2. For the H8/3048B Group which operates at 5 V.
3. Do NOT apply 12 V to the H8/3048B Group as the chip will be destroyed.
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4£ V TTIUsStL TOL DE AUpilicu LU UIE 1o/ SVA40I-UINE (SITIYIE PDOVWET SUPPLY ), as LTS VI PETT
damage the device.

The flash memory programming power source for the H8/3048F-ONE (single power st
\Y,

cct

The programming power source for the dual power supply model wasthe V,, pin (12 \
isno V,, pin in the single power supply models. In the H8/3048F-ONE the FWE pin is
the same pin position asthe V, pin in the dual power supply model, but FWE is not af
source pin-it is used to control flash memory write enabling.

Also, in boot mode, 12 V must be applied to the MD,, pin in the dual power supply moc
is not necessary in the H8/3048F-ONE (single power supply).

The maximum rating of the FWE and MD, pinsin the H8/3048F-ONE (single power s
V. +0.3 V. Applying avoltage in excess of the maximum rating will permanently darr
device.

Do not select the HN28F101 programmer setting for the H8/3048F-ONE (single power
this setting is made by mistake, 12.0 V_may be applied to the FWE pin, causing permal
damage to the device.

When using a PROM programmer to program the on-chip flash memory in the H8/304
model (single power supply), use a PROM programmer that supports Renesas Technol
microcomputer device types with 128-kbyte on-chip flash memory.
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MOQ€Il. Ro/sV4ol- Slngle Fower supply iodel. Ro/svaor--

Product type ~ HDB64F3048F16 HD64F3048BF25 HD64F3048B\
name
Sample
markings HB/3048 64F3048F25 64F3048Vi
31 H8/3048F-ONE H8/3048F-
24?,:3048,:16 PGM50 B 0021 PGM33 B
BK80090 BK80090

Flash memory V,, power source V.. power source V.. power sou
programming (12.0 £0.6 V) (5.0 £10%) (3.0t03.6V)
power source

143 Differ ences between H8/3048F and H8/3048F-ONE

Table 1.6 shows the differences between the H8/3048F (dual power supply model) an
ONE (single power supply model).
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Pin 10: V_/RESO

Pin 10: FWE

ROM/RAM 128-kbyte flash memory with dual 128-kbyte flash memory witt
power supply, RAM: 4 kbytes power supply, RAM: 4 kbyte:

Units of on- Writing in 1-byte units Writing in 128-byte units

board writing

Write/erase 12 Vis externally applied from V,_, pin  Application of 12 V is not rec

voltage V. single power supply

V., pin functions

Multiplexes with RESO

FWE function only (no RESC

Boot mode

. RESO =12V FWE =1
settings
MD2 MD1 MDO MD2 MD1 MDC
Mode 5| 12V 0 1 Mode 5 0 0 1
Mode 6 | 12V Mode 6 0 1
Mode 7 | 12V 1 1 Mode 7 0 1 1
Cancelled by reset Set to mode 1 in mode 5
Set to mode 2 in mode 6
Set to mode 3 in mode 7
Cancelled by reset
Settingsfor — mESH =12y FWE = 1
user program
mode MD2 MD1 MDO MD2 MD1 MD(
Mode 5 1 0 1 Mode 5 1 0 1
Mode 6 1 Mode 6 1 1
Mode7 | 1 1 1 Mode7 | 1 1 1

Cancelled by reset

Cancelled by reset

Prewrite
processing

Necessary before erasing

Not necessary

Erasing blocks

More than one block can be erased at
the same time (verifies in block units
and erases only the unerased blocks)

Erases in one block units. M
one block cannot be erased
time (the erasing flow is diffe
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EBR

EBR1 (H'FF42)

EBR (H'FF42)

\ LB7 \ LB6 \ LB5 \ LB4 \ LB3 \ LB2 \ LBL \ LBO‘

|EB7|EB6 | EB5 | EB4 | EB3 | EE

EBR2 (H'FF43)

‘SB? \ SB6 \ SB5 \ SB4 \ SB3 \ SB2 \ SB1 \ SBO‘

More than one block can be selected

(setting for writing/erasing)

Only one block can be sele
for erasing)

RAMCR RAMCR (H'FF48) RAMCR (H'FF47)
FLer| O [0 Rams|RAMZ[RAMIRAMO| [T [ O [ O [ O Raws|ra
Division of Division in 16 blocks Division in 8 blocks

flash memory
block

16 kbytes x 7: LBO to LB6
12 kbytes x 1: LB7
512 kbytes x 8: SB0O to SB7

Flash memory
H'00000

LBO (16 kbytes)
LB1 (16 kbytes)
LB2 (16 kbytes)
LB3 (16 kbytes)

LB4 (16 kbytes)

LB5 (16 kbytes)

LB6 (16 kbytes)

LB7 (12 kbytes)

SBO (512 bytes)

SB1 (512 bytes)

SB2 (512 bytes)

SB3 (512 bytes)

SB4 (512 bytes)

SB5 (512 bytes)

SB6 (512 bytes)

SB7 (512 bytes)

H'1FFFF

1 kbyte x 4: EBO to EB3
28 kbytes x 1: EB4
32 kbytes x 3: EB5 to EB7

Flash memory
H'0000C(

EBO (1 kbyte)
EB1 (1 kbyte)
EB2 (1 kbyte)
EB3 (1 kbyte)

EB4 (28 kbytes)

EB5 (32 kbytes)

EB6 (32 kbytes)

EB7 (32 kbytes)

H'1FFF

RENESAS
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H'1F000

H'1F200

H'1F400

H'FFOF

H'1F600

H'1F800

H'1FA0O0

H'1FC00

H'1FEOO

H'1FFFF

H'FFOF

Reset during The RES signal must be kept low during
operation at least 6 system clock (6¢) cycles.

The RES signal must be kep
at least 20 system clock (20¢

(RES pulse width t,.,, =min. 6.0 t_) (RES pulse width t_,, = min
A/D ADCR ADCR (H'FFE9) ADCR (H'FFE9)

Initial value: H'7F Initial value: H7E

Only bit 7 can be read or written. Only bit 7 can be read or wri

Other bits are reserved and always read
as 1; writing to these bits is invalid.

Bit 0 is reserved and must N
1.

Other bits are reserved and
as 1; writing to these hits is i

WDT RSTCSR RSTCSR (H'FFAB)
Initial value: H'3F

Only bits 7 and 6 can be read or written.

Other bits are reserved and always read
as 1; writing to these bits is invalid.

RSTCSR (H'FFAB)
Initial value: H'3F
Only bit 7 can be read or wri

Bit 6 is reserved and must n
1.

Other bits are reserved and
as 1; writing to these bits is i
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1 0 0 131,072 states
1 1,024 states
1 o lllegal setting

1 0 0 |131,0
1 262,1

1 0 1,024

1 lllegal

Details on flash

Refer to section 19, Flash Memory

Refer to section 18, ROM (|

memory (H8/3048F, Dual Power Supply). ONE: Single Power Supply
Mask ROM Version)
Electrical Clock rate: 1 to 16 MHz Clock rate: 2 to 25 MHz

characteristics
(clock rate)

Refer to section 22, Table 22.1
Electrical Characteristics of H8/3048
Group Products.*?

Refer to section 21, Table 2
Electrical Characteristics of
Group and H8/3048B Grou

List of registers

Refer to appendix B, Table B.1
Comparison of H8/3048 Group Internal
I/O Register Specifications™

Refer to appendix B, Table
Comparison of H8/3048 Gr
I/0 Register Specifications’

Refer to appendix B.2, Addresses
(For H8/3048F, H8/3048ZTAT,
H8/3048 Mask-ROM, H8/3047 Mask-
ROM, H8/3045 Mask-ROM, and
H8/3044 Mask-ROM Versions)*?

Refer to appendix B.1, Add
(For H8/3048F-ONE, H8/3(
ROM Version)**

On-chip
emulator

On-chip emulator (E10T)

Notes: 1. Refer to the “H8/3048 Group, H8/3048F-ZTAT™ Hardware Manual” for inft
about H8/3048F.

2. H8/3048F and H8/3048F-ONE can be referred to also on this manual.
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H8/3048F, H8/3048ZTAT and on-chip mask ROM models (H8/3048, H8/3047, H8/30
H8/3044).

Ve power
supply
External
capacitor
Ve (Pin 1) Vee (Pin 1)
0.1 pF H8/3048B Group H8/3048B Group (3 V operat
(5 V operation model) H8/3048 Group
Do not connect the V¢ power supply to These versions have a V¢ power s
the V¢, pin. (Connect the V¢ power pin in the same pin position as a V¢,
supply to other V¢ pins as usual.) the H8/3048F-ONE.

Place the capacitor close to the pin.

Figure1.4 Method of Connecting H8/3048B Group V_ Capacitor

The 3V operation models of the H8/3048B Group do not haveaV, pin. The 3V oper
models have aV . power supply pin at the location of the V_ pininthe 5V operation|
Therefore, 3 V operation models do not require connection of an external capacitor, an
should be connected to the power supply in the same way as other V . pins.
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Figure 1.5 Difference between 5V and 3V Operation Models

145

Note on Changeover to H8/3048 Group Mask ROM Version

Careisrequired when changing from the H8/3048F-ONE with on-chip flash memory
with on-chip H8/3048 Group mask ROM (H8/3048, H8/3047, H8/3045, or H8/3044).

An external capacitor must be connected to the V pin of the H8/3048F-ONE (5V m
V_ pin occupies the same location asa V. pin in the on-chip mask ROM versions. C
amask ROM version must therefore be taken into account when undertaking pattern ¢

in the board design stage.

H8/3048F-ONE
(5 V operation model)

Vee pin

Ve pin

Ve power
supply

'« Land pattern for mask ROM v

i
I:I (0 Q resistance mounted)

i 1 < Land pattern for H8/3048F-Ol
(5 V operation model)

(0.1 pF capacitor mounted)

Figure1.6 Example of Board Pattern Providing for External Capacit
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operating on an external clock.

For setting details, see section 20.4.3, Selection of Waiting Time for Exit from Softwar
Mode.

1.6 Notes on Crystal Resonator Connection

The H8/3048B Group support an operating frequency of up to 25 MHz. If acrystal rex
afrequency higher than 20 MHz is connected, attention must be paid to circuit constan
external load capacitance values. For details see section 19.2.1, Connecting a Crystal R
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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

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 datatransfer and 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: 25 MHz (H8/3048B Group)
8/16/32-hit register-register add/subtract: 80 ns @ 25 MHz/125 ns @ 16 MHz
8 x 8-hit register-register multiply: 560 ns @ 25 MHz/875 ns @ 16 MH
16 + 8-hit register-register divide: 560 ns @ 25 MHz/875 ns @ 16 MH

Rev. 3.00 Sep 27, 2006 p:s
REJO!

RENESAS



2.1.2 Differences from H8/300 CPU

In comparison to the H8/300 CPU, the H8/300H has the following enhancements.

More general 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.
(Normal mode is not available in the H8/3048B Group.)

Enhanced addressing

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

Enhanced instructions
O 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

Normal mode

Advanced mode

Maximum 64 Kbytes, |
and data areas combi

Maximum 16 Mbytes,
and data areas combi

Figure2.1 CPU Operating Modes
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The 1-Mbyte operating modes use 20-bit addressing. The upper 4 bits of effective addr
ignored.

H'00000 H'000000

HFFFFF

H'FFFFFF

a. 1-Mbyte modes b. 16-Mbyte modes

Figure2.2 Memory Map
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Db i N

15 07 07
ERO EO ROH ROL
ER1 E1l R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H RAL
ERS5 ES5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23
PC |
76543

Legend:

SP:
PC:
CCR:
I:

ul:

OsSNzCcZXI

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]u[n]

Figure2.3 CPU Internal Registers
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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-hit registe
E registers
— (extended registers)
EOto 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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oF \ER7M) 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 all CPU instructionsis 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 contains internal 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 (I): Masksinterrupts other than NMI when set to 1. N
accepted regardless of the | bit setting. The | bit is set to 1 at the start of an excepti
sequence.

* Bit 6—User Bit or Interrupt Mask Bit (Ul): Can be written and read by softwar
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an
mask bit. For details see section 5, Interrupt Controller.

» Bit 5—Half-Carry Flag (H): When the ADD.B, ADDX.B, SUB.B, SUBX.B, C\
NEG.B instruction is executed, thisflag is set to 1 if thereisacarry or borrow at k
cleared to O otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instructic
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other times.
* Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to O otherwise. L
O Addinstructions, to indicate a carry
O Subtract instructions, to indicate a borrow
O Shift and rotate instructions, to store the value shifted out of the end bit
The carry flag is also used as a bit accumulator by bit manipulation instructions.

Some instructions leave 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 hits, see section 5, Interrupt Controller.

244 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, ar
in CCRisset to 1. The other CCR bits and the general registers are not initialized. In p
the stack pointer (ER7) is not initialized. The stack pointer must therefore be initializec
MOV .L ingtruction 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 Enn Don't care
7

1-bit data RnL Don't care E

7 43 o

4-bit BCD data RnH Don't care

________________ 7 43

4-bit BCD data RnL ; Don't care
7 o

Byte data RnH [:j Don't care

MSB tse

________________ 7

Byte data RnL ; Don't care
""""""""MSB L

Figure2.6 General Register Data Formats (1)
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Vi

31 16 15
Longword data ERn

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

Figure2.7 General Register Data Formats (2)
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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\ L L L L L L
LSE
MSB\ L L L L L L
:
LSE

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.

Rev. 3.00 Sep 27, 2006 p:s
REJO!

RENESAS



Data transfer

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

Arithmetic operations

ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA,
DAS, 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,
BXOR, BIXOR, BLD, BILD, BST, BIST

Branch

Bcc™®, JMP, BSR, JSR, RTS

System control

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

Block data transfer

EEPMOV

To

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. Not available in the H8/3048B Group.

3. Bcc is a generic branching instruction.
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s 203§y 8 % s8¢
X c W Z Z w « « © ko) S
# 14 ® ® ® ® ® ® ® ® ®
Data MOV BWL | BWL | BWL | BWL | BWL | BWL B BWL | BWL —
transfer POP, PUSH — — _ _ _ — — — —
MOVFPE”, — | - - | = | — | =] =B | = =] -
MOVTPE"
Arithmetic |ADD, CMP BWL | BWL | — — — — - — — — —
operations | sy WL | BWL | — _ — — — — — — —
ADDX, SUBX B B — — — — — — — — _
ADDS, SUBS — L — — — —_ — — — — _
INC, DEC — BWL | — — — — — — — — _
DAA, DAS — B — — — —_ — — — — _
MULXU, MULXS, — BW — — — — - — — — —
DIVXU, DIVXS
NEG — BWL | — — — — — — — — _
EXTU, EXTS — WL — — — — — — — — _
Logic AND, OR, XOR BWL | BWL | — — — — — — — — _
operations |NOT — | BWL| — _ — — — — — — —
Shift instructions — | BwL | — — — — — — — — _
Bit manipulation — B B — — — B — — — _
Branch Bcc, BSR — — — — — — — — — O C
JMP, JSR — | — @) — | = =] =] = ®) _ |
RTS — — — — _
System TRAPA — — — — — — — — — _ _
control RTE _ _ _ _ _ _ _ — - - —
SLEEP — | - = = = = | = = | =] =1-
LDC B B w w w w — w w — —
STC — B w w w w — w w — —
ANDC, ORC, B — — — — — — — — — —
XORC
NOP — e e e e e e e
Block data transfer — — — - — — — — — — _
Legend:
B: Byte
W: Word
L: Longword

Note: * Not availabe in the H8/3048B Group.
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General register*

Rn

ERN General register (32-bit register or address register)
(EAd) Destination operand
(EAS) Source operand

CCR Condition code register

N N (negative) flag of CCR
4 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

O AND logical

O OR logical

O Exclusive OR logical

- 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 re

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 H8/3048B Group.

POP Wi/L @SP+ - Rn

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

PUSH WiL Rn - @-SP

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

ERn, @-SP.
Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Performs addition or subtraction with carry or borrow on ¢
general registers, or on immediate data and data in a gen
register.

INC, DEC

B/WI/L

Rd+1 - Rd,Rd+*2 - Rd

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

ADDS, SUBS

Rd+1 - Rd,Rd+2 - Rd,Rd+4 - Rd

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

DAA, DAS

Rd decimal adjust - Rd

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

MULXU

B/W

Rd xRs - Rd

Performs unsigned multiplication on data in two general r
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits - 32 bi

MULXS

B/W

Rd xRs - Rd

Performs signed multiplication on data in two general regi
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits - 32 bi

DIVXU

B/W

Rd+Rs - Rd

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

DIVXS

B/W

Rd+Rs - Rd

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

WiL

Rd (sign extension) — Rd

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

Note:

*

Size refers to the operand size.

B: Byte
W: Word
L: Longword
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yelicial itylioltl Ul nincuialc uata.
XOR B/WI/L RdORs - Rd, Rd O #IMM - Rd

Performs a logical exclusive OR operation on a general re
another general register or immediate data.
NOT B/W/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/W/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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witCdAdlo A D[JCL,IIICU Mit i a UCIICIGI ICHIDLCI Vi vl y Up
The bit number is specified by 3-bit immediate data or th
bits of a general register.

BNOT

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

Inverts a specified bit in a general register or memory or
bit number is specified by 3-bit immediate data or the lov
a general register.

BTST

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

Tests a specified bit in a general register or memory ope
sets or clears the Z flag accordingly. The bit number is s
3-bit immediate data or the lower 3 bits of a general regi

BAND

BIAND

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

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

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

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

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

BOR

BIOR

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

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

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

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

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 B

BILD B

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

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

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

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

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

BST B

BIST B

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

Transfers the carry flag value to a specified bit in a gener:
or 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 chz=
BLS Low or same cozs=
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 =
BLT Less than NOV-=
BGT Greater than ZO(NI
BLE Less or equal ZO(NI

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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The condition code register size is one byte, but in transfe
memory, data is read by word access.

STC B/W

CCR - (EAd)

Transfers the CCR contents to a destination location. The
code register size is one byte, but in transfer to memory, (
written by word access.

ANDC B

CCR O#IMM - CCR
Logically ANDs the condition code register with immediat

ORC B

CCR O#IMM - CCR
Logically ORs the condition code register with immediate

XORC B

CCR O #IMM - CCR

Logically exclusive-ORs the condition code register with i
data.

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 @ERS5S+ -~ @ER6+, R4-1 - R4
until R4=0

else next;

Transfers a data block according to parameters set in ge
registers R4L or R4, ERS5, and ER6.

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

Execution of the next instruction begins as soon as the t
completed.
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Register Field: Specifies ageneral 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.

Figure 2.9 shows examples of instruction formats.

Operation field only

| op | NOP, RTS, etc

Operation field and register fields

| op ‘ n ‘ rm | ADD.B Rn, Rm

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

MOV.B @(d:16

EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2.9 Instruction Formats
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Step Description

1 Read Read data (byte unit) at the specified address
2 Bit manipulation Modify the specified bit in the read data
3 Write Write the modified data (byte unit) to the specified ac

In the following example, aBCLR instruction is executed on the data direction registe

port 4.

P4, and P4, are set as input pins, and are inputting low-level and high-level signals, re

P4, to P4, are set as output pins, and are in the low-level output state.

In this example, the BCLR instruction is used to make P4, an input port.

Befor e Execution of BCLR Instruction

P4, P4, P4, P4, P4, P4, P4,
Input/output Input Input Output  Output  Output Output Outpu
DDR 0 0 1 1 1 1 1
DR 1 0 0 0 0 0 0
Execution of BCLR Instruction
BCLR #0, @€P4DDR ;. Execute BCLR instruction on DDR
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Explanation of BCLR Instruction

To execute the BCLR instruction, the CPU begins by reading PADDR. Since PADDR i:
only register, it isread as H'FF, even though its true value is H'3F.

Next the CPU clears bit O of the read data, changing the value to H'FE.
Finally, the CPU writes this value (H'FE) back to DDR to complete the BCLR instructi

Asaresult, P4 DDR is cleared to 0, making P4, an input pin. In addition, P4 DDR and
are set to 1, making P4, and P4, output pins.

The BCLR instruction can be used to clear flagsin the internal 1/0 registersto 0. In an
handling routine, for example, if it isknown that the flag is set to 1, it is not necessary
flag ahead of time.

2.7 Addressing Modes and Effective Address Calculation

2.7.1 Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 2.11. Each instrt
a subset of these addressing modes. Arithmetic and logic instructions can use the regist
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 direc
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specif
number in the operand.
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5 Absolute address @aa:8/@aa:16/@aa:24
6 Immediate #xXX:8/#xx:16/#xx:32

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

1. Register Direct—Rn

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

2. Register Indirect—@ERN

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

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

A 16-bit or 24-hit displacement contained in the instruction code is added to the conte
address register (ERN) specified by the register field of the instruction, and the lower
sum specify the address of a memory operand. A 16-bit displacement is sign-extendec
added.
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¢ Reyglsiel inadirect witrl pre-vceciclicl it—Gr—reiRil

Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the re
in the instruction code, and the lower 24 bits of the result become the address of an
operand. The result is also stored in the address register. The value subtracted is 1 f
access, 2 for word access, or 4 for longword access. For word or longword access, t

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 absolute
may be 8 bits long (@aa:8), 16 bits long (@aa:16), or 24 bits long (@aa:24). For an 8-t
address, the upper 16 bits are all assumed to be 1 (H'FFFF). For a 16-bit absolute addre
upper 8 bits are asign extension. A 24-bit absolute address can access the entire addres

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'FFFO0 to H'FFFFF
(1048320 to 1048575)

H'FFFFO0 to H'FFFFFF
(16776960 to 16777215)

16 bits (@aa:16) H'00000 to H'O7FFF,
H'F8000 to H'FFFFF
(0 to 32767, 1015808 to 1048575)

H'000000 to H'007FFF,
H'FF8000 to H'FFFFFF
(0 to 32767, 16744448 to

24 bits (@aa:24) H'00000 to H'FFFFF
(0 to 1048575)

H'000000 to H'FFFFFF
(0 to 16777215)
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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 c
the instruction code is sign-extended to 24 bits and added to the 24-bit PC contents to
24-bit branch address. The PC value to which the displacement is added is the addres:
byte of the next instruction, so the possible branching range is—126 to +128 bytes (-6
words) or —32766 to +32768 bytes (16383 to +16384 words) from the branch instruc
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 contain
absolute address specifying a memory operand. This memory operand contains a bran
The memory operand is accessed by longword access. Thefirst byte of the memory o
ignored, generating a 24-hit branch address. See figure 2.10. The upper bits of the 8-b
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 this rangeis also the exception vector area. For further detail
5, Interrupt Controller.

/_\/

Specified by @aa:8 — Reserved

Figure2.10 Memory-Indirect Branch Address Specification
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1-IVidyte operaiing moaes tne upper 4 DILS Of the CalCulaled adaress are 1gnored 1n oraet
generate a 20-bit effective address.
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‘ » General register contents

op r

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

31 0
» General register contents
\ 23
op r disp
Sign extension disp
Register indirect with post-increment
or pre-decrement
* Register indirect with post-increment @ERn+
31 0 23
»  General register contents »
A
op |r T -
1,2,0r4
* Register indirect with pre-decrement @-ERn
31 0
General register contents
23
A
op et --O—»
1,2,0r4 —T

1 for a byte operand, 2 for a word
operand, 4 for a longword operand
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23 1615

Sign
op abs exten-
sion
@aa:24
op 23
abs
6 Immediate Operand is imi

#xx:8, #xx:16, or #xx:32

op

IMM

data

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

op

disp

23
PC contents
Sign
exten- disp
sion

23
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Advanced mode

| ROUUVU ‘ apns |
15 0 23 1615
Memory .
o contents H00

op abs
23 87y 0O
H'0000 abs
31 0 23
Memory contents
Legend:
r, rm, rn: Register field
op: Operation field

disp:
IMM:
abs:

Displacement
Immediate data
Absolute address
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Processing states F

4 Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware sequence

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

% Bus-released state |

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

% Reset state |

The CPU and all on-chip supporting modules are initialized and hal

% Power-down state

Sleep mode
The CPU is halted to conserve power

Software standby r

Hardware standby

282

Figure2.11 Processing States

Program Execution State

In this state the CPU executes program instructions in normal sequence.
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Types of Exception Handling and Their Priority: Exception handling is performed
interrupts, and trap instructions. Table 2.14 indicates the types of exception handling :
priority. Trap instruction exceptions are accepted at all timesin the program executior

Table2.14 Exception Handling Typesand Priority

Type of
Priority = Exception Detection Timing Start of Exception Handli
High Reset Synchronized with clock Exception handling starts i
when RES changes from Ic
Interrupt End of instruction When an interrupt is reque
execution or end of exception handling starts a
exception handling” the current instruction or ct

exception-handling sequen

Trap instruction ~ When TRAPA instruction Exception handling starts v
Low is executed (TRAPA) instruction is exe

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

Figure 2.12 classifies the exception sources. For further details about exception sourct
numbers, and vector addresses, see section 4, Exception Handling, and section 5, Inte
Controller.

Reset

External interrupts
Exception
sources Interrupt

Internal interrupts (from on-chip supporting m

Trap instruction

Figure2.12 Classification of Exception Sources
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e, /( A I /
End of Interrupt 1 LEEP instruction
ﬁxczgﬁtlon | with SSBY =1
andiing NMI, IRQo, IRQs, | >

or IRQ interrupt
\‘ Qe P kSoftware standby mode)

<Exception-hand|ing statej~

A

[%2]

RES = High

STBY = High, RES = Low |
C Reset state™! N 1 Gardware standby mode*§

N

Power-down state

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

Figure2.13 State Transitions

284 Exception-Handling Sequences

Reset Exception Handling: Reset exception handling has the highest priority. The res
entered when the RES signal goes low. Reset exception handling starts after that, when
changes from low to high. When reset exception handling starts the CPU fetches a start
from the exception vector table and starts program execution from that address. All inte
including NMI, are disabled during the reset exception-handling sequence and immedi:
ends.

Interrupt Exception Handling and Trap Instruction Exception Handling: When tf
exception-handling sequences begin, the CPU references the stack pointer (ER7) and p
program counter and condition code register on the stack. Next, if the UE bit in the sys
register (SYSCR) is set to 1, the CPU setsthe | bit in the condition code register to 1. |
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SP-4
SP-3
SP-2
sP-1

SP (ER7) |

Legend:

Stack area

f

SP (ER7) —»
SP+1
SP +2
SP+3
SP +4

CCR

PC

-

Before exception
handling starts

CCR: Condition code register
SP:  Stack pointer

Pushed on stack

> After exception
handling ends

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

2.85 Bus-Released State

In this state the bus is released to a bus master other than the CPU, in response to a bu
The bus masters other than the CPU are the DMA controller, the refresh controller, ar
bus master. While the busisreleased, the CPU halts except for internal operations. Ini
requests are not accepted. For details see section 6.3.7, Bus Arbiter Operation.
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2.8.7 Power-Down State

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

Sleep Mode: A transition to sleep mode is made if the SLEEP instruction is executed v
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 register
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEF
instruction is executed while the SSBY bit isset to 1 in SY SCR. The CPU and clock h:
on-chip supporting modules stop operating. The on-chip supporting modules are reset,
as a specified voltage is supplied the contents of CPU registers and on-chip RAM arer
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 all clocks halt and the on-chip su
modules are reset, but as long as a specified voltage is supplied, on-chip RAM content:
retained.

For further information see section 20, 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 bo
word access. Figure 2.15 shows the on-chip memory access cycle. Figure 2.16 indicat
states.

Bus cycle

P

-+— T, state —»=—T,state —»

: B W W

Internal address bus >< Address ><

Internal read signal \ /
Internal data bus ‘ : ‘
(read access) :>—< Read data 1)

Internal write signal \—/—

Internal data bus - \
(write access) > { _Write data >—

Figure2.15 On-Chip Memory Access Cycle
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: High-imbedance :

D15 to Do 1

Figure2.16 Pin Statesduring On-Chip Memory Access

293 On-Chip Supporting M odule Access Timing

The on-chip supporting modules are accessed in three states. The databusis 8 or 16 hit
depending on the register being accessed. Figure 2.17 shows the on-chip supporting mc
timing. Figure 2.18 indicates the pin states.

Bus cycle

-
e

< T; state —»<—T,state —»=— Ty State -

§

Address bus Address

-

Internal read signal

Read
access

Internal data bus :>—< Read daﬁa

\ [

Internal write signal

Write
access

Internal data bus Write déta

Figure2.17 Access Cyclefor On-Chip Supporting Modules
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! ! High-impedance !
D15 to Dg i : i

Figure2.18 Pin Statesduring Accessto On-Chip Supporting Module

294 Accessto External Address Space

The external address space is divided into eight areas (areas 0 to 7). Bus-controller set
determine whether each areais accessed via an 8-bit or 16-bit bus, and whether it is a
two or three states. For details see section 6, Bus Controller.
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pins (MD, to MD,) asindicated in table 3.1. The input at these pins determines the siz
address space and the initial bus 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 Expanded mode 16 bits Disabled
Mode 3 0 1 1 Expanded mode 8 bits Disabled
Mode 4 1 0 0 Expanded mode 16 bits Disabled
Mode 5 1 0 1 Expanded mode 8 bits Enabled
Mode 6 1 1 0 Expanded mode 8 bits Enabled
Mode 7 1 1 1 Single-chip advanced — Enabled

mode

Notes: 1. In modes 1 to 6, an 8-bit or 16-bit data bus can be selected on a per-area t
settings made in the area bus width control register (ABWCR). For details
6, Bus Controller.

2. If the RAME bit in SYSCR is cleared to 0, these addresses become extern:

For the address space size there are two choices. 1 Mbyte or 16 Mbytes. The external
either 8 or 16 hits wide depending on ABWCR settings. If 8-hit accessis selected for
external databusis 8 bits wide. For details see section 6, Bus Controller.

Modes 1 to 4 are externally expanded modes that enable access to external memory a
devices and disable access to the on-chip ROM. Modes 1 and 2 support a maximum a
of 1 Mbyte. Modes 3 and 4 support a maximum address space of 16 Mbytes.
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3.1.2 Register Configuration

The H8/3048B Group has a mode control register (MDCR) that indicates the inputs at 1
pins (MD, to MD,), and a system control register (SY SCR). Table 3.2 summarizes thes

Table 3.2 Registers

Address” Name Abbreviation RIW 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.

3.2 Mode Control Register (MDCR)

MDCR is an 8-bit read-only register that indicates the current operating mode of the H:
Group.

Bit 7 6 5 4 3 2 1
O O a O 0 ‘ MDS2 ‘ MDS1 ‘
Initial value 1 1 0 0 0 0= o=
Read/Write O ad a O 0 R R
Reserved bits Reserved bits Mode select 2 to

Bits indicating the
operating mode

Note: * Determined by pins MD2 to MDyg.
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Note: For the flash memory version with single power supply (H8/3048F-ONE), fla
can be written to in the boot mode. In the boot mode, the inverted value of the

is set to bit MDS2.

3.3 System Control Register (SYSCR)

SYSCR isan 8-bit register that controls the operation of the H8/3048B Group.

Bit 7 6 5 4 3 2 1
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ O
Initial value 0 0 0 0 1 0 1
Read/Write R/W R/W R/W R/W R/W R/W O
R
E
di
ol
Reserved
NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use the Ul bit
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
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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 internal clock oscillator to settle when sof
standby mode is exited by an external interrupt. When using a crystal oscillator, set the
that the waiting time will be at least 7 ms at the system clock rate. For further informat
waiting time selection, see section 20.4.3, Selection of Waiting Time for Exit from Sof
Standby Mode.

Bit 6: STS2 Bit 5: STS1 Bit 4: STSO Description

0 0 0 Waiting time = 8,192 states (
1 Waiting time = 16,384 states
1 0 Waiting time = 32,768 states
1 Waiting time = 65,536 states
1 0 0 Waiting time = 131,072 states
1 Waiting time = 262,144 states
1 0 Waiting time = 1,024 states
1 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

Rev. 3.00 Sep 27, 2006 page 74 of 872
REJ09B0325-0300
RENESAS



BlIl U—RAN ENnadle (RAME). ENaADIES O dISADIES the ON-Chip RAIVIE. 1 he RAIVIE DI
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 (

34 Operating Mode Descriptions

34.1 Mode 1

Ports 1, 2, and 5 function as address pins A , to A, permitting access to a maximum 1
address space. Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas
one areais designated for 16-bit accessin ABWCR, the bus mode switches to 16 hits.

34.2 Mode 2

Ports 1, 2, and 5 function as address pins A , to A, permitting access to a maximum 1
address space. The initial bus mode after areset is 16 bits, with 16-bit accessto all are
areas are designated for 8-bit accessin ABWCR, the bus mode switchesto 8 bits.

34.3 Mode 3

Ports 1, 2, and 5 and part of port A function as address pins A, to A, permitting acce:
maximum 16-Mbyte address space. The initial bus mode after areset is 8 bits, with 8-
al areas. If at least one areais designated for 16-bit accessin ABWCR, the bus mode
16 bits. A, to A, are valid when O iswritten in bits 7 to 5 of the bus release control re
(BRCR). (Inthis mode A, is always used for address output.)
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345 Moae 5

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 bitsin their data direction registers (PLDDR, P2DDR, and PSDDR)
to 1. Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. If at least
designated for 16-bit access in ABWCR, the bus mode switches to 16 bits.

3.4.6 Mode 6

Ports 1, 2, and 5 and part of port A function as address pins A,, to A,,, permitting access
maximum 16-M byte address space, but following areset they are input ports. To use p
and 5 as an address bus, the corresponding bitsin their data direction registers (P1DDR
and PSDDR) must be set to 1. For A, to A, output, clear bits 7 to 5 of BRCR to 0. (In’
A, isalways used for address output.)

Theinitial bus mode after areset is 8 bits, with 8-bit accessto all areas. If at |east one
designated for 16-bit accessin ABWCR, the bus mode switches to 16 bits.

34.7 Mode 7

This mode operates using the on-chip ROM, RAM, and internal 1/0 registers. All 1/O ¢
available. Mode 7 supports a 1-Mbyte address space.
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Port2 A toA, A, oA, A, oA, A, toA, P2,to P2"* P2, to P2*

Port 3 D, to D, D, to D, D, to D, D, to D, D, to D, D, to D,

Port4 P4,toP4*" D,toD," P4,to P4"" D,toD P4,to P4 P4, to P4

Port5 A, t0A, A t0A, A oA, A t0A, P5,to P5"* PS5, to P5,"

PortA PAtoPA, PA toPA, PA toPA, PA toPA’, PA toPA, PA toPA,
A AZO AZO*3
Notes: 1. Initial state. The bus mode can be switched by settings in ABWCR. These |
as P4, to P4, in 8-bit bus mode, and as D, to D, in 16-bit bus mode.
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 ov
A, output by writing 0 in bits 7 to 5 of BRCR.

20

3.6 Memory Map in Each Operating M ode

Figure 3.1 shows a memory map of the H8/3048B Group. The address spaceis divide
aress.

Theinitial bus mode differs between modes 1 and 2, and also between modes 3 and 4

The address locations of the on-chip RAM and internal 1/0 registers differ between th
modes (modes 1, 2, 5, and 7) and 16-Mbyte modes (modes 3, 4, and 6). The addressr:
specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 and @
differs.
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HiFFFF| | Aread Area 0
H'20000 H1FFFFF| |
e | Areal 14200000
H'40000
B Areaz Area 1
H'60000 | External address Area 3 H3FFFFF (.
H7FFFF| ___space _ | 7"°°9° H'400000
H'80000
HOFFFF| .| Aread Area 2
H'A0000 H'5FFFFF
. Area 5 w0000 |
:ggggg ....................... H'600000 External
HDFFFF_______..___] Area ""Sgg‘if Area3
H'E0000 Area 7 H7FFFFF | SPAc® |
H'800000
Area 4
_______________________ HOFFFFF| |
H'F8000 H'A00000
H'FEFOF @ Area s
H'FEF10 e RAM® 2 HBFFFFF| |
n-chip 2 o H'C00000
............. . o
H'FFFO0 32 |8 Area 6
H'FFFOF ‘g @ HDFFFFF( |
HFFF10 External g 3 HE00000
address = 8
H'FFF1B Space § Z preat
H'FFF1C g |2
Internal I/0O = s 1
— registers > H'FF8000
”””” H'FFEFOF 0
H'FFEF10 N ]
On-chip RAM @ o
............. - =]
H'FFFF00 2 |s
H'FFFFOF T |z
HFFFF10 External © %
address g |2
HFFFF1B space 2 |=
H'FFFF1C g |2
Internal 1/0 = s
registers g
HFFFFFF| |y ® vy

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

Figure3.1 H8/3048B Group Memory Map in Each Operating Mode
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H'1FFFF
H'20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
HFEFOF
HFEF10

H'FFFO0
H'FFFOF
HFFF10

HFFF1B
HFFFLC

H'FFFFF

Area 0
Area 1
Area 2
“External address | prona
___space __|Ar€a3
Area 4
Area 5
Area 6
Area 7
1%
Q
. * @
On-chip RAM @ 4
_____________ % |z
1% Ee]
o S
o Q
k] =
External < 3
address £ 12
space ° o
2 |2
Internal 1/0 = S
registers g

HOLFFFF
H020000
H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H'7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

H'FF8000

H'FFEFOF
H'FFEF10

H'FFFFO0
H'FFFFOF
HFFFF10

H'FFFF1B
HFFFFLC

HFFFFFF

Area 0
Area 1l
Area 2
External
address
space Area 3
Area 4
"""""""""""" H'F8000
______________ Area5 H'FEF10
H'FFF00
______________ Areab _ HFFFOF
Area 7
H'FFF1C
H'FFFFF
1]
Q
. * A
On-chip RAM @ K4
_____________ 5 |z
%] ©
o ©
3 e
External s |3
address £ |2
space S c
g |2
Internal 1/0 = S
registers f’o

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

H'1FFFF

Internal 1/0
registers

Figure3.1 H8/3048B Group Memory Map in Each Operating Mode (c
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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 transiti
RES pin
Interrupt Interrupt requests are handled when executic
current instruction or handling of the current ¢
completed
Low Trap instruction (TRAPA)  Started by execution of a trap instruction (TR

412 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 that address.

Note: For areset exception, steps 2 and 3 above are carried out.
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Internal interrupts: 30 interrupts from on-
« Trap instruction supporting modules

Figure4.1 Exception Sources
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5 H'0014 to H'0017
6 H'0018 to H'001B
External interrupt (NMI) 7 H'001C to H'001F
Trap instruction (4 sources) 8 H'0020 to H'0023
9 H'0024 to H'0027
10 H'0028 to H'002B
11 H'002C to H'002F
External interrupt IRQ, 12 H'0030 to H'0033
External interrupt IRQ, 13 H'0034 to H'0037
External interrupt IRQ, 14 H'0038 to H'003B
External interrupt IRQ, 15 H'003C to H'003F
External interrupt IRQ, 16 H'0040 to H'0043
External interrupt IRQ, 17 H'0044 to H'0047
Reserved for system use 18 H'0048 to H'004B
19 H'004C to H'004F
Internal interrupts™? 20 H'0050 to H'0053
to to
60 H'00FO0 to H'O0F3
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 chip enters the reset state when the RES pin goes low.

To ensure that the chip isreset properly, hold the RES pin low for at least 20 ms at pow
reset the chip during operation, hold the RES pin low for at least 20 system clock (¢) ¢
appendix D.2, Pin States at 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 chip start:
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) are read, and program ¢
starts from the address indicated in the vector address.

Figure 4.2 shows the reset sequence in modes 1 and 3. Figure 4.3 shows the reset seque
modes 2 and 4. Figure 4.4 shows the reset sequencein modes 5, 6, and 7.
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Figure4.2 Reset Sequence (Modes 1 and 3)
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Address bus X @ X ® . X B X
HWR, LWR o
D5 to Dy § @ > @ > © >

(1), (3) Address of reset vector: (1) = H'000000, (3) = H'000002
(2), (4) Start address (contents of reset vector)

(5) Start address

(6) First instruction of program

Note: After a reset, the wait-state controller inserts three wait states in every bus cycle.

Figure4.3 Reset Sequence (Modes2 and 4)
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address bus ! ) ; A5/ y )

Internal : /_\ | ! /_\_
read signal | ! | i

i
Internal ! l
write signal !

Internal | 3 ! ! !
data bus @ | @ ! ! ©

(16 bits wide) ! !

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

(5) Start address

(6) First instruction of program

Figure4.4 Reset Sequence (Modes5, 6, and 7)

4.2.3 Interrupts after Reset

If aninterrupt is accepted after areset but before the stack pointer (SP) isinitialized, F
will not be saved correctly, leading to a program crash. To prevent this, all interrupt re
including NMI, are disabled immediately after areset. The first instruction of the prog
always executed immediately after the reset state ends. Thisinstruction should initiali
pointer (example: MOV.L #xx:32, SP).
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NMI isthe highest-priority interrupt and is always accepted® . Interrupts are controlled
interrupt controller. The interrupt controller can assign interrupts other than NMI to tw
levels, and arbitrate between simultaneous interrupts. Interrupt priorities are assigned i
priority registers A and B (IPRA and IPRB) in the interrupt controller.

For details on interrupts see section 5, Interrupt Controller.

Note: * For the H8/3048F-ONE (single power supply with flash memory), the NMI
be prohibited. For details, refer to section 18.8.4, NMI Input Disable Condit

. NMI (1)
External interrupts { IRQ, to IRQ; (6)
Interrupts WDT*1 (1)
Refresh controller*2 (1)
ITU (15)
DMAC (4)
SCI (8)
A/D converter (1)

Internal interrupts

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

Figure4.5 Interrupt Sourcesand Number of Interrupts

Rev. 3.00 Sep 27, 2006 page 88 of 872
REJ09B0325-0300

RENESAS



4.0

Slack status alter exception Hanailing

Figure 4.6 shows the stack after completion of trap instruction exception handling anc
exception handling

SP-4
SP-3
SP-2
SP-1

\\\\__‘//////”"“\\

SP (ER7) — Stack area

\\\\__’//////""“‘\\

SP (ER7) —
SP+1
SP+2
SP+3
SP+4

\\\\___,//////’——\\\\

CCR

PCe

PCqx

PC.L

\\\\__’//////""“‘\\

Before exception handling ———  After exception handling
Pushed on stack

Legend:

PCE:
PCH:
PCL:
CCR:
SP:

Bits 23 to 16 of program counter (PC)
Bits 15 to 8 of program counter (PC)
Bits 7 to O 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. Registers must be saved in word or longword size at even addresses.

Figure4.6 Stack after Completion of Exception Handling

Rev. 3.00 Sep 27, 2006 p:s

RENESAS

REJO!



Use the following instructions to restore registers:

POP.W Rn
POP.L ERn

(or MOV.W @SP+, Rn)
(or MOV.L @SP+, ERnN)

Setting SP to an odd value may lead to amalfunction. Figure 4.7 shows an example of
happens when the SP value is odd.

Sp—*

\_/—\

Legen

CCR: Condition code register
Program counter
General register R1L
Stack pointer

PC:
R1L:
SP:

Note:

TRAPA instruction executed
_—

SP set to H'FFFEFF

d:

\_/\

CCR

SP—*

PC

Data saved above SP

The diagram illustrates modes 3 and 4.

\_/\

sp—=

R1L

PC

MOV. B R1L, @-ER7

-

CCR contents lost

HFF
HFF
HFF
HFF

Figure4.7 Operation when SP ValuelsOdd
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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.

Seven external interrupt pins

NMI has the highest priority and is always accepted”; either the rising or falling e
selected. For each of IRQ, to IRQ,, sensing of the falling edge or level sensing car
independently.

Note: * For the H8/3048F-ONE (single power supply with flash memory), the NM

be prohibited. For details, refer to section 18.8.4, NMI Input Disable Cond
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input

/ /

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

Vector
I> > number

ADI :

ADIE " -
Interrupt controller 4( L
UE
SYSCR

Legend:

ISCR: IRQ sense control register

IER: IRQ enable register

ISR: IRQ status register

IPRA: Interrupt priority register A
IPRB: Interrupt priority register B
SYSCR: System control register

Figure5.1 Interrupt Controller Block Diagram

Rev. 3.00 Sep 27, 2006 page 92 of 872
REJ09B0325-0300

RENESAS



External interrupt request IRQ, to IRQ, Input Maskable interrupts, fallin

5t00 level sensing selectable

Note: * For the H8/3048F-ONE (single power supply with flash memory), the NMI i
prohibited. For details, refer to section 18.8.4, NMI Input Disable Condition:

514 Register Configuration

Table 5.2 lists the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Address™  Name Abbreviation R/W In
H'FFF2 System control register SYSCR R/W H'
H'FFF4 IRQ sense control register ISCR R/W H'
H'FFF5 IRQ enable register IER R/W H'
H'FFF6 IRQ status register ISR RI(W)*? H'
H'FFF8 Interrupt priority register A IPRA R/W H'
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 ‘ O
Initial value 0 0 0 0 1 0 1
Read/Write R/W R/W R/W R/W R/W R/W O
RA
Reserved bi
Standby timer NMI edge select
select2to 0 Selects the NMI input
Software standby User bit enable

Selects whether to use the Ul bi
CCR as a user bit or interrupt m
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Bit 2: NMIEG Description
0 Interrupt is requested at falling edge of NMI input (
1 Interrupt is requested at rising edge of NMI input

522 Interrupt Priority Registers A and B (IPRA, IPRB)

IPRA and IPRB are 8-bit readable/writable registers that control interrupt priority.
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Priority level A7

Pri
lev
Sel
pri
of |
chs
inte
rec

Priority level
Selects the pr
of ITU channe
interrupt requ

Priority level A2
Selects the priority level
ITU channel 0 interrupt

Priority level A3
Selects the priority level of WDT
refresh controller interrupt reque

Priority level A4
Selects the priority level of IRQ, and IRQ
interrupt requests

Priority level A5
Selects the priority level of IRQ, and IRQj interrupt

Priority level A6
Selects the priority level of IRQ, interrupt requests

Selects the priority level of IRQ interrupt requests

IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 6: IPRA6 Description

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

1 IRQ, interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level A5 (IPRAD): Selectsthe priority level of IRQ, and IRQ, interr

Bit 5: IPRA5S Description

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

1 IRQ, and IRQ, interrupt requests have priority level 1 (high priority;

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

Bit 4: IPRA4 Description

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

1 IRQ, and IRQ, interrupt requests have priority level 1 (high priority;

Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WDT and refresh col
interrupt requests.

Bit 3: IPRA3 Description
0 WDT and refresh controller interrupt requests have priority level 0
(
1 WDT and refresh controller interrupt requests have priority level 1
priority)
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Bit 1: IPRA1 Description

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

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 interry,

Bit 0: IPRAO Description
0 ITU channel 2 interrupt requests have priority level O (low priority) (I
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 req

Priority level B2
Selects the priority le\
SCI channel 1 interru

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

Reserved bit

Priority level B5
Selects the priority level of DMAC
interrupt requests (channels 0 and 1)

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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Bit 6: IPRB6 Description

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

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

Bit 5—Priority Level B5 (IPRB5): Selectsthe priority level of DMAC interrupt requs
(channels 0 and 1).

Bit 5: IPRB5 Description

0 DMAC interrupt requests (channels 0 and 1) have priority level O (lc
(Ir

1 DMAC interrupt requests (channels 0 and 1) have priority level 1 (h

Bit 4—Reserved: This bit can be written and read, but it does not affect interrupt prior
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Bit 2: IPRB2 Description

0 SCI1 interrupt requests have priority level O (low priority) (

1 SCI1 interrupt requests have priority level 1 (high priority)

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

Bit 1: IPRB1 Description
0 A/D converter interrupt requests have priority level O (low priority) |
1 A/D converter interrupt requests have priority level 1 (high priority)

Bit 0—Reserved: This bit can be written and read, but it does not affect interrupt pric
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Read/Write O O RIWY  RIWY  R/(WY  RIWY  RI(W)
Reserved bits IRQ5 to IRQq flags
These bits indicate IRQ5 to IR
interrupt request status

Note: * Only O can be written, to clear flags.
ISR isinitialized to H'00 by areset and in hardware standby mode.
Bits 7 and 6—Reserved: Read-only bits, always read as 0.

Bits5to 0—IRQ, to IRQ, Flags (IRQ5F to IRQOF): These bits indicate the status of
IRQ, interrupt requests.

Bits 5 to O:

IRQ5F to IRQOF  Description

0 [Clearing conditions] (In
0 is written in IRQNF after reading the IRQnF flag when IRQnF = 1.
IRQNSC = 0, IRQn input is high, and interrupt exception handling is
IRQNSC =1 and IRQn interrupt exception handling is carried out.

1 [Setting conditions]

IRQNSC = 0 and IRQn input is low.
IRQNSC =1 and IRQn input changes from high to low.

Note: n=5t00
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Reserved bits IRQ 5 to IRQ, enable
These bits enable or disable IRQ 5 to IRC

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

Bits 7 and 6—Reserved: These bits can be written and read, but they do not enable ¢
interrupts.

Bits5to 0—IRQ, to IRQ, Enable (IRQ5E to IRQOE): These bits enable or disable
IRQ, interrupts.

Bits 5to 0:

IRQ5E to IRQOE  Description

0 IRQ, to IRQ, interrupts are disabled (
1 IRQ, to IRQ, interrupts are enabled
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Read/Write R/W R/W R/W R/W R/W R/W R/W

Reserved bits IRQg5 to IRQ, sense control
These bits select level sensing or fall

sensing for IRQ 5 to IRQ interrupts

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

Bits 7 and 6—Reserved: These bits can be written and read, but they do not select lev
falling-edge sensing.

Bits5to 0—IRQ, to IRQ, Sense Control (IRQ5SC to IRQOSC): These bits select w
interrupts IRQ, to IRQ, are requested by level sensing of pinsTRQ, to IRQ,, or by fallir
sensing.

Bits 5 to O: Description

IRQ5SC to IRQOSC

0 Interrupts are requested when IRQ, to IRQ, inputs are low (I
1 Interrupts are requested by falling-edge input at IRQ, to IRQ,
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NMI

NMI isthe highest-priority interrupt and is aways accepted, regardless of the states 0
bitsin CCR. The NMIEG bit in SY SCR selects whether an interrupt is requested by tl
falling edge of the input at the NMI pin*. NMI interrupt exception handling has vecto

Note: * For the H8/3048F-ONE (single power supply with flash memory), the NM
be prohibited. For details, refer to section 18.8.4, NMI Input Disable Cond

IRQ, to IRQ, Interrupts

These interrupts are requested by input signals at pins IRQ, to IRQ,. The IRQ, to IRQ
have the following features.

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

* |ER settings can enable or disable the IRQ, to IRQ, interrupts. Interrupt priority le
assigned by four bitsin IPRA (IPRA7 to IPRA4).

* Thestatus of IRQ, to IRQ; interrupt requestsisindicated in ISR. The ISR flags ca
to 0 by software.

Figure 5.2 shows a block diagram of interrupts IRQ, to IRQ..
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Note: n=5t0 0

Figure5.2 Block Diagram of Interrupts IRQ, to IRQ,

Figure 5.3 shows the timing of the setting of the interrupt flags (IRQNF).

IRQnN
input pin

IRQNF

Note: n=51t00

Figure5.3 Timing of Setting of IRQNF

Interrupts IRQ, to IRQ, have vector numbers 12 to 17. These interrupts are detected re
whether the corresponding pin is set for input or output. When using a pin for external
input, clear its DDR hit to 0 and do not use the pin for chip select output, refresh outpu
input or output.
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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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IRQ, 15 H'003C to H'003F
IRQ, 16 H'0040 to H'0043 IPRA4
IRQ, 17 H'0044 to H'0047
Reserved — 18 H'0048 to H'004B
19 H'004C to H'004F
WOVI Watchdog 20 H'0050 to H'0053 IPRA3
(interval timer) timer
CMI Refresh 21 H'0054 to H'0057
(compare match) controller
Reserved — 22 H'0058 to H'005B
23 H'005C to H'005F
IMIAO ITU channel0 24 H'0060 to H'0063 IPRA2
(compare match/
input capture AQ)
IMIBO 25 H'0064 to H'0067
(compare match/
input capture BO)
OVI0 (overflow 0) 26 H'0068 to H'006B
Reserved — 27 H'006C to H'006F
IMIAL ITU channel 1 28 H'0070 to H'0073 IPRAL
(compare match/
input capture Al)
IMIB1 29 H'0074 to H'0077
(compare match/
input capture B1)
OVI1 (overflow 1) 30 H'0078 to H'007B
Reserved — 31 H'007C to H'007F
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I N .

Reserved — 35 H'008C to H'008F

IMIA3 ITU channel 3 36 H'0090 to H'0093 IPRB7
(compare match/

input capture A3)

IMIB3 37 H'0094 to H'0097

(compare match/
input capture B3)

OVI3 (overflow 3) 38 H'0098 to H'009B

Reserved — 39 H'009C to H'009F

IMIA4 ITU channel 4 40 H'00AO to H'00A3 IPRB6
(compare match/

input capture A4)

IMIB4 41 H'00A4 to H'00A7

(compare match/
input capture B4)

OVI14 (overflow 4) 42 H'00AS8 to H'0O0AB
Reserved — 43 H'00AC to H'00AF
DENDOA DMAC 44 H'00BO to H'00B3 IPRB5
DENDOB 45 H'00B4 to H'00B7
DEND1A 46 H'00B8 to H'00BB
DEND1B 47 H'00BC to H'00BF
Reserved — 48 H'00CO to H'00C3 —
49 H'00C4 to H'00C7
50 H'00C8 to H'00CB
51 H'00CC to H'00CF
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[ =4 1V
(transmit end 0)

nUuvCL 0 Rnvvur

ERI1 SCl channel1 56 H'00EO to H'O0E3 IPRB2
(receive error 1)

RXI1 57 H'00E4 to H'O0E7

(receive data full 1)

TXI1 (transmit data 58 H'O0ES8 to H'OOEB

empty 1)

TEIL 59 H'00EC to H'00EF

(transmit end 1)

ADI (A/D end) A/ID 60 H'00FO0 to H'00F3 IPRB1

Note: *

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

Note: * For the H8/3048F-ONE (single power supply with flash memory), the NM
be prohibited. For details, refer to section 18.8.4, NMI Input Disable Cond

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

SYSCR CCR

UE | ul Description

1 0 — All interrupts are accepted. Interrupts with priority level 1 F
priority.

— No interrupts are accepted except NMI.

0 0 — All interrupts are accepted. Interrupts with priority level 1 F

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

No interrupts are accepted except NMI.

UE=1

Interrupts IRQ, to IRQ, and interrupts from the on-chip supporting modules can all be
the | bit in the CPU’s CCR. Interrupts are masked when the | bit is set to 1, and unma
thel bitiscleared to O. Interrupts with priority level 1 have higher priority. Figure 5.4
flowchart showing how interrupts are accepted when UE = 1.
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NMI

No

Y

| Save PC and CCR |
Y

| |
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 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 there
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 service
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 enable three-level masking of IF
interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when thel bitissetto 1, and ar
when the | bit iscleared to O.

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

For example, if the interrupt enable bits of all interrupt requests are set to 1, IPRA
H'20, and IPRB is set to H'00 (giving IRQ, and IRQ, interrupt requests priority ov:
interrupts), interrupts are masked as follows:

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

c. IfI=1andUl =1, al interrupts are masked except NMI.

Figure 5.5 shows the transitions among the above states.
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N _— —7

c. Allinterrupts are
masked except NMI

Figure5.5 Interrupt Masking State Transitions (Example)

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

If an interrupt condition occurs and the corresponding interrupt enable bit is set to 1
interrupt request is sent to the interrupt controller.

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

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

Thel and Ul bitsare set to 1 in CCR, masking all 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.
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INIVIH

No

| Save PC and CCR |
| | «1,Ul «1 |

1

| Read vector address |

1

Branch to interrupt
service routine

Figure5.6 ProcessUp to Interrupt Acceptance when UE =0
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Figure5.7 Interrupt Sequence (Mode 2, Two-State Access, Stack in External |
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No. Iltem Memory 2 States 3 States 2 States
1 Interrupt priority 2% 2% 2% 2%t
decision
2 Maximum number of 1to 23*° 1to27"°*° 1to41*° 1to 23*°
states until end of
current instruction
3 Saving PC and CCR 4 8 12* 4
to stack
4 Vector fetch 4 8 12* 4
5 Instruction prefetch*” 4 8 12** 4
6 Internal processing™* 4 4 4 4
Total 19t0 41 31to 57 4310 83 19t0 41
Notes: 1. 1 state for internal interrupts.

2. Prefetch after the interrupt is accepted and prefetch of the first instruction ir
interrupt service routine.

S

Internal processing after the interrupt is accepted and internal processing a
The number of states increases if wait states are inserted in external memc
Example for DIVXS.W Rs,ERd and MULXS.W Rs,ERd
Example for MOV.L @(d:24,ERs),ERd and MOV.L ERs,@(d:24,ERd)
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handling is carried out. If ahigher-priority interrupt is also requested, however, interry
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt
This also appliesto the clearing of an interrupt flag.

Figure 5.8 shows an example in which an IMIEA bit iscleared to Oin TIER of the ITU

, TIER write cycle by CPU IMIA exception handling

! ‘ i i L

Internal
address bus >< TIER address ><

Internal
write signal

IMIEA |

IMIA |

—\

IMFA interrupt !
signal ‘

Figure5.8 Contention between Interrupt and Interrupt-Disabling I nstruc

This type of contention will not occur if the interrupt is masked when the interrupt enal
flag iscleared to O.
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The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt req

When the EEPMQV .B instruction is executing a transfer, no interrupts are accepted u
transfer is completed, not even NMI.

When the EEPMOV.W instruction is executing a transfer, interrupt requests other tha
not accepted until the transfer is completed. If NMI is requested, NMI exception hanc
atransfer cycle boundary. The PC value saved on the stack is the address of the next i
Programs should be coded as followsto allow for NMI interrupts during EEPM OV .\

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

554 Usage Notes on External Interrupts

The IRQNF flag specification calls for the flag to be cleared by writing O to it after it t
while set to 1. However, it is possible for the IRQNF flag to be cleared by mistake sinr
writing O to it, irrespective of whether it has been read while set to 1, with the result tt
exception handling is not executed. This occurs when the following conditions are ful

» 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
clearing by hardware for the IRQbF flag.

3. A bit manipulation instruction is used on the IRQ status register to clear the IR
else ISR isread as a byte unit, the IRQaF flag bit is cleared, and the values rea
bits are written as a byte unit.
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clearsin error auring | SR write t1or occurrence condition 2 and interrupt processing Isr
out. However, if IRQbF flag reaches O between occurrence conditions 1 and 2, IRQbF
not clear in error.

IRQaF J | )

Read [Write Read W

IRQbF | ) r

Oy

Read |Write IRQb Read W
1 1 0
Execution
Clear in el

| Occurrence condition 1 | Occurrence cc

Figure5.9 IRQNF Flag When Interrupt Processing Is Not Conducted
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MOV. B ROL, @ SR

Countermeasure 2: During IRQb interrupt exception processing, carry out |RQbF fl:
dummy processing.

For example, if b=1

| R@B MOV. B #HFD, ROL
MOV. B ROL, @ SR

55.5 Notes on Non-Maskable Interrupts (NMI)

NMI is an exception processing that can be executed by the interrupt controller and C
chip internal circuits are operating normally under a specified electrical characteristic
is executed when the circuits are not operating normally due to some factors such as s
abnormal interrupt of input to the pins (runaway execution), the operation will not be

Incorrect NMI Operation Factors. Software

1. When an interrupt exception processing is executed in an H8/300H CPU, it is assL
stack pointer (SP(ER7)) has already been set by software, and that the stack pointe
pointsto the stack area set in a system such as RAM. If the program isin a runaws
the stack pointer may be overflowed and updated illegally. Therefore, normal opel
not be guaranteed.

2. Requests for NMIs can be accepted on therising or falling edge of a pin. Acceptar
rising or falling edge depends on the setting of the bit NMIEG in the system contri
(SYSCR). It is necessary for the customer to set the bit according to the designatex
When the program isin arunaway execution, this bit may be rewrittenillegally. T
system may not operate as expected.
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Incorrect NMI Operation Factors: Abnormal InterruptsInput to the Chip Pins

If an abnormal interrupt which was not specified in the electrical characteristicsisinpu
during a chip operation, the chip may be destroyed. In this case, the operation of the ch
be guaranteed.

When an abnormal interrupt has been input to a pin, the chip may not be destroyed; ho
interna circuits of the chip may partialy or wholly malfunction, and the CPU may ent
unimagined undefined state when the CPU was designed. If this occurs, it will beimpo
control the operation of the chip by external pins other than the external reset and stanc
and the operation of the NMI will not be guaranteed. In this case, after some specified
been input to the pins, input an external reset so that the chip can enter the normal prog
execution state again.
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A bus arbitration function of the bus controller controls the operation of the DMA cor
(DMAC) and refresh controller. The bus controller can also release the bus to an extel

6.1.1 Features
Features of the bus controller are listed below.

* Independent settings for addressareas 7 to O
O 128-kbyte areas in 1-Mbyte modes; 2-Mbyte areas in 16-Mbyte modes.
0 Chip select signals (CS, to CS,) can be output for areas 7 to 0.
O Areas can be designated for 8-bit or 16-hit access.
0 Areas can be designated for two-state or three-state access.
» Four wait modes
0 Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 car
O Zeroto three wait states can be inserted automatically.
» Busarbitration function

O A built-in bus arbiter arbitrates the bus right to the CPU, DMAC, refresh contr
external bus master.
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[ | Aea p WCER
decoder ———— —
Chip select CSCR m---- Internal s
control signals !
- Bus control 1 Bus mode cont
circuit | .
™, Bus size contro
Lt *‘ Access state cc
*: Wait request si
[ S N
2]
=3
o)
s
[
. ©
o Wait-state =
WAIT controller g
=
WCR
EEREREEE Internal signals---------- |
| CPU bus request signal - BRCR
' DMAC bus request signal . ]
1 Refresh controller bus request signal > .
1 CPU bus acknowledge signal -] Bus arbiter
3 DMAC bus acknowledge signal |
' Refresh controller bus acknowledge signal -—j
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, i L
BACK
Legend: . . — BREQ
ABWCR: Bus width control register

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

BRCR: Bus release control register

CSCR: Chip select control register

Figure6.1 Block Diagram of Bus Controller
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Dt e

on the address bus

Read RD Output Strobe signal indicating reading
external address space

High write HWR Output Strobe signal indicating writing t
external address space, with val
the upper data bus (D,, to D,)

Low write LWR Output Strobe signal indicating writing te
external address space, with val
the lower data bus (D, to D,)

Wait WAIT Input Wait request signal for access tc
three-state-access areas

Bus request BREQ Input Request signal for releasing the
external device

Bus acknowledge BACK Output Acknowledge signal indicating tf

released to an external device
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H'FFEC Bus width control register ABWCR R/W H'FF }

H'FFED Access state control register ASTCR R/W H'FF }

H'FFEE Wait control register WCR R/W H'F3 I

H'FFEF Wait state controller enable WCER R/W H'FF I
register

H'FFF3 Bus release control register BRCR R/W H'FE }

H'FF5F Chip select control register CSCR R/W H'OF }

Note: * Lower 16 bits of the address.

6.2 Register Descriptions

6.2.1 Bus Width Control Register (ABWCR)

ABWCR is an 8-hit readable/writable register that selects 8-bit or 16-bit access for eac

Bit 7 6 5 4 3 2 1
‘ ABW7 ‘ ABW6 ‘ ABWS5 ‘ ABW4 ‘ ABW3 ‘ ABW2 ‘ ABW1
Initial {Modes 1356 1 1 1 1 1 1 1
value | Modes2,4,7 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W

Bits selecting bus width for each area

When ABWCR contains H'FF (selecting 8-bit access for all areas), the chip operatesir
mode: the upper data bus (D, to D,) isvalid, and port 4 is an input/output port. When &
bit is cleared to 0 in ABWCR, the chip operates in 16-bit bus mode with a 16-bit data t
D,)- Inmodes 1, 3, 5, and 6 ABWCR isinitialized to H'FF by areset and in hardware s
mode. In modes 2, 4, and 7 ABWCR isinitialized to H'00 by areset and in hardware st
mode. ABWCR is not initialized in software standby mode.
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ABWCR specifies the bus width of external memory areas. The bus width of on-chip
interna 1/0 registersis fixed and does not depend on ABWCR settings. These setting
therefore meaninglessin single-chip mode (mode 7).

6.2.2 Access State Control Register (ASTCR)

ASTCR is an 8-bit readable/writabl e register that selects whether each areais accesse
states or three states.

Bit 7 6 5 4 3 2 1

‘ AST7 ‘ AST6 ‘ AST5 ‘ AST4 ‘ AST3 ‘ AST2 ‘ AST1
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

Bits selecting number of states for access to each area

ASTCRIisinitialized to H'FF by areset and in hardware standby mode. It isnot initial
software standby mode.

Bits 7to 0—Areas 7 to 0 Access State Control (AST7to AST0): These bits select v
corresponding area is accessed in two or three states.

Bits 7 to O:

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

1 Areas 7 to 0 are accessed in three states (

ASTCR specifies the number of states in which external areas are accessed. On-chip r
interna 1/0 registers are accessed in afixed number of states that does not depend on
settings. These settings are therefore meaningless in single-chip mode (mode 7).
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Read/Write O O 0 O R/W R/W R/W

Reserved bits Wait count
These bits s
number of w
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 initialize
software standby mode.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.
Bits 3 and 2—Wait Mode Select 1 and 0 (WM S1, WM S0): These bits select the wai

Bit 3: WMS1 Bit 2: WMSO0 Description

0 0 Programmable wait mode (I

No wait states inserted by wait-state controller

1
1 0 Pin wait mode 1
1 Pin auto-wait mode

Bits 1 and 0—Wait Count 1 and 0 (WC1, WCQO): These bits select the number of wa
inserted in access to externa three-state-access areas.

Bit 1: WC1 Bit 0: WCO Description

0 0 No wait states inserted by wait-state controller
1 1 state inserted

1 0 2 states inserted
1 3 states inserted (I
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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 initiali
software standby mode.

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

Bits 7 to O:

WCE7 to WCEO Description

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

1 Wait-state control enabled (

Since WCER enables or disables wait-state control of external three-state-access area:
settings are meaningless in single-chip mode (mode 7).
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Read/| Modes1,2,5, 7 [0 0 a a 0 0 0
Write

Modes 3, 4,6 R/W R/W R/W g g g g
Address 23 to 21 enable Reserved bits Bus rele
These bits enable PAg to Enables
PA 4 to be used for Ay3 to release o
A, address output an exterr

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

Bit 7—Address 23 Enable (A23E): Enables PA, to be used asthe A, address output |
0 inthis bit enables A,, address output from PA,. In modes other than 3, 4, and 6 this bi
modified and PA, hasits ordinary input/output functions.

Bit 7: A23E Description
0 PA, is the A, address output pin
1 PA, is the PA /TP /TIOCA, input/output pin (Ir

Bit 6—Address 22 Enable (A22E): Enables PA, to be used as the A, address output
0in this bit enables A,, address output from PA,. In modes other than 3, 4, and 6 this b
modified and PA, hasits ordinary input/output functions.

Bit 6: A22E Description
0 PA, is the A, address output pin
1 PA, is the PA /TP /TIOCB, input/output pin (Ir
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Bits 4 to 1—Reserved: Read-only bits, alwaysread as 1.

Bit 0—Bus Release Enable (BRLE): Enables or disables release of the bus to an ext

Bit 0: BRLE Description

0 The bus cannot be released to an external device; BREQ and B2
used as input/output pins (

1 The bus can be released to an external device
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Bit 7 6 5 4 3 2 1

‘ CS7E ‘ CS6E ‘ CS5E ‘ CS4E ‘ O O O

Initial value 0 0 0 0 1 1 1

Read/Write R/W R/W R/W R/W O O 0
Chip select 7 to 4 enable Reserved bits

These bits enable or disable
chip select signal output

CSCRiisinitialized to H'OF by areset and in hardware standby mode. It is not initialize
software standby mode.

Bits 7 to 4—Chip Select 7 to 4 Enable (CS7E to CS4E): These bits enable or disable
the corresponding chip select signal.

Bit n: CSnE Description
0 Output of chip select signal CS_ is disabled (I
1 Output of chip select signal CS_ is enabled

Note: n=7to4

Bits 3 to 0—Reserved: Read-only bits, alwaysread as 1.
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H'00000 H'000000 H'00000 On-chip ROM*® H'000000 on
Area 0 (128 kbytes) Area 0 (2 Mbytes)
H'1FFFF H'1FFFFF H1FFFF| Area0(128kbytes) |yjppppp| Ares
H'20000 H'200000 H'20000 H'200000
Area 1 (128 kbytes) Area 1 (2 Mbytes) Area 1 (128 kbytes) Aree
H'3FFFF H'3FFFFF H'3FFFF H'3FFFFF
H'40000 H'400000 H'40000 H'400000
Area 2 (128 kbytes) Area 2 (2 Mbytes) Area 2 (128 kbytes) Aree
H'5FFFF H'SFFFFF H'5FFFF H'SFFFFF
H'60000 H'600000 H'60000 H'600000
Area 3 (128 kbytes) Area 3 (2 Mbytes) Area 3 (128 kbytes) Areg
H'7FFFF H'7FFFFF H'7FFFF H'7FFFFF
H'80000 H'800000 H'80000 H'800000
Area 4 (128 kbytes) Area 4 (2 Mbytes) Area 4 (128 kbytes) Areg
H'OFFFF H'OFFFFF H'OFFFF H'OFFFFF
H'A0000 H'A00000 H'A0000 H'A00000
Area 5 (128 kbytes) Area 5 (2 Mbytes) Area 5 (128 kbytes) Aree
H'BFFFF H'BFFFFF H'BFFFF H'BFFFFF
H'C0000 H'C00000 H'C0000 H'C00000
Area 6 (128 kbytes) Area 6 (2 Mbytes) Area 6 (128 kbytes) Aree
H'DFFFF H'DFFFFF H'DFFFF H'DFFFFF
H'EO000|  Area 7 (128 kbytes) H'E00000 Area 7 (2 Mbytes) H'EO000|  Area 7 (128 kbytes) H'E00000 Aree
On-chip RAM***2 On-chip RAM***2 On-chip RAM***2 on-
External address space*3 External address space*3 External address space*3 External
HFFFEE| Internal /O registers™* HFFEFFE| Internal I/O registers™* HFFFEE| Internal /O registers™* HFFFFFE| Intern:
a. 1-Mbyte modes with b. 16-Mbyte modes with c. 1-Mbyte mode with d. 16-M
on-chip ROM disabled on-chip ROM disabled on-chip ROM enabled on-ch
(modes 1 and 2) (modes 3 and 4) (mode 5) (mod
Notes: 1. The on-chip ROM, on-chip RAM, and internal I/O registers have a fixed bus width and are accessed in a
fixed number of states.
2. When the RAME bit is cleared to 0 in SYSCR, this area conforms to the specifications of area 7.
3. This external address area conforms to the specifications of area 7.

Figure6.2 AccessAreaMap for Modes1to 6
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— 16 3 Pin wait mode
0 16 3 Programmable
1 16 3 Disabled

0 16 3 Pin wait mode
1 16 3 Pin auto-wait r
— 8 2 Disabled

— 8 3 Pin wait mode
0 8 3 Programmable
1 8 3 Disabled

0 8 3 Pin wait mode
1 8 3 Pin auto-wait r

Note: n=0to7
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In the expanded modes with on-chip ROM disabled, areset leaves pin CS, in the outp
pins CS, to CS, in the input state. To output chip select signals CS, to CS,, the corresp
bits must be set to 1. In the expanded modes with on-chip ROM enabled, areset |eave
CS, in the input state. To output chip select signals CS, to CS,,, the corresponding DD
be set to 1. For details see section 9, 1/O Ports.

Output of CS, to CS,: Output of CS, to CS, is enabled or disabled in the chip select ¢
register (CSCR). A reset leaves pins CS, to CS, in the input state. To output chip sele
to CS,, the corresponding CSCR bits must be set to 1. For details see section 9, 1/O Pc

o L

Qggress >< External address in area n ><

CS,

Figure6.3 CS, Output Timing (n =7 to 0)

When the on-chip ROM, on-chip RAM, and internal 1/O registers are accessed, CS, a
remain high. The CS, signals are decoded from the address signals. They can be used
select signals for SRAM and other devices.
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Table 6.4 indicates how the two parts of the data bus are used under different access co

Table6.4  Access Conditionsand Data Bus Usage

Access Read/ Valid Upper Data Bus Lower C
Area Size Write  Address Strobe (D, to D,) (D, to D,
8-bit-access — Read — RD Valid Invalid
area Write  — HWR Undeter|
16-bit-access Byte Read Even RD Valid Invalid
area Odd Invalid Valid
Write  Even HWR Valid Undeter|
Odd LWR Undetermined data  Valid
Word Read — RD Valid Valid
Write — — HWR,  Valid Valid
LWR

Note: Undetermined data means that unpredictable data is output.
Invalid means that the bus is in the input state and the input is ignored.
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Bus cycle

External address in area n

Address bus

X

Undetermined data

D, t0D,

ey
2
T
g ° &
2 o) o he e
2 2 9 ~ = Aw 9
< [ a a) T = fa)
? ?
To Lo
o o s9
@ =

Note: n=71t00

Figure6.4 BusControl Signal Timing for 8-Bit, Three-State-Access Al
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Read
access

Write
access

Note: n=7to0

Address bus

CSn

D, toD,

T
0

LWR

Valid

Valid

Undetermined data

Figure6.5 BusControl Signal Timing for 8-Bit, Two-State-Access Are
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Read
access

Write
access

Address bus

CSnp

D5 to Dg

D, to Dy

T
0

D,5 to Dg

D, t0 Dy

Note: n=7to0

B [ S

Even external address in area n

JJ L
|

Undetermined data

Figure6.6 BusControl Signal Timing for 16-Bit, Three-State-Access Ar

(Byte Accessto Even Address)
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Read
access

Write
access

D5 to Dg

D, to D,

T
0

D, t0 D,

Note: n=71t00

" High

Figure6.7 BusControl Signal Timing for 16-Bit, Three-State-Access Ar &

(Byte Accessto Odd Address)
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Read
access

Write
access

Con

AS

D5 to Dg

D, to Dy

HWR

D, toDg

Note: n=71t00

Figure6.8 BusControl Signal Timing for 16-Bit, Three-State-Access Ar¢

(Word Access)
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= I

Address bus >< Even external address in area n ><

RD | | |
Read ‘ ‘ ; ‘
D15 to D,
access 15 8 | | Valid |
D, to D, ; : Invalid :
AWR ! : !
LWR " High ! !
Write | | |
access | | |
D5 to Dg : ! Valid )
D, to D, ‘ Undetermined data

Note: n =7t00

Figure6.9 BusControl Signal Timing for 16-Bit, Two-State-Access Area
(Byte Accessto Even Address)
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Read
access

Write
access

Dis to Dg

D,toDg,

T
]

Note: n=7to0

|

Invalid

: Valid :

Figure 6.10 BusControl Signal Timing for 16-Bit, Two-State-Access Are¢

(Byte Accessto Odd Address)
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AS | | |
RD | | | |
Read ! . !
Disto D
access 15 8 | | Valid |
D, to D, ‘ ‘ Valid ‘
HWR ! ! J |
LWR ; i | j
Write ! ! !
access 1 ! !
Dys to Dg 3 ' Valid }
D, to D, j ! Valid

Note: n=7to0

Figure6.11 BusControl Signal Timing for 16-Bit, Two-State-Access Ar ex
(Word Access)
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1 0 — — Disabled

Pin wait mode 0

0 0 Enabled Programmable w
1 Enabled No wait states

1 0 Enabled Pin wait mode 1
1 Enabled Pin auto-wait mo

Note: n=71t00

Wait Modein Areas Where Wait-State Controller is Disabled

External three-state access areas in which the wait-state controller is disabled (ASTn -
0) operatein pin wait mode 0. The other wait modes are unavailable. The settings of &

and WM S0 are ignored in these areas.

Pin Wait Mode 0: Wait states can only be inserted by WAIT pin control. During acc
external three-state-access area, if the WAIT pinislow at the fal of the system clock
state, await state (T,) isinserted. If the WAIT pin remains low, wait states continuet

until the WAIT signal goes high. Figure 6.12 shows the timing.
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Address bus X External address

AS ] B

RD
Read I_
access Read dat:
Data bus
HWR, LWR I_
Write
access
Data bus Write data

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

Figure6.12 Pin Wait Mode O
Wait Modesin Areas Where Wait-State Controller is Enabled

External three-state access areas in which the wait-state controller is enabled (ASTn =
1) can operate in pin wait mode 1, pin auto-wait mode, or programmable wait mode, a
bits WM S1 and WM S0. Bits WM S1 and WM SO0 apply to al areas, so al areasin whic
state controller is enabled operate in the same wait mode.

Pin Wait Mode 1: In al accesses to external three-state-access areas, the number of w.
(T,,) selected by bits WC1 and WCO are inserted. If the WAIT pin islow at the fall of t
clock (@) in the last of these wait states, an additional wait state isinserted. |f the WAT
remains low, wait states continue to be inserted until the WAIT signal goes high.

Pin wait mode 1 isuseful for inserting four or more wait states, or for inserting differer
of wait states for different external devices.

If the wait count is 0, this mode operates in the same way as pin wait mode 0.
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WAIT pin

Address bus X External address

AS

] i
Read RD I_
]

access Read da

-

Write
access

Data bus Write data

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

Figure6.13 Pin Wait Mode 1
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wJHi*/HHH*\HL

29y

WAIT

Address bus X External address External address

X
s |
’ [

RD (
Read
access Read data Read d:
Data bus
HWR LWR—\—’—’ (
Write
access
Data bus Write data >—< Write data

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

Figure6.14 Pin Auto-Wait Mode
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Read
access

Write
access

Address bus :>< External address

AS

Data bus

HWR, LWR

Data bus

]

-

]

-

Read data

-

Write data

Figure 6.15 Programmable Wait Mode
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1 | it~ i A
(3 states inserted)
3-state-access area,
Area 1l | programmable wait mode | -
(3 states inserted)

3-state-access area,
pin wait mode 0O

Area 2

3-state-access area,
pin wait mode 0

Area 3

2-state-access area,

Area 4 no wait states inserted -

2-state-access area,

Area 5 no wait states inserted

2-state-access area,

Area 6 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 | 1 [ 1 o] o] 1]

wer HF3: | 0 | o | oo o] o] 1]

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

Figure6.16 Wait Mode Settings (Example)
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A 256-kword x 16-bit EPROM is connected to area 0. This device is accessed in three

16-hit bus.

Two 32-kword x 8-bit SRAM devices (SRAM1 and SRAM?2) are connected to area 1
devices are accessed in two states via a 16-bit bus.

One 32-kword x 8-bit SRAM (SRAM3) is connected to area 2. This device is accesse
bus, using three-state access with an additional wait state inserted in pin auto-wait mo

H'000000

H'O7FFFF

H'1FFFFF
H'200000

H'20FFFF
H'210000

H'3FFFFF
H'400000

H'407FFF

H'5FFFFF

HFFFFFF

EPROM

Not used

SRAM 1, 2

Not used

SRAM 3

Not used

%

On-chip RAM

Internal 1/O registers

Area 0
16-hit, three-state-access area

Area 1
16-hbit, two-state-access area

Area 2
8-bit, three-state-access area
(one auto-wait state)

Figure6.17 Memory Map (Example)
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CS,+
SRAM1 (even addre
Aisto Aq
[ A14 to Ao
K 110 7 to I/OO
WAIT .
CS
RD ] OE
FAWR | WE
LWR SRAM2 (odd addres
Aisto Aq
A14t0 Ag
A23t0 AO |/O7 to I/OO
7 cs
= — oF
— WE
D;5toDg ‘ ‘ ‘
D,toDg > SRAM3
Ay to Ag
ol A14 to Ao
K |/O7 to I/OO
— cs
L — OE
— WE

Figure6.18 Interconnectionswith Memory (Example)
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The bus arbiter checks whether the bus request signal from abus master is active or ir
returns an acknowledge signal to the bus master if the bus request signal is active. Wk
more bus masters request the bus, the highest-priority bus master receives an acknowl
The bus master that receives an acknowledge signal can continue to use the bus until
acknowledge signal is deactivated.

The bus master priority order is:
(High)  External bus master > refresh controller > DMAC > CPU (Lc

The bus arbiter samples the bus request signals and determines priority at all times, bt
always grant the bus immediately, even when it receives a bus request from a bus mac
higher priority than the current bus master. Each bus master has certain times at whicl
release the bus to a higher-priority bus master.

CPU

The CPU isthe lowest-priority bus master. If the DMAC, refresh controller, or an ext
master requests the bus while the CPU has the bus right, the bus arbiter transfersthe k
the bus master that requested it. The busright is transferred at the following times:

* Thebusright istransferred at the boundary of a bus cycle. If word data is accesse
consecutive byte accesses, however, the busright is not transferred between the tw
aCccesses.

» If another bus master requests the bus while the CPU is performing internal operal
executing amultiply or divide instruction, the busright is transferred immediately
continues itsinternal operations.

» If another bus master requests the bus while the CPU isin sleep mode, the busrigl
transferred immediately.
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the read cycle and the write cycle.

Thereisapriority order among the DMAC channels. For details see section 8.4.9, DM,
Multiple-Channel Operation.

Refresh Controller

When arefresh cycle is requested, the refresh controller requests the bus right from the
When the refresh cycle is completed, the refresh controller releases the bus. For details
7, Refresh Controller.

External Bus Master

When the BRLE bit isset to 1 in BRCR, the bus can be released to an external bus mas
external bus master has highest priority, and requests the bus right from the bus arbiter
the BREQ signal low. Once the external bus master gets the bus, it keeps the bus right
BREQ signal goes high. While the bus is released to an external bus master, the H8/30:
holds the address bus and data bus control signals (AS, RD, HWR, and LWR) in the hi
impedance state, holds the chip select signals high (CS_: n = 7 to 0), and holds the BAC
the low output state.

The bus arbiter samples the BREQ pin at the rise of the system clock (). If BREQ is|c
isreleased to the external bus master at the appropriate opportunity. The BREQ signal
held low until the BACK signal goes low.

When the BREQ pin is high in two consecutive samples, the BACK signal isdriven hi
the bus-release cycle.
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3 : High-impedance : :
Address >< Address | 1 1 1 /
bus ) / ! ! | |
i 1 1 High level ! !
cs, \ S 1 1 \
3 ‘ ‘ High-impedance ‘ ‘
Data bus 1 1 ; ‘ ; ;
. ‘ ‘ 1 High-im‘edance 1 1
AS, RD High ! N\ 1 p 1 /_
o ‘ High-impedance ‘ ‘
HWR, LWR ! \ 1 ‘ | /_
BREQ \ 1 e 1 1
BACK 1 1 1 1 e
! Minimum 2 cycles
1 2 3 4 5 6

1 Low BREQ signal is sampled at rise of T; state.

2 BACK signal goes low at end of CPU read cycle, releasing bus right to external bus mast
3 BREQ pin continues to be sampled while bus is released to external bus master.
4

6

, 5 HighBREQ signal is sampled twice consecutively.
BACK signal goes high, ending bus-release cycle.

Note: n=7to0

Figure 6.19 External-Bus-Released State (Two-State-Access Area, During Re
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ABWCR, ASTCR, and WCER Write Timing

Datawritten to ABWCR, ASTCR, or WCER takes effect starting from the next bus cy
6.20 shows the timing when an instruction fetched from area O changes area 0 from thr.
access to two-state access.

Address 1
bus :>< >< ASTCR address ><

' 3-state accessto area 0 ' 2-state access
toarea 0

Figure6.20 ASTCR Write Timing
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Address >< PSDDR address X
bus

/

Cs,

High-impedance

Figure6.21 DDR Write Timing
BRCR Write Timing

Data written to switch between A, A, or A, output and generic input or output take
starting from the T, state of the BRCR write cycle. Figure 6.22 shows the timing wher
changed from generic input to A, A,, or A, output.

¢
Address : !
bus >< BRCR addres;s X

Az 10 Ay

High-impedance

Figure6.22 BRCR Write Timing
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O.4.9 Haliaotvll 10 oUltWwal © otalluly IviOUc

If contention occurs between atransition to software standby mode and a bus request fi
external bus master, the bus may be released for one state just before the transitionto s
standby mode (see figure 6.23). When using software standby mode, clear the BRLE b
BRCR before executing the SLEEP instruction.

' Bus-released state:  Software standby mod

BACK

Address bus

Strobe

Figure6.23 Contention between Bus-Released State and Softwar e Standby
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D S e e g e e T e e

A maximum 128 kbytes can be connected in modes 1, 2, and 5 (1-Mbyte modes). A n
2 Mbytes can be connected in modes 3, 4, and 6 (16-Mbyte modes).

Systems that do not need to refresh DRAM or pseudo-static RAM can use the refresh
an 8-bit interval timer.

When the refresh controller is not used, it can be independently halted to conserve pol
details see section 20.6, Module Standby Function.

711 Features

The refresh controller can be used for one of three functions: DRAM refresh control, |
RAM refresh control, or 8-bit interval timing. Features of the refresh controller are lis

Features as aDRAM Refresh Controller:

» Enablesdirect connection of 16-bit-wide DRAM

* Selection of 2CAS or 2WE mode

» Selection of 8-bit or 9-bit column address multiplexing for DRAM address input
Examples:
0 1-Mbit DRAM: 8-bit row address x 8-bit column address
O 4-Mbit DRAM: 9-bit row address x 9-bit column address
O 4-Mbit DRAM: 10-hit row address x 8-bit column address

» CAS-before-RAS refresh control

» Software-selectable refresh interval

» Software-selectable self-refresh mode

» Wait states can be inserted
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» Refresh timer counter (RTCNT) can be used as an 8-bit up-counter
» Selection of seven counter clock sources: @¢/2, @/8, ¢/32, @128, ¢/512, ¢/2048, ¢/40

* Interrupts can be generated by compare match between RTCNT and the refresh tim
register (RTCOR)

Rev. 3.00 Sep 27, 2006 page 160 of 872
REJ09B0325-0300

RENESAS



Clock selector

Control logic

Comparator

)

RTCNT
RTCOR

(0

)

RTMCSR
RFSHCR

U 0

Bus interface

Internal data bus

Module data bus

Legend:

RTCNT:  Refresh timer counter

RTCOR: Refresh time constant register
RTMCSR: Refresh timer control/status register
RFSHCR: Refresh control register

— CMl interrupt

Figure7.1 Block Diagram of Refresh Controller
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used to refresthRAM ar

HWR  Upper write/upper column UW/UCAS Output  Connects to the UW pin ¢
address strobe DRAM or UCAS pin of 2C
LWR  Lower write/lower column ~ LW/LCAS ~ Output  Connects to the LW pin ¢
address strobe DRAM or LCAS pin of 2C
RD Column address strobe/ CAS/WE  Output  Connects to the CAS pin
write enable DRAM or WE pin of 2CA:
CS, Row address strobe RAS Output  Connects to the RAS pin
7.14 Register Configuration

Table 7.2 summarizes the refresh controller’ s registers.

Table7.2 Refresh Controller Registers

Address” Name Abbreviation  R/W Ini
H'FFAC Refresh control register RFSHCR R/W H'(C
H'FFAD Refresh timer control/status register RTMCSR R/W H'C
H'FFAE Refresh timer counter RTCNT R/W H'
H'FFAF Refresh time constant register RTCOR R/W H'F
Note: * Lower 16 bits of the address.
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\ SRFMD ‘PSRAME‘ DRAME\CAS/@\ M9/M8 \ RFSHE \ 0

Initial value 0 0 0 0 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W O

Ref

ena

Ena

disa

inse

refre

Reservec

Refresh pin enabl

Enables refresh sig

from the refresh pir

Address multiplex mode selec
Selects the number of column af

Strobe mode selei
Selects 2CAS or 2WE strobing of DRAM

PSRAM enable and DRAM enable
These bits enable or disable connection of pseudo-static RAM

Self-refresh mode
Selects self-refresh mode

RFSHCR isinitialized to H'02 by areset and in hardware standby mode.
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v TAAVE UL T 1AVAVE oLldiTcilicoll 1o Uioavitu 1 ouvillvval o QLGIIUUy vy
(I
1 DRAM or PSRAM self-refresh is enabled in software standby mod

Bit 6—PSRAM Enable (PSRAME) and
Bit 5—DRAM Enable (DRAME): These bits enable or disable connection of pseudo-
and DRAM to area 3 of the external address space.

When DRAM or pseudo-static RAM is connected, the bus cycle and refresh cycle of ar
of three states, regardless of the setting in the access state control register (ASTCR). If
in ASTCR, wait states cannot be inserted.

When the PSRAME or DRAME bit isset to 1, bits 0, 2, 3, and 4 in RFSHCR and regis
RTMCSR, RTCNT, and RTCOR are write-disabled, except that the CMF flagin RTM
cleared by writing O.

Bit 6: PSRAME Bit 5: DRAME Description

0 0 Can be used as an interval timer (Ir
(DRAM and PSRAM cannot be directly conn
DRAM can be directly connected

1 0 PSRAM can be directly connected
lllegal setting

Bit 4—Strobe M ode Select (CAS/'WE): Selects 2CAS or 2WE mode. The setting of tl
valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled when the PSRAI
DRAME bitisset to 1.

Bit 4: CAS/WE Description
0 2WE mode (I
1 2CAS mode
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Bit 2—Refresh Pin Enable (RFSHE): Enables or disables refresh signal output fror
pin. This bit is write-disabled when the PSRAME or DRAME bit is set to 1.

Bit 2: RFSHE Description

0 Refresh signal output at the RFSH pin is disabled (the RFSH pin
as a generic input/output port) (

1 Refresh signal output at the RFSH pin is enabled

Bit 1—Reserved: Read-only bit, awaysread as 1.
Bit 0—Refresh Cycle Enable (RCY CE): Enables or disables insertion of refresh cyc

The setting of this bit is valid when PSRAME = 1 or DRAME = 1. When PSRAME =
DRAME = 0, refresh cycles are not inserted regardless of the setting of this bit.

Bit 0: RCYCE Description
0 Refresh cycles are disabled (
1 Refresh cycles are enabled for area 3
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Read/Write R/(W)* R/W R/W R/W R/W O 0

| |
Clock select 2to 0 Reserved &
These bits select an
internal clock source
for input to RTCNT

Compare match interrupt enable
Enables or disables the CMI interrupt requested by CMF

Compare match flag
Status flag indicating that RTCNT has matched RTCOR

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

Bits 7 and 6 areinitialized by areset and in standby mode. Bits 5 to 3 are initiaized by
in hardware standby mode, but retain their previous values on transition to software ste

Bit 7—Compar e Match Flag (CMF): This status flag indicates that the RTCNT and |
values have matched.

Bit 7: CMF Description
0 [Clearing condition]

Cleared by reading CMF when CMF = 1, then writing 0 in CMF
1 [Setting condition]

When RTCNT = RTCOR
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Bits5to 3—Clock Select 2t0 0 (CKS2 to CK S0): These bits select an internal clocl
input to RTCNT. When used for refresh control, the refresh controller outputs a refres
periodic intervals determined by compare match between RTCNT and RTCOR. Whel
interval timer, the refresh controller generates CMI interrupts at periodic intervals det
compare match. These bits are write-disabled when the PSRAME bit or DRAME bit i

Bit 5: CKS2 Bit 4: CKS1 Bit 3: CKSO Description
0 0 0 Clock input is disabled  (
1 @2 clock source
1 0 @8 clock source
1 @32 clock source
1 0 0 (/128 clock source
1 @512 clock source
1 0 (/2048 clock source
1 @'4096 clock source

Bits 2 to 0—Reserved: Read-only bits, alwaysread as 1.
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RTCNT is an up-counter that isincremented by an internal clock selected by bits CKS:
in RTMCSR. When RTCNT matches RTCOR (compare match), the CMF flag is set tc
RTCNT iscleared to H'0O.

RTCNT iswrite-disabled when the PSRAME bit or DRAME bit isset to 1. RTCNT is
to H'00 by areset and in standby mode.

724 Refresh Time Constant Register (RTCOR)

RTCOR is an 8-bit readable/writable register that determines the interval at which RTC
compare matched.

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

RTCOR and RTCNT are constantly compared. When their values match, the CMF flag
in RTMCSR, and RTCNT is simultaneoudly cleared to H'00.

RTCOR is write-disabled when the PSRAME bit or DRAME hit issetto 1. RTCOR is
to H'FF by areset and in hardware standby mode. In software standby mode it retains i
value.

Rev. 3.00 Sep 27, 2006 page 168 of 872
REJ09B0325-0300
RENESAS



Iavie 1.5

RET I Lol olier octuhgys

Usage
Register Settings DRAM Interface PSRAM Interface Interval
RFSHCR SRFMD Selects self-refresh Selects self-refresh Cleared
mode mode
PSRAME Clearedto O Setto 1 Cleared
DRAME Setto 1 Clearedto 0 Cleared
CAS/WE Selects 2CAS or — —
2WE mode
M9/M8 Selects column — —
addressing mode
RFSHE Selects RFSH signal  Selects RFSH signal  Cleared
output output
RCYCE Selects insertion of Selects insertion of —
refresh cycles refresh cycles
RTCOR Refresh interval Refresh interval Interrupt
RTMCSR CKS2 to setting setting setting
CKSO0
CMF Set to 1 when Set to 1 when Setto 1
RTCNT = RTCOR RTCNT = RTCOR RTCNT
CMIE Clearedto 0 Clearedto O Enables
interrupt
P8DDR P8,DDR Setto 1 (CS, output)  Setto 1 (CS, output) Setto 0
ABWCR ABW3 Clearedto 0 — —
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To set up area 3 for connection to pseudo-static RAM, initialize RTCOR, RTMCSR, a
RFSHCR in that order, setting bit PSRAME to 1 and clearing bit DRAME to 0. Set bit
1in P8DDR to enable CS, output.

Interval Timer

When PSRAME = 0 and DRAME = 0, the refresh controller operates as an interval tin
setting RTCOR, select an input clock in RTMCSR and set the CMIE bit to 1. CMI inte
be requested at compare match intervals determined by RTCOR and bits CKS2 to CK €
RTMCSR.

When setting RTCOR, RTMCSR, and RFSHCR, make sure that PSRAME = 0 and DR
Writing is disabled when either of these bitsisset to 1.
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H'00

Refresh request

RTCNT

Figure7.2 Refresh Request Interval (RCYCE =1)

Refresh requests are generated at regular intervals as shown in figure 7.2, but the refre

not actually executed until the refresh controller gets the busright.

Table 7.4 summarizes the relationship among area 3 settings, DRAM read/write cycle

refresh cycles.

Table7.4  Area3 Settings, DRAM Access Cycles, and Refresh Cycles

Read/Write Cycle by CPU
Area 3 Settings or DMAC

Refresh Cycle

2-state-access area .
(AST3 =0)

3 states
Wait states cannot be inserted

3 states
Wait states cannot

3-state-access area .
(AST3=1)

3 states
Wait states can be inserted

3 states
Wait states can be

To insert refresh cycles, set the RCY CE bit to 1 in RFSHCR. Figure 7.3 shows the st
for execution of refresh cycles.

When the first refresh request occurs after exit from the reset state or standby mode, tl
controller does not execute a refresh cycle, but goes into the refresh request pending s
this point when using a DRAM that requires arefresh cycle for initialization.

Rev. 3.00 Sep 27, 2006 pac

RENESAS

REJO!



Refresh request

End of refres

Refresh request pending state
quest pending cycle*

Refresh request

Y

rResz‘ZZ?* Requesting bus right
' Bus granted
rRe(;flfJiZ?* Executing refresh cycle

Note: * A refresh request is ignored if it occurs while the refresh controller is reques
bus right or executing a refresh cycle.

Figure7.3 State Transitionsfor Refresh Cycle Execution

Address Multiplexing

Address multiplexing depends on the setting of the M9/M8 bit in RFSHCR, as describe
7.5. Figure 7.4 shows the address output timing. Address output is multiplexed only in

Rev. 3.00 Sep 27, 2006 page 172 of 872
REJ09B0325-0300

RENESAS



AstoAg, A >< Axto Ag, Ay
Address
bus
Agto A, X Agoa, X AL to Ag
Row address Column address
a. M9/M8 =0
}471-1 4>}<7T2 4>{<7T3 _
0 I I R N
Axsto Ay, Ag >< Ax3to A, Ag
Address
bus
Agto A, >< Agto A >< Agto Aqg
Row address Column address
b. M9/M8 =1

Figure 7.4 Multiplexed Address Output (Example without Wait State
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H8/3048B Group Pin CAS/WE = 0 (2WE Mode) CAS/WE =1 (2CAS Mc

HWR uw UCAS
LWR W LCAS
RD CAS WE
CS RAS RAS

@)

Figure 7.5 (1) shows the interface timing for 2WE DRAM. Figure 7.5 (2) shows theint
timing for 2CAS DRAM.

Read cycle } Write cycle* } Refresh cycle

- —- ~—= -
2SN [ I O
Qggress >< Row Column >< Row Column >< Area 3 top address
CS; ! ! :
RAS) | i i
RD : : :
(CAS) ! : i
HWR ! ! |
W) : i
LWR ! !
W) i i

S B o T o B

Note: * 16-bit access

>

Figure7.5(1) DRAM Control Signal Output Timing (2WE M ode)
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(RAS) | L by

AWR ; ; :
(UCAS) — | L] |
LWR ‘ : :
(LCAS) —\—, : I T

Note: * 16-bit access

Figure7.5(2) DRAM Control Signal Output Timing (2CAS M ode)

Refresh Cycle Priority Order
When there are simultaneous bus requests, the priority order is:
(High) External bus master > refresh controller > DMA controller > CPU

For details see section 6.3.7, Bus Arbiter Operation.

Wait State Insertion

When bit AST3 isset to 1in ASTCR, bus controller settings can cause wait statesto |
into bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes.

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



Table7.7

Software Standby Mode

Pin Statesin Softwar e Standby Mode (1) (PSRAME = 0, DRAME =1

SRFMD =0 SRFMD =1 (self-refres
Signal CAS/WE =0 CASWE =1 CAS/WE =0 CAS/W
HWR High-impedance High-impedance High Low
LWR High-impedance High-impedance High Low
RD High-impedance High-impedance Low High
CS, High High Low Low
RFSH High High Low Low
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|

RD (CAS)

HWR (UW) High

LWR (LW) High

RFSH

:

a. 2WE mode (SRFMD = 1)

Software : Oscillator
standby mode : settling time

(( 1 ((
)) 1 ))

¢

Address
bus

High-impedance

CS; (RAS)

gL L

|
—
_ |

b. 2CAS mode (SRFMD = 1)

Figure7.6 Signal Output Timing in Self-Refresh Mode (PSRAME = 0, DRA
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address map. Figure 7.8 shows a setup procedure to be followed by a program for this ¢
After power-up the DRAM must be refreshed to initialize its internal state. Initializatio
certain length of time, which can be measured by using an interrupt from another timer
by counting the number of times RTMCSR bit 7 (CMF) is set. Note that no refresh cyc
executed for the first refresh request after exit from the reset state or standby mode (the
the CMF flag is set; see figure 7.3). When using this example, check the DRAM device
characteristics carefully and use a procedure that fits them.

2WE 1-Mbit DRAM wit
x 16-bit organization

H8/3048B Group

8 A7
A7 As
Ag Ag
Asg Ay
Ay A3
Ay Ag
CSs % RAS
RD CAS
HWR uw
LWR LW
OE
Disto Dy /04510 /0
a. Interconnections (example)
H'60000
DRAM area Area 3 (1-Mbyte mode)
H'7FFFF

b. Address map

Figure7.7 Interconnectionsand Address Map for 2WE 1-Mbit DRAM (Exc
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Set RTCOR

Set bits CKS2 to CKSO0 in RTMCSR

Write H'23 in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7.8 Setup Procedurefor 2WE 1-Mbit DRAM (1-Mbyte Mode
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row address, 8-bit column ad
and x 16-bit organization

H8/3048B Group

18 Ag
Ag7 Ag
Ag A7
Az Ag
As As
A5 A4
A4 A3
As Az
Az Ay
Al Ao
Cs, % RAS
RD CAS
HWR uw
LWR @
OE
Disto Dy 1/045t0 /10
a. Interconnections (example)
H'600000
DRAM area
H'67FFFF
H'680000
Area 3 (16-Mbyte mode)
Not used
H'7FFFFF

b. Address map

Figure7.9 Interconnectionsand AddressMap for 2WE 4-Mbit DRAM (Exe
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Set RTCOR

Set bits CKS2 to CKSO0 in RTMCSR

Write H'23 in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7.10 Setup Procedurefor 2WE 4-Mbit DRAM with 10-Bit Row Addres
Column Address (16-M byte M ode)
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H8/3048B Group  Ag

2CAS 4-Mbit DRAM with 9-b
row address, 9-bit column ac
and x 16-bit organization

RAS

UCAS

LCAS

WE
OE

/04510 1/0¢

a. Interconnections (example)

H'600000
DRAM area
H'67FFFF
H'680000
Not used
H'7FFFFF

Area 3 (16-Mbyte mode)

b. Address map

Figure7.11 Interconnectionsand Address Map for 2CAS 4-Mbit DRAM (Ex
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Set RTCOR

Set bits CKS2 to CKSO0 in RTMCSR

Write H'3B in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7.12 Setup Procedurefor 2CAS 4-Mbit DRAM with 9-Bit Row Addres
Column Address (16-M byte M ode)

Example 4: Connection to Multiple 4-Mbit DRAM Chips (16-Mbyte M ode)

Figure 7.13 shows an example of interconnections to two 2CAS 4-Mbit DRAM chips
corresponding address map. Up to four DRAM chips can be connected to area 3 by de
upper address bits A, and A,

Figure 7.14 shows a setup procedure to be followed by a program for this example. Tl
this example has 9-bit row addresses and 9-bit column addresses. Both chips must be
simultaneously, so the RFSH pin must be used.
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LCAS
|| WE
OE
1/045 to 1/O
Agto A
oss [+ 1 DDHH RAS
HWR UCAS
LWR LCAS
RD WE
RFSH i% I -
Pis to Do 045 to 110,
a. Interconnections (example)
H'600000 No. 1 A
H'67FFEE DRAM area
H'680000 No. 2
H'6FFFEF DRAM area
H'700000 Area 3 (16-Mbyte mode)
Not used
H'7FFFFF v

b. Address map

Figure7.13 Interconnectionsand Address Map for Multiple 2CAS 4-Mbit DR/
(Example)
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Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'3F in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure7.14 Setup Procedurefor Multiple 2CAS 4-Mbit DRAM Chipswith €
Address and 9-Bit Column Address (16-M byte M ode)

7.3.3 Pseudo-Static RAM Refresh Control
Refresh Request Interval and Refresh Cycle Execution

The refresh request interval is determined asin aDRAM interface, by the settings of |
bits CKS2 to CKS0 in RTMCSR. The numbers of states required for pseudo-static R/
read/write cycles and refresh cycles are the same as for DRAM (see table 7.4). The st
transitions are as shown in figure 7.3.
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bus ) 1\ /\___Area s top address

|
HWR
i i

LWR

RFSH | | |

Note: * 16-bit access

Figure7.15 Pseudo-Static RAM Control Signal Output Timing

Refresh Cycle Priority Order
When there are simultaneous bus requests, the priority order is:
(High)  External bus master > refresh controller > DMA controller > CPU

For details see section 6.3.7, Bus Arbiter Operation.

Wait State Insertion

When bit AST3isset to 1 in ASTCR, the wait state controller (WSC) can insert wait &t
bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes.
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Table7.8 Pin Statesin Software Standby Mode (2) (PSRAME =1, DRAME =

Software Standby Mode

Signal SRFMD =0 SRFMD =1 (Self-Refresh Moc
CS, High High
RD High-impedance High-impedance
R High-impedance High-impedance
R High-impedance High-impedance
FSH High Low
‘ . Oscillator
' Software standby mode | settling time |
o L] L] ) L
Address N_  High-impedance ‘
bus ‘ ‘
CS3 H|gh I | I

. ‘ High-impedance | ‘
RD : e ‘ ‘

High-impedance

High-impedance

RFSH i

Figure7.16 Signal Output Timing in Self-Refresh Mode (PSRAME =1, DR/
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OE/RFSH pin. Figure 7.17 shows an example of acircuit for generating an OE/RFSH
Check the device characteristics carefully, and design a circuit that fits them. Figure 7.
setup procedure to be followed by a program.

H8/3048B Group PSRAM

RD
% OE/RFSH

RFSH

Figure 7.17 Interconnection to Pseudo-Static RAM with OE/RFSH Signal (E>
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Set bits CKS2 to CKS0 in RTMCSR

Write H'47 in RFSHCR

Wait for PSRAM to be initialized

i

PSRAM can be accessed

Figure 7.18 Setup Procedurefor Pseudo-Static RAM
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RTCNT values match. The compare match signal is generated in the last state in whick
match (when RTCNT is updated from the matching value to a new value). Accordingly
RTCNT and RTCOR match, the compare match signal is not generated until the next ¢
clock pulse. Figure 7.19 shows the timing.

RTCNT N X H'00
RTCOR N
Compare
match signal
R‘
CMF flag

Figure 7.19 Timing of Setting of CMF Flag

Operation in Power-Down State

Theinterval timer function operatesin sleep mode. It does not operate in hardware star
In software standby mode RTCNT and RTMCSR bits 7 and 6 areinitialized, but RTM
to 3 and RTCOR retain their settings prior to the transition to software standby mode.
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Address bus X RTCNT address ><

Internal
write signal

Counter
clear signal

RTCNT N >< H'00

Figure7.20 Contention between RTCNT Write and Clear
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Address bus X RTCNT address ><

Internal
write signal

RTCNT
input clock

RTCNT N >< M

Counter write data

Figure7.21 Contention between RTCNT Write and I ncrement
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Address bus X RTCNT address ><

Internal

write signal

RTCNT N >< N+1

RTCOR N >< P M
RTCOR write data

Compare E !

match signal : AN

Inhibited

Figure7.22 Contention between RTCOR Writeand Compare Matcl

RTCNT Operation at Internal Clock Source Switchover

Switching internal clock sources may cause RTCNT to increment, depending on the s
timing. Table 7.9 shows the relation between the time of the switchover (by writing tc
to CKS0) and the operation of RTCNT.

The RTCNT input clock is generated from the internal clock source by detecting the f
of theinternal clock. If a switchover is made from a high clock sourceto alow clock
case No. 3intable 7.9, the switchover will be regarded as afalling edge, an RTCNT ¢
will be generated, and RTCNT will be incremented.
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source \j—l

RTCNT ;
clock I_I 1
RTCNT N X N+ 1

CKS bits rewritten

2 Low - high switchover*: |

Old clock |
source I__I

New clock ‘
source 3
RTCNT i
clock I_I I_I :
RTCNT N X N+1 {1 N+2

CKS bits rewritten
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4 T *4
w1 (D

RTCNT N ><N+1§ X N+2

CKS bits rewritten

4 High - high switchover*

Old clock _,—\—,—\—,—
source 3

New clock
source

RTCNT
clock

RTCNT N X N+1 ) N+?.‘

CKS bits

Notes: 1. Including switchovers from a low clock source to the halted state, and from
state to a low clock source.

2. Including switchover from the halted state to a high clock source.

w

Including switchover from a high clock source to the halted state.

4. The switchover is regarded as a falling edge, causing RTCNT to increment
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»  With the refresh controller, if directly connected DRAM or PSRAM is disconnecte
P8/RFSH/IRQ, pin and the P8 /CS/IRQ, pin may both become low-level outputs
simultaneously.

Note: * Whenthe DRAM enable bit (DRAME) or PSRAM enable bit (PSRAME) il
refresh control register (RFSHCR) is cleared to O after being set to 1.

B s I e B e O s O

Address bus >< Area 3 start address ><

P8,/RFSH/IRQ, § ’7

P8,/CS3/IRQ, ‘ h

Figure 7.23 Operation when DRAM/PSRAM Connection Is Switched

» Refresh cycles are not executed while the busis released, during software standby r
when abus cycleis greatly prolonged by insertion of wait states. When these condi
other means of refreshing are required.

» If refresh requests occur while the busis released, the first request is held and one r
is executed after the bus-released state ends. Figure 7.24 shows the bus cyclesin thi
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BACK

Figure7.24 Refresh Cycleswhen Bus|sReleased

» If abuscycleisprolonged by insertion of wait states, the first refresh request is he
bus-released state.

» If thereis contention with a bus request from an external bus master when making
to software standby mode, a one-state bus-released state may occur immediately b
transition to software standby mode (see figure 7.25).

When using software standby mode, clear the BRLE bit to 0 in BRCR before exec
SLEEP instruction.

When making atransition to self-refresh mode, the strobe waveform output may n
guaranteed due to the same kind of contention. This, too, can be prevented by cles
BRLE bitto 0in BRCR.

'External bus | Software standby mode
‘released state !

BREQ
Address bus /

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

Strobe

Figure7.25 Contention between Bus-Released State and Softwar e Standby
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details see section 20.6, Module Standby Function.

81.1 Features

DMAC features are listed below.

Selection of short address mode or full address mode
Short address mode:

O 8-hit source address and 24-bit destination address, or vice versa
0 Maximum four channels available

O Selection of 1/0 mode, idle mode, or repeat mode
Full address mode:

O 24-bit source and destination addresses

0 Maximum two channels available

O Selection of norma mode or block transfer mode
Directly addressable 16-Mbyte address space
Selection of byte or word transfer

Activation by internal interrupts, external requests, or auto-request (depending on
mode)

0 16-bit integrated timer unit (ITU) compare match/input capture interrupts (foul

O Serial communication interface (SCI channel 0) transmit-data-empty/receive-c
interrupts

0 Externa requests
0 Auto-request
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h Al g PRERRE A
IMIA2 — Arithmetic-logic unit
IMIA3 —
&:8 MAROA
Channel
™ I0AR
oA ﬁm
DREQO —=| Control logic Channel ETCROA
DREQT — 0 MAROB
TENDO Channel
TEND1 = 0B I0ARO
DTCROA| ETCROB
Interrupt  DENDOA -=— DTCROB MAR1A
signals DENDOB =—
DEND1A <—] DTCRI1A Channel IOAR1
DEND1B =— 1A
DTCR1B Channel ETCRIA
1 MAR1B
Channel 10AR1
1B
Data buffer ETCR1B

y

Internal data bus

Legend:

DTCR: Data transfer control register
MAR: Memory address register
I0AR: /O address register

ETCR: Execute transfer count register

Figure 8.1 Block Diagram of DMAC
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Short
address
mode

I/0O mode

Transfers one byte or one word
per request

Increments or decrements the
memory address by 1 or 2

Executes 1 to 65,536 transfers

Idle mode

Transfers one byte or one word
per request

Holds the memory address fixed
Executes 1 to 65,536 transfers

Repeat mode

Transfers one byte or one word per
request

Increments or decrements the
memory address by 1 or 2
Executes a specified number (1 to

255) of transfers, then returns to
the initial state and continues

Compare match/ 24
input capture A
interrupts from ITU
channels 0 to 3

Transmit-data-empty
interrupt from SCI

channel 0
Receive-data-full 8
interrupt from SCI
channel 0

External request 24

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



(1 to 65,536) of transfers
continuously
O Selection of burst mode or

cycle-steal mode
* External request
O Transfers one byte or one
word per request
0 Executes 1 to 65,536 transfers

Block transfer « Compare match/ 24
« Transfers one block of a specified input capture A
size per request interrupts from ITU

« Executes 1 to 65,536 transfers channels O to 3

+ Allows either the source or *  External request

destination to be a fixed block
area

« Block size can be 1 to 255 bytes
or words
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Transfer end 0 TEND, Output Transfer end on DMAC ct

1 DMA request 1 DREQ, Input External request for DMA(
Transfer end 1 TEND, Output Transfer end on DMAC ct
Note: External requests cannot be made to channel A in short address mode.

8.1.5 Register Configuration

Table 8.3 liststhe DMAC registers.
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execute transter count register OAR ETCROAH RIVW ur

H'FF25 Execute transfer count register OAL ETCROAL R/W un
H'FF27 Data transfer control register 0A DTCROA R/W H'(
H'FF28 Memory address register OBR MAROBR R/W H'l
H'FF29 Memory address register OBE MAROBE R/W un
H'FF2A Memory address register 0BH MAROBH R/W Un
H'FF2B Memory address register OBL MAROBL R/W Un
H'FF2E 1/0 address register 0B IOAROB R/W un
H'FF2C Execute transfer count register 0BH ETCROBH R/W Un
H'FF2D Execute transfer count register OBL ETCROBL R/W un
H'FF2F Data transfer control register OB DTCROB R/W H'(
1 H'FF30 Memory address register 1AR MAR1AR R/W H'I
H'FF31 Memory address register 1AE MAR1AE R/W un
H'FF32 Memory address register 1AH MAR1AH R/W Un
H'FF33 Memory address register 1AL MAR1AL R/W uUr
H'FF36 1/0 address register 1A I0AR1A R/W un
H'FF34 Execute transfer count register 1AH ETCR1AH R/W Un
H'FF35 Execute transfer count register 1AL ETCR1AL R/W un
H'FF37 Data transfer control register 1A DTCR1A R/W H'(
H'FF38 Memory address register 1BR MAR1BR R/W H'I
H'FF39 Memory address register 1BE MAR1BE R/W un
H'FF3A Memory address register 1BH MAR1BH R/W Un
H'FF3B Memory address register 1BL MAR1BL R/W uUr
H'FF3E 1/0 address register 1B IOAR1B R/W un
H'FF3C Execute transfer count register 1BH ETCR1BH R/W Ur
H'FF3D Execute transfer count register 1BL ETCR1BL R/W un
H'FF3F Data transfer control register 1B DTCR1B R/W H'(

Note: * The lower 16 bits of the address are indicated.
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Chnannel DISZA DIS1A

pescription

0 1 1

DMAC channel 0 operates as one channel in full
mode

Other than above

DMAC channels OA and OB operate as two indey
channels in short address mode

DMAC channel 1 operates as one channel in full
mode

Other than above

DMAC channels 1A and 1B operate as two inde
channels in short address mode

821 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register that specifies
destination address. The transfer direction is determined automatically from the active

An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MA
of MARR are reserved: they cannot be modified and are alwaysread as 1.

Bit 3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4

Initialvalue 1 1 1 1 1 1 1 1

Undetermined

ReadWrite O O O O O O O O RWRMWRMWRMWRMWRMWRWRW RW RW RW RW RW RW RW RW RW RIW RW R/

MARR

MARE MARH M

Source or destination address

An MAR functions as a source or destination address register depending on how the L
activated: as a destination address register if activation is by areceive-data-full interrt
serial communication interface (SCI) (channel 0), and as a source address register oth
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destination address. The IOAR value is the lower 8 bits of the address. The upper 16 &
aredl 1 (H'FFFF).

Bit 7 6 5 4 3 2 1
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W

Source or destination address

An |OAR functions as a source or destination address register depending on how the D
activated: as a source address register if activation is by areceive-data-full interrupt frc
(channel 0), and as a destination address register otherwise.

The IOAR valueis held fixed. It is not incremented or decremented when atransfer is

The IOARs are not initialized by areset or in standby mode.

8.2.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that spe
number of transfersto be executed. These registers function in one way in I/O mode ar
mode, and another way in repeat mode.
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In 1/0 mode and idle mode, ETCR functions as a 16-bit counter. The count is decrem

1 each time one transfer is executed. The transfer ends when the count reaches H'000(

Repeat mode

Bit

Initial value
Read/Write

Bit

Initial value
Read/Write

Undetermined
R/W R/W R/W R/W R/W R/W R/W

ETCRH

Transfer counter

Undetermined
R/W R/W R/W R/W R/W R/W R/W

ETCRL

Initial count

In repeat mode, ETCRH functions as an 8-bit transfer counter and ETCRL holds the i
count. ETCRH is decremented by 1 each time one transfer is executed. When ETCRF
H'00, the valuein ETCRL isreloaded into ETCRH and the same operation is repeate

The ETCRs are not initialized by areset or in standby mode.
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Read/Write R/W R/W R/W R/W R/W R/W R/W

| |
Data transfer enable Data transfer s
Enables or disables These bits selec
data transfer transfer activatic
Data transfer size Data transfer interrupt enable
Selects byte or Enables or disables the CPU inter
word size at the end of the transfer

Data transfer
increment/decrement
Selects whether to
increment or decrement
the memory address
register

Repeat enable

Selects repeat
mode

The DTCRsareinitialized to H'00 by areset and in standby mode.

Bit 7—Data Transfer Enable (DTE): Enables or disables data transfer on a channel.
DTE bit is set to 1, the channel waits for atransfer to be requested, and executes the tre
activated as specified by bits DTS2 to DTS0. When DTE is 0, the channel is disabled &
accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then wr

Bit 7: DTE Description

0 Data transfer is disabled. In I/O mode or idle mode, DTE is cleared
the specified number of transfers have been completed. (I

1 Data transfer is enabled

If DTIE isset to 1, a CPU interrupt is requested when DTE is cleared to 0.
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Bit 5: DTID Description

0 MAR is incremented after each data transfer
« If DTSZ =0, MAR is incremented by 1 after each transfer
« IfDTSZ =1, MAR is incremented by 2 after each transfer
1 MAR is decremented after each data transfer
« If DTSZ =0, MAR is decremented by 1 after each transfer
« If DTSZ =1, MAR is decremented by 2 after each transfer

MAR is not incremented or decremented in idle mode.

Bit 4—Repeat Enable (RPE): Selects whether to transfer datain I/O mode, idle moc
mode.

Bit 4: RPE Bit 3: DTIE Description

0 0 1/0 mode (
1

1 0 Repeat mode
1 Idle mode

Operationsin these modes are described in sections 8.4.2, 1/0 Mode, 8.4.3, Idle Mode
Repeat Mode.

Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU intert
requested when the DTE bit iscleared to O.

Bit 3: DTIE Description
0 The DEND interrupt requested by DTE is disabled (
1 The DEND interrupt requested by DTE is enabled
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channel 1

1 0 Compare match/input capture A interrt
channel 2
1 Compare match/input capture A interrt
channel 3
1 0 0 Transmit-data-empty interrupt from SC
Receive-data-full interrupt from SCI ch
1 0 Falling edge of DREQ input (channel E
Transfer in full address mode (channe!
1 Low level of DREQ input (channel B)

Transfer in full address mode (channe!

The same internal interrupt can be selected as an activation source for two or more cha
once. In that case the channels are activated in a priority order, highest-priority channel
the priority order, see section 8.4.9, DMAC Multiple-Channel Operation.

When achannel isenabled (DTE = 1), its selected DMAC activation source cannot ger
CPU interrupt.
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An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MA
of MARR are reserved: they cannot be modified and are always read as 1.

Bit 3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4

Iniialvalue 1 1 1 1 1 1 1 1 Undetermined

ReadWrite 0O O O O O O O O RWRMWRMWRMWRMWRMWRMWRW RW RW RW RW RW RW RW RW RW RIW R/W R/

MARR MARE MARH M

Source or destination address

The MAR value isincremented or decremented each time one byte or word is transfer
automatically updating the source or destination memory address. For details, see sec
Data Transfer Control Registers (DTCR).

The MARs are not initialized by areset or in standby mode.

8.3.2 I/O Address Registers (IOAR)

The 1/O address registers (IOARs) are not used in full address mode.
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Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2
Initial value Undetermined
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 RN

Block transfer counter

ETCRB: Is not used in norma mode.

In normal mode ETCRA functions as a 16-bit transfer counter. The count is decrement
each time one transfer is executed. The transfer ends when the count reaches H'0000. E
not used.
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ETCRAH

Block size counter

Bit 7 6 5 4 3 2 1

Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W
ETCRAL

Initial block size

ETCRB:
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3
Initial value Undetermined

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

Block transfer counter

In block transfer mode, ETCRAH functions as an 8-bit block size counter. ETCRAL |
initial block size. ETCRAH is decremented by 1 each time one byte or word is transfe
the count reaches H'00, ETCRAH isreloaded from ETCRAL. Blocks consisting of an
number of bytes or words can be transferred repeatedly by setting the same initial blo
in ETCRAH and ETCRAL.

In block transfer mode ETCRB functions as a 16-bit block transfer counter. ETCRB i
decremented by 1 each time one block is transferred. The transfer ends when the coun
H'0000.

The ETCRs are not initialized by areset or in standby mode.
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Bit 7 6 5 4 3 2 1
‘ DTE ‘ DTSZ ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A DTSlA‘

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 transfer enable Datc
Enables or disables sele
data transfer D ‘ Sele
ata transfer tran

Data transfer size
Selects byte or
word size

interrupt enable
Enables or disables the
CPU interrupt at the end

of the transfer

Source address
increment/decrement
Source address increment/
decrement enable

These bits select whether
the source address register
(MARA) is incremented,
decremented, or held fixed
during the data transfer

Data transfer se
2A and 1A
These bits must |
settol

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

Bit 7—Data Transfer Enable (DTE): Together with the DTME bit in DTCRB, this bi
or disables data transfer on the channel. When the DTME and DTE bits are both set to

channel is enabled. If auto-request is specified, data transfer beginsimmediately. Other
channel waits for transfers to be requested. When the specified number of transfers hav
completed, the DTE bit is automatically cleared to 0. When DTE is 0, the channel is di:
does not accept transfer requests. DTE is set to 1 by reading the register when DTE is(

writing 1.
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Bit 6: DTSZ Description
0 Byte-size transfer (

1 Word-size transfer

Bit 5—Source Address Increment/Decrement (SAID) and

Bit 4—Sour ce Address | ncrement/Decrement Enable (SAIDE): These bits select v
source address register (MARA) isincremented, decremented, or held fixed during th
transfer.

Bit 5: SAID Bit 4: SAIDE Description
0 0 MARA is held fixed (
1 MARA is incremented after each data transfer
e If DTSZ =0, MARA is incremented by 1 af

transfer
e« IfDTSZ =1, MARA is incremented by 2 af

transfer

1 0 MARA is held fixed

MARA is decremented after each data transfe
e IfDTSZ =0, MARA is decremented by 1 a
transfer

e IfDTSZ =1, MARA is decremented by 2 a
transfer
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address mode when DTS2A and DTSI1A are both set to 1.

Bit 0—Data Transfer Select OA (DT S0A): Selects normal mode or block transfer mo

Bit 0: DTSOA Description
0 Normal mode (I
1 Block transfer mode

Operationsin these modes are described in sections 8.4.5, Normal Mode, and 8.4.6, Bl
Transfer Mode.
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Enables or disables data
transfer, together with

the DTE bit, and is cleared Transfer mode select
to 0 by an interrupt Selects whether the
block area is the source
Reserved bit or destination in block
transfer mode
Destination address Data transfer ¢
increment/decrement 2B to 0B
Destination address These bits sele
increment/decrement enable transfer activat

These bhits select whether

the destination address

register (MARB) is incremented,
decremented, or held fixed
during the data transfer

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

Bit 7—Data Transfer Master Enable (DTME): Together with the DTE bit in DTCI
enables or disables data transfer. When the DTME and DTE bits are both set to 1, the
enabled. When an NMI interrupt occurs DTME is cleared to O, suspending the transfe
CPU can use the bus. The suspended transfer resumeswhen DTME is set to 1 again. |
information on operation in block transfer mode, see section 8.6.6, NMI Interrupts an
Transfer Mode.

DTME isset to 1 by reading the register while DTME = 0, then writing 1.

Bit 7: DTME Description

0 Data transfer is disabled (DTME is cleared to 0 when an NMI inter|
(

1 Data transfer is enabled
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1 MARB is incremented after each data transfer

« If DTSZ =0, MARB is incremented by 1 afte
data transfer

« IfDTSZ =1, MARB is incremented by 2 afte
data transfer

1 0 MARB is held fixed

MARB is decremented after each data transfer

« If DTSZ =0, MARB is decremented by 1 aft
data transfer

« IfDTSZ =1, MARB is decremented by 2 aft
data transfer

Bit 3—Transfer Mode Select (TMS): Selects whether the source or destination is the
in block transfer mode.

Bit 3: TMS Description
0 Destination is the block area in block transfer mode (Ir
1 Source is the block area in block transfer mode
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Cannot be used

Auto-request (cycle-steal mode)

Cannot be used

Cannot be used

Cannot be used

Falling edge of DREQ

Rlo|lk|o|r|o|r

Low level input at DREQ

Block transfer mode

Description

Compare match/input capture A interrupt
channel 0 (I

Compare match/input capture A interrupt
channel 1

Compare match/input capture A interrupt
channel 2

Compare match/input capture A interrupt
channel 3

Cannot be used

Cannot be used

Falling edge of DREQ

R O|Fr| O

Cannot be used

The same internal interrupt can be selected to activate two or more channels. The cha
activated in a priority order, highest priority first. For the priority order, see section 8.

Multiple-Channel Operation.
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Short address I/0O mode Compare match/input e Up to four chan

mode Idle mode capture A interrupt from operate indeper
ITU channels 0 to 3
Repeat mode - e Only the B char
Tran_smlt-data-empty and support externa
receive-data-full interrupts
from SCI channel 0
External request
Full address Normal mode Auto-request * A and B channe
mode

External request paired; up to tw
are available

Block transfer Compare match/input

mode capture A interrupt from ITU ¢ Burst mode or ¢
channels 0 to 3 mode can be s¢
External request auto-requests

A summary of operations in these modes follows.

I1/0 Mode

One byte or word is transferred per request. A designated number of these transfers are
A CPU interrupt can be requested at completion of the designated number of transfers.
address and one 8-bit address are specified. The transfer direction is determined autom
from the activation source.

Idle Mode

One byte or word is transferred per request. A designated number of these transfers are
A CPU interrupt can be requested at completion of the designated number of transfers.
address and one 8-bit address are specified. The addresses are held fixed. The transfer ¢
determined automatically from the activation source.
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Normal iviode

Auto-request: The DMAC isactivated by register setup alone, and continues executil
until the designated number of transfers have been completed. A CPU interrupt can b
completion of the transfers. Both addresses are 24-hit addresses.

* Cycle-steal mode
The busis released to another bus master after each byte or word is transferred.
* Burst mode

Unless requested by a higher-priority bus master, the bus is not released until the ¢
number of transfers have been completed.

External request: One byte or word is transferred per request. A designated number
transfers are executed. A CPU interrupt can be requested at completion of the designa
of transfers. Both addresses are 24-bit addresses.

Block Transfer Mode

One block of a specified sizeistransferred per request. A designated number of block
executed. At the end of each block transfer, one addressis restored to itsinitial value.
designated number of blocks have been transferred, a CPU interrupt can be requested.
addresses are 24-bit addresses.
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in MAR to the address specified in IOAR otherwise.
Table 8.6 indicates the register functionsin 1/0O mode.

Table8.6 Register Functionsin 1/0O Mode

Function
Activated by
SCIO0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Ope
23 0 Destination Source Destination or Incre
‘ " MAR | ‘ address address source address  decr
register register once
trans
23 7 o Source Destination  Source or Held
‘ All 1s ‘ IOAR ‘ add_ress add_ress destination
register register address
15 o Transfer Transfer Number of Decr
‘ ETb R ‘ counter counter transfers once
| trans
H'00
reac
trans

Legend:

MAR: Memory address register
IOAR: 1/0 address register

ETCR: Execute transfer count register

MAR and I0AR specify the source and destination addresses. MAR specifies a 24-bit
destination address, which isincremented or decremented as each byte or word is trans
IOAR specifies the lower 8 bits of afixed address. The upper 16 bitsare all 1s. IOAR i

incremented or decremented.
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1 byte or word is
transferred per request

Y

Address B—®

Legend:

L = initial setting of MAR

N = initial setting of ETCR

Address T =L

Address B =L + (-1)PTID . (2DTSZ. N - 1)

Figure8.2 Operationin /O Mode

The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decrem
each transfer. When the ETCR value reaches H'0000, the DTE hit is cleared and the tr
If the DTIE bit isset to 1, a CPU interrupt is requested at thistime. The maximum tra
is 65,536, obtained by setting ETCR to H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts fr
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from SCI channe
external request signals.
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aestnation aadresses

Set transfer count 2
Read DTCR 3
Set DTCR 4

I/0O mode

w

UL UTC LUdniolel uulico il 1 v

Read DTCR while the DTE bit is cleared 1
Set the DTCR bits as follows.

Select the DMAC activation source witt
DTS2 to DTSO.

Set or clear the DTIE bit to enable or di
the CPU interrupt at the end of the tran
Clear the RPE bit to 0 to select I/O moc
Select MAR increment or decrement wi
DTID bit.

Select byte size or word size with the C
Set the DTE bit to 1 to enable the trans

Figure8.3 1/0 Mode Setup Procedure (Example)

8.4.3 Idle Mode

Idle mode can be selected independently for each channel.

One byte or word is transferred at each transfer request in idle mode. A designated nun
these transfers are executed. One address is specified in the memory address register (N
other in the I/O address register (IOAR). The direction of transfer is determined autom:
from the activation source. The transfer is from the address specified in IOAR to the ac
specified in MAR if activated by an SCI channel O receive-data-full interrupt, and fron
address specified in MAR to the address specified in IOAR otherwise.

Table 8.7 indicates the register functionsin idle mode.
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I register register

23 7 o Source Destination  Source or Hel
‘ All 1s ‘ IOAR ‘ adqress adqress destination
register register address
15 0 Transfer Transfer Number of De
‘ ETb R ‘ counter counter transfers onc
| trar
H'O
rea
trar
Legend:

MAR: Memory address register
IOAR: 1/0 address register
ETCR: Execute transfer count register

MAR and IOAR specify the source and destination addresses. MAR specifies a 24-hit
destination address. |OAR specifies the lower 8 bits of afixed address. The upper 16 |
1s. MAR and IOAR are not incremented or decremented.

Figure 8.4 illustrates how idle mode operates.

MAR —»

D

D

O

1 byte or word is
transferred per request

- O

Figure8.4 Operationin Idle Mode
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For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).

Figure 8.5 shows a sample setup procedure for idle mode.

< Idle mode setup > 1. Set the source and destination addresses
in MAR and IOAR. The transfer direction is
mined automatically from the activation sou
Set source and 1 2. Set the transfer count in ETCR.
destination addresses 3. Read DTCR while the DTE bit is cleared to
4. Setthe DTCR bits as follows.
¢ Select the DMAC activation source with b
DTS2 to DTSO.
2 ¢ Set the DTIE and RPE bits to 1 to select i
« Select byte size or word size with the DT
« Set the DTE bit to 1 to enable the transfe

Set transfer count

Read DTCR 3
Set DTCR 4
Idle mode

Figure8.5 Ildle Mode Setup Procedure (Example)
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MAR and ETCR are restored to their original values and operation continues. The dir
transfer is determined automatically from the activation source. The transfer is from tl
specified in IOAR to the address specified in MAR if activated by an SCI channel O r
full interrupt, and from the address specified in MAR to the address specified in [OAF

Table 8.8 indicates the register functionsin repeat mode.
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‘ ‘ O register register eact
\ " MAR | \ until
then
initia
23 7 o Source Destination ~ Source or Held
‘ All 1s ‘ IOAR ‘ adqress adqress destination
register register address
Transfer Transfer Number of Dec!
counter counter transfers once
7 0 tran:
ETCRH H'0C
I reac
relos
ETC
7 0 —
Initial transfer Number of Helc

count transfers

|:ET CiRL Initial transfer
count
Legend:

MAR: Memory address register
IOAR: 1/0O address register
ETCR: Execute transfer count register

In repeat mode ETCRH is used as the transfer counter while ETCRL holds the initia tr
count. ETCRH is decremented by 1 at each transfer until it reaches H'00, then is reload
ETCRL. MAR isaso restored to itsinitial value, which is calculated from the DTSZ a
bitsin DTCR. Specifically, MAR isrestored as follows:

MAR — MAR - (-1)DTID . 2DTSZ . ETCRL

ETCRH and ETCRL should be initially set to the same value.

In repeat mode transfers continue until the CPU clearsthe DTE bit to 0. After DTE isc
if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was clea

CPU interrupt is requested.
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Address T —» {_ Transfer > | | -

_

1 byte or word is
transferred per request

Legend:

L = initial setting of MAR

Address B — N = initial setting of ETCRH and ETCRL
Address T =L

\/\ Address B = L + (-1)PTID . (2DTSZ. \ - 1)

Figure 8.6 Operation in Repeat Mode

The transfer count is specified as an 8-bit value in ETCRH and ETCRL. The maximu
count is 255, obtained by setting both ETCRH and ETCRL to H'FF.

Transfers can be requested (activated) by compare match/input capture A interrupts fr
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from SCI channe
external request signals.

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).
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DTS2 to DTSO.

» Clear the DTIE bit to 0 and set the RPE
to select repeat mode.

» Select MAR increment or decrement wit
DTID bit.

 Select byte size or word size with the D

Read DTCR 3 » Setthe DTE bit to 1 to enable the transf

Set transfer count 2

Set DTCR 4

¢

Repeat mode

Figure8.7 Repeat Mode Setup Procedure (Example)

Rev. 3.00 Sep 27, 2006 page 230 of 872
REJ09B0325-0300
RENESAS



23 o Source address Source address  Incremented
‘ ! MARA ! ‘ register decremented
! ! transfer, or he
23 0 Destination Destination Incremented
‘ ! MARB ! ‘ address register address decremented
! ! transfer, or he
15 o  Transfer counter  Number of Decremented
T
‘ ETCRA ‘ transfers transfer

Legend:

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A

The source and destination addresses are both 24-bit addresses. MARA specifiesthe s
address. MARB specifies the destination address. MARA and MARB can be indepen

incremented, decremented, or held fixed as data is transferred.

The transfer count is specified as a 16-bit valuein ETCRA. The ETCRA valueis decr
1 at each transfer. When the ETCRA value reaches H'0000, the DTE bit is cleared anc
ends. If the DTIE bit is set, a CPU interrupt is requested at this time. The maximum tr

is 65,536, obtained by setting ETCRA to H'0000.

Figure 8.8 illustrates how normal mode operates.

Rev. 3.00 Sep 27, 2006 pac

RENESAS

REJO!



Y

Address By — -

Legend:

L, =initial setting of MARA
Lg = initial setting of MARB
N =initial setting of ETCRA

Ta =La
Bs =L, + SAIDE - (-1)SAID. (2PTSZ. N - 1)
Tg =Lg

Bg = Lg + DAIDE : (-1)PAID . (2PTSZ. N - 1)

Figure 8.8 Operation in Normal Mode

Transfers can be requested (activated) by an external request or auto-request. An auto-I
transfer is activated by the register settings alone. The designated number of transfers e
automatically. Either cycle-steal or burst mode can be selected. In cycle-steal mode the
releases the bus temporarily after each transfer. In burst mode the DMAC keeps the bu
transfers are completed, unless there is a bus request from a higher-priority bus master.

For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR).
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VA MA@ vl il ited, Yol Ll liteyd VW

Setinitial destination address | 2 - Select the DMAC activation source wit

DTS2B to DTSOB.
5. Set the DTCRA bits as follows.

Set transfer count 3 ¢ Clear the DTE bit to 0.

« Select byte or word size with the DTSZ
« Set the SAID and SAIDE bits to select:

Set DTCRB (1) 4 MARA is incremented, _decremented, o_
* Set or clear the DTIE bit to enable or di

CPU interrupt at the end of the transfer

¢ Clear the DTSOA bit to 0 and set the D’
Set DTCRA (1) 5 and DTS1A bits to 1 to select normal r

6. Read DTCRB with DTME cleared to 0.
7. Setthe DTME bitto 1 in DTCRB.
Read DTCRB 6 8. Read DTCRA with DTE cleared to 0.
9. Setthe DTE bitto 1 in DTCRA to enable
Set DTCRB (2) 7
Read DTCRA 8
Set DTCRA (2) 9

'

Normal mode

Note: Carry out settings 1 to 9 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME
which case the transfer will not start.

Figure8.9 Normal Mode Setup Procedure (Example)
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Register

Function

Initial Setting

Operation

23 0

\ | MARA |

Source address
register

Source address

Incremented o
decremented c
transfer, or hel

23 0 Destination Destination Incremented o
‘ " MARB | address register address decremented c
! ! transfer, or hel
7 0 Block size Block size Decremented
ETCRAH counter transfer until H
T reached, then |
from ETCRAL

; 0 Initial block size Block size Held fixed

ETCRAL

Block transfer Number of block Decremented

counter

transfers

block transfer
is reached and
transfer ends

Legend:

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A
ETCRB: Execute transfer count register B

The source and destination addresses are both 24-bit addresses. MARA specifiesthe sc
address. MARB specifies the destination address. MARA and MARB can be independ:
incremented, decremented, or held fixed as datais transferred. One of these registers o
block arearegister: even if it isincremented or decremented, it is restored to itsinitial \
end of each block transfer. The TMS bit in DTCRB selects whether the block areaisth

destination.
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— Blockarea —

J\

"
Block 1
Ba—™
— Block 2 -
| —1 M bytes or words are
transferred per request
' — Block N ]
Legend:

L o = initial setting of MARA

L g = initial setting of MARB

M =initial setting of ETCRAH and ETCRAL
N =initial setting of ETCRB

TA = LA

Ba =L, + SAIDE - (-1)SAIP . (2PTSZ. v — 1)

TB = LB

Bg = L+ DAIDE - (-1)PAID . (2PTSZ. \ — 1)

Figure8.10 Operation in Block Transfer Mode
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E e e e e

time.

Figure 8.11 shows examples of a block transfer with byte data size when the block arez
destination. In (a) the block area addressis cycled. In (b) the block area addressis held

Transfers can be requested (activated) by compare match/input capture A interrupts fro
channels 0 to 3, and by external request signals.

For the detailed settings see section 8.3.4, Data Transfer Control Registers (DTCR).
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Read from MARA address

| MARA = MARA + 1

Write to MARB address

| MARB = MARB + 1

| ETCRAH = ETCRAH -1

ETCRAH = H'00

| Release bus

ETCRAH = ETCRAL
MARB = MARB - ETCRAL

| ETCRB=ETCRB -1

ETCRB = H'0000
Y

es

CCIear DTE to 0 and end transfer>

a. DTSZ=TMS =0
SAID =DAID =0
SAIDE = DAIDE =1

|
Read from MARA address

\
MARA = MARA + 1
\

Write to MARB address

ETCRAH = ETCRAH -1

ETCRAH = H'00

| Release bus

\
| ETCRAH = ETCRAL

| ETCRB=ETCRB -1

ETCRB = H'0000

CCIear DTE to 0 and end transfer

b. DTSZ=TMS =0
SAID =0
SAIDE=1
DAIDE =0

Figure8.11 Block Transfer Mode Flowcharts (Examples)
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il WAL S B AR TV WIS B e

Set destination address 2 - Set the DAID and DAIDE bits to select wi
MARB is incremented, decremented, or |
» Set or clear the TMS bit to make the bloc

Set block transfer count 3 the source or destination.
» Select the DMAC activation source with &
DTS2B to DTSOB.
Set block size 4 6. Setthe DTCRA bits as follows.

» Clearthe DTE to 0.

« Select byte size or word size with the DT
» Set the SAID and SAIDE bits to select wt
Set DTCRB (1) 5 MARA is incremented, decremented, or t
» Set or clear the DTIE bit to enable or disa

CPU interrupt at the end of the transfer.

Set DTCRA (1) 6 » Set bits DTS2A to DTSO0A all to 1 to selec
block transfer mode.

7. Read DTCRB with DTME cleared to 0.
8. Setthe DTME bitto 1 in DTCRB.

Read DTCRB 7 9. Read DTCRA with DTE cleared to 0.
10. Setthe DTE bitto 1 in DTCRA to enable

the transfer.

Set DTCRB (2) 8

Read DTCRA 9

Set DTCRA (2) 10

'

Block transfer mode

Note: Carry out settings 1 to 10 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME |
which case the transfer will not start.

Figure8.12 Block Transfer Mode Setup Procedure (Example)
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Channels Channels
Activation Source 0A and 1A 0B and 1B Normal E
Internal IMIAO Yes Yes No Y
interrupts IMIAL Yes Yes No Y
IMIA2 Yes Yes No Y
IMIA3 Yes Yes No Y
TXIO Yes Yes No \
RXI0 Yes Yes No \
External Falling edge of No Yes Yes Y
requests DREQ
Low input at No Yes Yes N
DREQ
Auto-request No No Yes N

Activation by Internal Interrupts

When an interrupt request is selected asa DMAC activation source and the DTE bit i
interrupt request is not sent to the CPU. It is not possible for an interrupt request to ac
DMAC and simultaneously generate a CPU interrupt.

When the DMAC is activated by an interrupt request, the interrupt request flag is clea
automatically. If the same interrupt is selected to activate two or more channels, the ir
request flag is cleared when the highest-priority channel is activated, but the transfer
held pending on the other channelsin the DMAC, which are activated in their priority
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executed. If level sensing is selected, the transfer continues while DREQ is low, until tl
iscompleted. The busisreleased temporarily after each byte or word has been transfer
however. If the DREQ input goes high during atransfer, the transfer is suspended after
byte or word has been transferred. When DREQ goes low, the request is held internally
byte or word has been transferred. The TEND signal goes low during the last write cyc

In block transfer mode, an external request operates as follows. Only edge-sensitive tre
requests are possible in block transfer mode. Each time a high-to-low transition of the ]
input is detected, ablock of the specified size is transferred. The TEND signal goes lov
last write cyclein each block.

Activation by Auto-Request

The transfer starts as soon as enabled by register setup, and continues until completed.
mode or burst mode can be selected.

In cycle-steal mode the DMAC releases the bus temporarily after transferring each byt
Normally, DMAC cycles aternate with CPU cycles.

In burst mode the DMAC keeps the bus until the transfer is completed, unless thereis é
priority bus request. If thereis a higher-priority bus request, the busis released after th
byte or word has been transferred.
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CPU cycle ‘ DMAC cycle (word transfer) ‘ CPL
- -
Ty T, Ty T Tg Ty T Ty T T3 T T Tz Ty 1o
]
! Source
1 1 . address | Destination address
Address ; ;
bus :X X X X X X
o L] L L
AWR | | |
L L
LWR ‘

Figure8.13 DMA Transfer Bus Timing (Example)
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S e i A Sl B S Bl
S N T N N O N

DREQ Source fDesﬁnaﬁonf Source fDestinaIion
| |  address |address | | | address | address

E ——————
= LT LU
e = )

- R

—
m
P4
w)

Figure8.14 BusTiming of DMA Transfer Requested by L ow DREQ Inf
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| Source | Destination |

1 address ‘ address

& Y

Figure8.15 BusTiming of Burst Mode DMA Transfer

When the DMAC is activated from a DREQ pin thereis a minimum interval of four s
when the transfer is requested until the DMAC starts operating. The DREQ pin is not
during the time between the transfer request and the start of the transfer. In short addr
normal mode, the pin is next sampled at the end of the read cycle. In block transfer m
is next sampled at the end of one block transfer.
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' | |
- et

" Minimum 4 states " Next sampling point

Figure8.16 Timing of DMAC Activation by Falling Edge of DREQ in Norma
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" Minimum 4 states | " Next sampling point

Figure8.17 Timing of DMAC Activation by Low DREQ Level in Normal
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S S S S —

TEND | Next sampling

Minimum 4 statesi

Figure8.18 Timing of DMAC Activation by Falling Edge of DREQ in Block Tral

Rev. 3.00 Sep 27, 2006 page 246 of 872
REJ09B0325-0300
RENESAS



Channel OA Channel 0 High

Channel 0B
Channel 1A Channel 1
Channel 1B Low

If transfers are requested on two or more channels simultaneoudly, or if atransfer on ¢
is requested during atransfer on another channel, the DMAC operates as follows.

1. When atransfer isrequested, the DMAC requests the bus right. When it getsthe b
starts atransfer on the highest-priority channel at that time.

2. Once atransfer starts on one channel, requests to other channels are held pending
channel releases the bus.

3. After each transfer in short address mode, and each externally-requested or cycle-
in normal mode, the DMAC releases the bus and returnsto step 1. After releasing
there isatransfer request for another channel, the DMAC reguests the bus again.

4. After completion of aburst-mode transfer, or after transfer of one block in block t
mode, the DMAC releases the bus and returnsto step 1. If thereis atransfer reque
higher-priority channel or a bus request from a higher-priority bus master, howeve
DMAC releases the bus after completing the transfer of the current byte or word. /
releasing the bus, if there is atransfer request for another channel, the DMAC requ

again.

Figure 8.19 shows the timing when channel OA is set up for I/O mode and channel 1 f
mode, and atransfer request for channel OA is received while channel 1 is active.
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3

T
m L .

WR

-

Figure8.19 Timing of Multiple-Channel Operations

8.4.10 External BusRequests, Refresh Controller, and DMAC

During aDMA transfer, if the bus right is requested by an external bus request signal (
by the refresh controller, the DMAC releases the bus after completing the transfer of th
byte or word. If there isatransfer request at this point, the DMAC requests the busrigt
Figure 8.20 shows an example of the timing of insertion of arefresh cycle during abur
on channel 0.

Refresh

DMAC cycle (channel 0) cycle DMAC cycle (chal
. TR MRE TR e -l

Ty T Ty T Ty T Tp T Ty T Tg Ty T T T

S = s

Figure8.20 BusTiming of Refresh Controller and DMAC
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the DTME bit to 1.

Figure 8.21 shows the procedure for resuming a DMA transfer in normal mode on ch:
the transfer was halted by NMI input.

Resuming DMA transfer 1. Checkthat DTE=1and D
in normal mode 2. Read DTCRB while DTME
then write 1 in the DTME &

SetDTME to 1 2

#

DMA transfer continues End

Figure8.21 Procedurefor Resuming a DMA Transfer Halted by NM1 (Ex

For information about NMI interruptsin block transfer mode, see section 8.6.6, NMI |
and Block Transfer Mode.
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L DMA transfer abort ) 1. Clear the DTE bit to 0 in DTCR.

To avoid generating an interrupt w
aborting a DMA transfer, clear the
bit to 0 simultaneously.

Set DTCR 1

|

DMA transfer aborted

Figure8.22 Procedurefor Abortinga DMA Transfer
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2 for the transfer to end and the DT

‘ to be cleared to 0.

2. Clear all DTCRB bits to 0.
Halt the channel 1 3. Clear all DTCRA bits to 0.
Initialize DTCRB 2
Initialize DTCRA 3

'

Initialized and halted

Figure8.23 Procedurefor Exiting Full Address Mode (Example)
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DIVIAL CyCle ‘

—_———

CrFU Cycie ‘  DIVIACL CYyCIE ‘

T, Tqg Tp T, Ty T Tg Ty T Ty T

s T
o o N N

Figure8.24 Timing of Cycle-Steal Transfer in Sleep Mode
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DENDOB End of transfer on channel OB —

DEND1A End of transfer on channel 1A End of transfer on channel 1

DEND1B End of transfer on channel 1B — Lc

Each interrupt is enabled or disabled by the DTIE bit in the corresponding data transfe
register (DTCR). Separate interrupt signals are sent to the interrupt controller.

Theinterrupt priority order among channelsis channel 0 > channel 1 and channel A >

Figure 8.25 shows the DMA-end interrupt logic. An interrupt is requested whenever L
DTIE=1

DTE

:O|:>—> DMA-end interr

DTIE

Figure8.25 DMA-End Interrupt Logic

The DMA-end interrupt for the B channels (DENDB) is unavailable in full address mi
DTME bit does not affect interrupt operations.
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The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot b
as source or destination addresses.

8.6.3 Longword Accessto Memory Address Registers
A memory address register can be accessed as longword data at the MARR address.
Example:

MOV.L #LBL, ERO
MOV.L ERO, @MARR

Four byte accesses are performed. Note that the CPU may rel ease the bus between the
(MARE) and third byte (MARH).

Memory address registers should be written and read only when the DMAC is halted.

8.6.4 Note on Full Address M ode Setup

Full address mode is controlled by two registers: DTCRA and DTCRB. Care must bet
prevent the B channel from operating in short address mode during the register setup. T
bits (DTE and DTME) should not be set to 1 until the end of the setup procedure.

8.6.5 Note on Activating DMAC by Internal Interrupts

When using an internal interrupt to activate the DMAC, make sure that the interrupt se
the activating source does not occur during the interval after it has been selected but be
DMAC has been enabled. The on-chip supporting module that will generate the interru
not be activated until the DMAC has been enabled. If the DMAC must be enabled whil
chip supporting module is active, follow the procedure in figure 8.26.
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i ~J ' INO “. 1HIANIT UlIc vivinnoe-aculdy
\—|—1—> interrupt.

Clear selected interrupt’s 2
enable bitto 0

Enable DMAC 3

Set selected interrupt's 4
enable bitto 1

'

DMAC operates

Figure8.26 Procedurefor Enabling DMAC while On-Chip Supporting M
Operating (Example)

If the DTE bit is set to 1 but the DTME bit is cleared to 0, the DMAC is halted and th
activating source cannot generate a CPU interrupt. If the DMAC is halted by an NMI
exampl e, the selected activating source cannot generate CPU interrupts. To terminate
operations in this state, clear the DTE bit to 0 to allow CPU interrupts to be requested
DMAC operations, carry out steps 2 and 4 in figure 8.26 before and after setting the L
1.

When an ITU interrupt activates the DMAC, make sure the next interrupt does not oc
the DMA transfer ends. If one ITU interrupt activates two or more channels, make sur
interrupt does not occur before the DMA transfers end on all the activated channels. |
interrupt occurs before atransfer ends, the channel or channels for which that interrup
selected may fail to accept further activation requests.
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2.

3.

4,

iRt TR TRl Y AT R R AT A

If the transfer is halted in the middle of ablock, the activating interrupt flag is clear
activation reguest is not held pending.

Whilethe DTE bit isset to 1 and the DTME bit is cleared to O, the DMAC is haltec
not accept activating interrupt requests. If an activating interrupt occursin this state
DMAC does not operate and does not hold the transfer request pending internally.
CPU interrupt requested.

For this reason, before setting the DTME bit to 1, first clear the enable bit of the ac
interrupt to 0. Then, after setting the DTME bit to 1, set the interrupt enable bit to 1
section 8.6.5, Note on Activating DMAC by Internal Interrupts.

When the DTME bit is set to 1, the DMAC waits for the next transfer request. If it
in the middle of ablock transfer, the rest of the block is transferred when the next tr
request occurs. Otherwise, the next block is transferred when the next transfer requ

8.6.7 Memory and |/O Address Register Values

Table 8.14 indicates the address ranges that can be specified in the memory and 1/0 ad
registers (MAR and |OAR).

Table8.14 Address Ranges Specifiablein MAR and IOAR

1-Mbyte Mode 16-Mbyte Mode

MAR H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

IOAR H'FFFO00 to H'FFFFF H'FFFFOO to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)

MAR bits 23 to 20 are ignored in 1-Mbyte mode.
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DMAC
CPU cycle DMAC cycle CPU cycle cycle
T, T T,

adess s o

RD

T
=
T

-
ny]

| DTE bit is
| cleared

Figure8.27 BusTiming at Abort of DMA Transfer in Cycle-Steal Mo
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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, 4, and 5 have an in
MOS control register (PCR) for switching input pull-up MOS transistors on and off.

Ports 1 to 6 and port 8 can drive one TTL load and a 90-pF capacitive load. Ports 9, A
drive one TTL load and a 30-pF capacitive load. Ports 1 to 6 and 8 to B can drive ade
pair. Ports 1, 2, 5, and B can drive LEDs (with 10-mA current sink). Pins P8, to P8,, F
and PB, to PB, have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, 1/0 Port Block Diagrams.
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MR
Port 2 |+ 8-bit I/O port |P2,to P2/ Address output pins (A, to A,) Address output (;
« Input pull-up A toA, Fo A,) and generi
MOS input
« Can drive DDR = 0: generic
LEDs input
DDR = 1: addres
output
Port 3 |+ 8-bit I/O port |P3, to P3/ Data input/output (D, to D,)
D, to D,
Port 4 |+ 8-bit I/O port |P4,to P4/ Data input/output (D, to D,) and 8-bit generic input/output
e Input pull-up D, to b, 8-bit bus mode: generic input/output
MOS 16-bit bus mode: data input/output
Port 5 |+ 4-bit I/O port |P5, to P5/ Address output (A, to A,;) Address output (;
« Input pull-up A oA, to Am)_ at_‘nd 4-bit
MOS generic input
« Can drive DDR = 0: generic
LEDs input
DDR = 1: addres
output
Port 6 |» 7-bit I/O port |P6/LWR, Bus control signal output (LWR, HWR, RD, AS)
P6./HWR,
P6,/RD,
P6,/AS
P6,/BACK, Bus control signal input/output (BACK, BREQ, WAIT) and :
P6,/BREQ, bit generic input/output
P6,/WAIT
Port 7 |+ 8-bit I/O port |P7,/AN,/DA,, |Analog input (AN,, AN,) to A/D converter, analog output (D,
P7,/AN/DA, |D/A converter, and generic input
P7,to P7/ Analog input (AN, to AN,) to A/D converter, and generic inp
AN, to AN,
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Port 9 | 6-bit I/O port |P9,/SCK,/IRQ,, |Input and output (SCK,, SCK,, RxD,, RxD,, TxD,, TxD,) fo
P9,/SCK,/IRQ,, [communication interfaces 1 and 0 (SCI1/0), IRQ, and IRC
P9./RxD,, bit generic input/output
P9,/RxD,,
P9,/TxD,,
P9,/TxD,
Port A | 8-bit I/O port |PA/TP./ Output (TP,) from  |Address output TPC Addre
« Schmitt TIOCB,/A,, programmable (A output  |outpt
inputs timing pattern (TPJ, (A)
controller (TPC), ITU input
input or output or output
(TIOCB,) for 16-bit (TIOCB,),
integrated timer unit and
(ITU), and generic generic
input/output input/
output
PAJTP,/ TPC output (TP, to |TPC output (TP to [TPC TPC
TIOCA,/A,/ TP,), ITUinputand |TP,), ITU input and |output  |outpL
CS, output (TIOCA,, output (TIOCA,, (TP, to  |(TP,
PAJTP,/ TIOCB, TIOCA)), [TIOCB,, TIOCA), |TP), ITU [TP),
TIOCB,/A,l]  |CS,to CS, output, |address output (A,, (input and linput
CS, and generic input/  [to A,)), CS,to CS, |output  |outpt
PAJTP,/ output output, and generic |(TIOCA,, |(TIO(
TIOCA/A,/ input/output TIOCB,, |TIOC
CS, TIOCA), [TIOC
CS,to  |addre
CS, outpt
output, |(A,; t
and A,), {
generic  |to CS
input/ outpL
output |and
gene
input
put
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I EINU T LINVA

Port B

* 8-bit I/O port

* Can drive
LEDs

« PB, to PB,
have
Schmitt
inputs

PB,/TP,/

DREQ/ADTRG

TPC output (TP,.), DMAC input (DREQ,), trigger input (AD?
converter, and generic input/output

PB/TP,/
DREQ,,/CS,

TPC output (TP,,), DMAC input (DREQ,), CS, output, and
generic input/output

PB/TP,/
TOCXB,,
PB,/TP,/
TOCXA,,
PB,/TP,/
TIOCB,,
PBJTP,/
TIOCA,,
PB,/TP,/
TIOCB,,
PB,/TP,/
TIOCA,

TPC output (TP, to TP,), ITU input and output (TOCXB,, T
TIOCB,, TIOCA,, TIOCB,, TIOCA,), and generic input/outpt
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In modes 5 and 6 (expanded modes with on-chip ROM enabled), settingsin the port 1
direction register (P1IDDR) can designate pins for address bus output (A, to A,) or ger
In mode 7 (single-chip mode), port 1 is a generic input/output port.

When DRAM is connected to area 3, A, to A, output row and column addressesin ree

cycles. For details see section 7, Refresh Controller.

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

Port 1

P1,/A;
Plg/Ag
Pls/Asg
P14/A,
P13/A5
P1,/A,
P1,/A;

P1o/Ag

Port 1 pins Modes 1to 4

A+ (output)
Ag (output)
Asg (output)
A, (output)
A5 (output)
A, (output)
A (output)

Ag (output)

Modes 5 and 6

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

P1y (input)/Ag (output)

Mode 7

P1; (iny
P1g (iny
P1g (in|
P1, (in)
P15 (iny
P1, (in|
P14 (iny

P1y (iny

Figure9.1 Port 1 Pin Configuration

Rev. 3.00 Sep 27, 2006 pac

RENESAS

REJO!



register
H'FFC2 Port 1 data register P1DR R/W H'00 H'0(
Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1LDDR)

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
1104 |ReadWrite [ O O O O O O
Modes{lnitial value 0 0 0 0 0 0 0
S107 |Read/Mrite W W W W W W W

Port 1 data direction 7to 0
These bits select input or
output for port 1 pins

Modes 1to 4 (Expanded Modeswith On-Chip ROM Disabled): PADDR values are
and cannot be modified. Port 1 functions as an address bus.

Modes 5 and 6 (Expanded M odes with On-Chip ROM Enabled): A pinin port 1 be
address output pin if the corresponding PIDDR bit is set to 1, and a generic input pin if
cleared to O.

Mode 7 (Single-Chip Mode): Port 1 functions as an input/output port. A pinin port 1
output pin if the corresponding PLDDR bit isset to 1, and an input pin if this bit is clea

In modes5to 7, PLDDR isawrite-only register. Its value cannot be read. All bits retur
read.
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ISread tne value Ol the corresponding FLUR DIT IS returned. vwnen a it In FLIDDKRISC
if port 1isread the corresponding pin level is read.

Bit 7 6 5 4 3 2 1

‘ P1; ‘ Plg ‘ P1s ‘ P14 ‘ P13 ‘ 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

Port 1 data 7to O
These bits store data for port 1 pins

P1DRisinitialized to H'00 by areset and in hardware standby mode. In software stan
retains its previous setting.
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OULPUL PITIS (A5 LO Ag). TTTHITIOUCS O AllU O (CSXPANIUCU TIOUCS WILTT OFN=CHEP RUIVE Erlalicud
in the port 2 data direction register (P2DDR) can designate pins for address bus output
or generic input. In mode 7 (single-chip mode), port 2 is a generic input/output port.

When DRAM is connected to area 3, A, and A, output row and column addressesin re;
cycles. For details see section 7, Refresh Controller.

Port 2 has software-programmable built-in pull-up MOS. Pinsin port 2 can driveone T
and a 90-pF capacitive load. They can aso drive a darlington transistor pair.

Port 2 pins Modes 1to 4 Modes5and 6 Mode 7

~— P2,/A5 Ais (output) P2, (input)/A;s (output) P2, (inp
= P2¢/A14 Aq4 (output) P24 (input)/A14 (output) P2g (inp
- P25/A3 A1z (output) P25 (input)/A,3 (output) P25 (inp
= P2,/A, A4, (output) P2, (input)/A1, (output) P2, (inpt
Port2 - P23/A1; A11 (output) P25 (input)/A1; (output) P23 (inp
= P2,/A1g A1o (output) P2, (input)/A;g (output) P25 (inp
- P2,/Ag Ag (output) P2, (input)/Ag (output) P24 (inp

< P2y/Ag Ag (output) P2, (input)/Ag (output) P2, (inp

Figure9.2 Port 2 Pin Configuration

Rev. 3.00 Sep 27, 2006 page 266 of 872
REJ09B0325-0300

RENESAS



register
H'FFC3 Port 2 data register P2DR R/W H'00 H'(

H'FFD8 Port 2 input pull-up MOS 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‘ P25DDR‘ P25DDR‘ P24DDR‘ P23DDR‘P22DDR‘ P2,DC
Modes{lnitial value 1 1 1 1 ] ; 1
1104 | Read/Write O 0 0 0 . . .
Modes{lnitial value 0 0 0 0 0 . 5
5to7 Read/Write W w w W W W W

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

Modes 1to 4 (Expanded M odes with On-Chip ROM Disabled): P2DDR values are
and cannot be modified. Port 2 functions as an address bus.

Modes 5 and 6 (Expanded M odes with On-Chip ROM Enabled): Following arese
aninput port. A pinin port 2 becomes an address output pin if the corresponding P2D
to 1, and a generic input port if thisbit is cleared to 0.

Mode 7 (Single-Chip Mode): Port 2 functions as an input/output port. A pinin port
output port if the corresponding P2DDR bit is set to 1, and an input port if thishitisc

In modes 1 to 4, P2DDR always returns 1 when read. No value can be written to.
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P2DR is an 8-bit readable/writable register that stores output data for pins P2, to P2,. W
acts as an output port, the value of this register is output. When abit in P2DDR is set tc
is read the value of the corresponding P2DR bit is returned. When abit in P2DDRiscl
if port 2 isread the corresponding pin level is read.

Bit 7 6 5 4 3 2 1

‘ P2+ ‘ P2¢ ‘ P25 ‘ P2, ‘ P25 ‘ 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

Port 2 data 7to O
These bits store data for port 2 pins

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

Port 2 Input Pull-Up MOS 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 MOS control 7to 0
These bits control input pull-up
transistors built into port 2
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Hardware Software
Mode Reset Standby Mode Standby Mode Other M
1 Off Off Off Off
2
3
4
5 Off Off Onloff On/off
6
7
Legend:

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

On/off: The input pull-up MOS is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off.
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Firs 1T poure S cd'l drive uric |
darlington transistor pair.

'L 10ald dl'lU a JU-pi- Ldpacltive 10ad. 111y Lall dalsU Ulfve

Port 3

Port 3 pins

P3,/Dss
P3g/D14
P35/D;3
P3,/D;,
P33/Dy;
P3,/D1o
P3,/Dg

P3,/Dg

Modes 1to 6

D45 (input/output)
D14 (input/output)
D43 (input/output)
D4, (input/output)
D4, (input/output)
Do (input/output)
Dg (input/output)

Dg (input/output)

Mode 7

P3; (input/outpu
P3¢ (input/outpu
P35 (input/outpu
P34 (input/outpu
P35 (input/outpu
P3, (input/outpu
P3, (input/outpu

P3; (input/outpu

94.2

Table 9.5 summarizes the registers of port 3.

Register Descriptions

Figure9.3 Port 3 Pin Configuration

Table9.5 Port 3Registers

Address” Name Abbreviation RIW 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 to 6 (Expanded M odes): Port 3 functions as a data bus. P3BDDR isignored.

Mode 7 (Single-Chip Mode): Port 3 functions as an input/output port. A pinin port ¢
output port if the corresponding P3DDR bit is set to 1, and an input port if thishitisc

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-bit readable/writable register that stores output data for pins P3, to P3,. !
acts as an output port, the value of this register is output. When abit in PSDDR is set
is read the value of the corresponding P3DR hit is returned. When abit in P3DDR is
if port 3isread the corresponding pin level isread.

Bit 7 6 5 4 3 2 1

‘ P33 ‘ P3¢ ‘ P3g ‘ P34 ‘ P33 ‘ P3, ‘ P3;
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 3data7to 0
These bits store data for port 3 pins

P3DRisinitialized to H'00 by areset and in hardware standby mode. In software stan
retains its previous setting.
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input/output port. When at least one of areas 0 to 7 is designated as a 16-bit-access arex
operates in 16-bit bus mode and port 4 becomes part of the data bus. In mode 7 (single-
mode), port 4 is a generic input/output port.

Port 4 has software-programmable built-in pull-up MOS.

Pinsin port 4 can drive one TTL load and a 90-pF capacitive |load. They can also drive

darlington transistor pair.

Port 4 pins

R —— P47/D7
(- P46/D6
-~ P4./D;
> P44/D4
Port 4
[ P43/D3
< P4,/D,

Rl P40/DO

Modes 1to 6

P4+ (input/output)/D7 (input/output)
P4¢ (input/output)/Dg (input/output)
P45 (input/output)/Ds (input/output)
P4, (input/output)/D4 (input/output)
P4, (input/output)/D3 (input/output)
P4, (input/output)/D, (input/output)
P4, (input/output)/D4 (input/output)

P4, (input/output)/Dq (input/output)

Mode 7

P4, (inpu
P4 (inpu
P45 (inpu
P4, (inpu
P4, (inpu
P4, (inpu
P4, (inpu

P4, (inpu

Figure9.4 Port 4 Pin Configuration
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H'FFDA Port 4 input pull-up MOS control PAPCR R/W H'0
register

Note: * Lower 16 bits of the address.

Port 4 Data Direction Register (PADDR)

PADDR is an 8-hit write-only register that can select input or output for each pinin pc

Bit 7 6 5 4 3 2 1

‘ P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P4;DDR ‘ P4,DDR ‘ P4,DDR
Initial value 0 0 0 0 0 0 0
Read/Write W w w w w w w

Port 4 data direction 7 to 0
These bits select input or output for port 4 p

Modes 1 to 6 (Expanded Modes): When all areas are designated as 8-bit-access area
bus width control register (ABWCR) of the bus controller, selecting 8-bit bus mode, ¢
functions as a generic input/output port. A pin in port 4 becomes an output port if the
corresponding PADDR bit is set to 1, and an input port if thisbit is cleared to O.

When at least one areais designated as a 16-bit-access area, selecting 16-bit bus mode
functions as part of the data bus regardless of the value in PADDR.

Mode 7 (Single-Chip Mode): Port 4 functions as an input/output port. A pin in port £
output port if the corresponding PADDR bit is set to 1, and an input port if thishitisc

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

PADDR isinitialized to H'00 by areset and in hardware standby mode. In software st
it retains its previous setting.
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ISread tne value Ol tne corresponding F4U R DIL IS returnea. vvnen a oit In F4UUKR IS Gl
if port 4 isread the corresponding pin level isread.

Bit 7 6 5 4 3 2 1

‘ P4, ‘ P4g ‘ P45 ‘ P4, ‘ P4, ‘ P4, ‘ P4, ‘
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 4 data 7to O
These bits store data for port 4 pins

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

Port 4 Input Pull-Up MOS Control Register (P4PCR)

PAPCR is an 8-bit readable/writable register that controls the MOS input pull-up transi:
4.

Bit 7 6 5 4 3 2 1
‘ P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P4,PCR ‘ P4
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 f

Port 4 input pull-up MOS control 7to 0
These bits control input pull-up MOS transistors bui

In mode 7 (single-chip mode), and in 8-hit bus mode in modes 1 to 6 (expanded modes
PADDR bit is cleared to O (selecting generic input), if the corresponding PAPCR hit is
input pull-up MOS transistor is turned on.
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1100 o-DIt bUs mode on on;

16-bit bus mode Off Off
7 On/off On
Legend:

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

On/off: The input pull-up MOS transistor is on if P4APCR = 1 and P4DDR = 0. Otherwis
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port 5 data direction register (PSDDR) designate pins for address bus output (A, t0 A,
input. In mode 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmable built-in pull-up MOS transistors.

Pinsin port 5 can drive one TTL load and a 90-pF capacitive load. They can also drive

adarlington transistor pair.

Port 5 Modes 1to 4
pins

i P53/Alg A19 (Output)
" P52/A18 Asg (output)
Port 5
I P51/Al7 A17 (Output)

= P53/A1g  Aqg (Output)

Modes 5 and 6

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

P5; (input)/A.g (output)

Mode 7

P55 (ing
P55 (ing
P54 (ing
P5¢ (ing

Figure9.5 Port 5 Pin Configuration
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register

H'FFCA Port 5 data register P5DR R/W H'FO H'I

H'FFDB Port 5 input pull-up MOS  P5PCR R/W H'FO H'f
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

Bits 7 to 4 are reserved. They cannot be modified and are always read as 1.

Bit 7 6 5 4 3 2 1
‘ O ‘ O ‘ O ‘ O ‘P53DDR‘P52DDR‘P51DE
Modes{lnitial value 1 1 1 1 1 1 1
1104 | Read/Write O O O u O O O
Modes{lnitial value 1 1 1 1 0 0 0
S107 |ReadWrite [ 0 O O W W W
Reserved bit‘s Port 5 data c‘iirectio

These bits select inp
output for port 5 pins

Modes 1to 4 (Expanded Modes with On-Chip ROM Disabled): PSDDR values are
and cannot be modified. Port 5 functions as an address bus.

Modes 5 and 6 (Expanded M odes with On-Chip ROM Enabled): Following arese
aninput port. A pinin port 5 becomes an address output pin if the corresponding P5D
to 1, and an input port if thishit is cleared to O.
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standby mode. In software standby mode it retains its previous setting, so if a PSDDR |
1 while port 5 acts as an /O port, the corresponding pin maintains its output state in so
standby mode.

Port 5 Data Register (P5DR)

P5SDR is an 8-bit readable/writable register that stores output data for pins P5, to P5,. W
acts as an output port, the value of thisregister is output. When abit in PSDDR is set tc
is read the value of the corresponding P5DR bit is returned. When abit in PSDDR iscl
if port 5isread the corresponding pin level isread.

Bits 7 to 4 are reserved. They cannot be modified and are alwaysread as 1.

Bit 7 6 5 4 3 2 1
O d g O ‘ P53 ‘ P55, ‘ P5, ‘
Initial value 1 1 1 1 0 0 0
Read/Write O g ad ad R/W R/W R/W
Reserved bits Port 5data3to 0

These bits store da
for port 5 pins

P5DR isinitialized to H'FO by areset and in hardware standby mode. In software stand
retains its previous setting.
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Initial value 1 1 1 1 0 0 0
Read/Write 0 O O 0 R/W R/W R/W

Reserved bits Port 5 input pull-up MOS co
These bits control input pull-u
transistors built into port 5

In modes 5 to 7, when a PSDDR bit is cleared to O (selecting generic input), if the cor
bit from P5,PCR to P5,PCR is set to 1, the input pull-up MOS transistor is turned on.

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

Table 9.9 summarizes the states of the input pull-ups MOS in each mode.

Table9.9 Input Pull-Up MOS Transistor States (Port 5)

Hardware Software
Mode Reset Standby Mode Standby Mode Other M
1 Off Off Off Off
2
3
4
5 Off Off Onl/off Onl/off
6
7
Legend:

Off:  The input pull-up MOS transistor is always off.
On/off: The input pull-up MOS transistor is on if PSPCR = 1 and P5DDR = 0. Otherwis
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Figure 9.6 shows the pin configuration of port 6. In modes 1 to 6 (expanded modes) the
functions are LWR, HWR, RD, AS, P6/BACK, P6,/BREQ, and P6 /WAIT. See table ¢
method of selecting the pin states. In mode 7 (single-chip mode) port 6 is a generic inp!

port.

Pinsin port 6 can drive one TTL load and a 30-pF capacitive load. They can also drive
darlington transistor pair.

Port6 |e—»

Port 6 pins

P6¢/LWR
P65/ HWR
P6,/RD

P65/ AS

P6,/BACK
P6,/BREQ
P6, / WAIT

Modes 1to 6
(expanded modes)

LWR (output)
HWR (output)
RD  (output)
AS  (output)
P6, (input/output)/ BACK (output)
P6 , (input/output)/ BREQ (input)
P6, (input/output)/ WAIT (input)

Mode 7
(single-ch

P6¢ (input
P65 (input
P64 (input
P65 (input
P6, (input
P64 (input

P64 (input

Figure9.6 Port 6 Pin Configuration
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register

H'FFCB Port 6 data register P6DR R/W H'80 H'¢

Note: * Lower 16 bits of the address.

Port 6 Data Direction Register (P6DDR)

P6DDR is an 8-hit write-only register that can select input or output for each pinin pc
reserved. It cannot be modified and is alwaysread as 1.

Bit 7 6 5 4 3 2 1
‘ O ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR ‘ P6,DDR ‘ P6,DDR
Initial value 1 0 0 0 0 0 0
Read/Write a w w W W W W
Reserved bit Port 6 data direction 6 to 0

These bits select input or output for pc

Modes 1 to 6 (Expanded Modes): Ports P6, to P6, function as bus control output pin
HWR, RD, AS), regardiess of the settings of P6,DDR to P6,DDR. Ports P6, to P8, fur
bus control pins (BACK, BREQ, WAIT) or |/O ports. For selecting the pin function, ¢
9.11. When ports P6, to P6, function as /O ports and if PBDDR is set to 1, the correst
of port 6 functions as an output port. If P6BDDR is cleared to 0, the corresponding pin
an input port.

Mode 7 (Single-Chip Mode): Port 6 is a generic input/output port. A pinin port 6 be
output port if the corresponding P6DDR hit is set to 1, and an input port if thishitisc

P6DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P6DDR isinitialized to H'80 by areset and in hardware standby mode. In software st
it retainsits previous setting. If a P6DDR bit is set to 1 while port 6 actsasan 1/0 por
corresponding pin maintains its output state in software standby mode.
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initial valuc 4 v v v v v v
Read/Write 0 R/W R/W R/W R/W R/W R/W

Reserved bit Port 6 data 6 to O
These bits store data for port 6 pir

Bit 7 isreserved, cannot be modified, and alwaysread as 1.

PEDR isinitialized to H'80 by areset and in hardware standby mode. In software stand
retains its previous setting.

Table9.11 Port 6 Pin Functionsin Modes1to 6

Pin Pin Functions and Selection Method
P6,/LWR Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function LWR output
P6/HWR Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function HWR output
P6,/RD Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function RD output
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2 0 1
Pin function P6, input P6, output BA
P6,/BREQ Bit BRLE in BRCR and bit P6,DDR select the pin function as follov
BRLE 0
P6,DDR 0 1
Pin function P6, input P6, output BF
P6,/WAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P6, DDF

pin function as follows

WCER All 1s

WMS1 0 1

P6,DDR 0 0"

Pin function P6, input P6, output WAIT ir
Note: * Do not set bit P6,DDR to 1.
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For the analog input pins of the D/A converter, see section 16, D/A Converter.

Port 7 pins

~—— P7, (input)/AN - (input)/DA ; (output)
~——> P7¢ (input)/ANg (input)/DA o (output)
~—— P75 (input)/AN5 (input)

—— P74 (input)/AN,4 (input)

Port 7
~——— P73 (input)/AN 3 (input)
~——— P75 (input)/AN, (input)
~——— P74 (input)/AN 4 (input)

~——— P74 (input)/AN (input)

Figure 9.7 Port 7 Pin Configuration
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Note: * Lower 16 bits of the address.

Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1

‘ P7- ‘ P7g ‘ P75 ‘ P74 ‘ P73 ‘ P75 ‘ P74
Initial value 0= ax* ax* a=* ax* 0= 0=
Read/Write R R R R R R R

Note: * Determined by pins P7; to P7,.

When P7DR is read, the logic level of the pin is always read. No data can be written t
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In mode 7 (single-chip mode), port 8 can provide IRQ, to IRQ, input. See table 9.15 fo
selection of pin functionsin single-chip mode.

The IRQ, to IRQ, functions are selected by | ER settings, regardless of whether the pin’
input or output. For details see section 5, Interrupt Controller.

Pinsin port 8 can drive one TTL load and a 90-pF capacitive |load. They can also drive
darlington transistor pair.

Pins P8, to P8, have Schmitt-trigger inputs.
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Pin functions in mode 7
(single-chip mode)

P8,/(input/output)

P84/(input/output)/ IRQ5 (input)
P8, /(input/output)/ IRQ, (input)
P8, /(input/output)/ TRQ; (input)
P8,/(input/output)/ IRQ (input)

(7 PO/ vuogliTns] o7 (Hipuyirivog (VULPUL)ritiise  \(ipguy)

~— P83/RFSH/IRQ, P8, (input/output)/ RFSH (output)/IRQ,

Figure9.8 Port 8 Pin Configuration

992 Register Descriptions
Table 9.13 summarizes the registers of port 8.

Table9.13 Port 8 Registers

Initial Va

Address®  Name Abbreviation R/W Modes 1to 4 Mc

H'FFCD Port 8 data direction P8DDR w H'FO H'E
register

H'FFCF Port 8 data register P8DR R/W H'EO H'

Note: * Lower 16 bits of the address.
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.,
I
I

IvivucCc o | i IfRIAl RAld

1to4 iReadNVrite

Modes | Initial value
Sto7 Read/Write

O - O
O - O
O - O
sos
S o5
S os
S os

Reserved bits Port 8 data direction 4 to
These bits select input or
output for port 8 pins

Modes 1 to 6 (Expanded Modes): When bitsin PSBDDR bit are set to 1, P8, to P8, bec
CS, output pins. When bitsin PBDDR are cleared to 0, the corresponding pins become
In modes 1 to 4 (expanded modes with on-chip ROM disabled), following areset only
output. The other three pins are input ports. In modes 5 and 6 (expanded modes with of
ROM enabled), following areset al four pins are input ports.

When the refresh controller is enabled, P8, is used unconditionally for RESH output. W
refresh controller is disabled, P8, becomes a generic input/output port according to the
setting. For details see table 9.15.

Mode 7 (Single-Chip Mode): Port 8 is a generic input/output port. A pinin port 8 bec
output port if the corresponding PBDDR hit is set to 1, and an input port if thisbit iscle

P8DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P8DDR isinitialized to H'FO in modes 1 to 4 and H'EO in modes 5to 7 by areset and i
standby mode. In software standby mode it retains its previous setting, so if a PBDDR |
1 while port 8 acts as an |/O port, the corresponding pin maintains its output state in so
standby mode.
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Bit 7 6 5 4 3 2 1
‘ O ‘ ad ‘ ad ‘ P84 ‘ P83 ‘ P8, ‘ P8,
Initial value 1 1 1 0 0 0 0
Read/Write O ad a R/W R/W R/W R/W
Reserved bits Port 8data4to 0

These bits store data
for port 8 pins

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

P8,/RFSH/IRQ, Bit RFSHE in RFSHCR and bit P8 DDR select the pin function as fc

RFSHE 0
P8 ,DDR 0 1
Pin function P8, input P8, output RF

IRQ, input
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P8,DDR 0 1
Pin function P8, input P8, out
IRQ, input
P8,/IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, out
IRQ, input
P8/IRQ, Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, out
IRQ, input
P8,/IRQ, Bit P8,DDR select the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, out

IRQ, input
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input or output. For details see section 5, Interrupt Controller.

Port 9 has the same set of pin functionsin all operating modes. Figure 9.9 shows the pi
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

=—— P9, (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)/RxDq (input)
~——> P9, (input/output)/TxD; (output)

~——> P9, (input/output)/TxDg (output)

Figure9.9 Port 9 Pin Configuration
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Note: * Lower 16 bits of the address.

Port 9 Data Direction Register (PO9DDR)
PIODDR is an 8-hit write-only register that can select input or output for each pinin pc

Bits 7 and 6 are reserved. They cannot be modified and are alwaysread as 1.

Bit 7 6 5 4 3 2 1
‘ O ‘ g ‘ P95DDR‘ P94DDR‘ P93;DDR ‘ P9,DDR ‘ P9,DDR
Initial value 1 1 0 0 0 0 0
Read/Write a 0 W W W W W
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

While port 9 actsasan /O port, a pin in port 9 becomes an output port if the correspo
PODDR hit isset to 1, and an input port if this bit is cleared to 0. For selecting the pin

table9.17.

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 while port 9 acts as an 1/O por
corresponding pin maintains its output state in software standby mode.
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Initial value 1 1 0 0 0 0 0
Read/Write O ad R/W R/W R/W R/W R/W

Reserved bits Port9data5to 0
These bits store data
for port 9 pins

Bits 7 and 6 are reserved. They cannot be modified and are awaysread as 1.

PIODR isinitialized to H'CO by areset and in hardware standby mode. In software stanc
retains its previous setting.
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P9,DDR 0 1 — —
Pin function P9, P9, SCK, SCK,
input output output output
IRQ, input

P9,/SCK/IRQ,

Bit C/A in SMR of SCIO, bits CKEO and CKE1 in SCR of SCI0, anc
select the pin function as follows

CKE1 0
C/A 0 1
CKEO 0 1 —
P9,DDR 0 1 — —
Pin function P9, P9, SCK, SCK,
input output output output
IRQ, input
P9./RxD, Bit RE in SCR of SCI1 and bit P9,DDR select the pin function as ft
RE 0
P9,DDR 0 1
Pin function P9, input P9, output R’
P9,/RxD, Bit RE in SCR of SCI0, bit SMIF in SCMR, and bit P9,DDR select

function as follows

SMIF 0

RE 0 1
P9,DDR 0 1 —

Pin function P9, input P9, output RxD, input
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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 state
which the pin is driven, and another in which the pin is a
impedance.

Rev. 3.00 Sep 27, 2006 page 296 of 872
REJ09B0325-0300

RENESAS



AN 1 o " S D N I S - e A

to A,). A reset or hardware standby Ieavas port A asan mput port, except that in mod
6, one pin isaways used for A, output. For selecting the pin function, see table 9.19.
pinsfor TPC, ITU, and DMAC input and output is described in the sections on those |
output of address bits A, to A, in modes 3, 4, and 6, see section 6.2.5, Bus Release C
Register (BRCR). For output of CS, to CS, in modes 1 to 6, see section 6.3.2, Chip Se
Pins not assigned to any of these functions are available for generic input/output. FigL
shows the pin configuration of port A.

Pinsin port A can driveone TTL load and a 30-pF capacitive load. They can also dri\
darlington transistor pair. Port A has Schmitt-trigger inputs.
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el = ~

l«——= PA,/TP,/TEND,/TCLKB
~——> PA/TP,/TEND,/TCLKA

Pin functions in modes 1, 2, and 5

PA- (input/output)/TP; (output)/TIOCB , (input/output)

PAg (input/output)/TPg (output)/ TIOCA , (input/output)/CS, (output)

PA s (input/output)/ TPg (output)/TIOCB 4 (input/output)/CSs(output)

PA, (input/output)/TP, (output)/TIOCA ; (input/output)/CSg(output)

PA 5 (input/output)/TP3 (output)/TIOCB g (input/output)/TCLKD (input)

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

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

PA, (input/output)/TP, (output)/ TEND, (output)/TCLKA (input)

Pin functions in modes 3, 4, and 6

Ayg (output)

PA (input/output)/TPg (output)/ TIOCA , (input/output)/A 1 (output)/CS, (outp
PA 5 (input/output)/TPs (output)/TIOCB ; (input/output)/A ,, (output)/CSs (outp
PA 4 (input/output)/TP, (output)/ TIOCA ; (input/output)/A ,3 (output)/CSg (outp
PA 3 (input/output)/TP3 (output)/TIOCB g (input/output)/TCLKD (input)

PA, (input/output)/TP, (output)/TIOCA q (input/output)/TCLKC (input)

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

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

Pin functions in mode 7

PA; (input/output)/TP (output)/TIOCB,, (input/output)

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

PAs (input/output)/TPs (output)/TIOCB; (input/output)

PA, (input/output)/TP,4 (output)/TIOCA, (input/output)

PA; (input/output)/TP3 (output)/TIOCB (input/output)/ TCLKD (input)

PA, (input/output)/TP, (output)/TIOCAq (input/output)/ TCLKC (input)

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

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

Figure9.10 Port A Pin Configuration
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H'FFD1 Port A data direction PADDR wW H'00 H'¢
register

H'FFD3 Port A data register PADR R/W H'00 H'(

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 pinin p
pins are used for TPC output, the corresponding PADDR bits must also be set.

Bit 7 6 5 4 3 2 1
‘PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘ PA3DDR‘PA2DDR \ PA; DL
g’!"fes { Initial value 1 0 0 0 0 0 0
and 6 | Read/Write 0O W W W w w W
2’!02‘?6; { Initial value 0 0 0 0 0 0 0
and 7 | Read/Write W W W W W W W

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

While port A actsasan 1/O port, apin in port A becomes an output pin if the correspc
PADDR hitisset to 1, and an input pin if thisbit is cleared to 0. In modes 3, 4, and 6,
fixed at 1 and PA, functions as an address output pin.

PADDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
PADDR isinitialized to H'00 by areset and in hardware standby mode in modes 1, 2,

Itisinitialized to H'80 by areset and in hardware standby mode in modes 3, 4, and 6.
standby mode it retains its previous setting. If a PADDR bit is set to 1, the correspond
maintains its output state in software standby mode.
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‘ vy ‘ "o ‘ LR Yo ) ‘ 4 ‘ s ‘ vz ‘ rv] ‘
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 Adata7to 0
These bits store data for port A pins

PADR isinitialized to H'00 by areset and in hardware standby mode. In software stanc
retains its previous setting.
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Mode 1,257

ITU

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

settings below

PA DDR — 0 1 1

NDER7 — — 0 1

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

Note: * TIOCB, input when IOB2 = 1 and PWM2 = 0.

ITU

channel 2 ) (1)

settings

10B2

I0B1 1

I0BO _
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channel 2 | table below table below table
settings below below below
PA,DDR — 0 1 1 — — 0 1 1 — | = — (
NDER6 — — 0 1 — — — 0 1 — | = — -
Pin TIOCA,| PA, | PA, | TP, | CS, |TIOCA,| PA | PA, | TP, | A, | CS, |TIOCA,| P.
function output |input | out- | out- | out- | output |input| out- | out- | out- | out- | output |inf
put | put | put put | put | put | put

TIOCA, input* TIOCA, input” T
Note: * TIOCA, input when I0A2 = 1.
ITU
channel 2 2) 1) )
settings
PWM2 0
I0A2 0 1
I10A1 0 0 1 —
I0A0 0 1 — —
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channel 1 | table below table below table
settings below below below
PA,DDR — 0 1 1 — — 0 1 1 — | = —
NDERS5 — — 0 1 — — — 0 1 — | = —
Pin TIOCB,| PA, | PA,_ | TP, | CS, |TIOCB,| PA, | PA_ | TP, | A, | CS, |TIOCB,| |
function output |input | out- | out- | out- | output |input| out- | out- | out- | out- | output |ir
put | put | put put | put | put | put

TIOCB, input” TIOCB, input”
Note: * TIOCB, input when I0B2 = 1 and PWM1 = 0.
ITU
channel 1 2 1)
settings
10B2 0
10B1 0 0 1
10BO 0 1 —
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channel 2 | table below table below table
settings below below below
PA,DDR — 0 1 1 — — 0 1 1 — | = — (
NDER4 — — 0 1 — — — 0 1 — | = — -
Pin TIOCA,| PA, | PA, | TP, | CS, |TIOCA,| PA, | PA, | TP, | A,, | CS, |TIOCA,| P.
function output |input | out- | out- | out- | output |input| out- | out- | out- | out- | output |inf
put | put | put put | put | put | put

TIOCA, input* TIOCA, input” T
Note: * TIOCAL input when I0OA2 = 1.
ITU
channel 1 2) 1) )
settings
PWM1 0
I0A2 0 1
I10A1 0 0 1 —
I0A0 0 1 — —
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Pin function

TIOCB, output PA, input

PA, output

7

TIOCB, input**

TCLKD input*’

Notes: 1. TIOCB, input when IOB2 = 1 and PWMO = 0.
2. TCLKD input when TPSC2 = TPSC1 = TPSCO =1 in any of TC

ITU channel 0
settings

)

@)

10B2

I0B1

I0BO
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Pin function TIOCA, output PA, input PA, output T
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) Q) (2)
settings
PWMO 0
I0A2 0 1
I0Al 0 0 1 —
IOA0 0 1 — —
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v

Pin function

TEND, output

PA input

PA, output

TCLKB input”

Note: * TCLKB input when MDF =1 in TMDR, or when TPSC2 =1, TP!
TPSCO =1 in any of TCR4 to TCRO.

DMAC
channel 1
settings

) @

)

€y

@

DTS2A,
DTS1A

Not both 1

Both 1

DTSOA

DTS2B

DTS1B
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v

NUERU _— _—
Pin function TEND, output PA, input PA, output T
TCLKA input”

Note: * TCLKA input when MDF =1 in TMDR, or when TPSC2 =1 and T
in any of TCR4 to TCRO.

DMAC

channel 0 (2) (1) (2) Q) )

settings

DTS2A, Not both 1 Both 1

DTS1A

DTSOA — 0 1

DTS2B 0 0

DTS1B — 0 1 — — —
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hardware standby leaves port B as an input port. For selecting the pin function, seetal
Usage of pinsfor TPC, ITU, DMAC, and A/D converter input and output is describec
sections on those modules. For output of CS, in modes 1 to 6, see section 6.3.2, Chip !
Signals. Pins not assigned to any of these functions are available for generic input/out
9.11 shows the pin configuration of port B.

Pinsin port B can drive one TTL load and a 30-pF capacitive load. They can also driv
darlington transistor pair. Pins PB, to PB, have Schmitt-trigger inputs.
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™ Fb3/ 117/ 11ULDy
I PBz/TP10/T|OCA4
<= PB,/TPy/TIOCB;

~—— PBy/TPg/TIOCA;

Pin functions in modes 1to 6

PB- (input/output)/TP45 (output)/DREQ; (input)/ADTRG (in
PBg (input/output)/TP1,4 (output)/DREQy (input)/CS; (outpu
PBs (input/output)/TP43 (output)/TOCXB, (output)

PB, (input/output)/TP, (output)/ TOCXA, (output)

PB3 (input/output)/TP4; (output)/TIOCB, (input/output)

PB, (input/output)/TP1q (output)/TIOCA, (input/output)

PB; (input/output)/TPg (output)/TIOCB3 (input/output)

PBg (input/output)/TPg (output)/TIOCA3 (input/output)

Pin functions in mode 7

PB> (input/output)/TP45 (output)/DREQ; (input)/ADTRG (in
PBg (input/output)/TP14 (output)/DREQq (input)

PB5 (input/output)/TP3 (output)/ TOCXB, (output)

PB4 (input/output)/TP4, (output)/TOCXA, (output)

PB3 (input/output)/TP 4 (output)/TIOCB, (input/output)

PB, (input/output)/TP4q (output)/TIOCA, (input/output)

PB; (input/output)/TPg (output)/TIOCB3 (input/output)

PBg (input/output)/TPg (output)/TIOCA3 (input/output)

Figure9.11 Port B Pin Configuration
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Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

PBDDR isan 8-bit write-only register that can select input or output for each pin in p
pins are used for TPC output, the corresponding PBDDR hits must also be set.

Bit 7 6 5 4 3 2 1

‘ PB, DDR‘ PBg DDR‘ PBsg DDR‘ PB4DDR‘ PB3DDR ‘ PB,DDR ‘ PB4, DDF
Initial value 0 0 0 0 0 0 0
Read/Write W w w w w w w

Port B data direction 7to 0
These bits select input or output for port B p

While port B acts as an /O port, apin in port B becomes an output pin if the correspo
PBDDR bit isset to 1, and an input pin if thisbit is cleared to 0.

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 retainsits previous setting. If aPBDDR bit is set to 1 while port B actsas an /O po
corresponding pin maintains its output state in software standby mode.
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‘ Y/ ‘ Yo ‘ Yo ‘ Y4 ‘ s ‘ Yz ‘ L A ‘
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 B data7to 0
These bits store data for port B pins

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

select the pin tunction as follows

PB,DDR 0 1
NDER15 — 0
Pin function PB, input PB, output TP,

DREQ, input*™*

ADTRG input*’

Notes: 1. DREQ, input under DMAC channel 1 settings (1) in the table b

2. ADTRG input when TRGE = 1.

DMAC
channel
1 settings

@

@

@

@

@

DTS2A, DTS1A

Not both 1

Both 1

DTSOA

DTS2B

DTS1B
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DREQ, input*

C

Note: * DREQ, input under DMAC channel 0 settings (1) in the table be

DMAC

channel 0 (2 1) (2) 1) 2)

settings

DTS2A, DTS1A Not both 1 Both 1

DTSOA — 0 1 1

DTS2B 0 0

DTS1B — 0 — — 0
PB./TP,/  ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit NDE
TOCXB, NDERB, and bit PB,DDR in PBDDR select the pin function as follows

EXB4, CMD1 Not both 1

PB.,DDR 0 1 1

NDER13 — 0 1

Pin function PB, input PB, output TP, output | TOC
PB,/TP,/  ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit NDE
TOCXA, NDERB, and bit PB,DDR in PBDDR select the pin function as follows

EXA4, CMD1 Not both 1

PB,DDR 0 1 1

NDER12 — 0 1

Pin function PB, input PB, output TP, output | TOC
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Pin function

TIOCB, output

PB, input

PB, output

TIOCB, input”

Note: *

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

ITU channel 4
settings

() )

1)

)

EB4

0

CMD1

10B2

I0B1

I0BO
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Pin function TIOCA, output PB, input PB, output Tl
TIOCA, input”

Note: * TIOCA, input when CMD1 = PWM4 = 0 and IOA2 = 1.

ITU channel 4

settings 2) 2) @) 2)

EA4 0 1

CMD1 — 0

PWM4 — 0 1

I0A2 — 0 0 0 1 —

IOA1 — 0 0 1 — —

IOAO — 0 1 — — —
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Pin function

TIOCB, output

PB, input

PB, output

TIOCB, input”

Note: *

TIOCB, input when CMD1 = PWM3 = 0 and IOB2 = 1.

ITU channel 3
settings

() )

1)

)

EB3

0

CMD1

10B2

I0B1

I0BO
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Pin function TIOCA, output PB, input PB, output T
TIOCA, input”

Note: * TIOCA, input when CMD1 = PWM3 = 0 and IOA2 = 1.

ITU channel 3

settings 2) 2) @) 2)

EA3 0 1

CMD1 — 0

PWM3 — 0 1

I0A2 — 0 0 0 1 —

IOA1 — 0 0 1 — —

IOAO — 0 1 — — —
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section 20.6, Module Standby Function.

10.11

Features

ITU features are listed below.

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

» Ten generad registers (GRs, two per channel) with independently-assignable 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.

» Activation of DMA controller (DMAC)

Four of the compare match/input capture interrupts from channels 0 to 3 can start tf
» Output triggering of programmable timing pattern controller (TPC)

Compare match/input capture signals from channels 0 to 3 can be used as TPC outy
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Buffer registers — — — BRA3, BRB3 E

Input/output pins TIOCA,, TIOCA,, TIOCA,, TIOCA,, T

TIOCB, TIOCB, TIOCB, TIOCB, T

Output pins — — — — T

1

Counter clearing function GRAO/GRBO GRA1/GRB1 GRA2/GRB2 GRA3/GRB3 C

compare compare compare compare C

match or match or match or match or n

input capture  input capture  input capture  input capture il

Compare match 0 o (e} (e} o C

output 1 0 0 0 0 C

Toggle © o — o C

Input capture function o] o] o] o] C

Synchronization o] o] o] o] C

PWM mode o] o] o] ¢] C

Reset-synchronized — — — (o) C
PWM mode

Complementary PWM — — — ] C

mode
Phase counting mode — — o] — -
Buffering — — — (o) C

DMAC activation

GRAO compare
match or input
capture

GRA1 compare GRA2 compare GRA3 compare -
match or input match or input match or input
capture capture capture

Interrupt sources

Three sources

« tch/input
capture AO

* Compare
match/input
capture BO

* Overflow

Three sources Three sources Three sources T

* Compare * Compare * Compare .
match/input match/input match/input
capture Al capture A2 capture A3

* Compare * Compare * Compare .
match/input match/input match/input
capture B1 capture B2 capture B3

* Overflow * Overflow * Overflow .

Legend: O: Available

—: Not available
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TOCXA,, TOCXB, <] Control logic

I — |
@ @2, ¢4, /8 > OViU 1o OVi4
TIOCA, to TIOCA, <

TIOCB, to TIOCB, : : : : : -
<__| TOER K_ >
< [ep] N - o
3| |3l |s||3||T <] TOCR K__ >
c c c c c
gl |&8||&8||&||& ®
= = - < < <] TSTR K_ > o
5] 3] 3] [S] [S] 8
EIIE||E||E||E <] TsNe [ 2
sl lell=]l=2] = 9
Sligl|g||gl|=e < | TMDR K &
[(e} [(e} [{e} [{e} (e}
— — — — —
< | TFCR K>
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)

Figure10.1 ITU Block Diagram (Overall)
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‘ | comparator ™

Q

TCNT
GRA

GRB
TCR

TIOR
TIER
TSR

Q

Module data bus

Legend:

TCNT: Timer counter (16 bits)

GRA, GRB: General registers A and B (input capture/output compare registers) (1
TCR: Timer control register (8 bits)

TIOR: Timer 1/O control register (8 bits)

TIER: Timer interrupt enable register (8 bits)

TSR: Timer status register (8 bits)

Figure 10.2 Block Diagram of Channels0 and 1 (for Channel 0)
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ULV TUYIS

-
Comparator e
-
A N N o~ N N ~
=212 [5||8||E |8
Module data bus
Legend:
TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers
(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 10.3 Block Diagram of Channel 2
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Lomparator | -
e
o ™ ™ ™ ) ™ ™ ™ 1)
S|I25| B8] B8] || |B
= o m o [ = = [
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)
TIER3: Timer interrupt enable register 3 (8 bits)
TSR3: Timer status register 3 (8 bits)

Figure 10.4 Block Diagram of Channel 3

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



TCNT4
BRA4
GRA4
BRB4
GRB4
TCR4
TIOR4
TIER4
TSR4

00 00

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 I/O control register 4 (8 bits)

TIER4: Timer interrupt enable register 4 (8 bits)

TSR4: Timer status register 4 (8 bits)

Figure 10.5 Block Diagram of Channel 4
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Clock input B TCLKB Input External clock B input pin
(phase-B input pin in phase counti

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 input cay

compare A0 output output pin in PWM mode

Input capture/output TIOCB, Input/ GRBO output compare or input cay

compare BO output

Input capture/output TIOCA, Input/ GRAL output compare or input cay

compare Al output output pin in PWM mode

Input capture/output TIOCB, Input/ GRBL1 output compare or input cay

compare B1 output

Input capture/output TIOCA, Input/ GRAZ2 output compare or input cag

compare A2 output output pin in PWM mode

Input capture/output TIOCB, Input/ GRB2 output compare or input cag

compare B2 output

Input capture/output TIOCA, Input/ GRA3 output compare or input cag

compare A3 output output pin in PWM mode, complen
mode, or reset-synchronized PWN

Input capture/output TIOCB, Input/ GRB3 output compare or input cay

compare B3 output output pin in complementary PWM
reset-synchronized PWM mode

Input capture/output TIOCA, Input/ GRA4 output compare or input cay

compare A4 output output pin in PWM mode, complen
mode, or reset-synchronized PWN

Input capture/output TIOCB, Input/ GRB4 output compare or input cag

compare B4 output output pin in complementary PWM
reset-synchronized PWM mode

Output compare XA4 TOCXA,  Output PWM output pin in complementary
or reset-synchronized PWM mode

Output compare XB4 TOCXB,  Output PWM output pin in complementary

or reset-synchronized PWM mode
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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
0 H'FF64 Timer control register 0 TCRO R/W
H'FF65 Timer 1/O control register O 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 O (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
1 H'FF6E Timer control register 1 TCR1 R/W
H'FF6F Timer 1/O control register 1 TIOR1 R/W
H'FF70 Timer interrupt enable register 1 TIER1 R/W
HFF71 Timer status register 1 TSR1 RI(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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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
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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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'FF9E Buffer register B4 (high) BRB4H R/W
H'FFOF Buffer register B4 (low) BRB4L R/W

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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\ O \ 0 \ 0 \ STR4 \ STR3 \ STR2 \ STR1
Initial value 1 1 1 0 0 0 0
Read/Write O 0 0 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'EQ by areset and in standby mode.
Bits 7 to 5—Reserved: Read-only bhits, alwaysread as 1.

Bit 4—Counter Start 4 (STR4): Starts and stops timer counter 4 (TCNT4).

Bit 4: STR4 Description
0 TCNT4 is halted (
1 TCNT4 is counting

Bit 3—Counter Start 3 (STR3): Starts and stops timer counter 3 (TCNTS3).

Bit 3: STR3 Description
0 TCNT3 is halted
1 TCNT3 is counting

Bit 2—Counter Start 2 (STR2): Starts and stops timer counter 2 (TCNT2).

Bit 2: STR2 Description
0 TCNT2 is halted
1 TCNT?2 is counting
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Bit 0: STRO Description
0 TCNTO is halted (
1 TCNTO is counting

10.2.2  Timer Synchro Register (TSNC)

TSNC isan 8-bit readable/writable register that selects whether channels 0 to 4 operate
independently or synchronously. Channels are synchronized by setting the correspondi

Bit 7 6 5 4 3 2 1
O O O ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNC1 ‘
Initial value 1 1 1 0 0 0 0
Read/Write O O O 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: Read-only bits, alwaysread as 1.

Bit 4—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 preset and cleared independently of other channels

1 Channel 4 operates synchronously
TCNT4 can be synchronously preset and cleared
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Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently ol

synchronously.

Bit 2: SYNC2 Description

0 Channel 2's timer counter (TCNT2) operates independently
TCNT2 is preset and cleared independently of other channels

1 Channel 2 operates synchronously

TCNT2 can be synchronously preset and cleared

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 preset and cleared independently of other channels

1 Channel 1 operates synchronously

TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO): Selects whether channel O operatesindependently ot

synchronously.

Bit 0: Bit O Description

0 Channel 0’s timer counter (TCNTO) operates independently
TCNTO is preset and cleared independently of other channels

1 Channel 0 operates synchronously

TCNTO can be synchronously preset and cleared

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



Read/Write O 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: Read-only bit, always read as 1.

Bit 6—Phase Counting Mode Flag (M DF): Selects whether channel 2 operates norm
phase counting mode.

Bit 6: MDF Description
0 Channel 2 operates normally (
1 Channel 2 operates in phase counting mode
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In phase counting mode channel 2 operates as above regardless of the external clock e
selected by bits CKEG1 and CKEGO and the clock source selected by bits TPSC2 to
TCR2. Phase counting mode takes precedence over these settings.

The counter clearing condition selected by the CCLR1 and CCLRO bitsin TCR2 and
match/input capture settings and interrupt functions of TIOR2, TIER2, and TSR2 rem
in phase counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the OVF flag in”
FDIR designation isvalid in all modesin channel 2.

Bit 5: FDIR Description
0 OVF is setto 1 in TSR2 when TCNT2 overflows or underflows
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
1 Channel 4 operates in PWM mode

When bit PWM4 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM outpt
output goesto 1 at compare match with GRA4, and to 0 at compare match with GRB

If complementary PWM mode or reset-synchronized PWM mode is selected by bits C
CMDO in TFCR, the CMD1 and CMDO setting takes precedence and the PWM4 setti
ignored.
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If complementary PWM mode or reset-synchronized PWM mode is selected by bits Cl
CMDO in TFCR, the CMD1 and CMDO setting takes precedence and the PWM 3 settin
ignored.

Bit 2—PWM Mode 2 (PWM2): Selects whether channel 2 operates normally or in PV

Bit 2: PWM2 Description
0 Channel 2 operates normally (
1 Channel 2 operates in PWM mode

When bit PWM2 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output
output goesto 1 at compare match with GRA2, and to 0 at compare match with 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 (
1 Channel 1 operates in PWM mode

When bit PWM1 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output
output goesto 1 at compare match with GRA1, and to O at compare match with 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 (
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output
output goesto 1 at compare match with GRAO, and to 0 at compare match with GRBO.
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Read/Write a O 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 GRA3) by bt
registers (BRB3
in channel 3

TFCRisinitialized to H'CO by areset and in standby mode.
Bits 7 and 6—Reserved: Read-only bits, alwaysread as 1.

Bits 5 and 4—Combination Mode 1 and 0 (CM D1, CMDQ): These bits select whet
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized F

Bit 5: CMD1 Bit 4: CMDO Description
0 0 Channels 3 and 4 operate normally
1
1 0 Channels 3 and 4 operate together in compler
PWM mode
1 Channels 3 and 4 operate together in reset-sy
PWM mode
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Bit 3—Buffer Mode B4 (BFB4): Selects whether GRB4 operates normally in channel
whether GRB4 is buffered by BRBA4.

Bit 3: BFB4 Description
0 GRB4 operates normally (1
1 GRB4 is buffered by BRB4

Bit 2—Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel
whether GRA4 is buffered by BRA4.

Bit 2: BFA4 Description
0 GRA4 operates normally (1
1 GRA4 is buffered by BRA4

Bit 1—Buffer Mode B3 (BFB3): Selects whether GRB3 operates normally in channel
whether GRB3 is buffered by BRB3.

Bit 1: BFB3 Description
0 GRB3 operates normally (1
1 GRB3 is buffered by BRB3

Bit 0—Buffer Mode A3 (BFA3): Selects whether GRA3 operates normally in channe
whether GRA3 is buffered by BRA3.

Bit 0: BFA3 Description
0 GRAZ3 operates normally (1
1 GRAS is buffered by BRA3
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Read/Write

a O R/W R/W R/W R/W R/W

Reserved bits

Master enable TOCXA4, TOCXB4
These bits enable or disable output
settings for pins TOCXA,4 and TOCXB,4

Master enable TIOCA3, TIOCB3, TIOCA
These bits enable or disable output setting
TIOCAg, TIOCB3, TIOCA,, and TIOCB,

TOER isinitialized to H'FF by areset and in standby mode.

Bits 7 and 6—Reserved: Read-only bits, always read as 1.

Bit 5—Master Enable TOCXB4 (EXB4): Enables or disables I TU output at pin TO

Bit 5: EXB4 Description
0 TOCXB, output is disabled regardless of TFCR settings (TOCXB,
a generic input/output pin).
If XTGD = 0, EXB4 is cleared to 0 when input capture A occurs in
1 TOCXB, is enabled for output according to TFCR settings <

Bit 4—Master Enable TOCXA4 (EXA4): Enables or disables ITU output at pin TO

Bit 4: EXA4 Description
0 TOCXA, output is disabled regardless of TFCR settings (TOCXA,
a generic input/output pin).
If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in
1 TOCXA, is enabled for output according to TFCR settings |
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Bit 2—Master Enable TIOCB4 (EB4): Enables or disables I TU output at pin TIOCB

Bit 2: EB4 Description
0 TIOCB, output is disabled regardless of TIOR4 and TFCR settings |
operates as a generic input/output pin).
If XTGD = 0, EB4 is cleared to 0 when input capture A occurs in ch:
1 TIOCB, is enabled for output according to TIOR4 and TFCR setting

(Ir

Bit 1—Master Enable TIOCA4 (EA4): Enables or disables ITU output at pin TIOCA

Bit 1: EA4 Description
0 TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR ¢
(TIOCA, operates as a generic input/output pin).
If XTGD = 0, EA4 is cleared to 0 when input capture A occurs in ch:
1 TIOCA, is enabled for output according to TIOR4, TMDR, and TFCI

(Ir

Bit 0—Master Enable TIOCA3 (EA3): Enables or disables ITU output at pin TIOCA

Bit 0: EA3 Description
0 TIOCA, output is disabled regardless of TIOR3, TMDR, and TFCR ¢
(TIOCA, operates as a generic input/output pin).
If XTGD = 0, EA3 is cleared to 0 when input capture A occurs in ch:
1 TIOCA, is enabled for output according to TIOR3, TMDR, and TFCI

(Ir
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Read/Write O g g R/W a t R/W

Reserved bits Output level s
These bits sele
levels in compl
PWM mode an
synchronized F

Reserved bits

External trigger disable

Selects externally triggered disabling of output in
complementary PWM mode and reset-synchroni:
PWM mode

The settings of the XTGD, OL$4, and OL S3 bits are valid only in complementary PW
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: Read-only bits, alwaysread as 1.

Bit 4—External Trigger Disable (XTGD): Selects externally triggered disabling of
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 ir
complementary PWM mode and reset-synchronized PWM mode.

When an external trigger occurs, bits 5 to 0 in TOER are cleared t
ITU output.

1 External triggering is disabled (

Bits 3 and 2—Reserved: Read-only bits, always read as 1.
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reset-synchronized PWM mode.

Bit 0: OLS3 Description
0 TIOCB,, TOCXA,, and TOCXB, outputs are inverted
1 TIOCB,, TOCXA,, and TOCXB, outputs are not inverted (

10.2.7 Timer Counters(TCNT)

TCNT isal16-bit counter. The ITU hasfive TCNTS, one for each channel.

Channel Abbreviation Function

0 TCNTO Up-counter

1 TCNT1

2 TCNT2 Phase counting mode: up/down-counter

Other modes: up-counter

TCNT3 Complementary PWM mode: up/down-counter
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 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

Each TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock
clock sourceis selected by bits TPSC2 to TPSCOin TCR.

TCNTO and TCNTL1 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.
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The TCNTs arelinked to the CPU by an internal 16-bit bus and can be written or reac
word access or byte access.

Each TCNT isinitialized to H'0000 by areset and in standby mode.

10.2.8 General RegistersA, B (GRA, GRB)

The genera registers are 16-bit registers. The ITU has 10 general registers, two in eac

Channel Abbreviation Function
0 GRAO, GRBO Output compare/input capture register
1 GRA1, GRB1
2 GRA2, GRB2
3 GRA3, GRB3 Output compare/input capture register; can be buff
4 GRA4. GRB4 buffer registers BRA and BRB
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

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 T

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 1in TSR. Compare match output can be selected in TIOR.

When a general register isused as an input capture register, rising edges, falling edge:
edges of an external input capture signal are detected and the current TCNT valueis s
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General registers are initialized to the output compare function (with no output signal)
and in standby mode. The initial value is H'FFFF.

1029 Buffer RegistersA, B (BRA, BRB)

The buffer registers are 16-bit registers. The ITU has four buffer registers, two each in
and 4.

Channel Abbreviation Function
3 BRA3, BRB3 Used for buffering
4 BRA4, BRB4 * When the corresponding GRA or GRB functions

output compare register, BRA or BRB can functic
output compare buffer register: the BRA or BRB!
automatically transferred to GRA or GRB at com|

* When the corresponding GRA or GRB functions
capture register, BRA or BRB can function as an
capture buffer register: the GRA or GRB value is
automatically transferred to BRA or BRB at input

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
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TCRisan 8-bit register. The ITU hasfive TCRs, one in each channel.

Channel Abbreviation Function
0 TCRO TCR controls the timer counter. The TCRs in all ch:
1 TCR1 functionally identical. When phase counting mode i
channel 2, the settings of bits CKEG1 and CKEGO
2 TCR2 to TPSCO in TCR2 are ignored.
3 TCR3
4 TCR4
Bit 7 6 5 4 3 2 1
O ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1
Initial value 1 0 0 0 0 0 0
Read/Write O 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: Read-only bit, always read as 1.
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1 Synchronous clear: TCNT is cleared in synchro
with other synchronized timers**

Notes: 1. TCNT is cleared by compare match when the general register functions as &
compare register, and by input capture when the general register functions ¢
capture register.

2. Selected in TSNC.

Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGOQ): These bits select external clo
edges when an external clock sourceis used.

Bit 4: CKEG1 Bit 3: CKEGO Description

0 0 Count rising edges (I
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.

Rev. 3.00 Sep 27, 2006 page 346 of 872
REJ09B0325-0300
RENESAS



External clock A: TCLKA i
External clock B: TCLKB i
External clock C: TCLKC |
External clock D: TCLKD |

R O|lkF,| O

When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer cou
faling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the
the edge or edges selected by bits CKEG1 and CKEGO.

When channel 2 is set to phase counting mode (MDF = 1 in TMDR), the settings of b
TPSCO in TCR2 are ignored. Phase counting takes precedence.

Rev. 3.00 Sep 27, 2006 pac
REJO!
RENESAS



3 TIOR3

TIOR4
Bit 7 6 5 4 3 2 1
O I0B2 ‘ I0B1 ‘ I0BO ‘ 0 I0A2 ‘ I0A1 ‘
Initial value 1 0 0 0 1 0 0
Read/Write O R/W R/W R/W 0 R/W R/W

I/0O control A2 t
These bits selec
functions

Reserved bit

I/O control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-hit readable/writable register that selects the output compare or inpt
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pin:s
output compare function is selected, TIOR also selects the type of output. If input captt
selected, TIOR also selects the edge or edges of the input capture signal.

TIOR isinitialized to H'88 by areset and in standby mode.

Bit 7—Reserved: Read-only bit, always read as 1.
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(L1 output iIn channel 2)

0
1
0

1

GRB is an input
capture register

GRB captures rising edge of inf

GRB captures falling edge of in,

GRB captures both edges of iny

Notes: 1. After a reset, the output is 0 until the first compare match.
2. Channel 2 output cannot be toggled by compare match. This setting select

instead.

Bit 3—Reserved: Read-only bit, always read as 1.

Bits 2to 0—I/O Control A2to A0 (I0A2to 10A0): These bits select the GRA func

Description

GRA is an output
compare register

No output at compare match (|

0 output at GRA compare matcl

1 output at GRA compare matc

Output toggles at GRA compare
(1 output in channel 2)****

Bit 2: Bit 1: Bit O:
I0A2 I0Al I0A0
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 inf

GRA captures falling edge of in

GRA captures both edges of iny

Notes: 1. After a reset, the output is 0 until the first compare match.
2. Channel 2 output cannot be toggled by compare match. This setting select

instead.
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TSR3

TSR4
Bit 7 6 5 4 3 2 1
‘ a ‘ ad ‘ O ‘ a ‘ 0 ‘ OVF ‘ IMFB ‘
Initial value 1 1 1 1 1 0 0
Read/Write O ad O O 0 R/(W)*  R/(W)*

Reserved bits

Overflow flag
Status flag indicating
overflow or underflow

Input capture/compare match fla
Status flag indicating GRB compare
match or input capture

Input capture/compare mat
Status flag indicating GRA co
match or input capture

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

Each TSR is an 8-hit readable/writable register containing flags that indicate TCNT ov
underflow and GRA or GRB compare match or input capture. These flags are interrupt
and generate CPU interrupts if enabled by corresponding bitsin TIER.

TSRisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reserved: Read-only bits, alwaysread as 1.
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Note: * TCNT underflow occurs when TCNT operates as an up/down-counter. Und
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 a

in TFCR)

Bit 1—Input Capture/Compare Match Flag B (IMFB): This status flag indicates C
compare match or input capture events.

Bit 1: IMFB Description

0 [Clearing condition] (
Read IMFB when IMFB = 1, then write 0 in IMFB

1 [Setting conditions]

TCNT = GRB when GRB functions as an output compare register.

TCNT value is transferred to GRB by an input capture signal, whel
functions as an input capture register.

Bit 0—Input Capture/Compare Match Flag A (IMFA): This status flag indicates (
compare match or input capture events.

Bit 0: IMFA Description

0 [Clearing conditions] (
Read IMFA when IMFA = 1, then write 0 in IMFA.
DMAC activated by IMIA interrupt (channels 0 to 3 only).

1 [Setting conditions]

TCNT = GRA when GRA functions as an output compare register.

TCNT value is transferred to GRA by an input capture signal, whel
functions as an input capture register.
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TIERS

TIER4
Bit 7 6 5 4 3 2 1
O 0 0 0O 0O ‘ OVIE ‘ IMIEB ‘
Initial value 1 1 1 1 1 0 0
Read/Write a a a a 0 R/W R/W

Reserved bits

Overflow interrupt enable
Enables or disables OVF
interrupts

Input capture/compare match

interrupt enable B
Enables or disables IMFB interrt

Input capture/compa
interrupt enable A
Enables or disables IN

interrupts

Each TIER is an 8-bit readable/writable register that enables and disables overflow inte
reguests 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: Read-only bhits, alwaysread as 1.
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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 (
1 IMIB interrupt requested by IMFB is enabled

Bit 0—Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or
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 (
1 IMIA interrupt requested by IMFA is enabled

10.3 CPU Interface

10.3.1 16-Bit Accessible Registers

The timer counters (TCNTS), general registers A and B (GRAs and GRBs), and buffe
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 10.6 and 10.7 show examples of word accessto atimer counter (TCNT). Figt
10.11 show examples of byte accessto TCNTH and TCNTL.
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Figure10.6 Accessto Timer Counter (CPU Writesto TCNT, Word)

CPU

On-chip data bus

H

N

L

=

Bus interface

£

H A

N/ N/

I £

TCNTH | TCNTL

Figure 10.7 Accessto Timer Counter (CPU Reads TCNT, Word)

CPU

On-chip data bus

H

>

L

<

Bus interface

VANV N

VY

| TCNTH | TCNTL |

N/ N/

Figure 10.8 Accessto Timer Counter (CPU Writesto TCNT, Upper By!
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Figure 10.9 Accessto Timer Counter (CPU Writesto TCNT, Lower B

On-chip data bus

H H
<> ’
CPU L Bus interface {} L N
& -

TCNTH | TCNTL

VANIVAN

Figure10.10 Accessto Timer Counter (CPU Reads TCNT, Upper By

On-chip data bus

H H
> )
< )
CPU L Bus interface < {} L .

| G|V

TCNTH | TCNTL

Figure10.11 Accessto Timer Counter (CPU Reads TCNT, Lower By
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On-chip data bus

<H:> < "
CPU L Bus interface < L

N/ N/

TCR

Figure10.12 Accessto Timer Counter (CPU Writesto TCR)

On-chip data bus

H

N

CPU L Bus interface {}

VAN

<

/\

TCR

Figure 10.13 Accessto Timer Counter (CPU Reads TCR)

Rev. 3.00 Sep 27, 2006 page 356 of 872
REJ09B0325-0300

RENESAS

N/ \/



Each channel has atimer counter and general registers. The timer counter counts up, ¢
operate as afree-running counter, periodic counter, or external event counter. General
and B can be used for input capture or output compare.

Synchronous Oper ation

The timer counters in designated channels are preset synchronously. Data written to tl
counter in any one of these channelsis simultaneously written to the timer countersin
channels aswell. The timer counters can also be cleared synchronoudly if so designats
CCLR1 and CCLRO bitsin the TCRs.

PWM Mode

A PWM waveform is output from the TIOCA pin. The output goesto 1 at compare m
to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending ©
settings of GRA and GRB. When achannel is set to PWM mode, its GRA and GRB &
become output compare registers.

Reset-Synchronized PWM Mode

Channels 3 and 4 are paired for three-phase PWM output with complementary wavefc
three phases are related by having a common transition point.) When reset-synchroniz
mode is selected GRA3, GRB3, GRA4, and GRB4 automatically function as output c
registers, TIOCA,, TIOCB,, TIOCA,, TOCXA,, TIOCB,, and TOCXB, function as P\
pins, and TCNT3 operates as an up-counter. TCNT4 operates independently, and is na
with GRA4 or GRBA4.
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The phase relationship between two clock signalsinput at TCLKA and TCLKB is dete
TCNT2 counts up or down accordingly. When phase counting mode is selected TCLK
TCLKB become clock input pins and TCNT2 operates as an up/down-counter.

Buffering

» If the general register is an output compare register
When compare match occurs the buffer register value is transferred to the general r
» If the general register isan input capture register
When input capture occurs the TCNT valueis transferred to the general register, an
previous general register value is transferred to the buffer register.
» Complementary PWM mode

The buffer register value is transferred to the general register when TCNT3 and TC
change counting direction.

* Reset-synchronized PWM mode
The buffer register value is transferred to the general register at GRA3 compare ma
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counter.

( Counter setup >

Select counter clock 1

No

Type of counting?

Yes

C 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

Figure 10.14 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'00
OVFflagissetto 1in TSR. If the corresponding OVIE bitissetto 1in TIER, aCPU i
requested. After the overflow, the counter continues counting up from H'0000. Figure
illustrates free-running counting.

TCNT value

H'0000 ‘ ‘ ‘
STRO to ‘ 3 ;

STRA4 bit : :

OVF )

Figure10.15 Free-Running Counter Operation

When achannel is set to have its counter cleared by compare match, in that channel TC
operates as a periodic counter. Select the output compare function of GRA or GRB, set
or CCLRO in TCR to have the counter cleared by compare match, and set the count per
or GRB. After these settings, the counter starts counting up as a periodic counter when
corresponding bit is set to 1 in TSTR. When the count matches GRA or GRB, the IMF,
flagissetto 1in TSR and the counter is cleared to H'0000. If the corresponding IMIE/
bitissetto 1in TIER, a CPU interrupt is requested at thistime. After the compare mat
continues counting up from H'0000. Figure 10.16 illustrates periodic counting.
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IMF /—; |

Figure 10.16 Periodic Counter Operation

TCNT count timing:

Internal clock source

Bits TPSC2 to TPSCO in TCR select the system clock (¢) or one of three internal ¢
obtained by prescaling the system clock (¢/2, ¢/4, @/8).
Figure 10.17 shows the timing.

N B O s I I o O
e L ]

TCNT input

N

(( ((
)) ))
(( ((
)) ) ><:
(( ((
)) ))

TCNT N-1 X

Figure 10.17 Count Timing for Internal Clock Sources

External clock source

Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLI
valid edge or edges are selected by bits CKEG1 and CKEGO. Therising edge, fall
both edges can be selected.

The pulse width of the external clock signal must be at least 1.5 system clocks wh
edgeis selected, and at least 2.5 system clocks when both edges are selected. Shor
will not be counted correctly.

Figure 10.18 shows the timing when both edges are detected.
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FCIN IN— 1 /\ ( N /\ N

Figure10.18 Count Timing for External Clock Sources (when Both EdgesAre

Waveform Output by Compare Match

InITU channels 0, 1, 3, and 4, compare match A or B can cause the output at the TIOC
TIOCB pinto goto 0, goto 1, or toggle. In channel 2 the output can only go to 0 or go

Sample setup procedure for waveform output by compare match: Figure 10.19 shc
sample procedure for setting up waveform output by compare match.

< Output setup > 1. Select the compare match output mode (0,

toggle) in TIOR. When a waveform output

‘ is selected, the pin switches from its generi

output function to the output compare funct

1 (TIOCA or TIOCB). An output compare pin
0 until the first compare match occurs.

Select waveform
output mode

Set output timing 2 2. Set avalue in GRA or GRB to designate th
compare match timing.

Start counter 3 3. Setthe STR bitto 1 in TSTR to start the tin
i counter.

Waveform output

Figure 10.19 Setup Procedure for Waveform Output by Compare Match (Ex
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GRB

GRA

H'0000

Tiocs 1 ' No change ' Nochange 1c
TIOCA o No change pY No change 0c

Figure10.20 0Oand 1 Output (Examples)

Figure 10.21 shows examples of toggle output. TCNT operates as a periodic counter,
compare match B. Toggle output is selected for both compare match A and B.

TCNT value .
Counter cleared by compare match with GRB

A
GRB [ S
GRA [ R R GRS
H0000 § ; § | § Tir
TIOCB 3 ! 3 To
: ‘ | : ou

TIOCA : To
. ou

Figure10.21 Toggle Output (Example)
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0 I O S A
TCNT i ,—l
clock et

TCNT N X N+1
GR N

Compare ,—l

match signal

TIOCA, ><

TIOCB

Figure 10.22 Output Compare Timing

Input Capture Function

The TCNT value can be captured into ageneral register when atransition occurs at an|
capture/output compare pin (TIOCA or TIOCB). Capture can take place on therising €
edge, or both edges. The input capture function can be used to measure pulse width or |

Sample setup procedure for input capture: Figure 10.23 shows a sample procedure
up input capture.
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Al b Al ittt - = MMt Wil 10V IR & 11T T2 1T TV R JiiAal b M o

counter.

Input capture

Figure 10.23 Setup Procedurefor Input Capture (Example)

Examples of input capture: Figure 10.24 illustrates input capture when the falling e
TIOCB and both edges of TIOCA are selected as capture edges. TCNT iscleared by i
into GRB.

TCNT value Counter cleared &

/ input (falling edge

TIOCA

GRA X HO0005 >< H"0160 X
‘ Y

ere X >< H'0180

Figure 10.24 Input Capture (Example)
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Input-capture input

Internal input
capture signal

TCNT N

GRA, GRB ><

Figure 10.25 Input Capture Signal Timing
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Sample Setup Procedure for Synchronization

Figure 10.26 shows a sample procedure for setting up synchronization.

CSetup for synchronization)

| Select synchronization | 1

C Synchronous preset ) ( Synchronous clear )

Clearing
synchronized to this

No

) channel?
Write to TCNT 2
| 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 (synchronized preset).

. Set the CCLR1 or CCLRO bit in TCR to have the counter cleared by compare match or inpt

. 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.

g b~ w

Figure 10.26 Setup Procedurefor Synchronization (Example)
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Value of TCNTO to TCNT2

GRBO
GRB1
GRAO
GRB2
GRA1
GRA2
H'0000

TIOCA;

TIOCA,

A

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

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

Cleared by compare match with GRBO

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

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

TIOCA,

Figure 10.27 Synchronization (Example)
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~ ~

in GRA and GRB, the output does not change when compare match occurs.

Table10.4 PWM Output Pinsand Registers

Channel Output Pin 1 Output 0 Output
0 TIOCA, GRAO GRBO
1 TIOCA, GRA1 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

M AV EA S WP TV R A R

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 specifyi
the times at which the PWM outpt
goes to 1 and 0. The TIOCA pin
automatically becomes the PWM
output pin. The TIOCB pin confori
to the settings of bits IOB1 and IC
in TIOR. If TIOCB output is not
desired, clear both IOB1 and 10B!

. Set the STR bitto 1 in TSTR to st

the timer counter.

Figure10.28 Setup Procedurefor PWM Mode (Example)
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TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match with GF

a. Counter cleared by GRA

TCNT value

GRB

GRA

H'0000

TIOCA

/ Counter cleared by compare match with GF

b. Counter cleared by GRB

Figure10.29 PWM Mode (Example 1)
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GRA | GRREEREE ! S
H'0000 ‘ ‘ ‘ | ‘
TIOCA | | ‘_
Write jo GRA Write jo GRA
a. 0% duty cycle
TN . Counter leared by compare match with GRA
GRA - A
GRB | o | A
H'0000 ‘ ‘ | : |
TIOCA | | B
Write jo GRB Write jo GRB

b. 100% duty cycle

Figure10.30 PWM Mode (Example 2)
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Table10.5

Output Pinsin Reset-Synchronized PWM Mode

Channel Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1' (complementary waveform to PWM ou
4 TIOCA, PWM output 2
TOCXA, PWM output 2' (complementary waveform to PWM ou
TIOCB, PWM output 3
TOCXB, PWM output 3' (complementary waveform to PWM ou
Table10.6  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
GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and
GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and
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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 TTAIL A 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,, TIOCH
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 ¢

TCNTS3.

Figure 10.31 Setup Procedurefor Reset-Synchronized PWM M ode (Exarr
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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 10.32 Operation in Reset-Synchronized PWM M ode (Exampl:
(when OLS3=0LA=1)

For the settings and operation when reset-synchronized PWM mode and buffer mode
selected, see section 10.4.8, Buffering.
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Table 10.7 lists the PWM output pins. Table 10.8 summarizes the register settings.

Table10.7  Output Pinsin Complementary PWM Mode
Channel Output Pin Description
3 TIOCA, PWM output 1
TIOCB, PWM output 1' (non-overlapping complementary wavef
to PWM output 1)
4 TIOCA, PWM output 2
TOCXA, PWM output 2' (non-overlapping complementary wavef
to PWM output 2)
TIOCB, PWM output 3
TOCXB, PWM output 3' (non-overlapping complementary wavef
to PWM output 3)
Table10.8 Register Settingsin Complementary PWM Mode
Register Setting
TCNT3 Initially specifies the non-overlap margin (difference to TCNT4)
TCNT4 Initially set to H'0000
GRAS3 Specifies the upper limit value of TCNT3 minus 1
GRB3 Specifies a transition point of PWM waveforms output from TIOCA, and
GRA4 Specifies a transition point of PWM waveforms output from TIOCA, and -
GRB4 Specifies a transition point of PWM waveforms output from TIOCB, and
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Stop counting

Select counter clock

Select complementary
PWM mode

Set TCNTs

Set general registers

Start counters

i

Complementary PWM mode

halted.

. 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
TIOCA3, TIOCBg, TIOCA,, TIC
TOCXA,, and TOCXB, 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 GRAS. Set
transition times of the PWM ol
waveforms in GRB3, GRA4, a
GRB4. Set times within the co
match range of TCNT3 and T¢(
T < X (X: initial setting of GRB
GRA4, or GRB4. T: initial setti
TCNT3)

. Set bits STR3 and STR4 in T¢

1 to start TCNT3 and TCNT4.

Note: After exiting complementary PWM mode, to resume operating in compleme
PWM mode, follow the entire setup procedure from step 1 again.

Figure 10.33 Setup Procedurefor Complementary PWM M ode (Exam
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& AT T LUy LiallltiTlo v allu = LU

normal operating mode, wait at I

‘ one counter clock period, then cl

bits STR3 and STR4 of TSTR to

Stop counter operation 2 stop counter operation of TCNT?
TCNTA4.

Normal operating mode

Clear complementary PWM mode | 1

Figure 10.34 Clearing Procedurefor Complementary PWM Mode
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TCNT3 and
TCNT4 values

GRA3

GRB3

GRA4

Down-counting starts at compare
/ match between TCNT3 and GRA3

GRB4 r ¥ r
H0000 i
¥ ¥ : 11 Up-counting starts when '
TIOCA; | TCNT4 underflows ;|
rocss || T
TocA, - .

Figure 10.35 Operation in Complementary PWM Mode (Example 1, OLS3 =
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e LT 1L
TIOCB4 |_| O%dutycycle |_| |_, \_r

a. 0% duty cycle

TCNT3 and
TCNT4 values

GRA3

GRB3 |- 7

H'0000

TIOCA, J |_J | ] | ] |
TIOCB; ‘| |—| 3 | |_| B B

100% duty cycle

b. 100% duty cycle

Figure10.36 Operation in Complementary PWM Mode (Example2, OLS3=C
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GRA3

IMFA

Buffer transfer
signal (BR to GR)

GR

Flag not
( \\
)
Setto 1 N
Buffer transfer
No buffe

Figure 10.37 Overshoot Timing
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Buffer transfer
signal (BR to GR)

i

; \

7

h v
'
\ |
\ l

!

Iy 7

N /

Buffer transfer No buffer ti

Figure 10.38 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 also 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 10.39 shows six correct examples and one incorrect example.
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IS N I I |
GR ><V ><V ><V ><V ><V [ ><V

Figure 10.39 Changing a General Register Setting by Buffer Transfer (Exa

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 10.40.

GRA3+1 N
GRA3 " T lllegal ct
GRA3-T+1 oo AN -
GRA3-T e T N o

Figure 10.40 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 10.41.
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Figure10.41 Changing a General Register Setting by Buffer Transfer (Caul

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 coul
direction (up or down) must be the same both times. See figure 10.42.

A 0% duty cycle ‘ A 100% duty cycle ‘

Output pin I_I

Output pin

BR

A X A
VS N S
GR ><f ><V \& ><V

Write during down-counting Write during up-counting

Figure 10.42 Changing a General Register Setting by Buffer Transfer (Exan

Settings can be made in thisway by detecting GRA3 compare match or TCNT4
before writing to the buffer register. They can also be made by using GRA3 cor
to activate the DMAC.
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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 10.43 shows a sample procedure for setting up phase counting mode.

C 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 1 in TSTR to

Select flag setting condition 2 the timer counter.

Start counter 3

'

Phase counting mode

Figure 10.43 Setup Procedurefor Phase Counting M ode (Example)
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TCNT2 value

Tk 4 1 i . f
Tclka by R } v '

Counting

Figure 10.44 Operation in Phase Counting Mode (Example)

Table10.9 Up/Down Counting Conditions

Counting Direction Up-Counting Down-Counting

TCLKB N High ! Low High I Low

TCLKA Low t High ! ! Low N
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:

Figure 10.45 Phase Difference, Overlap, and Pulse Width in Phase Counting
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PR MR TR TR M I I e A T O T R PO e R R IR e R TR T

Seefigure 10.46.

Compare match signal

BR GR Comparator TCI

Figure 10.46 Compare Match Buffering

General register used for input capture

The TCNT valueistransferred to the general register at input capture. The previot
register value is transferred to the buffer register.

See figure 10.47.

Input capture signal

BR GR TCN

Figure 10.47 Input Capture Buffering

Complementary PWM mode

The buffer register valueis transferred to the general register when TCNT3 and T
change counting direction. This occurs at the following two times:

O When TCNT3 compare 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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2. Set bits BFA3, BFA4, BFB3, and BFB4 |
. to select buffering of the required gener:

| Set buffer bits | 2 3 Serthe STRbits to 1in TSTR to start t

counters.

| Start counters | 3

'

Buffered operation

Figure 10.48 Buffering Setup Procedure (Example)

Examples of Buffering

Figure 10.49 shows an example in which GRA is set to function as an output compare |
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 10.50 shows the
timing.
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BRA H0200 | . H0100 | - X 1~ | H0200 |

GRA H'0250 >< T H0200 ' Hotoo X V! H0200 |

A e e WS N
TIOCA | | I_, |
T T bt

Compare match A

Figure10.49 Register Buffering (Example 1: Buffering of Output Compare

0 N O R o R A

TCNT n n+1

Compare
match signal

Buffer transfer
signal

[
[

BR N

|

GR n Y

Figure10.50 Compare Match and Buffer Transfer Timing (Example

Figure 10.51 shows an example in which GRA is set to function as an input capture re
buffered by BRA, and TCNT is cleared by input capture B. The falling edge is selecte
input capture edge at TIOCB. Both edges are selected as input capture edges at TIOC
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H'0005 } ffffff e SRRRREEEE ‘ —————————————————————

H'0000
TIOCB | ! ! ‘

TIOCA f { ! f

GRA >< H'0005 1 H0160

BRA >< >< Y H'OOOjS ;><* H'0160

GRB :>< >< H'0180
! oo

Input capture A

Figure10.51 Register Buffering (Example 2: Buffering of Input Capture Re

25N I e Y Y O o

TIOC pin - . 4>\7
.

Input capture

signal
TCNT n n+1 N
/ ) \
GR M— X %n . n. X =N
\ 3
BR m M . M X n

Figure10.52 Input Capture and Buffer Transfer Timing (Example)
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GRAZ |- x e

H'0999 |-~~~ /-4 -\~ |

H'0000 :

BRB3 Hoo99 | X | H'1FFF - X H0999 ||

GRB3 H'Oé99 >< H:‘(:)999 >< H'1FFF >< H'1FFF >< H'O:9:99

TIOCA, | | | l_

TIOCB, L

Figure 10.53 Register Buffering (Example 3: Buffering in Complementary PV
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register (DDR) of the corresponding input/output port. Figure 10.54 illustrates the timil
enabling and disabling of 1TU output by TOER.

T Ty T3
}4—»}4—»{4—»
0 B |
Address bus TOER address ><
TOER ><
ITU output pin Timer output I/O port

ITU output 4><7 Generic input/outp

Figure10.54 Timing of Disabling of ITU Output by Writing to TOER (Exa
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TIOCA1 pin o h o~
Input capture \\

signal ,—l '7

((

)T ’

(( L :

)T |
TOER N X HCo N X HC

‘)‘) T

ITU output 55 \
pins ITU output >< ( 1/O port ITUoutput X I/
ITU output e Generic ITU output .

‘ input/output ‘

N: Arbitrary setting (H'C1 to H'FF)

Figure 10.55 Timing of Disabling of ITU Output by External Trigger (Ex:
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¢ A T A B O
Address bus :>< TOCR address ><

TOCR

ITU output pin ><

Inverted

Figure 10.56 Timing of Inverting of ITU Output Level by Writingto TOCR (E
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IMFA and IMFB are set to 1 by a compare match signal generated when TCNT matct
register (GR). The compare match signal is generated in the last state in which the val
(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 tit
input. Figure 10.57 shows the timing of the setting of IMFA and IMFB.

0 i |

TCNT input
clock

TCNT N >< N+1

GR N

Compare
match signal

IMF

IMI

Figure 10.57 Timing of Setting of IMFA and IMFB by Compare Mat
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Input capture
signal

IMF

TCNT N

GR >< N

IMI

Figure 10.58 Timing of Setting of IMFA and IMFB by Input Capture
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TCNT H'FFFF

>< H'0000

Overflow
signal

OVF

ovi

Figure 10.59 Timing of Setting of OVF
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Address >< TSR address X

IMF, OVF

Figure 10.60 Timing of Clearing of Status Flags

10.5.3 Interrupt Sourcesand DMA Controller Activation

Each ITU channel can generate a compare match/input capture A interrupt, a compare
capture B interrupt, and an overflow interrupt. In total there are 15 interrupt sources, a
independently vectored. An interrupt is requested when the interrupt request flag and ir
enable bit are both set to 1.

The priority order of the channels can be modified in interrupt priority registers A and |
and IPRB). For details see section 5, Interrupt Controller.

Compare match/input capture A interrupts in channels O to 3 can activate the DMA cor
(DMAC). When the DMAC is activated a CPU interrupt is not requested.

Table 10.10 lists the interrupt sources.
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changed by settings in IPRA and IPRB.

IMIB1 Compare match/input capture B1 No
ovii Overflow 1 No
2 IMIA2 Compare match/input capture A2 Yes
IMIB2 Compare match/input capture B2 No
OoVI2 Overflow 2 No
3 IMIA3 Compare match/input capture A3 Yes
IMIB3 Compare match/input capture B3 No
oviI3 Overflow 3 No
4 IMIA4 Compare match/input capture A4 No
IMIB4 Compare match/input capture B4 No
ovi4 Overflow 4 No
Note: * The priority immediately after a reset is indicated. Inter-channel priorities ce
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TCNT write cycle

; ]

Address bus X TCNT address ><

Internal write signal

Counter clear signal

TCNT N >< H'0000

Figure10.61 Contention between TCNT Write and Clear
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. N
Address bus X TCNT address ><

Internal write signal

TCNT input clock

TCNT N >< v M

TCNT write data

Figure 10.62 Contention between TCNT Word Write and Incremen
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[
Address bus X TCNTH address ><

Internal write signal

TCNT input clock

N >< M
TCNTH o
TCNT write data

TCNTL X >< X+1 >< X

Figure 10.63 Contention between TCNT Byte Write and Increment
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Address bus

LJ

GR address ><

Internal write signal

TCNT N >< N+1
GR N >< M
A

General register write data

Compare match signal : - Inhib

Figure 10.64 Contention between General Register Write and Compare |
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Address bus X TCNT address ><

Internal write signal

TCNT input clock

Overflow signal

TCNT H'FFFF >< M

TCNT write data

OVF

Figure 10.65 Contention between TCNT Write and Overflow
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o N
Address bus :>< GR address ><

Internal read signal

Input capture signal

GR X >< M
Internal data bus —< X >7

Figure 10.66 Contention between General Register Read and Input Cag
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Input capture signal

Counter clear signal

TCNT input clock

TCNT N >< H'0000

GR >< N

Figure 10.67 Contention between Counter Clearing by Input Captureand C
Increment
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i ]
Address bus X GR address ><

Internal write signal

Input capture signal

TCNT M

GR >< \M

Figure 10.68 Contention between General Register Writeand Input Caj

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:

f= 9
(N+1)

(f: counter frequency. @ system clock frequency. N: value set in general regis
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™
Address bus X BR address ><

Internal write signal

Input capture signal

GR

2

X
A
TCNT value

BR M >< \N

Figure10.69 Contention between Buffer Register Write and Input Captt
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Write A to upper byte
| of channel 2

TenNT2 | w | x

TenTs |y |z |

Upper byte Lower byte
pperbyt v Write A to lower byte

of channel 3
T

* Word write to channel 2 or word write to channel 3

Tent2 | w0 x|

_ -

Tents [ vy |z | witeABwordto
channel 2 or 3

Upper byte Lower byte

TCNT2

TCNT3

TCNT2

TCNT3

TCNT2

TCNT3

L b

Upper byt

4

Upper byt

uN

Upper byt

Note on Setup of Reset-Synchronized PWM M ode and Complementary PWM M

When setting bits CMD1 and CMDO in TFCR, take the following precautions:

Write to bits CMD1 and CM DO only when TCNT3 and TCNT4 are stopped.

Do not switch directly between reset-synchronized PWM mode and complemental
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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11.1.1  Features
TPC features are listed below.

» 16-bit output data
Maximum 16-bit data can be output. TPC output can be enabled on a bit-by-bit ba
» Four output groups

Output trigger signals can be selected in 4-bit groups to provide up to four differer
outputs.

» Selectable output trigger signals

Output trigger signals can be selected for each group from the compare-match sigt
ITU channels.

* Non-overlap mode
A non-overlap margin can be provided between pul se outputs.
» Can operate together with the DMA controller (DMAC)

The compare-match signals selected as trigger signals can activate the DMAC for
output of data without CPU intervention.
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TP1g ~-—
TP14 = Pulse output
TP13 -«— pins, group 3
TP12 ——|
TPll ]
TPyo <=1 Pulse output
TPy -— pins, group 2
Tpg -
TP7 -
TP = Pulse output
TPg - pins, group 1
TP, ~—]
TP3 -
TP, =+ Pulse output
TP, = pins, group 0
TPO -]

Legend:
TPMR:
TPCR:
NDERB:
NDERA:
PBDDR:
PADDR:
NDRB:
NDRA:
PBDR:
PADR:

Control logic

NDERA

NDERB

TPMR

TPCR

”””””””” PBDR

,,,,,,,,,,,,,,, PADR

TPC output mode register
TPC output control register
Next data enable register B
Next data enable register A
Port B data direction register
Port A data direction register
Next data register B

Next data register A

Port B data register

Port A data register

————— NDRA ----

Figure11.1 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 output
TPC output 5 TP, Output
TPC output 6 TP, Output
TPC output 7 TP Output
TPC output 8 TP, Output Group 2 pulse output
TPC output 9 TP, Output
TPC output 10 TP, Output
TPC output 11 TP, Output
TPC output 12 TP, Output Group 3 pulse output
TPC output 13 TP, Output
TPC output 14 TP, Output
TPC output 15 TP, Output
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Port B data direction register PBDDR W H'00

H'FFD4
H'FFD6 Port B data register PBDR RI(W)*? H'00
H'FFAO TPC output mode register TPMR R/W H'FO
H'FFAl TPC output control register TPCR R/W H'FF
H'FFA2 Next data enable register B NDERB R/W H'00
H'FFA3 Next data enable register A NDERA R/W H'00
H'FFA5/ Next data register A NDRA R/W H'00
H'FFA7*®
H'FFA4 Next data register B NDRB R/W H'00
H'FFA6™*
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 w

Port A data direction 7to 0

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 9.11, Port A.

11.2.2 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 ‘ PA5 ‘ PA,4 ‘ PA3 ‘ PA, ‘ PA1
Initial value 0 0 0 0 0 0 0

Read/Write R/(W)*  R/(W)  R/I(W)Y R/(W) R/(WY 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 9.11, Port A.
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Port B data direction 7to 0

These bits select input or
output for port B pins

Port B is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC oL
be set to 1. For further information about PBDDR, see section 9.12, Port B.

11.2.4 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
‘ PB7 ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB2 ‘ PB1 ‘
Initial value 0 0 0 0 0 0 0

Read/Write R/(W)*  R/(W)  R/(W)Y R/(W) R/(W)Y R/(W) R/(W)*
|
Port B data7to 0

These bits store output data
for TPC output groups 2 and 3

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 9.12, Port B.
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software standby mode.

Same Trigger for TPC Output Groups0 and 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 are alwaysread as 1.

Address H'FFAS5
Bit 7 6 5 4 3 2 1
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR
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 n
data for TPC output group 1 data for TPC output g
Address H'FFA7
Bit 7 6 5 4 3 2 1
O O O 0 O O O
Initial value 1 1 1 1 1 1 1
Read/Write O O 0 0 O O O

Reserved bits
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Bit 7 6 5 4 3 2 1

‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ O ‘ O ‘ 0

Initial value 0 0 0 0 1 1 1

Read/Write R/W R/W R/W R/W O 0 0
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
‘ O ‘ 0 ‘ O ‘ O ‘ NDR3 ‘ NDR2 ‘ NDR1
Initial value 1 1 1 1 0 0 0
Read/Write O 0 O O R/W R/W R/W
Reserved bits Next data3to O

These bits store the ne
data for TPC output g
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software standby mode.

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'FFAA4. 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 are alwaysread as 1.

Address H'FFA4
Bit 7 6 5 4 3 2 1
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR
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 15 to 12 Next data 11to 8
These bits store the next output These bits store the n
data for TPC output group 3 data for TPC output g
Address H'FFAG
Bit 7 6 5 4 3 2 1
O ‘ O ‘ O ‘ 0 ‘ O ‘ O ‘ O
Initial value 1 1 1 1 1 1 1
Read/Write O O 0 0 O O O

Reserved bits
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Bit 7 6 5 4 3 2 1

‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ 0 ‘ 0 ‘ 0

Initial value 0 0 0 0 1 1 1

Read/Write R/W R/W R/W R/W O 0 0
Next data 15to 12 Reserved bits

These bits store the next output
data for TPC output group 3

Address H'FFA6

Bit 7 6 5 4 3 2 1
a O | ad ‘ NDR11 ‘ NDR10 ‘ NDR9

Initial value 1 1 1 1 0 0 0
Read/Write a O 0 ad R/W R/W R/W
Reserved bits Next data 11 to 8

These bits store the
data for TPC output
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Read/Write R/W R/W R/W R/W R/W R/W R/W

Next data enable 7to O
These bits enable or disable
TPC output groups 1 and 0

If abit isenabled 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 hit, 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 7to 0 (NDER7 to NDEROQ): These bits enable or dis
output groups 1 and O (TP, to TPR,) on a bit-by-bit basis.

Bits 7 to O:
NDER7 to NDERO Description
0 TPC outputs TP, to TP, are disabled
(NDR7 to NDRO are not transferred to PA, to PA))
1 TPC outputs TP, to TP, are enabled

(NDR?7 to NDRO 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 bit, 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 is not initiali
software standby mode.

Bits 7 to 0—Next Data Enable 15to 8 (NDER15 to NDERS): These bits enable or di
output groups 3 and 2 (TP, to TP,) on a bit-by-bit basis.

Bits 7 to O:

NDER15 to NDERS8 Description

0 TPC outputs TP, to TP, are disabled (
(NDR15 to NDRS8 are not transferred to PB, to PB )

1 TPC outputs TP, to TP, are enabled

(NDR15 to NDRS are transferred to PB, to PB)
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noeaAau/vviite NFVY LA A LA A LT A S LT A4 LT A LT A4

Group 3 compare
match select 1 and O
These bits select

the compare match
event that triggers ' 0UP 2 compare

tch select 1 and O
TPC output group 3 Match s
(TPy5 to TP;,) These bits select

the compare match
event that triggers ~ Group 1 compare
TPC output group 2 match select 1 and 0
(TP11 to TPg) These bits select
the compare match
event that triggers ~ C"OUP 0 C
TPC output group 1 Match sele

TP- to TP These bits
(TP7 +) the compal

event that t
TPC outpu
(TP to TP

TPCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initializ
software standby mode.

Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CM S1, G3CM S0): Th
select the compare match event that triggers TPC output group 3 (TP, to TP,,).

Bit 7: G3CMS1 Bit 6: G3CMS0 Description

0 0 TPC output group 3 (TP, to TP,,) is triggered
match in ITU channel O

1 TPC output group 3 (TP, to TP,,) is triggered
match in ITU channel 1

1 0 TPC output group 3 (TP, to TP,,) is triggered
match in ITU channel 2

1 TPC output group 3 (TP, to TP,,) is triggered

match in ITU channel 3 (
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T UULPUL YIVUpY < (1T, tU T ) 1o Uigyelitu Uy
match in ITU channel 2

TPC output group 2 (TP, to TP,) is triggered by
match in ITU channel 3 (Ir

Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, G1ICM S0): The
select the compare match event that triggers TPC output group 1 (TP, to TR,).

Bit 3: GICMS1 Bit 2: GICMSO0

Description

0 0 TPC output group 1 (TP, to TP,) is triggered by
match in ITU channel 0

1 TPC output group 1 (TP, to TP,) is triggered by
match in ITU channel 1

1 0 TPC output group 1 (TP, to TP,) is triggered by
match in ITU channel 2

1 TPC output group 1 (TP, to TP,) is triggered by

match in ITU channel 3 (I

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,).

Bit 1: GOCMS1 Bit 0: GOCMSO0

Description

0 0 TPC output group 0 (TP, to TP,) is triggered by
match in ITU channel O

1 TPC output group 0 (TP, to TP,) is triggered by
match in ITU channel 1

1 0 TPC output group 0 (TP, to TP) is triggered by
match in ITU channel 2

1 TPC output group 0 (TP, to TP,) is triggered by

match in ITU channel 3 (I
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Read/Write O O a a R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TP;5)

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TP;4 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 TR,)

The output trigger period of a non-overlapping TPC output waveform is set in genera
(GRB) inthe ITU channel selected for output triggering. The non-overlap marginis s
register A (GRA). The output values change at compare match A and B. For details
11.3.4, Non-Overlapping TPC Output.

TPMRisinitialized to H'FO by areset and in hardware standby mode. It is not initiali:
software standby mode.

Bits 7 to 4—Reserved: Read-only bits, alwaysread as 1.
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Bit 2—Group 2 Non-Overlap (G2NOV): Selects normal or non-overlapping TPC oul

group 2 (TP, to TR,).
Bit 2: G2NOV Description
0 Normal TPC output in group 2 (output values change at compare m

the selected ITU channel) (Ir

Non-overlapping TPC output in group 2 (independent 1 and 0 outpt
compare match A and B in the selected ITU channel)

Bit 1—Group 1 Non-Overlap (GINOV): Selects normal or non-overlapping TPC ou

group 1 (TP, to TR)).
Bit 1: GINOV Description
0 Normal TPC output in group 1 (output values change at compare m

the selected ITU channel) (Ir

Non-overlapping TPC output in group 1 (independent 1 and 0 outpt
compare match A and B in the selected ITU channel)

Bit 0—Group 0 Non-Overlap (GONOV): Selects normal or non-overlapping TPC ou

group O (TP, to TR,).
Bit 0: GONOV Description
0 Normal TPC output in group 0 (output values change at compare m

the selected ITU channel) (Ir

Non-overlapping TPC output in group 0 (independent 1 and 0 outpt
compare match A and B in the selected ITU channel)
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Figure 11.2 illustrates the TPC output operation. Table 11.3 summarizes the TPC ope
conditions.

DDR NDER
Q Q
Output trigger signal
C
Q DR Di= Q NDR Df~—

TPC output pin

Figure11.2 TPC Output Operation

Table11.3 TPC Operating Conditions

NDER DDR Pin Function

0 0 Generic input port

Generic output port

1 0 Generic input port (but the DR bit is a read-only bit, and wher
match occurs, the NDR bit value is transferred to the DR bit)

1 TPC pulse output

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 operatior
11.3.4, Non-Overlapping TPC Output.
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TCNT >< N >< N+1 ><

GRA N

Compare
match A signal

NDRB n
PBDR m >< N n
TPgto TP;5 m >< n

Figure11.3 Timing of Transfer of Next Data Register Contentsand Output (E
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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

10.

11.

Compare match?
Y

es

Set next TPC output data

11

Set TIOR to make GRA an output
register (with output inhibited).

Set the TPC output trigger period.
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.
The DMAC can also be set up to ti
data to the next data register.

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
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 -
Set the next TPC output values in tl
Set the STR bitto 1 in TSTR to stal
timer counter.

At each IMFA interrupt, set the nex
values in the NDR bits.

Figure11.4 Setup Procedurefor Normal TPC Output (Example)
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¢ The ITU channel to be used as the output trigger channel is set up so that GRA is an output corr
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'F8is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 ar
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 NDRB.

¢ The timer counter in this ITU channel is started. When compare match A occurs, the NDRB cont
are transferred to PBDR and output. The compare match/input capture A (IMFA) interrupt servic
writes the next output data (H'CO) in NDRB.

« Five-phase overlapping pulse output (one or two phases active at a time) can be obtained by wri
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive IMFA interrupts. If the DMAC is st
activation by this interrupt, pulse output can be obtained without loading the CPU.

Figure11.5 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 |
|

f | Set initial output data |

\

| Set up TPC output |
\

| Enable TPC transfer |
\

| Select TPC transfer trigger |

| Select non-ove‘rlapping 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 w
TPSC2 to TPSCO in TCR. Select 1
clear source with bits CCLR1 and
Enable the IMFA interrupt in TIER
The DMAC can also be setup to t
data to the next data register.

Set the initial output values in the
of the input/output port pins to be
TPC output.

Set the DDR bits of the input/outp
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 outpl
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 r
value in the NDR bits.

Figure11.6 Setup Procedurefor Non-Overlapping TPC Output (Exam
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=—=! Non-overlap margin
|

TPyg

TPy

. T
w L T

TPy

TPy 3

L

The output trigger ITU channel is set up so that GRA and GRB are output 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 enable IMFA interrupts.

H'FF is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set
in TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Bits G3NOV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is
written in NDRB.

The timer counter in this ITU channel is started. When compare match B occurs, outputs change from
1to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 to 1 is delaye«
by the value of GRA). The IMFA interrupt service routine writes the next output data (H'65) in NDRB.
Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'95
at successive IMFA interrupts. If the DMAC is set for activation by this interrupt, pulse output can be
obtained without loading the CPU.

Figure11.7 Non-Overlapping TPC Output Example
(Four-Phase Complementary Non-Over lapping Pulse Output)
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TIOC pin

Input capture
signal

.

]

NDR

\

DR

M

o

Figure11.8 TPC Output Triggering by Input Capture (Example)
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11.4.2  Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR hit values to DR bits takes plac
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 t
if their valueis 1.

Figure 11.9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
Q DR Di= . Q NDR Df~—

TPC output pin

Figure11.9 Non-Overlapping TPC Output
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Compare
match A

Compare
match B

NDR

DR

NDR write

A X

0 output 0/1 output O 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

Figure11.10 Non-Overlapping Operation and NDR Write Timing
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interval timer interrupt is requested at each TCNT overflow.

12.1.1 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.

» Theentire chip can bereset internaly by areset signal output from the watchdog t
The reset signal generated by timer counter overflow during watchdog timer opere
the entire chip internally. In an H8/3048F-ONE (single power supply with flash m
RESO pin acts as the FWE pin; no external reset signal can be output.
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l Internal clock
2
RSTCSR v
@32
@64
roset <
(internal, external) Clock @128
selector @256
@512
@2048
@4096
|
Legend: l
TCNT:  Timer counter
TCSR:  Timer control/status register
RSTCSR: Reset control/status register
Note: * Open-drain output pin
Figure12.1 WDT Block Diagram
12.1.3 Pin Configuration
Output pins used by the WDT** are shown in table 12.11.
Table12.1 WDT Pins
Pin Name Abbreviation /0 Function
Reset output RESO Output™ External output of watchdog timer re

Notes: 1. Not provided in on-chip flash memory versions.
2. Open-drain output pin
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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.

12.2  Register Descriptions

1221  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 bitisset 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 bit iscleared to O.

Note: * TCNT iswrite-protected by a password. For details see section 12.2.4, No
Register Rewriting.
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\OVF\WT/W\TME\ | \ 0 ‘CKSZ‘CKSl‘t

Initial value 0 0 0 1 1 0 0
Read/Write  R/(W)” RIW RIW | o R/W RIW
Clock select

These bits select
TCNT clock sour

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 0 are initialized
reset. In software standby mode bits 2 to O are not initialized, but retain their previous\

Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has ove
from H'FF to H'00.

Bit 7: OVF Description
0 [Clearing condition]

Cleared by reading OVF when OVF = 1, then writing 0 in OVF  (Ir
1 [Setting condition]

Set when TCNT changes from H'FF to H'00
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Bit 5—Timer Enable (TME): Selectswhether TCNT runsor is halted.

When WT/IT = 1, clear the SY SCR software standby bit (SSBY) to 0, then set the T\
When SSBY issetto 1, clear TME to 0.

Bit 5: TME Description
0 TCNT is initialized to H'00 and halted (
1 TCNT is counting and CPU interrupt requests are enabled

Bits 4 and 3—Reserved: Read-only bits, awaysread as 1.

Bits2to 0—Clock Select 2t0 0 (CK S2 to CK S0): These bits select one of eight inte
sources, obtained by prescaling the system clock (@), for input to TCNT.

Bit 2: CKS2 Bit 1: CKS1 Bit 0: CKSO0 Description
0 0 0 @2 (
1 @32
1 0 @64
1 @128
1 0 0 @256
1 @512
1 0 @2048
1 @4096

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



Read/Write  R/(W)” RIW O O O O 0

Reserved bits

Reset output enable
Enables or disables external output of the reset signal

Watchdog timer reset
Indicates that a reset signal has been generated

Notes: The method for writing to RSTCSR s different from that for general registers t
inadvertent overwriting. For details see section 12.2.4, Notes on Register Rev
* Only 0 can be written in bit 7, to clear the flag.

Bits 7 and 6 are initialized by input of areset signal at the RES pin. They are not initia
reset signals generated by watchdog timer overflow.

Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit ir
TCNT has overflowed and generated areset signal. This reset signal resets the entire cl
internaly. If bit RSTOE is set to 1, thisreset signal is also output (low) at the RESO pi
initialize external system devices. Note that there is no RESO pin in the versions with
flash memory.

Bit 7
WRST Description
0 [Clearing conditions]
+  Reset signal at RES pin.
« Read WRST when WRST = 1, then write 0 in WRST. (Ir
1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog time
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Bits 5 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.

12.2.4  Noteson Register Rewriting

The watchdog timer’'s TCNT, TCSR, and RSTCSR registers differ from other register
more difficult to write. The procedures for writing and reading these registers are give

Writingto TCNT and TCSR

These registers must be written by aword transfer instruction. They cannot be written
instructions. Figure 12.2 shows the format of datawrittento TCNT and TCSR. TCNT
both have the same write address. The write data must be contained in the lower byte
written word. The upper byte must contain H'5A (password for TCNT) or H'A5 (pass
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.

Figure12.2 Format of Data Written to TCNT and TCSR
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Writing 0 in WRST bit 15 8 7

H'FFAA* | H'A5 ‘ H'00
Writing to RSTOE hbit 15 8 7
H'FFAA* | H'5A ‘ Write data

Note: * Lower 16 bits of the address.

Reading TCNT, TCSR, and RSTCSR

Figure12.3 Format of Data Written to RSTCSR

These registers are read like other registers. Byte access instructions can be used. Ther
addresses are H'FFA8 for TCSR, H'FFA9 for TCNT, and H'FFAB for RSTCSR, aslist

12.3.

Table12.3 Read Addressesof TCNT, TCSR, and RSTCSR

Address” Register
H'FFAS8 TCSR

H'FFA9 TCNT

H'FFAB RSTCSR

Note: * Lower 16 bits of the address.
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TCNT value (normally by writing H'00) before overflow occurs. If TCNT failsto ber
overflows due to a system crash etc., the chip isinternally reset for a duration of 518

The watchdog reset signal can be externally output from the RESO pin to reset extern
devices. Thereset signal is output externally for 132 states. External output can be en:
disabled by the RSTOE bit in RSTCSR. Note that there is no RESO pin in the versior
chip flash memory.

A watchdog reset has the same vector as areset generated by input at the RES pin. So
distinguish aRES reset from awatchdog reset by checking the WRST bit in RSTCSR

If aRES reset and a watchdog reset occur simultaneously, the RES reset takes priority

WDT overflow
H'FF
TCNT count
value
H'00
Start H'00 written Reset H'00 wri
in TCNT in TCNT

Internal
reset signal

518 states

FEso |
-

132 states

Figure12.4 Watchdog Timer Operation
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T

TCNT
count value

HO0 —————f - ----
Y Y Y \J
WT/IT=0 Interval Interval Interval Interval
TME=1 timer timer timer timer
interrupt interrupt interrupt interrupt

Figure12.5 Interval Timer Operation

12.3.3 Timing of Setting of Overflow Flag (OVF)

Figure 12.6 shows the timing of setting of the OVF flag in TCSR. The OVF flag is set
TCNT overflows. At the same time, areset signal is generated in watchdog timer opere

interval timer interrupt is generated in interval timer operation.

.

TCNT H'FF >< H'00

Overflow signal

\

OVF

Figure12.6 Timing of Setting of OVF
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TCNT

HFF

H'00

Overflow signal

OVF

WDT internal
reset

WRST

Figure12.7 Timing of Setting of WRST Bit and Internal Reset
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If atimer counter clock pulse is generated during the T, state of awrite cycleto TCNT,
takes priority and the timer count is not incremented. See figure 12.8.

Write cycle: CPU writes to TCNT

T1 To T3
el |

0 I A
TCNT :>< ><
Internal write —\I
signal

TCNT input

clock

TCNT N >< M

Counter write data

Figure12.8 Contention between TCNT Write and Increment

Changing CKS2to 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 theinternal /O registersrelated to the on-chip WDT are rewritten.
*  When software standby mode isincorrectly entered.
* When the break mode isincorrectly entered.

In addition, as stated in the NMI above, if an abnormal level isinput into the power st
the system control pins, correct operations cannot be guaranteed.

Except the above cases, the on-chip WDT functions as a device that supports recover)
system crash. Accordingly, when afail-safe function is required in your system, an ad
circuit may be required as necessary.
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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 20.6, 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 14, Smart Card Interface.

1311

Features

SCI features are listed below.

» Selection of asynchronous or synchronous mode for serial communication
O Asynchronous mode

Serial datacommunication is synchronized one character at atime. The SCI ce
communicate with auniversal asynchronous receiver/transmitter (UART), asy
communication interface adapter (ACIA), or other chip that employs standard
asynchronous serial communication. It can also communicate with two or mor
processors using the multiprocessor communication function. There are twelve
serial data communication formats.

Datalength: 7 or 8 hits

Stop bit length: 1 or 2 bits

Parity bit: even, odd, or none

Multiprocessor bit: 1 or 0

Recelve error detection: parity, overrun, and framing errors

Break detection: by reading the RxD level directly when aframing error oc
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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. The transmit-data-empty and receive-data-full interrupts from SCIO
activate the DMA controller (DMAC) to transfer data.
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Bus

J U

| RDR | | TOR | SSR | BRR

Al U SCR L o

RxD —~ | RSR | ] TsRr SMR Baud rate [« ¢
[ Transmit/ generator |,
receive control -~ @
TxD = -
Parity generate 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

Figure13.1 SCI Block Diagram
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~

Transmit data pin TxD

Output

s SCI, transmit de

1 Serial clock pin SCK, Input/output SCI, clock input
Receive data pin RxD, Input SCI, receive dat

Transmit data pin TxD, Output SCI, transmit dz

13.1.4 Register Configuration

The SCI hasinternal registers as listed in table 13.2. These registers select asynchronot
synchronous mode, specify the data format and bit rate, and control the transmitter and

sections.

Table13.2 Registers

Channel  Address™  Name Abbreviation RIW In
0 H'FFBO Serial mode register SMR R/W H'
H'FFB1 Bit rate register BRR R/W H'
H'FFB2 Serial control register SCR R/W H'
H'FFB3 Transmit data register TDR R/W H'
H'FFB4 Serial status register SSR RI(W)™  H
H'FFB5 Receive data register RDR R H'
1 H'FFB8 Serial mode register SMR R/W H'
H'FFB9 Bit rate register BRR R/W H'
H'FFBA Serial control register SCR R/W H'
H'FFBB Transmit data register TDR R/W H'
H'FFBC Serial status register SSR RI(W)™  H
H'FFBD Receive data register RDR R H'

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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Read/Write a 0 O O O ] a

The SCI loads serial datainput at the RxD pin into RSR in the order received, LSB (b
thereby converting the data to parallel data. When 1 byte has been received, it is autor
transferred to RDR. The CPU cannot read or write RSR directly.

13.2.2 Receive Data Register (RDR)

RDR istheregister 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 serial data, it transfers the received datafro
RDR for storage. RSR is then ready to receive the next data. This double buffering all
be received continuously.

RDR isaread-only register. Its contents cannot be modified by the CPU. RDR is initi
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 serialy from
pin, LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the
transmit datafrom TDR into TSR and starts transmitting it. If the TDRE flag is set to 1
however, the SCI does not |oad the TDR contents into TSR. The CPU cannot read or w
directly.

13.2.4  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 T
TSR and starts serial transmission. Continuous serial transmission is possible by writin
transmit datain TDR during serial transmission from TSR.

The CPU can always read 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 sel
These bits
baud rate
clock sour

Multiprocessor r
Selects the multip
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. SMR isinitialized to H'00 by areset and ir
mode.

Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchron
synchronous mode.

Bit 7: C/A Description
0 Asynchronous mode (
1 Synchronous mode
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Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the ad
parity bit to transmit data, and the checking of the parity bit in receive data. In synchro
the parity bit is neither added nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (Ir
1 Parity bit added and checked”

Note: * When PE is setto 1, an even or odd parity bit is added to transmit data acco
even or odd parity mode selected by the O/E bit, and the parity bit in receive
checked to see that it matches the even or odd mode selected by the O/E bi

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 aj
The O/E setting isignored in synchronous mode, or when parity adding and checking i
in asynchronous mode.

Bit 4: O/E Description
0 Even parity** (Ir
1 Odd parity™®

Notes: 1. When even parity is selected, the parity bit added to transmit data makes an
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 an «
of 1s in the transmitted character and parity bit combined. Receive data mus
odd number of 1s in the received character and parity bit combined.
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2. Two stop bits (with value 1) are added at the end of each transmitted chara

In receiving, only thefirst stop bit is checked, regardless of the STOP bit setting. If th
stop bitis1it istreated asastop bit. If the second stop bit is O it is treated as the start
next incoming character.

Bit 2—M ultiprocessor Mode (M P): Selects a multiprocessor format. When amultip
format is selected, parity settings made by the PE and O/E bits are ignored. The MP b
valid only in asynchronous mode. It isignored in synchronous mode.

For further information on the multiprocessor communication function, see section 13
Multiprocessor Communication.

Bit 2: MP Description
0 Multiprocessor function disabled (
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CKS1, CK S0): These hits select the clock sour
chip 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, <
13.2.8, Bit Rate Register (BRR).

Bit 1: CKS1 Bit 0: CKSO Description

0 0 (0] (
1 @4

1 0 @16
1 @64
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Read/Write R/W R/W R/W R/W R/W R/W R/W

Clock ena
These bits
SCI clock ¢

Transmit-end interrup
Enables or disables trar
end interrupts (TEI)

Multiprocessor interrupt enal
Enables or disables multiproce
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 andin s
mode.
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cliearng it to v, or by ciearing e 11z DIL Lo U.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full in
requested when the RDRF flag is set to 1 in SSR dueto transfer of serial receive data
RDR; also enables or disables the receive-error interrupt (ERI).

Bit 6: RIE Description

0 Receive-data-full (RXI) and receive-error (ERI) interrupt requests ¢
(

1 Receive-data-full (RXI) and receive-error (ERI) interrupt requests are e

Note: * RXI and ERI interrupt requests can be cleared by reading the value 1 from
FER, PER, or ORER flag, then clearing it to O; or by clearing the RIE bit to

Bit 5—Transmit Enable (TE): Enables or disables the start of SCI serial transmittin

Bit 5: TE Description
0 Transmitting disabled™* (
1 Transmitting enabled™?

Notes: 1. The TDRE bitis locked at 1 in SSR.
2. Inthe enabled state, serial transmitting starts when the TDRE bit in SSR is
after writing of transmit data into TDR. Select the transmit format in SMR b
the TE bit to 1.
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in SMR before setting the RE bit to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocesso
The MPIE setting is valid only in asynchronous mode, and only if the MP bit is set to 1
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 (hormal receive operation) (|
[Clearing conditions]
* The MPIE bit is cleared to 0.
e MPB =1 in received data.

1 Multiprocessor interrupts are enabled”

Receive-data-full interrupts (RXI), receive-error interrupts (ERI), anc
the RDRF, FER, and ORER status flags in SSR are disabled until d
multiprocessor bit set to 1 is received.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect re
errors, and does not set the RDRF, FER, and ORER flags in SSR. When it r
data in which MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically
MPIE bit to 0, enables RXI and ERI interrupts (if the RIE bit is set to 1 in SCI
allows the FER and ORER flags to be set.

Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-en
(TEI) requested if TDR does not contain new transmit data when the MSB is transmitte

Bit 2: TEIE Description
0 Transmit-end interrupt requests (TEI) are disabled” (Ir
1 Transmit-end interrupt requests (TEI) are enabled”

Note: * TEI interrupt requests can be cleared by reading the value 1 from the TDRE
SSR, then clearing the TDRE flag to 0, thereby also clearing the TEND flag |
clearing the TEIE bit to O.
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Bit 1: Bit O:
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 clo

1 Asynchronous mode

Internal clock, SCK pin used for clock out|

Synchronous mode

Internal clock, SCK pin used for serial clo

1 0 Asynchronous mode

External clock, SCK pin used for clock inf

Synchronous mode

External clock, SCK pin used for serial clc

1 Asynchronous mode

External clock, SCK pin used for clock in

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/vvrite RAAW) RAW)  RAVW)  RAW)  RAW) A AN

Multi
bit tr
Value
proce
be tre

Multiprocess
Stores the rec
multiprocesso

Transmit end
Status flag indicating ¢
transmission

Parity error
Status flag indicating detection o
a receive parity error

Framing error
Status flag indicating detection of a receive
framing error

Overrun error
Status flag indicating detection of a receive overrun

Receive data register full
Status flag indicating that data has been received and stored

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 O can be written, to clear the flag.

The CPU can aways read and write SSR, but cannot write 1 in the TDRE, RDRF, ORE
and FER flags. These flags can be cleared to O only if they have first been read while
TEND and MPB flags are read-only bits that cannot be written.

SSRisinitialized to H'84 by areset and in standby mode.
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TDR does not contain valid transmit data (
[Setting conditions]

e 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 writter

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new recei\

Bit 6: RDRF

Description

0

RDR does not contain new receive data (
[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.

RDR contains new receive data
[Setting condition]
When serial data is received normally and transferred from RSR tc

Note: The RDR contents and RDRF flag are not affected by detection of receive erro
clearing of the RE bit to 0 in SCR. They retain their previous values. If the RDR
set to 1 when reception of the next data ends, an overrun error occurs and rece

lost.
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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 retains
previous value.

2. RDR continues to hold the receive data before the overrun error, so subseq
data is lost. Serial receiving cannot continue while the ORER flag is set to 1.
synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to
error in asynchronous mode.

Bit 4: FER Description
0 Receiving is in progress or has ended normally (Initi

[Clearing conditions]
e The chip is reset or enters standby mode.
* Software reads FER while it is set to 1, then writes 0.

1 A receive framing error occurred™?
[Setting condition]
The stop bit at the end of receive data is checked and found to be C
Notes: 1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains it
value.
2. When the stop bit length is 2 bits, only the first bit is checked. The second st
checked. When a framing error occurs the SCI transfers the receive data int

does not set the RDRF flag. Serial receiving cannot continue while the FER
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
even or 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
value.

2. When a parity error occurs the SCI transfers the receive data into RDR but
the RDRF flag. Serial receiving cannot continue while the PER flag is set tc
synchronous mode, serial transmitting is also disabled.

Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character v
transmitted TDR did not contain new transmit data, so transmission has ended. The T!
aread-only bit and cannot be written.

Bit 2: TEND Description

0 Transmission is in progress
[Clearing conditions]
* Software reads TDRE while it is set to 1, then writes 0 in the T
¢ The DMAC writes data in TDR.

1 End of transmission (

[Setting conditions]

e The chip is reset or enters standby mode.

e The TE bitis cleared to 0 in SCR.

« TDRE is 1 when the last bit of a serial character is transmitted.
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Previous vaiue.

Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor
transmit data when a multiprocessor format is selected for transmitting in asynchronou
The MPBT setting isignored in synchronous mode, when a multiprocessor format is ne
or when the SCI is not transmitting.

Bit 0: MPBT Description
0 Multiprocessor bit value in transmit data is 0 (Ir
1 Multiprocessor bit value in transmit data is 1

13.2.8 Bit Rate Register (BRR)

BRR is an 8-hit register that, together with the CKS1 and CKS0 bitsin SMR that selec
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 always read and write BRR. BRR is initialized to H'FF by areset and in
mode. The two SCI channels have independent baud rate generator control, so differen
be set in the two channels.

Table 13.3 shows examples of BRR settings in asynchronous mode. Table 13.4 shows
BRR settingsin synchronous mode.
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300 0 207 0.16 0 217 0.21 0 255 0.00 1 7
600 0 103 0.16 0 108 0.21 0 127 0.00 0 1
1200 0 51 0.16 0 54 -070 O 63 0.00 0 7
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 3
4800 0 12 0.16 0 13 -248 0 15 0.00 0 1
9600 0 6 -699 O 6 -248 0 7 0.00 0 9
19200 0 2 8.51 0 2 13.78 O 3 0.00 0 4
31250 0 1 0.00 0 1 4.86 0 1 2288 0 2
38400 0 1 -18.62 O 1 -14.67 O 1 0.00 0 1
@ (MHz)
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 8
150 1 191 0.00 1 207 0.16 1 255 0.00 2 6
300 1 95 0.00 1 103 0.16 1 127 0.00 1 1
600 0 191 0.00 0 207 0.16 0 255 0.00 1 6
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 1
2400 0 47 0.00 0 51 0.16 0 63 0.00 0 6
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 3
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 1
19200 0 0.00 0 -699 O 0.00 0 7
31250 0 -784 0 0.00 0 -1.70 O 4
38400 0 0.00 0 8.51 0 0.00 0 3
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A - V.1V e V.UV e V.UV e
1200 0 155 0.16 0 159 0.00 0 191 0.00 0 2C
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 1C
4800 0 38 0.16 0 39 0.00 0 47 0.00 0 51
9600 0 19 -234 0 19 0.00 0 23 0.00 0 25
19200 0 -234 0 0.00 0 11 0.00 0 12
31250 0 0.00 0 2.40 0 5.33 0
38400 0 -234 0 0.00 0 0.00 0
¢ (MHz)

9.8304 10 12 1
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 0.03 2 21
150 2 127 0.00 2 129 0.16 2 155 0.16 2 15
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79
600 1 127 0.00 1 129 0.16 1 155 0.16 1 15
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79
2400 0 127 0.00 0 129 0.16 0 155 0.16 0 15
4800 0 63 0.00 0 64 0.16 0 77 0.16 0 79
9600 0 31 0.00 0 32 -136 O 38 0.16 0 3¢
19200 0 15 0.00 0 15 1.73 0 19 -234 0 19
31250 0 -1.70 O 0.00 0 11 0.00 0 11
38400 0 0.00 0 1.73 0 9 -234 0 9
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A <« 4V0 V.iLU &1+ 4104L V.U 4 4JL VIV L £
1200 1 8 043 1 9 016 1 95 000 1 1
2400 0O 168 016 0 181 016 0 191 000 O 2
4800 0O 8 043 0 9 016 0 95 000 O 1
9600 0O 4 076 0 45 -093 0 47 000 0 &
19200 0 20 076 0 22 -093 0 23 000 0O 2
31250 0 12 000 O 13 000 O 14 -170 0 1
38400 0 10 -382 0 10 357 0 11 000 0 1
@ (MHz)
18 20 25
Bit Rate Error Error Error
(bits/s)y n N (%) n N (%) n N (%)
110 3 79 -012 3 88 025 3 110 -0.02
150 2 233 016 3 64 016 3 80 047
300 2 116 016 2 129 016 2 162 -0.15
600 1 233 016 2 64 016 2 80 047
1200 1 116 016 1 129 016 1 162 -0.15
2400 0 233 016 1 64 016 1 80 047
4800 0 116 016 0 129 016 0 162 -0.15
9600 0O 5 -069 0 64 016 0 80 047
19200 0 28 102 0 32 -136 0 40 -0.76
31250 0 17 000 O 19 000 O 24 000
38400 0 14 -234 0 15 173 0 19 173
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1k 1 124 1 249 2 124 — — 2 202 2 249 3 69 3 T
25k 0 199 1 99 1 199 1 249 2 80 2 99 2 112 2 1
5k 0 99 0 199 1 99 1 124 1 162 1 199 1 224 1 2
10k 0 49 0 99 0 199 0 249 1 8 1 99 1 112 1 12
25k 0 19 0 39 0 79 0 99 0 129 0 159 0 179 0O 1¢
50k 0 9 0 19 0 39 0 49 0 64 0 79 0 8 0 o
100k 0 4 0 9 0 19 0 24 — — 0 39 0 44 0 4¢
250k 0 1 0 3 0 0 0 12 0 15 0 17 0 1¢
500k 0 0° 0 1 0 0 — — 0 0 0
1M 0 0" o0 — — — — 0 0 0 4
2M 000 —— — — 0 - — = —
25M —— 0 0 - = - = - = = —
4 M 0 08 — — — —
Legend:

Blank: No setting available

* -

Note:

Setting possible, but error occurs
Continuous transmit/receive not possible

Settings with an error of 1% or less are recommended.
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8 ><22n_l x B

B: Bit rate (bits/s)
N: BRR setting for baud rate generator (0 < N < 255)
@ System clock frequency (MHz)
n: Baud rate generator clock source (n=0, 1, 2, 3)
(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.

@ %106
Error (%) = -1, x100

(N+1) xB x64x 221
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LUV AJo

C

C

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
20 625000 0 0
25 781250 0 0
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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
20 5.0000 312500
25 6.2500 390625
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12 2.0000 2000000.0
14 2.3333 2333333.3
16 2.6667 2666666.7
18 3.0000 3000000.0
20 3.3333 3333333.3
25 4.1667 4166666.7
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selected by the C/A bit in SMR and the CKE1 and CKEO bitsin SCR, as shown in tak

Asynchronous Mode:

Datalength is selectable: 7 or 8 bits.

Parity and multiprocessor bits are selectable. So is the stop bit length (1 or 2 bits).
sel ections determine the communication format and character length.

In receiving, it is possible to detect framing errors, parity errors, overrun errors, ar
State.

Aninternal or external clock can be selected as the SCI clock source.

O When an internal clock is selected, the SCI operates using the on-chip baud rat
and can output a seria clock signal with afrequency matching the bit rate.

0 When an externa clock is selected, the external clock input must have a freque
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 rat
and outputs a serial clock signal to external devices.

O When an external clock is selected, the SCI operates on the input serial clock.
baud rate generator is not used.
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4 \Y) rrescl
1
1 0 0 7-bit data Absen
1
1 0 Preser
1
0 1 — 0 Asynchronous 8-bit data Present Absen
1 mode (multi-
processor _—
1 0 format) 7-bit data
1
1 — — — — Synchronous 8-bit data Absent
mode

Table13.9 SMR and SCR Settingsand SCI Clock Source Selection

SMR SCR Settings SCI Transmit/Receive Cloc
Bit 7: Bit 1: Bit O: Clock
C/IA CKE1l CKEO Mode Source  SCK Pin Function
0 0 0 Asynchronous Internal  SCI does not use the SCK
1 mode Outputs a clock with frequ
matching the bit rate
1 0 External Inputs a clock with frequer
1 times the bit rate
1 0 0 Synchronous Internal  Outputs the serial clock
1 mode
1 0 External Inputs the serial clock
1
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Figure 13.2 shows the general format of asynchronous serial communication. In asyn
serial communication the communication lineis normally held in the mark (high) stat
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 time
Receive datais latched at the center of each bit.

Idle (i
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 at -
1 bit 7 bits or 8 hits 1bitor 1 bitor

no bit 2 bits

One unit of data (character or frame)

A
Y

Figure 13.2 Data Format in Asynchronous Communication
(Example: 8-Bit Data with Parity and 2 Stop Bits)
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0o 0 ‘ 8-bit data ‘STOP

0o o0 ‘ 8-bit data ‘STOP‘S
o 1 ‘ 8-bit data [P s
o 1 ‘ 8-bit data ‘ P ‘s
10 ‘ 7-bit data ‘STOP

1 0 ‘ 7-bit data ‘STOP‘STOP
11 ‘ 7-bit data ‘ P ’STOP
11 ‘ 7-bit data ‘ P ‘STOP‘S
0o — ‘ 8-bit data ‘ MPB ‘s
I ‘ 8-bit data ‘ MPB ‘s
1 = ‘ 7-bit data ‘ MPB ‘STOP
1 — ‘ 7-bit data ‘ MPB ‘STOP‘S
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 pi
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.

gy

| o [po|p1|p2|D3|DafD5|D6|D7 0] 1 1

‘ » 1 frame _ ‘
~ o

Figure 13.3 Phase Relationship between Output Clock and Serial Dal
(Asynchronous Mode)

Transmitting and Receiving Data

SCI Initialization (Asynchronous Mode): 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
following the procedure given below. Clearing TE to 0 setsthe TDRE flagto 1 and in
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 c
operation. SCI operation becomes unreliable if the clock is stopped.

Figure 13.4 is a sample flowchart for initializing the SCI.
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| RE DS clearedto vy | TIE, TEIE, and MPIE bits as necessary. Setting
‘ or RE bit enables the SCI to use the TxD or RxC

Select communication 2
format in SMR

Set value in BRR

Wait

A

1 bit interval
elapsed?

Yes

Set TE or RE bitto 1 in SCR
Set RIE, TIE, TEIE, and 4
MPIE bits as necessary

'

Cl'ransmitting or receiving>

Figure 13.4 Sample Flowchart for SCI Initialization
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2 tiat dic 1UIL flay 1o 4, fhidivdlilly uiat Ualta vall

Read TDRE flag in SSR ’ ’ _
written, write data in TDR, then clear the TDRE

flag to 0. When the DMAC is activated by a trar
No data-empty interrupt request (TXI) to write data
the TDRE flag is checked and cleared automati
4. To output a break signal at the end of serial tra
Yes set the DDR hit to 1 and clear the DR bit to 0

(DDR and DR are I/0 port registers), then clea

Write transmit data TE bit t0 0 in SCR.

in TDR and clear TDRE
flag to 0 in SSR

All data No

transmitted? 3
Yes
Read TEND flag in SSR
Output break 4

signal?

Yes

Clear DR bit to 0,
set DDR bitto 1

Clear TE bitto 0 in SCR |

Y
End

Figure13.5 Sample Flowchart for Transmitting Serial Data
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a Start bit: One 0 bit is output.

b. Transmit data: 7 or 8 bits are output, LSB first.
Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one multij
bit is output. Formats in which neither a parity bit nor a multiprocessor bit is ou
also be selected.

d. Stop bit: One or two 1 bits (stop bits) are output.
Mark state: Output of 1 bits continues until the start bit of the next transmit date

3. The SCI checksthe TDRE flag when it outputs the stop bit. If the TDRE flag isO, t
loads new datafrom TDR into TSR, outputs the stop bit, then begins serial transmis
next frame. If the TDRE flag is 1, the SCI setsthe TEND flag to 1 in SSR, outputs
then continues output of 1 bitsin the mark state. If the TEIE bit isset to 1 in SCR,
end interrupt (TEI) isrequested at thistime.

Figure 13.6 shows an example of SCI transmit operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Data bit bit  bit Data bit bit
Rl T
o [po o1 | [o7]on|1 | ofpofpi| [o7]on|1
I L
R T

S

I

TDRE « | ’
TEND ? ? ? N ,_

b)Y
‘ ‘ s ‘ 18

TXI TXI interrupt handler TXI
interrupt  writes data in TDR and interrupt TEl interrupt requ
request clears TDRE flag to O request
> -
1 frame

Figure 13.6 Example of SCI Transmit Operation in Asynchronous Moc
(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 |

End

handling, clear the ORER, PER, ar
flags all to 0. Receiving cannot res
of the ORER, PER, and FER flags
set to 1. When a framing error occt
RxD pin can be read to detect the |

. SCI status check and receive data

SSR, check that RDRF is set to 1,
receive data from RDR and clear ti
flag to 0. Notification that the RDRI
changed from 0 to 1 can also be gi
RXI interrupt.

. To continue receiving serial data:

RDREF flag, read RDR, and clear tt
flag to 0 before the stop bit of the c
frame is received. If the DMAC is a
by an RXI interrupt to read the RDI
the RDRF flag is cleared automatic

Figure 13.7 Sample Flowchart for Receiving Serial Data (1)
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I
Overrun error handling

No

Yes

No

Y

Framing error handling

Clear RE bitto 0 in SCR

o
-

No
PER =17

Yes

Parity error handling

[ —
- et

Clear ORER, PER, and
FER flags to 0 in SSR

C Er:d )

Figure 13.7 Sample Flowchart for Receiving Serial Data (2)
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a. Parity check: The number of 1sin the receive data must match the even or odd
setting of the O/E bit in SMR.

b. Stop bit check: The stop bit value must be 1. If there are two stop bits, only the
is checked.

c. Status check: The RDRF flag must be O so that receive data can be transferred
into RDR.

If these checks all pass, the RDRF flag is set to 1 and the received datais stored ir
of the checks fails (receive error)*, the SCI operates as indicated in table 13.11.

Note: * When areceive error occurs, further receiving is disabled. In receiving, the
isnot set to 1. Be sure to clear the error flagsto O.

4. Whenthe RDRFflagissetto 1, if the RIE bitissetto 1 in SCR, areceive-data-fu
(RXI) isrequested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in S
set to 1, areceive-error interrupt (ERI) is requested.

Table 13.11 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 set from RSR to RDF
to 1in SSR
Framing error FER Stop bitis 0 Receive data trar
RSR to RDR
Parity error PER Parity of receive data differs Receive data trar
from even/odd parity setting RSR to RDR
in SMR
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=R ) ‘ ‘ ‘ b)Y |
s ‘ ‘ 1€

RXI RXI interrupt handler T
request reads data in RDR and
- -] clears RDRF flag to 0
1 frame

Framing e
ERI reque

Figure 13.8 Example of SCI Receive Operation (8-Bit Data with Parity and One

13.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingl
communication line. The processors communicate in asynchronous mode using a form:
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 proce
data-sending cycle. The multiprocessor bit distinguishes | D-sending cycles from data-<
cycles.

The transmitting processor starts by sending the ID of the receiving processor with whi
to communicate as data with the multiprocessor bit set to 1. Next the transmitting proc
transmit data with the multiprocessor bit cleared to O.

Receiving processors skip incoming data until they receive data with the multiprocessc
to 1. When they receive data with the multiprocessor bit set to 1, receiving processors ¢
data with their IDs. The receiving processor with amatching ID continues to receive fu
incoming data. Processors with IDs not matching the received data skip further incomi
until they again receive data with the multiprocessor bit set to 1. Multiple processors c
receive datain this way.

Figure 13.9 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

Figure 13.9 Example of Communication among Processors Using M ultiproces

(Sending Data H'AA to Receiving Processor A)
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‘

| Read TDRE flag in SSR |

e

Yes

Write transmit data in
TDR and set MPBT bit in SSR

\
Clear TDRE flag to O

No

All data transmitted?

Yes

i

| Read TEND flag in SSR |

Yes
. No
Output break signal?
Yes

| Clear DR bitt0 0, set DDR bitto 1 |

| Clear TE bitto 0 in SCR |

-

y

C End )

 write: read SSR, check that th

flag is 1, then write transmit
data in TDR. Also set the MPE
0 or 1in SSR. Finally, clear th
flag to O.

. To continue transmitting serial

after checking that the TDRE 1
indicating that data can be
written, write data in TDR, thel
the TDRE flag to 0. When the
is activated by a transmit-data
interrupt request (TXI) to write
TDR, the TDRE flag is checke
cleared automatically.

. To output a break signal at the

serial transmission: set the DC
1 and clear the DR bit to O (DL
DR are /O port registers), the
the TE bit to 0 in SCR.

Figure13.10 Sample Flowchart for Transmitting Multiprocessor Serial C
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Start bit: One O bit is output.

Transmit data: 7 or 8 bits are output, LSB first.

Multiprocessor bit: One multiprocessor bit (MPBT value) is output.

Stop bit: One or two 1 bits (stop bits) are output.

Mark state: Output of 1 bits continues until the start bit of the next transmit dat

20 T

3. The SCI checksthe TDRE flag when it outputs the stop bit. If the TDRE flag is O,
loads data from TDR into TSR, outputs the stop bit, then begins serial transmissio
frame. If the TDRE flag is 1, the SCI setsthe TEND flag in SSR to 1, outputs the
continues output of 1 bitsin the mark state. If the TEIE bitisset to 1 in SCR, atra
interrupt (TEI) isrequested at thistime.

Figure 13.11 shows an example of SCI transmit operation using a multiprocessor forn

Multi- Multi-
processor processor
bit bit
Start Stop Start Stop
1 bit Data bit  bit Data bit
0|DO|D1|”|D7|O/1|1 o|Do|Dl|"|D7|0/1|1
{( {(

(

TDRE |
{(

reno_ ! P ! “

TXI TXI interrupt handler TXI T
request  writes data in TDR and request TEI reques

clears TDRE flag to O

‘ 1 frame

Figure13.11 Example of SCI Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)
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|
Read ORER and FER flags in SSR

FER UORER =1

Yes

| Read receive data from RDR |

Own ID?

Yes

Read ORER and FER flags in SSR

Yes
FEROORER =1

Read RDRF flag in SSR 4

*

Read receive data from RDR

No . o
Finished receiving?
Y

| Clear RE bit to 0 in SCR |

5

set the MPIE bit to 1 again and clear the
RDRF flag to 0. If the ID matches, clear
RDRF flag to 0.

. SCI status check and data receiving: rec

SSR, check that the RDRF flag is set to
then read data from RDR.

. Receive error handling and break detect

if a receive error occurs, read the
ORER and FER flags in SSR to identify
After executing the necessary error han
clear the ORER and FER flags both to C
Receiving cannot resume while either th
or FER flag remains set to 1. When a fre
error occurs, the RxD pin can be read to
the break state.

(__Error handling )

(continued on next page)

Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Date
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QOverrun error handling

“

Yes

Y

Framing error handling

-

Clear RE bitto 0 in SC

flags to 0 in SSR

Clear ORER, PER, and FER

-t

A

C End

)

Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Dat

Figure 13.13 shows an example of SCI receive operation using a multiprocessor form
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RDR value >< ID1

MPB detection RXI request RXI handler reads Notown ID,so  No RX
MPIE=0 (multiprocessor RDR data and clears  MPIE bit is set RDR n
interrupt) RDRF flag to O to 1 again
a. Own ID does not match data
Start Stop Start Stop
1 bit Data (ID2) MPB  hit bit Data (data2) MPB bit
4 5
|O|D0|D1||D7|1|1|0|DO|D1||D7|0|l
T

I
T

MPIE |
A

T
RDRF /
(@ A

-

RDR value ID2 X
MPB detection RXI request RXI interrupt handler Own ID, so receiving MP
MPIE=0 (multiprocessor reads RDR data and continues, with data to 1
interrupt) clears RDRF flag to 0 received by RXI

interrupt handler

b. Own ID matches data

Figure 13.13 Example of SCI Receive Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)
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Figure 13.14 shows the general format in synchronous serial communication.

One unit (character or frame) of serial data

Serial clock [

LSB SB

M
Serial data Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 ><:
\

Don’t care Dq

Note: * High except in continuous transmitting or receiving

Figure 13.14 Data Format in Synchronous Communication

In synchronous serial communication, each data bit is placed on the communication li
falling edge of the serial clock to the next. Datais guaranteed valid at the rise of the s
In each character, the serial data bits are transmitted in order from LSB (first) to MSB
output of the MSB, the communication line remainsin the state of the MSB. In synch
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.
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transmitting or receiving, the clock signal remainsin the high state. However, when re
only, overrun error may occur or the serial clock continues output until the RE bit clear
When transmitting or receiving in single characters, select the external clock.
Transmitting and Receiving Data

SCI Initialization (Synchronous M ode): Before transmitting or receiving, clear the T

RE bitsto 0 in SCR, then initidize the SCI asfollows.

When changing the communication mode or format, always clear the TE and RE bits t«
following the procedure given below. Clearing the TE bit to O setsthe TDRE flagto 1 :
initializes TSR. Clearing the RE bit to 0, however, does not initialize the RDRF, PER,
ORE flags and RDR, which retain their previous contents.

Figure 13.15 is a sample flowchart for initializing the SCI.
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(leaving | e and e DIS TxD or RxD pln
cleared to 0)

| 2

Select communication
format in SMR
‘ 3
Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TE or REto 1in SCR
Set RIE, TIE, TEIE, and 4
MPIE bits as necessary

A

— — Note: In simultaneous transmitting and receiving, the
(Start transmitting or recelvmg> RE bits should be cleared to 0 or set to 1 sim

Figure 13.15 Sample Flowchart for SCI Initialization
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: that the TURE Tiag 1s 4, ndicalrig thnal QGala
Read TDRE flag in SSR 2 written, write data in TDR, then clear the TL
to 0. When the DMAC is activated by a tran
data-empty interrupt request (TXI) to write
No TDR, the TDRE flag is checked and clearet
automatically.

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

Figure13.16 Sample Flowchart for Serial Transmitting
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is selected, the SCI outputs data in synchronization with the input clock. Datais ol

the TxD pinin order from LSB (bit 0) to MSB (bit 7).

3. The SCI checks the TDRE flag when it outputs the MSB (bit 7). If the TDRE flag
loads data from 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.

4. After the end of serial transmission, the SCK pin is held in aconstant state.

Figure 13.17 shows an example of SCI transmit operation.

Serial clock

Serial data

TDRE

TEND

Transmit
direction

-

A s s o Y o I O

Bito X Bit1 Bit 7 X Bit0 X Bit 1
TXI TXI interrupt handler TXI
request writes data in TDR request
and clears TDRE
flag to O
1 frame

Figure 13.17 Example of SCI Transmit Operation
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\ Llalt icLiviltly /

-

| Read ORER flag in SSR | 2

continued on next page

Read RDRF flag in SSR | 4

No

Yes

Read receive data
from RDR, and clear 5
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

y
End

OCLUIS, TEaU Ule URER Tidy Il oo,
executing the necessary error handl
the ORER flag to 0. Neither transmif
receiving can resume while the OR
remains set to 1.

SClI status check and receive data r
SSR, check that the RDRF flag is se
then read receive data from RDR ar
the RDRF flag to 0. Notification that
flag has changed from 0 to 1 can als
given by the RXI interrupt.

To continue receiving serial data: ch
RDRF flag, read RDR, and clear the
flag to O before the MSB (bit 7) of th
frame is received. If the DMAC is ac
by a receive-data-full interrupt reque
to read RDR, the RDRF flag is clear
automatically.

Figure 13.18 Sample Flowchart for Serial Receiving (1)
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Clear ORER flag to 0 in SSR

Y

(e

Figure 13.18 Sample Flowchart for Serial Receiving (2)
In receiving, the SCI operates as follows.

1. The SCI synchronizes with serial clock input or output and initializesinternally.

2. Receive dataisstored in RSRin 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 13.11.

3. After setting the RDRF flagto 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).

Figure 13.19 shows an example of SCI receive operation.
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ORER

/

B

RXI
request

.|

RXI interrupt RXI
handler reads request
data in RDR

and clears

RDRF flag to 0

1 frame

?

Overrun
ERI reqt

Figure 13.19 Example of SCI Receive Operation

Transmitting and Receiving Serial Data Simultaneously (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?

| Clear TE and RE bits to 0 in SCR |

C End >
Note: When switching from transmitting or receiving to simultaneous

transmitting and receiving, clear both the TE bit and the RE bit
to 0, then set both bits to 1.

Notification that the TDRE
changed from O to 1 can
given by the TXI interrupt

. Receive error handling: if

error occurs, read the OR
SSR, then after executing
sary error handling, clear
flag to 0.

Neither transmitting nor re
can resume while the OR
remains set to 1.

. SCI status check and rec

data read: read SSR, che
the RDRF flag is 1, then r
receive data from RDR ar
the RDRF flag to 0. Notific
that the RDRF flag has ct
from O to 1 can also be gi
by the RXI interrupt.

. To continue transmitting a

receiving serial data: chec
RDREF flag, read RDR, an
the RDRF flag to 0 before
MSB (bit 7) of the current
is received. Also check th
the TDRE flag is setto 1,
ing that data can be writte
data in TDR, then clear th
flag to 0 before the MSB (
the current frame is transi
When the DMAC is activa
a transmit-data-empty int
request (TXI) to write dat
the TDRE flag is checked
cleared automatically. Wh
DMAC is activated by a re
data-full interrupt request
read RDR, the RDRF flag
cleared automatically.

Figure13.20 Sample Flowchart for Serial Transmitting
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requested when the TEND flag isset to 1 in SSR. The TXI interrupt request can actival
DMAC to transfer data. Data transfer by the DMAC automatically clears the TDRE fle
TEI interrupt request cannot activate the DMAC.

The RXI interrupt is requested when the RDRF flag is set to 1 in SSR. The ERI interru
requested when the ORER, PER, or FER flag is set to 1 in SSR. The RXI interrupt reqt
activate the DMAC to transfer data. Data transfer by the DMAC automatically clears tt
flag to 0. The ERI interrupt request cannot activate the DMAC.

The DMAC can be activated by interrupts from SCI channel 0.

Table 13.12 SCI Interrupt Sources

Interrupt Description Priorit)
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 0, the old data stored in TDR will be lost because this dg
yet been transferred to TSR. Before writing transmit datain TDR, be sure to check th:

flagissetto 1.

Simultaneous Multiple Receive Errors

Table 13.13 indicates the state of SSR status flags when multiple receive errors occur
simultaneously. When an overrun error occurs the RSR contents are not transferred tc
receive dataislost.

Table 13.13 SSR Status Flagsand Transfer of Receive Data

SSR Status Flags

Receive Data

Transfer
RDRF ORER FER PER RSR - RDR Receive Errors
1 1 0 0 X Overrun error
0 0 1 0 (0] Framing error
0 0 0 1 o Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 (0] Framing error + parity error
1 1 1 1 X Overrun error + framing error -

Legend:

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 hit is cleared to 0 the TxD pin becomes an 1/0 port, the level and directic
output) of which are determined by DR and DDR hits. This feature can be used to send
signal.

After the serial transmitter isinitialized, the DR vaue 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 DD
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 bit is cleared to 0 the transmitter isinitialized, regardless of its current st
TxD pin becomes an 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 O does not clear the receive error flagsto O.

Receive Data Sampling Timing in Asynchronous Mode 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
13.21.
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Synchronization I
sampling timing ‘ l

Data sampling I_l I_l
timing

Figure13.21 Receive Data Sampling Timing in Asynchronous M ode
The receive margin in asynchronous mode can therefore be expressed as in equation (

ID-05 |

@a+F

M=|(05- —1)-(L-05)F- x 100% 1)
2N

Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D =0 to 1.0)

Frame length (L = 9 to 12)

Absolute deviation of clock frequency

mrozg

From equation (1), if F=0and D = 0.5 the receive margin is 46.875%, as given by ec

D =05 F=0
M ={0.5— 1/(2 x 16)} x 100%
S 437 )

Thisis atheoretical value. A reasonable margin to allow in system designsis 20% to .

Restrictions on Usage of DMAC

To have the DMAC read RDR, be sure to select the SCI receive-data-full interrupt (R
activation source with bits DTS2 to DTSO in DTCR.

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



it*: ‘t*i

- -
i 1

TDREm | |
XD >j<x0><x1><x2><x3><x4><x5><xe><x7>§<vo><v1><v2><

——— Continuous transn

Note: * Ensure thatt > 5 states.

Figure 13.22 Serial Clock Transmission (Example)
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3. C/A bit=0... switchover to port output
4. Occurrence of low-level output (see figure 13.23)

Half-cycle low-level output

»

RN
SCK/port I_l
1. End of transmission\_ | 4. Low-level output

Data

TE

C/A

CKE1

CKEO

Bit 6 >< Bit 7 ; )

|2.TE:0 ; /

7

1 3.C/A=0

Figure 13.23 Operation when Switching from SCK Pin to Port Pin
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TEbit=0

CKElhit=1

C/A bit = 0 ... switchover to port output
CKE1hit=0

ok~ wDd

High-level outp

YAREERN
SCK/port
1. End of transmission \

Data Bit 6 >< Bit 7

2.TE=0 '
TE | i

C/A 4.C/IA=0

3.CKE1=1 !
CKE1 ! 5. CKE1

CKEO

Figure 13.24 Operation when Switching from SCK Pin Function to Port Pin F
(Example of Preventing L ow-L evel Output)
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SCLUy.

1411 Features
Features of the smart-card interface supported by the H8/3048B Group are listed belo

* Asynchronous communication

Datalength: 8 bits

Parity bits generated and checked

Error signal output in receive mode (parity error)

Error signal detect and automatic data retransmit in transmit mode
Supports both direct convention and inverse convention

» Built-in baud rate generator with selectable bit rates

» Threetypes of interrupts

Transmit-data-empty, receive-data-full, and receive-error interrupts are requested
independently. The transmit-data-empty and receive-data-full interrupts can active
controller (DMAC) to transfer data.

Oo0Oood
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[}
RDR | [ TR | SCMR | BRR
N SSR
¢ k) ¢ SCR @
RxDo—{ | RsSrR | [ TsR SVR ~— @4
e— @16
Transmit/receive Baud rate
-— @64
control generator
TXDO
Parity generate T Clock
Parity check
SCKq
TXI
RXI
ERI
Legend:
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: Bitrate register
Figure14.1 Smart Card Interface Block Diagram
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Transmit data pin TxD Output Transmit data output

1414 Register Configuration

The smart card interface has the internal registerslisted in table 14.2. BRR, TDR, and
their normal serial communication interface functions, as described in section 13, Seri
Communication Interface.

Table14.2 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)* F'84
H'FFB5 Receive data register RDR R H'00
H'FFB6 Smart card mode register SCMR R/W H'F2

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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=118 4 o] o] 4 4
‘ O ‘ O ‘ O ‘ ad ‘ SDIR ‘ SINV ‘ O ‘
Initial value 1 1 1 1 0 0 1
Read/Write a O a ad R/W R/W O
]
Reserved bits
Smart card
mode selec
Reserved bits Enables or ¢
the smart ca
interface fun

Smart card data invel
Inverts data logic level:

Smart card data transfer directi
Selects the serial/parallel convers

SCMRiisinitialized to H'F2 by areset and in standby mode.
Bits 7 to 4—Reserved: Read-only bhits, alwaysread as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conv
format.

Bit 3: SDIR Description

0 TDR contents are transmitted LSB-first (I
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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Received data is inverted before storage in RDR

Bit 1—Reserved: Read-only bit, always read as 1.

Bit 0—Smart Card Interface M ode Select (SM1F): Enables the smart card interfac

Bit 0: SMIF Description
0 Smart card interface function is disabled (
1 Smart card interface function is enabled

1422  Serial Status Register (SSR)

The function of SSR bit 4 is modified in the smart card interface. This change aso cal
modification to the setting conditions for bit 2 (TEND).

Bit 7 6 5 4 3 2 1
‘ TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB
Initial value 1 0 0 0 0 1 0
Read/Write R/(W)*  RIW)* R/(W)* R/(W)* R/(W)* R R
T

Transmit end
Status flag indicating
end of transmission

Error signal status (ERS)

Status flag indicating that an
error signal has been received

Note: * Only 0 can be written, to clear the flag.
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[Clearing conditions]
The chip is reset or enters standby mode.
Software reads ERS while it is set to 1, then writes 0.

1 Indicates that the receiving device sent an error signal reporting a p
[Setting condition]
A low error signal was sampled.

Note: Clearing the TE bit to 0 in SCR does not affect the ERS flag, which retains its pr:
value.

Bits 3 to 0: These bits operate asin normal serial communication. For details see sectic
Serial Communication Interface. The setting conditions for transmit end (TEND, bit 2)
are modified as follows.

Bit 2: TEND Description

0 Transmission is in progress
[Clearing conditions]
Software reads TDRE while it is set to 1, then writes 0 in the TDRE
The DMAC writes data in TDR.

1 End of transmission (Ir

[Setting conditions]
The chip is reset or enters standby mode.
The TE bit and FER/ERS bit are both cleared to 0 in SCR.

TDRE is 1 and FER/ERS is 0 at a time 2.5 etu after the last bit of a
serial character is transmitted (normal transmission)

Note: An etu (elementary time unit) is the time needed to transmit one bit.
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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

Bit 7—GSM Mode (GM): Set at 0 when using the regular smart card interface. In G!
set to 1. When transmission is complete, initially the TEND flag set timing appears fo
clock output restriction mode. Clock output restriction mode comprises serial control
and bit 0.

Bit 7: GM Description

0 Using the regular smart card interface mode
* The TEND flag is set 12.5 etu after the beginning of the start bit
» Clock output on/off control only

1 Using the GSM mode smart card interface mode
« The TEND flag is set 11.0 etu after the beginning of the start bit
» Clock output on/off and fixed-high/fixed-low control
(set by SCR)

Bits 6 to 0—Operate in the same way as for the normal SCI.

For details, see section 13.2.5, Serial Mode Register (SMR).
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Read/Write R/W R/W R/W R/W R/W R/W R/W

Bits 7 to 2—Operate in the same way as for the normal SCI.
For details, see section 13.2.6, Serial Control Register (SCR).

Bits 1 and 0—Clock Enable (CKE1, CKEO): Setting enable or disable for the SCI cl
selection and clock output from the SCK pin. In smart card interface mode, it is possibl
between enabling and disabling of the normal clock output, and specify afixed high e
low level for the clock output.

SMR SCR

Bit 7: Bit 1: Bit O:

GM CKE1 CKEO Description

0 0 0 The internal clock/SCK_ pin functions as an 1/O port  (
0 0 1 The internal clock/SCK, pin functions as the clock outpt
1 0 0 The internal clock/SCK pin is fixed at low-level output
1 0 1 The internal clock/SCK, pin functions as the clock outpt
1 1 0 The internal clock/SCK, pin is fixed at high-level output
1 1 1 The internal clock/SCK pin functions as the clock outpt
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the end or the parity bit ana the start of the next frame. (An elementary time unit I
required to transmit one bit.)

* Inreceiving, if aparity error is detected, alow error signal is output for 1 etu, begi
etu after the start bit.

* Intransmitting, if an error signal is received, after at least 2 etu, the same dataiis a
transmitted again.

»  Only asynchronous communication is supported. There is no synchronous commu
function.

14.3.2  Pin Connections
Figure 14.2 shows a pin connection diagram for the smart card interface.

In communication with asmart card, data is transmitted and received over the same si
The TxD, and RxD, pins should both be connected to thisline. The data transmission
be pulled up to V. through aresistor.

If the smart card uses the clock generated by the smart card interface, connect the SCt
to the card’s CLK input. If the card usesits own internal clock, this connection is unni

The reset signal should be output from one of the H8/3048B Group’s generic ports.

In addition to these pin connections, power and ground connections will normally als
necessary.
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Px (port) |

RST
Smar

H8/3048B Group Reset line

Card-processing device

Figure14.2 Smart Card Interface Connection Diagram

Note: A loop-back test can be performed by setting both RE and TE to 1 without con
smart card.

14.3.3 Data Format

Figure 14.3 shows the data format of the smart card interface. In receive mode, parity i
once per frame. If aparity error is detected, an error signal is returned to the transmittir
request retransmission. In transmit mode, the error signal is sampled and the same data
retransmitted if the error signal islow.
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Ds DO D1 D2 D3 D4 D5 D6 D7 Dp Dl

Output from transmitting device

T

Outpu
Legend: receiv
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure14.3 Smart Card Interface Data Format

The operating sequence is as follows.

1.

When not in use, the data line is in the high-impedance state, and is pulled up to tt
through aresistor.

To start transmitting a frame of data, the transmitting device transmits alow start |
followed by eight data bits (DO to D7) and a parity bit (Dp).

Next, in the smart card interface, the transmitting device returns the data line to th
impedance state. The datalineis pulled up to the high level through aresistor.

The receiving device performs a parity check. If there is no parity error, the receiv
waitsto receive the next data. If aparity error is present, the receiving device outp
error signal (DE) to request retransmission of the data. After outputting the error s
designated interval, the receiving device returns the signal line to the high-impeda
The signa lineis pulled back up to the high level through the pull-up resistor.

If the transmitting device does not receive an error signal, it proceeds to transmit t
If it receives an error signal, it returns to step 2 and transmits the same data again.
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SMR H'FFBO GM 0 1 O/E 1 0 CKS!?

BRR H'FFB1 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR!
SCR H'FFB2 TIE RIE TE RE 0 0 CKE!
TDR H'FFB3 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR!
SSR H'FFB4 TDRE RDRF ORER ERS PER TEND O
RDR H'FFB5 RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR:
SCMR H'FFB6 — — — — SDIR SINV —
Legend: —: Unused bit.

Notes: 1. Lower 16 bits of the address.
2. When the GM of the SMR is set at 0, be sure the CKEL1 bit is 0.

Serial Mode Register (SMR) Settings. In regular smart card interface mode, set the C
In regular smart card mode, clear the GM bit to 0. In GSM maode, set the GM bit to 1. (
OIE bit to 0 if the smart card uses the direct convention. Set the O/E bit to 1 if the smar
the inverse convention. Bits CKS1 and CK SO select the clock source of the built-in bal
generator. See section 14.3.5, Clock.

Bit Rate Register (BRR) Settings: Thisregister sets the bit rate. Equations for calcule
setting are given in section 14.3.5, Clock.

Serial Control Register (SCR): The TIE, RIE, TE, and RE bits have their normal seri
communication functions. For details, see section 13, Serial Communication Interface.
and CKEQ bits select clock output. When the GM bit of the SMR iscleared to O, to dis:
output, clear this bit to 00. To enable clock output, set this bit to 01. When the GM bit «
isset to 1, clock output is enabled. Clock output isfixed at high or low.

Smart Card Mode Register (SCMR): If the smart card follows the direct convention,
SDIR and SINV bitsto 0. If the smart card follows the indirect convention, set the SDI
SINV bitsto 1. To use the smart card interface, set the SMIF bit to 1.
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L1 L 1

In the direct convention, state Z correspondsto logic level 1, and state A to logic |
Characters are transmitted and received L SB-first. In the example above the first
isH'3B. The parity bit is 1, following the even parity rule designated for smart car

+ Inverse convention (SDIR = SINV = O/E = 1)

@ A z z A A A A A A z

Ds D7 D6 D5 D4 D3 D2 D1 DO Dp

In the inverse convention, state A corresponds to the logic level 1, and state Z to tl
0. Characters are transmitted and received M SB-first. In the example above the fir
datais H'3F. Following the even parity rule designated for smart cards, the parity |
level is O, corresponding to state Z.

In the H8/3048B Group, the SINV bit inverts only the data bits D7 to DO. The parity |
inverted, so the O/E bit in SMR must be set to odd parity mode. This appliesin both t
and receiving.
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B= hi x 108
1488 x 22771 x (N + 1)

where, N: BRR setting (0 < N < 255)
B: Bitrate (bits/s)
@. System clock frequency (MHz)*
n. Seetable14.4

Table14.4 n-Valuesof CKS1 and CK SO Settings

n CKS1 CKSO
0 0 0
1 0 1
2 1 0
3 1 1

Note: * If thegear function is used to divide the system clock frequency, use the div
frequency to calculate the bit rate. The equation above applies directly to 1/
division.

Table 14.5 Bit Rates (bitg/s) for Different BRR Settings (when n = 0)

@ (MHz)
N 7.1424  10.00 10.7136 13.00 14.2848 16.00 18.00 20.00
0 9600.0 13440.9 14400.0 17473.1 19200.0 21505.4 24193.5 26881.
1 4800.0 6720.4 7200.0 8736.6 9600.0 10752.7 12096.8 13440.
2 3200.0 4480.3 4800.0 58244 6400.0 7168.5 8064.5 8960.6

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 18.00 20.C

Bit/s N Error N Error N Error N Error N Error N Error N Error N Er
9600 O 000 1 3000 1 2500 1 899 1 000 1 1201 2 1599 2 6.t

Table14.7 Maximum Bit Ratesfor Various Frequencies (Smart Card Interface

¢ (MHz) Maximum Bit Rate (bits/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
20.00 26882 0 0
25.00 33602 0 0

The bit rate error is calculated from the following equation.

9
1488 x 22771 x B x (N + 1)

Error (%) = { x 106 - 1} x 100
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2. Clear the ERS, PER, and ORER error flagsto O in the serial status register (SSR).

3. Set the parity mode bit (O/E) and baud rate generator clock source select bits (CKS
CKS0) asrequired in the serial mode register (SMR). At the same time, clear the C
and MP bitsto 0, and set the STOP and PE bitsto 1.

4. Setthe SMIF, SDIR, and SINV hits as required in the smart card mode register (SC
When the SMIF bit is set to 1, the TxD, and RxD, pins switch from their 1/O port f
their serial communication interface functions, and are placed in the high-impedanc

5. Set avalue corresponding to the desired bit rate in the bit rate register (BRR).

6. Set clock enable bit 0 (CKEOQ) as required in the serial control register (SCR). Write
TIE, RIE, TE, RE, MPIE, TEIE, and CKEL1 hits. If bit CKEO isset to 1, aseria clo
output from the SCK, pin.

7. Wait for at least the interval required to transmit or receive one bit, then set the TIE
and RE bits as necessary in SCR. Do not set TE and RE both to 1, except when per
loop-back test.
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5.
6.

Check that the TEND flag isset to 1 in SSR. Repeat steps 2 and 3 until this check

Write transmit datain TDR and clear the TDRE flag to 0. The datawill be transm
TEND flag will be cleared to 0.

To continue transmitting data, return to step 2.
To terminate transmission, clear the TE bit to O.

This procedure may include interrupt handling and DMA transfer.

If the TIE bit is set to 1 to enable interrupt requests, when transmission is completed ¢
TEND flag is set to 1, atransmit-data-empty interrupt (TXI) is requested. If the RIE b
to enable interrupt requests, when atransmit error occurs and the ERS flag is set to 1,
transmit/receive-error interrupt (ERI) is requested.

The timing of TEND flag setting depends on the GM hit in SMR. The timing is showt
14.6.

If the TXI interrupt activates the DMAC, the number of bytes designated in the DMA
transmitted automatically, including automatic retransmit.

For details, see Interrupt Operations and Data Transfer by DMAC in this section.
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Yes
Y Error handling )
“°
Yes

Write data in TDR and clear
TDRE flag to 0 in SSR

No All data
transmitted ?

= Yes

No

FER/ERS =07?

-

Y Error handling )

Clear TE bitto 0

C End )

Figure14.4 Transmit Flowchart (Example)
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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 TENI

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in L
transmission, DO in MSB-first transmission) of the next transfer data to be transmi
been completed.

Figure14.5 Relation Between Transmit Operation and I nter nal Regist

1/0 data Ds |Da | Db |Dc |Dd | De | Df | Dg | Dh | Dp §DE§

Guard
time
TXI
; 12.5 etu
(TEND interrupt) When
11.0 etu
When

Figure14.6 TEND Flag Occurrence Timing
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Check that the RDRF flag is set to 1. Repeat steps 2 and 3 until this check passes.
Read receive data from RDR.

To continue receiving data, clear the RDRF flag to O and return to step 2.

To terminate receiving, clear the RE bit to 0.

o gk~ w

( Start >

| Initialize |

( Start receiving )

ORER =0 and No

PER=07?

Yes
i < Error handling )
e e >
Yes

Read RDR and clear RDRF
flag to 0 in SSR

No .
All data received ?

Yes

| Clear RE bitto O |

Figure 14.7 Receive Flowchart (Example)
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For details, see Interrupt Operations and Data Transfer by DMAC below.

When a parity error occurs and PER is set to 1, the receive datais transferred to RDR,
erroneous data can be read.

Switching Modes

To switch from receive mode to transmit mode, check that receiving operations have
then initialize the smart card interface, clearing RE to 0 and setting TE to 1. Completi
operations isindicated by the RDRF, PER, or ORER flag.

To switch from transmit mode to receive mode, check that transmitting operations ha
completed, then initialize the smart card interface, clearing TE to 0 and setting RE to-
Completion of transmit operations can be verified from the TEND flag.

Fixing Clock Output

When the GM bit of the SMR isset to 1, clock output is fixed by CKE1 and CKEO of
case, the clock pulse can be set at minimum value.

Figure 14.8 shows clock output fixed timing: CKEOQ is restricted with GM = 1 and CK

Specified pulse width Specified pulse width
- CKEZ1 value -

N ]
| |

SCR write SCR write
(CKEO =0) (CKEO =1)

Figure 14.8 Clock Output Fixed Timing
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Table14.8 Smart Card Mode Operating States and Interrupt Sources

Interrupt DN

Operating State Flag Mask Bit  Source Ac
Transmit mode Normal operation TEND TIE TXI Av
Error ERS RIE ERI NC
Receive mode Normal operation RDRF RIE RXI Av
Error PER, ORER RIE ERI NC

Data Transfer by DMAC

The DMAC can be used to transmit and receive in smart card mode, asin normal SCI «
In transmit mode, when the TEND flag is set to 1 in SSR, the TDRE flag is set simulta
generating a TXI interrupt. If TXI is designated in advance as a DMAC activation sour
DMAC will be activated by the TXI request and will transfer the next transmit data. Tt
transfer by the DMAC automatically clearsthe TDRE and TEND flagsto 0. When an
the SCI automatically retransmits the same data, keeping TEND cleared to 0 so that the
not activated. The SCI and DMAC will therefore automatically transmit the designateo
bytes, including retransmission when an error occurs. When an error occurs the ERS fl
cleared automatically, so the RIE bit should be set to 1 to enable the error to generate a
request, and the ERI interrupt handler should clear ERS.

When using the DMAC to transmit or receive, first set up and enable the DMAC, then
settings. DMAC settings are described in section 8, DMA Controller.

In receive operations, when the RDRF flag isset to 1 in SSR, an RX| interrupt is reque
is designated in advance as a DMAC activation source, the DMAC will be activated by
request and will transfer the received data. This data transfer by the DMAC automatice
the RDRF flag to 0. When an error occurs, the RDRF flag is not set and an error flag is
The DMAC is not activated. The ERI interrupt request is directed to the CPU. The ERI
handler should clear the error flags.
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6.

et bt W A

operatlons At the same time, set the CKEL bit to the value for the fixed output
software standby mode.

Write O to the CKEQO hit in SCR to stop the clock.

Wait for one serial clock cycle. During this period, the duty cycleis preserved
output is fixed at the specified level.

Write H'00 to the serial mode register (SMR) and smart card mode register (S
Make the transition to the software standby state.

* Returning from software standby mode to smart card interface mode

1
2.

Clear the software standby state.
Set the CKEL bit in SCR to the value for the fixed output state at the start of <
standby (the current P9, pin state).

Set smart card interface mode and output the clock. Clock signal generation is
the normal duty cycle.

Software standby
mode

I e N o |

Normal operation Normal operation

DEE) 4) (3)(6) (RO

Figure14.9 Procedurefor Stopping and Restarting the Clock
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14.4  Usage Notes

When using the SCI as a smart card interface, note the following points.

Receive Data Sampling Timing in Smart Card Mode and Receive Margin

In smart card mode the SCI operates on a base clock with 372 times the bit rate frequer
receiving, the SCI synchronizes internally with the fall of the start bit, which it sampl e
base clock. Receive dataislatched at the rising edge of the 186th base clock pulse. See
14.10.

372 clocks

186 clocks
371 185

e UJU% m I ;ﬂ

(i (
T

.l
@

Receive data
(RxD)

Synchronization
sampling timing

Data sampling
timing

Figure 14.10 Receive Data Sampling Timingin Smart Card Mode
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D: Clock aduty cycle (D =010 1.0)
L: Frame length (L = 10)
F: Absolute deviation of clock frequency

From this equation, if F =0 and D = 0.5 the receive margin is as follows.

D =05 F=0
M ={0.5— 1/(2 x 372)} x 100%
= 49.866%

Retransmission
Retransmission is described below for the separate cases of transmit mode and receive

* Retransmission when SCI isin Receive Mode (see figure 14.11)

(1) The SCI checks the received parity bit. If it detects an error, it automatically se
flag to 1. If the RIE bit in SCR is set to the enable state, an ERI interrupt is reg
PER flag should be cleared to 0 in SSR before the next parity bit sampling timi

(2) The RDRF bit in SSR is not set to 1 for the error frame.

(3) If an error is not detected when the parity bit is checked, the PER flag is not se

(4) If an error is not detected when the parity bit is checked, receiving operations ¢
to have ended normally, and the RDRF bit is automatically set to 1 in SSR. If 1
SCR is set to the enable state, an RX| interrupt is requested. If RXI is enabled
transfer activation source, the RDR contents can be read automatically. When
reads the RDR data, it automatically clears RDRF to O.

(5) When anormal frame is received, at the error signal transmit timing, the data
the high-impedance state.
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Figure14.11 Retransmission in SCI Receive Mode

Retransmission when SCI isin Transmit Mode (see figure 14.12)

(6) After transmitting one frame, if the receiving device returns an error signal, the
ERSflag to 1in SSR. If the RIE bit in SCR is set to the enable state, an ERI int
requested. The ERS flag should be cleared to 0 in SSR before the next parity bit
timing.

(7) The TEND bit in SSR is not set for the frame in which the error signal was rece
indicating an error.

(8) If no error signal is returned from the receiving device, the ERS flag is not set ir

(9) If no error signal is returned from the receiving device, transmission of the fram
retransmission, is assumed to be complete, and the TEND bit isset to 1 in SSR.
bit in SCR is set to the enable state, a TX| interrupt is requested. If TXI is enabl
DMA transfer activation source, the next data can be written in TDR automaticz
the DMAC writesdatain TDR, it automatically clears the TDRE bit to 0.

Frame n Retransmitted frame
"—ﬂ‘—’r‘* Frame
~1bs|po|p1[p2|p3[p4[ps|ps[D7|DpfPE— DleOlD1|D2|D3|D4|D5|D6|D7|Dp

J TDRE
4 Transfer from TDR to TSR 3 4 Transfer from TDR to TSR $§£Stf:[r2
TEND [ ]
A X0
ERS
ke be

Figure14.12 Retransmission in SCI Transmit Mode
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see section 20.6, Module Standby Function.

15.1.1 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 V.. pin.

» High-speed conversion

Conversion time: Minimum 5.36 s per channel (with 25-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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AV —»

VREF

AVSS — ™

ANO —

- 10-bit D/A K|

Successive-
approximations register

Bus ini

\
ADDRA
ADDRB
ADDRC
ADDRD
ADCSR

ADCR

-

L

-+

AN; —= s

AN2 ™
AN3 — ™

multi-

ANy —> plexer | o~~~ -

Sample-and-

ANg —* hold circuit

ANG — ™
AN7 ——

ADTRG

Legend:
ADCR:

ADCSR:
ADDRA:
ADDRB:
ADDRC:
ADDRD:

B - -~

Analog | ! ; Comparator

Control circuit

A/D control register
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

Figure15.1 A/D Converter Block Diagram
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Fln Name Viation 1o Functuon

Analog power supply pin AV . Input Analog power supply
Analog ground pin AV Input Analog ground and reference v
Reference voltage pin Voer Input Analog reference voltage
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 startin
conversion
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A/D data register B (high)

H'FFE2 ADDRBH R H'0
H'FFE3 A/D data register B (low) ADDRBL R H'0
H'FFE4 A/D data register C (high) ADDRCH R H'0
H'FFES5 A/D data register C (low) ADDRCL R H'O
H'FFE6 A/D data register D (high) ADDRDH R H'0
H'FFE7 A/D data register D (low) ADDRDL R H'0
H'FFE8 A/D control/status register ADCSR RI(W)*? H'0
H'FFE9 A/D control register ADCR R/W H'7
Notes: 1. Lower 16 bits of the address

2. Only 0 can be written in bit 7, to clear the flag.

3. Initial value is H'7F in mask ROM versions, PROM versions, and dual power

flash memory versions.
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(n=AtoD) ‘ ‘
A/D conversion data Reserved L
10-bit data giving an
A/D conversion result

The four A/D dataregisters (ADDRA to ADDRD) are 16-bit 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 storeg
byte of the A/D dataregister. The lower 2 bits are stored in the lower byte. Bits5to 0
dataregister are reserved bits that are always read as 0. Table 15.3 indicates the pairir
input channels and A/D data registers.

The CPU can aways read and write the A/D data registers. The upper byte can be rea
but the lower byte is read through a temporary register (TEMP). For details see sectio
Interface.

The A/D dataregisters areinitialized to H'0000 by areset and in standby mode.

Table15.3 Analog Input Channelsand A/D Data Registers

Analog Input Channel

Group O Group 1 A/D Data Register
AN, AN, ADDRA
AN, AN, ADDRB
AN, AN, ADDRC
AN AN ADDRD

3 7
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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 readabl e/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] (Ir
Cleared by reading ADF while ADF = 1, then writing 0 in ADF
1 [Setting conditions]

Single mode: A/D conversion ends
Scan mode: A/D conversion ends in all selected channels
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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 (
1 Single mode: A/D conversion starts; ADST is automatically clearec

conversion ends.

Scan mode: A/D conversion starts and continues, cycling among t
channels, until ADST is cleared to 0 by software, by a reset, or by
to standby mode.

Bit 4—Scan Mode (SCAN): Selects single mode or scan made. For further informati
operation in these modes, see section 15.4, Operation. Clear the ADST bit to 0 before
the conversion mode.

Bit 4: SCAN Description
0 Single mode (
1 Scan mode

Bit 3—Clock Select (CKS): Selectsthe A/D conversion time. Clear the ADST bit to
switching the conversion time.

Bit 3: CKS Description
0 Conversion time = 266 states (maximum) (
1 Conversion time = 134 states (maximum)

Bits2to 0—Channel Select 2to0 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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- e 7 AN

AN

1 AN, AN,, AN,
1 0 AN, AN, to AN,
1 AN, AN, to AN,
15.2.3 A/D Control Register (ADCR)
Bit 7 6 5 4 3 2 1
‘ TRGE ‘ d 0 0 0 0 O
Initial value 0 1 1 1 1 1 1
Read/Write R/W d O O O 0 O
Reserved bits
Trigger enable Reserved
Enables or disables external triggering of A/D conversion Must not |

ADCR isan 8-bit readable/writable register that enables or disables external triggering

conversion. ADCRisinitialized to H'7E 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
1 A/D conversion starts at the falling edge of the external trigger sign:

Bits 6 to 1—Reserved: Read-only bits, alwaysread as 1.

Bit 0—Reserved: Do not set to 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 15.2 shows the data flow for access to an A/D data register.

Upper-byte read

Module data bus
&?XA) Bus interface

TEMP
(H'40)

1

ADDRNH ADDRNL
(H'AA) (H'40)

(n=AtoD

Lower-byte read

Module data bus
CPU :
(H40) Bus interface

TEMP
(H'40)

i

ADDRnNH ADDRnNL
(H'AA) (H'40)

(n=AtoD

Figure15.2 A/D Data Register Access Operation (Reading H' AA40)
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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 15.3 shows a timing diagram for this example.

1. Single mode s selected (SCAN = 0), input channel AN, is selected (CH2 = CH1 =
CHO = 1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (

2. When A/D conversion is completed, the result istransferred 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 o o~ ®w
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Figure 15.3 Example of A/D Converter Operation (Single Mode, Channel 1
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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 15.4 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 15.4 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 15.4 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.

@

.l

Address bus '
Write signal

Input sampling
timing

ADF

i
Y
A
Y

tD tSPL

tcony
Legend:
(1):  ADCSR write cycle
(2): ADCSR address
tp: Synchronization delay
tspL: Input sampling time
tconyv: A/D conversion time

Figure15.5 A/D Conversion Timing
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15.4.4  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 15.6 sho
timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

Figure15.6 External Trigger Input Timing
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1. Analog Input Voltage Range: During A/D conversion, the voltagesinput to the anal
pins should beintherange AV < AN, <V .

2. Relationshipsof AV _and AV toV andV AV, AV, V, and Vg should be
follows: AV =V AV and AV must not be |eft open, even if the A/D converte
used.

3. V. Programming Range: The reference voltage input at the V. pin should bein t
Ve SAV .

REF —

Failure to observe points 1, 2, and 3 above may degrade chip reliability.

4. Note on Board Design: In board layout, separate the digital circuits from the analog
much as possible. Particularly avoid layouts in which the signal lines of digital circi
closely approach the signal lines of analog circuits. Induction and other effects may
analog circuits to operate incorrectly, or may adversely affect the accuracy of A/D «
The analog input signals (AN, to AN.), analog reference voltage (V..), and analog
voltage (AV ) must be separated from digital circuits by the analog ground (AV)
analog ground (AV ) should be connected to a stable digital ground (V) at one po
board.
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therefore be selected carefully.

/\

AVcc

VREF

ANO to AN7

AVsg

/\

Notes: 1. Numeric values are approximate.

10 pF 0.01 pF

2. Rj,: input impedance

Figure 15.7 Example of Analog Input Protection Circuit
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Figure 15.8 Analog Input Pin Equivalent Circuit

Table15.5 Analog Input Pin Ratings

Item Min Max L
Analog input capacitance — 20 I
Allowable signal-source impedance @< 13 MHz — 10 I

@> 13 MHz — 5 [

6. A/D Conversion Accuracy Definitions: A/D conversion accuracy in the H8/3048B
defined asfollows:

Resolution
Digital output code length of A/D converter
Offset error

Deviation from ideal A/D conversion characteristic of analog input voltage reqgu
raise digital output from minimum voltage value B'0000000000 to B'00000000(
15.10)

Full-scale error

Deviation from ideal A/D conversion characteristic of analog input voltage reqgu
raise digital output from B'1111111110 to B'1111111111 (figure 15.10)

Quantization error
Intrinsic error of the A/D converter; 1/2 LSB (figure 15.9)
Nonlinearity error

Deviation from ideal A/D conversion characteristic in range from zero voltsto f
exclusive of offset error, full-scale error, and quantization error.

Absolute accuracy

Deviation of digital value from analog input value, including offset error, full-s
quantization error, and nonlinearity error.
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100

011 -

010 - L Quantization error

001 -

000 | | | | | | |

1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS

Analog input
voltage

Figure15.9 A/D Converter Accuracy Definitions (1)

Full-scale
Digital error
output l
Ideal A/D
conversion
characteristic
Nonlinearity
error
<+ Actual A/D conversion
characteristic
FS
Analog input
Offset error voltage

Figure15.10 A/D Converter Accuracy Definitions (2)
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1S N0t a probdiem.

A large external capacitor, however, acts as alow-pass filter. This may make it imp
track analog signals with high dv/dt (e.g. avariation of 5 mV/ps) (figure 15.11). To
high-speed analog signals or to use scan mode, insert alow-impedance buffer.

8. Effect on Absolute Accuracy: Attaching an external capacitor creates a coupling wi
s0 if there is noise on the ground line, it may degrade absolute accuracy. The capac
connected to an electrically stable ground, such asAV
If afilter circuit is used, be careful of interference with digital signals on the samet
make sure the circuit does not act as an antenna.

H8/3048B Group - —
Equivalent circuit ¢

Sensor output impedance A/D converter

Up to 10 kQ (@< 13 MHz) 10Kk
Sensor Up to 5 kQ (9> 13 MHz)

input % _______ l Cin = l "

' Low-pass

filter : 15 pF
'Upto 0.1 pF

Figure15.11 Analog Input Circuit (Example)
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D/A converter features are listed below.

» Eight-bit resolution

» Two output channels

» Conversion time: maximum 10 us (with 20-pF capacitive load)
» Output voltage: 0V to 255/256 x V.

» D/A outputs can be sustained in software standby mode
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VRer

Legend:
DACR:

DADRO:
DADRI1:

DA; =

DA, = 8-bitD/A

D/A control register
D/A data register 0
D/A data register 1

<
<
<
<

DADRO
DADR1
DACR

DASTCR

U

LN
S

Control circuit

DASTCR: D/A standby control register

Bus ir

Figure16.1 D/A Converter Block Diagram
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Analog output pin 0 DA Output

Analog output, channel C

0
Analog output pin 1 DA, Output Analog output, channel 1
Reference voltage input pin Vieer Input Analog reference voltage

16.1.4 Register Configuration
Table 16.2 summarizes the D/A converter’s registers.

Table16.2 D/A Converter Registers

Address” Name Abbreviation  R/W |
H'FFDC D/A data register 0 DADRO R/W F
H'FFDD D/A data register 1 DADR1 R/W F
H'FFDE D/A control register DACR R/W k
H'FF5C D/A standby control register DASTCR R/W F

Note: * Lower 16 bits of the address
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noau/vviitc LAY A LAV A LAV A LAV A LAV A LAV A LAV A

The D/A dataregisters (DADRO and DADRY) are 8-bit readabl e/writable registers that
data to be converted. When analog output is enabled, the D/A dataregister values are ¢
converted and output at the analog output pins.

The D/A dataregistersare initialized to H'00 by areset and in standby mode.

16.2.2 DI/A Control Register (DACR)

Bit 7 6 5 4 3 2 1

‘ DAOE1 ‘ DAOEO‘ DAE ‘ O ‘ 0O 0O 0O

Initial value 0 0 0 1 1 1 1

Read/Write R/W R/W R/W a 0 0 ]
D/A enable

Controls D/A conversion

D/A output enable 0
Controls D/A conversion and analog output

D/A output enable 1
Controls D/A conversion and analog output

DACR isan 8-bit readable/writable register that controls the operation of the D/A conv
DACR isinitialized to H'1F by areset and in standby mode.
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Bit 6: DAOEO Description
0 DA, analog output is disabled (
1 Channel-0 D/A conversion and DA, analog output are enabled

Bit 5—D/A Enable (DAE): Controls D/A conversion, together with bits DAOEO anc
When the DAE hit is cleared to 0, analog conversion is controlled independently in cf
1. When the DAE bit is set to 1, analog conversion is controlled together in channels (
Output of the conversion resultsis always controlled independently by DAOEO and C

Bit 7: Bit 6: Bit 5:
DAOE1 DAOEO DAE Description
0 0 — D/A conversion is disabled in channels 0
1 0 D/A conversion is enabled in channel 0
D/A conversion is disabled in channel 1
D/A conversion is enabled in channels 0
1 0 0 D/A conversion is disabled in channel 0
D/A conversion is enabled in channel 1
1 D/A conversion is enabled in channels 0 .
1 — D/A conversion is enabled in channels 0

When the DAE bit isset to 1, even if bits DAOEO and DAOEL in DACR and the AD:!
ADCSR are cleared to 0, the same current is drawn from the analog power supply as ¢
and D/A conversion.

Bits 4 to 0—Reserved: Read-only bits, alwaysread as 1.
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Read/Write a O a a 0 0 a

|
Reserved bits
D/A standby enable
Enables or disables D
in software standby

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

Bits 7 to 1—Reserved: Read-only bits, alwaysread as 1.

Bit 0—D/A Standby Enable (DASTE): Enables or disables D/A output in software st
mode.

Bit 0: DASTE Description
0 D/A output is disabled in software standby mode (Ir
1 D/A output is enabled in software standby mode
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An example of D/A conversion on channel 0 is given next. Timing isindicated in figL

1. Datato be converted iswritten in DADRO.

2. Bit DAOEOissetto1in DACR. D/A conversion starts and DA, becomes an outpt
converted result is output after the conversion time. The output value is (DADRO «
x V... Output of this conversion result continues until the value in DADRO is mot

DAOEQ bit iscleared to 0.

3. If the DADRO vaue is modified, conversion starts immediately, and the result is
the conversion time.

4. When the DAOEQO bit is cleared to 0, DA, becomes an input pin.

Address
bus

DADRO

DAOEO

DAg

Legend:

DADRO DACR DADRO DACR
write cycle write cycle write cycle write c)
| | e
>< Conversion data 1 Conversion data
Conversic

Conversion result 2
High-impedance state result 1 T

tbconv tbconv

tpcony: D/A conversion time

Figure 16.2 Example of D/A Converter Operation
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When D/A output is enabled in software standby mode, the reference supply current is
during normal operation.
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The on-chip RAM of the H8/3048B Group is assighed to addresses H'FEF10 to H'FFF
1, 2,5, and 7, and to addresses H'FFEF10 to H'FFFFOF in modes 3, 4, and 6. The RA
(RAME) in the system control register (SY SCR) can enable or disable the on-chip RA
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U0 U

Bus interface SYSCR
H'FEF10* H'FEF11*
H'FEF12* H'FEF13*
- On-chip RAM -
H'FFFOE* H'FFFOF*
Even addresses Odd addresses

Legend:
SYSCR: System control register

Note: * This example is of the operating in mode 7. The lower 20 bits of the address a

Figure17.1 RAM Block Diagram

17.1.2 Register Configuration

The on-chip RAM is controlled by SYSCR. Table 17.1 gives the address and initial val
SYSCR.

Table17.1 System Control Register

Address”® Name Abbreviation R/W Init

H'FFF2 System control register SYSCR R/W H'0

Note: * Lower 16 bits of the address.
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n/
Er
di
or

Resen

NMI edge selec
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-ct
enabled or disabled by the RAME bit in SY SCR. For details about the other hits, 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 is not initialized in softwar:
mode.

Bit 0: RAME Description
0 On-chip RAM is disabled
1 On-chip RAM is enabled (
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Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can b
and read by word access. It can also be written and read by byte access. Byte datais ac
two states using the upper 8 bits of the data bus. Word data starting at an even address |
in two states using al 16 bits of the data bus.
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18.1.1 Noteson H8/3048F-ONE (Single Power Supply)

There are two models of the H8/3048F-ZTAT with on-chip flash memory: adual pow
model (H8/3048F) and single power supply model (H8/3048F-ONE). Points to be not
using the H8/3048F-ONE single power supply is given below.

For the differences between the dual power supply model and single power supply mc
(H8/3048F-ONE), see section 1.4.3, Differences between H8/3048F and H8/3048F-O

(1) Voltage Application

12V must not be applied to the H8/3048F-ONE (single power supply), asthiswil
permanently damage the device.

The flash memory programming power supply for the H8/3048F-ONE (single power
Ve

The programming power supply for the dual power supply model istheV,, pin (12 V'
no V,, pin in the single power supply model. In the H8/3048F-ONE (single power suf
the FWE pin is provided at the same pin position asthe V. pinin the dual power sour
but FWE is not a power supply pin—it is used to control flash memory write enabling
Also, in boot mode, 12 VV must be applied to the MD, pin in the dual power supply mc
is not necessary in the H8/3048F-ONE (single power supply).

The maximum rating of the FWE and M D, pinsin the H8/3048F-ONE (single po
isV. +0.3 V. Applying a voltage in excess of the maximum rating will permanen
the device.

Do not select the HN28F101 programmer setting for the H8/3048F-ONE (singley
supply). If this setting is made by mistake, 12.0 V will be applied to the FWE pin,
permanently damaging the device.

When using a PROM programmer to program the on-chip flash memory in the'l
ONE (single power supply), use a PROM programmer that supports Renesas Te
microcomputer device typeswith 128-kbyte on-chip flash memory.
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Table18.1 Operating Modeand ROM

Pin Name
Mode MD, MD, MD, FWE RXD1 On-Chip|
Mode 1 0 0 1 0 0/1 Disabled |
(1-Mbyte expanded mode address a
with on-chip ROM disabled)
Mode 2 0 1 0 0 0/1

(1-Mbyte expanded mode
with on-chip ROM disabled)

Mode 3 0 1 1 0 0/1
(16-Mbyte expanded mode
with on-chip ROM disabled)

Mode 4 1 0 0 0 0/1
(16-Mbyte expanded mode
with on-chip ROM disabled)

Mode 5 1 0 1 0 0/1 Enabled
(1-Mbyte expanded mode
with on-chip ROM enabled)

Mode 6 1 1 0 0 0/1
(16-Mbyte expanded mode
with on-chip ROM enabled)

Mode 7 (single-chip mode) 1 1 1 0 0/1

The H8/3048F-ONE can be set to PROM mode and programmed with a general-purpo:
programmer.
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L Frogram-verity mode
0 Erase-verify mode
Programming/erase methods

The flash memory is programmed 128 bytes at atime. Block erase (in single-blocl
be performed. To erase the entire flash memory, each block must be erased in turn
erasing can be performed as required on 1 kbyte, 28 kbytes, and 32 kbytes blocks.

Programming/erase times

The flash memory programming timeis 10 ms (typ.) for simultaneous 128-byte pr
equivalent approximately to 80 us (typ.) per byte, and the erase time is 100 ms (ty

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
0 Boot mode

O User program mode

In the boot mode, the transferred program from the host can be recognized.
Automatic bit rate adjustment

With data transfer in boot mode, the LSI’s bit rate can be automatically adjusted tc
transfer bit rate of the host.

Flash memory emulation in RAM

Flash memory programming can be emulated in real time by overlapping a part of
flash memory.

Protect modes

There are three protect modes, hardware, software, and error which allow protecte
designated for flash memory program/erase/verify operations.

PROM mode

Flash memory can be programmed/erased in PROM mode, using a PROM prograr
well asin on-board programming mode.
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<___>[FLMCR1]
< >[FLMCR2}—»

Q Bus interface/controller ~ |«—|

Operating FV
mode Mc

Module bus

Flash memory
(128 kbytes)

Legend:

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR: Erase block register

RAMCR: RAM control register

Note: Never apply 12 V to the H8/3048F-ONE (single power supply).
Otherwise, the LSI will be permanently damaged.

Figure 18.1 Block Diagram of Flash Memory

18.2.2 Mode Transitions

When the mode pins and the FWE pin are set in the reset state and areset-start is exect
microcomputer enters an operating mode as shown in figure 18.2. In user mode, flash r
be read but not programmed or erased.

The boot, user program and PROM modes are provided as modes to write and erase the
memory.
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PROM modt

User
program mode

Boot mode

On-board programming mode

Notes: Only make a transition between user mode and user program mode when the CPU is not
the flash memory.

1. RAM emulation possible

2. The H8/3048F-ONE is placed in PROM mode by means of a dedicated PROM writer.
3. Mode settings are shown in the following table.

4. For pins RXD1 and TXD1, use on-board pull-up in boot mode.

Pins
Mode

FWE | MD, | MD; | MDy |RXD1
Mode 1 0 0 0 1 0,1
Mode 2 0 1 0 0,1
Mode 3 0 1 1 0,1
Mode 4 1 0 0 0,1
Mode 5 1 0 1 0,1
Mode 6 1 1 0 0,1
Mode 7 1 1 1 0,1
Boot mode 5 1 0 0 1 1*4
Boot mode 6 0 1 0 1*4
Boot mode 7 0 1 1 1*4
Setting prohibited 1 0 0 1
User program mode 5 1 0 1 0,1
User program mode 6 1 1 0 0,1
User program mode 7 1 1 1 0,1

Figure 18.2 Flash Memory State Transitions
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Host
Programming control
program
New application
program

H8/3048F-ONE

< SCI
& Boot program \
Flash memory RAM

10 the RAM Doot program area.

New application
program

H8/3048F-ONE

Application program
(old version)

3. Flash memory initialization

The erase program in the boot program area (in

RAM) is executed, and the flash memory is

initialized (to H'FF). In boot mode, total flash
memory erasure is performed, without regard to

blocks.

Host

New application
program

H8/3048F-ONE

Boot program ‘ SCI ‘

Flash memory RAM

Boot program area

(old version) program

Flash memory RAM

4. Writing new application program

The programming control program is recog
if it corresponds to the H8/3048F-ONE.
The programming control program is then
transferred from the host to RAM is execut
and the new application program in the ho:
written into the flash memory.

Host

H8/3048F-ONE

Boot program area

Flash memory

" Programming control
preprogramming O rogram

erase

Note: Never apply 12 V to the H8/3048F-ONE (single power supply).
Otherwise, the LSI will be permanently damaged.

RAM

Flash memory

Boot program area

New application Programming control <
program NS program

Program executi
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Programming/
erase control program

New application ) )
program program
H8/3048F-ONE H8/3048F-ONE
Flash memory RAM Flash memory RAM

FWE assessment FWE assessment
program S0\ .Program s
K Transfer program

Programming/
erase control program

Application program Application program|
(old version) (old version)
3. Flash memory initialization 4. Writing new application program
The programming/erase program in RAM is Next, the new application program in the ho
executed, and the flash memory is initialized (to written into the erased flash memory blocks
H'FF). Erasing can be performed in block units, not write to unerased blocks.
but not in byte units.
Host Host
New application ) iﬂﬂﬂﬁﬂﬁﬂﬂﬂlﬁ
program I !
H8/3048F-ONE H8/3048F-ONE
SCI SCI
_
Flash memory RAM Flash memory RAM

FWE assessment

Transfer program

Transfer program

Programming/ "\ Programming/ S\
N N\ erase control p roram

[\\erase control program

Flash memory New application
erase program

R Program executio
Note: Never apply 12 V to the H8/3048F-ONE (single power supply).
Otherwise, the LSI will be permanently damaged.
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Flash memory RAM

Emulation block

Overlap RAM
(emulation is performs
on data written in RA

Application program

Execution state

Figure 18.3 Reading Overlap RAM Datain User Mode or User Program

When overlap RAM datais confirmed, clear the RAMS hit to release RAM overlap, ¢
perform writes to the flash memory.

When the programming control program is transferred to RAM in on-board programn
ensure that the transfer destination and the overlap RAM do not overlap, asthiswill c
the overlap RAM to be rewritten.
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Overlap RAM

Application program (programming data)

Programming control
program execution stat

Figure 18.4 Writing Overlap RAM Datain User Program Mode

18.25 Differences between Boot Mode and User Program Mode

Iltem Boot Mode User Program Mode

Total erase Yes No

Block erase No Yes

Programming control program® Boot program is initiated, Program that control
and programming control programming progral
program is transferred from  memory is executed.
host to on-chip RAM, and should be written bef
executed there. PROM mode and bo

Note: * To be provided by the user, in accordance with the recommended algorithm
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28 kbytes

128 kbytes 32 kbytes

32 kbytes

32 kbytes

Address H'1FFFF

Figure18.5 Erase AreaBlock Divisions

18.3  Flash Memory Pin Configuration
The flash memory is controlled by means of the pins shown in table 18.2.

Table18.2 Pin Configuration

Pin Name Abbreviation /0 Function

Reset RES Input Reset

Flash write enable FWE*" Input Flash program/erase protection
Mode 2 MD2*! Input Sets LSI operating mode

Mode 1 MD1 Input Sets LSI operating mode

Mode 0 MDO Input Sets LSI operating mode
Transmit data TxD1*? Output  Serial transmit data output
Receive data RxD1** Input Serial receive data input

Notes: 1. Never apply 12 V to the H8/3048F-ONE (single power supply).
Otherwise, the LS| will be permanently damaged.

2. In boot mode, use on-board pull-up.
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Table18.3 Register Configuration

Register Name Abbreviation R/W Initial Value  Ad
Flash memory control register 1 FLMCR1*® RIW*? H'00™° H'F
Flash memory control register 2 FLMCR2*® R/W*?*®  H'00 H'F
Erase block register EBR*® R/IW*? H'00™* H'F
RAM control register RAMCR*® R/W H'FO H'F

Notes: 1. Lower 16 bits of the address.

2. If the chip is in a mode in which the on-chip flash memory is disabled, a reac
H'00 and writes are invalid. Writes are also invalid when the FWE bit in FLM
setto 1.

3. When a high level is input to the FWE pin, the initial value is H'80.

4. When a low level is input to the FWE pin, or if a high level is input and the S
FLMCRL1 is 0, these registers are initialized to H'00.

5. FLMCR1, FLMCR2, EBR, and RAMCR are 8-bit registers.
Byte access must be used on these registers (do not use word or longword
6. Bits 6 to O are reserved bits but are readable/writable.

185 Flash Memory Register Descriptions

185.1 Flash Memory Control Register 1 (FLMCR1)

Bit 7 6 5 4 3 2 1

‘ FWE \ SWE \ ESU \ PSU \ EV \ PV \
Initial value - 0 0 0 0 0 0
Read/Write R R/W R/W R/W R/W R/W R/W

Note: * Determined by the state of the FWE pin.
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Writes are enabled only in the following cases: Writes to bit SWE of FLMCR1 enable
FWE = 1, to bits ESU, PSU, EV, and PV when FWE = 1 and SWE = 1, to bit E when
SWE =1and ESU = 1, and to bit Pwhen FWE =1, SWE = 1, and PSU = 1.

Notes: 1. The programming and erase flowcharts must be followed when setting the
register to prevent erroneous programming or erasing.
2. Transitions are made to program mode, erase mode, program-verify mode,
verify mode according to the settings in this register. When reading flash r
normal on-chip ROM, bits 6 to 0 in this register must be cleared.

Bit 7—Flash Write Enable Bit (FWE): Sets hardware protection against flash mem
programming/erasing.

Bit 7: FWE Description
0 When a low level is input to the FWE pin (hardware-protected stat
1 When a high level is input to the FWE pin

Bit 6—Software Write Enable Bit (SWE): Enables or disables flash memory progre
erasing (applicable addresses. H'00000 to H'1FFFF). Set this bit when setting bits 5 tc
0 of EBR.

Bit 6: SWE Description
0 Writes disabled (
1 Writes enabled®

[Setting condition]

When FWE = 1

Note: * Do not execute a SLEEP instruction while the SWE bit is set to 1.
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When FWE =1 and SWE =1

Bit 4—Program Setup Bit (PSU): Prepares for atransition to program mode (applica
addresses. H'00000 to H'1FFFF). Do not set the SWE, ESU, EV, PV, E, or P bit at the
Set this bit to 1 before setting bit Pto 1 in FLMCRA1.

Bit 4: PSU Description
0 Program setup cleared (Ir
1 Program setup

[Setting condition]
When FWE =1 and SWE =1

Bit 3—Erase-Verify Bit (EV): Selects erase-verify mode transition or clearing (applic
addresses. H'00000 to H'1FFFF). Do not set the SWE, ESU, PSU, PV, E, or P bit at the

Bit 3: EV Description
0 Erase-verify mode cleared (I
1 Transition to erase-verify mode

[Setting condition]
When FWE =1 and SWE =1
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Bit 1—Erase Bit (E): Selects erase mode transition or clearing (applicable addresses:
H'1FFFF). Do not set the SWE, ESU, PSU, EV, PV, or P bit at the same time.

Bit1: E Description
0 Erase mode cleared (
1 Transition to erase mode*

[Setting condition]
When FWE =1, SWE =1, and ESU =1

Note: * Do not access flash memory while the E bit is set to 1.

Bit 0—Program Bit (P): Selects program mode transition or clearing (applicable adc
H'00000 to H'1FFFF). Do not set the SWE, PSU, ESU, EV, PV, or E bit at the samet

Bit 0: P Description
0 Program mode cleared (
1 Transition to program mode*

[Setting condition]
When FWE =1, SWE =1, and PSU =1

Note: * Do not access flash memory while the P bit is set.

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



initialized to H'00 by areset, and in hardware standby mode and software standby mod
the on-chip flash memory is disabled, aread will return H'00.
Note: Bits6to O are reserved bits but are readabl e/writable.

Bit 7—Flash Memory Error (FLER): Indicatesthat an error has occurred during an
flash memory (programming or erasing). When FLER is set to 1, flash memory goestc
protection state.

Bit 7:
FLER Description
0 Flash memory is operating normally
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]
Reset (RES pin or WDT reset) or hardware standby mode (Ir
1 An error occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection) is enabled

[Setting conditions]

* When flash memory is read during programming/erasing (including a ve
or instruction fetch, but excluding a read of the RAM area overlapping fl
memory space)

« Immediately after the start of exception handling during programming/el
(excluding reset, illegal instruction, trap instruction, and division-by-zerc
handling)

*  When a SLEEP instruction (including software standby) is executed dur
programming/erasing

* When the bus is released during programming/erasing

Bits 6 to 0—Reserved: These bits are readabl e/writable.
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Each bit in EBR cannot be set until the SWE bit in FLMCRL1 is set. The flash memory
configuration is shown in table 18.4. To erase all the blocks, erase each block sequent

Bit 7 6 5 4 3 2 1

| EB7 | EB6 | EB5 | EB4 | EB3 | EB2 | EB:

Modes | Initial value 0 0 0 0 0 0 0
1to 4 Read/Write R R R R R R R
Modes | Initial value 0 0 0 0 0 0 0
5to7 | Read/Write R/W R/W R/W R/W R/W R/W R/

Bits 7 to 0—Block 7 to Block 0 (EB7 to EBO): Setting one of these bits specifies the
corresponding block (EB7 to EBO) for erasure.

Bits 7-0:

EB7-EBO Description

0 Corresponding block (EB7 to EBO) not selected (
1 Corresponding block (EB7 to EBO) selected

Note: When not performing an erase, clear EBR to H'00.
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EBS5 (32 kbytes) H'008000-H'00FFFF

EB6 (32 kbytes) H'010000-H'017FFF

EB7 (32 kbytes) H'018000-H'01FFFF

1854 RAM Control Register (RAMCR)

Bit 7 6 5 4 3 2 1
| [} | 0 | 0 | 0 | RAMS | RAM2 | RAM1 |
Modes Initial value 1 1 1 1 0 0 0
1to4 |Read/Write O a O ad R R R
Modes | Initial value 1 0 0 0
5107 | Read/Write | O O O RIW RIW R/W
Reserved bits R
RAM2, RAM1

Used together with b
a flash memory area

RAM select
Used together with bits 2 and 1 to
a flash memory area

RAMCR selects the RAM areato be used when emulating real-time flash memory pro
RAMCR initialized to H'FO by areset and in hardware standby mode. It is not initialize
software standby mode. RAMCR settings should be made in user mode or user prograr

Note: * When performing flash memory emulation by RAM, the RAME bitin SYS
sefto 1.

RAM area settings are shown in table 18.5. To ensure correct operation of the emulatic
the ROM for which RAM emulation is performed should not be accessed immediately
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0 Emulation not selected (
Program/erase-protection of all flash memory blocks is disabled

1 Emulation selected
Program/erase-protection of all flash memory blocks is enabled

Bits 2 and 1—RAM2 and RAM1: These hits are used with bit 3 to reassign an area
table 18.5).

Bit 0—Reserved: This bit is readable/writable.

Table185 RAM Area Setting

Bit 3 Bit 2 Bit 1
RAM Area RAMS RAM2 RAM1 RAM Emulation S
H'FFFO00-H'FFF3FF 0 0/1 0/1 No emulation
H'000000-H'0003FF 1 0 0 Mapping RAM
H'000400-H'0007FF 1 0 1
H'000800-H'000BFF 1 1 0
H'000C00—H'000FFF 1 1 1
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L H'000FFF

EB3

Figure 18.6 Example of ROM Area/RAM Area Overlap

18.6  Flash Memory On-Board Programming Modes

When pins are set to on-board programming mode and a reset-start is executed, atrans
made to the on-board programming state in which program/erase/verify operations can
performed on the on-chip flash memory. There are two on-board programming modes:
and user program mode. The pin settings for transition to each of these modes are show
18.6. For adiagram of the transitions to the various flash memory modes, see figure 18

Table 18.6 Setting On-Board Programming M odes

Mode FWE*®> MD2*> MD1 MDO RxD1

Boot mode Mode 5 1%t 0** 0 1 1%
Mode 6 o 1 0 1*°
Mode 7 0" 1 1 1*°

User program mode Mode 5 1% 0 1 0/1
Mode 6 1" 1 0 01
Mode 7 1" 1 1 01

Notes: 1. (1) For the high-level application timing, see Notes on Use of Boot Mode.

(2) In boot mode, the inverse of the MD, setting should be input.

(3) In boot mode, the mode control register (MDCR) can be used to monitor

of modes 5, 6, and 7, in the same way as in normal mode.

2. Never apply 12 V to the H8/3048F-ONE (single power supply). If do so, the |

permanently damaged.

3. For pins RXD1 and TXD1, use on-board pull-up.
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transfer is completed, the programming control program is recognized (the ID codeis
it corresponds to the H8/3048F-ONE. When the ID code is matched, control branches
address of the programming control program area and the programming control progr
state is entered (flash memory programming is performed).

The transferred programming control program must therefore include coding that foll¢
programming algorithm given later.

The system configuration in boot mode is shown in figure 18.7, and the boot mode ex
procedure in figure 18.8.

H8/3048F-ONE

Flash men
A
Host Write data reception
» RxD1*
Verify data transmission SCi1 > On-chif
- TxD1*

Note: * For pins RxD1 and TxD1, use on-board pull-up.

Figure 18.7 System Configuration in Boot Mode

Rev. 3.00 Sep 27, 2006 pac
REJO!
RENESAS



I
After bit rate adjustment, H8/3048F-ONE transmits one
H'00 data byte to host to indicate end of adjustment
|
Host confirms normal reception of bit rate adjustment
end indication (H'00), and transmits one H'55 data byte
I
After receiving H'55, H8/3048F-ONE transmits one
H'AA byte to host

I
Host transmits number of programming control program
bytes (N), upper byte followed by lower byte

I
HB8/3048F-ONE transmits received number of bytes to
host as verify data (echo-back)

n=1

[
[

Host transmits programming control program

sequentially in byte units

[
H8/3048F-ONE transmits received programming Tl
control program to host as verify data (echo-back) |Il -n

[
Transfer received programming control program to
on-chip RAM

End of transmission

I
Check flash memory data, and if data has already been
written, erase all blocks

[

Confirm that all flash memory data has been erased* |
I

Check ID code at beginning of user program transfer (Mismatch)
area
| (Match) |
Transmit one H'AA byte to host | Transmit H'FF as

T error notification

Execute programming control program transferred to
on-chip RAM

Note: * If a memory cell does not operate normally and cannot be erased, one H'FF byte is transmitted as an erase
indication, and the erase operation and subsequent operations are halted.

Figure 18.8 Boot M ode Execution Procedure
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When boot mode isinitiated, H8/3048F-ONE measures the low period of the asynchr
communication data (H'00) transmitted continuously from the host. The SCI transmit/
format should be set as follows: 8-hit data, 1 stop bit, no parity. H8/3048F-ONE calcL
rate of the transmission from the host from the measured low period, and transmits on
to the host to indicate the end of bit rate adjustment. The host should confirm that this
end indication (H'00) has been received normally, and transmit one H'55 byte to H8/3
If reception cannot be performed normally, initiate boot mode again (reset), and repez
operations. Depending on the host’ s transmission hit rate and H8/3048F-ONE’ s systel
frequency, there will be a discrepancy between the bit rates of the host and H8/3048F
the host transfer bit rate at 4,800, 9,600 or 19,200 bps* to operate the SCI properly.

Table 18.7 shows host transfer bit rates and system clock frequencies for which auton
adjustment of H8/3048F-ONE hit rate is possible. The boot program should be execut
this system clock range.

Table18.7 System Clock Frequenciesfor which Automatic Adjustment of H8/3
Bit RateisPossible

System Clock Frequency for Which Automatic Adjustmer

Host Bit Rate of LSI Bit Rate is Possible (MHz)
4800 bps 410 25

9,600 bps 81025

19,200 bps 16 to 25

Note: * Useahost bit rate setting of 4800, 9600, or 19200 bps only. No other settil
used.
Although the H8/3048F-ONE may also perform automatic bit rate adjustrr
rate and system clock combinations other than those shown in table 18.7, ¢
error will arise between the bit rates of the host and the H8/3048F-ONE, al
subsequent transfer will not be performed normally. Therefore, only comb
bit rate and system clock within the ranges shown in table 18.7 can be use
mode execution.
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Boot program area

H'FFF50F
H'FFF510 (/7

Programming
control
program area

ID code area
(8 bytes)

H'FFFFOF

Figure 18.9 RAM Areasin Boot Mode

Note: The boot program area cannot be used until atransition is made to the executio
the programming control program transferred to RAM. Note also that the boot
remains in this area of the on-chip RAM even after control branches to the prog
control program.

In boot mode in the H8/3048F-ONE, the contents of the 8-byte ID code area shown bel
checked to determine whether the program is a programming control program compatil
H8/3048F-ONE.

H'FFF510 | 40 FE 62 66 33 30 34 38

T (Product ID code)

H'FFF518 onward | Programming control program instruction codes

If an original programming control program is used in boot mode, the 8-byte ID code s
above should be added at the beginning of the program.
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accidentally erased and user program mode cannot be executed, for example.
. Interrupts cannot be used during programming or erasing of flash memory.
The RXD, and TXD, pins should be pulled up on the board.

. ThisLSI terminates transmit and receive operations by the on-chip SCl(channel 1,
the RE and TE bitsin seria control register (SCR)) before branching to the transn
output pin. However, the adjusted bit rate is held in the bit rate register (BRR). At
TXD, isin the high level output state (PODDR P9,DDR=1, PODR P9,DR=1).

Before branching to the programming control program the value of the general reg
CPU are also undefined. Therefore, the general registers must be initialized immex
control branches to the programming control program. Since the stack pointer (SP
implicitly used during subroutine call, etc., a stack area must be specified for use t
programming control program.

There are no other internal 1/0 registersin which theinitial value is changed.

. Transition to the boot mode executes a reset-start of this LS| after setting the MD,
FWE, and RXD1 pins according to the mode setting conditions shown in table 18.
At thistime, this LSI latches the status of the mode pin inside the microcomputer |
the boot mode status at the reset clear (startup from Low level to High level) timin

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:

» 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 RE!
hold at low level for at least 20 system clock™?.

» Do not change the input levels at the mode pins (MD, to MD,) or the FWE pin
boot mode. When making a mode transition, first enter the reset state by inputt
level to the RES pin. When awatchdog timer reset was generated in the boot
microcomputer mode is not reset and the on-chip boot program is restarted reg
the state of the mode pin.
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H8/3048F-ONE

CSn
} > External
memory,
etc.
MD2 |«
MD1 [« System
MDO |« control
FWE |« unit
RES |

Figure18.10 Recommended System Block Diagram

Notes: 1. The mode pin, FWE pin, and RXD1 pin input must satisfy the mode progra
setup time (t,,,0) relative to the reset clear timing.
2. Seesection 4.2.2, Reset Sequence and 18.11, Noteson Flash Memory
Programming/Erasing. The H8/3048F-ONE requires a minimum of 20 systi
3. For notes on FWE pin High/Low, see section 18.11, Notes on Flash Memor
Programming/Erasing.

18.6.2 User Program Mode

When set to the user program mode, user’ s programming/erasing control program can
program the flash memory. Therefore, on-chip flash memory on-board programming c
performed by providing a means of controlling FWE and supplying the write data on t
and providing a programming/erasing program in a part of the program area.

To select this mode, activate H8/3048F-ONE to on-chip flash memory enable modes 5
and apply a high level to the FWE pin. In this state, the peripheral functions, other than
memory, are performed the same asin modes 5, 6, and 7.
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MD,—MDg = 101, 110, 111

|

Reset start

|

Transfer programming/erasing
program to RAM

|

Branch to programming/erasing
program in RAM area

|

FWE = high
(user program mode)

|

Execute programming/erasing
program in RAM
(flash memory reprogramming)

|

Input low level to FWE
after SWE bit clear
(user program mode exit)

{

Execute user application
program in flash memory

The user writes a program that execut
3 to 8 in advance as shown below.

1.

Sets the mode pin to an on-chip R
enable mode (mode 5, 6, or 7).

Starts the CPU via reset.

(The CPU can also be started from
program mode by setting the FWE
High level during reset; that is, dur
period the RES pin is a low level.)

Transfers the programming/erasin
to RAM.

Branches to the program in RAM &

5. Sets the FWE pin to a high level.*

(Switches to user program mode.)

After confirming that the FWE pin i
level, executes the programming/e
program in RAM. This reprograms
application program in flash memo

At the end of reprograming, clears
bit, and exits the user program mo
switching the FWE pin from a high
low level.*

Branches to, and executes, the usi
application program reprogramme
memory.

Note: * For notes on FWE pin High/L

section 18.11, Notes on Flas
Programming/Erasing.

Figure18.11 User Program Mode Execution Procedure (Example)
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18.7  Programming/Erasing Flash Memory

A software method, using the CPU, is employed to program and erase flash memory in
board programming modes. There are four flash memory operating modes. program mi
mode, program-verify mode, and erase-verify mode. Transitions to these modes are me
setting the PSU, ESU, P, E, PV, and EV bitsin FLMCRL for addresses H'000000 to H'

The flash memory cannot be read while it is being written or erased. Install the progran
flash memory programming and erasing (programming control program) in the on-chi
external memory, and execute the program from there.

See section 18.11, Notes on Flash Memory Programming/Erasing, for points to be note
programming or erasing the flash memory. In the following operation descriptions, wai
after setting or clearing individual bitsin FLMCRL are given as parameters; for details
times, see section 21.1.6, Flash Memory Characteristics.

Notes: 1. Operation isnot guaranteed if bits SWE, ESU, PSU, EV, PV, E, and P of FI
set/reset by a program in flash memory in the corresponding address areas.
2. When programming or erasing, set FWE to 1 (programming/erasing will no
executed if FWE = 0).
3. Programming should be performed in the erased state. Do not perform addit
programming on previously programmed addresses.
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On-board
programming mode
Software programming
disable state

Software
programming
enable
state

SWE=1
—_—

-
SWE =0

Program

setup state Prog

Program-verify
mode

Notes: In order to perform a normal read of flash memory, SWE must be cleared to 0.

Also note that verify-reads can be performed during the programming/erasing process.

1. : Normal mode (: On-board programming mode

2. Do not make a state transition by setting or clearing multiple bits simultaneously.

3. After a transition from erase mode to the erase setup state, do not enter erase mode withou
through the software programming enable state.

4. After a transition from program mode to the program setup state, do not enter program mod
passing through the software programming enable state.

Figure18.12 State Transitions Caused by FL M CR1 Bit Settings
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he maximum numaoer Of programming operations (IN) are snown in taole £1.11 in secli
Flash Memory Characteristics.

Following the elapse of (t_,) 1s or more after the SWE bitisset to 1 in FLMCRL1, 128-
written consecutively to the write addresses. The lower 8 bits of the first address writte
be H'00 and H'80, 128 consecutive byte data transfers are performed. The program add
program data are latched in the flash memory. A 128-byte data transfer must be perforr
writing fewer than 128 bytes; in this case, H'FF data must be written to the extra addre:

Next, the watchdog timer (WDT) is set to prevent overprogramming due to program ru
Set avalue greater than (t, +t +1t +1t_ ) psasthe WDT overflow period. Preparatio
entering program mode (program setup) is performed next by setting the PSU bit in FL
The operating mode is then switched to program mode by setting the P bit in FLMCR1
elapse of at least (t,,,) Us. The time during which the P bit is set is the flash memory pre
time. Make a program setting so that the time for one programming operation is within

of (t,) us.

The wait time after P bit setting must be changed according to the number of reprogran
loops. For details, see Notes on Program/Program-V erify Procedure.
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of H'FF data should be made to the addresses to be read. The dummy write should be
after the elapse of (t,,) s or more. When the flash memory isread in this state (verify
in 16-bit units), the data at the latched addressis read. Wait at least (t,,,) ps after thed
before performing this read operation. Next, the originally written datais compared w
data, and reprogram data is computed (see figure 18.13) and transferred to RAM. Afte
verification of 128 bytes of data has been completed, exit program-verify mode, wait
(t.,) Us, then determine whether 128-byte programming has finished. If reprogrammir
necessary, set program mode again, and repeat the program/program-verify sequence
The maximum value for repetition of the program/program-verify sequence is indicat
maximum programming count (N). Leave await time of at least (t,.) s after clearing

Notes on Program/Program-Verify Procedure

1. The program/program-verify procedure for the H8/3048F-ONE is a 128-byte-unit
programming algorithm.
In order to perform 128-byte-unit programming, the lower 8 hits of the write start
be H'00 or H'80.

2. When performing continuous writing of 128-byte data to flash memory, byte-unit
should be used.

128-byte data transfer is necessary even when writing fewer than 128 bytes of dat:
must be written to the extra addresses.

3. Verify dataisread in word units.

4. Thewrite pulseis applied and a flash memory write executed while the P bit in FL
set. In the H8/3048F-ONE, write pulses should be applied as follows in the progra
verify procedure to prevent voltage stress on the device and loss of write data relic

a After write pulse application, perform a verify-read in program-verify mode ar
write pulse again for any bitsread as 1 (reprogramming processing). When all
bitsin the 128-byte write data are read as O in the verify-read operation, the
program/program-verify procedure is completed. In the H8/3048F-ONE, the ni
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additional programming should be performed on therelevant bits. Additio
programming should only be performed on bitswhich first return 0in a ve
in certain reprogramming processing.
When programming is completed at alate stage in the program/program-verify
If programming is completed in the 7th or later reprogramming processing loop
programming is not necessary for the relevant hits.

c. If programming of other bitsisincomplete in the 128 bytes, reprogramming pro
be executed. If abit for which programming has been judged to be completed i<
in a subsequent verify-read, awrite pulse should again be applied to that bit.

5. Theperiod for which the P bitin FLM CR1 is set (thewrite pulse width) shoulc
changed according to the degr ee of progressthrough the program/program-ve
procedure. For detailed wait time specifications, see section 21.1.6, Flash Memory
Characterigtics.

Table18.8 Wait Time after P Bit Setting

Iltem Symbol Conditions
Wait time after Pt When reprogramming loop count (n)is 1to 6
bit setting

When reprogramming loop count (n) is 7 or more

e . . *
In case of additional programming processing

Note: * Additional programming processing is necessary only when the reprogramm
count (n) is 1 to 6.

6. The program/program-verify flowchart for the H8/3048F-ONE is shown in figure 1

To cover the points noted above, bits on which reprogramming processing isto be ¢
and bits on which additional programming isto be executed, must be determined ac
below.

Since reprogram data and additional-programming data vary according to the progr

programming procedure, it is recommended that the following data storage areas (1
each) be provided in RAM.
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1 0 1 ad
1 1 1 Still in erased state: no action
Legend:

Source data of bits on which programming is executed: (D)
Data of bits on which reprogramming is executed: (X)

Table 18.10 Additional-Programming Data Computation Table

Result of Verify-Read

after Write Pulse (Y)

X Application (V) Result of Operation Comments

0 O 0 Programming by write pulse app
judged to be completed: additior
programming processing to be e

0 1 1 Programming by write pulse app
incomplete: additional programr
processing not to be executed

1 0 1 Programming already completec
programming processing not to |

1 1 1 Still in erased state: no action

Legend:

Data of bits on which additional programming is executed: (Y)
Data of bits on which reprogramming is executed in a certain reprogramming loop: (X')

7.

It is necessary to execute additional programming processing during the course of
H8/3048F-ONE program/program-verify procedure. However, once 128-byte-unit
programming is finished, additional programming should not be carried out on the
address area. When executing reprogramming, an erase must be executed first. No
normal operation of reads, etc., is not guaranteed if additional programming is per
addresses for which a program/program-verify operation has finished.
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L 2
Clear PSU bit in FLMCR1

Y
Set PV bitin FLMCR1

¥
Wait (tspy) US

[ Wait (tcpsu) HS ]*7 [ 7 J*7
- [ H'FF dummy write to verify address |
[ Disable WDT | [
[ Wait (tspyr) HS 1*7
[ Read verify data ]2

Increment
Note: 6. Write Pulse Width address Write data = verify data?
Number of Writes n | Write Time (tsp) pusec
0 OK
s — 67 '€
0 o
0 Additional-programming data computation
s 0 Transfer additional-programming data to .
200 additional-programming data area 4
8 200 T
9 200 B
10 200 [ Reprogram data n ]*3
11 200 N
1> 200 [ Transfer reprogram data to reprogram data area | *4.
13 200
998 200
999 200 [ Clear PV bitin FLMCRL ]
1000 200 L
Note: Use a 10 ps write pulse for additional pre [ Wait (tcpy) us ]*7

NG

RAM OK

Program data storage

Successively write 128-byte data from additional- 1
programming data area in RAM to flash memory

Sub-Routine-Call

area (128 bytes)

Write Pulse (Additional pr
T

R

eprogram data storage
area (128 bytes)

OK

Additional-programming

Clear SWE bit in FLMCR1

Clear SWE bit in FLMCR1
¥

data storage area

Wait (t,
(128 bytes) it (tcswe) HS

Notes: 1.
2.
3.
4.

5.
7.

Reprogram Data Ct

Wait (teswe) 1
End of programming

S
Programming failure
Data transfer is performed by byte transfer. The lower 8 bits of the first address written to must be H'00 or H'80.

A 128-byte data transfer must be performed even if writing fewer than 128 bytes; in this case, H'FF data must be written to the extra addresses.
Verify data is read in 16-bit (word) units.

. Reprogram data is determined by the operation shown in the table below (compansun between the data stored in the program data area and the verif

Bits for which the reprog data is 0 are prc in the next repr g Ioop Therefore, even bits for which programming has been comple

subjected to programming once again if the result of the subsequent verify operation is NG.

A 128-byte area for storing program data, a 128-byte area for storing reprogram data, and a 128-byte area for storing additional data must be provide:

The contents of the reprogram data area and additional data area are modified as programming proceeds.

A write pulse of 30 us or 200 ps is applied according to the progress of the programming operation. See Note 6 for details of the pulse widths. When v
1g data is executed, a 10 ps write pulse should be applied. Reprogram data X' means reprogram data when the write pulse is ar

The wait tlmes and value of N are shown in section 21.1.6, Flash Memory Characteristics.

ion Table Additi

ing Data Cc Table

Original Data
(©)

Additional-

Verify Data [ Reprogram Data Reprogram Data
[\ X) Comments (X) Programming Data (Y)

Verify Data Comments
(\%)

Additional programmir

Programming completed to be executed

0

Programming incomplete;
reprogram

Additional programmir

B not to be executed

Additional programmir
not to be executed

Still in erased state;

Additional programmir
no action

not to be executed

Figure 18.13 Program/Program-Verify Flowchart (128-Byte Programmil
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To erase flash memory contents, make a 1-bit setting for the flash memory areato be
erase block register (EBR1) at least (t_,.) Hs after setting the SWE bitto 1in FLMCR:
watchdog timer (WDT) is set to prevent overerasing due to program runaway, etc. Set
greater than (t ) ms+ (t_, +t. +t.) Hsasthe WDT overflow period. Preparation for
erase mode (erase setup) is performed next by setting the ESU bit in FLMCR1. The o
mode is then switched to erase mode by setting the E bit in FLMCR1 after the elapse
(t..) Us. Thetime during which the E bit is set is the flash memory erase time. Ensure
erase time does not exceed (t,) ms.

Note: With flash memory erasing, preprogramming (setting all memory datain the
be erased to all 0) is not necessary before starting the erase procedure.

18.74 Erase-Verify Mode

In erase-verify mode, datais read after memory has been erased to check whether it h
correctly erased.

After the elapse of the fixed erase time, clear the E bit in FLMCR1, then wait for at le
before clearing the ESU bit to exit erase mode. After exiting erase mode, the watchdo
setting is also cleared. The operating mode is then switched to erase-verify mode by s
bit in FLMCRL1. Before reading in erase-verify mode, a dummy write of H'FF data sh
to the addresses to be read. The dummy write should be executed after the elapse of (1
more. When the flash memory isread in this state (verify datais read in 16-bit units),
the latched address isread. Wait at least (t_,) ps after the dummy write before perforn
operation. If the read data has been erased (all 1), adummy write is performed to the |
and erase-verify is performed. If the read datais unerased, set erase mode again, and r
erase/erase-verify sequence as before. The maximum value for repetition of the erase/
sequence isindicated by the maximum erase count (N). When verification is complete
erase-verify mode, and wait for at least (t_) ps. If erasure has been completed on al ti
blocks, clear bit SWEL in FLMCR1, and leave await time of at least (t,.) US.
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I
)
Enable WDT

¥
Set ESU bit in FLMCR1
1
Wait (tsesu) HS
¥

*5

Set E bitin FLMCR1 Start of erase

¥
Wait (tge) ms
[]
Clear E bitin FLMCR1

*5

Erase halted

*5

Wait (tee) MS
L]

Clear ESU bit in FLMCR1

L)
Wait (tcesu) MS
¥
Disable WDT
¥
Set EV bit in FLMCR1

*5

[ l
l |
l |
l |
l |
l |
l |
[ l
l |
l |
l |
l |

Wait (tsey) HS
1
lSet block start address as verify addressl

|
L

l H'FF dummy write to verify address ]
¥

*5

| VAT o) 15 ] -
¥

ncrement | | Read verify data | *2
address
No

Verify data = all 1s?

[ Clear EV bit in FLMCRL | «s | Clear EV bit in FLMCRL | *s
[ Wait (tcey) HS | [ Wait (tcey) HS |
.
Yes
[ Clear SWE bit in FLMCRL | s | Clear SWE bit in FLMCRL | +s
[ Wait (togye) HS | [ Wait (teswe) HS |

End of erasing

. Prewriting (setting erase block data to all 0s) is not necessary.

. Verify data is read in 16-bit (word) units.

. Make only a single-bit specification in the erase block register (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.

. The wait times and the value of N are shown in section 21.1.6, Flash Memory Characteristics.

Notes:

agAWN R

Figure18.14 Erase/Erase-Verify Flowchart (Single-Block Erasing)
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Ulsaliced Ul aloried. nardwda e proteCu ol 1sresct Uy scudliygs il Has imiermory COru ol |
(FLMCR1), and erase block register (EBR). In the error-protected state, the FLMCR1
and EBR settings are retained; the P and E bits can be set, but atransition is not made
mode or erase mode. (See table 18.11.)

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



In stanaby mode, FLMCR1, FLMCRZ2, and EBR
are initialized, and the program/erase-protected
state is entered.

protection

« In areset via the RES pin, the reset state is not
entered unless the RES pin is held low until
oscillation stabilizes after powering on. In the
case of a reset during operation, hold the RES
pin low for the RES pulse width specified in the

4

AC Characteristics section™*.

*3

Error * When a microcomputer operation error (error No No
protection generation (FLER = 1)) was detected while flash

memory was being programmed/erased, error

protection is enabled. At this time, the FLMCR1

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.

Notes: 1. Excluding a RAM area overlapping flash memory.
2. ltis possible to perform a program-verify operation on the 128 bytes being
programmed, or an erase-verify operation on the block being erased.
3. All blocks are unerasable and block-by-block specification is not possible.
4. See section 4.2.2, Reset Sequence, and section 18.11, Notes on Flash Men
Programming/Erasing. The H8/3048F-ONE requires at least 20 system clocl
reset period during operation.
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Functic

Item Description Program Erase
Block « Erase protection can be set for individual — No
speuflgatlon blocks by settings in erase block register
protection (EBR)*?

However, programming protection is disabled.

e Setting EBR to H'00 places all blocks in the

erase-protected state.
Emulation +  Setting the RAMS bit to 1 in the RAM No™* No™**
protection control register (RAMCR) places all blocks

in the program/erase-protected state.

Notes: 1. A RAM area overlapping flash memory can be written to.
2. When not erasing, clear all EBR bits to 0.
3. All blocks are unerasable and block-by-block specification is not possible.

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



settings™® are retained, but program mode or erase mode is aborted at the point at whict
occurred. Program mode or erase mode cannot be re-entered by re-setting the P, E bit. |
PV, EV bit setting is enabled, and atransition can be made to verify mode™”.

FLER hit setting conditions are as follows:

1. When the flash memory of the relevant address areais read during programming/er
(including vector read and instruction fetch)

2. Immediately after exception handling (excluding an illegal reset or trap instruction:
exception handling at zero division) during programming/erasing

3. When a SLEEP instruction (including software standby) is executed during
programming/erasing

4. When the CPU releases the bus to the DMAC, refresh controller, and external busr
during programming/erasing

Error protection isreleased only by areset (RES pin or WDT reset) and in hardware st
mode.

Notes: 1. Statein which the P bit or E bitin FLMCR1 is set to 1. Note that NMI inpu
in this state.
2. Itispossibleto perform a program-verify operation on the 128 bytes being
programmed, or an erase-verify on the block being erased.

3. FLMCR1 and EBR can be written to. However, the registers are initialized
transition is made to software standby mode while in the error-protected sta
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OCCUI’I’EHCE\

; Software Error protection mode
Error protection mode
P standby mode (software standby)
_—

- _

INIT FLER =

Software standby
mode release

FLMCR1, EBR
initialization state

Legend:

RD: Memory read possible RD: Memory read not possible
VF: Verify-read possible VF. Verify-read not possible
PR: Programming possible PR: Programming not possible
ER: Erasing possible ER: Erasing not possible

INIT: Register initialization state

Figure18.15 Flash Memory State Transitions
(When High Level IsApplied to FWE Pin in Mode5, 6, and 7 (On-Chip ROM

The error protection function isinvalid for abnormal operations other than the FLER |
conditions. Also, if acertain time has elapsed before this protection state is entered, d:
aready have been caused to the flash memory. Consequently, this function cannot pre
complete protection against damage to flash memory.

To prevent such abnormal operations, therefore, it is necessary to ensure correct opere
accordance with the program/erase algorithm, with the flash write enable (FWE) volt
and to conduct constant monitoring for MCU errors, internally and externally, using tl
timer or other means. There may also be cases where the flash memory isin an errone
programming or erroneous erasing state at the point of transition to this protection mo
programming or erasing is not properly carried out because of an abort. In cases such
forced recovery (program rewrite) must be executed using boot mode. However, it me
happen that boot mode cannot be normally initiated because of overprogramming or c
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and normal operation can not longer be assured.

2. Vector-read cannot be carried out normally™? during interrupt exception handling d
programming/erasing and the microcomputer runs away as a result.

3. If aninterrupt is generated during boot program execution, the normal boot mode s
cannot be executed.

With above reasons, there are conditions that exceptionally disable NMI inputs only in
board programming mode. However, this does not assure normal programming/erasing
microcomputer operation.

Thus, when the flash memory is programmed/erased, all interrupt requests (exception t
and busrelease), including NMI, inside and outside the microcomputer, must be disabl
interrupt is also disabled in the error-protected state and when the P bit or E bit in FLM
retained during flash memory emulation by RAM.

Notes: 1. Indicatesthe period up to branching to the on-chip RAM boot program arez
(H'FFEF10). (This branch occurs immediately after programming control p
transfer was completed.)

Therefore, after branching to RAM area, NMI input is enabled in states othe
program/erase state. Thus, interrupt requests inside and outside the microco
must be disabled until initial writing by programming control program (writ
vector table and NMI processing program, etc.) is completed.
2. Inthiscase, vector read is not performed normally for the following two res
« The correct value cannot be read even by reading the flash memory duri
programming/erasing (P bit or E bit in FLMCR1 is set). (Value is undefi
« If avalue has not yet been written to the interrupt vector table, interrupt
handling will not be performed correctly.
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Example of Emulation of Real-Time Flash Memory Programming

In the following example, RAM area H'FFFO00-H'FFF3FF is overlapped onto flash n
EB2 (H'000800—H'000BFF).

1 H'000000

Flash memory

space
Block area
Overlapping RAM
EB2 | H'000800 (Mapping RAM
*
area | 4900BEE area)
A H'000FFF
H'FFEF10
On-chip RAM
area
H'FFEFFF
H'FFFO00 | (Actual RAM
H'FFF3FF area)
H'FFF400
H'FFFFOF

Procedure:

1.

Part of RAM (H'FFF000-
H'FFF3FF) is overlapped o
area (EB2) requiring real-tir
programming.

(RAMCR bits 3-1 are set tc
and the flash memory area
overlapped (EB2) is selecte

Real-time programming is
performed using the overla
RAM.

The programmed data is ct
then RAM overlapping is cl
(RAMS bit is cleared.)

The data written in RAM ar
H'FFFO00-H'FFF3FF is wri
flash memory space.

Note: * When part of RAM (H'FFF000-H'FFF3FF) is overlapped onto a flash memory small block ¢
memory in the overlapped area cannot be accessed. It can be accessed when the overlap

cleared.

Figure 18.16 Example of RAM Overlap Operation

RENESAS
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while flash memory emulation in RAM is being used.

3. Block area EBO includes the vector table. When performing RAM emulation, the v
is needed by the overlap RAM.

4. Flash write enable (FWE) application and releasing
Asin on-board programming mode, care is required when applying and releasing F
prevent erroneous programming or erasing. To prevent erroneous programming anc
due to program runaway during FWE application, in particular, the watchdog timer
set when the PSU, P, ESU, or E bitin FLMCR1 is set to 1, even while the emulatio
isbeing used. For details, see section 18.11, Notes on Flash Memory Programming

5. Prohibited conditions of NMI input
When the emulation function is used, NMI input is prohibited when the P bit or E b
FLMCRL1 isset to 1, in the same way as with normal programming and erasing. Thi
bits are cleared by areset (including awatchdog timer reset), in standby mode, whe
level is not being input to the FWE pin, or when the SWE bit in FLMCR1 is 0, whil
level is being input to the FWE pin.

18.10 Flash Memory PROM Mode

The H8/3048F-ONE has a PROM mode as well as the on-board programming modes f
programming and erasing flash memory. In PROM mode, the on-chip ROM can be fre
programmed using a general-purpose PROM writer that supports the Renesas Technolc
microcomputer device type with 128-kbyte on-chip flash memory.
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Product Code Package Socket Adapter Product Code®  Manufac

HD64F3048BF 100-pin QFP  ME3064ESHF1H Minato E
HD64F3048BVF  (FP-100B) ME3024ESHF1H

HD64F3048BTE  100-pin TQFP  ME3064ESNF1H

HD64F3048BVTE  (1FP-100B) ME3024ESNF1H

HD64F3048BF 100-pin QFP  HF306BQ100D4001 Data 10 .
HD64F3048BVF (FP-1008B) HF302BQ100D4001

HD64F3048BTE  100-pin TQFP  HF306BT100D4001

HD64F3048BVTE  (1FP-100B) HF302BT100D4001

Note: * Use of the wrong socket adapter may destroy the chip.

Figure 18.17 shows the memory map in PROM mode.

MCU mode H8/3048F-ONE PROM mode

H'000000 H'00000
On-chip ROM

H'O1FFFF H'1FFFF

Figure18.17 Memory Map in PROM Mode
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3. Ihememory Isinitialy In the erased state when the device IS shipped by Renesas. |
for which the erasure history is unknown, it is recommended that erasing be execut
and correct the initialization (erase) level.

4. The H8/3048F-ONE does not support a product identification mode as used with ge
purpose EPROMSs, and therefore the device name cannot be set automatically in the
writer.

5. Refer to the instruction manual provided with the socket adapter, or other relevant
documentation, for information on PROM writers and associated program versions
compatible with the PROM mode of the H8/3048F-ONE.

6. Select a Renesas Technology 128 kbytes flash memory on-board microcomputer de
If HN28F101 is selected, the LSI may be permanently damaged.
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Use a PROM writer that supports the Renesas Technology 128 kbytes flash mema
microcomputer device type.

Do not select the HN28F101 as the PROM writer. Otherwise, 12 V will be appliec
pin and thiswill permanently damage H8/3048F-ONE.

. Notes on powering on/powering off (seefigures 18.18 to 18.20)

Input ahigh level to the FWE pin after verifying Vcc. Before turning off Vcc, set
to alow level.

When powering on and powering off the V cc power supply, fix the FWE pin low
flash memory to the hardware protection mode.

Be sure that the powering on and powering off timing is satisfied even when the p
turned off and back on in the event of a power interruption, etc. If thistiming is nc
microcomputer runaway, etc., may cause overprogramming or overerasing and the
cells may not operate normally.

. Noteson FWE pin High/L ow switching (see figures 18.18 to 18.20)

Input FWE in the state microcomputer operation is verified. If the microcomputer
satisfy the operation confirmation state, fix the FWE pin low to set the protection
To prevent erroneous programming/erasing of flash memory, note the following it
High/Low switching:

a. Apply aninput 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 be
microcomputer isin the unconfirmed state.

b. Apply aninput to the FWE pin when the oscillation has stabilized (after the os
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. Do not apply an input tc
pin when oscillation is stopped or unstable.
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d. Inthe user program mode, FWE = High/Low switching is possible regardless of
input.
FWE input switching is also possible during program execution on flash memor

e. Apply aninput to FWE when the program is not running away.

When applying an input to the FWE pin, the program execution state must be st
using a watchdog timer, etc.

f. Release FWE pin input only when the SWE, ESU, PSU, EV, PV, E, and P hitsi
are cleared.

Do not erroneoudly set any of bits SWE, ESU, PSU, EV, PV, E, or P when appl
releasing FWE.

4. Do not input a constant high level to the FWE pin.

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 leve
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 accor dance with the recommended algorit

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 P and E bitsin FLMCRL, set the watchdog timer for program run:

Accesses to flash memory by means of an MOV instruction, etc., are prohibite
P or bit E is set.

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).
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level isinput to the FWE pin, disable all interrupt requests, including NMI. The bt
should also be disabled.

8. Do not perform additional programming. Reprogram flash memory after ere

With on-board programming, program to 128-byte programming unit blocks onet
Erase all the programming unit blocks before reprogramming.

9. Before programming, check that the chip is correctly mounted in the PROM
programmer.

Overcurrent damage to the device can result if the index marks on the PROM proc
socket, socket adapter, and chip are not correctly aligned.

10. Do not touch the socket adapter or chip during programming.
Touching either of these can cause contact faults and write errors.

11. A wait time of 100 pusor more isnecessary when performing aread after atre
normal mode from program, erase, or verify mode.

12. Use byte access on theregistersthat control the flash memory (FLMCR1, FL
EBR, and RAMCR).
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|
FWE tvbs Min 0 ps |\
T

MD, to MDy*%,

RXD1*3
tvps
RES V A
7 -
SWE set
SWE clear
SWE bit v

[__] Flash memory access disabled period
(x: Wait time after SWE setting, y: wait time after SWE clearing)*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 MD¢
until powering off, except for mode switching.
2. See section 21.1.6, Flash Memory Characteristics.
3. For pins RXD1 and TXD1, use on-board pull-up.

Figure 18.18 Powering On/Off Timing (Boot M ode)
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e %
7

s

MD, to MD,*! i

tMD

RES _/

SWE bit

SWE set

SWE clear

Flash memory access disabled period
(x: Wait time after SWE setting, y: wait time after SWE clearing)*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 MD,
up to powering off, except for mode switching.
2. See section 21.1.6, Flash Memory Characteristics.

Figure 18.19 Powering On/Off Timing (User Program Mode)
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Vee Min 0 ps
: /r T i
FWE N / N /
tvps tMD’;Z
MD, tci MDy, 72§(
RXD1™* tvps
tRESW
W
P A -
RES
SWE set
\4 SWE clear
SWE bit M > T
% » % 2 [
Mode switching*?  Boot mode Mode User User program mode User Us
switching™® mode mode prc
mc

[ Flash memory access disabled time
(x: Wait time after SWE setting, y: wait time after SWE clearing)*3

[] Flash memory reprogammable period
(Flash memory program execution and data read, other than verify, are disabled.)

Notes: 1. In transition to the boot mode and transition from the boot mode to another mode, mode switching \
input is necessary.
During this switching period (period during which a low level is input to the RES pin),the state of the

dual port and bus control output signals (CSn, 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 time
to the RES clear timing is necessary.

3. See section 21.1.6, Flash Memory Characteristics.

4. For pin RXD1, use on-board pull-up.

Figure18.20 Mode Transition Timing
(Example: Boot mode - User mode « User program mode)
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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

Figure18.21 ROM Block Diagram (H8/3048B Mask ROM Version)
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HD6433048B
(ROM: 128 kbytes)
Addresses: H'00000-1FFFF

H'00000

Unused area*

H'1FFFF

Note: * Write H'FF data in all addresses in this area.

Figure18.22 Mask ROM Addresses and Data

3. Theflash memory control registers (FLMCR, EBR, RAMCR, FLMSR, FLMCR1, |
EBR1, and EBR2)used by the versions with on-chip flash memory are not providec
mask ROM versions. Reading the corresponding addresses in a mask ROM version
always return 1s, and writes to these addresses are disabled. This must be bornein
switching from aflash memory version to amask ROM version.
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Status
F-ZTAT (Single Power Supply)

Register Bit Version Mask-ROM Version
FLMCR1 FWE 0: Application software running 0: Is not read out
1: Programming 1: Application software

Note: This difference applies to all the F-ZTAT (single power supply) versions and all
ROM versions that have different ROM size.
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supporting modules. Frequency division ratios of 1/1, 1/2, 1/4, and 1/8 can be selectec
frequency divider by settingsin adivision control register (DIVCR). Power consumpt
chip is reduced in aimost 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 xn

where, EXTAL: Freqguency of crystal resonator or external clock signal
n: Frequency division ratio (n = 1/1, 1/2, 1/4, or 1/8)
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1 divider
EXTAL circuit

Division
| control
‘ register

< Data bus >

¢ @2toq@

Figure 19.1 Block Diagram of Clock Pulse Generator

19.2  Oscillator Circuit

Clock pulses can be supplied by connecting a crystal resonator, or by input of an exterr
signal.

19.2.1 Connecting a Crystal Resonator

Circuit Configuration

A crystal resonator can be connected asin the example in figure 19.2. The damping res
should be selected according to table 19.1, and external capacitance C , or C, to table
AT-cut parallel-resonance crystal should be used.
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Figure 19.2 Connection of Crystal Resonator (Example)

If acrystal resonator with a frequency higher than 20 MHz in the case of the 5V vers
MHz in the case of the 3V version, is connected, the external load capacitance val ues
should not exceed 10 [pF]. Also, in order to improve the accuracy of the oscillation fr
thorough study of oscillation matching evaluation, etc., should be carried out when de

circuit constants.

Table19.1 Damping Resistance Value

Damping Resistance

Frequency f (MHz)

Value 2 |2<fs4

4<f<8|8<f<10|10<f=<13

13<f<16|16<f<

Rd (Q) |H8/3048B 1k 500
Group

200

0 0

0

Note: A crystal resonator between 2 MHz and 25 MHz can be used. If the chipisto b
at less than 2 MHz, the on-chip frequency divider should be used. (A crystal re:
less than 2 MHz cannot be used.)

Table19.2 External Capacitance Values

External Capacitance Value 5V Version 3V Versi
Frequency f (MHz) 20<f<25 2<f<20 2<f<13 ]
C,=C,((pF) 10 10 to 22 10 to 22
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XTAL —o >

AT-cut parallel-resonanc

Figure 19.3 Crystal Resonator Equivalent Circuit

Table19.3 Crystal Resonator Parameters

Frequency (MHz) 2 4 8 10 12 16 18 2(
Rs max (Q) 500 120 80 70 60 50 40 A(
C, max (pF) 7

Use acrystal resonator with a frequency equal to the system clock frequency ().

Notes on Board Design
When acrystal 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 19.4.

When the board is designed, the crystal resonator and its load capacitors should be plac
as possible to the XTAL and EXTAL pins.
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Figure19.4 Example of Incorrect Board Design

19.2.2 External Clock Input
Circuit Configuration

An external clock signal can be input as shown in the examplesin figure 19.5. The ex
isinput from the EXTAL pin. If the XTAL pinisleft open, the stray capacitance shol
exceed 10 pF. If the stray capacitance at the X TAL pin exceeds 10 pF in configuratiol
configuration b instead and hold the clock high in standby mode.

EXTAL 7M External clock input

XTAL [ Open

a. XTAL pin left open

EXTAL External clock input
iIS 74HC04
XTAL

b. Complementary clock input at XTAL pin

Figure19.5 External Clock Input (Examples)
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Table19.4(1) Clock Timing for H8/3048B Group (BMHz <f<25MH2)

VCC = VCC =

3.0Vto36V 5.0V £10% T
Iltem Symbol Min Max Min Max Unit C
External clock input low  t_ t,/2-5 — t,J/2-5 — ns F
pulse width
External clock input high  t_, t, /-5 — t, /-5 — ns
pulse width
External clock rise time  t_, — 5 — 5 ns
External clock fall time [ — 5 — 5 ns
Clock low pulse width t., 0.4 0.6 0.4 0.6 toe F
Clock high pulse width t., 0.4 0.6 0.4 0.6 to,
External clock output o 500 — 500 — us  F

settling delay time

Note: * includes a RES pulse width (t

tDEXT RESW)' tRESW

=20t,,
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input high pulse
width

External clock [ — 5 — 5 ns

rise time

External clock toy — 5 — 5 ns

fall time

Clock low pulse  t_ 0.4 0.6 0.4 0.6 o ®=5N
width 80 — 80 — ns  @<5N
Clock high pulse  t_, 0.4 0.6 0.4 0.6 t. ©=5M
width 80 — 80 — ns  @<5N
External clock o 500 — 500 — us  Figure

output settling

delay time
Note: * t.,, includes a RES pulse width (t..,)- tocs,, = 20t
tExH texL
EXTAL

= texr

—- -.— tEXf

Figure19.6 External Clock Input Timing
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Y inncihal vl /77777‘2
external) W

RES f

)

)

tpEXT

Figure 19.7 External Clock Output Settling Delay Timing

19.3  Duty Adjustment Circuit

When the oscillator frequency is5 MHz or higher, the duty adjustment circuit adjustst
cycle of the clock signal from the oscillator to generate the signal that becomes the sys!

194 Prescalers

The prescalers divide the system clock (@) to generate internal clocks (¢/2 to ¢/4096).

195 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 almost direct proportion
frequency division ratio. The system clock generated by the frequency divider can be o

@pin.
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19.5.2 Division Control Register (DIVCR)

DIVCR isan 8-hit readable/writable register that selects the division ratio of the frequ
divider.

Bit 7 6 5 4 3 2 1
0 0 0 O O O ‘ DIV1
Initial value 1 1 1 1 1 1 0
Read/Write O O O O O O R/W
Reserv‘ed bits ’7
Divide bits 1

These bits sel
frequency divi

DIVCRisinitialized to H'FC by areset and in hardware standby mode. It is not initial
software standby mode.

Bits 7 to 2—Reserved: Read-only bits, alwaysread as 1.

Bits 1 and 0—Divide (DIV1 and DIV0): These hits select the frequency division rati
follows.

Bit 1: DIV1 Bit 0: DIVO Frequency Division Ratio

0 0 1/1 (
1 1/2

1 0 1/4
1 1/8
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Table19.6 Comparison with the Clock Frequency Rangesin the H8/3048 Group

H8/3048B Group
ROM type F-ZTAT ZTAT Mask ROM
H8/3048 | H8/3047 | H8/3045 | H8/304
H8/3048 Mask Mask Mask Mask
Product type F-ONE H8/3048F | H8/3048 | RoMm ROM ROM ROM
Version | Version | Version | Versio
Guaranteed [4.5-5.5V 2-25 1-16 1-18 1-18 MHz
clock MHz MHz MHz
frequency (3.15-55V — 1-13 1-13 MHz
range MHz
2.7-5.5V — 1-8 1-8 1-8 MHz
MHz MHz
3.0-3.6V 2-25 — — —
MHz
Crystal oscillation 2-25 2-16 2-18 2-18 MHz
range MHz MHz MHz

» All on-chip module operations are based on ¢. Note that the timing of timer operati
communication, and other time-dependent processing differs before and after any ¢
the division ratio. The waiting time for exit from software standby mode a so chanc
the division ratio is changed. For details, see section 20.4.3, Selection of Waiting T
from Software Standby Mode.
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The power-down state includes the following three modes:

» Sleep mode
» Software standby mode
» Hardware standby mode

The module standby function can halt on-chip supporting modules independently of t
down state. The modules that can be halted are the ITU, SCIO, SCI1, DMAC, refresh:
and A/D converter.

Table 20.1 indicates the methods of entering and exiting the power-down modes and 1
standby mode, and gives the status of the CPU and on-chip supporting modules in eac
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H'FFF2 System control register SYSCR R/W H'0
H'FF5E Module standby control register MSTCR R/W H'4
Note: * Lower 16 bits of the address.
20.21  System Control Register (SYSCR)
Bit 7 6 5 4 3 2 1
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ O
Initial value 0 0 0 0 1 0 1
Read/Write R/W R/W R/W R/W R/W R/W 0
RA
Resen

User bit enable

Standby timer select 2to 0
These bits select the

waiting time at exit from
software standby mode

Software standby
Enables transition to
software standby mode

NMI edge select

SY SCR is an 8-bit readable/writable register. Bit 7 (SSBY) and bits6to 4 (STS2t0 S
the power-down state. For information on the other SY SCR bits, see section 3.3, Syst

Register (SYSCR).
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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 will be at least 7 ms. See table 20.3.

If an external clock is used, select the setting so that the waiting time is 100 ps or more
to the clock frequency.

Bit 6: STS2 Bit 5: STS1 Bit 4: STSO Description

0 0 0 Waiting time = 8,192 states (Ini
1 Waiting time = 16,384 states
1 0 Waiting time = 32,768 states
1 Waiting time = 65,536 states
1 0 0 Waiting time = 131,072 states
1 Waiting time = 262,144 states
1 0 Waiting time = 1,024 states
1 lllegal setting
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[} | Mo TUPo | Mo TUFA | Mo TUFS Vs TP | Mo TP L
Initial value 0 1 0 0 0 0 0
Read/Write R/W ad R/W R/W R/W R/W R/W

Module standby 5t0 0
These bits select modules
to be placed in standby

Reserved bit

@clock stop
Enables or disables
output of the system clock

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 1: PSTOP Description
0 System clock output is enabled (
1 System clock output is disabled

Bit 6—Reserved: Read-only bhit, alwaysread as 1.
Bit 5—Module Standby 5 (M STOP5): Selects whether to place the ITU in standby.

Bit 5: MSTOP5 Description

0 ITU operates normally (

1 ITU is in standby state
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Bit 3: MSTOP3 Description
0 SCI1 operates normally (Ir

1 SCI1 is in standby state

Bit 2—Module Standby 2 (M STOP2): Selects whether to place the DMAC in standb

Bit 2: MSTOP2 Description
0 DMAC operates normally (Ir
1 DMAC is in standby state

Bit 1—Module Standby 1 (M STOP1): Selects whether to place the refresh controller

Bit 1: MSTOP1 Description
0 Refresh controller operates normally (I

1 Refresh controller is in standby state

Bit 0—M odule Standby 0 (M STOPO): Selects whether to place the A/D converter in

Bit 0: MSTOPO Description
0 A/D converter operates normally (Ir

1 A/D converter is in standby state
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Modules which have been placed in standby by the module standby function, howeve
halted.

20.3.2 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 than NM 1 if the interrupt is masked by the | and Ul bitsin CCR and

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.

20.4  Software Standby Mode

2041 Transition to Software Standby Mode

To enter software standby mode, execute the SLEEP instruction while the SSBY hit i
SYSCR.

In software standby mode, current dissipation is reduced to an extremely low level be
CPU, clock, and on-chip supporting modules al halt. The DMAC and on-chip suppor
arereset. Aslong as the specified voltage is supplied, however, CPU register contents
RAM data are retained. The settings of the 1/0 ports and refresh controller” are also h

Note: * RTCNT and bits 7 and 6 of RTMCSR are initialized. Other bits and regist
previous states.
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IRQ, pin, or by input at the RES or STBY pin.

Exit by Interrupt: When an NMI, IRQ,, IRQ,, or IRQ, interrupt request signal is recei
clock oscillator begins operating. After the oscillator settling time selected by bits STS
in SY SCR, stable clock signals are supplied to the entire chip, software standby mode ¢
interrupt exception handling begins. Software standby mode is not exited if the interruy
bits of interrupts IRQ,, IRQ,, and IRQ, are cleared to 0, or if these interrupts are maske
CPU.

Exit by RES Input: When the RES input goes low, the clock oscillator starts and clock
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

20.4.3  Selection of Waiting Timefor Exit from Softwar e Standby Mode
Bits STS2 to STSO in SY SCR and bits DIV1 and DIVO in DIVCR should be set asfoll

Crystal Resonator: Set STS2 to STS0, DIV 1, and DIVO0 so that the waiting time (for t
stabilize) isat least 7 ms. Table 20.3 indicates the waiting times that are selected by ST
STSO, DIV, and DIVO settings at various system clock frequencies. Refer to the clock
and the waiting time in which it takes for the clock to settle, as shown in table 20.3.

External Clock: Set bits STS2 to STS0, Bits DIVO, and DIV 1 so that the waiting time
or more.
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1 1 1 lllegal setting

0o 1 0 0 0 8192 states 0.7 0.8 091 102 14 1.6 20 27 41
0 0 1 16384 states 1.3 1.6 1.8 2.0 2.7 33 41 55 82°
0 1 0 32768 states 2.6 33 3.6 4.1 5.5 6.6 82° 10.9* 16.4
0 1 1 65536 states 5.2 6.6 7.3* 8.2* 10.9* 13.1* 164 218 328
1 0 0 131072 states 10.5* 13.1* 14.6 16.4 21.8 26.2 328 437 655
1 0 1 262144 states 21.0 26.2 29.1 32.8 43.7 52.4 655 874 1311
1 1 0 1024 states 0.08 010 011 013 017 020 0.26 0.34 051
1 1 1 lllegal setting

1 0 0 0 0 8192 states 1.3 1.6 1.8 2.0 2.7 3.3 41 55 82*
0 0 1 16384 states 2.6 33 3.6 41 55 6.6 8.2° 10.9* 164
0 1 0 32768 states 5.2 6.6 7.3 8.2* 10.9* 13.1* 164 218 328
0 1 1 65536 states  10.5*  13.1* 14.6 16.4 21.8 26.2 328 4377 655
1 0 0 131072 states 21.0 26.2 291 328 437 524 655 874 1311
1 0 1 262144 states 419 524 583 655 874 1049 1311 1748 262.1
1 1 0 1024 states  0.16 020 023 026 034 041 051 068 1.02
1 1 1 lllegal setting

1 1 0 0 0 8192 states 2.6 33 3.6 4.1 55 6.6 8.2* 10.9* 16.4*
0 0 1 16384 states 5.2 6.6 7.3 8.2 10.9* 13.1* 164 218 328
0 1 0 32768 states 105  13.1* 146 164 218 262 328 437 655
0 1 1 65536 states  21.0° 262 291 328 437 524 655 874 1311
1 0 0 131072 states 41.9 52.4 58.3 65.5 87.4 1049 1311 1748 262.1
1 0 1 262144 states 83.9 1049 1165 1311 1748 209.7 262.1 349.5 524.3
1 1 0 1024 states  0.33 041 0.46 0.51 0.68 0.82 1.0 14 20
1 1 1 lllegal setting

Note: * Recommended setting
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Software standby mode is exited at the next rising edge of the NMI signal.

S tor LTI T
9 T
NMI } § (

NMIEG ] | |
SSBY ] | B |
NMI interrupt Software standby  Oscillator NMI exce
handler mode (power- settling time handling
NMIEG = 1 down state) (tosc2)
SSBY =1
SLEEP
instruction
Figure20.1 NMI Timingfor Software Standby Mode (Example)
2045 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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retained. 1/O ports are placed in the 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

20.5.2 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.

20.5.3 Timing for Hardware Standby Mode

Figure 20.2 shows the timing relationships for hardware standby mode. To enter haral
mode, first drive RES low, then drive STBY low. To exit hardware standby mode, fir:
STBY high, wait for the clock to settle, then bring RES from low to high.
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! !
| |
-,
| |

Oscillator

settling time
Res
eXCe
hanc

Figure20.2 Hardware Standby Mode Timing
20.6  Module Standby Function

20.6.1 Module Standby Timing

The module standby function can halt several of the on-chip supporting modules (the I
SCI1, DMAC, refresh controller, and A/D converter) independently of the power-dowr
standby function is controlled by bits MSTOP5 to MSTOPO in MSTCR. When one of
set to 1, the corresponding on-chip supporting moduleis placed in standby and halts at
beginning of the next bus cycle after the MSTCR write cycle.

20.6.2 Read/Writein Module Standby

When an on-chip supporting module is in module standby, read/write access to its regi:
disabled. Read access always resultsin H'FF data. Write accessisignored.
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Internal Peripheral Module Interrupt: When MSTCR is set to 1, prevent module it
advance. When an on-chip supporting module is placed in standby by the module star
function, its registers, including the interrupt flag, are initialized.

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 9, 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 1/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 MSTCR bit is ¢
its registers must be set up again. It is not possible to write to the registers while the b
setto 1.

MSTCR Accessfrom DMAC Disabled: To prevent malfunctions, MSTCR can only
from the CPU. It can be read by the DMAC, but it cannot be written by the DMAC.
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MSTCR write cycle MSTCR write cycle
(PSTOP = 1) (PSTOP = 0)

T1 T2 T3 T1 T2 T3

- (( EEEEEND
opi ~ ... ) ) T
High-impedance

Figure20.3 Starting and Stopping of System Clock Output

Table20.4 @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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Holav4ao

H8/3048
Iltem Symbol | Unit | F2TAT | gia047 | pgraoas | 7-ON
ég\‘jvi'r H8/3045 | ZTAT (lf(')'\‘lﬁ
H8/3044

Supply) Supp
Operating V.,.=45t055V MHz 1to 16 1to18 1to18 |2t025

range BV
operati
model)
V.,.=315t055V — 1t013 11013 —
V. .=27t055V lto8 lto8 1to8 —
V., =3.0t03.6V — — — 210 25

BV
operati
model)
Operating Regular To °C |-20to +75|-20to +75 |-20to +75| -201
temperature |specifications +75’
range Wide-range —40to +85 | -40t0 +85 | —-40t0 +85| —40
specifications +85’
Absolute V., pin rating v, Yes — Yes —
m§X|mum FWE pin rating — — — Yes

ratings

V pin — — — Canno
connec
to pow
supply

GV
operati
model

only)
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-0.3to
+4.6
BV
operatio
model)
DC charac- |RESO pin Yes Yes Yes —
teristics specification
FWE pin — — — Yes
specification
Determination Yes — — —
level for applying
high voltage (12 V)
Standby current oo PA Max 5 Max 5 Max 5 Max 1
(T, <50°C)
Standby current Max 20 Max 20 Max 20 Max 8!
(50°C<T)
AC charac- |Clock cycle time t. ns | Max 1000 | Max 1000 | Max 1000 | Max 50
teristics RES pulse width tresw tye Min 10 Min 10 Min 10 Min 2C
RESO output teeso ns Max 100 | Max 100 | Max 100 —
delay time
RESO output teccow t,. | Min132 | Min132 | Min132 —
pulse width
Flash Refer to — — See tabl
memory the 21.11
charac- H8/3048
teristics™* Group
Hardware
Manual
(revision
7.0) for
details.

Notes: 1. The operating temperature range for flash memory programming/erasing is |
Connect an external capacitor between the V pin and GND.

See the DC Characteristics table for current dissipation during operation.
Refer to the program/erase algorithms for details of flash memory characteri

PN
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Power supply voltage Ve 5 V operation model: -0.3 to +7.0
3 V operation model: —0.3 to +4.6

Input voltage (FWE)** A -0.3t0V_ +0.3

Input voltage (except for port 7)** Vv, —0.3t0V_+0.3

Input voltage (port 7) A —0.3t0 AV +0.3

Reference voltage Voer -0.3to AV +0.3

Analog power supply voltage AV . 5 V operation model: —0.3 to +7.0
3V operation model: -0.3 to +4.6

Analog input voltage Vi —0.3t0 AV +0.3

Operating temperature T Regular specifications: —20 to +75*°

Wide-range specifications: —40 to +8

Storage temperature T -55to +125

Caution: Permanent damage to the chip may result if absolute maximum ratings are e
Notes: 1. Do not apply the power supply voltage to the V pin in 5V operation mode
an external capacitor between this pin and GND.
2. 12 V must not be applied to any pin, as this may cause permanent damage
device.
3. The operating temperature range for flash memory programming/erasing is
+75°C.
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Item Symbol  Min Typ Max Unit Test |

Schmitt Port A, V- 1.0 — — \Y
trigger input P8, to P8, V. _ _ V_x07 V
voltages PB, to PB, ! c -
V-V~ 04 — — Y

Input high RES, STBY, Vi, V.07 — V103 V
voltage FWE, NMI,

MD, to MD,

EXTAL V. x07 — V,+03 V

Port 7 2.0 — AV_ +0.3 V

Ports 1to0 6, 9, 2.0 — V403 V

P8,, P8,, PB, to

PB,
Input low RES, STBY, V, -0.3 — 0.5 \Y
voltage MD, to MD,),

FWE

NMI, EXTAL, -0.3 — 0.8 \Y

ports1to 7, 9,
P8,, P8,, PB, to

PB,
Output high  All output pins ~ V, V,.-05 — — \Y lon =-
voltage -

9 35 — — Voo, =-

Output low  All output pins V. — — 0.4 \ oo =1
voltage Ports 1, 2, 5, — — 1.0 Voo =

and B
Input STBY, NMI, In.| — — 1.0 MA V=
leakage RES, FWE, Vo —
current MD, to MD,

Port 7 — — 1.0 MA V=

AV
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NIVl —_— —_—

All input pins — — 15 pF°
except NMI,
FWE
Current Normal I — 45 60 mA  f=2
dissipation™® operation™®
Sleep mode — 35 50 mA
Module standby — 20 25 mA
mode™*
Standby mode™” — 1 10 PA T, <
— — 80 MA  50°C
Analog During A/D Al — 0.5 15 mA AV
power conversion
supplyt During A/D and — 0.5 15 mA
curren D/A conversion
Idle — 0.01 5.0 MA  DAS
Reference  During A/D Al — 0.4 0.8 mA V..
current conversion
During A/D and — 15 3.0 mA
D/A conversion
Idle — 0.01 5.0 MA  DAS
RAM standby voltage Vioan 2.0 — — \
Notes: 1. If the A/D and D/A converters are not used, do not leave the AV, AV, an
open. Connect AV_. and V. to V., and connect AV to V..
2. Current dissipation values are for V,, min =V__-0.5V and V, max=0.5V:
output pins unloaded and the on-chip pull-up transistors in the off state.
3. ThevaluesareforV,, <V, <45V,V, min=V_x0.9, andV, max=0.3
4. Module standby current values apply in sleep mode with all modules haltec
5. The current dissipation value for flash memory program/erase operations (°

+75°C) is 10 mA (max.) greater than the current dissipation value for norm:
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voltages PB, 10 PB, : —

V-V~ V_x0.05 — — v
Input high RES, STBY, V., V. x09 — V103 V
voltage FWE, NMI,
MD, to MD,
EXTAL V. x07 — V,.+03 V
Port 7 V%07 — AV +0.3 V
Ports 1t0 6, 9, V,.x07 — V403 V
P8,, P8,, PB, to
PB,
Input low RES, STBY, V, -0.3 — V%01 V
voltage MD, to MD,,
FWE
NMI, EXTAL, -0.3 — V,.x02 V
ports1to 7,9,
P8,, P8,, PB, to
PB,
Output high  All output pins  V, V.05 — — \ low =
voltage V,_.-10 — _ v I, =
Output low  All output pins V. — — 0.4 \ lo =
voltage Ports 1, 2, 5, — — 1.0 Vool =
and B
Input STBY, NMI, 1N — — 1.0 AV, =
leakage RES, FWE, V.-
current MD, to MD,
Port 7 — — 1.0 AV, =
AV
Three-state  Ports 1 to 6, Lol — — 1.0 PA V=
leakage 8toB V-

current
(off state)
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Current Normal I ® — 40 60 mA f=25
dissipation™® operation™®
Sleep mode — 30 50 mA
Module standby — 20 25 mA
mode™*
Standby mode™* — 1 10 MA T, <E
— — 80 pA  50°C
Analog During A/D Al — 0.5 15 mA AV
power conversion
supplyt During A/D and — 0.5 15 mA
curren D/A conversion
Idle — 0.01 5 HA  DASIT
Reference  During A/D Al — 0.4 0.8 mA V=
current conversion
During A/D and — 15 3 mA
D/A conversion
Idle — 0.01 5 HA  DASIT
RAM standby voltage Ve 2.0 — — \Y
Notes: 1. If the A/D and D/A converters are not used, do not leave the AV, AV, and
open. Connect AV_. and V___to V_, and connect AV to V.
2. Current dissipation values are for V,, min =V_-0.5V and V, max =0.5V w
output pins unloaded and the on-chip pull-up transistors in the off state.
3. Thevaluesare forV,,, <V, <3.0V,V, min=V_x0.9, andV, max = 0.3\
4. Module standby current values apply in sleep mode with all modules halted.
5. The current dissipation value for flash memory program/erase operations (T,
+75°C) is 10 mA (max.) greater than the current dissipation value for normal
6. I dependson V_ and f, according to the following expressions.

I.. max. (normal operation) = 6.0 [mA] + 0.60 [MA/(MHz x V)] x V__ X f

I max. (sleep mode) = 6.0 [mA] + 0.49 [MA/(MHz x V)] x V__ x f

I.. max. (sleep mode and module standby mode) = 6.0 [mA] + 0.21 [mA/(MF
VCC X f

The typical values of current dissipation are reference values.
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Conditions A, B

Item Symbol Min Typ Ma;
Permissible output Ports 1, 2,5, and B I, — — 10
low current (per pin) Other output pins — — 2.0
Permissible output Total of 28 pins in >l — — 80
low current (total) ports 1, 2, 5, and B

Total of all output pins, — — 12C

including the above

Permissible output All output pins lon — — 2.0
high current (per pin)

Permissible output Total of all output pins >y, — — 40
high current (total)
Notes: 1. To protect chip reliability, do not exceed the output current values in table Z
2. When driving a darlington pair or LED, always insert a current-limiting resis
output line, as shown in figures 21.1 and 21.2.
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Darlington pair

Figure21.1 Darlington Pair Drive Circuit (Example)

H8/3048F-ONE

Ports 1, 2, 5,
and B

LED

600Q

Figure21.2 LED Drive Circuit (Example)
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Vs=AV=0V,p=2MHzto 25 MHz, T,=-20°C to +75°C (regula
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: V_ =5.0V +10%, AV =5.0V +10%, V., =45V t0 AV,
V=AV, =0V, p=2MHzto 25 MHz, T,=-20°C to +75°C (regula
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B

25 MHz 25 MHz
Iltem Symbol  Min Max Min Max Unit
Clock cycle time t. 40 500 40 500 ns
Clock pulse low width te. 10 — 10 —
Clock pulse high width te, 10 — 10 —
Clock rise time ter — 10 — 10
Clock fall time tee — 10 — 10
Address delay time to — 28 — 25
Address hold time to 0.5t,-20 — 0.5t,-20 —
Address strobe delay time t,, — 25 — 25
Write strobe delay time twso — 25 — 25
Strobe delay time t — 25 — 25
Write data strobe pulse tsw 1.0t,-25 — 1.0t,-25 —
width 1
Write data strobe pulse tswe 15t,-25 — 15t,-25 —
width 2
Address setup time 1 e 0.5t,-20 — 0.5t,-20 —
Address setup time 2 thss 1.0t,-20 — 1.0t,-20 —
Read data setup time teos 15 — 15 —
Read data hold time t 0 — 0 —

RDH
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Read data access time 2 t,, — 2.5t —40 — 2.5t —40
Read data accesstime 3 t, ., — 1.0t -28 — 1.0t -28
Read data accesstime 4 t,_., — 2.0t —32 — 2.0t —32
Precharge time tocn 1.0t,-20 — 1.0t,-20 —

Wait setup time turs 25 — 25 — ns
Wait hold time s 5 — 5 —

Bus request setup time taros 25 — 25 — ns
Bus acknowledge delay toncor — 30 — 30

time 1

Bus acknowledge delay toncos — 30 — 30

time 2

Bus-floating time t — 40 — 40

BZD
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Condition A Condition B
25 MHz 25 MHz

Item Symbol  Min Max Min Max Unit
RAS delay time 1** to — 20 — 18 ns
RAS delay time 2™ to, — 20 — 18
RAS delay time 3" s — 20 — 18
Row address hold time tonn 0.5t,,-5 — 0.5t,,-5 —
RAS precharge time™* to 1.0t,-15 — 1.0t,-15 —
CAS to RAS precharge  tg,, 1.0t,-15 — 1.0t,-15 —
time™**?
CAS pulse width™? to,e 1.0t,-18 — 1.0t,-18 —
RAS access time™* t,. — 2.0t,-35 — 2.0t,, -35
Address access time s — 1.5t —40 — 1.5t —40
CAS access time™? t,. — 1.0t,-30 — 1.0t,, -30
Write data setup time 3 tuoss 10t,-25 — 10t,-25 —
CAS setup time*’ tese 0.5t,,-15 — 0.5, -15 —
Read strobe delay time treo — 25 — 25
Signal rise time (all input ~ t, — 100 — 100 ns
pins except EXTAL)
Signal fall time (all input t — 100 — 100

pins except EXTAL)

SF

Notes: 1. The RAS pin is assigned to the CS3 pin.
2. The CAS pin is assigned to the RD pin.
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Condition A Condition B
25 MHz 25 MHz

Item Symbol Min Max Min Max Unit
RES setup time tress 200 — 200 — ns
RES pulse width tresw 20 — 20 — oye
Mode programming setup time tuos 200 — 200 — ns
NMI setup time tows 150 — 150 — ns
(NMI, IRQ, to IRQ,)
NMI hold time [ - 10 — 10 —
(NMI, IRQ, to IRQ,)
Interrupt pulse width Low 200 — 200 —
(NMI, IRQ, to IRQ,
when exiting software
standby mode)
Clock oscillator settling toser 20 — 20 — ms
time at reset (crystal)
Clock oscillator settling t 7 — 7 — ms

time in software standby
(crystal)

0SC2
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Condition A Condition B

25 MHz 25 MHz
Item Symbol Min Max Min Max Unit
DMAC DREQ setup time torgs 20 — 20 — ns
DREQ hold time toran 10 — 10 —
TEND delay time 1 te, ) — 50 7
TEND delay time 2 treos — 50 — 50
ITU Timer output delay time toco — 50 — 50 ns
Timer input setup time tres 40 — 40 —
Timer clock input setup time  t.,. 40 — 40 — 7
Timer clock  Single edge | S 15 — 15 — tove
pulse width Both edges | S 25 — 25 —
SCI Input clock  Asynchronous  tg.. 4 — 4 — teve
cycle Synchronous  t. 6 — 6 —
Input clock rise time tor — 15 — 15
Input clock fall time tecnr — 15 — 15
Input clock pulse width tekw 0.4 0.6 0.4 0.6 toeve
Transmit data delay time tho — 100 — 100 ns
Receive data setup time [ 100 — 100 —
(synchronous)
Receive Clock input [ 100 — 100 —
data hold
::I?rirfzﬁg) Clock output  ty, 0 — 0 —
Ports  Output data delay time towo — 50 — 50 ns
?r;dc Input data setup time tors 50 — 50 —
Input data hold time torn 50 — 50 —
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e Low:0.c V
« High: 2.0V

Figure21.3 Output Load Circuit
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ConditionB: V. =5.0V +10%, AV_=5.0V +10%, V... =45V to AV,
V=AV =0V, p=2MHzto 25 MHz, T,=-20°C to +75°C (regula
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz

Item Min Typ Max Min Typ Max
Resolution 10 10 10 10 10 10
Conversion time (single mode) 5.36 — — 5.36 — —
Analog input capacitance — — 20 — — 20
Permissible @< 13 MHz — — 10 — — 10
_signal-source ©> 13 MHz — — 5 — — 5
impedance
Nonlinearity error — — +3.5 — — +3.5
Offset error — — +3.5 — — +3.5
Full-scale error — — +3.5 — — +3.5
Quantization error — — +0.5 — — +0.5
Absolute accuracy — — 4.0 — — +4.0
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ConditionB: V. =5.0V £10%, AV_=5.0V +10%, V... =45V to AV,
V=AV =0V, p=2MHzto 25 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz
Item Min Typ Max Min Typ Max Unit Test (
Resolution 8 8 8 8 8 8 bits
Conversion time — — 10 — — 10 us 20-pF
(centering time) load
Absolute accuracy — +2.0 +3.0 — +1.5 +2.0 LSB 2-MQ
load
— — +2.0 — — +15 LSB 4-MQ
load
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ncin Ly Hivul DAL 'yMy wiaa ALY

Programming time***2** t, — 10 200 ms/
128 bytes
Erase time*****° t. — 100 1200 ms/block
Reprogramming count Nec — — 100 Times
Programming Wait time after SWE bit setting™  t_,,, 1 1 — s
Wait time after PSU bit setting™  t,.., 50 50 — us
Wait time after P bit setting**** o 28 30 32 us F
t
o 198 200 202 s F
t
teoo 8 10 12 [V /
f
t
Wait time after P bit clear™* t, 5 5 — s
Wiait time after PSU hit clear™* to 5 5 — s
Wait time after PV bit setting”™* t,, 4 4 — s
Wait time after H'FF dummy write™* o 2 2 — ps
Wait time after PV bit clear** t,, 2 2 — s
Wait time after SWE bit clear™ teove 100 100 O s
Maximum programming count™*** N — — 1000 Times
Erase Wait time after SWE bit setting™  t,, 1 1 — s
Wait time after ESU bit setting™  t__, 100 100 —  pus
Wait time after E bit setting**** t, 10 10 100 ms E
Wait time after E bit clear™ t, 10 10 — ps
Wiait time after ESU hit clear™* t.. 10 10 — ps
Wait time after EV bit setting”™* t,, 20 20 — pus
Wait time after H'FF dummy write** t_, 2 2 — ps
Wait time after EV bit clear** t,, 4 4 — s
Wait time after SWE bit clear™ teove 100 100 O s
Maximum erase count”*** N 12— 120 Times
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the programming counter (n).

Programming counter (n) =1 to 6: t,s =30 s
Programming counter (n) = 7 to 1000: t200 = 200 pis
Programming counter (n) [in additional programming] = 1 to 6: t_,, = 10 ps

5. For the maximum erase time (t.(max)), the following relationship applies bet
wait time after E bit setting (t..) and the maximum erase count (N):

t.(max) = Wait time after E bit setting (t_) x maximum erase count (N)

To set the maximum erase time, the values of t_ and N should be set so as't
the above formula.

Examples:  Whent_ =100 [ms], N =12
Whent =10 [ms], N =120
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Reprogramming count Nec — — 100  Times
Programming Wait time after SWE bit setting™  t__,. 1 1 — us
Wait time after PSU bit setting™  t,,, 50 50 — us
Wait time after P bit setting™*** 1t 28 30 32 ps F
t
tpo00 198 200 202 ps F
t
too 8 10 12 us /
f
t
Wait time after P bit clear™* - 5 5 — s
Wait time after PSU bit clear™  t_, 5 5 — us
Wait time after PV bit setting** - 4 4 — ps
Wait time after H'FF dummy Lo 2 2 — ps
write™*
Wait time after PV bit clear** t,, 2 2 — us
Wait time after SWE bit clear™  t__,, 100 100 — ps
Maximum programming N — — 1000 Times
count***
Erase Wait time after SWE bit setting™  t_,, 1 1 — ps
Wait time after ESU bit setting™  t,.,, 100 100 — ps
Wait time after E bit setting™**  t, 10 10 100 ms E
Wait time after E bit clear™ t, 10 10 — us
Wait time after ESU bit clear™  t_, 10 10 — ps
Wait time after EV bit setting™  t_, 20 20 — us
Wait time after H'FF dummy toeur 2 2 — us
write™*
Wait time after EV bit clear™ t., 4 4 — ps
Wait time after SWE bit clear™  t__,, 100 100 — ps
Maximum erase count”**® N - 120 Times
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rne walt time arter = DIt Setting snouid oe cnangea as 1olows accoraing to u
the programming counter (n).
Programming counter (n) = 1 to 6: tos=3
Programming counter (n) = 7 to 1000: b0 = 2
Programming counter (n) [in additional programming] =1to 6: t ;=1
5. For the maximum erase time (t.(max)), the following relationship applies bet
wait time after E bit setting (t..) and the maximum erase count (N):
t.(max) = Wait time after E bit setting (t,) x maximum erase count (N)

To set the maximum erase time, the values of t_ and N should be set so as 1
the above formula.
Examples: When t_ =100 [ms], N = 12 times

When t_ =10 [ms], N = 120 times
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Power supply voltage Ve 5 V operation model: -0.3 to +7.0
3 V operation model: -0.3 to +4.6

Input voltage (FWE)** A -0.3t0V,_ +0.3

Input voltage (except for port 7)** Vv, -0.3t0V_+0.3

Input voltage (port 7) A —0.3t0 AV +0.3

Reference voltage Voer -0.3to AV +0.3

Analog power supply voltage AV . 5 V operation model: —0.3 to +7.0
3V operation model: -0.3 to +4.6

Analog input voltage Vi —0.3t0 AV, +0.3

Operating temperature T Regular specifications: —20 to +75*°

Wide-range specifications: —40 to +8

Storage temperature T -55to +125

Caution: Permanent damage to the chip may result if absolute maximum ratings are e
Notes: 1. Do not apply the power supply voltage to the V pin in 5V operation mode
an external capacitor between this pin and GND.
2. 12 V must not be applied to any pin, as this may cause permanent damage
device.
3. The operating temperature range for flash memory programming/erasing is
+75°C.
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Item Symbol  Min Typ Max Unit Test |
Schmitt Port A, V- 1.0 — — \Y
trigger input P8, to P8, V. _ _ V_x07 V
voltages PB, to PB, ! c -
V-V~ 04 — — Y
Input high RES, STBY, Vi, V.07 — V103 V
voltage NMI, MD, to
MD,
EXTAL V. x07 — V,+0.3 V
Port 7 2.0 — AV_ +0.3 V
Ports 1to0 6, 9, 2.0 — V403 V
P8,, P8,, PB, to
PB,
Input low RES, STBY, V, -0.3 — 0.5 \
voltage MD, to MD,
NMI, EXTAL, -0.3 — 0.8 \%
ports1to 7,9,
P8,, P8,, PB, to
PB,
Output high  All output pins  V, V,.-05 — — \Y lon =-
voltage Except RESO -
g ( p ) 3.5 — — v on =
Output low  All output pins ~ V, — — 0.4 \Y oL =1
voltage (Except RESO)
Ports 1, 2, 5, — — 1.0 \Y Iy, =1
and B
RESO — — 0.4 Iy, =1
Input STBY, NMI, Il — — 1.0 AV, =
leakage RES, MD, to V.
current MD,
Port 7 — — 1.0 MA V=
AV,
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except NMI a
Current Normal [ — 45 60 mA  f=2
dissipation™* operation
Sleep mode — 35 50 mA
Module standby — 20 25 mA
mode™*
Standby mode™” — 1 10 MA T, <
— — 80 HA  50°C
Analog During A/D Al — 0.5 15 mA AV,
power conversion
supply During A/D and — 0.5 15 mA
current D/A conversion
Idle — 0.01 5.0 MA  DAS
Reference  During A/D Al — 0.4 0.8 mA V..
current conversion
During A/D and — 15 3.0 mA
D/A conversion
Idle — 0.01 5.0 MA  DAS
RAM standby voltage Ve 2.0 — — \Y
Notes: 1. If the A/D and D/A converters are not used, do not leave the AV, AV, an
open. Connect AV_. and V___ to V_, and connect AV  to V..
2. Current dissipation values are for V,, min=V__-0.5V and V, max=0.5 V"
output pins unloaded and the on-chip pull-up transistors in the off state.
3. ThevaluesareforV,, <V, <45V,V, min=V_x0.9, andV, max=0.3
4. Module standby current values apply in sleep mode with all modules haltec
5. I depends on V_ and f, according to the following expressions.

[Applicable operating frequency: 2 to 25 MHZz]

I max. (normal operation) = 5.0 [mA] + 0.32 [MA/(MHz x V)] x V__ x (f -2)
I.. max. (sleep mode) = 7.0 [mA] + 0.26 [mMA/(MHz x V)] x V__ x (f -2)

I max. (sleep mode and module standby mode) = 6.0 [mA] + 0.11 [mA/(M
V. % (f-2)

The typical values of current dissipation are reference values.
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voltages PB, to PB, : =
V-V~ V_x0.05 — v
Input high RES, STBY, V. V. *x0.9 V,1t03 V
voltage NMI, MD, to
MD,
EXTAL V. x0.7 V,.+03 V
Port 7 V. x0.7 AV_+0.3 V
Ports 1t0 6, 9, V., x0.7 V403 V
P8,, P8,, PB, to
PB,
Input low RES, STBY, V, -0.3 V%01 V
voltage MD, to MD,
NMI, EXTAL, -0.3 V,.x02 V
ports1to 7,9,
P8,, P8,, PB, to
PB,
Output high  All output pins  V, V., -0.5 — \ low = -
voltage Except RESO -
9 (Excep ) V. -1.0 — Voo, =-
Output low  All output pins V. — 0.4 \ lo =1
voltage (Except RESO)
Ports 1, 2, 5, — 1.0 \Y I, = ¢
and B
RESO — 0.4 N
Input STBY, NMI, I — 1.0 HA V=
leakage RES, MD, to V.
current MD,
Port 7 — 1.0 MA V=
AV
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except NMI a
Current Normal [ — 40 50 mA  f=2
dissipation™* operation
Sleep mode — 25 40 mA
Module standby — 15 20 mA
mode™*
Standby mode™” — 1 10 MA T, <
— — 80 HA  50°C
Analog During A/D Al — 0.5 15 mA AV,
power conversion
supply During A/D and — 0.5 15 mA
current D/A conversion
ldle — 0.01 5 MA  DAS
Reference  During A/D Al — 0.4 0.8 mA V..
current conversion
During A/D and — 15 3 mA
D/A conversion
Idle — 0.01 5 MA  DAS
RAM standby voltage Ve 2.0 — — \Y
Notes: 1. If the A/D and D/A converters are not used, do not leave the AV, AV, an
open. Connect AV_. and V___ to V_, and connect AV  to V..
2. Current dissipation values are for V,, min=V__-0.5V and V, max=0.5 V"
output pins unloaded and the on-chip pull-up transistors in the off state.
3. ThevaluesareforV,, <V, <3.0V,V, mn=V_x0.9, andV, max=0.3
4. Module standby current values apply in sleep mode with all modules haltec
5. I depends on V_ and f, according to the following expressions.

[Applicable operating frequency: 2 to 25 MHZz]

I max. (normal operation) = 6.0 [mA] + 0.53 [MA/(MHz x V)] x V__ x (f -2)
I.. max. (sleep mode) = 4.0 [mA] + 0.43 [mMA/(MHz x V)] x V__ x (f -2)

I.. max. (sleep mode and module standby mode) = 3.0 [mA] + 0.20 [mA/(M
V. % (f-2)

The typical values of current dissipation are reference values.
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Conditions A, B

Item Symbol Min Typ Max
Permissible output Ports 1, 2,5, and B I, — — 10
low current (per pin) Other output pins — — 2.0
Permissible output Total of 28 pins in >l — — 80
low current (total) ports 1, 2,5, 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 >y, — — 40
high current (total)
Notes: 1. To protect chip reliability, do not exceed the output current values in table 21

2. When driving a darlington pair or LED, always insert a current-limiting resistt
output line, as shown in figures 21.4 and 21.5.
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Darlington pair

Figure21.4 Darlington Pair Drive Circuit (Example)

H8/3048B Group

Ports 1, 2, 5,
and B 600 Q

LED

Figure21.5 LED Drive Circuit (Example)
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Vs=AV=0V,p=2MHzto 25 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition B: V_ =5.0V +10%, AV =5.0V +10%, V., =45V t0 AV,
V=AV =0V, p=2MHzto 25 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B

25 MHz 25 MHz
Iltem Symbol  Min Max Min Max Unit
Clock cycle time t. 40 500 40 500 ns
Clock pulse low width te. 10 — 10 —
Clock pulse high width te, 10 — 10 —
Clock rise time ter — 10 — 10
Clock fall time tee — 10 — 10
Address delay time to — 28 — 25
Address hold time to 0.5t,-20 — 0.5t,-20 —
Address strobe delay time t,, — 25 — 25
Write strobe delay time twso — 25 — 25
Strobe delay time t — 25 — 25
Write data strobe pulse tsw 1.0t,-25 — 1.0t,-25 —
width 1
Write data strobe pulse tswa 15t,-25 — 15t,-25 —
width 2
Address setup time 1 e 0.5t,-20 — 0.5t,-20 —
Address setup time 2 thss 1.0t,-20 — 1.0t,-20 —
Read data setup time teos 15 — 15 —
Read data hold time teon 0 — 0 —
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Read data access time 2 t,, — 2.5t —40 — 2.5t —40
Read data accesstime 3  t, ., — 1.0t -28 — 1.0t -28
Read data accesstime 4 t,_., — 2.0t —32 — 2.0t —32
Precharge time tocn 1.0t,-20 — 1.0t,-20 —

Wait setup time turs 25 — 25 — ns
Wait hold time rn 5 — 5 —

Bus request setup time taros 25 — 25 — ns
Bus acknowledge delay toncor — 30 — 30

time 1

Bus acknowledge delay toncos — 30 — 30

time 2

Bus-floating time t — 40 — 40
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Condition A Condition B
25 MHz 25 MHz

Item Symbol  Min Max Min Max Unit
RAS delay time 1** to — 20 — 18 ns
RAS delay time 2™ to, — 20 — 18
RAS delay time 3" s — 20 — 18
Row address hold time tonn 0.5t,,-5 — 0.5t,,-5 —
RAS precharge time™* to 1.0t,-15 — 1.0t,-15 —
CAS to RAS precharge  tg,, 1.0t,-15 — 1.0t,-15 —
time™**?
CAS pulse width™? to,e 1.0t,-18 — 1.0t,-18 —
RAS access time™* t,. — 2.0t,-35 — 2.0t,, -35
Address access time s — 1.5t —40 — 1.5t —40
CAS access time™? t,. — 1.0t,-30 — 1.0t,, -30
Write data setup time 3 tuoss 10t,-25 — i10t,-25 —
CAS setup time*’ tese 0.5, -15 — 0.5t,,-15 —
Read strobe delay time treo — 25 — 25
Signal rise time (all input  t, — 100 — 100 ns
pins except EXTAL)
Signal fall time (all input t — 100 — 100

pins except EXTAL)

SF

Notes: 1. The RAS pin is assigned to the CS3 pin.
2. The CAS pin is assigned to the RD pin.
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Condition A Condition B
25 MHz 25 MHz

Item Symbol Min Max Min Max Unit
RES setup time tress 200 — 200 — ns
RES pulse width tresw 20 — 20 — oye
Mode programming setup time tuos 200 — 200 — ns
RESO output delay time teeso — 50 — 50 ns
RESO output pulse width teesow 132 — 132 — oye
NMI setup time tows 150 — 150 — ns
(NMI, IRQ, to IRQ,)
NMI hold time [ - 10 — 10 —
(NMI, IRQ, to IRQ,)
Interrupt pulse width Low 200 — 200 —
(NMI, IRQ, to IRQ,
when exiting software
standby mode)
Clock oscillator settling toser 20 — 20 — ms
time at reset (crystal)
Clock oscillator settling t 7 — 7 — ms

time in software standby
(crystal)

0SC2
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Condition A Condition B

25 MHz 25 MHz
Item Symbol Min Max Min Max Unit
DMAC DREQ setup time torgs 20 — 20 — ns
DREQ hold time toran 10 — 10 —
TEND delay time 1 treon — 50 — 50
TEND delay time 2 treos — 50 — 50
ITU Timer output delay time toco — 50 — 50 ns
Timer input setup time tres 40 — 40 —
Timer clock input setup time  t.,. 40 — 40 —
Timer clock  Single edge | S 15 — 15 — tove
pulse width Both edges | S 25 — 25 —
SCI Input clock  Asynchronous  tg.. 4 — 4 — tove
cycle Synchronous  t. 6 — 6 —
Input clock rise time tor — 15 — 15
Input clock fall time tecnr — 15 — 15
Input clock pulse width tckw 0.4 0.6 0.4 0.6 toeve
Transmit data delay time tho — 100 — 100 ns
Receive data setup time [ 100 — 100 —
(synchronous)
Receive Clock input [ 100 — 100 —
data hold
::I?rirfzﬁg) Clock output  t,,, 0 — 0 —
Ports  Output data delay time towo — 50 — 50 ns
?r;dc Input data setup time tors 50 — 50 —
Input data hold time torn 50 — 50 —
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I

Figure21.6 Output Load Circuit
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ConditionB: V. =5.0V £10%, AV_=5.0V +10%, V... =45V to AV,
V=AV =0V, p=2MHzto 25 MHz, T,=-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz

Item Min Typ Max Min Typ Max
Resolution 10 10 10 10 10 10
Conversion time (single mode) 5.36 — — 5.36 — —
Analog input capacitance — — 20 — — 20
Permissible @< 13 MHz — — 10 — — 10
_signal-source ©> 13 MHz — — 5 — — 5
impedance
Nonlinearity error — — +3.5 — — +3.5
Offset error — — +3.5 — — +3.5
Full-scale error — — +3.5 — — +3.5
Quantization error — — +0.5 — — +0.5
Absolute accuracy — — 4.0 — — +4.0
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Condition B: V. =5.0V £10%, AV =5.0V £10%, V. =45V t0 AV,
V=AV, =0V, p=2MHzto 25 MHz, T,=-20°C to +75°C (regula

specifications), T, = —40°C to +85°C (wide-range specifications)

Condition A Condition B
25 MHz 25 MHz

Item Min Typ Max Min Typ Max Unit Test

Resolution 8 8 8 8 8 8 bits
Conversion time — — 10 — — 10 us 20-p
(centering time) load
Absolute accuracy — +2.0 +3.0 — +1.5 +2.0 LSB 2-M(
load
— — +2.0 — — +1.5 LSB 4-M(
load
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Figure 21.7 shows the timing of the external two-state access cycle.
» Basic buscycle: three-state access

Figure 21.8 shows the timing of the external three-state access cycle.
» Basic buscycle: three-state access with one wait state

Figure 21.9 shows the timing of the external three-state access cycle with one wait
inserted.
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- tpcH =
tasp, taccs tsp tAH
AS T
tas1 N
tech
tasp  faccs | fsp | faw
RD =+
t .
(read) L st N
tacct trps trDH
- ol DS, | <HRDH
Dys to Dy —]
(read) N ¢
PCH
tasp tsp tAH
HWR, LWR ﬁ =+
) t \\
(write) AS1 ‘ /] N
twswi
L twos1 twoh

twpp ™ >
D5 to Dy
(write)

Figure21.7 Basic BusCycle: Two-State Access
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RD (read) #
D5 to Dy
(reac) S

1,
[ WSD twswz |

|
FWR, LWR t ! P—
(write) AS2

twps2
D5 to Dy
(write)

Figure 21.8 Basic BusCycle: Three-State Access
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RD (read)
D5 to Dy
(read)
HWR, LWR
(write)
D5 to Dy
(write)
twrs LW_‘E—! tWTS*‘ Tty
WAIT J Jr Xt S

Figure21.9 Basic BusCycle: Three-State Accesswith One Wait Stat
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(p _/ tAD ;/ tAD Jﬁ\m
Agto A X X X
AS

traDL ™ ™ tran AtRAD?L
__ - - -~
CS; (RAS) last ﬁ PR

tasp
- tsp
PR tCAS et -
RD (CAS) ot N 4 tcrp
AWR (UW),
LWR (LW) t
(read) - RAC -
tsp
FWR (OW) [T e t -
, AA
LWR (LW) - - —
\ teac .
(write) - twon .
RFSH ;
Jros | | oo
D15 to DO
(read)
twpss

D,5to Dy 4 5
(write)

Figure21.10 DRAM Bus Timing (Read/Write): Three-State Access

— 2WE Mode —
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« SR Rap3
o IR
CS, (RAS)
lasp | | tRaD2 tsp
[ — v
RD (CAS) \
HWR (UW),
LWR (LW)
traAD2 traD3
|
RFSH
tesr
(-

Figure21.11 DRAM Bus Timing (Refresh Cycle): Three-State Acces
— 2WE Mode —

_ t
RD (CAS) <R,

RFSH

CS; (RAS) lesr N (
- o Y

()

N

Figure21.12 DRAM Bus Timing (Self-Refresh Mode)
— 2WE Mode —
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] ﬁLRADl
CS, (RAS) st N2 ol trp
- | -
tasp .
>~ )
_— teas >
ﬂq (UC_AS)’ tas1 N >/ tcrp
LWR (LCAS) -
RD (WE)
(read) B trac _ .
RD (WE) \ lcac L twon -
(write) — .|
RFSH i
RDS
- tRDH
D5 to Dy E
(read) b
- twpss
D5 to Dy { b
(write) K 7

Figure21.13 DRAM

— 2CAS Mode—

Bus Timing (Read/Write): Three-State Access
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o CSR 'RAD3
I I
CS, (RAS)

 lasp trAD2 tsp
HWR (UCAS),
LWR (LCAS)
RD (WE)
tRAD2 RAD3
i B
RFSH
tcsr

Figure21.14 DRAM Bus Timing (Refresh Cycle): Three-State Acces

— 2CAS Mode—

CS; (RAS)

HWR (UCAS),
[WR (LCAS)

lesr

RFSH

Figure21.15 DRAM Bus Timing (Self-Refresh Mode)
— 2CAS Mode —
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CS; 4 trp
tas1 i

o= SD

RD (read) frsp
- trDs tRDH
|| e EE—
D15 to Dg
(read) t
twsp tsp
HWR, LWR
(write) 7
twps2

D15 to Dg ‘{
(write)
RFSH

Figure21.16 PSRAM BusTiming (Read/Write): Three-State Access

%

AS

CS, AWR

LWR, RD trAD2 trAD3
el [

RFSH 4

Figure 21.17 PSRAM BusTiming (Refresh Cycle): Three-State Acces
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* Interrupt input timing

Figure 21.20 shows the input timing for NMI and IRQ, to IRQ,
* Bus-release mode timing

Figure 21.21 shows the bus-release mode timing.

tMps tRESW

MD2 to MDO

Figure21.18 Reset Input Timing

® m I
trResD tReSD
s
trRESOW

Figure21.19 Reset Output Timing”

Note: * Thisisafunction for models with on-chip mask ROM (H8/3048B, H8/30¢
H8/3045, and H8/3044), PROM (H8/3048ZTAT), and on-chip flash memc
dual power supply (H8/3048F). The function does not exist in the product
flash memory with a single power supply (H8/3048F-ONE).
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tnmis

RQg: Edge-sensitive IRQ;
L. Level-sensitive IRQ; (i =0 to 5)

tNmIw
NMI >4; : :

(j:(J)t02)

Figure21.20 Interrupt Input Timing

¢ (7_/ N\ \—
— tsros — t8ros
BREQ ¥ )
)T )
tsacp
« - <— tgacD1 D
BACK .
)y
Az to A, (" < gz tgzp-
_ )Y
AS, RD, . 55
HWR, LWR ?

Figure21.21 Bus-Release Mode Timing
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Vee |
. i e
STBY _| \%%

tosc1 . tos
RES ] \

Figure21.22 Oscillator Settling Timing

21.35 TPCand I/O Port Timing

Figure 21.23 shows the TPC and 1/0 port timing.

T1 T2 LK

e

0 ,4; o—
tprs tPRH

B B It
Port1toB >4 L<
(read)

tpwp
|-

Port 1 to 6,
8toB

(write)

Figure21.23 TPC and I/O Port Input/Output Timing
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0 N

troco
R B
Output >%
compare*1
trics
Input
capture

Notes: 1. TIOCAO to TIOCA4, TIOCBO to TIOCB4, TOCXA4, TOCXB4
2. TIOCAO to TIOCA4, TIOCBO to TIOCB4

Figure21.24 1TU Input/Output Timing

¢ /—\J

TCLKA to
TCLKD (
trekwe

Figure21.25 1TU External Clock Input Timing
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SCKO, SCK1

Figure 21.26 SCK Input Clock Timing

tScyc
SCKo, SCKlMZW
‘tTXD

TxDO, TxD1
(transmit
(e X X

trxs| |tRxH
RxDO, RxD1 [ e

X >

Figure21.27 SCI Input/Output Timing in Synchronous Mode
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DMAC DREQ input timing
Figure 21.30 shows DMAC DREQ input timing.

- T -l T2 -
—
¢ _/w
trep1 trepz
gy

ttepL treD2

Figure21.29 DMAC TEND Output Timing for 3 State Access

)
tbros | | tbroH
%

DREQ

Figure21.30 DMAC DREQ Input Timing
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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

4 Z (zero) flag in CCR

\Y V (overflow) flag in CCR

C C (carry) flag in CCR

disp Displacement

- Transfer from the operand on the left to the operand on the right, or trar
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

O Logical AND of the operands on both sides

O Logical OR of the operands on both sides

O 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 16-

(RO to R7 and EO to E7).
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A Varies depending on conditions, described in notes
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o # ®® Q| o||H|N|zZ]|

MOV.B #xx:8, Rd B |#xx:8 — Rd8 [ A
MOV.B Rs, Rd B |Rs8 - Rd8 [ A
MOV.B @ERs, Rd B |@ERs - Rd8 [ A B A
MOV.B @(d:16, ERs), Rd | B |@(d:16, ERs) - Rd8 [ A I
MOV.B @(d:24, ERs), Rd | B |@(d:24, ERs) - Rd8 oo
MOV.B @ERs+, Rd B |@ERs - Rd8, 2 [ I A A

ERs32+1 - ERs32
MOV.B @aa:8, Rd B |@aa:8 - Rd8 [ O I
MOV.B @aa:16, Rd B |@aa:16 - Rd8 [ O I
MOV.B @aa:24, Rd B |@aa:24 - Rd8 [ O I
MOV.B Rs, @ERd B |Rs8 -~ @ERd [ A B A
MOV.B Rs, @(d:16, ERd) | B |Rs8 - @(d:16, ERd) OOt
MOV.B Rs, @(d:24, ERd) | B |[Rs8 - @(d:24, ERd) [ A A
MOV.B Rs, @-ERd B |[ERd32-1 - ERd32, 2 [ A B A

Rs8 - @ERd
MOV.B Rs, @aa:8 B |Rs8 - @aa:8 [ O I
MOV.B Rs, @aa:16 B |Rs8 -~ @aa:16 [ O I
MOV.B Rs, @aa:24 B |Rs8 - @aa:24 [ A
MOV.W #xx:16, Rd W |#xx:16 — Rd16 4 [0 O A B A
MOV.W Rs, Rd W |Rs16 - Rd16 oofls]s]
MOV.W @ERs, Rd W |@ERs - Rd16 [ A A
MOV.W @(d:16, ERs), Rd | W |@(d:16, ERs) — Rd16 [ A A
MOV.W @(d:24, ERs), Rd | W |@(d:24, ERs) — Rd16 OOt
MOV.W @ERs+, Rd W |@ERs - Rd16, 2 [ A A

ERs32+2 - @ERd32
MOV.W @aa:16, Rd W |@aa:16 - Rd16 [ A A
MOV.W @aa:24, Rd W |@aa:24 - Rd16 [ A A
MOV.W Rs, @ERd W |Rs16 - @ERd [ A A
MOV.W Rs, @(d:16, ERd) | W |Rs16 — @(d:16, ERd) oo
MOV.W Rs, @(d:24, ERd) | W |Rs16 — @(d:24, ERd) oot

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



the H8/3048B Group

MOV.W Rs, @aa:16 W |Rs16 -~ @aa:16 o|/ofs|jt]o0

MOV.W Rs, @aa:24 W |Rs16 - @aa:24 o|/ofs|jt]o0

MOV.L #xx:32, Rd L |#xx:32 — Rd32 ojofjt|t|o0

MOV.L ERs, ERd L |[ERs32 - ERd32 [ B A 0

MOV.L @ERs, ERd L |@ERs - ERd32 4 [ I A ¢

MOV.L @(d:16, ERs), ERd | L |@(d:16, ERs) - ERd32 6 glofs|t]|o

MOV.L @(d:24, ERs), ERd | L |@(d:24, ERs) — ERd32 10 glols|t]|o

MOV.L @ERs+, ERd L |@ERs - ERd32, ogjofsr|t|o0
ERs32+4 - ERs32

MOV.L @aa:16, ERd L |@aa:16 - ERd32 o|/ofs|jt]o

MOV.L @aa:24, ERd L |@aa:24 —» ERd32 [ A A 0]

MOV.L ERs, @ERd L |[ERs32 -~ @ERd 4 oo|s|{s]o

MOV.L ERs, @(d:16, ERd) | L |[ERs32 - @(d:16, ERd) 6 glofls|t]|o

MOV.L ERs, @(d:24, ERd) | L |ERs32 - @(d:24, ERd) 10 glofls|t]|o

MOV.L ERs, @-ERd L |ERd32-4 - ERd32, [ I A ¢
ERs32 -~ @ERd

MOV.L ERs, @aa:16 L |[ERs32 - @aa:16 t]t|0

MOV.L ERs, @aa:24 L |[ERs32 - @aa:24 o|/ofs|jt]o

POP.W Rn W |@SP - Rn16, 11t |0
SP+2 - SP

POP.L ERN L |@SP - ERN32, gjoft|t]o0
SP+4 - SP

PUSH.W Rn W |SP-2 - SP, [ I A ¢
Rn16 - @SP

PUSH.L ERn L |SP-4 - SP, ojofsr|t]o0
ERn32 - @SP

MOVFPE @aa:16, Rd B |Cannot be used in Cannot be used i
the H8/3048B Group the H8/3048B G

MOVTPE Rs, @aa:16 B |Cannot be used in Cannot be used i

the H8/3048B G
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ADD.B #xx:8, Rd B |[Rd8+#xx:8 - Rd8 [ O B )
ADD.B Rs, Rd B |Rd8+Rs8 - Rd8 2 [ T B
ADD.W #xx:16, Rd W |Rd16+#xx:16 — Rd16 O|@ijze|:
ADD.W Rs, Rd W |Rd16+Rs16 - Rd16 2 O|@iyze|:
ADD.L #xx:32, ERd L |ERd32+#xx:32 - Ol@fzt]:

ERd32
ADD.L ERs, ERd L |ERd32+ERs32 - 2 Ol@fzt]:

ERd32
ADDX.B #xx:8, Rd B |Rd8+#xx:8 +C - Rd8 Ottt
ADDX.B Rs, Rd B |Rd8+Rs8 +C - Rd8 2 ERERENC)
ADDS.L #1, ERd L |ERd32+1 - ERd32 2 0|0 (0|0
ADDS.L #2, ERd L |ERd32+2 - ERd32 2 0|0 (0|0
ADDS.L #4, ERd L |ERd32+4 - ERd32 2 0|0 (0|0
INC.B Rd B |[Rd8+1 - Rd8 2 [ B
INC.W #1, Rd W |Rd16+1 - Rd16 2 [ B
INC.W #2, Rd W |Rd16+2 - Rd16 2 [ B
INC.L #1, ERd L |ERd32+1 - ERd32 2 [ I
INC.L #2, ERd L |ERd32+2 — ERd32 2 [ I
DAA Rd B |Rd8 decimal adjust 2 [ I A

- Rd8
SUB.B Rs, Rd B |Rd8-Rs8 - Rd8 2 [ I B
SUB.W #xx:16, Rd W |Rd16-#xx:16 — Rd16 O|@yze|zs
SUB.W Rs, Rd W |Rd16-Rs16 - Rd16 2 O|@yze|zs
SUB.L #xx:32, ERd L |ERd32-#xx:32 — ERd32 Ol@fz |z
SUB.L ERs, ERd L |ERd32-ERs32 - ERd32 2 Ol@z |z
SUBX.B #xx:8, Rd B |Rd8-#xx:8-C - Rd8 O]s]t|()
SUBX.B Rs, Rd B |Rd8-Rs8-C — Rd8 2 ERERENC)
SUBS.L #1, ERd L |[ERd32-1 -, ERd32 2 0|0 (0|0
SUBS.L #2, ERd L |[ERd32-2 -, ERd32 2 0|0 (0|0
SUBS.L #4, ERd L |[ERd32-4 -, ERd32 2 0|0 (0|0
DEC.B Rd B |Rd8-1 - Rd8 2 [ A
DEC.W #1, Rd W |Rd16-1 - Rd16 2 [ B
DEC.W #2, Rd W |Rd16-2 - Rd16 2 [ I
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DAS.Rd B |Rd8 decimal adjust [ A
- Rd8
MULXU. B Rs, Rd B |Rd8 x Rs8 - Rd16 0|00 |Oo
(unsigned multiplication)
MULXU. W Rs, ERd W |Rd16 x Rs16 — ERd32 0|00 |Oo
(unsigned multiplication)
MULXS. B Rs, Rd B |Rd8 x Rs8 - Rd16 ool
(signed multiplication)
MULXS. W Rs, ERd W |Rd16 x Rs16 — ERd32 [ A 3
(signed multiplication)
DIVXU. B Rs, Rd B |Rd16 + Rs8 - Rd16 0|0 |®)|@)
(RdH: remainder,
RdL: quotient)
(unsigned division)
DIVXU. W Rs, ERd W |ERd32 + Rs16 - ERd32 0|0 |®)[@)
(Ed: remainder,
Rd: quotient)
(unsigned division)
DIVXS. B Rs, Rd B |Rd16 + Rs8 - Rd16 0|0 |@®)|@)
(RdH: remainder,
RdL: quotient)
(signed division)
DIVXS. W Rs, ERd W |ERd32 + Rs16 - ERd32 O (0 ((8)[(M)
(Ed: remainder,
Rd: quotient)
(signed division)
CMP.B #xx:8, Rd B |Rd8—#xx:8 [ T A
CMP.B Rs, Rd B |Rd8-Rs8 [ A A 3
CMP.W #xx:16, Rd W |Rd16-#xx:16 O|@yfze |z
CMP.W Rs, Rd W |Rd16-Rs16 Ol@] ]
CMP.L #xx:32, ERd L |ERd32-#xx:32 Ol@fzt ]z
CMP.L ERs, ERd L |ERd32-ERs32 0@ 1]
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NEG.L ERd

0-ERd32 - ERd32

EXTU.W Rd

0 - (<bits 15 to 8>
of Rd16)

EXTU.L ERd

0 - (<bits 31 to 16> 2
of ERd32)

EXTS.W Rd

(<bit 7> of Rd16) — 2
(<bits 15 to 8> of Rd16)

EXTS.L ERd

(<bit 15> of ERd32) - 2
(<bits 31 to 16> of
ERd32)
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AND.B #xx:8, Rd

Rd8[H#xx:8 - Rd8

B 0o 0
AND.B Rs, Rd B |Rd8CRs8 - Rd8 2 00 0
AND.W #xx:16, Rd W |Rd16#xx:16 -~ Rd16 00 0
AND.W Rs, Rd W |Rd1600Rs16 - Rd16 2 00 0
AND.L #xx:32, ERd L |[ERd32C#xx:32 - ERd32 0|0 0
AND.L ERs, ERd L |ERd32ERs32 - ERd32 4 00 0
OR.B #xx:8, Rd B |Rd8[#xx:8 — Rd8 [ 0
OR.B Rs, Rd B |Rd8[Rs8 - Rd8 2 00 0
OR.W #xx:16, Rd W |Rd16[#xx:16 — Rd16 [N 0
OR.W Rs, Rd W |Rd1600Rs16 - Rd16 2 00 0
OR.L #xx:32, ERd L |[ERd32[#xx:32 - ERd32 0o 0
OR.L ERs, ERd L |ERd320ERs32 - ERd32 4 00 0
XOR.B #xx:8, Rd B |Rd80#xx:8 —» Rd8 0o 0
XOR.B Rs, Rd B |Rd8ORs8 - Rd8 2 00 0
XOR.W #xx:16, Rd W |Rd160#xx:16 — Rd16 00 0
XOR.W Rs, Rd W |Rd160JRs16 - Rd16 2 00 0
XOR.L #xx:32, ERd L |ERd320#xx:32 - ERd32 0|0 0
XOR.L ERs, ERd L |[ERd320ERs32 - ERd32 4 00 0
NOT.B Rd B |- Rd8 - Rd8 2 00 0
NOT.W Rd W |- Rd16 - Rd16 2 00 0
NOT.L ERd L |- Rd32 - Rd32 2 00 0
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SHAL.B Rd

B 2 0o

SHAL.W Rd w 2 oo

SHAL.L ERd L LSB 2 olo|:]:

SHAR.B Rd B 2 ool
SHARW Rd w1 3 IS
SHAR.L ERd L LsB 2 olofs]s]
SHLL.B Rd B 2 ofols]|s|
SHLL.W Rd w _ 0 2 oo
SHLL.L ERd L LsB 2 ofols]|s|
SHLR.B Rd B 2 ool
SHLRW Rd wol A2 EBE
SHLR.L ERd L LSB 2 golofs]s]|
ROTXL.B Rd B 2 ofols|s|
ROTXLW Rd w 2 EBE
ROTXL.L ERd L MSB =— LSB 2 glofe|s|
ROTXR.B Rd B 2 ofols|s|
ROTXRW R w 2 ool T
ROTXR.L ERd L| MSB——LsSB 2 golofes]s]|
ROTL.B Rd B 2 ofols|s|
ROTLW Rd Sy I IGIE3ER
ROTL.L ERd L MSB = LSB 2 n =
ROTR.B Rd B 2 ofols|s|
ROTRW Ra wl [ I8 T3 ICIRES
ROTR.L ERd L| MSB——=LSB 2 ofofs|s|
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BSET #xx:3, Rd B |(#xx:3 0of Rd8) ~ 1 oo (0|0 |d
BSET #xx:3, @ERd B |(#xx:3 of @ERd) ~ 1 O|0 (0|00
BSET #xx:3, @aa:8 B |(#xx:3 of @aa:8) ~ 1 0O|0|0|0|d
BSET Rn, Rd B [(Rn8 of Rd8) ~ 1 Oojo|(b|oio
BSET Rn, @ERd B |(Rn8 of @ERd) ~ 1 Oojo|(b|oio
BSET Rn, @aa:8 B |(Rn8 of @aa:8) ~ 1 O|0|0|0|d
BCLR #xx:3, Rd B |(#xx:3 of Rd8) ~ 0 0|0 (0|00
BCLR #xx:3, @ERd B |(#xx:3 of @ERd) ~ 0 O|0|0|0|d
BCLR #xx:3, @aa:8 B |(#xx:3 of @aa:8) ~ 0 0O|0|0|0|d
BCLR Rn, Rd B [(Rn8 of Rd8) ~ 0 Oojo|(b|oio
BCLR Rn, @ERd B |(Rn8 of @ERd) ~ O Oojo|(b|oio
BCLR Rn, @aa:8 B |(Rn8 of @aa:8) ~ 0 O|0|0|0|d
BNOT #xx:3, Rd B |(#xx:3 of Rd8) ~ 0|0 (0|00
- (#xx:3 of Rd8)
BNOT #xx:3, @ERd | B |(#xx:3 of @ERd) O|0|0|0|d
= (#xx:3 of @ERd)
BNOT #xx:3, @aa:8 | B |(#xx:3 of @aa:8) ~ O|0|0|0|d
- (#xx:3 of @aa:8)
BNOT Rn, Rd B |(Rn8 of Rd8) Oojo|(b0|oio
- (Rn8 of Rd8)
BNOT Rn, @ERd B |(Rn8 of @ERd) Oojo|(0|oio
- (Rn8 of @ERd)
BNOT Rn, @aa:8 B |(Rn8 of @aa:8) — O|0 |0 |00
- (Rn8 of @aa:8)
BTST #xx:3, Rd B |- (#xx:3 of Rd8) - Z Oo|o|o|s|0o
BTST #xx:3, @ERd B |- (#xx:3 of @ERd) - Z Ojo(o]s|o
BTST #xx:3, @aa:8 B |- (#xx:3 of @aa:8) - Z Oojo(o]s|o
BTST Rn, Rd B |- (Rn8 of @Rd8) -~ Z Oojo(oj]s+ 0o
BTST Rn, @ERd B |- (Rn8 of @ERd) - Z Oojo(oj]s+ 0o
BTST Rn, @aa:8 B |- (Rn8 of @aa:8) -~ Z Oojo(oj]s|o
BLD #xx:3, Rd B |(#xx:3 of Rd8) - C 0|0|0|0|0o
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BILD #xx:3, Rd B |- (#xx:3 0of Rd8) - C 0|0 (0|0
BILD #xx:3, @ERd B |- (#xx:3 of @ERd) - C 0|0 (0|0
BILD #xx:3, @aa:8 B |- (#xx:3 of @aa:8) - C 4 OO0 (00|
BST #xx:3, Rd B |C - (#xx:3 of Rd8) O (0 (00|
BST #xx:3, @ERd B |C - (#xx:3 of @ERd24) 00|00
BST #xx:3, @aa:8 B |C - (#xx:3 of @aa:8) 4 0|0 (0|0
BIST #xx:3, Rd B |- C - (#xx:3 of Rd8) 0|0 |00
BIST #xx:3, @ERd B |- C - (#xx:3 of @ERd24) 0|0 |00
BIST #xx:3, @aa:8 B |- C - (#xx:3 of @aa:8) 4 O 0|00
BAND #xx:3, Rd B |CO#xx:3 of Rd8) — C 0|0 |00
BAND #xx:3, @ERd | B |CO#xx:3 of @ERd24) -~ C 0|00 |0
BAND #xx:3, @aa:8 | B |C#xx:3 of @aa:8) - C 4 O 0|00
BIAND #xx:3, Rd B |CO- (#xx:30f Rd8) -~ C 0|0 |00
BIAND #xx:3, @ERd | B |CO - (#xx:3 of @ERd24) - C 0|0 |00
BIAND #xx:3, @aa:8 | B |CO~ (#xx:3 of @aa:8) — C 4 O 0|0 0|
BOR #xx:3, Rd B |CO#xx:3 of Rd8) — C 00|00
BOR #xx:3, @ERd B |CO#xx:3 of @ERd24) - C 00|00
BOR #xx:3, @aa:8 B |CO#xx:3 of @aa:8) -~ C 4 0|0 (0|0
BIOR #xx:3, Rd B |CO- (#xx:30f Rd8) - C 0|00 |0
BIOR #xx:3, @ERd B |CO- (#xx:3 of @ERd24) - C 0|0 |00
BIOR #xx:3, @aa:8 B |CO- (#xx:3 of @aa:8) - C 4 O (0 (00|
BXOR #xx:3, Rd B |CO#xx:3 0of Rd8) — C 0|00 |0
BXOR #xx:3, @ERd | B |CO(#xx:3 of @ERd24) - C 00|00 |
BXOR #xx:3, @aa:8 | B |CO(#xx:3 of @aa:8) -~ C 4 O |0 (00|
BIXOR #xx:3, Rd B |CO - (#xx:30f Rd8) - C 00|00
BIXOR #xx:3, @ERd | B |CO - (#xx:3 of @ERd24) - C OO0 |0|0|
BIXOR #xx:3, @aa:8 | B |CO - (#xx:3 of @aa:8) - C 4 OO0 |0|0|
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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

BLE d:8

BLE d:16

If condition

is true then

PC — PC+d
else next;

Always

Never

coz=o0

coz=1

N
n
=

<
1
o

NOV =0

NOV =1

ZO(NOV)=0

ZO(NOV) =1

BIN|IBDINIBDINBDINIBDINIBEINIEINIEDENIBDENIDENEDEINEINBDINDNBEEINDD®END™DN

o|jo|jo|jo|jo|o|jo|jojojojo|ojojojojo|jojojojo|jo|jo|o|jo|jo|jo|jo|jo|lo|jo|o|o

o|jo|jo|jo|jo|ojojojojojojojojojojojo|jojojo|jo|jo|o|ojo|jo|jo|o|lo|jo|o|o

o|jo|jo|jo|jo|jojo|jojojoyo|jojojojojojojojojo|jo|jo|jo|jojo|jo|jo|jo|lo|jo|o|o

o|jo|jo|jojo|jojo|jojojoyo|ojojojojojlojo|jojojojo|lo|jojo|jojojo|lo|jo|o|o

o|jo|jo|jo|jo|jojo|jojojoyojojojojojolojo|jojojoyo|lo|o|jo|jo|jo|jo|lo|jo|o|o
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JMP @@aa:8 PC - @aa:8 0|0 |t

BSR d:8 PC - @-SP 0|0
PC ~ PC+d:8

BSR d:16 PC - @-SP 0|0 |
PC ~ PC+d:16

JSR @ERnN PC - @-SP 2 0|0
PC -« @ERN

JSR @aa:24 PC - @-SP 0|0
PC - @aa:24

JSR @@aa:8 PC - @-SP 0|0 |
PC - @aa:8

RTS PC - @SP+ 00 |
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TRAPA #x:2 0 |PC - @-SP, 1100 (00
CCR - @-SP,
<vector> - PC

RTE 0 |CCR ~ @SP+, 2 A A B
PC - @SP+

SLEEP 0 |Transition to power- 0O|0|0|0|0o
down state

LDC #xx:8, CCR B |[#xx:8 - CCR R A I B

LDC Rs, CCR B |[Rs8 — CCR 2 I A B A

LDC @ERs, CCR W |@ERs - CCR 4 2 A A B

LDC @(d:16, ERs), CCR | W |@(d:16, ERs) - CCR 6 F 0 I I A

LDC @(d:24, ERs), CCR |W |@(d:24, ERs) - CCR 10 F 2 I A

LDC @ERs+, CCR W |@ERSs - CCR, NN N
ERs32+2 - ERs32

LDC @aa:16, CCR W |@aa:16 - CCR 2 A A I

LDC @aa:24, CCR W |@aa:24 - CCR 2 A A A

STC CCR, Rd B |[CCR - Rd8 Oojo|(b0|oio

STC CCR, @ERd W |CCR - @ERd 4 Oojo|(0|oo

STC CCR, @(d:16, ERd) |W |CCR - @(d:16, ERd) 6 0|0|0|0 Do

STC CCR, @(d:24, ERd) |W |CCR - @(d:24, ERd) 10 0|0|0|0|Do

STC CCR, @-ERd W |ERd32-2 - ERd32, Oojo|(b0|oio
CCR - @ERd

STC CCR, @aa:16 W |CCR - @aa:16

STC CCR, @aa:24 W |CCR - @aa:24 000|010

ANDC #xx:8, CCR B |CCR#xx:8 -~ CCR 2 A A A

ORC #xx:8, CCR B |CCR#xx:8 -~ CCR 2 A A A

XORC #xx:8, CCR B |CCRO#xx:8 —» CCR 2 A A A

NOP 0 |PC ~ PC+2 0|0 (0|00
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EEPMOV. B

O |if R4L # O then 4 0|0 |0 (0L
repeat @R5 — @R6
R5+1 - R5
R6+1 - R6
R4L-1 - R4L
until R4L=0
else next

EEPMOV. W

O |if R4 £0then 410 |0 |0 |0 |
repeat @R5 - @R6
R5+1 - R5
R6+1 - R6
R4-1 - R4
until R4=0
else next

Notes: 1.

1)
)
®)
(4)
(5)

(6)
@)
(8)

The number of states is the number of states required for execution when
instruction and its operands are located in on-chip memory. For other case
section A.3, Number of States Required for Execution.

n is the value set in register R4L or R4.

Set to 1 when a carry or borrow occurs at bit 11; otherwise cleared to 0.
Set to 1 when a carry or borrow occurs at bit 27; otherwise cleared to 0.
Retains its previous value when the result is zero; otherwise cleared to 0.
Set to 1 when the adjustment produces a carry; otherwise retains its previc

The number of states required for execution of an instruction that transfers
synchronization with the E clock is variable.

Set to 1 when the divisor is negative; otherwise cleared to 0.
Set to 1 when the divisor is zero; otherwise cleared to 0.
Set to 1 when the quotient is negative; otherwise cleared to 0.

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



UNV

dOX

40

Xans

dND

xaav

aav

@ @ ans
1 AOWd33 Z'velqel |2V 8|gel AOW aig

dnvid
dNvd

dox1g
d0oxd

dolig
d0d

1sig

AOW
1sd

anvy

40X

40

islig

41049 1ONg

13sd

(@)

usg dwe 2y sigeL

vdvdl

a1y

ysd

Sld

NXAId

NXINA | NXAIQ

NXINN

179 3949 INgG Idg SAg oNng O3g

and

sod

0049

s1da

IHE Nyg

vdd

a9'AON

@ (@ @
dino Z'VelgqeL | v elqeL ans Zv elqeL

a9'aNvy

[sR=[0):¢

940

@
c'v 9lqel

(@ (@
ZVelqeL |2V alqeL

@
'V alqel

@ (@
AOW Z'VelgeL | v elqeL aav o

OAdNV

JdOX

jo)-[e]

oan

(@

OLS 1zvaiqer

dON

ad o) d v 6 8 L

HY
v

TSI HG 10 11q 1Ued1}1uB s 1S0W USYM Lo 1onJisu |

"0SI HG 10 11q 1Ued11uB s 1S0W USYM Lo 11onJIsu |

19 [Hg

1V [HY

a1Aq puz

9140 IST | @p0d uondNISU|
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INg 1d4 SAg oANd [eEL:! 3aNg sod 00d sS4 IHg Nyd vdd 89
dND Ssva a1
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71049 10ONg 13s49 ALY
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41049 1ONgd 13549 2, oeedl
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alg anvig HOXI9 dolig
1s18 2, Leeds
alg anvd dox4g d04d
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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 supporti
accessed with 8-bit bus width, external devices accessed in three states with one wait |
16-bit bus width.

BSET #0, @FFFFC7:8

From table A .4,
I=L=2andJ=K=M=N=0

From table A.3,
S=4andS =3

Number of states=2x4+2x3=14
JSR @@30

From table A .4,
|I=J=K=2andL=M=N=0

From table A.3,
S = SJ = SK =4

Number of states=2x4+2x4+2x4=24
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Branch addressread S,

Stack operation Sy

Byte data access S, 3 2 3+m
Word data access Sy 6 4 6 +2m
Internal operation S, 1 1 1 1 1

Legend:
m: Number of wait states inserted into 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

N N N D N N N DN DNDNDDNDNDNDINMNDNPIEPIN O FPDNP P[P PP ®W
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ONRIN U.1L0\D™ U.49)
BHI d:16
BLS d:16
BCC d:16 (BHS d:16)
BCS d:16 (BLO d:16)
BNE d:16
BEQ d:16
BVC d:16
BVS d:16
BPL d:16
BMI d:16
BGE d:16
BLT d:16
BGT d:16
BLE d:16

N

BCLR

BCLR #xx:3, Rd
BCLR #xx:3, @ERd
BCLR #xx:3, @aa:8
BCLR Rn, Rd
BCLR Rn, @ERd
BCLR Rn, @aa:8

BIAND

BIAND #xx:3, Rd
BIAND #xx:3, @ERd
BIAND #xx:3, @aa:8

BILD

BILD #xx:3, Rd
BILD #xx:3, @ERd
BILD #xx:3, @aa:8

N N RPN N PN DN P NN PN DNDNDNDDNDDNDDNDDNDDNDNDDNDDNDDNDDNDNDNDN
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Dlol TAA.O, Y aAd.O

N

BIXOR

BIXOR #xx:3, Rd
BIXOR #xx:3, @ERd
BIXOR #xx:3, @aa:8

BLD

BLD #xx:3, Rd
BLD #xx:3, @ERd
BLD #xx:3, @aa:8

BNOT

BNOT #xx:3, Rd
BNOT #xx:3, @ERd
BNOT #xx:3, @aa:8
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

BSRd:16  Normal**

Advanced

NININININ N P DN PINDNPINDMDDNDNEPDNDMNDNDPEPRPINDNPRPINDNDPRE

N[l |DN|F
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DlIol mAA.O, Waa.O
BTST Rn, Rd
BTST Rn, @ERd
BTST Rn, @aa:8

BXOR

BXOR #xx:3, Rd
BXOR #xx:3, @ERd
BXOR #xx:3, @aa:8

CMP

CMP.B #xx:8, Rd
CMP.B Rs, Rd
CMP.W #xx:16, Rd
CMP.W Rs, Rd
CMP.L #xx:32, ERd
CMP.L ERs, ERd

DAA

DAA Rd

DAS

DAS Rd

DEC

DEC.B Rd
DEC.W #1/2, Rd
DEC.L #1/2, ERd

DIVXS

DIVXS.B Rs, Rd
DIVXS.W Rs, ERd

DIVXU

DIVXU.B Rs, Rd
DIVXU.W Rs, ERd

EEPMOV

EEPMOV.B
EEPMOV.W

2n + 2*?

2n + 2*2

EXTS

EXTS.W Rd
EXTS.L ERd

EXTU

EXTU.W Rd
EXTU.L ERd

P R RP RPN NP RPN NP P RPIPIP[P ®FP NP PINMNDNDP[INN PN
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JVIFE @@ ad.o INOfTal

Advanced

JSR

JSR @ERn  Normal*!

Advanced

JSR @aa:24 Normal**

Advanced

JSR @@aa:8 Normal**

Advanced

N[FR|DN| P[NP

LDC

LDC #xx:8, CCR

LDC Rs, CCR

LDC @ERs, CCR

LDC @(d:16, ERs), CCR
LDC @(d:24, ERs), CCR
LDC @ERs+, CCR

LDC @aa:16, CCR

LDC @aa:24, CCR

T

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)

N P W N P P AN P P P[RR ODN OO ONP PN NDNDNNDDNDNDN

T
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VI V. VY TAA. LD, RU
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
MOV.W Rs, @aa:24
MOV.L #xx:32, ERd
MOV.L ERs, ERd

MOV.L @ERs, ERd
MOV.L @(d:16, ERs), ERd
MOV.L @(d:24, ERs), ERd
MOV.L @ERs+, ERd
MOV.L @aa:16, ERd
MOV.L @aa:24, ERd
MOV.L ERs, @ERd
MOV.L ERs, @(d:16, ERd)
MOV.L ERs, @(d:24, ERd)
MOV.L ERs, @-ERd
MOV.L ERs, @aa:16
MOV.L ERs, @aa:24

N

A W N O W N A WODN OO WDNPFP WO WDNRFP MNP OODNPFP MNP P

e T e T = T = S = S o

N N N N N N N N DN DN DNDNDN
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NMULAU.VV RS, ERU

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

ORC

ORC #xx:8, CCR

POP

POP.W Rn
POP.L ERn

PUSH

PUSH.W Rn
PUSH.L ERn

N PN P

ROTL

ROTL.B Rd
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

P R RP R P[P P RPN PN PPN ® RPN P P[P P P[RPP P P
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Auvaliceu

SHAL SHAL.B Rd
SHAL.W Rd
SHAL.L ERd

SHAR SHAR.B Rd
SHAR.W Rd
SHAR.L ERd

SHLL SHLL.B Rd
SHLL.W Rd
SHLL.L ERd

SHLR SHLR.B Rd
SHLR.W Rd
SHLR.L ERd

SLEEP SLEEP

STC STC CCR, Rd
STC CCR, @ERd
STC CCR, @(d:16, ERd)
STC CCR, @(d:24, ERd)
STC CCR, @-ERd
STC CCR, @aa:16
STC CCR, @aa:24

SuB SUB.B Rs, Rd
SUB.W #xx:16, Rd
SUB.W Rs, Rd
SUB.L #xx:32, ERd
SUB.L ERs, ERd

PP WP N P[RR O®NM OO ®N RPIRP[P P P[P P P[P P PP P PN

SUBS SUBS #1/2/4, ERd

e
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AUR.D RS, RU 4
XOR.W #xx:16, Rd 2
XOR.W Rs, Rd 1
XOR.L #xx:32, ERd 3
XOR.L ERs, ERd 2
XORC XORC #xx:8, CCR 1

Notes: 1. Not available in the H8/3048B Group.
2. nisthe value set in register R4L or R4. The source and destination are acc

times each.
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HEF40 — — FLMCR | FLMCR1 —
H'FF41 — — — FLMCR2 —
H'FF42 — — EBR1 EBR —
H'FF43 — — EBR2 — —
H'FF47 — — — RAMCR —
H'FF48 — — RAMCR — —

Note: A dash (“—") indicates that access is prohibited. Normal operation is not guaran
these addresses are accessed.
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LI

IVIATRUMATY

o
H'21 MAROAE 8
H'22 MAROAH 8
H'23 MAROAL 8
H'24 ETCROAH 8
H'25 ETCROAL 8
H'26 IOAROA 8
H'27 DTCROA 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO
DTE DTSz SAID SAIDE  DTIE DTS2A DTS1A DTSOA
H'28 MAROBR 8
H'29 MAROBE 8
H'2A MAROBH 8
H'2B MAROBL 8
H'2C ETCROBH 8
H'2D ETCROBL 8
H'2E IOAROB 8
H'2F DTCROB 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO
DTME — DAID DAIDE TMS DTS2B DTS1B DTSOE
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A

IS AT AR ~

H'37 DTCR1A 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO
DTE DTSZ SAID SAIDE  DTIE DTS2A DTS1A DTSO0A

H'38 MAR1BR 8

H'39 MAR1IBE 8

H'3A MAR1BH 8

H'3B MAR1BL 8

H'3C ETCR1BH 8

H'3D ETCR1BL 8

H'3E I0AR1B 8

H'3F DTCR1B 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO
DTME — DAID DAIDE TMS DTS2B DTS1B DTSO0B

H'40 FLMCR1™* 8 FWE SWE ESU PSU EV PV E P

H'41 FLMCR2** 8 FLER —*e e 2 _xa _*3 _xe _*3

H'42 EBR** 8 EB7 EB6 EB5 EB4 EB3 EB2 EB1 EBO

H'43 Reserved area (access prohibited)

Haa

H'45

H'46

H'47 RAMCR** 8 — — — — RAMS RAM2 RAM1 —

H'48 Reserved area (access prohibited)

H'49

H'4A

H4B

Hac

H'4D

H4E

e
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N

H'57
H'58

H'59

H'5A

H'5B

H'5C DASTCR 8 — — — — — — — DASTE
H'5D DIVCR 8 — — — — — — DIV1 DIVO
H'SE MSTCR 8 PSTOP — MSTOP5 MSTOP4 MSTOP3 MSTOP2 MSTOP1 MSTOI
H'5F CSCR 8 CS7E CS6E CS5E CS4E — — — —
H'60 TSTR 8 — — — STR4 STR3 STR2 STR1 STRO
H'61 TSNC 8 — — — SYNC4 SYNC3 SYNC2 SYNC1 SYNC(
H'62 TMDR 8 — MDF FDIR PWM4  PWM3 PWM2 PWM1 PWMO
H'63 TFCR 8 —_ —_ CMD1 CMDO BFB4 BFA4 BFB3 BFA3
H'64 TCRO 8 — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCC
H'65 TIORO 8 — 10B2 10B1 10BO — I0A2 I0A1 I0A0
H'66 TIERO 8 — — —_ — — OVIE IMIEB IMIEA
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 CKEGl1 CKEGO TPSC2 TPSC1 TPSCC
H'6F TIOR1 8 — 10B2 10B1 10BO — I0A2 I0A1 I0A0
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e At -

H'77 GRBI1L

H'78 TCR2 8 — CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSC1 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

H'82 TCR3 8 — CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSC1 TPSCO
H'83 TIOR3 8 — 10B2 10B1 10BO — I0A2 I0A1 I0A0
H'84 TIER3 8 — — —_ — — OVIE IMIEB IMIEA
H'85 TSR3 8 —_ —_ —_ —_ —_ OVF IMFB IMFA

H'86 TCNT3H 16

H'87 TCNT3L

H'88 GRA3H 16

H'89 GRA3L

H'8A GRB3H 16

H'8B GRB3L

H'8C BRA3H 16

H'8D BRA3L

H'8E BRB3H 16

H'8F BRB3L
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H'97 TCNT4L
H'98 GRA4H 16
H'99 GRA4L
H'9A GRB4H 16
H'9B GRB4L
H'9C BRA4H 16
H'9D BRA4L
H'9E BRB4H 16
H'9F BRB4L
H'AO TPMR 8 — — — — G3NOV G2NOV GINOV GONO!
H'AL TPCR 8 G3CMS1 G3CMS0 G2CMS1 G2CMS0 G1CMS1 G1CMS0 GOCMS1 GOCM:
H'A2 NDERB 8 NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDER!
H'A3 NDERA 8 NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDER(
H'A4 NDRB*' 8 NDR15 NDR14 NDR13 NDR12 NDR11 NDR10O NDR9 NDRS
8 NDR15 NDR14 NDR13 NDR12 — — — —
H'A5 NDRA™ 8 NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO
8 NDR7 NDR6 NDR5 NDR4 — — — —
H'A6 NDRB*' 8 — — — — — — — —
8 — — — — NDR11 NDR10 NDR9 NDRS
H'A7 NDRA** 8 — — — — — — — —
8 — — — — NDR3 NDR2 NDR1 NDRO
H'A8 TCSR* 8 OVF WTAT  TME — — CKS2 CKS1  CKSO
H'A9 TCNT*? 8
H'AA — — — — — — — — —
H'AB RSTCSR** 8 WRST — — — — — — —
H'AC RFSHCR 8 SRFMD PSRAME DRAME CAS/WE M9/M8 RFSHE — RCYCE
H'AD RTMCSR 8 CMF CMIE CKS2 CKS1 CKSO — — —
H'AE RTCNT 8
H'AF RTCOR 8
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H'B6 SCMR 8 — — — — SDIR SINV — SMIF
H'B7 Reserved area (access prohibited)

H'B8 SMR 8 C/A CHR PE OfE STOP  MP CKS1  CKSO
H'B9 BRR 8

H'BA SCR 8 TIE RIE TE RE MPIE TEIE CKE1 CKEO
H'BB TDR 8

H'BC SSR 8 TDRE RDRF ORER FER PER TEND MPB MPBT
H'BD RDR 8

H'BE Reserved area (access prohibited)

H'BF

H'CO PIDDR 8 P1DDR P1DDR P1DDR P1DDR P1DDR P1DDR P1DDR P1DDR
H'C1 P2DDR 8 P2,DDR P2DDR P2DDR P2DDR P2DDR P2DDR P2DDR P2DDR
H'C2 P1DR 8 P1, P1, P1, P1, P1, P1, P1, P1,
H'C3 P2DR 8 P2, P2, P2, P2, P2, P2, P2, P2,
H'C4 P3DDR 8 P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR
H'C5 P4DDR 8 P4DDR P4DDR P4DDR P4DDR P4DDR P4DDR P4DDR P4DDR
H'C6 P3DR 8 P3, P3, P3, P3, P3, P3, P3, P3,
H'C7 P4DR 8 P4, P4, P4, P4, P4, P4, P4, P4,
H'C8 P5DDR 8 — — — — P5,DDR P5DDR P5DDR P5DDR
H'C9 P6DDR 8 — P6,.DDR P6,DDR P6DDR P6DDR P6,DDR P6DDR P6DDR
H'CA  P5DR 8 — — — — P5, PS5, P5, P5,
H'CB P6DR 8 — P6, P6, P6, P6, P6, P6, P6,
H'CC — — — — — — — — —
H'CD P8DDR 8 — — — P8,DDR P8DDR P8DDR P8DDR P8DDR
H'CE P7DR 8 P7, P7, P7, P7, P7, P7, P7, P7,
H'CF P8DR 8 — — — P8 P8 P8 P8 P8

o
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H'D7

H'D8 P2PCR 8 P2,PCR P2PCR P2PCR P2PCR P2PCR P2PCR P2PCR P2PCl
H'D9 — — — — — — — — —
HDA  P4PCR 8 P4PCR P4PCR P4PCR P4PCR P4PCR P4PCR P4PCR P4pPCl
H'DB P5PCR 8 — — — — P5,PCR P5PCR P5PCR P5PCI
H'DC DADRO 8

H'DD DADR1 8

H'DE DACR 8 DAOE1 DAOEO DAE — — — — —
H'DF Reserved area (access prohibited)

H'EO ADDRAH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'E1 ADDRAL 8 AD1 ADO — — — — — —
HE2 ADDRBH 8 AD9 AD8 AD7 ADG6 AD5 AD4 AD3 AD2
HE3 ADDRBL 8 AD1 ADO — — — — — —
H'E4 ADDRCH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
H'ES5 ADDRCL 8 AD1 ADO — — — — — —
H'E6 ADDRDH 8 AD9 AD8 AD7 AD6 AD5 AD4 AD3 AD2
HE7 ADDRDL 8 AD1 ADO — — — — — —
H'E8 ADCSR 8 ADF ADIE ADST SCAN CKS CH2 CH1 CHO
HE9 ADCR 8 TRGE — — — — — — —
HEA Reserved area (access prohibited)

H'EB

HEC ABWCR 8 ABW7 ABW6 ABW5 ABW4 ABW3 ABW2 ABW1 ABWO
HED ASTCR 8 AST7 AST6 ASTS AST4 AST3 AST2 AST1 ASTO
H'EE WCR 8 — — — — WMS1 WMS0 WC1 WwCo
H'EF WCER 8 WCE7 WCE6 WCE5 WCE4 WCE3 WCE2 WCEl1 WCEO
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H'F7

Reserved area (access prohibited)

HF8

IPRA 8 IPRA7 IPRA6 IPRAS5 IPRA4

IPRA3  IPRA2 IPRA1 IPRAO

HF9

IPRB 8 IPRB7 IPRB6 IPRB5 —

IPRB3 IPRB2 IPRB1 —

HFA

e
W
o
e
WeE

Reserved area (access prohibited)

Legend:
DMAC: DMA controller

ITU:  16-bit integrated timer unit

TPC: Programmable timing pattern controller

WDT: Watchdog timer

SCI:  Serial communication interface

Notes: 1. The address depends on the output trigger setting.

2. For write access to TCSR TCNT, and RSTCR see section 12.2.4, Notes on

Rewriting.

3. Bits 6 to 0 in FLMCR? are reserved bits but are readable/writable.

4. Byte data must be used to access FLMCR1, FLMCR2, EBR, and RAMCR.
Registers FLMCR1, FLMCR2, EBR, and RAMCR are implemented in the fla
version only. The mask ROM version does not have these registers.
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H'1E

H'1F

H'20 MAROAR 8

H'21 MAROAE 8

H'22 MAROAH 8

H'23 MAROAL 8

H'24 ETCROAH 8

H'25 ETCROAL 8

H'26 IOAROA 8

H'27 DTCROA 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO
DTE DTSz SAID SAIDE  DTIE DTS2A DTS1A DTSOA

H'28 MAROBR 8

H'29 MAROBE 8

H'2A MAROBH 8

H'2B MAROBL 8

H'2C ETCROBH 8

H'2D ETCROBL 8

H'2E IOAROB 8

H'2F DTCROB 8 DTE DTSz DTID RPE DTIE DTS2 DTS1 DTSO
DTME — DAID DAIDE TMS DTS2B DTS1B DTSOE
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H'37 DTCR1A 8 DTE DTSZ DTID RPE DTIE

DTS2

DTS1

DTSO

DTE DTSZ SAID SAIDE  DTIE

DTS2A DTS1A DTSOA

H'38 MARIBR 8
H'39 MARIBE 8
H'3A MARIBH 8
H'3B MARIBL 8
H'3C ETCRIBH 8
H'3D ETCRIBL 8
H'3E IOARIB 8
H'3F DTCRIB 8 DTE DTSZ DTID RPE DTIE DTS2 DTS1 DTSO
DTME — DAID DAIDE TMS  DTS2B DTSIB DTSOB
H'40 FLMCR 8 v, v E — — EV PV E P
H'41 — — — — — — — — —
H'42 EBR1 8 LB7 LB6 LB5 LB4 LB3 LB2 LB1 LBO
H'43 EBR2 8 SB7 SB6 SB5 SB4 SB3 SB2 SB1 SBO
H'44 — — — — — — — — —
H'45 — — — — — — — — —
H'46 — — — — — — — — —
H'47 — — — — — — — — —
H48 RAMCR 8 FLER — — — RAMS RAM2 RAM1  RAMO
H'49 — — — — — — — — —
H4A  — — — — — — — — —
H'4B — — — — — — — — —
H4C  — — — — — — — — —
H4D  — — — — — — — — —
H4E — — — — — — — — — —
H'4F — — — — — — — — —
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H'57 — — — — — — — — —

H'58 — — — — — — — — —

H'59 — — — — — — — — —

H'5A — — — — — — — — —

HEB  — — — — — — — — —

H'5C DASTCR — — — — — — — DASTE

H'5D DIVCR — — — — — — DIV1 DIVO

H'5E MSTCR PSTOP — MSTOP5 MSTOP4 MSTOP3 MSTOP2 MSTOP1 MSTOI

H'5F CSCR CS7E CS6E CS5E CS4E — — — —

H'60 TSTR — — — STR4 STR3 STR2 STR1 STRO

H'61 TSNC — — — SYNC4 SYNC3 SYNC2 SYNC1 SYNC(

H'63 TFCR —_ —_ CMD1 CMDO BFB4 BFA4 BFB3 BFA3

H'64 TCRO — CCLR1 CCLRO CKEG1 CKEGO TPSC2 TPSC1 TPSCC

H'65 TIORO — 10B2 10B1 10BO — I0A2 I0A1 I0A0

H'66 TIERO — — —_ — — OVIE IMIEB IMIEA

8
8
8
8
8
8
H'62 TMDR 8 — MDF FDIR PWM4  PWM3 PWM2 PWM1 PWMO
8
8
8
8
8

H'67 TSRO —_ —_ —_ —_ —_ 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 CKEGl1 CKEGO TPSC2 TPSC1 TPSCC

H'6F TIOR1 8 — 10B2 10B1 10BO — I0A2 I0A1 I0A0
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H'77 GRBI1L

H'78 TCR2 8 — CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSC1 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

H'82 TCR3 8 — CCLR1 CCLRO CKEGl1 CKEGO TPSC2 TPSC1 TPSCO
H'83 TIOR3 8 — 10B2 10B1 10BO — I0A2 I0A1 I0A0
H'84 TIER3 8 — — —_ — — OVIE IMIEB IMIEA
H'85 TSR3 8 —_ —_ —_ —_ —_ OVF IMFB IMFA

H'86 TCNT3H 16

H'87 TCNT3L

H'88 GRA3H 16

H'89 GRA3L

H'8A GRB3H 16

H'8B GRB3L

H'8C BRA3H 16

H'8D BRA3L

H'8E BRB3H 16

H'8F BRB3L

Rev. 3.00 Sep 27, 2006 page 746 of 872
REJ09B0325-0300

RENESAS



L

ML

H'97 TCNT4L
H'98 GRA4H 16
H'99 GRA4L
H'9A GRB4H 16
H'9B GRB4L
H'9C BRA4H 16
H'9D BRA4L
H'9E BRB4H 16
H'9F BRB4L
H'AO TPMR 8 — — — — G3NOV G2NOV GINOV GONO!
H'AL TPCR 8 G3CMS1 G3CMS0 G2CMS1 G2CMS0 G1CMS1 G1CMS0 GOCMS1 GOCM:
H'A2 NDERB 8 NDER15 NDER14 NDER13 NDER12 NDER11 NDER10 NDER9 NDER!
H'A3 NDERA 8 NDER7 NDER6 NDER5 NDER4 NDER3 NDER2 NDER1 NDER(
H'A4 NDRB*' 8 NDR15 NDR14 NDR13 NDR12 NDR11 NDR10O NDR9 NDRS
8 NDR15 NDR14 NDR13 NDR12 — — — —
H'A5 NDRA™ 8 NDR7 NDR6 NDR5 NDR4 NDR3 NDR2 NDR1 NDRO
8 NDR7 NDR6 NDR5 NDR4 — — — —
H'A6 NDRB*' 8 — — — — — — — —
8 — — — — NDR11 NDR10 NDR9 NDRS
H'A7 NDRA** 8 — — — — — — — —
8 — — — — NDR3 NDR2 NDR1 NDRO
H'A8 TCSR* 8 OVF WTAT  TME — — CKS2 CKS1  CKSO
H'A9 TCNT*? 8
H'AA — — — — — — — — —
H'AB RSTCSR** 8 WRST RSTOE — — — — — —
H'AC RFSHCR 8 SRFMD PSRAME DRAME CAS/WE M9/M8 RFSHE — RCYCE
H'AD RTMCSR 8 CMF CMIE CKS2 CKS1 CKSO — — —
H'AE RTCNT 8
H'AF RTCOR 8
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H'B6 SCMR 8 — — - — SDIR SINV. — SMIF
H'B7

H'B8 SMR 8 CIA CHR PE O/E STOP  MP CKS1  CKSO
H'B9 BRR 8

H'BA SCR 8 TIE RIE TE RE MPIE  TEIE CKE1  CKEO
H'BB TDR 8

H'BC SSR 8 TDRE RDRF ORER FER PER TEND  MPB MPBT
H'BD RDR 8

H'BE — — — — — — — — —
H'BF

H'CO P1DDR 8 P1DDR P1DDR P1DDR P1DDR P1DDR P1DDR P1DDR P1DDR
H'C1 P2DDR 8 P2,DDR P2DDR P2DDR P2DDR P2DDR P2DDR P2DDR P2DDR
H'C2 P1DR 8 P1, P1, P1, P1, P1, P1, P1, P1,
H'C3 P2DR 8 P2, P2, P2, P2, P2, P2, P2, P2,
H'C4 P3DDR 8 P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR P3DDR
H'C5 P4DDR 8 P4DDR P4DDR P4DDR P4DDR P4DDR P4DDR P4DDR P4DDR
H'C6 P3DR 8 P3, P3, P3, P3, P3, P3, P3, P3,
H'C7 P4DR 8 P4, P4, P4, P4, P4, P4, P4, P4,
H'C8 PSDDR 8 — — — — P5,DDR P5DDR P5DDR P5DDR
H'C9 P6DDR 8 — P6,DDR P6,DDR P6DDR P6DDR P6,DDR P6DDR P6DDR
H'CA P5DR 8 — — — — P5, PS5, P5, P5,
H'CB P6DR 8 — P6, P6, P6, P6, P6, P6, P6,
H'CC — — — — — — — — —
H'CD P8DDR 8 — — — P8DDR P8DDR P8DDR P8DDR P8DDR
H'CE P7DR 8 P7, P7, P7, P7, P7, P7, P7, P7,
H'CF P8DR 8 — — — P8 P8 P8 P8 P8

4

3

2

1

o
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H'D7

HD8  P2PCR 8 P2PCR P2PCR P2PCR P2PCR P2PCR P2PCR P2PCR P2PCI
HD9  — — — — — — — — —
HDA  P4PCR 8 P4PCR P4PCR P4PCR P4PCR P4PCR P4PCR P4PCR P4PCI
HDB  P5PCR 8 — — — — P5,PCR P5PCR P5PCR P5PC
HDC  DADRO 8

HDD  DADRL 8

HDE  DACR 8 DAOEl DAOEO DAE  — — — — —
HDF  — — — — — — — — —
HEO  ADDRAH 8 AD9  AD8  AD7  AD6  AD5  AD4  AD3  AD2
HEL  ADDRAL 8 AD1  ADO  — — — — — —
HE2  ADDRBH 8 AD9  AD8  AD7  AD6  ADS  AD4  AD3  AD2
HE3  ADDRBL 8 AD1  ADO  — — — — — —
HE4  ADDRCH 8 AD9  AD8  AD7  AD6  ADS  AD4  AD3  AD2
HES  ADDRCL 8 AD1  ADO  — — — — — —
HE6  ADDRDH 8 AD9  AD8  AD7  AD6  AD5  AD4  AD3  AD2
HE?  ADDRDL 8 AD1  ADO  — — — — — —
HE8  ADCSR 8 ADF  ADIE  ADST SCAN CKS CH2 CHL  CHO
HE9  ADCR 8 TRGE — — — — — — —
HEA  — — — — — — — — —
HEB  — — — — — — — — —
HEC  ABWCR 8 ABW7 ABW6 ABWS ABW4 ABW3 ABW2 ABWL  ABWO
HED  ASTCR 8 AST7  AST6 AST5 AST4 AST3  AST2 ASTL  ASTO
HEE  WCR 8 — — — — WMSL WMSO WCl  WCO
HEF  WCER 8 WCE7 WCE6 WCE5 WCE4 WCE3 WCE2 WCEl WCEO
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H'F7 — — — — — — — — —
H'F8 IPRA 8 IPRA7 IPRA6 IPRA5 IPRA4 IPRA3 IPRA2 IPRAL IPRAO
H'F9 IPRB 8 IPRB7 IPRB6 IPRB5 — IPRB3 IPRB2 IPRB1 —
H'FA — — — — — — — — —
H'FB — — — — — — — — —
H'FC

H'FD — — — — — — — — —
H'FE — — — — — — — — —
H'FF — — — — — — — — —
Legend:

DMAC: DMA controller

ITU:  16-bit integrated timer unit

TPC: Programmable timing pattern controller

SCI:  Serial communication interface

WDT: Watchdog timer

Notes: 1. The address depends on the output trigger setting.

2. For write access to TCSR, TCNT, and RSTCSR, see section 12.2.4, Notes
Rewriting.
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Bit 7 6 5
Initial bit ‘ 0 ‘ u] ‘ u] ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘,,
values Initial value 1 1 1 0 0 0 0 0
Read/Write O O 0 RIW RIW RIW RIW RIW
Possible types of access
Counter start 0
R | Read only 0 | TCNTO is halted
W | Write only 1| TCNTO is counting
R/W | Read and write 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 s counting

Counter start 4
0| TCNT4 is halted
1| TCNT4 is counting
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MARUAR MARUAE

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initial value Undetermined Undetermined
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

MAROAH MAROAL

Source or destination address
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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/\

Transfer counter

Repeat mode
Bit 7 6 5 4 3 2 1
Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W

ETCROAH

Transfer counter

Bit 7 6 5 4 3 2 1

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W

ETCROAL

Initial count
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Initial value Undetermined
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

Transfer counter

O Block transfer mode

Bit 7 6 5 4 3 2 1

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W

ETCROAH

Block size counter

Bit 7 6 5 4 3 2 1

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W

ETCROAL

Initial block size
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Data transfer select

Bit2 | Bitl | BitO
DTS2 | DTS1 | DTSO | Data Transfer Activation Source
0 0 0 Compare match/input capture A interrupt from ITU chann
1 Compare match/input capture A interrupt from ITU chann
1 0 Compare match/input capture A interrupt from ITU chann
1 Compare match/input capture A interrupt from ITU chann
1 0 0 SCIO0 transmit-data-empty interrupt
1 SCIO0 receive-data-full interrupt
1 0 Transfer in full address mode (channel A)
1 Transfer in full address mode (channel A)

Data transfer interrupt enable

Interrupt requested by DTE bit is disabled

Interrupt requested by DTE bit is enabled

0
1
Repeat enable
RPE | DTIE | Description

0 0 1/0 mode
1

1 0 Repeat mode
1 Idle mode

Data transfer increment/decrement

0 | Incremented: If DTSZ =0, MAR is incremented by 1 after each transfer
If DTSZ = 1, MAR is incremented by 2 after each transfer

1 | Decremented: If DTSZ = 0, MAR is decremented by 1 after each transfer
If DTSZ = 1, MAR is decremented by 2 after each transfer

Data transfer size

0 | Byte-size transfer

1 | Word-size transfer

Data transfer enable

0 | Data transfer is disabled

1 | Data transfer is enabled
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Data transfer se
0 | Normal modk

1 | Block transfe

Data transfer select 2/
Set both bits to 1

Data transfer interrupt enable
0 | Interrupt request by DTE bit is
1| Interrupt request by DTE bit is

Source address increment/decrement (bit 5)
Source address increment/decrement enable (bit 4)
Bit5 | Bit4
SAID [SAIDE| Increment/Decrement Enable
0 0 MARA is held fixed

1 Incremented: If DTSZ = 0, MARA is incremented by 1 after ec
If DTSZ = 1, MARA is incremented by 2 after ec

1 0 MARA is held fixed

1 Decremented: If DTSZ = 0, MARA is decremented by 1 after e
If DTSZ = 1, MARA is decremented by 2 after e

Data transfer size
0 | Byte-size transfer
1 | Word-size transfer

Data transfer enable
0 | Data transfer is disabled
1 | Data transfer is enabled
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MARUDBR MARUDBE

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2

Initial value Undetermined Undetermined
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

MAROBH MAROBL

Source or destination address
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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/\

Transfer counter

Repeat mode
Bit 7 6 5 4 3 2 1
Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W

ETCROBH

Transfer counter

Bit 7 6 5 4 3 2 1

Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W

ETCROBL

Initial count
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Initial value Undetermined
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

Not used
O Block transfer mode
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2
Initial value Undetermined

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

Block transfer counter

IOAROB—I/O Address Register 0B H'2E
Bit 7 6 5 4 3 2 1
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W

Short address mode: source or destination address
Full address mode: not used
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Data transfer select

Bit2 | Bitl | Bit0O
DTS2 | DTS1 | DTSO | Data Transfer Activation Source
0 0 0 Compare match/input capture A interrupt from ITU ¢
1 Compare match/input capture A interrupt from ITU c
1 0 Compare match/input capture A interrupt from ITU ¢
1 Compare match/input capture A interrupt from ITU ¢
1 0 0 SCIO transmit-data-empty interrupt
1 SCIO0 receive-data-full interrupt
1 0 | Falling edge of DREQ input
1 Low level of DREQ input

Data transfer interrupt enable

0

Interrupt requested by DTE bit is disabled

1

Interrupt requested by DTE bit is enabled
An interrupt request is issued to the CPU when the DTE bit = 0

Repeat enable

RPE | DTIE | Description
0 0 I/O mode
1
1 0 Repeat mode
1 Idle mode

Data transfer increment/decrement

0 | Incremented: If DTSZ =0, MAR is incremented by 1 after each transfer

If DTSZ = 1, MAR is incremented by 2 after each transfer

1 | Decremented: If DTSZ = 0, MAR is decremented by 1 after each transfer

If DTSZ = 1, MAR is decremented by 2 after each transfer

Data transfer size

0

Byte-size transfer

1

Word-size transfer

Data transfer enable

0

Data transfer is disabled

1

Data transfer is enabled
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\
Data transfer select 2B to 0B
Bit2 | Bitl | BitO Data Transfer Activation Source
DTS2B/DTS1B|DTS0B| Normal Mode Block Transfer Mode
0 0 0 | Auto-request Compare match/input cap
(burst mode) A from ITU channel 0
1 Not available Compare match/input cap
A from ITU channel 1
1 0 Auto-request Compare match/input cap
(cycle-steal mode) A from ITU channel 2
1 Not available Compare match/input cap
A from ITU channel 3
1 0 0 Not available Not available
1 Not available Not available
1 0 | Falling edge of DREQ Falling edge of DREQ
1 Low level input at DREQ | Not available

Transfer mode select

0 | Destination is the block area in block transfer mode

1 | Source is the block area in block transfer mode

Destination address increment/decrement (bit 5)
Destination address increment/decrement enable (bit 4)

Bit5 | Bit4
DAID |DAIDE| Increment/Decrement Enable
0 0 MARSB is held fixed
1 Incremented: If DTSZ = 0, MARB is incremented by 1 after each trar
If DTSZ = 1, MARB is incremented by 2 after each trar
1 0 MARSB is held fixed
1 Decremented: If DTSZ = 0, MARB is decremented by 1 after each tra
If DTSZ = 1, MARB is decremented by 2 after each tra

Data transfer master enable

0

Data transfer is disabled

1

Data transfer is enabled
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MARLAR NMARLIAE

Bit 15 14 13 12 11 10 9 8 7 6 S5 4 3 2

Initial value Undetermined Undetermined
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/

MAR1AH MARI1AL

Note: Bit functions are the same as for DMACO.
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Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W
ETCR1AH

Bit 7 6 5 4 3 2 1

Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W
ETCR1AL

Note: Bit functions are the same as for DMACO.

IOAR1A—I/O Address Register 1A H'36

Bit 7 6 5 4 3 2 1

Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.
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Full address mode

Bit 7 6 5 4 3 2 1

‘ DTE ‘ DTSz ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1,
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 DMACO.

MAR1B R/E/H/L—Memory Address Register 1B R/E/H/L H'38, H'39,

H'3A, H'3B
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18
Initial value ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ 1 ‘ ‘ ‘ Undetermined

Read/Write o o o 0o 0 0 0 U RWRMWRMWRMWR/WRM

MAR1BR MARI1BE
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2
Initial value Undetermined Undetermined

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/M

MAR1BH MARI1BL

Note: Bit functions are the same as for DMACO.
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Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W
ETCR1BH

Bit 7 6 5 4 3 2 1

Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W
ETCR1BL

Note: Bit functions are the same as for DMACO.

IOAR1B—I/O Address Register 1B H'3E
Bit 7 6 5 4 3 2 1
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W

Note: Bit functions are the same as for DMACO.

Rev. 3.00 Sep 27, 2006 page 766 of 872
REJ09B0325-0300

RENESAS



* Full address mode

Bit 7 6 5 4 3 2 1

‘ DTME ‘ 0 ‘ DAID ‘ DAIDE ‘ TMS ‘ DTS2B ‘ DTS
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 DMACO.
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|

Program mode

0 | Exit from program moc
(Initi
1 | Transition to program |

Erase mode
0 | Exit from erase mode (Initi:
1 | Transition to erase mode

Program-verify mode

0 | Exit from program-verify mode (Initi
1 | Transition to program-verify mode
Erase-verify mode
0 | Exit from erase-verify mode (Initial value)
1 | Transition to erase-verify mode
Vpp enable
0 | Vpp pin 12 V power supply is disabled (Initial value)

1 | Vpp pin 12 V power supply is enabled

Programming power

0 | Cleared when 12 V is not applied to Vpp (Initial value)

1| Setwhen 12 V is applied to Vpp

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In
1, 2, 3, and 4 (on-chip flash memory disabled), this register cannot be modified a

always read as H'FF.

H8/3048F

Include this register

H8/3048B mask ROM version
H8/3048F-ONE
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

Not include this register
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Program mode ——

0 | Program mode c
(h

1 | Transition to prog

Erase mode

0 | Erase mode cleared

(I

1 | Transition to erase mode

Program-verify mode

0

Program-verify mode cleared (i

1

Transition to program-verify mode

Erase-verify mode

0 | Erase

-verify mode cleared  (Initial valu

1| Trans

ition to erase-verify mode

Program setup bit

0 | Program setup cleared

(Initial value)

1 | Program setup

Erase setup bit

0 | Erase setup cleared

(Initial value)

1 | Erase setup

Software write enable bit

0

Write disabled  (Initial value)

1

Write enabled

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: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In modes 1,
3, and 4 (on-chip flash memory disabled), this register cannot be modified and is always re

as H'FF.

H8/3048F-ONE

Include this register

H8/3048F
H8/3048ZTAT

H8/3048B mask ROM version

Not include this register

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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Flash memory error

0 | Flash memory is operating normally. Flash memory program/er:
protection (error protection) is disabled. (Initial val

1| This indicates that an error has occurred during flash memory
programming/erasing. Flash memory program/erase protection
(error protection) is enabled.

Note: Bits 6 to O are reserved bits but are readable/writable.

H8/3048F-ONE Include this register
H8/3048B mask ROM version| Not include this register
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
HB8/3047 mask ROM version
H8/3045 mask ROM version
HB8/3044 mask ROM version
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Large block 7to 0

0

Block LB7 to LBO is not selected (Initial va

1

Block LB7 to LBO is selected

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enablec
1, 2, 3, and 4 (on-chip flash memory disabled), this register cannot be modif

always read as H'FF.

H8/3048F

Include this register

H8/3048F-ONE
H8/3048ZTAT

H8/3048B mask ROM version

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

Not include this register
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iIaott VIUVULA optLullivalluvll JYito \4)
0 | Erase protection state
1 | Erasable state

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip ROM enabled). In n
1, 2, 3, and 4 (on-chip ROM disabled), this register cannot be modified an
always read as H'00.

H8/3048F-ONE Include this register
H8/3048B mask ROM version | Not include this register
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
HB8/3047 mask ROM version
H8/3045 mask ROM version
HB8/3044 mask ROM version
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Small block 7to 0

0

Block SB7 to SBO is not selected (Initial ve

1

Block SB7 to SBO is selected

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enablec
1, 2, 3, and 4 (on-chip flash memory disabled), this register cannot be modif

always read as H'FF.

H8/3048F

Include this register

H8/3048F-ONE
H8/3048ZTAT

H8/3048B mask ROM version

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

Not include this register
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oto/ LRead/Write O 0 O 0 R/W R/W R/W

Reserved bits

RAM select, RAM2, RAM1

Bit 3 Bit2 | Bitl )
RAMS | RAM2 | RAML RAM Area RAM Emulation
0 0/1 0/1 H'FFF000 to H'FFF3FF | No emulation
1 0 0 H'000000 to H'0003FF | Mapping RAM
1 H'000400 to H'0007FF
1 0 H'000800 to H'000BFF

1 H'000C00 to H'000FFF

Note: Bits 7 to 4 are reserved and cannot be modified.
If data is written to these bits, normal operation is not guaranteed.
Bit 0 is a reserved bit but is readable/writable.

H8/3048F-ONE Include this register
H8/3048B mask ROM version | Not include this register
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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RAM select, RAM 2 to RAM 0

Bit 3 Bit 2 Bitl | BitO

RAMS | RAM2 | RAM1 RAMO| RAM Area
0 1/0 1/0 1/0 H'FFFO00 to H'
1 0 0 0 H'01FO000 to H'
1 H'01F200 to H'f
1 0 H'01F400 to H*
1 H'01F600 to H'
1 0 0 H'01F800 to H"
1 H'01FA0O0 to H'
1 0 H'01FCO0O0 to H'
1 H'01FEOO to H'

Flash memory error

(is not in error protect mode)

0 | Flash memory is not write/erase-protected

(Initial value)

1 | Flash memory is write/erase-protected
(is in error protect mode)

H8/3048F Include this register

H8/3048B mask ROM version| Not include this register
H8/3048F-ONE
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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D/A standby enable

0 | D/A output is disabled in software standby mode (Initi

1 | D/A output is enabled in software standby mode

DIVCR—Division Control Register H'5D Syste
Bit 7 6 5 7 3 2 1
‘ a 0 0 0 O O DIV1 ‘
Initial value 1 1 1 1 1 1 0
Read/Write O O ad ad ad ad R/W
\
Divide 1 and O
Bit 1 | BitO | Frequenc
DIV1 | DIVO | Division F
0 0 1/1  (Initi
1 1/2
1 0 1/4
1 |1/8
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Module standby 0
0 | A/D converter operates norm
(

1| A/D converter is in standby si

Module standby 1
0 | Refresh controller operates normally  (
1 | Refresh controller is in standby state

Module standby 2
0 | DMAC operates normally  (Initial value)
1 | DMAC is in standby state

Module standby 3
0 | SCI1 operates normally (Initial value)
1| SCI1is in standby state

Module standby 4
0 | SCIO operates normally  (Initial value)
1| SCIO0 is in standby state

Module standby 5
0 | ITU operates normally  (Initial value)
1| ITU is in standby state

@clock stop
0 | @clock output is enabled (Initial value)
1| @clock output is disabled
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iy Yyl § R T TR
Bit n
CSnE | Description
0 Output of chip select signal CSn is disabled (Initial value)
1 Output of chip select signal CSn is enabled

(n=7to4
TSTR—Timer Start Register H'60 ITU (all
Bit 7 6 5 4 3 2 1
‘ a ‘ O ‘ O ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ i
Initial value 1 1 1 0 0 0 0
Read/Write O ad O R/W R/W R/W R/W

Counter start 0

0 | TCNTO is haltec
1| TCNTO is count

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 | TCNT3is 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 indef
1| TCNTO is synchronize

Timer sync 1

0

TCNT1 operates independent

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

TCNTA4 is synchronized
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PWM mode 0
0 | Channel 0 operates normally
1| Channel 0 operates in PWM

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 underflows

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 | GRAS3 operates nc
1 | GRA3 is buffered

Buffer mode B3
0 | GRB3 operates normally
1 | GRB3 is buffered by BRB

Buffer mode A4
0 | GRA4 operates normally
1 | GRA4 is buffered by BRA4

Buffer mode B4
0 | GRB4 operates normally
1 | GRB4 is buffered by BRB4

Combination mode 1 and O

Bit5 | Bit4
CMD1|CMDO0| 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 r
1 Channels 3 and 4 operate together in reset-synchronized PW
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Timer prescaler 2to 0

Bit2 | Bitl | BitO
TPSC2|TPSC1|TPSCO| TCNT Clock Source
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 0

Bit4 | Bit3
CKEG1|CKEGO| Counted Edges of External Clock
0 0 Rising edges counted
1 Falling edges counted
1 — | Both edges counted
Counter clear 1 and 0
Bit6 | Bit5
CCLR1|CCLRO| TCNT Clear Source
0 0 TCNT is not cleared
1 TCNT is cleared by GRA compare match or input
1 0 TCNT is cleared by GRB compare match or input
1 Synchronous clear: TCNT is cleared in synchroniz
with other synchronized timers
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I/0 control A2 to AO

Bit2 | Bitl | BitO
IOA2 | IOAL1 | IOAO | GRA Function
0 0 0 GRA is an output | No output at compare match
1 | compare register | o output at GRA compare mat
1 0 1 output at GRA compare mat
1 Output toggles at GRA compal
1 0 0 GRAis an input | GRA captures rising edge of in
1 | captureregister | GRA captures falling edge of i
1 0 GRA captures both edges of ir
1
1/0 control B2 to BO
Bit6 | Bit5 | Bit4
IOB2 | IOB1 | IOB0O | GRB Function
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 mat
1 0 0 GRB is aninput | 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 enab
0 | IMIA interrupt requested by IMFA flag is dis
1 | IMIA interrupt requested by IMFA flag is en

Input capture/compare match interrupt enable B

0

IMIB interrupt requested by IMFB flag is disabled

1

IMIB interrupt requested by IMFB flag is enabled

Overflow interrupt enable

0

OVl interrupt requested by OVF flag is disabled

1

OVI interrupt requested by OVF flag is enabled
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Input capture/compare match flag A

0

[Clearing condition]
Read IMFA when IMFA = 1, then write 0 in IMFA

[Setting conditions]

TCNT = GRA when GRA functions as an output col
register.

TCNT value is transferred to GRA by an input captt
signal, when GRA functions as an input capture reg

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 an output compare
register.

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

[Setting condition]
TCNT overflowed from H'FFFF to H'0000 or
underflowed from H'0000 to H'FFFF

Note: * Only O can be written, to clear the flag.
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GRAOQ H/L—General Register AOH/L H'6A, H'6B

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

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 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

Output compare or input capture register

TCR1—Timer Control Register 1 H'6E
Bit 7 6 5 4 3 2 1
O ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘
Initial value 1 0 0 0 0 0 0
Read/Write O RIW RIW R/IW R/IW R/IW 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
0 0 0O O O OVIE IMIEB
Initial value 1 1 1 1 1 0 0
Read/Write a a a a 0 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 0 0O 0O O OVF IMFB
Initial value 1 1 1 1 1 0 0
Read/Write O ad ad O 0 R/(W)*  R/(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

Initalvalue O O O O O O O O O O O O0o 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/W

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 ‘ i
Initial value 1 0 0 0 0 0 0
Read/Write a 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 source s

bits TPSC2 to TPSCO is ignored.
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TIER2—Timer Interrupt Enable Register 2 H'7A

Bit 7 6 5 4 3 2 1

O 0 0O O O ‘ OVIE ‘ IMIEB
Initial value 1 1 1 1 1 0 0
Read/Write a a a a 0 R/W R/W
Note: Bit functions are the same as for ITUO.

TSR2—Timer Status Register 2 H'7B
Bit 7 6 5 4 3 2 1
‘ O ‘ ad O 0 O ‘ OVF ‘ IMFB ’

Initial value 1 1 1 1 1 0 0
Read/Write O O O ] O R/(W)*  R/(W)*

The function is the sar

Overflow flag

0

[Clearing condition]
Read OVF when OVF = 1, then write 0 in C

[Setting condition]
The TCNT value overflows (from H'FFFF tc
or underflows (from H'0000 to H'FFFF)

Notes: Bit functions are the same as for ITUO.
* Only 0 can be written, to clear the flag.
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Other modes: up-counter

GRA2 H/L—General Register A2 H/L H'7E, H'7F

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/IW R/W R/W R/W

Note: Bit functions are the same as for ITUO.

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 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 ITUO.

Rev. 3.00 Sep 27, 2006 page 790 of 872
REJ09B0325-0300

RENESAS



TIOR3—Timer 1/0O Control Register 3 H'83

Bit 7 6 5 4 3 2 1

0 ‘ 10B2 ‘ I0B1 ‘ 10BO ‘ O ‘ I0A2 I0A1
Initial value 1 0 0 0 1 0 0
Read/Write O R/W R/W R/W | R/W R/W
Note: Bit functions are the same as for ITUO.

TIER3—Timer Interrupt Enable Register 3 H'84

Bit 7 6 5 4 3 2 1

O ad ad ] ] ‘ OVIE ‘ IMIEB
Initial value 1 1 1 1 1 0 0
Read/Write 0 O O O O R/W R/W

Note: Bit functions are the same as for ITUO.
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fi
Overflow flag same as Ic

0 | [Clearing condition]

Read OVF when OVF = 1, then write 1 in OVF

1 | [Setting condition]

TCNT overflowed from H'FFFF to H'0000 or underflov
H'0000 to H'FFFF

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

TCNT3 H/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
GRA3 H/L—General Register A3H/L H'88, H'89
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

Output compare or input capture register (can be buffered)
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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 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

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 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

Used to buffer GRB
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Master enable TIOCA3

0

TIOCAj3 output is disabled regardless of TIOR3, TMDR, and TFCR

1

TIOCAgj is enabled for output according to TIOR3, TMDR, and TFCI

Master enable TIOCA4

0 | TIOCA, output is disabled regardless of TIOR4, TMDR, and TFCR set

1| TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR s

Master enable TIOCB4

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 | TIOCBgj is enabled for output according to TIOR3 and TFCR settings

Master enable TOCXA4

0 | TOCXA, output is disabled regardless of TFCR settings

1| TOCXA, is enabled for output according to TFCR settings

Master enable TOCXB4

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 TOCXB4 outputs are invert
1| TIOCB3, TOCXA,4, and TOCXB4 outputs are not in

Output level select 4
0 | TIOCA3, TIOCA,4, and TIOCB4 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 ir
reset-synchronized PWM mode and complementary PWM mode*

External triggering is disabled

Note: * When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0, disak

output.
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TIOR4—Timer 1/O Control Register 4

H'93

Bit 7 6 5 4 3 2 1
‘ 0 ‘ 10B2 ‘ I0B1 ‘ 10BO ‘ O ‘ I0A2 ‘ I0A1 ‘
Initial value 1 0 0 0 1 0 0
Read/Write O R/W R/W R/W | R/W R/W
Note: Bit functions are the same as for ITUO.
TIER4—Timer Interrupt Enable Register 4 H'94
Bit 7 6 5 4 3 2 1
O ad ad ] ] ‘ OVIE ‘ IMIEB ‘
Initial value 1 1 1 1 1 0 0
Read/Write 0 O O O O 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 ad ad O 0 ‘ OVF IMFB
Initial value 1 1 1 1 1 0 0
Read/Write 0 | | O O RI(W)*  R/(W)*

Notes: Bit functions are the same as for ITUO.
* Only 0 can be written, to clear the flag.
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GRA4 H/L—General Register A4 H/L H'98, H'99

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 ITUS.

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 ITUS.

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 ITUS.
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TPMR—TPC Output Mode Register H'AO

Bit 7 6 5 4 3 2 1

‘ O ‘ O ‘ O ‘ ad ‘ G3NOV ‘ G2NOoV ‘ G1NOV ‘
Initial value 1 1 1 1 0 0 0
Read/Write O O d ad R/W R/W R/W

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 r
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 char

1| Non-overlapping TPC output in group 1, controlled by compare mat
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 channel

1| 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

1 | 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 Bit0
GOCMS1|GOCMSO| ITU Channel Selected as Output Trigger
0 TPC output group 0 (TP3 to TPy) is triggered by compare match in I
TPC output group 0 (TP3 to TPy) is triggered by compare match in I
1 TPC output group 0 (TP3 to TPy) is triggered by compare match in I

TPC output group 0 (TP3 to TPy) is triggered by compare match in I

Group 1 compare match select 1 and 0

Bit 3 Bit 2

G1CMS1|G1CMS0| ITU Channel Selected as Output Trigger
0 0 TPC output group 1 (TP, to TP,) is triggered by compare match in [Tt
1 TPC output group 1 (TP, to TP,) is triggered by compare match in [Tt
1 0 TPC output group 1 (TP to TP,) is triggered by compare match in IT|
1 TPC output group 1 (TP to TP,) is triggered by compare match in IT|

Group 2 compare match select 1 and 0
Bit 5 Bit 4
G2CMS1|G2CMS0| ITU Channel Selected as Output Trigger
0 0 TPC output group 2 (TP;; to TPg) is triggered by compare match in ITU
1 TPC output group 2 (TPy4 to TPg) is triggered by compare match in ITU
1 0 TPC output group 2 (TPy4 to TPg) is triggered by compare match in ITU
1 TPC output group 2 (TPy4 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 (TP;5 to TPy,) is triggered by compare match in ITU ¢
1 TPC output group 3 (TPy5 to TPy,) is triggered by compare match in ITU ¢
1 0 TPC output group 3 (TPy5 to TPy,) is triggered by compare match in ITU ¢
1 TPC output group 3 (TPy5 to TPy,) is triggered by compare match in ITU ¢
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Next data enable 15to 8

Bits 7to 0
NDER15 to NDER8 | Description
0 TPC outputs TP,5 to TPg are disabled
(NDR15 to NDRS are not transferred to PB; to
1 TPC outputs TP, to TPg are enabled
(NDR15 to NDRS are transferred to PB to PB,
NDERA—Next Data Enable Register A H'A3
Bit 7 6 5 4 3 2 1
‘ NDERY ‘ NDER6 ‘ NDERS5 ‘ NDER4 ‘ NDERS3 ‘ 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 7to O
NDER7 to NDERO | Description
0 TPC outputs TP; to TPy are disabled
(NDR7 to NDRO are not transferred to PA; to F
1 TPC outputs TP to TPy are enabled
(NDR7 to NDRO are transferred to PA 7 to PA)
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reaa/vvrite RIVW

RIVW

RIVW RIVW

RIVW RIVW RIVW

O AddressH'FFAG

Store the next output data for
TPC output group 3

Store the next output da
TPC output group 2

Bit 7 6 5 4 3 2 1
0 0 O 0 0 0 0
Initial value 1 1 1 1 1 1 1
Read/Write 0 O O O O g 0
Different triggers for TPC output groups 2 and 3
O AddressHFFA4
Bit 7 6 5 4 3 2 1
‘ NDR15 ‘ NDR14‘ NDR13 ‘ NDR12 ‘ O 0 0
Initial value 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W O a ad
Store the next output data for
TPC output group 3
0 AddressH'FFA6
Bit 7 6 5 4 3 2 1
0 O a 0 ‘ NDR11 ‘ NDR10 ‘ NDR9
Initial value 1 1 1 1 0 0 0
Read/Write O O O O R/W R/W R/W

Store the next output da
TPC output group 2
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Store the next output data for
TPC output group 1

O AddressH'FFA7

Store the next output dat
TPC output group 0

Bit 7 6 5 4 3 2 1
O g g O O O O
Initial value 1 1 1 1 1 1 1
Read/Write ad ad ad | | O ad
» Different triggers for TPC output groups 0 and 1
0 AddressH'FFA5
Bit 7 6 5 4 3 2 1
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 0 0 0
Initial value 0 0 0 0 1 1 1
Read/Write R/W R/W R/W R/W a a ad
Store the next output data for
TPC output group 1
O AddressHFFA7
Bit 7 6 5 4 3 2 1
O O O O ‘ NDR3 ‘ NDR2 ‘ NDR1
Initial value 1 1 1 1 0 0 0
Read/Write 0 O a 0 R/W R/W R/W

Store the next output da
TPC output group 0
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Timer enable

0 | Timer disabled
* TCNT is initialized to H'00 and halted
1 | Timer enabled

« TCNT is counting
e CPU interrupt requests are enabled

Timer mode select
0 | Interval timer: requests interval timer interrupts

1 | Watchdog timer: generates a reset signal

Clock select 2to 0

0 0 0
1

1 0

1

1 0 0
1

1 0

1

Overflow flag
0 | [Clearing condition]
Read OVF when OVF = 1, then write 0 in OVF
1 | [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 ‘ 0 0 0 O a
Initial value 0 0 1 1 1 1 1
Read/Write R/(W)* R/W ad ad ad O O

Reset output enable

0 | External output of reset signal is disabled

1| External output of reset signal is enabled

Watchdog timer reset

0

[Clearing conditions]

* Reset signal input at RES pin
* When WRST = 1, write O after reading WRST flag

[Setting condition]
TCNT overflow generates a reset signal

Note: * Only O can

be written in bit 7, to clear the flag.

H8/3048F-ONE Not include this register
H8/3048B mask ROM version | Include this register
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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Watchdog timer reset
0 | [Clearing conditions]

* Reset signal input at RES pin
* When WRST = 1, write O after reading WRST flag

1 | [Setting condition]
TCNT overflow generates a reset signal

Notes: 1. Only O can be written in bit 7, to clear the flag.
2. Bit 6 must not be set to 1; in a write, 0 must always be written in this bit.

H8/3048F-ONE Include this register
H8/3048B mask ROM version | Not include this register
H8/3048F

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
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\
Refresh cycle enable

0 | Refresh cycles are disabled
1 | Refresh cycles are enabled fa

Refresh pin enable
0 | Refresh signal output at the RFSH pin is ¢
1 | Refresh signal output at the RFSH pin is ¢

Address multiplex mode select
0 | 8-bit column mode
1 | 9-bit column mode

Strobe mode select
0 | 2 WE mode
1| 2 CAS mode

PSRAM enable, DRAM enable

Bit 6 Bit 5
PSRAME | DRAME | RAM Interface
0 0 Can be used as an interval timer
(DRAM and PSRAM cannot be
directly connected)
1 DRAM can be directly connected
1 0 PSRAM can be directly connected
1 lllegal setting

Self-refresh mode

0

DRAM or PSRAM self-refresh is disabled in software standby mode

1

DRAM or PSRAM self-refresh is enabled in software standby mode
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Bit5 | Bit4 | Bit3
CKS2| CKS1 | CKSO0| Counter Clock Sours
0 0 0 Clock input is disabl
1 @2
1 0 @8
1 @32
1 0 0 @128
1 @512
1 0 @2048
1 @4096

Compare match interrupt enable

0 | The CMl interrupt requested by CMF is disabled

1| The CMI interrupt requested by CMF is enabled

Compare match flag

0 | [Clearing condition]

Read CMF when CMF = 1, then write 0 in CMF

1 | [Setting condition]
RTCNT = RTCOR

Note: * Only O can be written, to clear the flag.
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RTCOR—Refresh Time Constant Register H'AF Refresh

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

Interval at which RTCNT and compare match are set
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Clock select 1 and (

Bit1l | BitO
CKS1|CKSO | Clock
0 0 | @clo
Multiprocessor mode 1 @4 cl
0 | Multiprocessor function disabled 1 0 @16
1 | Multiprocessor format selected 1 @64

Stop bit length
0 | One stop bhit
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 length
0 | 8-bit data
1| 7-bit data

Communication mode
(when using a serial communication interface)

0 | Asynchronous mode
1 | Synchronous mode

GSM mode (when using a smart card interface)

0 | Regular smart card interface operation
1| GSM mode smart card interface operation

Note: * The function of this bit differs for the normal serial communication interface an
for the smart card interface. Its function is switched with the SMIF bit in SCMR
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Clock enable 1and 0

Bit1 | BitO
CKE1|CKEO| Clock Selection and Output

0 0 | Asynchronous mode | Internal clock, SCK pin available for ge
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 serial

1 | Asynchronous mode | External clock, SCK pin used for clock
Synchronous mode | External clock, SCK pin used for serial

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 DIt tr:

0
receive data is 0

Multiprocessor bit value in

0 | Multiprocessor bit v:
transmit data is 0

receive data is 1

1 | Multiprocessor bit value in

Multiprocessor bit v:
transmit data is 1

Parity error

Transmit end

0 | 1Cleari diti 0 | [Clearing conditions]
[Clearing conditions] Read TDRE when TDRE = 1, then write
Reset or transition to standby mode. The DMAC writes data in TDR.
Read PER when PER = 1, then write 0
in PER. 1 | [Setting conditions]

1 | [Setting condition]
Parity error: (parity of receive data does
not match parity setting O/E bit in SMR)

Reset or transition to standby mode.

TE is cleared to 0 in SCR and FER/ERS
cleared to 0.

TDRE is 1 when last bit of 1-byte serial
is transmitted.

Error signal status (for smart card inte

Framing error (for SCIO) 0 | [Clearing conditions]

0 | [Clearing conditions] Reset or transition to standby mode.
Reset or transition to standby mode. Read ERS when ERS =1, then write O ir
Read FER when FER = 1, then write 0 in FER. 1 | [Setting condition]

1 | [Setting condition] A low error signal is received.

Framing error (stop bit is 0)

Overrun error

Receive data register full 0 | [Clearing conditions]

0 | [Clearing conditions] Reset or transition to standby mode.
Reset or transition to standby mode. gg"’;zdRORER when ORER = 1, then writ
Read RDRF when RDRF = 1, then write 0 in :

RDRF. 1 | [Setting condition]
The DMAC reads data from RDR. Overrun error (reception of next serial d

1 | [Setting condition] ends when RDRF = 1)

Serial data is received normally and transferred
from RSR to RDR

Transmit data register empty

0

[Clearing conditions]
Read TDRE when TDRE = 1, then write 0 in TDRE.
The DMAC writes data in TDR.

[Setting conditions]

Reset or transition to standby mode.

TEis0in 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

‘ O ‘ ad ‘ ad ‘ ad ‘ SDIR ‘ SINV ‘ O ‘
Initial value 1 1 1 1 0 0 1
Read/Write O O ad ad R/W R/W O

Smart card interface mode select
0 | Smart card interface function is disabled (Initial

1 | Smart card interface function is enabled

Smart card data invert
0 | Unmodified TDR contents are transmitted (Initial value)
Received data is stored unmodified in RDR

1 | Inverted TDR contents are transmitted
Received data are inverted before storage in RDR

Smart card data transfer direction
0 | TDR contents are transmitted LSB-first  (Initial value)
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.
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SSR—Serial Status Register H'BC

Bit 7 6 5 4 3 2 1

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘
Initial value 1 0 0 0 0 1 0
Read/Write R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R

Notes: Bit functions are the same as for SCIO.
* Only 0 can be written, to clear the flag.

RDR—Receive Data Register H'BD
Bit 7 6 5 4 3 2 1
Initial value 0 0 0 0 0 0 0
Read/Write R

Note: Bit functions are the same as for SCIO.
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Port 1 input/output select
0 | Generic input pin
1 | Generic output pin

P2DDR—Port 2 Data Dir ection Register H'C1
Bit 7 6 5 4 3 2 1
‘P27DDR‘PZGDDR‘P25DDR‘P24DDRhugoDR‘P22DDR‘leoc
Modes{lmﬂalvmue 1 1 1 1 1 1 1
104 | Read/Write O 0 O 0 0 0 O
Modes{lmﬂalvmue 0 0 0 0 0 0 0
S107 | ReadWrite W w W W W W W

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, ‘ Pls Pls ‘ P1, ‘ P13 ‘ 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
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P3DDR—Port 3 Data Direction Register H'C4

Bit 7 6 5 4 3 2 1

‘ P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR ‘ P3,DDR ‘ P31DDR‘
Initial value 0 0 0 0 0 0 0
Read/Write W w w w \W W W

Port 3 input/output select
0 | Generic input pin
1 | Generic output pin

PADDR—Port 4 Data Direction Register H'C5
Bit 7 6 5 4 3 2 1
‘ P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P43;DDR ‘ P4,DDR ‘ P41DDR‘
Initial value 0 0 0 0 0 0 0
Read/Write w W W W w w w

Port 4 input/output select
0 | Generic input pin
1 | Generic output pin
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PADR—Port 4 Data Register

H'C7

Bit 7 6 5 4 3 2 1
‘ P4, ‘ P4g P45 ‘ P4, P43 ‘ P4, ‘ P4,
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 4 pins
P5DDR—Port 5 Data Direction Register H'C8
Bit 7 6 5 4 3 2 1
O ‘ a O ‘ 0 ‘PSgDDR‘PSzDDR‘P&DE

Modes| Initial value 1 1 1 1 1 1 1
104 | Read/Write O O O 0 0 0 O
Modes| Initial value 1 1 1 1 0 0 0
S07 | ReadWrite O O O 0 W W W

Port 5 input/output

0 | Generic input

1| Generic output
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Generic input

Generic output

P5DR—Port 5 Data Register H'CA
Bit 7 6 5 4 3 2 1
O O O O P53 ‘ P5, ‘ P51
Initial value 1 1 1 1 0 0 0
Read/Write O O O O R/W R/W R/W
Data for port 5 pins
P6DR—Port 6 Data Register H'CB
Bit 7 6 5 4 3 2 1
0 ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P61
Initial value 1 0 0 0 0 0 0
Read/Write 0 R/W R/W R/W R/W R/W R/W

Data for port 6 pins
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Port 8 input/output select

—

Port 8 input/o

0 | Generic input 0 | Generic in
1 | CSoutput 1 | Generic ot
P7DR—Port 7 Data Register H'CE
Bit 7 6 5 4 3 2 1
‘ P7; ‘ P76 ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P71
Initial value o* o* o* ox ox ox o=
Read/Write R R R R R R R
Read the pin levels for port 7
Note: * Determined by pins P7; to P7;.
P8DR—Port 8 Data Register H'CF
Bit 7 6 5 4 3 2 1
0 0 0 P84 ‘ P83 ‘ P8, ‘ P81
Initial value 1 1 1 0 0 0 0
Read/Write 0 O O R/W R/W R/W R/W

Data for port 8 pins
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0 | Generic input
1 | Generic output

PADDR—Port A Data Direction Register H'D1

Bit 7 6 5 4 3 2 1
‘PA7DDR‘ PAGDDR‘ PA5DDR‘ PA4DDR‘PA3DDR‘PA2DDR‘PA1DDF

Modes| Initial value 1 0 0 0 0 0 0

3.4,6 | ReadiWrite O

£ o=
£ oz
2 o=
g o =
£ ox
£ o=

"2 | Read/Write W

I\/IOdeS{ Initial value 0
57

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
‘ O ‘ ad ‘ P9g ‘ P9, ‘ P9, ‘ P9, ‘ P9, ‘
Initial value 1 1 0 0 0 0 0
Read/Write O ad 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

‘ PB~; DDR‘ PBg DDR‘ PBsg DDR‘ PB4DDR‘ PB3DDR ‘ PB,DDR ‘ PB,DDF
Initial value 0 0 0 0 0 0 0
Read/Write W w w w W W W

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- ‘ PBg ‘ PBs ‘ PB4 ‘ PBj ‘ PB ‘ PB1
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 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 in

P4APCR—Port 4 Input Pull-Up MOS Control Register H'DA
Bit 7 6 5 4 3 2 1
‘ P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P41PCR‘
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 4 input pull-up MOS control 7to 0
0 | Input pull-up transistor is off
1 | Input pull-up transistor is on

Note: Valid when the corresponding PADDR bit is cleared to O (designating generic in
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0 | Input pull-up transistor is of

1| Input pull-up transistor is or

Note: Valid when the corresponding P5DDR bit is cleared to 0 (designating generic ir

DADRO—D/A Data Register 0 H'DC
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

D/A conve‘rsion data

DADR1—D/A Data Register 1 H'DD
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

D/A conversion data
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D/A enable

Bit7 | Bit6 | Bit5
DAOEL|DAOEO| DAE | Description

0 0 O D/A conversion is disabled in channels 0 and 1

1 0 D/A conversion is enabled in channel 0
D/A conversion is disabled in channel 1

1 D/A conversion is enabled in channels 0 and 1

1 0 0 D/A conversion is disabled in channel 0
D/A conversion is enabled in channel 1

1 D/A conversion is enabled in channels 0 and 1

1 a D/A conversion is enabled in channels 0 and 1

D/A output enable 0O

0 | DAg analog output is disabled
1 | Channel-0 D/A conversion and DA analog output are enabled
D/A output enable 1

0 | DA; analog output is disabled
1| Channel-1 D/A conversion and DA, analog output are enabled

ADDRA H/L—A/D Data Register A H/L H'EO, H'E1l
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2
‘ADQ‘ADS‘AD7‘AD6‘AD5‘AD4‘AD3‘ADZ‘ADl‘ADO‘ g ‘ O ‘ O ‘ O
Initial value o o 0o o o O O o o o o o o o
Read/Write R R R R R R R R R R R R R R

ADDRAH ADDRAL

A/D conversion data
10-bit data giving an
A/D conversion result

Rev. 3.00 Sep 27, 2006 page 826 of 872
REJ09B0325-0300

RENESAS



\
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
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2
‘ADQ‘ADS‘AD7‘AD6‘AD5‘AD4‘AD3‘AD2‘ADl‘ADO‘ 0 ‘ O ‘ O ‘ ad
Initial value O 0 0O O o o o O O o o o o o
Read/Write R R R R R R R R R R R R R R
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‘ADS‘AD7‘AD6‘AD5‘AD4‘AD3‘AD2‘ADl‘ADO‘ 0 ‘ O ‘ O ‘ ad
Initial value O 0 O O o o o O O o o o o o
Read/Write R R R R R R R R R R R R R R

ADDRDH ADDRDL

A/D conversion data
10-bit data giving an
A/D conversion result
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Clock select

0 | Conversion time = 266 states (maximum)

1 | Conversion time = 134 states (maximum)

Channel select 2to 0

Group Channel

Selection| Selection Description

CH2 CH1 | CHO | Single Mode | Scan

0 0 0 ANg ANg

Scan mode 1 AN, AN,
0 | Single mode 1 o AN ANo
1| Scan mode 1 AN ANg
1 0 0 ANy ANg4

1 AN5 ANy,
1 0 AN6 AN4 '
1 AN7 AN4 '

A/D start

0 | A/D conversion is stopped

conversion ends

1 | Single mode: A/D conversion starts; ADST is automatically cleared to 0 whe

Scan mode: A/D conversion starts and continues, cycling among the selec
channels, until ADST is cleared to O 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

[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.
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U | A/D conversion cannot be externally triggerea
1 | A/D conversion starts at the fall of the external trigger signal (AL

H8/3048F-ONE Not include this register
H8/3048F Include this register
H8/3048B mask ROM version

H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

ADCR—A/D Control Register H'E9
Bit 7 6 5 4 3 2 1
‘ TRGE ‘ | ‘ g g g O g
Initial value 0 1 1 1 1 1 1
Read/Write R/W O O O O O O
N

Trigger enable
0 | A/D conversion cannot be externally triggered
1 | A/D conversion starts at the fall of the external trigger signal (AL

Note: * Bit 0 must not be set to 1; in a write, 0 must always be written in this bit.

H8/3048F-ONE Include this register
H8/3048F Not include this register
H8/3048B mask ROM version

H8/3048ZTAT

H8/3048 mask ROM version
HB8/3047 mask ROM version
H8/3045 mask ROM version
HB8/3044 mask ROM version

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



Area 7 to 0 bus width control

Bits 7to 0
ABW?7 to ABWO | Bus Width of Access Area
0 Areas 7 to 0 are 16-bit access areas
1 Areas 7 to 0 are 8-bit access areas
ASTCR—ACccess State Control Register H'ED Bus
Bit 7 6 5 4 3 2 1
‘ AST7 ‘ AST6 ‘ AST5 ‘ AST4 ‘ AST3 ‘ AST2 ‘ AST1

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

Area 7 to 0 access state control

Bits 7t0 0
AST7 to ASTO Number of States in Access Cycle
0 Areas 7 to 0 are two-state access areas
1 Areas 7 to 0 are three-state access areas
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wall moade seieCt 1L ana v vwalt count L ana v

Bit3 | Bit2 Bit1 | Bit0
WMS1/WMSO0| Wait Mode WC1 | WCO | Number of Wait
0 0 Programmable wait mode 0 0 No wait states in
1 | No wait states inserted by wait-state contro
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
WCER—Wait-State Controller Enable Register H'EF Bu:
Bit 7 6 5 4 3 2 1
‘ WCE7 ‘ WCE6 ‘ WCE5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCEL1
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
0 | Wait-state control is disabled (pin wait mode f
1 | Wait-state control is enabled
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Bit2 | Bitl | Bit0O
MD, | MD; | MDg | Operatin
0 0 0 O
1 Mode 1
1 0 Mode 2
1 Mode 3
1 0 0 Mode 4
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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NMI edge select

RAM enable ——

0 | On-chip RAM

1 | On-chip RAM

0 | An interrupt is requested at the falling ¢

1| Aninterrupt is requested at the rising €

User bit enable

0

CCR bhit 6 (UI) is used as an interrupt mask bit

1

CCR bhit 6 (UI) is used as a user bit

Standby timer select 2to 0

Bit6 | Bit5 | Bit4 Standby Timer
H8/3048F-ONE
STS2 | STS1 | STSO H8/3048B mask ROM version i
0 0 0 Waiting time = 8,192 states Waiting time = 8,1
1 Waiting time = 16,384 states | Waiting time = 16,
1 0 Waiting time = 32,768 states | Waiting time = 32,
1 Waiting time = 65,536 states | Waiting time = 65,
1 0 0 Waiting time = 131,072 states | Waiting time = 13:
1 Waiting time = 262,144 states | Waiting time = 1,0
1 0 Waiting time = 1,024 states lllegal setting
1 lllegal setting llegal setting

Note: * H8/3048F
H8/3048ZTAT

H8/3048 mask ROM version
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version

Software standby

0

SLEEP instruction causes transition to sleep mode

1

SLEEP instruction causes transition to software standby mode
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Bus release enable

0 | The bus cannot be released to an extert
1 | The bus can be released to an external

Address 23 to 21 enable
0 | Address output
1 | Other input/output

I SCR—IRQ Sense Control Register H'F4 Interrupt

Bit 7 6 5 4 3 2 1

‘ a ‘ g ‘ IRQSSC‘ IRQ4SC‘ IRQSSC‘ IRQZSC‘ IRQlSC‘
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

IRQ5 to IRQq sense control

0 | Interrupts are requested when IRQs to IRQg inputs ¢
1| Interrupts are requested by falling-edge input at IRQ
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0 | IRQs to IRQg interrupts are disabled
1| IRQ5 to IRQq interrupts are enabled

|SR—IRQ Status Register

H'F6 Interrupt

Bit 7 6 5 4 3 2 1
O O IRQ5F ‘ IRQ4F ‘ IRQ3F ‘ IRQ2F ‘ IRQ1F ‘

Initial value 0 0 0 0 0 0 0

Read/Write 0 O RIW)  RIWY  RIW)  RIWY  RI(W)

|
IRQs5 to IRQg flags

Bits 5t0 0
IRQ5F to IRQOF | Setting and Clearing Conditions

0 [Clearing conditions]
Read IRQnF when IRQnF = 1, then write 0 in IRQ
IRQNSC = 0, IRQn input is high, and interrupt exc
handling is carried out.
IRQNSC =1 and IRQn interrupt exception handlin
carried out.

1 [Setting conditions]
IRQNSC = 0 and IRQn input is low.
IRQNSC =1 and a falling edge is generated in the

(

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 IPRA5 IPRA4 IPRA3 IPRA2 IPRA1L
Interrupt  IRQ, IRQ, IRQ,, IRQ,, WDT, ITU ITU
source IRQ, IRQ, Refresh ~ channel channel
Controller 0 1
IPRB—Interrupt Priority Register B H'F9 Interrupt
Bit 7 6 5 4 3 2 1
‘ IPRB7 ‘ IPRB6 ‘ IPRB5 ‘ O ‘ 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 to B5,B3to B 1
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 IPRB5 — IPRB3 IPRB2 IPRB1
Interrupt  ITU ITU DMAC — SCI SCI A/ID
source channel channel channel channel converte
3 4 0 1
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Hardware standby
External bus
released

Mode 1 to 4 Reset

Mode 7 |

P1,

Mode
1t06

RP1

4' > L~
Legend:

WP1D: Write to PIDDR
WP1: Write to port 1
RP1: Read port1

Note: n=0to7

FigureC.1 Port 1 Block Diagram (PinsP1,to P1)
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RP2P

standby Mode 7 -1

WP2P

Hardware standby
External bus
released

Mode 1to 4

Reset

a

Mode 7

P2,

Mode
1to6

- LT
Legend:

WP2P: Write to P2PCR

RP2P: Read P2PCR

WP2D: Write to P2DDR

WP2:  Write to port 2

RP2: Read port 2 Note: n=0to7

FigureC.2 Port 2 Block Diagram (Pins P2,to P2)
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w&\—! Q D
Write to external P3,DDR
address
C
WP3D
Reset
\
R
Mode 7
Q |
P3n P3,DR
Mode (‘:
1t06 WP3
RP3
4> Read external
address
Legend: L -

WP3D: Write to P3DDR
WP3: Write to port 3
RP3: Read port 3

Note: n=0to7

Figure C.3 Port 3 Block Diagram (Pins P3,to P3))
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P4,

o

4@87 Write to external
address

Y

Y I P

IS
L

Legend:

WP4P:
RP4P:
WP4D:
WP4:
RP4:

Write to PAPCR
Read P4PCR
Write to PADDR
Write to port 4
Read port 4

Read external
address

Note: n=0to7

FigureC.4 Port 4 Block Diagram (Pins P4, to P4,)
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P5n

Legend:
WP5P:
RP5P:
WP5D:
WP5:
RP5:

Hardware standby LI)—'>
External bus
released Mode 1to 4 Reset
|
R
Dl
QP5nDDR
C
T
WP5D
Reset
Mode 7 !
R
Q ps,0r P
C
T
Mode WP5
1to6
’J—@ RP5
™S
L L

Write to PSPCR
Read P5PCR
Write to PSDDR
Write to port 5
Read port 5

Note: n=0to3

FigureC.5 Port 5Block Diagram (Pins P5,to P5,)
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L WiV § S -_—
Reset
) |
R
P6g . Q Dl
N P6,DR
C
T
WP6
*—— RP6
™~ Bus
L~ L~
Legend: (,I> e
WP6ED: Write to P6DDR !

WP6: Write to port 6
RP6: Read port 6

FigureC.6 (a) Port 6 Block Diagram (Pin P6))
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/N

P61 D |
P6,DR !

C |

T |

WP6 |

,\l—@ RP6 |

™S ;

L~ L~ |

Legend: :

WP6D: Write to P6DDR
WP6: Write to port 6
RP6: Read port 6

Figure C.6 (b) Port 6 Block Diagram (Pin P6))
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P6,DR BUS

/—ICH Mode 7 WP6 | Bu

S H/—CE RPG

Legend:

WP6D: Write to P6DDR
WP6: Write to port 6
RP6: Read port 6

FigureC.6 (c) Port 6 Block Diagram (Pin P6,)
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)
\_Cﬁl £
WP6D
Reset
\
R
Mode 7
P, Mode Q P6,DR
1to6
C
\
WP6 <ICH
’J—(:L RP6

Legend:

WP6D: Write to P6DDR
WP6: Write to port 6
RP6: Read port 6

Note: n=61t03

Figure C.6 (d) Port 6 Block Diagram (Pins P6, to P6,)
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I — Input €

3 = Analo
| 1

Legend:
RP7: Read port 7

Note: n=0to5

FigureC.7 (a) Port 7 Block Diagram (Pins P7,to P7,)

1)
>
Ke)
RP7 g
~ NS =
©
P7
n L L~ S
c A/D co
fo<} . Input ¢
— —» Analo
) !
D/A co
JL °<} Outpui
—3 : Analog
Legend:

RP7: Read port 7

Note: n=6and 7

FigureC.7 (b) Port 7 Block Diagram (Pins P7,and P7.)
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P8¢

4>

Legend:

WP8D: Write to PSDDR
WP8:  Write to port 8
RP8: Read port 8

Reset e
|
R
D
R
P8,DR o
c -
‘ |
/—|CF Mode 7 WP8 ! (
L
Ints

H/—CL RPS
>

FigureC.8 (a) Port 8 Block Diagram (Pin P8)
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— Moae 7 o
P8, Q
—— Mode 1t0 6 P8, DR

]
FCL RP

I
L~

Legend:

WP8D Write to PBDDR
WP8: Write to port 8
RP8: Read port 8

Note: n=1to3

L
>

FigureC.8 (b) Port 8 Block Diagram (Pins P8, to P8,)
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— Mode 7
—— Mode 1to 6

P8,4DDR
C

WP8D

Internal

Reset

P8,DR

WP8

S —
rCL

RP8

IS
L

Legend:

WP8D: Write to PBDDR
WP8: Write to port 8
RP8: Read port 8

L

FigureC.8 (c) Port 8 Block Diagram (Pin P8))
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Reset =
|
R
D |
P9o ~ P9, DR
C -
T |
WP9 !
FCL RPO
™S
L L
Legend:

WP9D: Write to PODDR
WP9:  Write to port 9
RP9: Read port 9

FigureC.9 (a) Port 9 Block Diagram (Pin P9,)
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P9,

Legend:

/N

D

P9, DR

WP9

5]

’\l—@ RP9

L

WP9D: Write to P9DDR

WP9:
RP9:

Write to port 9
Read port 9

FigureC.9 (b) Port 9 Block Diagram (Pin P9,)

Rev. 3.00 Sep 27, 2006 pac

RENESAS

REJO!



/N

P9n

4>

Legend:

WP9D: Write to PODDR
WP9:  Write to port 9
RP9: Read port9

Note: n=2and3

Figure C.9 (c)

Port 9 Block Diagram (Pins P9, and P9,)
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P9, |
G
e

’\l—@ RP9 ‘

- L |
= C
. I
Legend: c
WP9ID: Write to PODDR -
WP9:  Write to port 9 °|> e
RP9: Read port 9 Lo

Note: n=4and5

FigureC.9(d) Port 9 Block Diagram (Pins P9, and P9,)

Rev. 3.00 Sep 27, 2006 pac
REJO!

RENESAS



Re§et

Q D |
PAn PA,DR

WPA

b= :
. g

\

Legend:

WPAD: Write to PADDR
WPA: Write to port A
RPA: Read port A

Note: n=0and 1

FigureC.10 (a) Port A Block Diagram (Pins PA and PA))
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PAn {I—@

PA,DR

WPA

b=
LT e

>

\

Legend:

WPAD: Write to PADDR
WPA: Write to port A
RPA: Read port A

Note: n=2and 3

Figure C.10 (b)

Port A Block Diagram (PinsPA, and PA))
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PA, [

d

R S8
S o
o k=]
D S| |8
PADDR 3| | =
c £ 5
‘ 2
| WPAD =
P Reset
T :
Bt 4 R
3;
Q D ]
PALDR L |

WPA

— Next da

'\@, oA

e

Legend:

WPAD: Write to PADDR
WPA:  Write to port A
RPA: Read port A

Note: n=41t06

Input ca

FigureC.10 (c) Port A Block Diagram (PinsPA,to PA,)
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L Q - , Cl
R sl |a
@ [ !
s -
PA7DDR gl |=
g8
C = 5
‘ g .-
WPAD -
PA; |1 o—1 Re‘set T
b R Y
Q D ] !
PA7DR - N
d 1
< :
e |
% :
0
O
- C
4£CF ©

Legend:

WPAD: Write to PADDR
WPA: Write to port A
RPA: Read port A

Figure C.10 (d) Port A Block Diagram (Pin PA.)
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en:

Q D |
PBn PB,DR

WPB

Ne

%> ,\i&— RPB

. Inp

Legend:

WPBD: Write to PBDDR
WPB: Write to port B
RPB: Read port B

Note: n=0to3

L cay

FigureC.11 (a) Port B Block Diagram (Pins PB,to PB,)
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PB Q D
" PB,DR

WPB

$<:IZ

T
L

L

Legend:

WPBD: Write to PBDDR
WPB: Write to port B
RPB: Read port B

Note: n=4and5

FigureC.11 (b) Port B Block Diagram (Pins PB, and PB,)
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< :
PBg d Q D ; Loer
PBgDR N

C |

WPB

o)
ot
Bus
- C
ﬁgCF ; ©
((1 o

™S ~— RPB |

L~ L 3
Legend: 4> —
WPBD: Write to PBDDR ''D
WPB: Write to port B "in

RPB: Read port B

FigureC.11 (c) Port B Block Diagram (Pin PB,)
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PB7 %  pg,DR
c
wPs]|
N Rags
L L
4>
4>
Legend:

WPBD: Write to PBDDR
WPB: Write to port B
RPB: Read port B

FigureC.11 (d) Port B Block Diagram (Pin PB.)
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Pin Name Mode Reset Mode Mode Mode S
[0} — Clock output T H Clock output C
RESO** — ™ T T T R
Pl,toPl, 1to4 L T T T A
56 T T keep T Ir
(C
T T A
(C
7 T T keep — I/
P2,toP2, 1lto4 L T T T A
5,6 T T keep T Ir
(C
T T A
(C
7 T T keep — I/
P3,toP3, 1to6 T T T T D
7 T T keep — I/
P4,toP4, 1to6 8-bit T T keep keep I/
bus
16-bit T T T T D
bus
7 T T keep — I/
P5,toP5, 1to4 L T T T A
5,6 T keep T Ir
(C
T T A
(C
7 T T keep — I/
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1
(BRLE = 1)

7 T T keep — |
P6, 1t06 T T keep L |
(BRLE = 0) |
H [
(BRLE = 1) |
7 T T keep — |
P6,toP6, 1t06 H* T T T }
'|
7 T T keep — |
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(CS output) (CS output) ((
keep keep I/
(otherwise) (otherwise) (c
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Legend:
H: High
L: Low
T: High-impedance state

keep: Input pins are in the high-impedance state; output pins maintain their previous s
DDR: Data direction register bit

Notes: 1. The bus cannot be released in mode 7.
2. Output is low only for reset by WDT overflow.
This RESO output function is only for the mask ROM, ZTAT, and flash mem«
power supply).
3. During direct power supply, oscillation damping time is “H” or “T".
4. During direct power supply, oscillation damping time differs between “H”, “L”
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Access to external address

N -
T1 T2 T3
¢ 1
RES
Internal
reset signal
Address bus >< >< H'000000
CS,
. \ High-impe
CS7 to CS]_ /
AS
High
RD (read access)
High
HWR, LWR -
(write access) High
High-impe
Data bus
(write access)
\ High-impe
I/O port h 9 P

FigureD.1 Reset during Memory Access (Reset during T1 State)
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AcCcess to external adaress
) -]

T1 T2 T3
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RES

Internal
reset signal

Address bus >< >< H'000000

CSp

High-impec
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AS
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(write access)
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Data bus
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High-impec

U e

I/0 port

FigureD.2 Reset during Memory Access (Reset during T2 State)
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Access to external address
) -]

T1 T2 T3
[0} A

RES

Internal
reset signal

Address bus >< >< H'0000C

High-impe

g

¢
5]
%
@

~

RD (read access)

HWR, LWR
(write access)

High-impe

Data bus { h

(write access)

High-impe

—~_—

I/0 port

FigureD.3 Reset during Memory Access (Reset during T3 State)
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STBY
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(2) Toretain RAM contents with the RAME hit cleared to 0 in SY SCR, or when RAN
do not need to be retained, RES does not have to be 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 e

ny)
m
w
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RUNM

. HD6433048BF 100-pin QFF

version
3V version HD6433048BVTE 100-pin TQF
HD6433048BVF 100-pin QFF

H8/3048 |Flash 5V version HD64F3048BTE |64F3048TE 100-pin TQF

F-ONE  /memory HD64F3048BF | 64F3048F 100-pin QFF
version
(single 3V version HD64F3048BVTE |64F3048VTE 100-pin TQF
power HDG64F3048BVF  |64F3048VF 100-pin QFF
supply)

H8/3048F |Flash 5V version HD64F3048TF  |HD64F3048TF 100-pin TQF
memory HD64F3048F HDB4F3048F 100-pin QFF
version
(dual 3V version HD64F3048VTF |HD64F3048VTF 100-pin TQF
power HD64F3048VF  |HD64F3048VF 100-pin QFF
supply)

H8/3048 |PROM |5V version HD6473048TF  |HD6473048TF 100-pin TQF

ZTAT version HD6473048F HD6473048F 100-pin QFF

3V version HD6473048VTF  |HD6473048VTF 100-pin TQF
HD6473048VF  |HD6473048VF 100-pin QFF

H8/3048 |Mask 5V version HD6433048TF  |HD6433048(***)TF | 100-pin TQF
ROM HD6433048F HD6433048(***)F | 100-pin QFF
version

3V version HD6433048VTF  |HD6433048(***)VTF |100-pin TQF
HD6433048VF  |HD6433048(***)VF | 100-pin QFF

H8/3047 |Mask 5V version HD6433047TF  |HD6433047(***)TF | 100-pin TQF
ROM HD6433047F HD6433047(***)F | 100-pin QFF
version

3V version HD6433047VTF  |HD6433047(***)VTF |100-pin TQF
HD6433047VF  |HD6433047(***)VF | 100-pin QFF
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|ROM

version

HD6433044(*)F

100-pin QFP

HD6433044F
3V version HD6433044VTF HD6433044(**)VTF |100-pin TQFF
HD6433044VF HD6433044(**)VF 100-pin QFP

Note: (***) in mask ROM versions is the ROM code.
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FigureG.1 Package Dimensions (FP-100B)
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