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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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The revision list can be viewed directly by
clicking the title page.

The revision list summarizes the locations of

revisions and additions. Details should always
be checked by referring to the relevant text.

H8/3048 Group,
H8/3048 F-ZTAT™

Hardware Manual

Renesas 16-Bit Single-Chip
Microcomputer
H8 Family/H8/300H Series

H8/3048 HD6473048,

HD6433048
H8/3047 HD6433047
H8/3045 HD6433045
H8/3044 HD6433044
H8/3048F HD64F3048

Renesas Electronics Rev.7.00 2005.09


Unknown
The revision list can be viewed directly by clicking the title page.

The revision list summarizes the locations of revisions and additions.  Details should always be checked by referring to the relevant text.


Keep safety first in your circuit designs!

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

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

Notes regarding these materials

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

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

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

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

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

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

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

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

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

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

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

The H8/3048 Group is a series of high-performance microcontrollers that integrate system
supporting functions together with an H8/300H CPU core.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space.

The on-chip supporting functions include ROM, RAM, a 16-bit integrated timer unit (ITU), a
programmable timing pattern controller (TPC), a watchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, a D/A converter, I/O ports, a direct memory access controller
(DMAC), a refresh controller, and other facilities. Of the two SCI channels, one has been
expanded to support the ISO/IEC7816-3 smart card interface. Functions have also been added to
reduce power consumption in battery-powered applications: individual modules can be placed in
standby, and the frequency of the system clock supplied to the chip can be divided down under
software control.

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

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

In addition to its mask ROM versions, the H8/3048 Group has a ZTAT™™' version with user-
programmable on-chip PROM and an F-ZTAT™*? version with on-chip flash memory that can be
programmed on-board. These versions enable users to respond quickly and flexibly to changing
application specifications.

The on-chip emulator (E10T) is installed on the H8/3048F-ONE in the H8/3048 Group
microcomputer. Refer to the H8/3048F-ONE Hardware Manual for details.

This manual describes the H8/3048 Group hardware. For details of the instruction set, refer to the
H8/300H Series Programming Manual.

Notes: 1. ZTAT™ (Zero Turn-Around-Time) is a trademark of Renesas Technology, Corp.
2. F-ZTAT™ (Flexible ZTAT) is a trademark of Renesas Technology, Corp.
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Comparison of H8/3048 Group Product Specifications

There are seven members of the H8/3048 Group; the H8/3048F-ZTAT (H8/3048F*1, HS8/3048F-
ONE*2), H8/3048ZTAT, H8/3048 mask ROM version, H8/3047 mask ROM version, H8/3045
mask ROM version, and H8/3044 mask ROM version.

The specifications of each model is compared below.

Notes: 1. H8/3048F has dual power supply with flash memory installed.

2. H8/3048F-ONE has single power supply with flash memory and E10T installed.
Refer to the H8/3048F-ONE Hardware Manual (revision 1) for details.

Hardware
Manual H8/3048 Group H8/3048F-ONE
ROM Type ZTAT Mask ROM F-ZTAT
Model Type H8/3048 H8/3048 mask ROM version |H8/3048F H8/3048F-ONE
H8/3047 mask ROM version
H8/3045 mask ROM version
H8/3044 mask ROM version
Model Spec PROM model |Mask ROM model Dual power supply, |Single power supply,
flash memory is flash memory installed,
installed internal step-down,
high-speed operation
model
Refer to 1.4, Refer to 1.4.3,
Differences between |Differences between
H8/3048F and H8/3048F and
H8/3048F-ONE. H8/3048F-ONE.
Model Type No. |HD6473048 HD6433048 HD64F3048 HD64F3048B
HD6433047
HD6433045
HD6433044

Pin Assignment

Refer to figure 1.2, Pin Arrangement of H8/3048ZTAT, H8/3048
Mask ROM Version, H8/3047 Mask ROM Version, H8/3045 Mask
ROM Version, H8/3044 Mask ROM Version, and H8/3048F
(FP-100B or TFP-100B, Top View), in section 1.

5-V operation models

have a V¢ _pin and an

external capacitor must

be connected.

Refer to figure 1.3,
H8/3048F-ONE Pin
Arrangement (FP-100B
or TFP-100B, Top
View), in section 1.

RAM Capacity

4 kbytes H8/3048: 4 kbytes
H8/3047: 4 kbytes
H8/3045: 2 kbytes

H8/3044: 2 kbytes

4 kbytes

4 kbytes
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Hardware

Manual H8/3048 Group H8/3048F-ONE
ROM Type ZTAT Mask ROM F-ZTAT
ROM Capacity 128 kbytes H8/3048: 128 kbytes 128 kbytes 128 kbytes

H8/3047: 96 kbytes
H8/3045: 64 kbytes
H8/3044: 32 kbytes

Flash Memory

Refer to section 19,

Refer to section 18,

ROM (H8/3048F). Flash Memory
(H8/3048F-ONE Single
Power Supply).
Clock Pulse Refer to section 20, Clock Pulse Generator. Refer to section 19,
Generator Clock Pulse Generator.
Power-Down Refer to section 21, Power-Down State. Refer to section 20,
State Power-Down State.
Clock oscillator settling time: Waiting time of up to 131072 states Clock oscillator settling
time: Waiting time of up
to 262144 states
Electrical Refer to table 22.1, Electrical Characteristics of H8/3048 Group Refer to table 21.1,

Characteristics
(Clock Rate)

Products, in section 22.

Electrical
Characteristics of
H8/3048 Group
Products, in section 21.

1to 18 MHz

1to 16 MHz

5V operation models:
2 to 25 MHz,
3 V operation models:
2 to 25 MHz.

List of Registers

Refer to table B.1, Comparison of H8/3048 Group Internal I/O Register Specifications, in

appendix B.

Refer to appendix B.1, Addresses.

Notes on Usage

Refer to section 1.4,
Notes on H8/3048F-
ONE (Single Power
Supply).

On-chip
Emulator (E10T)

On-chip emulator
(E10T)
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Main Revisions for this Edition

Item Page Revision (See Manual for Details)

All ad All references to Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and
other Hitachi brand names changed to Renesas Technology Corp.

Designation for categories changed from “series” to “group”

13.2.6 Serial Control 461 Table amended

Register (SCR)

Bit 6-Receive Bit 6: RIE Description

Interrupt Enable 0 Receive-data-full (RXI) and receive-error (ERI) interrupt requests

(RIE) are disabled* (Initial value)
1 Receive-data-full (RXI) and receive-error (ERI) interrupt requests

are enabled
19.5.3 Programming 606 Figure amended

Flowchart and
Sample Program

Enable watchdog timer*2
[

Select program mode
(P bit =1 in FLMCR)

[

Wait (x) ps

Notes: 1. Write the data to be programmed using a
byte transfer instruction.
2. Set the watchdog timer overflow interval
by setting CKS2 and CKS1 to 0 and
CKSOto 1.

Flowchart for
Programming One

Byte 3. Read to verify data from the memory
. Programming ends 4. tysy: 4us
F|gure 199 [ z: 5t010pus
Prog ramm i ng Disable watchdog timer N: 6 (set N so that total programming
[ time does not exceed 1 ms)
FlOWChart Select program-verify mode 5. Programming time x, which is determined

(PV bit = 1 in FLMCR)
I

Wait (tysz) ps*™

by the initial time x 2n-1 (n = 1 to 6),
increases in proportion to n. Thus, set the
initial time to 15.8 ps or less to make total
programming time 1 ms or less.

\ \

\ \

‘ 5 \P " ‘ using a byte transfer instruction.
ear I

\ \

\ \

Clear PV bit Verify ends

‘ Clear PV bit ‘ No
[
Clear erase block register
Yes

‘ (clear bit of programmed block to 0) n+1l-n

Double the programming
time (x x 2 - x)'5

[ - Clear erase block register
‘ Clear VppE bit ‘ (clear bit of block to be
‘ programmed to 0)

End (1-byte data programmed)
Clear VppE bit
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Item Page Revision (See Manual for Details)

19.5.6 Erasing 610 Figure amended
Flowchart and
Sample Program

‘ Set top address in block ‘ 5. tysi: 4 us

as verify address z: 5t0 10 us
— - tvsz 2 us
Flowchart for ‘ Wait initial value setting x = 6.25 ms ‘ N: 602
I

Erasing One Block

Figure 19.10
Erasing Flowchart

6. The erase time x is successively
incremented by the initial set
value x 2n-1 (n=1, 2, 3, 4). An
initial value of 6.25 ms or less
should be set, and the time for
one erasure should be 50 ms or
less.

[
Enable watchdog timer*2

Select erase mode
(E bit = 1 in FLMCR)
[

Wait (x) ms

Disable watchdog timer

Select erase-verify mode
(EV bit=1)
[

\ \
\ |
‘ Clear E bit ‘ Erasing ends
\ |
\ |

Wait (tys1) Bs™S
|
I

Dummy write to verify address*3
(flash memory latches address)

\ Walit (tys,) is*5 |

OK
Yes

No good

Clear EV bit

Erase-verify ends

Address + 1 - address

[ Clear EV bit |

Clear erase block register
(clear bit of block to be
erased to 0)

| No
‘ Clear VppE bit ‘ ‘ Clear VppE bit ‘ Double the erase time*6
[ [ (xx2 - x)
( End of block erase ) ( Erase error )

Clear erase block register
(clear bit of erased block to 0)
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Item Page Revision (See Manual for Details)

19.5.6 Erasing 611 Figure amended
Flowchartand ... e
Sample Prog ram Write H'00 to flash memory Notes: 1. Use a byte 1ransfer. instruction.
(flash memory latches 2. Set the watchdog timer overflow
. write address and write data)’* interval by setting CKS2 =0,
Prewrite Flowchart I CKSL= 0 and CKSO= L.
. l Enable watchdog timer*2 ] 3. In prewrite-verify mode P, E, PV,
Flgure 19.11 T and EV are all cleared to 0 and
. Select program mode ‘ 12 Vis applied to Vpp. Use a
Prewrite Flowchart ’ (set P bitto 1 in FLMCR) byte transfer instruction.
4. tysi 4ps
l Wait (x) ps l z. 5t010ps
I N: 6 (set N so that total
l Clear P bit ] Programming ends programming time does not

exceed 1 ms)

l Disable watchdog timer ]

l Wait (tysy) ps™ ]

No good

Prewrite verify*3
(read data = H'00?)

Clear erase block register Double
(clear bit of block to be erased to 0) the programming

‘ time (X x 2 - X)

l Clear VppE bit ]

Programming error

No
Last address?

Clear erase block register
(clear bit of block to be erased to 0)

l Clear VppE bit ]

End of prewrite
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Item Page

Revision (See Manual for

Details)

19.5.6 Erasing 616
Flowchart and
Sample Program

Flowchart for
Erasing Multiple
Blocks

Figure 19.12
Multiple-Block Erase
Flowchart

Figure amended

I
[ wait initial value setting x=6.25ms |
I

5. tysii 4us
z. 5tol0ps

I
[ Enable watchdog timer2
T

Select erase mode (E bit = 1 in FLMCR) ‘

I
[ Wait (x) ms
I

| Erasing ends

[ Clear E bit
T

tysz: 2 ps
N: 602

6. The erase time x is successively
incremented by the initial set value
x2n-1(n=1,2, 3, 4). An initial
value of 10 ms or less should be
set, and the time for one erasure

[ Disable watchdog timer
T should be 50 ms or less.

Select erase-verify mode
(EV bit =1 in FLMCR)
T

[ Walt (tysy) ps*5
;

verify address

E iy

Dummy write to verify address'2

next block
‘ (flash memory latches address)

|
|
‘ Settop address of block a5 ‘
|

[ Wait (tysp) HS*5

Erase-verify next block

No good

Verify
(read memory)

All blocks erased?’ No

EBR1 = EBR2 = 07)

[ Clear VppE bit ] [ Double the erase time (xx2 - xj6 |

ez T]
e

Yes

Clear erase block registers n+l-n
(clear bits of blocks to be erased to 0)

Clear VppE bit

Erase error

Rev. 7.00 Sep 21, 2005 page x of xxiv

RENESAS



Contents

SECHION 1 OVEIVIEW....ooioiiiiii st 1
| B O 1<) o 4 (<) OSSPSR 1
1.2 BlOCK DIAGIAM ..cuiiiiiiieitieie ettt ettt et ettt ettt st e b e be e be e eae 7
1.3 Pin DESCIIPHION. .ecutieiieiiieiiieieeit ettt et ettt etestaesta e seesessaesaeesseenseenseassensaesseensennsesssessnesnns 8
1.3.1  Pin AITANZEMENL ..ecuviiieiiieiiieriieieeie et eeeeeetesteesteeseeseesessaesseesseenseensesssenssesssenses 8
1.3.2  Pin Assignments in Each Mode .........c.cccoviiviiniienieieciececeeeee e 10
1.3.3 Pin FUNCHONS ....eeiiiiieiie e 15
1.4  Differences between H8/3048F and H8/3048F-ONE ........ccccoiiiiiiiiniinienieeeeeeee 20
SECION 2 CPU ..o 25
2.1 OVETVIBW .eutiiiiiieeiietet ettt ettt ettt ettt b e st h et ettt b e bt e b e s bt e bt e st et et e st e e b sbeebeeaeennetens 25
211 FRALUIES c.eeneiiiiie ettt et s 25
2.1.2  Differences from H8/300 CPU .......cccciiiiiiiiiiiiieeee e e 26
2.2 CPU Operating MOGES ......cc.eeiuieiuiiiiiieeie ittt ettt sttt ettt seeeseeeseeesaeenteeneeens 27
2.3 AdAIESS SPACE ... neiiiieiiietiet ettt et ettt b e et ete e ens 28
2.4 Register CONTIGUIATION ......ecviiieiieriieieeie ettt ebeeaestaestae e ebeesseseaessnesseenseenseassenns 29
241 OVEIVIEW ..ottt ettt ettt ettt sttt et ettt sae st be et e e e b e 29
2,42 General REZISIEIS ....ccvevuieiieiieieeiesieieeteeie et e st e et esteenteeaaessaessaenseeseensesneenes 30
B T O70) 113 (o) B AT o4 1] 1<) ¢SSP PRUPRRR 31
2.4.4 Initial CPU RegiSter ValUes ..........cooiriiiiiiieiieie et 32
2.5 Data FOIMALS ...c...ooiiiiiiiiiiiieeeee ettt ettt bbb e e e 33
2.5.1 General Register Data FOrmats ...........cccooeverieriieriieiieieceeeeeeie e 33
2.5.2  Memory Data FOTMALS .....cccceeriiiiiiiiiieiiieeiece ettt 35
2.6 INSHIUCTION SO ...cuiiiiriiitiitiitieiteteet ettt ettt st b ettt et st s sbe et eaeeanenaens 36
2.6.1  InStruction Set OVETIVIEW. ......cecuiriiiuiertieitieieete ettt ettt sb et eeesaeeeaeas 36
2.6.2 Instructions and Addressing Modes ..........ccoeiierieiiiiiiiiiii e 37
2.6.3 Tables of Instructions Classified by Function...........ccccccooiiiiiiiinnnicee, 38
2.6.4  Basic Instruction FOmMAatS ........ccccoceriririeieiiniiicneneeteeese et 47
2.6.5 Notes on Use of Bit Manipulation Instructions.............ccceecveeeveecienieneeneeneenenn 48
2.7 Addressing Modes and Effective Address Calculation............ccceeevevierieniienieecireieeienenens 50
2.7.1  Addressing MOAES .......cooueeiuieriieiieie ettt et 50
2.7.2  Effective Address Calculation............cccecueeiiiiieiienieniee e 52
2.8 PrOCESSING StAES....cuieiieiiiiieitie ittt ettt ettt et e e eitesbee bt e bt e be e et eneeeaeesaeenteeeeens 56
2.8.1  OVEIVIEW ..ottt ettt ettt sttt sttt bbbt et et ne e 56
2.8.2  Program EXECUtion State.........ccceevieviiiiierieriieii e eieeeesteeieeveetesene e sseesaeenee e 57
2.8.3  Exception-Handling State ...........cccevieeiirierieniieieeieeieeeeie et 57
2.8.4 Exception-Handling SEqUENCES .........c.cereeiiriiirieiienieniee e 59

Rev. 7.00 Sep 21, 2005 page xi of xxiv

RENESAS



2.8.5  BUS-REIEASEA STAL....coiiiiiiiiiiiiiiiiieeeeeeeee et 60

2.8.0  RESCE STALC... i iuiiiiiitietiee ettt st ettt et ea e en 60
2.8.7  POWEr-DOWN State .....c..cooiiviiiiiiiiniiiiieieeieecsereere ettt 60
2.9  Basic Operational TimiNg ..........cceccveriierieeiierieiieneerie e e ereeseeseeesseeseesessaesseesseesseenseenns 61
2.9.1  OVEIVIEW ..ttt ettt ettt ettt st st b ettt b e bbbt estennenaenes 61
2.9.2  On-Chip Memory Access TIMING.......ccoeeuirieriieniieniieieeie et 61
2.9.3  On-Chip Supporting Module Access Timing..........ccceeeueeeereerienienieeneeneeeennens 62
2.9.4  Access to External Address SPace ........c.cecuerieriieniieiiieieiie et 63
Section 3 MCU Operating MOdES ...........cccouieiriieieieieicee s 65
31 OVEIVIEW .ottt ettt b et eh et ettt b e s bt bt et et e b et besbe bt e st e 65
3.1.1  Operating Mode SeleCtiON .........ceiiiriieriieiieieeiieet ettt 65
3.1.2  Register Configuration...........ccoieerierieiiiiie et 66
3.2 Mode Control Register (IMDCR) ......cociiiiiiiiiiiiieieeeee et 66
3.3 System Control Register (SYSCR) ....occuiiiiiieiieiieiecie ettt 67
3.4  Operating Mode DeSCIIPtiONS .........ccuieiireerieniieiieieete e sresseesseeteenseessesssesseesseesseesesnnes 69
341 MOAE L 69
342 MO 2 .ttt et saeesae et et ens 69
343 MO 3 ettt et st saeesae e et ens 69
3414 MOAE 4 ...t ettt sae et et en 69
345 MO 5ttt ettt 69
3416 IMOGE 6.ttt ettt 70
34T IMOGE Tttt bt eb et 70
3.5 Pin Functions in Each Operating Mode ...........ccooiiiiiiiiiiienieeee e 70
3.6  Memory Map in Each Operating Mode ..........c.coouieiiiiiiiiniiiee e 71
Section4  Exception Handling............ccccocovevioiiiiiciiieicccee e 81
A1 OVEIVIEW ...ttt ettt ettt h ettt e a e bbbt e s et et e bt sh e bt e bt e st est et et e saeebesbeensentens 81
4.1.1 Exception Handling Types and Priority........cccoccereierienieniieienienienieeeee e 81
4.1.2  Exception Handling Operation............cceceereeierienienienieeet e 81
4.1.3  Exception Vector Table ..........ccooiiiiiiiiiiiiieeeeeee et 82
A2 RESEE ittt ettt h e a e h et e n et e st ea e e bt e bt e bt e bt et e eaeeenes 84
4.2.1 OVEIVIEW ..ttt sttt ettt ettt eb et ettt s h ettt et et bt bt bt st enaenaetes 84
422 RESEE SEQUETICE ....eeeuvieeuiiieriieeiiteniteeriteesite ettt esiteesateesibeessteessseesaseesaseesaseesaseesnseeses 84
4.2.3  Interrupts after RESEt......coiiiiiiierieiieii ettt 87
L U113 0 1 10 1RO 88
4.4 Trap INSEUCHION . ...eoeiiie ettt sttt ettt e s e b e sbeenee e ees 89
4.5  Stack Status after Exception Handling...........cooooiiiiiiiiiiiiiieeeeee e 89
4.6 NOtes 0N StACK USAZE ...cuvievvieiieiieiieiieie ettt ettt et et e esseesaessaesseesesnsesanesseenes 90

Rev. 7.00 Sep 21, 2005 page xii of xxiv

RENESAS



Section 5 Interrupt CONtrOllEr ..........oooiviviiiiiiee e 91

T B € )< o 4 1< OSSO 91
5101 FEAUIES ..ottt ettt sttt et et st s sae et e ea 91
5.1.2  BlOCK DIQ@IAM .....cccuiiiieiiieieciiesiieieeieeee sttt et ensesaessaesbaesseesesnaessnessnenseensenns 92
5.1.3  Pin ConfigUuration..........cceecueeiesieniiesieiiesiesiesieeseeseeaesseesseesseessesssessnesssessesnsenns 93
5.1.4  Register Configuration ............ccoeeerierieieeieeieeie ettt 93
5.2 RegISter DESCIIPLIONS ...c..eeiuiiieiiiietieteete ettt ettt ettt et seee s bt e sbeeee e e ens 94
5.2.1  System Control Register (SYSCR) ...ccueeiuiiiiiiiiieieeec e 94
5.2.2  Interrupt Priority Registers A and B (IPRA, IPRB).......ccceceiienininininiciciene 95
5.2.3  IRQ Status Register (ISR)......ccccceiieriieiieiieieeieeeeee et 102
524 IRQ Enable Register (IER) ......ccceeviieiiiiiiiiiciecieeeeee ettt 103
5.2.5 IRQ Sense Control Register (ISCR) ......c.ccceriirieriiniiiet e 104
5.3 INEEITUPE SOUICES -.eneinieiiieitieittett ettt ettt et ettt ettt e s e s bt e bt et ea e ee e ebeenbeebeenteeneesaeesaes 105
5.3.1  EXternal INterrupts. ...oeiueeueie ettt 105
5.3.2  Internal INtEITUPLS. .....ccueeiieiieiiesiieie ettt ettt ae e steesbeesseenseesnesseensneseens 106
5.3.3  Interrupt Vector Table.......ccoiiiiieriieiieieeiecieeeeeee et neaens 106
5.4 INterrupt OPEIAtiON.......cccveeuieriiesiieiieieeeieeteseesteeseeeeseteseeesseesseesseesseassessaessaenseessennsesssennes 110
5.4.1 Interrupt Handling ProCess.......ccooierieiiiiiiiiiiiieiecee e 110
5.4.2  INtEITUPE SEQUEIICE ...eouvieniiiiieiiieetiettete ettt ettt ettt ettt sae e b et et e enteeeaeeneas 115
5.4.3 Interrupt Response Time .......cccoerieiiiiiiiiiinieieieeee e e 116
5.5 USAZE NNOLES .eeuteeiutieeiiie it eiee st et te st e sttt e st e sttt e st e e sateesabeesabeesabeesateesabeensteesabeenaseesaseennnes 117
5.5.1 Contention between Interrupt and Interrupt-Disabling Instruction...................... 117
5.5.2  Instructions that Inhibit INterrupts.........cceevieviiriiirierieieee et 118
5.5.3 Interrupts during EEPMOV Instruction EXecution...........ccceceeiinienienennenennen. 118
5.5.4 Usage Notes on External INterrupts ..........cccoeouerierienienieiieiieeseceeee e 118
5.5.5 Notes on Non-Maskable Interrupts (NMI).......cccovieiiiiiiniiniiieeeeeeeeeee 120
Section 6 Bus CONIOLIET ..........ooovvivieiiieiece s 123
0.1 OVETVIEW ..ottt ettt ettt bbbt s et e b bt sb e bt e bt e st et et e b e saeebesbeensentens 123
6.1.1  FATUIES ..ttt ettt et ettt e e ettt eneeeaeenaeenean 123
6.1.2  BlOCK DIagram .......ccooiiiiiiiiiiii et 124
6.1.3  Input/OUtPUL PinS ...coueeieiiiiiii et 125
6.1.4  Register Configuration............cceevverieriierieesieeieeieseeseesie e eeeseeesseeseessessessneseeas 126
6.2 ReEgIStEr DESCIIPLIONS ...eovvieeiieeietieiieiieieeteste st et eteesseeseeseaesseesseesseensesssessnesseesseenseensennns 126
6.2.1 Bus Width Control Register (ABWCR).......cccevierieiiiiieieeieeieeeeee e 126
6.2.2  Access State Control Register (ASTCR) ..ccueeoiiiiiiiinieieteeeeeeeeee e 127
6.2.3  Wait Control Register (WCR)......coiuiiiiiiieieeieeee e 128
6.2.4  Wait State Controller Enable Register (WCER) ......ccccooiiiiiiiiiiiiineeeeeeee, 129
6.2.5 Bus Release Control Register (BRCR) ......ccocveviieiiieniiiiiciceeeeeeeee e 130
6.2.6  Chip Select Control Register (CSCR).......ccveriiecierieiierierieieee e 131

Rev. 7.00 Sep 21, 2005 page xiii of xxiv

RENESAS



(TR T @315 ¢ 14 (o NSO PRSI 133
6.3.1  ATCA DAVISION ...eoutiiiiiiiiieiieet ettt ettt b ettt s na et ens 133
6.3.2  Chip Select SigNals .......ccceecieeieiieiieriieit et nreens 134
6.3.3  Datd BUS....coeiiiiiiiiiiiieeeee ettt st s 136
6.3.4  Bus Control Signal TimMing ........cccccverieriieriieienienieseesie e see e seeesae e eaessnessaens 137
6.3.5 WAt MOAES ...ttt ettt sttt ettt e eaeenaeens 145
6.3.6 Interconnections with Memory (EXample) ........ccceoieiiniiiiiniiniiceeeceeees 151
6.3.7  BUS Arbiter OPeration........cueeeiiuieriieiieiieiteieetie st iesie ettt see st see et eeeeeeeneeseeens 153
0.4 USAZE INNOLES 1.ueeeeuiiieiieeiie ettt ettt ettt et e ettt et e e bt e ebtesabeeesbeesabaeenseesabeeenbeesabeesnseesabeennneeen 156
6.4.1 Connection to Dynamic RAM and Pseudo-Static RAM..........ccocevvvenvenvenrennen. 156
6.4.2  Re@ister WIite TIMING .....cccvevierieiieieeie e eeesieeieeieeveseesaesaeesseenseesnessnensnenseens 156
6.4.3  BREQ INPUEt TIMING. .. .eeiiiiiiiiieitieiieit ettt sttt eaee e 158
6.4.4 Transition To Software Standby Mode..........ccoceiiiiiiiiiiiiiiieeeeeees 158
Section 7 Refresh Controller ..o 159
Tl OVEIVIEW ..ottt ettt b bbbt ettt et bt sb e eb et et e b e st e b saeebeeaeenne e 159
To1l FATUIES .ttt ettt et e st s saeeaeenne e 159
7.1.2 BlOCK DIaGIam......ccuoeiiiiiiiiiiieiiie ettt st 160
7.1.3  Input/Output PinS ..c.oooueeiiiieieieiieeee et 161
7.1.4  Register Configuration...........ccoiieiierieiiiieiieriee et 161
7.2 REQIStEr DESCIIPLIONS ..euverereiieiieiieteeteeiteeteeteeteeteestesaesseesseeseessesssesseesseenseensenssesssessees 162
7.2.1  Refresh Control Register (RFSHCR)........ccoooieriiiriieiieiecieceeeee e 162
7.2.2  Refresh Timer Control/Status Register (RTMCSR) .......cccoeevvvienieniiiiieiinieennns 165
7.2.3  Refresh Timer Counter (RTCNT).....coooiiiiiiiiiiecieieiieceeeeeeeeeee e 166
7.2.4 Refresh Time Constant Register (RTCOR) .......ccccoeiiiiiiiiiiiiiiieceeeee 167
R T € 1<) ¢ 14 (o NSRS 168
731 OVEIVIBW..euetiienieiite ettt ettt sttt et et ettt eb ettt sb e st beebeeat et entenaen 168
7.3.2  DRAM Refresh Control........cocceeeiirieniinininiiieieieiesicsesiesieetetee e 170
7.3.3  Pseudo-Static RAM Refresh Control...........ccccoevinininiiiinininininceciccens 185
734 INtErVAl TIMET ..eouiiiiiiieiieeiee ettt ettt sae et et eaee e e neeens 189
T4 INEEITUPE SOUTCE -.oueeieiitietiete ettt ettt ettt e et e bt e e et s aeesatesae et e e et enteeneesneenseeneeas 195
7.5 USAZE INNOES .ttt ettt ettt st et st ettt st e et e st e e s ateesaneeeanee s 195
Section 8  DMA CONLIOILET ..o 197
Bl OVEIVIEW..ouiiiiteitieteeeteet ettt st b et e h et ettt b e s bt bt et et e b et b bt ebeeae e ee 197
Bulll  FOATUIES ..eeitiiiiteeee ettt sttt sttt 197
8.1.2  BlOCK DIagram.....cc.eeiuiiiiieiiiiiieit ettt sttt 198
8.1.3  Functional OVeIVIEW.......cccuiiiuiiiieiiitieetietiete ettt sttt et saee e e e ens 199
8.1.4  INPUU/OULPUL PINS....eiiiiiieiieiieie ettt ssae s enseens 201
8.1.5 Register ConfigUuration..........ccoccveeieeierieriienieeieeieeteseeseesseesseeaessesseessaesseenseens 201

Rev. 7.00 Sep 21, 2005 page xiv of xxiv

RENESAS



8.2 Register Descriptions (Short Address Mode).........cooeeuieiiiiiiienienieeeeee e 203
8.2.1 Memory Address Registers (MAR) .......cooiiiiiiiiieeeeeeee e 203
8.2.2 1/0O Address Registers (IOAR) ......coecviiieiiesieeeeeeeeee st 204
8.2.3  Execute Transfer Count Registers (ETCR).......cccccvevieriieniieiiiiieiieeieeceeeeeene 205
8.2.4 Data Transfer Control Registers (DTCR) .......cccoevvieeiiecieiieiienieie e 206
8.3 Register Descriptions (Full Address Mode)........cccoovuiiiiiiiiienieieeieeece e 209
8.3.1 Memory Address Registers (MAR) .......cooiiiiiiiiiieeeeee e 209
8.3.2 T/O Address Registers (IOAR) .....ccuoiiiiiiiieiee e 209
8.3.3  Execute Transfer Count Registers (ETCR).......cccccvevievieniieciiiieiieeieeeeeeeeene 210
8.3.4 Data Transfer Control Registers (DTCR) .......cccoevvieeiieiinieiieneeieeie e 212
T © 1<) 14 (o WO SRR 218
B4l OVEIVIEW ..ttt ettt ettt ettt st e bt e et e st e s b e sbeesbeenbeemteemeesaeenaeenbeans 218
842 T/O MOME....eieieeee ettt ettt ettt ettt ettt eneeat e eaeanen 220
843 TdIE MOAE... ettt s 222
8.4.4  RePAt MOAC ... cciieiiieiiiciieeieeteeteee ettt ettt e seenreens 225
8.4.5  NOIMAL MOGE ..ottt st 229
8.4.6  Block Transfer MOde .........coceeieiiiiinininiiieteteieees et 232
8.4.7  DMAC ACHVALION....cetiiiiiiiiiieitierttee ettt ettt e seeesaeeeeenee e 237
8.4.8  DMAC BUS CYCIO ..ttt sttt sttt see 239
8.4.9 DMAC Multiple-Channel Operation ............cceecueeeereeneeneniienieneenie e sieeeens 245
8.4.10 External Bus Requests, Refresh Controller, and DMAC .........ccccoevveiieiieiennnns 246
8.4.11 NMI Interrupts and DMAC.......cccooieriiiiiiiieeierieeeeie et sre et senesseensaens 247
8.4.12 Aborting @ DMA Transfer........cccuevieeiiiiiiiiesieriieieee et ens 248
8.4.13 Exiting Full Address Mode .........cooiiiiiiiiienieeeeeeee e 249
8.4.14 DMAC States in Reset State, Standby Modes, and Sleep Mode............cccceuuenees 250
8.5 IMEEITUDES ettt et b e st e bt e bb e e bt e bt e e bt e 251
8.0 USAZE INNOLES .eeuvieiiiieeiiie it etee sttt sttt e st e st e st e e sttt e sabeesabeesabeenateesabeensbeesabeenateesaseenanes 252
8.6.1 Note on Word Data Transfer...........coceeiiiiiiieniinininreceesceceeeee e 252
8.0.2  DMAC SEIf-ACCESS...cueeutiiiteriintieiteiteteste sttt ettt sttt st sb et eneen 252
8.6.3 Longword Access to Memory Address RegisSters.........ccooecevieiieieiiencencees 252
8.6.4 Note on Full Address Mode Setup ........c.ceeerieriieriieieiieeieseee e 252
8.6.5 Note on Activating DMAC by Internal Interrupts .........cccceeeeveereenieneniinenenns 252
8.6.6 NMI Interrupts and Block Transfer Mode ...........ccoeevveierieiienienieie e, 254
8.6.7 Memory and I/O Address Register Values ..........ccoeceeierienieneenieeie e 254
8.6.8 Bus Cycle when Transfer is ADOIted ........c.eecveeiieienieniieieeie e 255
SECtioN O T/O POTLS ... 257
L2 B € )< o 4 1< OSSO 257
0.2 POTT Lttt bbb bbbttt bttt nae 261
9.2.1  OVETVIBW ..ttt st ettt ettt bbbt b e st e ettt be bt bt st enaenaenen 261

Rev. 7.00 Sep 21, 2005 page xv of xxiv

RENESAS



L T o 10T 264
0.3.1  OVETVIBW....euetiienieietesteet ettt ettt ettt ettt ettt et sttt be bt st et ete e 264
9.3.2  Re@IStEr DESCIIPHIONS .. eeuvieeiieiieiiieriieitete et eteettesteesseesseesessaesseesseesseenseessenssenseens 265
0.4 PO 3t bttt bbbt h ettt h et 268
04,1 OVEIVIEW ..ottt ettt ettt ettt st et e et et e s beesbeesbeebeemteemeesaeenneenbeans 268
9.4.2  Re@iSter DESCTIPIIONS ...eeuvieuiiiiieitiertietteie et et etee st e ettt site st e see et eneeeaeeeneeseeens 268
LT T o A USSP 270
0.5.1  OVETVIBW....euetiiinieieteste ettt ettt sttt ettt b e sttt ettt et sttt besbe it et ente e 270
9.5.2  Re@ISter DESCIIPLIONS ...eeuvieeiiieieiieriietieie et eteeteesseesseesseesessaesseesseeseenseessenssenseens 271
0.6 PO Sttt bbbttt ettt b et 274
0.6.1  OVEIVIEW ...ttt ettt ettt ettt st et e et et e s b e s beesbeenbeemteemeesaeeeseenseans 274
9.6.2  Re@iSter DESCTIPIIONS ...ecuvieuiiiiieitieitieiteeie ettt ce ettt st saeesee et eaeeeneeseeens 275
L ) A ¢ SRS 278
0.7 1 OVETVIBW.... ettt ettt ettt sttt et et b e sttt eb ettt sttt be bt eat et entenaens 278
9.7.2  Re@ISter DESCIIPHIONS .. eeuvieeiieiieiiieriieteeieeteeeeeeteesseesseesseesessaesseesseesseenseessesssensaens 279
0.8 POIT 7t bbb bt ettt b e bt eh et 282
0.8.1  OVEIVIEW ..ttt ettt ettt ettt ettt et e et e st e e s e s bt e sbeebeemaeemeesaeenneenseans 282
9.8.2  Re@ISter DESCTIPIION. c...eiutieiiiiiieitieitiett ettt ettt ettt et s e et eneeeneeeeeens 283
LR T 4 A SRS 284
0.9. 1 OVETVIBW....euttiiinieietenteet ettt ettt eb et ettt sttt ebe ettt e e sa et be bt et et entenaens 284
9.9.2  Re@IStEr DESCIIPLIONS .. eeuvieiiiieieieieriietteie et eeteeteesteesseesseesessaessaesseeseenseessenssenseens 285
010 PO 9ttt b e bbb bbbt ettt 289
0.10.1  OVEIVIEW....tiitieniteie ettt ettt ettt ettt st e s ae et et e s e e st e s beeabe e bt ebeeneesaeesaeenaeanseans 289
9.10.2 Re@iSter DESCTIPIIONS ...c..veeuieitieitietieiteie e etteetce it e et seeeseeeseeeee e eneeeneeneeans 290
LT 8 o A ST 294
D111 OVETVIBW....eueeiiiieieie sttt ettt ettt ettt st b e sttt et bbbt bt et ennenaens 294
9.11.2 Re@ISter DESCIIPLIONS ...ecuvieeveieiesiieiieieeieeieeeeesteesseeseesessessaesseesseenseensesssenssenseens 296
9.11.3  Pint FUNCLIONS ...ouviiiiiiiieiieiteiete ettt sttt 298
L B T A 2 F USRS 306
0.12.1  OVEIVICW ...ttt ettt ettt ettt ettt sa e te e et et e s e eseeeb e e be e bt eaeemtesmeesaeenseenseans 306
9.12.2 Re@iSter DESCTIPIIONS ...cuveeuiiitieitientieieeie ettt e etce it e e teeteseee e e saeeteeneeeaeeeneeneeans 308
9.12.3  Pin FUNCHIONS ...cutiiiiiiiieiieiteieteest sttt sttt 310
Section 10 16-Bit Integrated Timer Unit (ITU).......c.ccocovvvvvievieieieeeeeeee 315
LO. T OVOIVIBW ..ttt ettt et ettt et s ae e s bt e bt e bt e mt e eae e eaeeebe et e enbeenteemtesneesmeeenes 315
LO.T.T  FAUIES ..ttt ettt ettt sttt ettt ese e b et e bt emteeetesaeesaeenbeeneeeneeene 315
10.1.2 BloCk DIagrams ........ccceoueeiiiieniieiieie ettt sttt et 318
10.1.3  Input/OUtPput PINS.....cccuieiieiieiieiieieeie ettt e e aeesseesesaneeneesseenseens 323
10.1.4 Register Configuration...........cecverieriierieecieeiesieseesteeieeeeseeseesseesseeseessesssesseens 324

Rev. 7.00 Sep 21, 2005 page xvi of xxiv

RENESAS



10.2 RegiSter DEeSCIIPLIONS ....c.iiiieiiiiieeiietiet ettt ettt ettt sbee b e b e e e 327
10.2.1 Timer Start Register (TSTR).....cocviiiiiiiiiiee e 327
10.2.2 Timer Synchro Register (TSNC) ....cocieriieiiieiieieiie et 328
10.2.3 Timer Mode Register (TMDR) ......c.cccieiiiiiiiienieneeeee et 330
10.2.4 Timer Function Control Register (TFCR)........ccccoevevieniiiiieiieieeieeeeee e 333
10.2.5 Timer Output Master Enable Register (TOER) .........ccooceeiiiiiiiiiiiiiceee 335
10.2.6 Timer Output Control Register (TOCR) ......cccevieriiniiiiiiiieeeeieeeeeee, 337
10.2.7 Timer Counters (TCNT) c..ueeiciieeiiieiiieeiee ettt e eee et eeteeeteeesaeereeeaeeenees 338
10.2.8 General Registers (GRA, GRB).......cooveiieiieiicieceeeeeeee e 339
10.2.9 Buffer Registers (BRA, BRB)......cccooviiiiiiiieiicieeece e 340
10.2.10 Timer Control Registers (TCR) .....c.cccveviiriierieiieieeie et 341
10.2.11 Timer I/O Control Register (TIOR) .......cccociiiiiiiiiiiiee e 343
10.2.12 Timer Status Register (TSR).....cccuoiiiiiiiiiieeee e 345
10.2.13 Timer Interrupt Enable Register (TIER) ......ccccoooeiiiiiiiiiiiiceeeeeee 347
10.3  CPU INEETTACE. ... .evteuteiteierieeteseet ettt sttt ettt be et aen 349
10.3.1 16-Bit Accessible REZISLEIS .....eevvieriieiieiieieeiecieerieeie ettt 349
10.3.2 8-Bit Accessible REZISIEIS .....cveriieriieiieiieieeieceerieete et seaeseaeneees 351
L O 1<) 15 o) o VOO 352
LO.4. 1T OVEIVIEW . ..eitietieieete ettt ettt ettt et e bt ettt et saeeseeenae e st et e enteeseeeneennean 352
10.4.2 Basic FUNCHONS .....eotiiiiiiieie ettt 353
10.4.3  SYNCATONIZALION ...eovvieiiiieieiieeiieeit ettt ettt ste et eae e seaeste e seenseensessseessenenes 362
10.4.4 PWIM MOGC......iiiiiiiiiiiiieietite sttt sttt s s 364
10.4.5 Reset-Synchronized PWM Mode.........cccoovieviieiinciiiienieciceee e 368
10.4.6 Complementary PWM Mode .........ccoooiiiiiiiiiiiiieieie et 371
10.4.7 Phase Counting MOAE ........c.ceruiiiiiiiiiieiieieeie et 380
10.4.8 BUTTETING .. coteeiieiieieee ettt ettt 382
10.4.9 ITU OUtput TIMING ...ecverereieieriieiieteeteeteeitesieesteesseeseeaeseesseesseeseesseessesssesssessens 389
LO.5  THEETTUPLS ..eeeveeietieeiee ettt ettt sttt ettt et e et e et e s bt e esbeeesbbeesbbeebeeesbeesbeesseensseenaneenns 391
10.5.1 Setting of Status F1ags........cccvevieriieiiieiieiecieciee e 391
10.5.2 Clearing of Status F1ags ........cccoriiiiiiiiieeee e 393
10.5.3 Interrupt Sources and DMA Controller Activation............ccoceveenienienennenenee. 394
LO.6 USAZE INOLES ..eenetieiiieiiiieeiee ettt ettt ettt et sab e et e st et e bt e sabeesbeesabeeeneeenne 395
Section 11 Programmable Timing Pattern Controller.............c.ccccooovvvrieiiiiiriennnan 411
T1.1 OVEIVIBW .cuetitiiieit ettt ettt ettt ettt et st b e bt bt et e st et e st e b e sbeebeebeeanenaens 411
I O O T 13 (USROS 411
11.1.2 Block DIagram ......cccoeiuiiiiiiiiiiieeee et 412
T1.1.3° TPC PINS 1ottt ettt ettt sttt se st et a e aneseeebeeneeneeneennan 413
L R B 74 1] 1<) ¢ J SRR UTUS 414
11.2  RegiSter DESCIIPLIONS ....cveeiieiieeieeeieetieieeteeteetestee e eseesesssesseesseesseesseessesssessaesseensesnsennns 415

Rev. 7.00 Sep 21, 2005 page xvii of xxiv

RENESAS



11.2.1 Port A Data Direction Register (PADDR) .......cccooiiiiiiiiiiiiiieeec e 415

11.2.2 Port A Data Register (PADR) .....ccccoiiiiiiiiiieieeeeee et 415
11.2.3 Port B Data Direction Register (PBDDR) .......ccccccvvviiiiiiiiiiiiiierieieeeeie e 416
11.2.4 Port B Data Register (PBDR) ......ccccocueiiiiieiieiieieeieteeee et 416
11.2.5 Next Data Register A (NDRA) .....ccoooiiiiiieeierieeeee ettt ees 417
11.2.6 Next Data Register B (NDRB)........cooiiiiiiiiiiieieeeeee e 419
11.2.7 Next Data Enable Register A (NDERA)......cccooiiiiiiiiiii e 421
11.2.8 Next Data Enable Register B (NDERB) ......cccccciiiiiiiiiiiiiicececeeeeeeee 422
11.2.9 TPC Output Control Register (TPCR) ........ccceecuiriiriinieiieieeie e 423
11.2.10 TPC Output Mode Register (TPMR) ......cccoeoieiiiiiieiieierieeeeee e 425
LG T O 7<) 14 o) 1 LSRR 427
L1.3.1  OVRIVIEW .ttt ettt ettt ettt ettt ettt e et e bt e bt e beeaeemeesaeesaeenaeeneeans 427
11.3.2 OUtPUt TIMINEZ. .eeeeeeeeiiietietieie ettt ettt ettt st st esbeesbeeneeeneeeneeas 428
11.3.3 Normal TPC OULPUL.....cc.eeiiiiiiiiieitee ettt 429
11.3.4 Non-Overlapping TPC OULPUL......c.cccviiirierieriereeit et se e enee s 431
11.3.5 TPC Output Triggering by Input Capture ...........cccvecveeververiereeneenreeresieseeeneens 433
T1.4  TUSAZE NOLES .euviieiiieiiteite ettt ettt ettt ettt et ettt et e et e e it e e bt e e bt e ettt ebbeenbaeensbeenseeesaeennses 434
11.4.1 Operation of TPC Output Pins........ccceiiiiiiiiiiieiieieee e 434
11.4.2 Note on Non-Overlapping OUtpul..........ccocerierienieiieiieeee e 434
Section 12 Watchdog TIMEeT ...........ccoooieiiieieiieiee s 437
12,1 OVEIVIEW ..ttt sttt ettt st b e bt bt e s et s bt bt e bt eb e est et et e sbeebesbesanenaens 437
I2.1.1 FOATUIES ...ttt sttt ettt ettt et et st st st saeemneeaneeas 437
12.1.2 Block DIagram.........cocueeiiiiiiiieiieieee ettt 438
12.1.3  Pin Configuration..........ccueeeeiieiieriiie ettt sttt et eseee e 438
12.1.4 Register Configuration.........c.cceieerieriiriiiiieieriesteete ettt sttt 439
12,2 RegiSter DESCIIPLIONS ...c.vveevieiieiieiieieeiesitesieesieesteeaeereseeesseeseenseesseessessaesseesseenseensesnsenens 439
12.2.1 Timer Counter (TCNT)....cciiiieiieiieie sttt sae e ere v ssaesseesseens 439
12.2.2 Timer Control/Status Register (TCSR).....ccccccvevuiriiiienieciereee e 440
12.2.3 Reset Control/Status Register (RSTCSR) ....cooiuiiiieiiiiiieieieeee e 442
12.2.4 Notes 0N REZISIEr ACCESS....eeiuieiiiiiiieiieiieettete ettt ettt eaee s e 443
LB T 0 1<) 15 o) LRSS 445
12.3.1 Watchdog Timer OPeration ...........cceccvevveevueeiereenienieeieesseeeesaeseesseesseesseensensnens 445
12.3.2 Interval Timer OPEration ...........cceccververiieriierieeieeresieesieesseesseessessesssesseesseesseensens 446
12.3.3 Timing of Setting of Overflow Flag (OVF) ......ccccviiiriiiiieieeeeeeee e 446
12.3.4 Timing of Setting of Watchdog Timer Reset Bit (WRST) .......cccceeviiiiiiininnenns 447
124 TIEETTUPES ettt ettt et sttt e st e bt e e bt e e bt e e bt e esbeeenbeesnneenanee 448
12,5 USAZE NNOLES .ttt ettt et ettt ettt e b e et esbae e bt e nbee e bt enbaeenane 448
L2060 NOES .ttt sttt ettt ettt ettt sbe e et eaa e s et e sbe e bt et et eabeeene st e eeee 449

Rev. 7.00 Sep 21, 2005 page xviii of xxiv

RENESAS



Section 13  Serial Communication INtETfaCE .........ooveeveeeeeeeeeeeeeeeeeeeeeeeeeen, 451

LI B 0 1<) o 4 1<) O SRRRPUSR 451
I3.1.1 FOATUIES ..ttt sttt st sttt et et be e 451
13.1.2 BlOCK DiIagram .......ccceviieiiiiieiieiiesiieiteie ettt et enseenseennes 453
13.1.3  InPUt/OULPUL PINS ..eoutiiiiiiiiieciieeiieit ettt ettt enbeeeseeeneeneas 454
13.1.4 Register Configuration .........ccccueeierierieniieieeie et 454
13.2 RegiSter DEeSCIIPLIONS ....cueeiiiiiiiieeiietiete ettt ettt ettt et sbee b e saeete e eae 455
13.2.1 Receive Shift Register (RSR).......cooiiiiiiiiiiiiiie e 455
13.2.2 Receive Data Register (RDR) .....c.occvvviiiiiiiiiiiiiiecieeee e 455
13.2.3 Transmit Shift Register (TSR) ...cccecvverieiiieiieiecie e 456
13.2.4 Transmit Data Register (TDR).......cccocvieriieriiiiiiiie et 456
13.2.5 Serial Mode Register (SMR).....cc.coiiiiiiiiiiiiieieee e 457
13.2.6 Serial Control Register (SCR)......cocuiiiiiriiiiiiieiieeee e 460
13.2.7 Serial Status Register (SSR)......coouiiiiiiiiieiee e 464
13.2.8 Bit Rate Register (BRR) .....ccocieviiiiiiiieiiciececeeee e 468
13.3  OPCTALION. .....eeeuieeiietieieeteeteetestesteesteeteeeteesaessaessaeseenseensesssesseeseenseensenssesssessaesseensesssennns 480
13301 OVETVIBW..iutiiiiieiteiete sttt ettt sttt ettt st eb ettt sbe bbbt et e e enaes 480
13.3.2 Operation in Asynchronous Mode ...........cccceoieiiriiiieiienieeee e 482
13.3.3 Multiprocessor COMMUNICATION. .......ccuieruieriieieeie ettt eeees 491
13.3.4 Synchronous OPeration............ceceerieruieierienienierteente ettt 498
134 SCIINEETTUPLS ...eveeeiiieiiie ettt ettt ettt ettt ettt ettt e s ate e st e e sabeesabeesabeesabeesabeesnbeesnbaesseeenns 506
13,5 USAZE NNOLES ..eeurieeuiieiiie ettt et testte et e st e et te st esabeesabeesabeesabeeesbeesabeesnseesabeesnseesnbeesseennns 507
Section 14 Smart Card INterface ..........cocooovieioicieiiieieeeee e, 509
| B 1<) o 4 1< OO PRR P RRR 509
L O B T 1113 (OSSPSR 509
14.1.2 BlOCK DIagram .......cceevuieiiiiiiieeiiesiieiteie ettt seense e ensesnnes 510
14.1.3  InpUt/OULPUL PINS ..ooviiiiiiiiiecieeiesie ettt ettt eeseenaeeeees 511
14.1.4 Register ConfigUration...........ccueeverieriieriieieeiesieseesieesteeeeereeeessaesseeseesseensesnnes 511
14.2  RegiSter DESCIIPLIONS ...ccveeiieiieiieeiieetiet ettt ettt ettt sbee s b e sbeenbe e eae 512
14.2.1 Smart Card Mode Register (SCMR) .......cooiiiiiiiiiiiiiieeeeeeeeeee e 512
14.2.2  Serial Status Register (SSR).....coouiiiiiiiieiee e 513
14.2.3 Serial Mode Register (SMR).......ccccieviieiieiiiieiiesteeeie e 515
14.2.4 Serial Control Register (SCR).......ccveivieiiiiiiieiieniteie ettt 516
L T O ) 1<) 14 o) 1 DO USSR 517
L4.3. 1 OVEIVIEW ...eitietieieeteee ettt ettt et ettt h ettt ettt s eeesaeesae et e et e enteeseeeneennean 517
14.3.2 Pint CONNECLIONS ....euiiiieiieitieitiete ettt ettt et et e ettt eeteseeeseeesae e e enteeseesaeeeneeeeas 517
14.3.3  Data FOIMAL ...cooouiiiiiiiiieiie ettt ettt 519
14.3.4 ReEZISTEr SCHINES ..vevvieriieiietieieeieeteeseeieetesresaesteesseeseesaesssesseesseenseensenssesssessnes 520
T4.3.5  CLOCK ittt bbbttt bbb 522

Rev. 7.00 Sep 21, 2005 page xix of xxiv

RENESAS



14.3.6 Transmitting and Receiving Data ...........coceeiiiiiiiiiienieieeece e 524

14,4 TUSAZE INOLES ....veueeiieieieitiett ettt ettt et e bt et et e e et e s aeesaeesbe e bt emteemeeeaeeeb e e bt enbeenteennesneesneeenes 531
Section 15 A/D CONVEILET .......c..ovieeieieieeiiieieiee e 535
I5.1 OVEIVIEW ...ttt sttt sttt ettt st b bt ettt bbbt eb et e st et e nbeebesbesanenaens 535
LS. 1.1 FOATUIES . .eeeiiieiieeiiteeee ettt ettt ettt ettt e sbne e b 535
15.1.2 Block DIagram.........coouieiiiiiiiieiieicee ettt 536
I5.1.3 INPUE PINS .ottt ettt et sttt e 537
15.1.4 Register Configuration...........cceeverierierieeiieeiesieseesieeteeseseeseesseesseesesssesssesseens 538
15.2  RegiSter DESCIIPLIONS .....uvevtieiieiieiieieeiestesteesieeste e sreseeesseeseenseessesssessaesseesseenseensesnsennns 539
15.2.1 A/D Data Registers A to D (ADDRA to ADDRD) ....c.ccccoeviivininininiiicicienne 539
15.2.2 A/D Control/Status Register (ADCSR) .....coviiiieiiiiieieiieeeeee e 540
15.2.3 A/D Control Register (ADCR) ....c.coiiiiiiiiiiiiiieeeeceeee et 542
15.3  CPU INEOITACE. ..cueeiie ettt ettt ettt et e ae e e b et e b et enaeeneesaeeeees 543
LT A O 1<) 14 o) 1 WP 544
15.4.1 Single Mode (SCAN = 0) ...oovieiiieriieieiieeeesee ettt etesaesaeseaesseesseeseenseensens 544
15.4.2 Scan Mode (SCAN = 1) ..icieiieiieieiie ettt ettt ettt seeaeeresanesseesseeseens 546
15.4.3 Input Sampling and A/D Conversion Time ...........cccceeeereenieneeneeieiieeieseeieene 548
15.4.4 External Trigger Input TIming ........ccccevoiirienienieiieieeie ettt 549
I5.5  IIEEITUPES ettt ettt e sat et e st e s bt e st e sab e saaeeseteesaneenanes 550
15.6  USAZE NNOLES .eouveienirieiiienite ettt ettt ettt ettt ettt ettt e ettt esate e bt e e sbbeenbteesbeenbaeensaeebeeesaeennses 550
Section 16 D/A CONVEILET ...t 557
LO. 1 OVEIVIBW ..ttt ettt ettt et ettt e et e et s aeesae e bt eme e emeeeaeeeb e et e enbeanteentesneesmeeeaes 557
LO. 1.1 FATUIES ...eeeeietieieee ettt ettt sttt ettt ettt et e b et e teeetesaeesaeenbeenbeeneeene 557
16.1.2 Block DIagram.........ccceeiiiiiiieiieicee ettt 558
16.1.3  InpUt/OULPUL PINS.....iiiieiieiieciieiieieee ettt ettt ste s esesenesseesseenseens 559
16.1.4 Register Configuration...........cecveruieriierieecieeiesieneesteeteeeeseeseesseesseesesssessnessaens 559
16.2  RegiSter DESCIIPLIONS ......veevieiieiieiieieeiesitesteesieesteeaesreseeesseeseenseessesssessaesseesseenseensesnsenens 560
16.2.1 D/A Data Registers 0 and 1 (DADRO/1)....ccceiriinieiieiieeiiece e 560
16.2.2 D/A Control Register (DACR) ....ceoiiiiieiieiee ettt 560
16.2.3 D/A Standby Control Register (DASTCR).....cceeiiriiiieiieiieieee e 562
L T O 1<) 14 o) 1 WP 563
16.4  D/A OULPUL CONIOL ...uiiiiiiieiieiiieieeieett ettt ettt sttt et e esteessa e seenseesseessesssessnenes 564
16.5  USAZE NNOLES .euvvieniiieiiieite ettt ettt ettt ettt ettt ettt ettt ettt e et e e bt e e sbaeenbaeesbbeenbaeensaeebaeesaeennses 564
SeCtion 17 RAM ..o 565
LR B 0 1<) o 4 ()OO ORI 565
17.1.1 BlOCK DIagram.........cccveuiiiiiieiieiieie ettt teete e saeesseeseessesssessaenseens 566
17.1.2 Register Configuration...........cceccverieriierieesieeienieseesieeiesseseeseesseesseensesssesssesseens 566

Rev. 7.00 Sep 21, 2005 page xx of xxiv

RENESAS



17.2  System Control Register (SYSCR) ..c..ooiiiiiiiiieieieeet e 567

LR T 0TS 15 o) WO 568
Section 18 ROM (H8/3048ZTAT and Mask-ROM Versions)...........cccccoeurveennnne 569
I8.1  OVEIVIBW ..ttt ettt ettt ettt bbbt bttt et s bbbt ebe et es b et e e e b e sbeebeebeeatenaens 569
18.1.1 BlOCK DIagram ......cccueeiiiiiiiiiiiiietetee e 570
18.2 PROM MOUE ...ttt sttt sttt st 571
18.2.1 PROM MOAE SENG. ....ceuieieieeiiiieiieiieieeie ettt seeeneeas 571
18.2.2 Socket Adapter and MemoOry Map ........ccueevevierieriienieeieeee e eeeseeseeeieeseeee e 571
18.3 PROM Programming .........cccccuereeriesiieniieieeteeiesieesieesseesesssesssesseessesssesssessesssesssesseenseenns 573
18.3.1 Programming and Verification............ccecveruieriircieiiieiieriese et 574
18.3.2 Programming Precautions ...........ccoocierieiieiieniieieee e e 578
18.3.3 Reliability of Programmed Data ...........c.ccoooiiiiiiiiniiieeeeceeeeee 579
18.4 Notes on Ordering Mask ROM Version Chip........ccoceovierieiieiiieiieieeieneseeeee e 580
Section 19 Flash Memory (H8/3048F: Dual Power Supply (Vpp =12 V))....... 583
19,1 OVEIVIEW ..ttt ettt bbbttt s a e bbbt et e st et et e b e sbe e b ebe et enaens 583
19.2 Flash MemOry OVEIVIEW......cccuiiuiiiuieriieiieieeie ettt ettt ettt et e b eeteeeeeseeeseeeneeeneeenes 584
19.2.1 Flash Memory OpPeration ..........cccceeeeiuieriieienieniesieeie ettt 584
19.2.2 Mode Programming and Flash Memory Address Space.........ccccoeceeveeneeiennenee. 585
19.2.3 FATUIES ..c.uviuieiieieeieeieete sttt ettt ettt sttt ettt be s 586
19.2.4 BlOCK DIagram .......cc.coouieiiiiiiieeiiesiieiteie ettt ettt enseenaeennes 587
19.2.5 INPU/OULPUL PINS ..eovviiiiiiiiiecieeieeit ettt ettt enbeenseenaeneees 588
19.2.6 Register Configuration ..........cocueeierierieniieieeie ettt 588
19.3 Flash Memory Register DeSCIIPHiONS .......ccueeiuirrieiieiieieiesie ettt 589
19.3.1 Flash Memory Control RegiSter...........ceouiiiiiiiiiiniiieee e 589
19.3.2 Erase BIOCK REISEr L ......ccieviiiiieiiiiieiieiieiceie ettt 592
19.3.3 Erase BIOCK REZISEr 2......ccuieiuiiiieiieieeiieiieieeie ettt et as 593
19.3.4 RAM Control Register (RAMOCR) .......ccceeviiriiiiieiieieeie et 595
19.4 On-Board Programming MOES ..........cceerieruieiieiieieiie ittt 596
19.4.1 BOOt MOGE ...ttt ettt 597
19.4.2 User Program MOdE .........coouiiiiiiiiiiieeeiieeeee e e 602
19.5 Programming and Erasing Flash MEmOTy.........cccccevierirniieiinienieieieeie e 604
19.5.1 Program MOAE .......ccooevierieiieiieieesit ettt et e s sa e sa e e nnes 605
19.5.2 Program-Verify MOd@.......ccceevuieiiieiiiiieieeiieteeee ettt 605
19.5.3 Programming Flowchart and Sample Program...........ccccooieiiiiiiiinincnienenee, 606
19.5.4 Erase MOGE ......coouiiiiiiiieiieteee ettt ettt et sae et 609
19.5.5 Erase-Verify MOde........couoiiiiiiiieiiet et 609
19.5.6 Erasing Flowchart and Sample Program............ccocevverierieciieiieeienieeee e, 610
19.5.7 Prewrite-Verify MOde .......cccuevieriieiieiieieeiieseeeee et eees 624

Rev. 7.00 Sep 21, 2005 page xxi of xxiv

RENESAS



19.5.8 ProteCt MOUES ...ttt e et e e e e e et e e e e s e enaaaeeeeas 625

19.5.9 NMI INput MasKing ........cocueeiuieiiiieiieiiese ettt ettt s 628
19.6 Flash Memory Emulation by RAM........c.ccccoviiiiiinieiiciiceeeeeeesieeeee e 629
19.7 Flash Memory PROM MOGE........ccoeiiiriiiieiieiieieeie sttt ettt sseese e eee 631
19.7.1 PROM MOAE SENG.....c.eevieieirieiieieeieeteetesieesteeteereesesseesseesseeseensesssesssesseens 631
19.7.2 Socket Adapter and MemOTY Map ......cc.ceveeruieiieiiieieniieneenieeie e seee e 632
19.7.3 Operation in PROM MOdE.......cc.coouiiiiiiiiieiieie ettt 634
19.8 Flash Memory Programming and Erasing Precautions (Dual-Power Supply).................. 643
19.9 Notes when Converting the F-ZTAT (Dual-Power Supply) Application Software
t0 the Mask-ROM VETSIONS .......cccueriiriiriiriiniiniieiieteteie sttt sttt 651
Section 20 Clock Pulse GENETator ..........c.oviirierieiinceinieeeee s 653
B O R 0 1<) 45 () RO 653
20.1.1 Block DIagram.........cocuieiiiiiiiiiieiieit et sttt 654
20.2  OSCIHIALOT CITCUIL. . .cuteuientitertisteeieet ettt ettt ettt sttt bttt ettt be bt ebeeaeennenaens 655
20.2.1 Connecting a Crystal RESONALOT.........c.eecvieriieierieiierierie e 655
20.2.2 External ClocK INPUL.......c.cccieiiieriieiieieeieeieie ettt eees 657
20.3  Duty AdJustment CIFCUIT.........ceouieiieiirtieitiestiete ettt ettt see s e beesaeeeeeee s 659
20,4 PIESCALETS ..ueeeutiiieiie ettt ettt ettt ettt st b ettt e a e e h e bt b e et e nte et e e eaes 659
20.5 Frequency DIVIAET ......cccooiiiiiiieieeet ettt e 660
20.5.1 Register CONfIGUIAtION........c.eccuirieeiieriieieeieeieete st et ee e seeessaessaesseeseenseennes 660
20.5.2 Division Control Register (DIVCR) ......ccocieviieriieiiieieiie e 660
20.5.3  USAZE NOLES ...veeurieritieriiiestee et e st te et eestteeteesbeeeteesbeeebeeebbeenaeeebeeensneeseeenaneenns 661
Section 21 POWEr-DOWN State ..o 663
) B B 0 1<) 45 () OO 663
21.2  Register CONfIGUIATION.......c.eeieriieiieiieieeieste st et ete et e e st e steesteesbeesbeseaessaesseesseensesnsennns 665
21.2.1 System Control Register (SYSCR) ...cc.eevuieiiiiiiiieiieneeie et 665
21.2.2 Module Standby Control Register (MSTCR) .....coccvevieriieiieiicieieeeeeie e 667
213 SIEEP MOE ...t ettt bt et et e 669
21.3.1 Transition to S1eep Mode.......coiiiiiiiiiieieeeee e 669
21.3.2 EXit from S1Eep MOde......ccuiiiiiiiiiieiiet et 669
21.4  Software Standby MOd@........c.cevviriiriiriieiieieeie ettt ettt seebeeee e ees 669
21.4.1 Transition to Software Standby Mode ..........ccoeeeverieiienienieieeeeee e 669
21.4.2 Exit from Software Standby Mode ...........coveviieriiiciiiiiiiecieeee e 670
21.4.3 Selection of Waiting Time for Exit from Software Standby Mode...................... 670
21.4.4 Sample Application of Software Standby Mode.........cccceoiioiiiiiiiniiiiiiees 672
21145 Nttt ettt ettt ettt ettt ettt se e et et et e te et e bt eneen e et et e teete e bt eneenteneenseanens 672
21.5 Hardware Standby MOde ........ccccieviieiiieiieieiie ettt be e eene e 673
21.5.1 Transition to Hardware Standby Mode.........ccceeeveriirieiienienieieieeieee e 673

Rev. 7.00 Sep 21, 2005 page xxii of xxiv

RENESAS



21.5.2 Exit from Hardware Standby Mode ..........cccoeiiriiriiiiiiiinieieceeeeee e 673

21.5.3 Timing for Hardware Standby Mode ...........ccceiiiiiiiiiniiiiieeceeee e 673
21.6  Module Standby FUNCLION ........ccoieiieiieiieiecieeterie ettt see e be e eaesaeseeesseenseenseens 674
21.6.1 Module Standby TimMING .........ccceeeierierierierieeie et eieeeeseeteeie e saeseeseeesaeenseenes 674
21.6.2 Read/Write in Module Standby...........ccceeeeerieriinieniieiieiecie e 674
21.60.3  TUSAEE NNOES ...outiiiietietiete ettt ettt ettt ettt satesaee st e e et et e emteeseeeneeaneenbeenees 675
21.7 System Clock Output Disabling FUNCtion...........cceceiieiiiiiniiiiieieiee e 676
Section 22  Electrical CharacteriStiCs........cocovrvriiirieiiieieiieeieeee e 677
22.1 Electrical Characteristics for H8/3048 ZTAT (PROM) and On-Chip Mask ROM
VETSIONS ...ttt ettt ettt ettt b bbbt et e e b e st besh e eb e et et e b e st bt saeebe et enne e 679
22.1.1 Absolute Maximum Ratings ........ccccoevieiiiiiiiiiieieeeecee e 679
22.1.2 DC CRaraCteriSICS ....eerueerureereeieuieetientienteenteeteetesieesteestee et eneeeneesseesbeenbeenseeseenees 680
22.1.3  AC CharacteriStICS ....cevueerueerueeireuieetiestienteeteeteeteseee st e et e bt et e eaeeeeeesbeenbeenbeeaeenees 686
22.1.4 A/D Conversion CharaCteriStiCs. .......coirueriririeienieniinienieeitetetesie s e eieeseene e 693
22.1.5 D/A Conversion CharaCteriStiCs. .......coirueriririeienieniinienieeieetetesie st eeeeseeae e 694
22.2  Electrical Characteristics of H8/3048F (Dual-Power Supply) .....ccccocveeveriirienienieniieienns 695
22.2.1 Absolute Maximum Ratings ........ccccoevieiiiiiiiiiieieecet e 695
22.2.2 DC CRaraCteriSICS «...eesueerueeureieeuieetiestienteenteeteeteseeeseeestee st enteeneeeseesbeenbeenseeaeenees 696
22.2.3  AC CharacteriStICS «...eerueerueeureieeuieetieetiesteeteeteetesee st e ste e et e e eneeeseesbeenbeenneeaeeneas 703
22.2.4  A/D Conversion CharaCteriStiCs. .......eviruerirririeienieniinienieeiteteteste st seeae e 709
22.2.5 D/A Conversion CharaCteriStiCs. .......coiruerirririeienienienienieeiieteteste e eieeseeae e 710
22.2.6 Flash Memory CharacteriStiCS......cuuvuervueriereerieeiieieeienieenieenseesesaesnesseesseesseenns 711
22.3  Operational TIMING .......ccuiiiiiieiieie ettt ettt e teseeeseeeseeenteeeeeneeeas 712
22.3.1 BUS TIMINE.c..eitieiieiieeiieeee ettt ettt ettt et e e et et et e e enaeeneas 712
22.3.2 Refresh Controller Bus Timing.........ccccocuieiiieiinienieiienieertee e 716
22.3.3 Control Signal TImiNg .........cceecveeiieriienienierieeteeteeeeseesteeteeseeaesaessaesseesseenseenns 721
22.3.4 ClLOCK TIMINE ..c.veevieiieiieiieeieeieesitesieesieeteeaesaesseesseesseenseesseessesssessaeseeseensesnsenses 723
22.3.5 TPC and I/O Port TIMiNG........cceeeierieriieieeieiiesiesieesieereeveesaeseaesseeseeseesessnesens 723
22.3.6 ITU TIMINEZ ...eteiuieeienieieeie ettt ettt eiet et e ete st eseeseeseetessessesseeneensensensesseaseeseeneeneenean 724
22.3.7 SCI Input/Output TIMING .....eevveeruieiieieeiieie ettt ettt eeeesaee e enaeeees 725
22.3.8 DIMAQC TIMNG.....ceiiiiieiietieiieieeteeteeteeteetteteteseesteeseeseeseesaasesseeseeseeseensansessesseanes 726
Appendix A INSIUCHON Set.......oooiviveiiiieeieeee e 727
ALl INSEUCTION LAST ..ttt bbbttt sttt et 727
A2 Operation Code MAP ........eoiiiiieiieie ettt ettt st sttt et 742
A.3  Number of States Required for EXeCUtiON ........ccceoiiiiiiiiiiiinienieieieeeeeecee e 745
Appendix B Internal I/O ReZIStET ........c.cooviviiiiiiieeeeee e 755
Bil  AdAIESSES ..ottt bbbttt bbbt 756

Rev. 7.00 Sep 21, 2005 page xxiii of xxiv
RENESAS



200 21311 1o 5 (o)« AT 764

Appendix C /O Port Block Diagrams............ccccccoruvieireieioieieeeeeeee s 844
C.1  Port 1 BIOCK DIQGIAIM .....eeovieiieiieiiieiieeiieciiesieeie et eee et saeeteesseesseeesessaessaenseessesnsessnenns 844
C.2  Port 2 BlOCK DIQGIAIM .....oecvieiieiieiieieeiieeitesieeieeteetesete st e saeeseesseesbeessessaessaeseensesnsesnnenns 845
C.3  Port 3 BIOCK DIQ@Iam .....cocueeiuiiiieiieiiieiieeiie ittt s 846
C.4  Port 4 Block DIQ@ram ......cc.eeiuieiiieiieiieiieeiieit ettt ettt et 847
C.5  Port 5 BloCK DIQ@Iam .....cocueeiiiiiiieiieiiieiieiiesieeie ettt 848
C.6  Port 6 BIOCK DIQGIAMS......c.eeruieiieiieieeeiesiiesiiesieeteetesereseeesaeeseesseesseessessaesseeseessesnsessnennes 849
C.7  Port 7 BlOCK DIQ@IAmMS......c.cevuieiieiieiieeieniieniieieetestesreseeesseeseesseessesssesssessaeseessesssessnennes 853
C.8  Port 8 BIOCK DIAGIAMS.....ccueeruieiieiiieieeeiesiiesiieieeteetesereseeesseeseesseessesssesssessaenseessesnsesssesnes 854
C.9  Port 9 BloCK DIa@rams ......c.ceruieiieiieiiieiieeiieiteeie ettt ettt sttt e s e s eee 857
C.10 Port A BIOCK DIagIams .......ccc.eeiiiiieiieiieiieitieseee ettt e 861
C.11 Port B Block DIa@Irams .......ccc.eeiuieuieiieieniiesiiesieeie ettt ettt saeenee e 865
APPendix D Pin States........coooviiiiiiieicicee e 869
D.1  Port States in EACh MOde .......cc.coiiiiriiriiiiiiieccceee ettt 869
D.2  Pin States at RESET.....coiiiieieiieee e 872

Appendix E  Timing of Transition to and Recovery from Hardware Standby

IMIOE ..o 875
Appendix F Product Code LINCUP.......ccccovviveiiioieiiieieeee e 876
Appendix G Package DImMENSIONS. ........c.ccoooieirieririieieieieieiee e 877

Rev. 7.00 Sep 21, 2005 page xxiv of xxiv
RENESAS



Section 1 Overview

Section 1 Overview

1.1 Overview

The H8/3048 Group is a series of microcontrollers (MCUs) that integrate system supporting
functions together with an H8/300H CPU core having an original Renesas Technology
architecture.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Its instruction set is upward-compatible at the object-code level with the H8/300 CPU,
enabling easy porting of software from the H8/300 Series.

The on-chip system supporting functions include ROM, RAM, a 16-bit integrated timer unit
(ITU), a programmable timing pattern controller (TPC), a watchdog timer (WDT), a serial
communication interface (SCI), an A/D converter, a D/A converter, I/O ports, a direct memory
access controller (DMAC), a refresh controller, and other facilities.

The four members of the H8/3048 Group are the H8/3048, the H8/3047, H8/3045, and the
H8/3044. The H8/3048 has 128 kbytes of ROM and 4 kbytes of RAM. The H8/3047 has 96 kbytes
of ROM and 4 kbytes of RAM. The H8/3045 has 64 kbytes of ROM and 2 kbytes of RAM. The
H8/3044 has 32 kbytes of ROM and 2 kbytes of RAM.

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

In addition to the mask ROM versions of the H8/3048 Group, the H8/3048 has a ZTAT™*!
version with user-programmable on-chip PROM and an F-ZTAT™*? version with on-chip flash
memory that can be programmed on-board. These versions enable users to respond quickly and
flexibly to changing application specifications, growing production volumes, and other conditions.
The F-ZTAT™ version H8/3048F-ONE includes the on-chip emulator E10T.

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

Notes: 1. ZTAT (Zero Turn-Around Time) is a trademark of Renesas Technology Corp.
2. F-ZTAT (Flexible ZTAT) is a trademark of Renesas Technology Corp.
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Section 1 Overview

Table 1.1  Features

Feature Description

CPU Upward-compatible with the H8/300 CPU at the object-code level
« General-register machine
O Sixteen 16-bit general registers
(also usable as sixteen 8-bit registers + eight 16-bit registers or eight 32-
bit registers)
« High-speed operation (flash memory version)
H8/3048F
0 Maximum clock rate: 16 MHz
O Add/subtract: 125 ns
O Multiply/divide: 875 ns
* High-speed operation (mask ROM and PROM versions)
0 Maximum clock rate: 18 MHz
O Add/subtract: 111 ns
O Multiply/divide: 778 ns
* 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 bits x 16
bits)
O Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16
bits)
O Bit accumulator function

O Bit manipulation instructions with register-indirect specification of bit
positions
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Section 1 Overview

Feature Description

Memory « HB8/3048, H8/3048F

O ROM: 128 kbytes
O RAM: 4 kbytes

o H8/3047
0 ROM: 96 kbytes
0 RAM: 4 kbytes

» H8/3045
O ROM: 64 kbytes
O RAM: 2 kbytes

» H8/3044
O ROM: 32 kbytes
0 RAM: 2 kbytes

Interrupt e Seven external interrupt pins: NMI, IRQO to IRQ5

controller » 30 internal interrupts

« Three selectable interrupt priority levels

Bus controller « Address space can be partitioned into eight areas, with independent bus
specifications in each area

e 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

Refresh « DRAM refresh
controller O Directly connectable to 16-bit-wide DRAM
O CAS-before-RAS refresh
O Self-refresh mode selectable
¢ Pseudo-static RAM refresh
O Self-refresh mode selectable
* Usable as an interval timer
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Section 1 Overview

Feature Description

DMA controller .
(DMAC)

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

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

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

O Can be activated by compare match/input capture A interrupts from ITU
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 outputs or
10 pulse inputs

16-bit timer counter (channels 0 to 4)

Two multiplexed output compare/input capture pins (channels 0 to 4)
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 interrupts
(channels 0 to 3)

Programmable .
timing pattern
controller (TPC)

Maximum 16-bit pulse output, using ITU as time base

Up to four 4-bit pulse output groups (or one 16-bit group, or two 8-bit groups)
Non-overlap mode available

Output data can be transferred by DMAC

Watchdog timer
(WDT),
1 channel

Reset signal can be generated by overflow
Reset signal can be output externally
Usable as an interval timer
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Section 1 Overview

Feature

Description

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 8 input-only pins

Operating e Seven MCU operating modes

modes Mode Address Space  Address Pins  Initial Bus Width  Max. Bus Width
Mode 1 1 Mbyte A to Ay 8 bits 16 bits
Mode 2 1 Mbyte Aqg to Ag 16 bits 16 bits
Mode 3 16 Mbytes Azs to Ay 8 bits 16 bits
Mode 4 16 Mbytes Az to Ay 16 bits 16 bits
Mode 5 1 Mbyte A to Ay 8 bits 16 bits
Mode 6 16 Mbytes Az to Ay 8 bits 16 bits
Mode 7 1 Mbyte — — —
« On-chip ROM is disabled in modes 1 to 4

Power-down » Sleep mode

state

Software standby mode

Hardware standby mode

Module standby function

Programmable system clock frequency division
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Section 1 Overview

Feature

Description

Other features

e On-chip clock pulse generator

Product lineup

Model (5 V) Model (3 V) Package ROM
HD64F3048TF  HD64F3048VTF  100-pin TQFP (TFP-100B)  Flash memory
HD64F3048F HD64F3048VF 100-pin QFP (FP-100B)

HD6473048TF  HD6473048VTF  100-pin TQFP (TFP-100B) PROM
HD6473048F HD6473048VF 100-pin QFP (FP-100B)

HD6433048TF  HD6433048VTF  100-pin TQFP (TFP-100B)  Mask ROM
HD6433048F HD6433048VF 100-pin QFP (FP-100B)

HD6433047TF  HD6433047VTF  100-pin TQFP (TFP-100B)  Mask ROM
HD6433047F HD6433047VF 100-pin QFP (FP-100B)

HD6433045TF HD6433045VTF  100-pin TQFP (TFP-100B)  Mask ROM
HD6433045F HD6433045VF 100-pin QFP (FP-100B)

HD6433044TF  HD6433044VTF  100-pin TQFP (TFP-100B)  Mask ROM
HD6433044F HD6433044VF 100-pin QFP (FP-100B)
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Section 1 Overview

1.2 Block Diagram

Figure 1.1 shows an internal block diagram.
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Note: * For the mask ROM version, this pin is also used as the RESO (output) terminal. For the flash memory version dual power
supply (Vpp = 12 V) and for the PROM version, this pin is also used as the RESO (output)/Vpp (input) terminal.

Figure 1.1 Block Diagram
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Section 1 Overview

1.3

1.3.1

Pin Description

Pin Arrangement

Figure 1.2 shows the pin arrangement of the H8/3048 Group.

The pin arrangement of the H8/3048 Group is shown in figure 1.2. Differences in the H8/3048
Group pin arrangements are shown in table 1.2. Except for the differences shown in table 1.2, the
pin arrangements are the same.

Table 1.2  Comparison of H8/3048 Group Pin Arrangements
Pin H8/3048 H8/3048 H8/3047 H8/3045 H8/3044
Package Mask ROM | Mask ROM | Mask ROM | Mask ROM | H8/3048F
Number ZTAT . . . .
Version Version Version Version
FP-100B 1 Vce Vce Vce Vce Vce Vce
(TFP-100B) 10 Ver/RESO | RESO RESO RESO RESO | Ver/RESO
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Note: * For the mask ROM version, this pin is also used as the RESO terminal. For the PROM version and
the flash memory version dual power method, this pin is also used as the RESO/Vpp terminal.
For the flash memory version with single power method.

Figure 1.2 Pin Arrangement of H8/3048ZTAT, H8/3048 Mask ROM Version, H8/3047
Mask ROM Version, H8/3045 Mask ROM Version, H8/3044 Mask ROM Version, and
H8/3048F (FP-100B or TFP-100B, Top View)
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Section 1 Overview

1.3.2 Pin Assignments in Each Mode
Table 1.3 lists the pin assignments in each mode.

Table 1.3  Pin Assignments in Each Mode (FP-100B or TFP-100B)

Pin Name
. PROM Mode
Pin _—
No. Mode1 Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
1% Ve Vee Vee Vee Vee Vee Vee Vee Vee Mask
ROM
version,
PROM
version
and flash
memory
version
with dual
power
supply.
2 PBo/TPs/ Bo/TPs/  Bo/TPs/  Bo/TPs/  Bo/TPs/  Bo/TPs/  Bo/TPs/ NC NC
TIOCA; TIOCA; TIOCA; TIOCA; TIOCA; TIOCA; TIOCA;
3 PB4/TPy/ PB4/TPy/ PB4/TPy/ PB4/TPy/ PB4/TPy/ PB4/TPo/ PB4/TPy/ NC NC
TIOCB; TIOCB; TIOCB; TIOCB; TIOCB; TIOCB; TIOCB;
4 PBL/TP1o/ PB2/TP1o/ PB2/TP1o/ PB/TP1o/ PB/TP1o/ PB/TP1o/ PB/TP1/ NC NC
TIOCA; TIOCA; TIOCA; TIOCA; TIOCA; TIOCA; TIOCA,
5 PB3/TP11/ PB3/TP11/ PB3/TP11/ PB3/TP44/ PB3/TP44/ PB3/TP44/ PB3/TP44/ NC NC
TIOCB; TIOCB; TIOCB; TIOCB; TIOCB; TIOCB; TIOCB,
6 PB4/TP12/ PB4/TP1s/ PB4TP1s/ PB4TP1s/ PB4/TP1s/ PB4TP1/ PB4/TP1/ NC NC
TOCXA; TOCXA; TOCXA; TOCXA; TOCXA; TOCXA; TOCXA4
7 PBs/TP3/ PBs/TP13/ PBs/TP13/ PBs/TP43/ PBs/TP43/ PBs/TP13/ PBs/TP43/ NC NC
TOCXB;s; TOCXB; TOCXBs; TOCXB; TOCXBs; TOCXB; TOCXB4
8 PBe/TP14/ PBg/TP14/ PBg/TP14/ PBe/TP14/ PBe/TP14/ PBg/TP14/ PBs/TP14/ NC NC
DREQs/ DREQ¢ DREQJ DREQo/ DREQs DREQ./ DREQo
CS; CS; CS; CS; CS; CS;
9 PB//TP4s/ PB7/TP1s/ PB7/TP4s/ PB7/TP1s/ PB7/TP1s/ PB7/TP4s/ PB7/[TPs/ NC NC

DREQ:/ DREQ:/ DREQ:« DREQ:/ DREQ+ DREQ:/ DREQy/
ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG ADTRG
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Pin Name
. PROM Mode
Pin _—
No. Mode1 Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
10 RESO RESO RESO RESO RESO RESO RESO  Ver Vep Mask
ROM
version,
PROM
version
and flash
memory
version
with dual
power
supply.
1 1 VSS VSS VSS VSS VSS VSS VSS VSS VSS
12 Pgo/TXDo Pgo/TXDo Pgo/TXDo Pgo/TXDo Pgo/TXDo Pgo/TXDo Pgo/TXDo NC NC
13 P94TxD; P9:/TxD; P94/TxD: P9/TxD; P9y/TxD; P94TxD; P9:/TxD; NC NC
14 P9/RxDy P9,/RxDy P9,/RxDy P9,/RXDy P9,/RxDy P9:/RxDy P9,/RxDy NC NC
15  P9yRxD; P93/RxD; P9s/RxD; P9i/RxD; P9y/RxD; P93y/RxD; P9s/RxD; NC NC
16 P9./SCK, P94/SCK, P94s/SCK, P9,/SCK, P9,/SCK, P9,/SCK, P94/SCK, NC NC
/ / / / / / /
TRQ4 TRQ, TRQ4 TRQ, TRQ4 TRQ, TRQ4
17 P9s/SCK; P9s/SCK; P9s/SCK; P95/SCK; P9s/SCK; P9s/SCK; P9s/SCK; NC NC
I I I I I I I
IRQs IRQs IRQs IRQs IRQs IRQs IRQs
18 P4¢/Do™'  P4o/Do*?  P4o/Do™'  P4oiDe*?  Pdo/Do*'  P4e/De™' P4 NC NC
19  P44D*" P4/Dy*2 P44D*" P44/D:*? P4./D*' P44D*' P4, NC NC
20 P4,/D,*" P4,iD*?  P4,/Dy*' P4,/D.*? P4,/D*' P4,/D,*' P4, NC NC
21 P4y/Ds*' P43Ds*?  P4y/Ds*' P4y/Ds*?  P4s/Ds*'  P4y/Ds*' P4, NC NC
22 VSS VSS VSS VSS VSS VSS VSS VSS VSS
23 P4,Ds*" P44Ds*? P44Ds*' P44D? P4JD.* P4JD P4, NC NC
24  P4yDs*' P4s/Ds*? P4s/Ds*'  P4s/Ds*> P4s/Ds*'  Pds/Ds*'  Pds NC NC
25  P4g/Ds*" P4eiDg*? P4e/Dg*' P4g/Ds™? P4e/De*'  Pdg/Dg*'  Pdg NC NC
26 P4,/D*' P4;D;** P4,D;*' P4:D;*? P4,D;*' P4,D*' P4, NC NC
27 Ds Ds Ds Ds Ds Ds P3, EOo 1100
28 Dy Ds Do Ds Do Ds P3, EO, 1/04
29  Dqo D1o D1o D1o D1o D1o P3, EO, 1/0,
30 D D14 D14 D14 D14 D14 P33 EOs 1/03
31 D12 D12 D12 D12 D12 D12 P34 EO, 1/04
32 Dy D13 D13 D13 D13 D13 P3s EOs 1/0s
33 Du D14 D1 D14 D1 D14 P3s EOs 1/06
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Pin Name
Pin PROM Mode
No. Mode1 Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
34 Dss D1s Dis D1s Dis D1s P37 EO; 1107
35 Vce Vee Vee Vee Vee Vee Vee Vee Vee
36 Ao Ao Ao Ao P10/Ao P1o/Ao P1o EA, Ao
37 A Aq A Aq P14/A4 P14/A4 P14 EA, A
38 A Az Az Az P1,/A; P12/A; P1, EA; A,
39 A; As As As P13/As P13/A; P13 EA; As
40 A A4 A4 A4 P14/A4 P14/A4 P14 EA4 A4
41 As As As As P1s/As P1s/As P1s EAs As
42 As As As As P16/As P16/As P1s EAs As
43 A A7 A7 A7 P1:/A; P17/A; P1; EA; A7
44 VSS VSS VSS VSS VSS VSS VSS VSS VSS
56  As A1g Aqg A1g P53/A1s  P53/A1g P53 NC NC
57  Vss Vss Vss Vss Vss Vss Vss Vss Vss
58 P6o/ P6o/ P6o/ P6o/ P6o/ P6/ P6, EA1s Ais
WAIT WAIT WAIT WAIT WAIT WAIT
59 P64/ P64/ P64/ P64/ P64/ P64/ P61 NC NC
BREQ BREQ BREQ BREQ BREQ BREQ
60 P6,/ P65/ P6,/ P65/ P6,/ P65/ P6. NC NC
BACK BACK BACK BACK BACK BACK
61 ¢ 0 0 ¢ 0 0 0 NC NC
62 STBY STBY STBY STBY STBY STBY STBY Vss Vee
63 RES RES RES RES RES RES RES NC RES
64 NMI NMI NMI NMI NMI NMI NMI EAq Ao
65  Vss Vss Vss Vss Vss Vss Vss Vss Vss
66 EXTAL  EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL NC EXTAL
67 XTAL XTAL XTAL XTAL XTAL XTAL XTAL NC XTAL
68  Vcc Vee Vee Vee Vee Vee Vee Vee Vee
69 AS AS AS AS AS AS P63 NC Ass
70 RD RD RD RD RD RD P6, NC NC
71 HWR HWR HWR HWR HWR HWR P6s NC Vee
72 LWR LWR LWR LWR LWR LWR P66 NC NC
73 MD, MDy MD, MDy MD, MDy MD, Vss Vss
74 MD; MD, MD; MD, MD; MD, MD; Vss Vss
75 MD, MD, MD, MD, MD, MD, MD, Vss Vss
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Pin Name
. PROM Mode
Pin _—
No. Mode1 Mode2 Mode3 Moded4 Mode5 Mode6 Mode7 EPROM Flash Remarks
76 AVcc AVcc AVcc AVcc AVcc AVcc AVcc Vee Vee
77 VREF VREF VREF VREF VREF VREF VREF VCC VCC
78  P7o/ANy P70ANy P70/ANy P70AN, P70/AN, P7,/ANy P7,/ANy NC NC
79 P74AN; P7:/AN; P74AN, P7,/AN; P74/AN; P7,/AN; P7:/AN; NC NC
80 P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, P7,/AN, NC NC
81 P73/AN; P73/AN;  P74AN; P73/AN;  P73/AN;  P73/AN;  P73/AN; NC NC
82 P7,4AN, P74AN,; P74ANy; P74AN; P74AN, P74AN; P74JAN; NC NC
83  P75/ANs P75/ANs P75/ANs P75/ANs P7s5/ANs P75/ANs P75/ANs NC NC
84  P75/ANg/ P7¢/ANg/ P7¢/ANe/ P7s/ANs/ P7s/ANg/ PT76/ANg/ P7¢/ANg/ NC NC
DA, DA, DA, DA, DA, DA, DA,
85  P7/AN;/ P7:AN; P7;/AN; P7:/AN;/ P7:AN; P7:/AN; P7:/AN;/ NC NC
DA DA+ DA DA+ DA DA+ DA
86  AVss AVss AVss AVss AVss AVss AVss Vss Vss
87 P8y P8/ P8/ P8/ P8/ P8/ P8u/IRQy EAs NC
RFSH/ RFSH/ RFSH/ RFSH/ RFSH/ RFSH/
TRQo TRQo TRQo TRQo TRQo TRQo
88  P8,/CSy P8//CSy P8/CSy P8:/CSy P8./CSy P8/CSy P8/IRQ; PGM  NC
IRQq IRQ4 IRQq IRQ4 IRQ IRQ4
89 &z/@z/ @ﬁz/ &z/@z/ @ﬁz/ &z/@z/ @ﬁz/ P8,/IRQ, NC Vee
IRQ2 IRQ2 IRQ2 IRQ2 IRQ2 IRQ2
90 @@1/ @@1/ @@1/ @@1/ @@1/ @@1/ P8s/IRQ; NC WE
IRQ; IRQ; IRQ; IRQ; IRQ; IRQ;
91 P84CS, P8.4CS, P84CS, P8,CS, P8.CS, P84CS, P8, NC NC
92 Vss Vss Vss Vss Vss Vss Vss Vss Vss
93  PAWTPy PAyTPy PA)TPy PATPy PAJTPy PAJTPy PAJTPy/ NC NC
TENDy/ TENDo TENDo TENDo TENDy TEND, TENDy/
TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA
94  PATP4 PAJTP4« PAYJTP4 PA4TP4 PAJTP« PAJTP4« PA4TP4 NC NC
TEND+ TENDs TEND+ TENDs TENDs TEND4+ TEND/
TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB TCLKB
95  PAYTPy PAJTPy PAJTPy PATPy PATP. PAJTPY PAJTP, NC NC
TIOCAy/ TIOCA TIOCAy TIOCAyY TIOCAyY TIOCA) TIOCA
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC
96  PATPs/ PA3TPy/ PAs/TPs/ PAs/TPs/ PAsTPs/ PAs/TPy/ PAs/TPs/ NC NC
TIOCBy TIOCBy TIOCBy TIOCBy TIOCBy TIOCBy TIOCBy/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD
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Pin Name
. PROM Mode
Pin _—
No. Mode1 Mode2 Mode3 Mode4 Mode5 Mode6 Mode7 EPROM Flash Remarks
97 PAJTPy PAJTPy PAJTPy PAJTP4 PAJTPs PAJTP4 PAJTP4 NC NC
TIOCA+ TIOCA4 TIOCA+ TIOCA, TIOCAs TIOCA4 TIOCA,
CSs CSs CSs CSs CSs Ax/CS;
98 PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ NC NC
TIOCB+/ TIOCB4/ TIOCB« TIOCB4+ TIOCBs/ TIOCB«/ TIOCB;,
CSs CSs CSs CSs CSs Ax/CSs
99 PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ NC NC
TIOCA,/ TIOCA/ TIOCAy TIOCA; TIOCA, TIOCA, TIOCA,
CS, CS, CS, CS, CS, A21/CS4
100 PA;/TPs PA7ITP: Ay Az PAZITP:/ Ay PA;/TP;/ NC NC
TIOCB, TIOCB, TIOCB, TIOCB,

Notes: 1. In modes 1, 3, 5, and 6 the P4, to P47 functions of pins P4¢/Dy to P47/D7 are selected
after a reset, but they can be changed by software.
2. In modes 2 and 4 the Dy to D7 functions of pins P4¢/Do to P47/D7 are selected after a
reset, but they can be changed by software.
3. For the H8/3048 ZTAT version, H8/3048F version, H8/3048 mask ROM version,
H8/3047 mask ROM version, H8/3045 mask ROM version, and H8/3044 mask ROM
version, this pin is also used as the V¢c terminal.
4. For the H8/3048 ZTAT version, H8/3048F version, H8/3048 mask ROM version,
H8/3047 mask ROM version, H8/3045 mask ROM version, and H8/3044 mask ROM
version, this pin is used as the RESO terminal.
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1.3.3 Pin Functions

Table 1.4 summarizes the pin functions.

Table 1.4  Pin Functions

Symbol Pin No.

Type

I{e}

Name and Function

Power Vee 1, 35, 68

Input

Power: For connection to the power
supply. Connect all Vcc pins to the system
power supply.

Vss 11, 22, 44,

57, 65, 92

Input

Ground: For connection to ground (0 V).
Connect all Vss pins to the 0-V system
power supply.

Clock XTAL 67

Input

For connection to a crystal resonator.

For examples of crystal resonator and
external clock input, see section 20, Clock
Pulse Generator.

EXTAL 66

Input

For connection to a crystal resonator or
input of an external clock signal. For
examples of crystal resonator and external
clock input, see section 20, Clock Pulse
Generator.

® 61

Output

System clock: Supplies the system clock
to external devices.

Operating mode MD; to MDg
control

75t073

Input

Mode 2 to mode 0: For setting the
operating mode, as follows. Inputs at these
pins must not be changed during operation.

MD; MD; MD, Operating Mode
0 0 0 —

0 0 1 Mode 1

0 1 0 Mode 2

0 1 1 Mode 3

1 0 0 Mode 4

1 0 1 Mode 5

1 1 0 Mode 6

1 1 1 Mode 7
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Type Symbol Pin No. 110 Name and Function
System control RES 63 Input Reset input: When driven low, this pin
resets the chip
RESO 10 Output Reset output: For the mask ROM version,
outputs a reset signal to external devices
Also used as a power supply for on-board
(RESO/Vpp) programming of the flash memory version
with dual power supply.
STBY 62 Input Standby: When driven low, this pin forces a
transition to hardware standby mode
BREQ 59 Input Bus request: Used by an external bus
master to request the bus right
BACK 60 Output  Bus request acknowledge: Indicates that
the bus has been granted to an external bus
master
Interrupts NMI 64 Input Nonmaskable interrupt: Requests a
nonmaskable interrupt
TRQs to 17, 16, Input Interrupt request 5 to 0: Maskable
IRQo 90 to 87 interrupt request pins
Address bus Azz to Ag 97 to 100, Output Address bus: Outputs address signals
56 to 45,
43 to 36
Data bus D15 to Do 34 to 23, Input/ Data bus: Bidirectional data bus
211018 output
Bus control CS;t0CSy 8,97t099, Output Chip select: Select signals for areas 7 to 0
88 to 91
AS 69 Output  Address strobe: Goes low to indicate valid
address output on the address bus
RD 70 Output Read: Goes low to indicate reading from
the external address space
HWR 71 Output  High write: Goes low to indicate writing to
the external address space; indicates valid
data on the upper data bus (D15 to Ds).
LWR 72 Output  Low write: Goes low to indicate writing to
the external address space; indicates valid
data on the lower data bus (D7 to D).
WAIT 58 Input Wait: Requests insertion of wait states in

bus cycles during access to the external
address space
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Type Symbol Pin No. /10 Name and Function
Refresh RFSH 87 Output  Refresh: Indicates a refresh cycle
controlier CS; 88 Output Row address strobe RAS: Row address
strobe signal for DRAM connected to area 3
RD 70 Output  Column address strobe CAS: Column
address strobe signal for DRAM connected
to area 3; used with 2WE DRAM.
Write enable WE: Write enable signal for
DRAM connected to area 3; used with
2CAS DRAM.
HWR 71 Output  Upper write UW: Write enable signal for
DRAM connected to area 3; used with 2WE
DRAM.
Upper column address strobe UCAS:
Column address strobe signal for DRAM
connected to area 3; used with 2CAS
DRAM.
LWR 72 Output  Lower write LW: Write enable signal for
DRAM connected to area 3; used with 2WE
DRAM.
Lower column address strobe LCAS:
Column address strobe signal for DRAM
connected to area 3; used with 2CAS
DRAM.
DMA controller DREQ;q, 9,8 Input DMA request 1 and 0: DMAC activation
(DMAC) DREQo requests
TEND, 94, 93 Output  Transfer end 1 and 0: These signals
TENDo indicate that the DMAC has ended a data
transfer
16-bit integrated TCLKD to 96 to 93 Input Clock input D to A: External clock inputs
timer unit (ITU) TCLKA
TIOCAsto 4, 2,99, Input/ Input capture/output compare A4 to AO:
TIOCAo 97,95 output  GRA4 to GRAO output compare or input
capture, or PWM output
TIOCB4to 5, 3, 100, Input/ Input capture/output compare B4 to BO:
TIOCBy 98, 96 output  GRB4 to GRBO output compare or input
capture
TOCXA4 6 Output  Output compare XA4: PWM output
TOCXB4 7 Output  Output compare XB4: PWM output

Rev. 7.00 Sep 21, 2005 page 17 of 878
REJ09B0259-0700

RENESAS



Section 1 Overview

Type Symbol Pin No. /10 Name and Function
Programmable TPisto TPy 9to 2, Output TPC output 15 to 0: Pulse output
timing pattern 100 to 93
controller (TPC)
Serial TxD4, TxDo 13, 12 Output  Transmit data (channels 0 and 1):
communication SCI data output
interface (SCI)  Ryp, RxD, 15, 14 Input  Receive data (channels 0 and 1):
SCl data input
SCKj4, SCKy 17, 16 Input/ Serial clock (channels 0 and 1):
output  SCI clock input/output
A/D converter AN7to ANp 851078 Input Analog 7 to 0: Analog input pins
ADTRG 9 Input A/D trigger: External trigger input for
starting A/D conversion
D/A converter  DA4, DAo 85, 84 Output  Analog output: Analog output from the D/A
converter
A/D and D/A AVcc 76 Input Power supply pin for the A/D and D/A
converters converters. Connect to the system power
supply (Vcc) when not using the A/D and
D/A converters.
AVss 86 Input Ground pin for the A/D and D/A converters.
Connect to system ground (Vss).
VRer 77 Input Reference voltage input pin for the A/D and
D/A converters. Connect to the system
power supply (Vcc) when not using the A/D
and D/A converters.
1/0 ports P17toP1y 43to0 36 Input/ Port 1: Eight input/output pins.
output  The direction of each pin can be selected in
the port 1 data direction register (P1DDR).
P2;to P2y 52to45 Input/ Port 2: Eight input/output pins.
output  The direction of each pin can be selected in
the port 2 data direction register (P2DDR).
P37to P3g 34 to 27 Input/ Port 3: Eight input/output pins.
output  The direction of each pin can be selected in
the port 3 data direction register (P3DDR).
P47 to P4y 26 to 23, Input/ Port 4: Eight input/output pins.
211018 output  The direction of each pin can be selected in
the port 4 data direction register (P4DDR).
P53to P59 56 to 53 Input/ Port 5: Four input/output pins. The direction
output  of each pin can be selected in the port 5

data direction register (P5DDR).
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Type Symbol Pin No. 110 Name and Function
1/0 ports P6sto P6y 72 to 69, Input/ Port 6: Seven input/output pins. The
60 to 58 output  direction of each pin can be selected in the
port 6 data direction register (P6DDR).
P7;to P7 85t0 78 Input Port 7: Eight input pins
P84 to P8y 91to 87 Input/ Port 8: Five input/output pins. The direction
output  of each pin can be selected in the port 8
data direction register (P8DDR).
P95to P9y 17to12 Input/ Port 9: Six input/output pins. The direction
output  of each pin can be selected in the port 9
data direction register (PO9DDR).
PA7 to PA; 100 to 93 Input/ Port A: Eight input/output pins. The
output  direction of each pin can be selected in the
port A data direction register (PADDR).
PB;toPBy 9to2 Input/ Port B: Eight input/output pins. The
output  direction of each pin can be selected in the

port B data direction register (PBDDR).
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1.4

Differences between H8/3048F and H8/3048F-ONE

Table 1.5 shows the differences between the H8/3048F (dual power supply model) and H8/3048F-
ONE (single power supply model).

Table 1.5  Differences between H8/3048F and H8/3048F-ONE
Models with Dual Power Supply: Models with Single Power Supply:
Item H8/3048F H8/3048F-ONE*
Pin Pin 1: Vcc Pin 1: VcL (when a model which
specifications operates at 5 V is used)
Connected to Vss with 0.1 pF externally
applied. Pin 1 becomes Vcc when a
model which operates at 3 V is used.
Pin 10: Vpr/RESO Pin 10: FWE
ROM/RAM 128-kbyte flash memory with dual 128-kbyte flash memory with single
power supply, RAM: 4 kbytes power supply, RAM: 4 kbytes
Units of on- Writing in 1-byte units Writing in 128-byte units

board writing

Write/erase 12 V is externally applied from Vep pin  Application of 12 V is not required.
voltage Vce single power supply
Vpp pin Multiplexes with RESO FWE function only (no RESO function)
functions
Boot mode RESO=12V FWE = 1
settings MD2 | MD1 | MDO MD2 | MD1 | MDO
Mode 5 | 12V 0 1 Mode5| 0 0 1
Mode 6 | 12V 1 Mode6| 0 1 0
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
Settings for RESO =12V FWE =1
user program vibz | b1 | Mbo MD2 | MD1 | mMDO
mode Mode5| 1 0 1 Mode5| 1 0 1
Mode 6 | 1 1 Mode 6| 1 1 0
Mode 7 1 1 1 Mode 7 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. More than
one block cannot be erased at the same
time (the erasing flow is different)
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Models with Dual Power Supply:

Models with Single Power Supply:

Item H8/3048F H8/3048F-ONE*
Write Before writing, sets the block with the No setting
processing address to be written to EBR1/EBR2
FLMCR FLMCR (H'FF40) FLMCRL1 (H'FF40)
(Voo [VesE] = [ = [EV[PV] E [P ] [Fwe[swe|esulpsu[Ev [PV [ E | P |
FLMCR2 (H'FF41)
e T e e e e e
EBR EBR1 (HFF42) EBR (H'FF42)
[1B7 | 1B6 [ 1B5 [LB4 | LB3 | LB2 | LB1 [ LBO | |EB7 [ EB6 | EB5 | EB4 [ EB3 [EB2 |EB1[EBO|
EBR2 (H'FF43) Only one block can be selected(setting
| sB7 | sB6 | sB5 | sB4 | SB3 | SB2 | SB1 [ SBO | for erasing)
More than one block can be selected
(setting for writing/erasing)
RAMCR RAMCR (H'FF48) RAMCR (H'FF47)
[FLer] — | — | — [ravs|ramzramiRamo] | — [ — | — | — [RrAvs|ramzrami] — |
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: SBO 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'00000

EBO (1 kbyte)
EB1 (1 kbyte)
EB2 (1 kbyte)
EB3 (1 kbyte)
EB4 (28 kbytes)
EB5 (32 kbytes)
EB6 (32 kbytes)
EB7 (32 kbytes)

H1FFFF

RENESAS
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Item

Models with Dual Power Supply:
H8/3048F

Models with Single Power Supply:
H8/3048F-ONE*

Division of RAM
emulation block

On-chip RAM Flash memory

H'EF10 H'00000

H'F000
HF1FF

H'1EFFF
H'1F000
H'1F200
H'1F400
H'1F600
H'1F800
H'1FA00
H'1FC00
H'1FEOO
H'1FFFF

H'FFOF

On-chip RAM Flash memory
H'EF10 H'00000
H'00400
H'FO00 H'00800
H'00C00
H'E3FE H'01000
H'FFOF
H'1FFFF

Reset during

The RES signal must be kept low during

The RES signal must be kept low during

operation at least 6 system clock (6¢) cycles. at least 20 system clock (20¢) cycles.
(RES pulse width tresw = min. 6.0 teyc)  (RES pulse width tresw = min. 20 tcyc)
A/D ADCR ADCR (H'FFE9) ADCR (H'FFE9)
Initial value: H'7F Initial value: H'7E
Only bit 7 can be read or written. Only bit 7 can be read or written.
Other bits are reserved and always read Bit 0 is reserved and must not be set to
as 1; writing to these bits is invalid. 1.
Other bits are reserved and always read
as 1; writing to these bits is invalid.
WDT RSTCSR RSTCSR (H'FFAB) 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.

Initial value: H'3F
Only bit 7 can be read or written.

Bit 6 is reserved and must not be set to
1.

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

Models with Dual Power Supply:
H8/3048F

Models with Single Power Supply:
H8/3048F-ONE*

Clock oscillator

settling time

(SYSCR STS2-

STS0)

Setting of standby timer select
bits2to 0

Setting of standby timer select
bits 2t0 0

STS2 | STS1 | STSO Description STS2 | STS1 | STSO Description
0 0 0 8,192 states 0 0 0 8,192 states
1 16,384 states 1 16,384 states
1 0 32,768 states 1 0 32,768 states
1 65,536 states 1 65,536 states
1 0 0 131,072 states 1 0 0 131,072 states
1 1,024 states 1 262,144 states
1 — | lllegal setting 1 0 1,024 states
1 lllegal setting

Details on flash

Refer to section 19, Flash Memory

Refer to section 18, Flash Memory

memory (H8/3048F, Dual Power Supply). (H8/3048F-ONE, Single Power Supply)
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 21.1
Electrical Characteristics of H8/3048
Group Products.

List of registers

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

Refer to appendix B, Table B.1
Comparison of H8/3048 Group Internal
1/0 Register Specification

Refer to appendix B.1, 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, Addresses
(For H8/3048F-ONE)

On-chip
emulator

On-chip emulator (E10T)

Note: * Refer to the “H8/3048F-ONE, H8/3048F-ZTAT™ Hardware Manual” for information about
H8/3048F-ONE.
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Section 2 CPU

2.1 Overview

The H8/300H CPU is a high-speed central processing unit with an internal 32-bit architecture that
is upward-compatible with the H8/300 CPU. The H8/300H CPU has sixteen 16-bit general
registers, can address a 16-Mbyte linear address space, and is ideal for realtime control.

2.1.1 Features
The H8/300H CPU has the following features.

Upward compatibility with H8/300 CPU
Can execute H8/300 Series object programs

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

Sixty-two basic instructions

O 8/16/32-bit data transfer and arithmetic and logic instructions
0 Multiply and divide instructions
O Powerful bit-manipulation instructions

Eight addressing modes

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)]
0 Memory indirect [@@aa:8]
16-Mbyte linear address space

OoOo0ooogoo

High-speed operation

O All frequently-used instructions execute in two to four states

0 Maximum clock frequency:
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18 MHz (H8/3048ZTAT, H8/3048 mask ROM, H8/3047 mask ROM, H8/3045 mask
ROM, H8/3044 mask ROM)

16 MHz (H8/3048F)
O 8/16/32-bit register-register add/subtract: 111 ns @ 18 MHz/125 ns @ 16 MHz
O 8 x 8-bit register-register multiply: 778 ns @ 18 MHz/875 ns @ 16 MHz
O 16 + 8-bit register-register divide: 778 ns @ 18 MHz/875 ns @ 16 MHz
O 16 x 16-bit register-register multiply: 1,221 ns @ 18 MHz/1,375 ns @ 16 MHz
O 32+ 16-bit register-register divide: 1,221 ns @ 18 MHz/1,375 ns @ 16 MHz

Two CPU operating modes

0 Normal mode (not available in the H8/3048 Group)
0 Advanced mode

Low-power mode
Transition to power-down state by SLEEP instruction

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.

0 Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
(Normal mode is not available in the H8/3048 Group.)

Enhanced addressing

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

Enhanced instructions
0 Data transfer, 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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2.2 CPU Operating Modes

The H8/300H CPU has two operating modes: normal and advanced. Normal mode supports a
maximum 64-kbyte address space. Advanced mode supports up to 16 Mbytes. See figure 2.1.

The H8/3048 Group can be used only in advanced mode. (Information from this point on will
apply to advanced mode unless otherwise stated.)

Maximum 64 kbytes, program

Normal mode and data areas combined

CPU operating modes

Maximum 16 Mbytes, program

Ad d mod
vanced mode and data areas combined

Figure 2.1 CPU Operating Modes
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23 Address Space

The maximum address space of the H8/300H CPU is 16 Mbytes. The H8/3048 Group has various
operating modes (MCU modes), some providing a 1-Mbyte address space, the others supporting
the full 16 Mbytes.

Figure 2.2 shows the address ranges of the H8/3048 Group. For further details see section 3.6,
Memory Map in Each Operating Mode.

The 1-Mbyte operating modes use 20-bit addressing. The upper 4 bits of effective addresses are
ignored.

H'00000 H'000000

H'FFFFF

H'FFFFFF

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

Figure 2.2 Memory Map
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2.4 Register Configuration

24.1 Overview

The H8/300H CPU has the internal registers shown in figure 2.3. There are two types of registers:

general registers and control registers.

General Registers (ERn)

15 07 07 0
ERO EO ROH ROL
ER1 E1 R1H R1L
ER2 E2 R2H R2L
ER3 E3 R3H R3L
ER4 E4 R4H R4L
ER5 E5 R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L
Control Registers (CR)
23 0

PC |

Legend

SP:  Stack pointer

PC: Program counter

CCR: Condition code register
I: Interrupt mask bit

ul: User bit or interrupt mask bit
Half-carry flag

User bit

Negative flag

Zero flag

Overflow flag

Carry flag

OsSNZCI

76543210
CCR |1 UH|U[NZ|V|C]

Figure 2.3 CPU Internal Registers
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2.4.2 General Registers

The H8/300H CPU has eight 32-bit general registers. These general registers are all functionally
alike and can be used without distinction between data registers and address registers. When a
general register is used as a data register, it can be accessed as a 32-bit, 16-bit, or 8-bit register.
When the general registers are used as 32-bit registers or as address registers, they are designated
by the letters ER (ERO to ER7).

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

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

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

< Address registers
« 32-bit registers « 16-bit registers « 8-bit registers

E registers
— (extended registers)
EO to E7

ER registers RH registers
ERO to ER7 ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure 2.4 Usage of General Registers
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General register ER7 has the function of stack pointer (SP) in addition to its general-register
function, and is used implicitly in exception handling and subroutine calls. Figure 2.5 shows the
stack.

/\/

Free area

SP (ER7) —

Stack area

/\/

Figure 2.5 Stack

243 Control Registers

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

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

Condition Code Register (CCR): This 8-bit register contains internal CPU status information,
including the interrupt mask bit (I) and half-carry (H), negative (N), zero (Z), overflow (V), and
carry (C) flags.

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

* Bit 6—User Bit or Interrupt Mask Bit (UI): Can be written and read by software using the
LDC, STC, ANDC, ORC, and XORC instructions. This bit can also be used as an interrupt
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, CMP.B, or
NEG.B instruction is executed, this flag is set to 1 if there is a carry or borrow at bit 3, and
cleared to 0 otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is
executed, the H flag is set to 1 if there is a carry or borrow at bit 11, and cleared to 0 otherwise.
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When the ADD.L, SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if
there is a carry or borrow at bit 27, and cleared to 0 otherwise.

* Bit 4—User Bit (U): Can be written and read by software using the LDC, STC, ANDC, ORC,
and XORC instructions.

* Bit 3—Negative Flag (N): Indicates the most significant bit (sign bit) of data.
* Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to 0 to indicate non-zero data.

* Bit 1—Overflow Flag (V): Set to 1 when an arithmetic overflow occurs, and cleared to 0 at
other times.

* Bit 0—Carry Flag (C): Set to 1 when a carry occurs, and cleared to 0 otherwise. Used by:
0 Add instructions, to indicate a carry
[0 Subtract instructions, to indicate a borrow
[0 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 the LDC,
STC, ANDC, ORC, and XORC instructions. The N, Z, V, and C flags are used by conditional
branch (Bcc) instructions.

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

2.4.4 Initial CPU Register Values

In reset exception handling, PC is initialized to a value loaded from the vector table, and the I bit
in CCR is set to 1. The other CCR bits and the general registers are not initialized. In particular,
the stack pointer (ER7) is not initialized. The stack pointer must therefore be initialized by an
MOV.L instruction executed immediately after a reset.
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2.5 Data Formats

The H8/300H CPU can process 1-bit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bitn (n=20, 1,
2, ..., 7) of byte operand data. The DAA and DAS decimal-adjust instructions treat byte data as
two digits of 4-bit BCD data.

2.5.1 General Register Data Formats

Figures 2.6 and 2.7 show the data formats in general registers.

General
Data Type Register Data Format
7 o
1-bit data RnH EE Don'tcare
7 0

1-bit data RnL ' Don’t care En

7 43 0

4-bit BCD data RnH Don't care

________________ 7 43 0

4-bit BCD data RnL 1 Don't care

7 o
Byte data RnH [:j Don't care '
MSB s
________________ 7 0
Byte data RnL Don't care [:]
MSB LSB

Figure 2.6 General Register Data Formats (1)
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General
Data Type Register Data Format
15 0
Word data Rn | ‘ ‘
MSB LSB
15 ‘O
Word data En | L . |
MSB LSB
31 1615 0
Longword data ERn | . .
MSB LSB

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

Figure 2.7 General Register Data Formats (2)
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2.5.2 Memory Data Formats

Figure 2.8 shows the data formats on memory. The H8/300H CPU can access word data and
longword data on memory, but word or longword data must begin at an even address. If an attempt
is made to access word or longword data at an odd address, no address error occurs but the least
significant bit of the address is regarded as 0, so the access starts at the preceding address. This
also applies to instruction fetches.

Data Type Address Data Format
7 0
1-bit data Address L 7]e|s|al3]2]1]o0
Byte data Address L MSB: - :LSB
Word data Address 2M MSB: L
Address 2M + 1 | | | | | | :LSB
Address 2N MSB:
Longword data Address 2N + 1 |
Address 2N + 2 ‘
Address 2N + 3 LsB

/X/

Figure 2.8 Memory Data Formats

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

2.6.1 Instruction Set Overview

The H8/300H CPU has 62 types of instructions, which are classified in table 2.1.

Table 2.1 Instruction Classification
Function Instruction Types
Data transfer MOV, PUSH*!, POP*!, MOVTPE**, MOVFPE** 3
Arithmetic operatiozns ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, 18
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 8
Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, 14
BXOR, BIXOR, BLD, BILD, BST, BIST
Branch Bcc*3, JMP, BSR, JSR, RTS 5
System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9
Block data transfer EEPMOV 1

Total 62 types
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 H8/3048 Group.
3. Bcc is a generic branching instruction.
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2.6.2

Instructions and Addressing Modes

Table 2.2 indicates the instructions available in the H8/300H CPU.

Table 2.2  Instructions and Addressing Modes
Addressing Modes
j-
c c if ~
Function Instruction i o g') ) 0 .
© < + © < [* o ©
E S E|E SIS g E &
x c W 2 2 W © o o kX koA
£ 4 ® ® ® ® ® ® ® ® ® ® |
Data MOV BWL | BWL | BWL | BWL | BWL | BWL B BWL | BWL — —
transfer  |pop, pPUSH e e e e e e e e e e
MOVFPE*, — -]l ]l | =]l=]=1]=1c
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 — — — — — — — — — @) @) — —
JMP, JSR — | = ol — | — | =] =] = o | — | = 0 _
RTS S (I | | (S (I (N [ S I e
System TRAPA — — — — — — — — — — — — @)
control RTE _ _ _ _ _ _ _ _ _ _ — _ o
SLEEP — - - - -] -] -] -] =] =] ]=1]o0
LDC B B W W W W — w w — — — —
STC — B i W i w — w W — — — —
ANDC, ORC, B — — — — — — — — — — —
XORC
NOP e e e e e e B B T e Bt e
Block data transfer — — —_ — — — — — — — — — BW
Legend
B: Byte
W: Word
L: Longword
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Note: * Not availabe in the H8/3048 Group.

2.6.3 Tables of Instructions Classified by Function

Tables 2.3 to 2.10 summarize the instructions in each functional category. The operation notation
used in these tables is defined next.

Operation Notation

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

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
z Z (zero) flag of CCR

V 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

n NOT (logical complement)
:3/:8/:16/:24 3-, 8-, 16-, or 24-bit length

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

Instruction Size* Function

MOV B/WIL (EAs) - Rd, Rs - (EAd)

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

MOVFPE B (EAs) - Rd

Cannot be used in the H8/3048 Group.
MOVTPE B Rs - (EAs)

Cannot be used in the H8/3048 Group.
POP Wi/L @SP+ - Rn

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

PUSH WIL Rn - @-SP

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

ERn, @-SP.
Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table 2.4  Arithmetic Operation Instructions

Instruction Size* Function

ADD, SUB B/WIL Rd £Rs - Rd, Rd £ #IMM - Rd

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

ADDX, SUBX B Rd+Rs+C - Rd,Rd+#IMM = C - Rd

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

INC, DEC B/WIL Rd+1 - Rd,Rd+2 - Rd

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

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

DAA, DAS B Rd decimal adjust - Rd

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

MULXU B/W Rd xRs - Rd

Performs unsigned multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

MULXS B/W Rd xRs - Rd

Performs signed multiplication on data in two general registers:
either 8 bits x 8 bits — 16 bits or 16 bits x 16 bits — 32 bits.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Instruction Size* Function

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

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

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

NEG B/WIL 0-Rd - Rd
Takes the two’s complement (arithmetic complement) of data in a
general register.

EXTS Wi/L Rd (sign extension) —» Rd
Extends byte data in the lower 8 bits of a 16-bit register to word data,
or extends word data in the lower 16 bits of a 32-bit register to
longword data, by extending the sign bit.

EXTU Wi/L Rd (zero extension) — Rd

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

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2.5  Logic Operation Instructions

Instruction Size* Function

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

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

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

NOT B/W/L - Rd - Rd

Takes the one’s complement of general register contents.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword

Table 2.6  Shift Instructions

Instruction Size* Function
SHAL, B/W/L Rd (shift) - Rd
SHAR Performs an arithmetic shift on general register contents.
SHLL, B/W/L Rd (shift) - Rd
SHLR Performs a logical shift on general register contents.
ROTL, B/W/L Rd (rotate) -~ Rd
ROTR Rotates general register contents.
ROTXL, B/W/L Rd (rotate) -~ Rd
ROTXR Rotates general register contents through the carry bit.
Note: * Size refers to the operand size.
B: Byte
W: Word
L: Longword
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Table 2.7  Bit Manipulation Instructions

Instruction Size* Function

BSET B 1 - (<bit-No.> of <EAd>)

Sets a specified bit in a general register or memory operand to 1.
The bit number is specified by 3-bit immediate data or the lower 3
bits of a general register.

BCLR B 0 - (<bit-No.> of <EAd>)

Clears a specified bit in a general register or memory operand to 0.
The bit number is specified by 3-bit immediate data or the lower 3
bits of a general register.

BNOT B - (<bit-No.> of <EAd>) — (<bit-No.> of <EAd>)

Inverts a specified bit in a general register or memory operand. The
bit number is specified by 3-bit immediate data or the lower 3 bits of
a general register.

BTST B 7 (<bit-No.> of <EAd>) - Z

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

BAND B C O(<bit-No.> of <EAd>) — C

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

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

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

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

Note: * Size refers to the operand size.
B: Byte
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Instruction Size* Function

BOR B C O(<bit-No.> of <EAd>) — C

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

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

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

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

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

BIXOR B C O [~ (<bit-No.> of <EAd>)] -~ C
Exclusive-ORs the carry flag with the inverse of a specified bit in a

general register or memory operand and stores the result in the carry
flag.

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

BLD B (<bit-No.> of <EAd>) — C

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

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

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

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

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

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

BIST B C - — (<bit-No.> of <EAd>)

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

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

Note: * Size refers to the operand size.
B: Byte
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Table 2.8  Branching Instructions
Instruction Size Function
Bcc — Branches to a specified address if a specified condition is true. The
branching conditions are listed below.
Mnemonic Description Condition
BRA (BT) Always (true) Always
BRN (BF) Never (false) Never
BHI High coz=0
BLS Low or same coz=1
Bcc (BHS) Carry clear (highorsame) C=0
BCS (BLO) Carry set (low) C=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N=1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONNOV)=0
BLE Less or equal ZONDOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine

Rev. 7.00 Sep 21, 2005 page 45 of 878
REJ09B0259-0700

RENESAS



Section 2 CPU

Table 2.9  System Control Instructions

Instruction Size* Function
TRAPA — Starts trap-instruction exception handling
RTE — Returns from an exception-handling routine
SLEEP — Causes a transition to the power-down state
LDC B/W (EAs) - CCR
Moves the source operand contents to the condition code register.
The condition code register size is one byte, but in transfer from
memory, data is read by word access.
STC B/W CCR - (EAd)
Transfers the CCR contents to a destination location. The condition
code register size is one byte, but in transfer to memory, data is
written by word access.
ANDC B CCR O#IMM - CCR
Logically ANDs the condition code register with immediate data.
ORC B CCR O#IMM - CCR
Logically ORs the condition code register with immediate data.
XORC B CCR O #IMM - CCR
Logically exclusive-ORs the condition code register with immediate
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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Table 2.10 Block Transfer Instruction

Instruction Size Function

EEPMOV.B — if R4L # 0 then

repeat @ER5+ - @ER6+, R4L -1 - R4L
until R4L=0

else next;
EEPMOV.W — if R4 # 0 then
repeat @ER5+ -~ @ER6+, R4-1 - R4
until R4=0
else next;

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

R4L or R4: Size of block (bytes)

ERS5: Starting source address
ERG: Starting destination address
Execution of the next instruction begins as soon as the transfer is
completed.
2.6.4 Basic Instruction Formats

The H8/300H instructions consist of 2-byte (1-word) units. An instruction consists of an operation
field (OP field), a register field (r field), an effective address extension (EA field), and a condition
field (cc).

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

Register Field: Specifies a general register. Address registers are specified by 3 bits, data registers
by 3 bits or 4 bits. Some instructions have two register fields. Some have no register field.

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

Condition Field: Specifies the branching condition of Bec instructions.
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Figure 2.9 shows examples of instruction formats.

Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ rm

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

EA (disp)

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure 2.9 Instruction Formats

2.6.5 Notes on Use of Bit Manipulation Instructions

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

The BCLR instruction can be used to clear flags in the internal I/O registers. In an interrupt-
handling routine, for example, if it is known that the flag is set to 1, it is not necessary to read the
flag ahead of time.

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 address

In the following example, a BCLR instruction is executed on the data direction register (DDR) of
port 4.

P4, and P4, are set as input pins, and are inputting low-level and high-level signals, respectively.
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P45 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.

Before Execution of BCLR Instruction

P47 P46 P45 P44 P43 P42 P41 P40
Input/output Input Input Output  Output  Output Output Output Output
DDR 0 0 1 1 1 1 1 1
DR 1 0 0 0 0 0 0 0
Execution of BCLR Instruction
BCLR #0, @P4DDR : Execute BCLR instruction on DDR
After Execution of BCLR Instruction

P47 P46 P45 P44 P43 P42 P41 P40
Input/output Output  Output  Output Output Output Output Output Input
DDR 1 1 1 1 1 1 1 0
DR 1 0 0 0 0 0 0 0

Explanation of BCLR Instruction

To execute the BCLR instruction, the CPU begins by reading PADDR. Since PADDR is a write-

only register, it is read as H'FF, even though its true value is H'3F.

Next the CPU clears bit 0 of the read data, changing the value to HFE.

Finally, the CPU writes this value (H'FE) back to DDR to complete the BCLR instruction.

As a result, P4,DDR is cleared to 0, making P4, an input pin. In addition, P4,DDR and P4,DDR

are set to 1, making P4, and P4, output pins.

The BCLR instruction can be used to clear flags in the internal I/O registers to 0. In an interrupt-
handling routine, for example, if it is known that the flag is set to 1, it is not necessary to read the

flag ahead of time.
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2.7 Addressing Modes and Effective Address Calculation

2,71 Addressing Modes

The H8/300H CPU supports the eight addressing modes listed in table 2.11. Each instruction uses
a subset of these addressing modes. Arithmetic and logic instructions can use the register direct
and immediate modes. Data transfer instructions can use all addressing modes except program-
counter relative and memory indirect. Bit manipulation instructions use register direct, register
indirect, or absolute (@aa:8) addressing mode to specify an operand, and register direct (BSET,
BCLR, BNOT, and BTST instructions) or immediate (3-bit) addressing mode to specify a bit
number in the operand.

Table 2.11 Addressing Modes

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

1 Register Direct—Rn: The register field of the instruction code specifies an 8-, 16-, or 32-bit
register containing the operand. ROH to R7H and ROL to R7L can be specified as 8-bit registers.
RO to R7 and EO to E7 can be specified as 16-bit registers. ERO to ER7 can be specified as 32-bit
registers.

2 Register Indirect—@ERn: The register field of the instruction code specifies an address
register (ERn), the lower 24 bits of which contain the address of the operand.

3 Register Indirect with Displacement—@)(d:16, ERn) or @(d:24, ERn): A 16-bit or 24-bit
displacement contained in the instruction code is added to the contents of an address register
(ERn) specified by the register field of the instruction, and the lower 24 bits of the sum specify the
address of a memory operand. A 16-bit displacement is sign-extended when added.
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4 Register Indirect with Post-Increment or Pre-Decrement—@ERn+ or @—ERn:

» Register indirect with post-increment—@ERn+

The register field of the instruction code specifies an address register (ERn) the lower 24 bits
of which contain the address of a memory operand. After the operand is accessed, 1, 2, or 4 is
added to the address register contents (32 bits) and the sum is stored in the address register.
The value added is 1 for byte access, 2 for word access, or 4 for longword access. For word or
longword access, the register value should be even.

* Register indirect with pre-decrement—@-ERn
The value 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 bits of the result become the address of a memory
operand. The result is also stored in the address register. The value subtracted is 1 for byte
access, 2 for word access, or 4 for longword access. For word or longword access, the resulting
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 address may be 8 bits long (@aa:8), 16 bits long
(@aa:16), or 24 bits long (@aa:24). For an 8-bit absolute address, the upper 16 bits are all
assumed to be 1 (H'FFFF). For a 16-bit absolute address the upper 8 bits are a sign extension. A
24-bit absolute address can access the entire address space. Table 2.12 indicates the accessible
address ranges.

Table 2.12 Absolute Address Access Ranges

Absolute Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFO0O0 to H'FFFFF H'FFFFOO0 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32767, 1015808 to 1048575) (0 to 32767, 16744448 to 16777215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0 to 16777215)

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

The instruction codes of the ADDS, SUBS, INC, and DEC instructions contain immediate data
implicitly. The instruction codes of some bit manipulation instructions contain 3-bit immediate
data specifying a bit number. The TRAPA instruction code contains 2-bit immediate data
specifying a vector address.
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7 Program-Counter Relative—@(d:8, PC) or @(d:16, PC): This mode is used in the Bcc and
BSR instructions. An 8-bit or 16-bit displacement contained in the instruction code is sign-
extended to 24 bits and added to the 24-bit PC contents to generate a 24-bit branch address. The
PC value to which the displacement is added is the address of the first byte of the next instruction,
so the possible branching range is —126 to +128 bytes (—63 to +64 words) or —32766 to +32768
bytes (—16383 to +16384 words) from the branch instruction. The resulting value should be an
even number.

8 Memory Indirect—@@aa:8: This mode can be used by the JMP and JSR instructions. The
instruction code contains an 8-bit absolute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. The first
byte of the memory operand is ignored, generating a 24-bit branch address. See figure 2.10. The
upper bits of the 8-bit absolute address are assumed to be 0 (H'0000), so the address range is 0 to
255 (H'000000 to H'0000FF). Note that the first part of this range is also the exception vector area.
For further details see section 5, Interrupt Controller.

/\/

Specified by @aa:8 — Reserved

Figure 2.10 Memory-Indirect Branch Address Specification

When a word-size or longword-size memory operand is specified, or when a branch address is
specified, if the specified memory address is odd, the least significant bit is regarded as 0. The
accessed data or instruction code therefore begins at the preceding address. See section 2.5.2,
Memory Data Formats.

2.7.2 Effective Address Calculation

Table 2.13 explains how an effective address is calculated in each addressing mode. In the
1-Mbyte operating modes the upper 4 bits of the calculated address are ignored in order to
generate a 20-bit effective address.
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Table 2.13 Effective Address Calculation

Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address
1 Register direct (Rn) Operand is general
register contents
op |rm|rm
2 Register indirect (@ERnN)
31 0 23 0
‘ »(  General register contents
op r
3 Register indirect with displacement
@(d:16, ERn)/@(d:24, ERn)
31 0
»( General register contents
\ 23 0
op r disp
Sign extension disp
)
4. Register indirect with post-increment
or pre-decrement
Register indirect with post-increment
@ERN+
31 0 23 0
‘ »  General register contents »
i
op r b
1,2,0or4d
Register indirect with pre-decrement
@-ERn
31 0
»  General register contents
‘ 23 0
a
op |r S O —»
1,2,0r4 —T

1 for a byte operand, 2 for a word
operand, 4 for a longword operand
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Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address
5 Absolute address
@aa:8
@aa:8 23 87 0
op abs H'FFFF
| f
@aa:16
23 1615 0
Sign
op abs exten-
sion
@aa:24
op 23 0
abs
6 Immediate Operand is immediate
#xx:8, #xx:16, or #xx:32 data
op IMM
7 Program-counter relative
@(d:8, PC) or @(d:16, PC)
23

PC contents

Sign
exten- disp
sion

op disp

23 0
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Addressing Mode and Effective Address
No. Instruction Format Calculation Effective Address
8 Memory indirect @@aa:8
¢ Normal mode
op abs
23 87y 0
H'0000 abs
]
15 0 23 1615 0
M .
> contonts H00
¢ Advanced mode
op abs
23 87y 0
H'0000 abs
31 0 23 0
Memory contents
Legend:
r, rm, rn: Register field
op: Operation field
disp: Displacement
IMM: Immediate data
abs: Absolute address
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2.8 Processing States

2.8.1 Overview

The H8/300H CPU has five processing states: the program execution state, exception-handling
state, power-down state, reset state, and bus-released state. The power-down state includes sleep
mode, software standby mode, and hardware standby mode. Figure 2.11 classifies the processing
states. Figure 2.13 indicates the state transitions.

Processing states F% Program execution state |

The CPU executes program instructions in sequence

% Exception-handling state |

A transient state in which the CPU executes a hardware 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 halted

% Power-down state Sleep mode |

The CPU is halted to conserve power

Software standby mode |

Hardware standby mode |

Figure 2.11 Processing States
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2.8.2 Program Execution State

In this state the CPU executes program instructions in normal sequence.

2.8.3 Exception-Handling State

The exception-handling state is a transient state that occurs when the CPU alters the normal
program flow due to a reset, interrupt, or trap instruction. The CPU fetches a starting address from
the exception vector table and branches to that address. In interrupt and trap exception handling
the CPU references the stack pointer (ER7) and saves the program counter and condition code
register.

Types of Exception Handling and Their Priority: Exception handling is performed for resets,
interrupts, and trap instructions. Table 2.14 indicates the types of exception handling and their
priority. Trap instruction exceptions are accepted at all times in the program execution state.

Table 2.14 Exception Handling Types and Priority

exception-handling sequence

Type of

Priority Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock Exception handling starts immediately
N when RES changes from low to high
O Interrupt End of instruction When an interrupt is requested,

Il execution or end of exception handling starts at the end of
[ exception handling* the current instruction or current

U

U

Trap instruction ~ When TRAPA instruction ~ Exception handling starts when a trap
Low is executed (TRAPA) instruction is executed

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

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

External interrupts
Exception

sources Interrupt

Internal interrupts (from on-chip supporting modules)

Trap instruction

Figure 2.12 Classification of Exception Sources

End of bus release

Bus request

Program execution state>
SLEEP

instruction

with SSBY =0

Sleep mode >

End of bus
release

Bus

End of Interrupt SLEEP instruction
exception with SSBY =1
handling

NMI, IRQq, IRQ 1,
O\ or IRQ; interrupt

<Exception-handling statej~

A

>

KSoﬂware standby mode>

STBY=1, RES =0
C Reset state™* N

j* Gardware standby mode*a

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.

Figure 2.13 State Transitions
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2.8.4 Exception-Handling Sequences

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

Interrupt Exception Handling and Trap Instruction Exception Handling: When these
exception-handling sequences begin, the CPU references the stack pointer (ER7) and pushes the
program counter and condition code register on the stack. Next, if the UE bit in the system control
register (SYSCR) is set to 1, the CPU sets the I bit in the condition code register to 1. If the UE bit
is cleared to 0, the CPU sets both the I bit and the Ul bit in the condition code register to 1. Then
the CPU fetches a start address from the exception vector table and execution branches to that
address.

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

f f

SP-4 SP (ER7) — CCR
SP-3 SP+1
SP-2 SP+2 PC
SP-1 SP+3
SP (ER7) —|_ Stack area SP+4 Even

N B | address

\_/\ \_/\

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

Legend
CCR: Condition code register
SP:  Stack pointer

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

Figure 2.14 Stack Structure after Exception Handling
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2.8.5 Bus-Released State

In this state the bus is released to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU are the DMA controller, the refresh controller, and an external
bus master. While the bus is released, the CPU halts except for internal operations. Interrupt
requests are not accepted. For details see section 6.3.7, Bus Arbiter Operation.

2.8.6 Reset State

When the RES input goes low all current processing stops and the CPU enters the reset state. The I
bit in the condition code register is set to 1 by a reset. All interrupts are masked in the reset state.
Reset exception handling starts when the RES signal changes from low to high.

The reset state can also be entered by a watchdog timer overflow. For details see section 12,
Watchdog Timer.

2.8.7 Power-Down State

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

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

Software Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit is set to 1 in SYSCR. The CPU and clock halt and all
on-chip supporting modules stop operating. The on-chip supporting modules are reset, but as long
as a specified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The 1/0O ports also remain in their existing states.

Hardware Standby Mode: A transition to hardware standby mode is made when the STBY input
goes low. As in software standby mode, the CPU and all clocks halt and the on-chip supporting
modules are reset, but as long as a specified voltage is supplied, on-chip RAM contents are
retained.

For further information see section 21, Power-Down State.
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29 Basic Operational Timing

2.9.1 Overview

The H8/300H CPU operates according to the system clock (). The interval from one rise of the
system clock to the next rise is referred to as a “state.” A memory cycle or bus cycle consists of
two or three states. The CPU uses different methods to access on-chip memory, the on-chip
supporting modules, and the external address space. Access to the external address space can be
controlled by the bus controller.

2.9.2 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data bus is 16 bits wide, permitting both byte and
word access. Figure 2.15 shows the on-chip memory access cycle. Figure 2.16 indicates the pin
states.

‘ Bus cycle ‘
«— T, state —»<—T,state —»

0 I U W

Internal address bus >< Address ><

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

Internal write signal w \—/7

Internal data bus -
(write access) :>—< | Write data >—

Figure 2.15 On-Chip Memory Access Cycle
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o I W W

Address bus >< Add‘ress ><

AS, RD, HWR

—
v}

High imbedance

Dy5to Dg ‘

Figure 2.16 Pin States during On-Chip Memory Access

293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data bus is 8 or 16 bits wide,
depending on the register being accessed. Figure 2.17 shows the on-chip supporting module access
timing. Figure 2.18 indicates the pin states.

! Bus cycle !

- o
et}
| |

~a— T, state —»-«— T, state —»=— T state —»

Address bus 1>< Address

Internal read signal \ /
Read ! i |
access I | | |
Internal data bus > ( Read data )
Internal write signal \ /
Write ! ;
access | : | !
Internal data bus :>—< Write data >—

Figure 2.17 Access Cycle for On-Chip Supporting Modules
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Address bus >< Address ><:

S, RD, HWR

-
Y

D15 to Dg

Figure 2.18 Pin States during Access to On-Chip Supporting Modules

294 Access to External Address Space

The external address space is divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each area is accessed via an 8-bit or 16-bit bus, and whether it is accessed in
two or three states. For details see section 6, Bus Controller.
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Section 3 MCU Operating Modes

3.1 Overview

3.1.1 Operating Mode Selection

The H8/3048 Group has seven operating modes (modes 1 to 7) that are selected by the mode pins
(MD, to MDy) as indicated in table 3.1. The input at these pins determines the size of the address
space and the initial bus mode.

Table 3.1  Operating Mode Selection

Mode Pins Description
Operating Initial Bus On-Chip  On-Chip
Mode MD, MD; MD, Address Space Mode*' ROM RAM
— 0 0 0 — — — —
Mode 1 0 0 1 Expanded mode 8 bits Disabled Enabled*
Mode 2 0 1 0 Expanded mode 16 bits Disabled Enabled*
Mode 3 0 1 1 Expanded mode 8 bits Disabled Enabled*
Mode 4 1 0 0 Expanded mode 16 bits Disabled Enabled*
Mode 5 1 0 1 Expanded mode 8 bits Enabled Enabled**
Mode 6 1 1 0 Expanded mode 8 bits Enabled  Enabled*
Mode 7 1 1 1 Single-chip advanced — Enabled Enabled

mode

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

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

For the address space size there are two choices: 1 Mbyte or 16 Mbytes. The external data bus is
either 8 or 16 bits wide depending on ABWCR settings. If 8-bit access is selected for all areas, the
external data bus is 8 bits wide. For details see section 6, Bus Controller.

Modes 1 to 4 are externally expanded modes that enable access to external memory and peripheral
devices and disable access to the on-chip ROM. Modes 1 and 2 support a maximum address space
of 1 Mbyte. Modes 3 and 4 support a maximum address space of 16 Mbytes.
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Modes 5 and 6 are externally expanded modes that enable access to external memory and
peripheral devices and also enable access to the on-chip ROM. Mode 5 supports a maximum
address space of 1 Mbyte. Mode 6 supports a maximum address space of 16 Mbytes.

Mode 7 is a single-chip mode that operates using the on-chip ROM, RAM, and internal I/O
registers, and makes all I/O ports available. Mode 7 supports a 1-Mbyte address space.

The H8/3048 Group can be used only in modes 1 to 7. The inputs at the mode pins must select one
of these seven modes. The inputs at the mode pins must not be changed during operation.

3.1.2 Register Configuration

The H8/3048 Group has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD, to MD,), and a system control register (SYSCR). Table 3.2 summarizes these registers.

Table 3.2  Registers

Address* Name Abbreviation R/W Initial Value
H'FFFA1 Mode control register MDCR R Undetermined
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 H8/3048
Group.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO ‘
Initial value 1 1 0 0 0 —* — —*
Read/Write — — — — — R R R
Reserved bits Reserved bits Mode select 2to 0

Bits indicating the current
operating mode

Note: * Determined by pins MD, to MDg.

Bits 7 and 6—Reserved: Read-only bits, always read as 1.

Bits 5 to 3—Reserved: Read-only bits, always read as 0.
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Bits 2 to 0—Mode Select 2 to 0 (MDS2 to MDSO0): These bits indicate the logic levels at pins
MD, to MDj, (the current operating mode). MDS2 to MDSO0 correspond to MD, to MD,. MDS2 to
MDSO are read-only bits. The mode pin (MD, to MD,) levels are latched into these bits when
MDCR is read.

33 System Control Register (SYSCR)

SYSCR is an 8-bit register that controls the operation of the H8/3048 Group.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable
Enables or

disables
on-chip RAM

Reserved bit

NMI edge select
Selects the valid edge
of the NMI input

User bit enable
Selects whether to use the Ul bit in CCR
as a user bit or an interrupt mask bit

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

Software standby
Enables transition to software standby mode

Bit 7—Software Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 21, Power-Down State.)

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

Bit 7: SSBY Description
0 SLEEP instruction causes transition to sleep mode (Initial value)
1 SLEEP instruction causes transition to software standby mode
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Bits 6 to 4—Standby Timer Select (STS2 to STS0): These bits select the length of time the CPU
and on-chip supporting modules wait for the internal clock oscillator to settle when software
standby mode is exited by an external interrupt. When using a crystal oscillator, set these bits so
that the waiting time will be at least 7 ms at the system clock rate. For further information about
waiting time selection, see section 21.4.3, Selection of Waiting Time for Exit from Software
Standby Mode.

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

0 0 0 Waiting time = 8,192 states (Initial value)
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 = 1,024 states
1 — lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code register as a
user bit or an interrupt mask bit.

Bit 3: UE Description
0 Ul bitin CCR is used as an interrupt mask bit
1 Ul bit in CCR is used as a user bit (Initial value)

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

Bit 2: NMIEG Description
0 An interrupt is requested at the falling edge of NMI (Initial value)
1 An interrupt is requested at the rising edge of NMI

Bit 1—Reserved: Read-only bit, always read as 1.

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

Bit 0: RAME Description
0 On-chip RAM is disabled
1 On-chip RAM is enabled (Initial value)
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34 Operating Mode Descriptions

34.1 Mode 1

Ports 1, 2, and 5 function as address pins A to Ay, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least
one area is designated for 16-bit access in ABWCR, the bus mode switches to 16 bits.

34.2 Mode 2

Ports 1, 2, and 5 function as address pins A to Ay, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after a reset is 16 bits, with 16-bit access to all areas. If all
areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 bits.

343 Mode 3

Ports 1, 2, and 5 and part of port A function as address pins Ay; to A, permitting access to a
maximum 16-Mbyte address space. The initial bus mode after a reset is 8 bits, with 8-bit access to
all areas. If at least one area is designated for 16-bit access in ABWCR, the bus mode switches to
16 bits. Ay; to Ay are valid when 0 is written in bits 7 to 5 of the bus release control register
(BRCR). (In this mode A, is always used for address output.)

344 Mode 4

Ports 1, 2, and 5 and part of port A function as address pins A,; to A, permitting access to a
maximum 16-Mbyte address space. The initial bus mode after a reset is 16 bits, with 16-bit access
to all areas. If all areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 bits.
Ajz to Ay are valid when 0 is written in bits 7 to 5 of BRCR. (In this mode A, is always used for
address output.)

345 Mode 5

Ports 1, 2, and 5 can function as address pins Ajg to Ay, permitting access to a maximum 1-Mbyte

address space, but following a reset they are input ports. To use ports 1, 2, and 5 as an address bus,
the corresponding bits in their data direction registers (P1IDDR, P2DDR, and PSDDR) must be set
to 1. The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least one area is

designated for 16-bit access in ABWCR, the bus mode switches to 16 bits.
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3.4.6 Mode 6

Ports 1, 2, and 5 and part of port A function as address pins Ay; to A, permitting access to a
maximum 16-Mbyte address space, but following a reset they are input ports. To use ports 1, 2,
and 5 as an address bus, the corresponding bits in their data direction registers (P1DDR, P2DDR,
and PSDDR) must be set to 1. For A,; to Ay output, clear bits 7 to 5 of BRCR to 0. (In this mode
A, is always used for address output.)

The initial bus mode after a reset is 8 bits, with 8-bit access to all areas. If at least one area is
designated for 16-bit access in ABWCR, the bus mode switches to 16 bits.

34.7 Mode 7

This mode operates using the on-chip ROM, RAM, and internal I/O registers. All I/O ports are
available. Mode 7 supports a 1-Mbyte address space.

3.5 Pin Functions in Each Operating Mode

The pin functions of ports 1 to 5 and port A vary depending on the operating mode. Table 3.3
indicates their functions in each operating mode.

Table 3.3 Pin Functions in Each Mode

Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7

Port1  AstoA, Asto A Asto A Asto A, P1;to P1g*® P1;t0 P1,** P1;to P1o

Port2  AsstoAs Ass to Ag Ass to Ag Ass to Ag P2;to P20*2  P2;to P2,** P2, to P2,

Port 3 D15 to Dg D15 to Dg D15 to Dg D15 to Dg D15 to Dg D15 to Dg P37 to P3o

Port4  P4;to P4o*' D;to Do*' P4, to P4o*' Dy to Do*' P4, to P4o*'  P4;to P4e*' P4, to P4o

Port 5 A19 to A15 A1g to A16 A1g to A16 A19 to A15 P53 to P50*2 P53 to P50*2 P53 to P50

Port A PA7 to PA4 PA7 to PA4 PA7 to PA5*3, PA7 to PA5*3, PA7 to PA4 PA7 to PAs, PA7 to PA4
Axo Axo Ago*?

Notes: 1. Initial state. The bus mode can be switched by settings in ABWCR. These pins function
as P47 to P4y in 8-bit bus mode, and as D7 to Do in 16-bit bus mode.
2. Initial state. These pins become address output pins when the corresponding bits in the
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.
3. Initial state. Ay is always an address output pin. PA7 to PAs are switched over to Axs to
A1 output by writing 0 in bits 7 to 5 of BRCR.
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3.6 Memory Map in Each Operating Mode

Figure 3.1 shows a memory map of the H8/3048. Figure 3.2 shows a memory map of the H8/3047.
Figure 3.3 shows a memory map of the H8/3044. Figure 3.4 shows a memory map of the H8/3045.
The address space is divided into eight areas.

The initial 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 I/O registers differ between the 1-Mbyte
modes (modes 1, 2, 5, and 7) and 16-Mbyte modes (modes 3, 4, and 6). The address range
specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8 and @aa:16) also
differs.
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(1-Mbyte expanded modes with
on-chip ROM disabled)

H'00000

H'000FF

H'O7FFF

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

H'F8000
H'FEFOF
H'FEF10

H'FFFO0
H'FFFOF
H'FFF10

H'FFF1B
HFFF1C

H'FFFFF

Modes 1 and 2

Vector area

External
address
space

Internal /0
registers

H'000000

H'0000FF

Memory-indirect
branch addresses

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

H7FFFFF
H'800000

H'OFFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
HE00000

H'FF8000

H'FFEFOF
H'FFEF10

H'FFFFO0
H'FFFFOF
HFFFF10

HFFFF1B
HFFFF1C

HFFFFFF

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

Modes 3 and 4

(16-Mbyte expanded modes with
on-chip ROM disabled)

Vector area

External
address

Memory-indirect
branch addresses

External
address
space

Internal 1/0
registers

16-bit absolute addresses

Figure 3.1 H8/3048 Memory Map in Each Operating Mode
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Section 3 MCU Operating Modes

Mode 5

(1-Mbyte expanded mode with
on-chip ROM enabled)

(16-Mbyte expanded mode with
on-chip ROM enabled)

Mode 6

Mode 7

(single-chip advanced mode)

H'00000 7§ -1 H000000 -1 H00000 ——— -1
Vector area 23 Vector area 3 Vector area 3
............. Scn |2 e eecceeeeeo-] | O | & I R A s 7 I ]
285 28 |3 28|35
= e [=] = e [=} = e [=]
L 123128 HO00OFF [------------ Y2828  HOoOFF|------------1 125128
] © @ TG © @ TG A
Pl =9 > =8 2 = @
. S5 |5= ) 55188 ) Sc|g2
On-chip ROM g clé 3 On-chip ROM g A 3 On-chip ROM g c|d 3
worerr | | 2847 wooreee| | 2847 ° woreer| | 35,7°
H'1FFFF
HO1FFFF
H'1FFFF Areal 020000 Area 0
H'20000 Area 1 HIFFFFF| ___________|~reab
H3FFFF| | ~eatr H'200000
H'40000 Area 2
HSFFFF | _____|7'¢4« Area 1
H'60000 | External address | ayaq 3 H3FFFFF| ___________|~7reat
H'7FFFF | ___space __|7'€4° H'400000
H.BOOOO Area 4
HOFFFF | ___________|°"¢&% Area 2
H'A0000 Area 5 HSFRFFF | ______|f7reas
HBFFFF| 71792 H'600000 External
H'C0000 Area 6 address
HDFFFF|____________|7'¢&% space Area 3
H'E0000 H7FFFFF freas
Area7  apnonn T
H'800000
_______________________ HOFFFFF | ___________|Aread ,
H'F8000 H'AD0000 H'F8000
H'FEFOF 0 0
H'FEF10 . @ HBFFFFF| ___________| Areas5 __ HFEF10 ) 2
On-chip RAM* | 2 H'C00000 On-chip RAM o &
HFFFOO |~ 77T T § - O n % 3
' o R H'FFF00 @ S
H'FFFOF S g HORRRRRL | Area6  HFFFOF 3 e
HFFF10 External © 3 H'E00000 o 2
address 2 |3 2 |3
= © = ©
H'FFF1B space 2 = 2 =
H'FFF1C % 2 Area 7 HFFF1C % 2
Internal 1/0 = - . Internal /0 = =1
! 2 HFF8000 | _______.____1 . __ - ! 2
reglsters ® reglsters ®
HEFFFFL |y ® vy HFFFFF |y ® vy
H'FFEFOF «
HFFEF10 @
On-chip RAM* 2 ]
............. -0 o
HFFEF00 2 |8
HFFFFOF 3 |
HFFFF10 External © %
address L |3
= [
HFFFF1B space 2 =
HFFFF1C < |2
Internal 1/0 = S
registers a2
HFFFFFF|_ v ® v

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

Figure 3.1 H8/3048 Memory Map in Each Operating Mode (cont)
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Section 3 MCU Operating Modes

(1-Mbyte expanded modes with
on-chip ROM disabled)

H'00000

H'000FF

H'O7FFF

H'LFFFF
H'20000
H'3FFFF
H'40000
H'5FFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
H'FEFOF
H'FEF10

H'FFF00
H'FFFOF
HFFF10

H'FFF1B
H'FFF1C

H'FFFFF

Modes 1 and 2

Vector area

H'000000

H'0000FF

Memory-indirect
branch addresses

H'007FFF

H'1FFFFF
H'200000

H'3FFFFF
H'400000

H'5FFFFF
H'600000

External
address
space

Internal 1/0
registers

H'7FFFFF
H'800000

H'9FFFFF
H'A00000

H'BFFFFF
H'C00000

H'DFFFFF
H'E00000

16-bit absolute addresses

H'FF8000

H'FFEFOF
H'FFEF10

8-bit absolute addresses

H'FFFFO0
H'FFFFOF
H'FFFF10

H'FFFF1B
H'FFFF1C

H'FFFFFF

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

Modes 3 and 4

Vector area

External
address

External
address
space

Internal 1/0
registers

8-bit absolute addresses

(16-Mbyte expanded modes with
on-chip ROM disabled)

Memory-indirect
branch addresses

Figure 3.2 H8/3047 Memory Map in Each Operating Mode
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Section 3 MCU Operating Modes

Mode 5 Mode 6 Mode 7
(1-Mbyte expanded mode with (16-Mbyte expanded mode with ingle-chi Od e d d
on-chip ROM enabled) on-chip ROM enabled) (single-chip advanced mode)
H'00000 714 -1~ H'000000 T4 "1~ HO00000 714 "1~
Vector area 4 Vector area 4 Vector area 4
_____________ cn |2 feeceeeeeed | Q0 | 2 feeeceeeeeed | Q0 | 2
[E%] =) [T} =) [T} =)
£z, £z, £z,
H'000FF [--=--=------1 LE£8 |88 HO00OFF [------------1 €38 |28 HOOOFF|-----------1 g |3¢
1@ |®Q 1@ |®Q I®|®
) cg5 |82 cg5 |82 ) cg5 |82
On-chipROM | £ § ] On-chipROM | £ % ] On-chipROM | £ % ]
S las TR L0 o
HOZFFF | .| =Sy  HOOTFFF| ________ | =Sy HOTFFF| __________ | =Sy _
H17FFF H17FFF
H'18000 H'017FFF
Reserved*?! ng%g?:?:?: Reserved™!
H1FFFF Areald 00000 Area 0
H'20000 Area 1 HIFFFFF| | Areal
H3FFFF | __ |75 H'200000
H'40000 A 2
HSFFFF | ___________|~"€8s Area 1
H'60000 |‘External addiess | proq 3 HOFFFFF| | 7r¢8
H7FFFF | ___space ___|7"°%% H'400000
H'80000
HOFFFF |____________] Aread Area 2
H'A0000 Area 5 HSFFFFF| ___________|”7rea=s
HBFFFF|.___________ %" eas H'600000 |~ External
H'C0000
, Area 6 address
HDFFFFL T T space Area 3
H'E0000 Area 7 H7FFFFF| 2007 | 7reas
rea H'800000
H'F8000 s I | s
H'FEFOF " H'A00000
HFEF10 _ 3 2
On-chip RAM™2| [ HBFFFFF| | Area5  HFEF10 _ &
HEEEQO F=7" 777 @ |8 HCo0000 On-chip RAM | o | &
H'FFFOF 5 |o WEFFO0 [T e
H'FFF10 3 |3 ' Area 6 o |
External c |3 HDFFFFF|____________|A/eab H'FFFOF 3 |g
address £ |2  HE00000 2 |5
HFFF1B|  SPace e |2 g |2
HFFF1C < |2 2 |2
Internal 1/0 = |3 Area 7 . 4 |5
ist 5 HFFF1C 3 |2
H'FFFFF registers =) Internal 1/0O = —
,,,,,,,, (= =21010 [0} I Y S registers g
HFFFFF[ __  Jy -~ ¥y __
H'FFEFOF "
HFFEF10 2
On-chip RAM*2 @ o
_____________ . K=}
HFFFFO0 2 |38
H'FFFFOF 5 |e
HFFFF10 External « 2
address £ |2
HFFFF1B|  Space 2 =
HFFFFIC 5 |2
Internal 1/O = |3
registers g
HFFFFFF__ vy~ v

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

Figure 3.2 H8/3047 Memory Map in Each Operating Mode (cont)
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Section 3 MCU Operating Modes

(1-Mbyte expanded modes with
on-chip ROM disabled)

H'00000

H'000FF

H'O7FFF

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

H'F8000
HFEF10
H'FF70F
HFF710

H'FFF00
H'FFFOF
HFFF10

HFFF1B
HFFF1C

HFFFFF

Modes 1 and 2

Modes 3 and 4

(16-Mbyte expanded modes with
on-chip ROM disabled)

”””” H'000000 iy
Vector area ] Vector area -2
------------- A 1| 882
5 g 2w 5 g ER
------------- SEZ 8% HO000FF [------------1"£3 |3 ¢
Ic | ®Q I® | ®3
55|59 s5|8E
Ec |68 Ec |68
20 A 20 A
R =5y HOO7TFFF | | =8y
Area 0 Area 0
"""""""""""" H'1FFFFF
______________ Areal w0000 [T
Area 2 Area 1
[External address | p o a2 H3FFFFF | | .
| __space___| A3 14200000
Area 4 Area 2
"""""""""""" H'5FFFFF
Area 5 e et e
,,,,,,,,,,,,,,,,,,,,,,, H'600000 External
Area 6 address Area 3
""""""" PO H7FFFFF| __ SPRC® |
rea H'800000
Area 4
_______________________ HOFFFFF | _
H'A00000
Reserved'! " Area 5
9 HBFFFFF| _ 1 _
On-chip RAM?| @ | & H'C00000
""""""" TS § Area 6
2 H'DFFFFF
k=] o 0
5 H'EO00000
External B |2
address g |12 Area 7
space 5 |®
g |2
Internal 1/0 = |8 [ A R
registers 2 H'FF8000
,,,,,,,, H'FFEF10 1
H'EEE70E Reserved 2
H'FFF710 _ v ]
On-chip RAM 9 g
_____________ o o
H'FFFFO0 2 |3
H'FFFFOF 5 |e
HFFFF10 External © 2
address g 12
= ©
H'FFFF1B space 2 =
HFFFF1C £ |2
Internal I/O = =
registers ﬁ
H'FFFFFF

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

Figure 3.3 H8/3044 Memory Map in Each Operating Mode
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Section 3 MCU Operating Modes

Mode 5 Mode 6

(1-Mbyte expanded mode with (16-Mbyte expanded mode with ingle-chi Mo[x‘:ie 7 d d
on-chip ROM enabled) on-chip ROM enabled) (single-chip advanced mode)
H'00000 I iy S H000000 74 " "1 HO0000 ——— 714§ "1~
Vector area 2 Vector area 2 Vector area 2
_____________ cn |2 e eeeeeeee---] | B0 | 2 e eeeeeeee--] | B0 | 2
£8 |3 £33 245
HO0OFF |-------=---~1 YES |82 HOO0OFF |------------1 TES |82 HOOOFF|-----------1 TEg |88
L@ | T g L@ | © g L@ | T
) o5 |88 . o5 |88 ) 5 |52
On-chip ROM EC ol On-chip ROM EC o] On-chip ROM EC o3
28 4 ® 20 o ® 28 |4 ®
H'O7FFF =Sy HOO7FFF =Sy HOTFFF =Sy
H'08000 H'008000
Reserved'!
*1
Reserved HOLFFFF Area 0
HI1FFFFF| L ___
H'1FFFF Areal  H200000
H'20000
e R Areal Areal
Horrer| | Areaz  [iibaoon [T
H'60000 | External address
H7FFFF| ___space __| AT®33 Area 2
H'80000 H'5FFFFF

. Area 4 600000 |T " " TTTTcT
HOFFFF| At H600000 |~ External
:égg('):('): Area 5 address Area 3
Hcoooo [T Aeas | HTEFERE|SPace |
HDFFFF|___________|~™a6 H'800000
H'E0000 Area 7 Area 4

H'9FFFFF EOMAA o
H'A00000 [ =~ 777TTTT T TS H'F8000
HF8000 [~~~ """ T TR Area 5 @

! HBFFFFF|_ __ 1 _________ H'FF710 . 1]
:EE%(F) Reserved™* 2 H'C00000 On-chipRAM | é
HFF710 s EEFo0 [T Ta

-chi *2 I Area 6 H'FFFO0 ] g
O RAMT) g 1S woreeer | HFFFOF 5 e
H'EEF00 2 S H'E00000 © g
H'FFFOF 5 |e e |2
HFFF10 | External ® |2 Area 3 |=
e I . 3 |3
address = a8 H'FFF1C ] z
HEFFLB space s |8 Internal 1/O = |8
H'EFF1C 5 |2 HFF8000 (7777777 T o registers 2
Internal 1/0O = |9 ; HFFFFFL vy 7 ¥
! 5 H'FFEF10 Reserved' !
. registers X H'FFF70F @
HFFFFFL vy~ v HFFF710 ) . 7]
On-chip RAM 0 3
_____________ % s
H'FFFFO0 2 |g
H'FFFFOF s e
HFFFFI0|  External s |2
address g |12
HFFFF1B|  SPace 3 =
HFFFFIC g |2
Internal I/O = =
registers =
HFFFFFF[ ]y -~ ¥ __

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

Figure 3.3 H8/3044 Memory Map in Each Operating Mode (cont)
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Section 3 MCU Operating Modes

(1-Mbyte expanded modes with
on-chip ROM disabled)

H'00000

H'000FF

HO7FFF

H'1FFFF
H'20000
H'3FFFF
H'40000
H'SFFFF
H'60000
H'7FFFF
H'80000
H'OFFFF
H'A0000
H'BFFFF
H'C0000
H'DFFFF
H'E0000

H'F8000
HFEF10
H'FF70F
HFF710

H'FFF00
H'FFFOF
HFFF10

HFFF1B
HFFF1C

HFFFFF

Modes 1 and 2

Vector area

Reserved'!

On-chip RAM™2

External
address
space

Internal /0
registers

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

H'000000

H'0000FF

Memory-indirect
branch addresses

H'007FFF

H'1FFFFF
H200000

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

Modes 3 and 4

Vector area

External
address

HFFEF10
H'FFF70F
HFFF710

H'FFFF00
H'FFFFOF
HFFFF10

HFFFF1B
HFFFF1C

HFFFFFF

Reserved™!

n-chip RAM"?

External
address
space

Internal 1/0
registers

(16-Mbyte expanded modes with
on-chip ROM disabled)

Memory-indirect
branch addresses

8-bit absolute addresses

Figure 3.4 H8/3045 Memory Map in Each Operating Mode
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Section 3 MCU Operating Modes

Mode 5 Mode 6

(1-Mbyte expanded mode with (16-Mbyte expanded mode with ingle-chi Mo;ie 7 d mod
on-chip ROM enabled) on-chip ROM enabled) (single-chip advanced mode)
H'00000 S H000000 —————— [~~~} - H'00000 ——————f "4 -
Vector area =8 o Vector area =8 o Vector area =8 o
------------ 33 |5 1| 8@ |5 1| 8@ |5
s£134 sE13, s£13,
H'O00FF [--==--==----1 E3 |89 HO000FF [-----------1 €3 |29 HOOOFF [------------1 ~£3 |29
i® [ g i@ © g i ® © g
) 65|58 ) 65|58 i s |58
On-chip ROM | £ % & § On-chip ROM | £ % & § On-chip ROM £ % & §
HO7FFF| | =8y~ HWOOTFFF| ______ .| =8y  HOTFFF| __________ | =Sy __
H'OFFFF HOOFFFF .
H10000 H010000 [ T HOFFFF
8 eserved
. HOLFFFF
Reserved H'020000
H'1FFFF Aread Area0
H'20000 H'1FFFFF
H3FFFF | .. .| Areal  \ooo000 [TTTTTTTTTTTTTTTTTC
H'40000
HSFFFF || Areaz Area 1
H'60000 | External address Area 3 H3FFFFF | ___ 1 _________
H7FFFF | ___space __ |~ " 7"~ ___ H'400000
H'80000
e R Aread Area 2
H'A0000 HSFFFFF L _____ | _________
HBFFFF|. ... Areas 14600000 | External
H'C0000 address
HDFFFF|___ | Areab space Area 3
H'EO000 H7FFFFF | _ T . L
Area 7 H'800000
Area 4 H'F8000 ------"-"""""""""""} "~
[ I A, HOFFFFF | _ .
H'F8000 H'A00000 2
H'FEF10 H'FF710 ] o
H'EF70F |_Reserved™ " Area 5 On-chpRAM | o |3
HFF710 $  HBRRRFRL L [ SR 2 |8
On-chip RAM™| ¢ 2 H'C00000 H'FFFO0 3 3
2 |5 H'FFFOF s |g
HFFFOO [ ~7 77777777 Ty |3 Area 6 T |2
H'FFFOF 5 |@ HDFFFFF| ___________l_________ e |3
0 = " =}
HFFF10 External E 3 HE00000 2 =
address 5 |3 Area 7 HFFF1C £ |2
H'EFF1B space 5 s Internal I/O = A
H'EFF1C =] 2 ) registers >
memalvo || S |¢ 1 s = = R | R
registers f-’o H'FF8000
HFFFFFL v v H'FFEF10 v
HFEF70F |_Reserved 2
H'FFF710 . o 2
On-chip RAM 1) o
_____________ % s
%] =]
o IS
3 |8
External ‘“ 3
address L |3
HFFFF1B|  SPace 2 |2
HFFFF1C s |2
Internal I/O = 3
registers g
HFFFFFF| |y ¥y __

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

Figure 3.4 H8/3045 Memory Map in Each Operating Mode (cont)
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Section 4 Exception Handling

Section 4 Exception Handling

4.1 Overview

4.1.1 Exception Handling Types and Priority

As table 4.1 indicates, exception handling may be caused by a reset, trap instruction, or interrupt.
Exception handling is prioritized as shown in table 4.1. If two or more exceptions occur
simultaneously, they are accepted and processed in priority order. Trap instruction exceptions are
accepted at all times in the program execution state.

Table 4.1 Exception Types and Priority

Priority Exception Type Start of Exception Handling
High Reset Starts immediately after a low-to-high transition at the

1 RES pin

[ Interrupt Interrupt requests are handled when execution of the

0 current instruction or handling of the current exception is
0 completed
Low Trap instruction (TRAPA)  Started by execution of a trap instruction (TRAPA)

4.1.2 Exception Handling Operation
Exceptions originate from various sources. Trap instructions and interrupts are handled as follows.

1. The program counter (PC) and condition code register (CCR) are pushed onto the stack.
2. The CCR interrupt mask bit is set to 1.

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

Note: For a reset exception, steps 2 and 3 above are carried out.
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Section 4 Exception Handling

4.1.3 Exception Vector Table

The exception sources are classified as shown in figure 4.1. Different vectors are assigned to
different exception sources. Table 4.2 lists the exception sources and their vector addresses.

* Reset
External interrupts: NMI, IRQ to IRQg

Exception
sources * Interrupts

Internal interrupts: 30 interrupts from on-chip

« Trap instruction supporting modules

Figure 4.1 Exception Sources
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Section 4 Exception Handling

Table 4.2  Exception Vector Table

Exception Source Vector Number Vector Address*"
Reset 0 H'0000 to H'0003
Reserved for system use 1 H'0004 to H'0007
2 H'0008 to H'000B
3 H'000C to H'000F
4 H'0010 to H'0013
5 H'0014 to H'0017
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 IRQq 12 H'0030 to H'0033
External interrupt IRQq 13 H'0034 to H'0037
External interrupt IRQ2 14 H'0038 to H'003B
External interrupt IRQ3 15 H'003C to H'003F
External interrupt IRQ4 16 H'0040 to H'0043
External interrupt IRQs 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'00F3

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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Section 4 Exception Handling

4.2 Reset

4.2.1 Overview

A reset is the highest-priority exception. When the RES pin goes low, all processing halts and the
chip enters the reset state. A reset initializes the internal state of the CPU and the registers of the
on-chip supporting modules. Reset exception handling begins when the RES pin changes from
low to high.

The chip can also be reset by overflow of the watchdog timer. For details see section 12,
Watchdog Timer.

4.2.2 Reset Sequence
The chip enters the reset state when the RES pin goes low.

To ensure that the chip is reset, hold the RES pin low for at least 20 ms at power-up. To reset the
chip during operation, hold the RES pin low for at least 10 system clock (@) cycles. See appendix
D.2, Pin States at Reset, for the states of the pins in the reset state.

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

* The internal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the I bit is set to 1 in CCR.

* The contents of the reset vector address (H'0000 to H'0003) are read, and program execution
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 sequence in
modes 2 and 4. Figure 4.4 shows the reset sequence in modes 5, 6 and 7.
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Section 4 Exception Handling
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Figure 4.2 Reset Sequence (Modes 1 and 3)
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Section 4 Exception Handling

Internal

Vector fetch processing Prefetch of first

program instruction

RES

Address bus >< 1) X 3

H

m ]

D;5 to Dy (2

HWR, LWR " High :

(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.

Figure 4.3 Reset Sequence (Modes 2 and 4)
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Section 4 Exception Handling

Prefetch of
Internal first program
Vector fetch | processing | instruction |

RES

Internal ‘ : | | |
address bus ! @) >< 13) >< (5) ><

Internal m ; ; /;_\ /i_

read signal

Internal
write signal

data bus

Internal i 2) ; (4) ©®)
(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

Figure 4.4 Reset Sequence (Modes 5, 6, and 7)

4.2.3 Interrupts after Reset

If an interrupt is accepted after a reset but before the stack pointer (SP) is initialized, PC and CCR
will not be saved correctly, leading to a program crash. To prevent this, all interrupt requests,
including NMI, are disabled immediately after a reset. The first instruction of the program is
always executed immediately after the reset state ends. This instruction should initialize the stack
pointer (example: MOV.L #xx:32, SP).
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Section 4 Exception Handling

4.3 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQ, to IRQs) and
30 internal sources in the on-chip supporting modules. Figure 4.5 classifies the interrupt sources
and indicates the number of interrupts of each type.

The on-chip supporting modules that can request interrupts are the watchdog timer (WDT), refresh
controller, 16-bit integrated timer unit (ITU), DMA controller (DMAC), serial communication
interface (SCI), and A/D converter. Each interrupt source has a separate vector address.

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

For details on interrupts see section 5, Interrupt Controller.

NMI (1)

External interrupts { IRQ, 10 IRQ; (6)

Interrupts WDT*1 1)
Refresh controller *2 (1)
. ITU (15)
Internal interrupts DMAC (4)
SCI (8)
A/D converter (1)

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

Figure 4.5 Interrupt Sources and Number of Interrupts
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Section 4 Exception Handling

4.4 Trap Instruction

Trap instruction exception handling starts when a TRAPA instruction is executed. If the UE bit is
set to 1 in the system control register (SYSCR), the exception handling sequence sets the I bit to 1
in CCR. If the UE bit is 0, the I and UI bits are both set to 1. The TRAPA instruction fetches a
start address from a vector table entry corresponding to a vector number from 0 to 3, which is
specified in the instruction code.

4.5 Stack Status after Exception Handling

Figure 4.6 shows the stack after completion of trap instruction exception handling and interrupt
exception handling.

ww

SP-4 SP (ER7) - CCR
SP-3 SP+1 PCe
SP-2 SP+2 PCH
SP-1 SP+3 PCL
SP (ER7) ~ Stack area SP+4 Even address

J\J\

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

Legend

PCE: Bits 23 to 16 of program counter (PC)
PCH: Bits 15 to 8 of program counter (PC)
PCL: Bits 7 to 0 of program counter (PC)
CCR: Condition code register

SP:  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.

Figure 4.6 Stack after Completion of Exception Handling
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3048 Group regards the lowest address bit as
0. The stack should always be accessed by word access or longword access, and the value of the
stack pointer (SP:ER7) should always be kept even. Use the following instructions to save
registers:

PUSH.W Rn (or MOV.W Rn, @-SP)
PUSH.L ERn (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:

POP.WRn (or MOV.W @SP+, Rn)
POP.LERn (or MOV.L @SP+, ERn)

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

SP—>]

CCR sp—= R1L HFFFEFA

SP—> HFFFEFB
i PC | I PC | Herrere

i | I | HrererD
7777777777777777777777777777777777 HFFFEFF

TRAPA instruction executed MOV. B R1L, @-ER7

- =

SP set to H'FFFEFF

Data saved above SP CCR contents lost

Legend

CCR: Condition code register
PC: Program counter

R1L: General register R1L
SP: Stack pointer

Note: The diagram illustrates modes 3 and 4.

Figure 4.7 Operation when SP Value is Odd
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Section 5 Interrupt Controller

5.1 Overview

5.1.1 Features
The interrupt controller has the following features:

» Interrupt priority registers (IPRs) for setting interrupt priorities
Interrupts other than NMI can be assigned to two priority levels on a module-by-module basis
in interrupt priority registers A and B (IPRA and IPRB).

* Three-level masking by the I and UI bits in the CPU condition code register (CCR)

* Independent vector addresses
All interrupts are independently vectored; the interrupt service routine does not have to
identify the interrupt source.

» Seven external interrupt pins
NMI has the highest priority and is always accepted; either the rising or falling edge can be
selected. For each of IRQ, to IRQs, sensing of the falling edge or level sensing can be selected
independently.
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5.1.2 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

CPU

ul

|ISCR| | IER | | IPRA, IPRB |
NMI |
input
Y Y
. IRQ input U
IRQ input section ISR
Interrupt
OVF | Priority request
TME decision logic
. Vector
) > number
ADI : _
ADIE ‘ ?
Interrupt controller 4@7
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

CCR

Figure 5.1 Interrupt Controller Block Diagram
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5.1.3 Pin Configuration
Table 5.1 lists the interrupt pins.

Table 5.1 Interrupt Pins

Name Abbreviation /0 Function

Nonmaskable interrupt NMI Input Nonmaskable interrupt, rising edge or
falling edge selectable

External interrupt request IRQs to IRQo Input Maskable interrupts, falling edge or

5t00 level sensing selectable

5.1.4 Register Configuration
Table 5.2 lists the registers of the interrupt controller.

Table 5.2  Interrupt Controller Registers

Address*'  Name Abbreviation ~ R/W Initial Value
H'FFF2 System control register SYSCR R/W H'0B
H'FFF4 IRQ sense control register ISCR R/W H'00
H'FFF5 IRQ enable register IER RW H'00
H'FFF6 IRQ status register ISR R/(W)"‘2 H'00
H'FFF8 Interrupt priority register A IPRA R/W H'00
H'FFF9 Interrupt priority register B IPRB R/W H'00

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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5.2 Register Descriptions

5.2.1 System Control Register (SYSCR)

SYSCR is an 8-bit readable/writable register that controls software standby mode, selects the
action of the UI bit in CCR, selects the NMI edge, and enables or disables the on-chip RAM.

Only bits 3 and 2 are described here. For the other bits, see section 3.3, System Control Register
(SYSCR).

SYSCR is initialized to H'OB by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘

Initial value 0 0 0 0 1 0 1 1

Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable

Reserved bit

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

Selects whether to use the Ul bit in
CCR as a user bit or interrupt mask bit
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Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in CCR as a user bit or an
interrupt mask bit.

Bit 3: UE Description
0 Ul bit in CCR is used as interrupt mask bit
1 Ul bit in CCR is used as user bit (Initial value)

Bit 2—NMI Edge Select (NMIEG): Selects the NMI input edge.

Bit 2: NMIEG Description
0 Interrupt is requested at falling edge of NMI input (Initial value)
1 Interrupt is requested at rising edge of NMI input

5.2.2 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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Interrupt Priority Register A (IPRA): IPRA is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRA7 ‘ IPRAG6 ‘ IPRA5 ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRA1 ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Priority
level AO
Selects the
priority level
of ITU
channel 2
interrupt
requests

Priority level Al
Selects the priority level
of ITU channel 1
interrupt requests

Priority level A2
Selects the priority level of
ITU channel 0 interrupt requests

Priority level A3
Selects the priority level of WDT and
refresh controller interrupt requests

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

Priority level A5
Selects the priority level of IRQ, and IRQ5 interrupt requests

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

Priority level A7
Selects the priority level of IRQq interrupt requests

IPRA is initialized to H'00 by a reset and in hardware standby mode.

Rev. 7.00 Sep 21, 2005 page 96 of 878
REJ09B0259-0700
RENESAS



Section 5 Interrupt Controller

Bit 7—Priority Level A7 (IPRA7): Selects the priority level of IRQ, interrupt requests.

Bit 7: IPRA7 Description
0 IRQo interrupt requests have priority level O (low priority) (Initial value)
1 IRQo interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRA6): Selects the priority level of IRQ; interrupt requests.

Bit 6: IPRA6 Description
0 IRQ1 interrupt requests have priority level O (low priority) (Initial value)
1 IRQy interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level AS (IPRAS): Selects the priority level of IRQ, and IRQj; interrupt requests.

Bit 5: IPRAS Description
0 IRQ2 and IRQjs interrupt requests have priority level O (low priority)

(Initial value)
1 IRQ2 and IRQjs interrupt requests have priority level 1 (high priority)

Bit 4—Priority Level A4 (IPRA4): Selects the priority level of IRQ4 and IRQs interrupt requests.

Bit 4: IPRA4 Description
0 IRQ4 and IRQs interrupt requests have priority level O (low priority)

(Initial value)
1 IRQ4 and IRQs interrupt requests have priority level 1 (high priority)

Bit 3—Priority Level A3 (IPRA3): Selects the priority level of WDT and refresh controller
interrupt requests.

Bit 3: IPRA3 Description
0 WDT and refresh controller interrupt requests have priority level O (low priority)
(Initial value)
1 WDT and refresh controller interrupt requests have priority level 1 (high
priority)
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Bit 2—Priority Level A2 (IPRA2): Selects the priority level of ITU channel 0 interrupt requests.

Bit 2: IPRA2 Description
0 ITU channel 0 interrupt requests have priority level O (low priority) (Initial value)
1 ITU channel O interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level A1 (IPRA1): Selects the priority level of ITU channel 1 interrupt requests.

Bit 1: IPRA1 Description
0 ITU channel 1 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level A0 (IPRAO): Selects the priority level of ITU channel 2 interrupt requests.

Bit 0: IPRAO Description
0 ITU channel 2 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 2 interrupt requests have priority level 1 (high priority)

Rev. 7.00 Sep 21, 2005 page 98 of 878
REJ09B0259-0700

RENESAS



Section 5 Interrupt Controller

Interrupt Priority Register B (IPRB): IPRB is an 8-bit readable/writable register in which
interrupt priority levels can be set.

Bit 7 6 5 4 3 2 1 0

‘ IPRB7 ‘ IPRB6 ‘ IPRB5 ‘ — ‘ IPRB3 ‘ IPRB2 ‘ IPRB1 ‘ — ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Reserved bit

Priority level B1
Selects the priority level
of A/D converter
interrupt request

Priority level B2
Selects the priority level of
SCI channel 1 interrupt requests

Priority level B3
Selects the priority level of SCI
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 requests

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

IPRB is initialized to H'00 by a reset and in hardware standby mode.
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Bit 7—Priority Level B7 (IPRB7): Selects the priority level of ITU channel 3 interrupt requests.

Bit 7: IPRB7 Description
0 ITU channel 3 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 3 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Selects the priority level of ITU channel 4 interrupt requests.

Bit 6: IPRB6 Description
0 ITU channel 4 interrupt requests have priority level 0 (low priority) (Initial value)
1 ITU channel 4 interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level B5 (IPRBS5): Selects the priority level of DMAC interrupt requests
(channels 0 and 1).

Bit 5: IPRB5 Description

0 DMAC interrupt requests (channels 0 and 1) have priority level O (low priority)
(Initial value)

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

Bit 4—Reserved: This bit can be written and read, but it does not affect interrupt priority.
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Bit 3—Priority Level B3 (IPRB3): Selects the priority level of SCI channel 0 interrupt requests.

Bit 3: IPRB3 Description
0 SCIO0 interrupt requests have priority level O (low priority) (Initial value)
1 SCIO0 interrupt requests have priority level 1 (high priority)

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

Bit 2: IPRB2 Description
0 SCI1 interrupt requests have priority level O (low priority) (Initial value)
1 SCI1 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level B1 (IPRB1): Selects the priority level of A/D converter interrupt requests.

Bit 1: IPRB1 Description
0 A/D converter interrupt requests have priority level O (low priority) (Initial value)
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 priority.
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5.2.3 IRQ Status Register (ISR)

ISR is an 8-bit readable/writable register that indicates the status of IRQ, to IRQs interrupt
requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5F ‘ IRQ4F ‘ IRQ3F ‘ IRQ2F ‘ IRQ1F ‘ IRQOF ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write — — R/(WY  RI(WYy RI(W) R/(W) RI(W)} RI(W)
| |
Reserved bits IRQ5 to IRQq flags

These bits indicate IRQ 5 to IRQ
interrupt request status

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

Bits 5 to 0—IRQs to IRQ, Flags (IRQ5F to IRQOF): These bits indicate the status of IRQs to
IRQ, interrupt requests.

Bits 5 to 0:

IRQ5F to IRQOF  Description

0 [Clearing conditions] (Initial value)
0 is written in IRQNF after reading the IRQNF flag when IRQNF = 1.
IRQnSC = 0, IRQn input is high, and interrupt exception handling is carried out.
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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5.2.4 IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables IRQ, to IRQs interrupt requests.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQ5E ‘ IRQ4E ‘ IRQ3E ‘ IRQ2E ‘ IRQ1E ‘ IRQOE ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits IRQ 5 to IRQ, enable

These bits enable or disable IRQ 5 to IRQ interrupts

IER is initialized to H'00 by a reset and in hardware standby mode.

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

Bits 5 to 0—IRQs to IRQ, Enable (IRQ5E to IRQOE): These bits enable or disable IRQs to
IRQ, interrupts.

Bits 5 to 0:

IRQS5E to IRQOE Description

0 IRQs to IRQo interrupts are disabled (Initial value)
1 IRQs to IRQg interrupts are enabled
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5.2.5 IRQ Sense Control Register (ISCR)

ISCR is an 8-bit readable/writable register that selects level sensing or falling-edge sensing of the
inputs at pins IRQs to IRQ,.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQSSC‘ IRQ4SC‘ IRQ3SC‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits IRQ5 to IRQ, sense control
These bits select level sensing or falling-edge
sensing for IRQ 5 to IRQ interrupts

ISCR is initialized to H'00 by a reset and in hardware standby mode.

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

Bits 5 to 0—IRQs to IRQ, Sense Control (IRQ5SC to IRQ0SC): These bits select whether

interrupts IRQs to IRQy are requested by level sensing of pins IRQs to IRQ,, or by falling-edge
sensing.

Bits 5 to 0: Description

IRQ5SC to IRQOSC

0 Interrupts are requested when IRQs to IRQg inputs are low  (Initial value)
1 Interrupts are requested by falling-edge input at IRQs to IRQo

Rev. 7.00 Sep 21, 2005 page 104 of 878
REJ09B0259-0700

RENESAS



Section 5 Interrupt Controller

5.3 Interrupt Sources

The interrupt sources include external interrupts (NMI, IRQ, to IRQs) and 30 internal interrupts.

5.3.1 External Interrupts

There are seven external interrupts: NMI, and IRQ, to IRQs. Of these, NMI, IRQ,, IRQ;, and IRQ,
can be used to exit software standby mode.

NMI: NMI is the highest-priority interrupt and is always accepted, regardless of the states of the
I and UI bits in CCR. The NMIEG bit in SYSCR selects whether an interrupt is requested by the
rising or falling edge of the input at the NMI pin. NMI interrupt exception handling has vector
number 7.

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

» ISCR settings can select whether an interrupt is requested by the low level of the input at pins
IRQ, to IRQs, or by the falling edge.

» ]ER settings can enable or disable the IRQ, to IRQs interrupts. Interrupt priority levels can be
assigned by four bits in IPRA (IPRA7 to IPRA4).

* The status of IRQp to IRQs interrupt requests is indicated in ISR. The ISR flags can be cleared
to 0 by software.

Figure 5.2 shows a block diagram of interrupts IRQ to IRQs.

IRQNSC IRQNE
l IRQNF
Edgel/level - s Q IRQn interrupt
sense circuit request
. R
IRQn input f
Clear signal

Note: n=51t00

Figure 5.2 Block Diagram of Interrupts IRQ, to IRQs
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Figure 5.3 shows the timing of the setting of the interrupt flags (IRQnF).

IRQN
input pin

IRQNF

Note: n=5t00

Figure 5.3 Timing of Setting of IRQnF

Interrupts IRQ, to IRQs have vector numbers 12 to 17. These interrupts are detected regardless of
whether the corresponding pin is set for input or output. When using a pin for external interrupt
input, clear its DDR bit to 0 and do not use the pin for chip select output, refresh output, or SCI
input or output.

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

» Each on-chip supporting module has status flags for indicating interrupt status, and enable bits
for enabling or disabling interrupts.
» Interrupt priority levels can be assigned in IPRA and IPRB.

* ITU and SCI interrupt requests can activate the DMAC, in which case no interrupt request is
sent to the interrupt controller, and the I and UI bits are disregarded.

5.3.3 Interrupt Vector Table

Table 5.3 lists the interrupt sources, their vector addresses, and their default priority order. In the
default priority order, smaller vector numbers have higher priority. The priority of interrupts other
than NMI can be changed in IPRA and IPRB. The priority order after a reset is the default order
shown in table 5.3.
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Table 5.3  Interrupt Sources, Vector Addresses, and Priority

Vector
Interrupt Source Origin Number  Vector Address* IPR Priority
NMI External pins 7 H'001C to H'001F — High
IRQo 12 H'0030 to H'0033 IPRA7 1
IRQ; 13 H'0034 to HO037  IPRA6 E
IRQ2 14 H'0038 to H'003B IPRA5S 0
IRQ3 15 H'003C to H'003F ]
IRQ4 16 H'0040 to H'0043 IPRA4 %
IRQs 17 H'0044 to H'0047 0
Reserved — 18 H'0048 to H'004B 0

19 H'004C to H'004F E
wWovlI Watchdog 20 H'0050 to H'0053 IPRA3 U
(interval timer) timer O
cMI Refresh 21 H'0054 to H'0057 N
(compare match) controller E
Reserved — 22 H'0058 to H'005B ]

23 H'005C to H'005F {
IMIAO ITU channel 0 24 H'0060 to H'0063 IPRA2 %
(compare match/ 0
input capture AQ) 0
IMIBO 25 H'0064 to H'0067 ]
(compare match/ O
input capture BO0) |
OVIO0 (overflow 0) 26 H'0068 to H'006B %
Reserved — 27 H'006C to H'006F 0
IMIA1 ITU channel 1 28 H'0070 to H'0073 IPRA1 U]
(compare match/ ]
input capture A1) ]
IMIB1 29 H'0074 to H'0077 %
(compare match/ 0
input capture B1) 0
OVI1 (overflow 1) 30 H'0078 to H'007B 0
Reserved — 31 H'007C to H'O07F O

|—
o
=
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Vector
Interrupt Source Origin Number  Vector Address* IPR Priority
IMIA2 ITU channel 2 32 H'0080 to H'0083 IPRAO High
(compare match/
input capture A2) TD
IMIB2 33 H'0084 to H'0087 ]
(compare match/ N
input capture B2) O
OVI2 (overflow 2) 34 H'0088 to H'008B E
Reserved — 35 H'008C to H'008F 0
IMIA3 ITU channel 3 36 H'0090 to H'0093 IPRB7 U
(compare match/ 0
input capture A3) 0
IMIB3 37 H'0094 to H'0097 E
(compare match/ B
input capture B3) m
OVI3 (overflow 3) 38 H'0098 to H'009B 0O
Reserved — 39 H'009C to H'009F 0
IMIA4 ITU channel 4 40 H'00AO0 to H'00A3 IPRB6 E
(compare match/ 0
input capture A4) 0
IMIB4 41 H'00A4 to H'00A7 O
(compare match/ O
input capture B4) O
OVI4 (overflow 4) 42 H'00A8 to H'0O0AB E
Reserved — 43 H'00AC to H'O0AF ]
DENDOA DMAC 44 H'00BO0 to H'00B3 IPRB5 0
DENDOB 45 H'00B4 to H'00B7 E
DEND1A 46 H'00B8 to H'00BB O
DEND1B 47 H'00BC to H'00BF E
Reserved — 48 H'00CO to H'00C3 — 0
49 H'00C4 to H'00C7 0
50 H'00C8 to H'00CB O
51 H'00CC to H'00CF E

|—
o
=
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Vector

Interrupt Source Origin Number  Vector Address* IPR Priority
ERIO SClchannel 0 52 H'00DO0 to H'00D3 IPRB3 High
(receive error 0) T
RXI0 53 H'00D4 to H'00D7 [l
(receive data full 0) ]
TXIO (transmit data 54 H'00D8 to H'00DB U
empty 0) S
TEIO 55 H'00DC to H'00DF 0
(transmit end 0) 0
ERI1 SCl channel 1 56 H'00EO to H'00E3 IPRB2 ]
(receive error 1) U]
RXI1 57 H'00E4 to H'00E7 %
(receive data full 1) 0
TXI1 (transmit data 58 H'00E8 to H'00EB 0
empty 1) U
TEI1 59 H'00EC to H'00EF 0
(transmit end 1) E
ADI (A/D end) A/D 60 H'00FO0 to H'00F3 IPRB1 Low

Note: * Lower 16 bits of the address.
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5.4 Interrupt Operation

5.4.1 Interrupt Handling Process

The H8/3048 Group handles interrupts differently depending on the setting of the UE bit. When
UE = 1, interrupts are controlled by the I bit. When UE = 0, interrupts are controlled by the I and
UI bits. Table 5.4 indicates how interrupts are handled for all setting combinations of the UE, I,
and Ul bits.

NMI interrupts are always accepted except in the reset and hardware standby states. IRQ interrupts
and interrupts from the on-chip supporting modules have their own enable bits. Interrupt requests
are ignored when the enable bits are cleared to 0.

Table 5.4  UE, I, and UI Bit Settings and Interrupt Handling

SYSCR CCR
UE | ul Description
1 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.
1 — No interrupts are accepted except NMI.
0 0 — All interrupts are accepted. Interrupts with priority level 1 have higher
priority.
1 0 NMI and interrupts with priority level 1 are accepted.
1 No interrupts are accepted except NMI.

UE = 1: Interrupts IRQ, to IRQs and interrupts from the on-chip supporting modules can all be
masked by the I bit in the CPU’s CCR. Interrupts are masked when the I bit is set to 1, and
unmasked when the I bit is cleared to 0. Interrupts with priority level 1 have higher priority. Figure
5.4 is a flowchart showing how interrupts are accepted when UE = 1.
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1

Program execution state

Y

No
Interrupt requested?

Yes

Priority level 1?

Yes
Yes
@ Y
Yes 0 Yes @

Yes
No
1=0
_| Yes

Y
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Figure 5.4 Process Up to Interrupt Acceptance when UE =1
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If an interrupt condition occurs and the corresponding interrupt enable bit is set to 1, an
interrupt request is sent to the interrupt controller.

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

The interrupt controller checks the I bit. If the I bit is cleared to 0, the selected interrupt request
is accepted. If the I bit is set to 1, only NMI is accepted; other interrupt requests are held
pending.

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

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

Next the I bit is set to 1 in CCR, masking all interrupts except NMI.

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

UE = 0: The I and Ul bits in the CPU’s CCR and the IPR bits enable three-level masking of IRQ,
to IRQs interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when the I bit is set to 1, and are unmasked
when the I bit is cleared to 0.

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

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

a. If1=0, all interrupts are unmasked (priority order: NMI > IRQ, > IRQ; >IRQj ...).

b. IfI=1 and Ul =0, only NMI, IRQ,, and IRQ; are unmasked.

c. IfI=1and Ul =1, all interrupts are masked except NMI.

Figure 5.5 shows the transitions among the above states.
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I <0
a. All interrupts are - | <1 Ul -0 b. Only NMI, IRQ,, and
unmasked ! - IRQ5 are unmasked

Exception handling,
orl «1,Ul «1

Ul -0 ) )
Exception handling,
orUl <1

c. All interrupts are
masked except NMI

Figure 5.5 Interrupt Masking State Transitions (Example)
Figure 5.6 is a flowchart showing how interrupts are accepted when UE = 0.

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

*  When the interrupt controller receives one or more interrupt requests, it selects the highest-
priority request, following the IPR interrupt priority settings, and holds other requests pending.
If two or more interrupts with the same IPR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

* The interrupt controller checks the I bit. If the I bit is cleared to 0, the selected interrupt request
is accepted regardless of its IPR setting, and regardless of the Ul bit. If the I bit is set to 1 and
the UI bit is cleared to 0, only NMI and interrupts with priority level 1 are accepted; interrupt
requests with priority level O are held pending. If the I bit and UI bit are both set to 1, only
NMI is accepted; all other interrupt requests are held pending.

*  When an interrupt request is accepted, interrupt exception handling starts after execution of the
current instruction has been completed.

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

* The I and UI bits are set to 1 in CCR, masking all interrupts except NMI.

» The vector address of the accepted interrupt is generated, and the interrupt service routine
starts executing from the address indicated by the contents of the vector address.
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Figure 5.6 Process Up to Interrupt Acceptance when UE =0
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Section 5

Interrupt Sequence

54.2

Figure 5.7 shows the interrupt sequence in mode 2 when the program code and stack are in an

external memory area accessed in two states via a 16-bit bus.
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Figure 5.7 Interrupt Sequence (Mode 2, Two-State Access, Stack in External Memory)
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54.3

Interrupt Response Time

Table 5.5 indicates the interrupt response time from the occurrence of an interrupt request until the
first instruction of the interrupt service routine is executed.

Table 5.5  Interrupt Response Time
External Memory
On-Chip 8-Bit Bus 16-Bit Bus
No. Item Memory 2 States 3 States 2 States 3 States
1 Interrupt priority 2% 2% 2% 2% 2%
decision
2 Maximum number of 1to 23 1to 27 1 to 31* 1to 23 1 to 25*
states until end of
current instruction
3 Saving PC and CCR 4 8 2% 4 6*
to stack
4 Vector fetch 4 8 12% 4 6*
5 Instruction prefetch*? 4 8 12% 4 6*
6 Internal processing"‘3 4 4 4 4 4
Total 19 to 41 31to 57 431073 19 to 41 25t049
Notes: 1. 1 state for internal interrupts.

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

3. Internal processing after the interrupt is accepted and internal processing after prefetch.
4. The number of states increases if wait states are inserted in external memory access.
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5.5 Usage Notes

5.5.1 Contention between Interrupt and Interrupt-Disabling Instruction

When an instruction clears an interrupt enable bit to 0 to disable the interrupt, the interrupt is not
disabled until after execution of the instruction is completed. If an interrupt occurs while a BCLR,
MOV, or other instruction is being executed to clear its interrupt enable bit to 0, at the instant
when execution of the instruction ends the interrupt is still enabled, so its interrupt exception
handling is carried out. If a higher-priority interrupt is also requested, however, interrupt exception
handling for the higher-priority interrupt is carried out, and the lower-priority interrupt is ignored.
This also applies to the clearing of an interrupt flag.

Figure 5.8 shows an example in which an IMIEA bit is cleared to 0 in TIER of the ITU.

, TIER write cycle by CPU | IMIA exception handling
0 |
Internal >< >< ><
address bus ! TIER address !
Internal
write signal
IMIEA

IMFA interrupt
signal

-

Figure 5.8 Contention between Interrupt and Interrupt-Disabling Instruction

This type of contention will not occur if the interrupt is masked when the interrupt enable bit or
flag is cleared to 0.
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5.5.2 Instructions that Inhibit Interrupts

The LDC, ANDC, ORC, and XORC instructions inhibit interrupts. When an interrupt occurs, after
determining the interrupt priority, the interrupt controller requests a CPU interrupt. If the CPU is
currently executing one of these interrupt-inhibiting instructions, however, when the instruction is
completed the CPU always continues by executing the next instruction.

55.3 Interrupts during EEPMOYV Instruction Execution
The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests.

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

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

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

5.5.4 Usage Notes on External Interrupts

The IRQnF flag specification calls for the flag to be cleared by writing 0 to it after it has been read
while set to 1. However, it is possible for the IRQnF flag to be cleared by mistake simply by
writing 0 to it, irrespective of whether it has been read while set to 1, with the result that interrupt
exception handling is not executed. This occurs when the following conditions are fulfilled.

* Setting conditions

1. Multiple external interrupts (IRQa, IRQb) are being used.

2. Different clearing methods are being used: clearing by writing 0 for the IRQaF flag, and
clearing by hardware for the IRQbF flag.

3. A bit manipulation instruction is used on the IRQ status register to clear the IRQaF flag, or else
ISR is read as a byte unit, the IRQaF flag bit is cleared, and the values read in the other bits are
written as a byte unit.
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¢ Occurrence conditions

1. When IRQaF =1, for the IRQaF flag to clear, ISR register read is executed. Thereafter
interrupt processing is carried out and IRQDF flag clears.

2. IRQaF flag clear and IRQDF flag generation compete (IRQaF flag setting).
(The ISR read needed for IRQaF flag clear was at IRQbF = 0 but in the time taken for ISR
write, IRQbF = 1 was reached.)

In all of the setting conditions 1 to 3 and occurrence conditions 1 and 2 are generated, IRQbF
clears in error during ISR write for occurrence condition 2 and interrupt processing is not carried
out. However, if IRQDF flag reaches 0 between occurrence conditions 1 and 2, IRQDF flag does
not clear in error.

Roar | | % ||
11 I

Read [Write Read Write
1 0 1 0

IRQbF | ) r_

7

1] |

Read [Write IRQb Read Write
1 1 0 0

Execution

Clear in error

| Occurrence condition 1 Occurrence condition 2

Figure 5.9 IRQnF Flag When Interrupt Processing Is Not Conducted

Rev. 7.00 Sep 21, 2005 page 119 of 878
REJ09B0259-0700

RENESAS




Section 5 Interrupt Controller

In this situation, conduct one of the following countermeasures.

Countermeasure 1: When clears IRQaF flag, do not use the bit manipulation instruction, read the
ISR in bytes. Then write a value in bytes which sets IRQnF flag to 0 and other bits to 1.

For example, ifa=0

MOV. B @ SR, ROL
MOV. B #HFE, ROL
MOV. B ROL, @ SR

Countermeasure 2: During IRQb interrupt exception processing, carry out IRQbF flag clear
dummy processing.

For example, ifb=1

I RB MOV. B #HFD, ROL
MOV. B ROL, @ SR

5.5.5 Notes on Non-Maskable Interrupts (NMI)

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

Incorrect NMI Operation Factors: Software

1. When an interrupt exception processing is executed in an H8/300H CPU, it is assumed that the
stack pointer (SP(ER7)) has already been set by software, and that the stack pointer (SP(ER7))
points to the stack area set in a system such as RAM. If the program is in a runaway execution,
the stack pointer may be overflowed and updated illegally. Therefore, normal operation will
not be guaranteed.

2. Requests for NMIs can be accepted on the rising or falling edge of a pin. Acceptance of the
rising or falling edge depends on the setting of the bit NMIEG in the system control register
(SYSCR). It is necessary for the customer to set the bit according to the designated system.
When the program is in a runaway execution, this bit may be rewritten illegally. Therefore, the
system may not operate as expected.

3. This chip has a break function to implement on-board emulation for specific customers. To use
this break function, execute the BRK instruction (H’5770). Note that the BRK instruction is
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usually undefined. Therefore, if the CPU accidentally executes the instruction, the chip will
perform exceptional processing and will enter the break mode. In the break mode, interrupts
including the NMI are inhibited and the count of the watch dog timer will be stopped. Then by
executing the RTB (H’56F0) instruction, the break mode will be cancelled, and usual program
execution will resume. When the execution is reset during break mode, the CPU enters the
reset state and the break mode is cancelled. Once the reset has been cancelled, normal program
execution will resume after the reset exception processing has been executed.

Incorrect NMI Operation Factors: Abnormal Interrupts Input to the Chip Pins

If an abnormal interrupt which was not specified in the electrical characteristics is input to a pin
during a chip operation, the chip may be destroyed. In this case, the operation of the chip will not
be guaranteed.

When an abnormal interrupt has been input to a pin, the chip may not be destroyed; however, the
internal circuits of the chip may partially or wholly malfunction, and the CPU may enter an
unimagined undefined state when the CPU was designed. If this occurs, it will be impossible to
control the operation of the chip by external pins other than the external reset and standby pins,
and the operation of the NMI will not be guaranteed. In this case, after some specified signals have
been input to the pins, input an external reset so that the chip can enter the normal program
execution state again.
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Section 6 Bus Controller

6.1 Overview

The H8/3048 Group has an on-chip bus controller that divides the address space into eight areas
and can assign different bus specifications to each. This enables different types of memory to be
connected easily.

A bus arbitration function of the bus controller controls the operation of the DMA controller
(DMAC) and refresh controller. The bus controller can also release the bus to an external device.

6.1.1 Features
Features of the bus controller are listed below.

* Independent settings for address areas 7 to 0
O 128-kbyte areas in 1-Mbyte modes; 2-Mbyte areas in 16-Mbyte modes.
O Chip select signals (CS7 to CS0) can be output for areas 7 to 0.
O Areas can be designated for 8-bit or 16-bit access.
O Areas can be designated for two-state or three-state access.
* Four wait modes
O Programmable wait mode, pin auto-wait mode, and pin wait modes 0 and 1 can be selected.
O Zero to three wait states can be inserted automatically.
* Bus arbitration function

O A built-in bus arbiter arbitrates the bus right to the CPU, DMAC, refresh controller, or an
external bus master.
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

CS7 to CSy
ABWCR
Internal
address bus A ASTCR
rea
A gecoder | WCER
Chip select CSCR
control signals
- Bus control
circuit
A
_ Wait-state
WAIT controller
WCR
R R R Internal signals---------- :
| CPU bus request signal - BRCR
' DMAC bus request signal :—»
1 Refresh controller bus request signal [ .
1 CPU bus acknowledge signal ] Bus arbiter
i DMAC bus acknowledge signal |
3 Refresh controller bus acknowledge signal |-—

.

Legend

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

Internal data bus

=1
=
@
=
=]
o
23
Q
>
=
7

*‘ Bus mode control signal
|
. Bus size control signal
|
| Access state control signal

>: Wait request signal

Figure 6.1 Block Diagram of Bus Controller
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6.1.3 Input/Output Pins

Table 6.1 summarizes the bus controller’s input/output pins.

Table 6.1 Bus Controller Pins

Name Abbreviation /0 Function

Chip select 7 to 0 CS;t0 CSp Output Strobe signals selecting areas 7 to 0

Address strobe AS Output Strobe signal indicating valid address output
on the address bus

Read RD Output Strobe signal indicating reading from the
external address space

High write HWR Output Strobe signal indicating writing to the
external address space, with valid data on
the upper data bus (D15 to Ds)

Low write LWR Output Strobe signal indicating writing to the
external address space, with valid data on
the lower data bus (D7 to Do)

Wait WAIT Input Wait request signal for access to external
three-state-access areas

Bus request BREQ Input Request signal for releasing the bus to an
external device

Bus acknowledge BACK Output Acknowledge signal indicating the bus is

released to an external device

Rev. 7.00 Sep 21, 2005 page 125 of 878
REJ09B0259-0700

RENESAS



Section 6 Bus Controller

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

Table 6.2  Bus Controller Registers

Initial Value
Modes Modes
Address* Name Abbreviation R/W 1,3,5,6 2,4,7
H'FFEC Bus width control register ABWCR R/W H'FF H'00
H'FFED Access state control register ASTCR R/W H'FF H'FF
H'FFEE Wait control register WCR R/W H'F3 H'F3
H'FFEF Wait state controller enable WCER R/W H'FF H'FF
register
H'FFF3 Bus release control register BRCR R/W H'FE H'FE
H'FF5F Chip select control register CSCR R/W H'OF H'OF

Note: * Lower 16 bits of the address.

6.2 Register Descriptions

6.2.1 Bus Width Control Register (ABWCR)

ABWOCR is an 8-bit readable/writable register that selects 8-bit or 16-bit access for each area.

Bit 7 6 5 4 3 2 1 0
‘ ABW?7 ‘ ABW6 ‘ ABWS5 ‘ ABW4 ‘ ABW3 ‘ ABW2 ‘ ABW1 ‘ ABWO
Initial {Mode 1,356 1 1 1 1 1 1 1 1
value | Mode2,4,7 0 0 0 0 0 0 0 0
Read/Write RIW RW  RW RIW RIW RIW RW  RW

Bits selecting bus width for each area

When ABWCR contains H'FF (selecting 8-bit access for all areas), the chip operates in 8-bit bus
mode: the upper data bus (D5 to Dy) is valid, and port 4 is an input/output port. When at least one
bit is cleared to 0 in ABWCR, the chip operates in 16-bit bus mode with a 16-bit data bus (D,s to
Dy). In modes 1, 3, 5, and 6 ABWCR is initialized to H'FF by a reset and in hardware standby
mode. In modes 2, 4, and 7 ABWCR is initialized to H'00 by a reset and in hardware standby
mode. ABWCR is not initialized in software standby mode.
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Bits 7 to 0—Areas 7 to 0 Bus Width Control (ABW7 to ABW0): These bits select 8-bit access
or 16-bit access to the corresponding address areas.

Bits 7 to 0:

ABW?7 to ABWO Description

0 Areas 7 to 0 are 16-bit access areas
1 Areas 7 to 0 are 8-bit access areas

ABWCR specifies the bus width of external memory areas. The bus width of on-chip memory and
internal I/O registers is fixed and does not depend on ABWCR settings. These settings are
therefore meaningless in single-chip mode (mode 7).

6.2.2 Access State Control Register (ASTCR)

ASTCR is an 8-bit readable/writable register that selects whether each area is accessed in two
states or three states.

Bit 7 6 5 4 3 2 1 0

‘ AST7 ‘ AST6 ‘ AST5 ‘ AST4 ‘ AST3 ‘ AST2 ‘ AST1 ‘ ASTO ‘
Initial value 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

Bits selecting number of states for access to each area

ASTCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Areas 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding area is accessed in two or three states.

Bits 7 to 0:

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

1 Areas 7 to 0 are accessed in three states (Initial value)

ASTCR specifies the number of states in which external areas are accessed. On-chip memory and
internal I/O registers are accessed in a fixed number of states that does not depend on ASTCR
settings. These settings are therefore meaningless in single-chip mode (mode 7).
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6.2.3 Wait Control Register (WCR)

WCR is an 8-bit readable/writable register that selects the wait mode for the wait-state controller
(WSC) and specifies the number of wait states.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ WMS1 ‘ WMSO0 ‘ WC1 ‘ WCO ‘
Initial value 1 1 1 1 0 0 1 1
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Wait count 1/0

These bits select the
number of wait states
inserted

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

WCR is initialized to H'F3 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Reserved: Read-only bits, always read as 1.

Bits 3 and 2—Wait Mode Select 1 and 0 (WMS1/0): These bits select the wait mode.

Bit 3: WMS1 Bit 2: WMSO0 Description

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

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

Bits 1 and 0—Wait Count 1 and 0 (WC1/0): These bits select the number of wait states inserted
in access to external 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 (Initial value)
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6.2.4 Wait State Controller Enable Register (WCER)

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

Bit 7 6 5 4 3 2 1 0

‘ WCE7 ‘ WCE6 ‘ WCE5 ‘ WCE4 ‘ WCE3 ‘ WCE2 ‘ WCEL1 ‘ WCEO ‘
Initial value 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

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

WCER is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Wait-State Controller Enable 7 to 0 (WCE?7 to WCEO0): These bits enable or
disable wait-state control of external three-state-access areas.

Bits 7 to 0:

WCE?7 to WCEO Description

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

1 Wait-state control enabled (Initial value)

Since WCER enables or disables wait-state control of external three-state-access areas, these
settings are meaningless in single-chip mode (mode 7).
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6.2.5 Bus Release Control Register (BRCR)

BRCR is an 8-bit readable/writable register that enables address output on bus lines Ay; to A, and
enables or disables release of the bus to an external device.

Bit 7 6 5 4 3 2 1 0
‘ A23E ‘ A22E ‘ A21E ‘ — ‘ — ‘ — ‘ — ‘ BRLE ‘
Initial value 1 1 1 1 1 1 1 0
Read/| Mode1,2,5, 7 — — — — — — — R/W
Write | Mode3,4,6 R/W RW  RW — — — — RIW
Address 23 to 21 enable Reserved bits Bus release enable
These bits enable PA4 to Enables or disables
PA,4 to be used for A,3 to release of the bus to
A,q address output an external device

BRCR is initialized to H'FE by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bit 7—Address 23 Enable (A23E): Enables PA, to be used as the A,; address output pin.
Writing 0 in this bit enables A,; address output from PA,. In modes other than 3, 4, and 6 this bit
cannot be modified and PA, has its ordinary input/output functions.

Bit 7: A23E Description
0 PA4 is the A2z address output pin
1 PA4 is the PA4/TP4/TIOCA1 input/output pin (Initial value)

Bit 6—Address 22 Enable (A22E): Enables PAs to be used as the A,, address output pin.
Writing 0 in this bit enables A, address output from PAs. In modes other than 3, 4, and 6 this bit
cannot be modified and PA; has its ordinary input/output functions.

Bit 6: A22E Description
0 PAs is the A address output pin
1 PAs is the PAs/TPs/TIOCB1 input/output pin (Initial value)
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Bit 5—Address 21 Enable (A21E): Enables PAg to be used as the A, address output pin.
Writing 0 in this bit enables A,; address output from PA¢. In modes other than 3, 4, and 6 this bit
cannot be modified and PAg has its ordinary input/output functions.

Bit 5: A21E Description
0 PAg is the A2 address output pin
1 PAs is the PAs/TPs/TIOCA; input/output pin (Initial value)

Bits 4 to 1—Reserved: Read-only bits, always read as 1.

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

Bit 0: BRLE Description

0 The bus cannot be released to an external device; BREQ and BACK can be
used as input/output pins (Initial value)

1 The bus can be released to an external device

6.2.6 Chip Select Control Register (CSCR)

CSCR is an 8-bit readable/writable register that enables or disables output of chip select signals
(CS;to CSy).

If a chip select signal (CS; to CS;) output is selected in this register, the corresponding pin
functions as a chip select signal (CS; to CS,) output, this function taking priority over other
functions. CSCR cannot be modified in single-chip mode.

Bit 7 6 5 4 3 2 1 0
‘ CS7E ‘ CS6E ‘ CS5E ‘ CS4E ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Chip select 7 to 4 enable Reserved bits

These bits enable or disable
chip select signal output

CSCR is initialized to H'OF by a reset and in hardware standby mode. It is not initialized in
software standby mode.
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Bits 7 to 4—Chip Select 7 to 4 Enable (CS7E to CS4E): These bits enable or disable output of
the corresponding chip select signal.

Bit n: CSnE Description
0 Output of chip select signal CS;, is disabled (Initial value)
1 Output of chip select signal CS,, is enabled

Note: n=7to4

Bits 3 to 0—Reserved: Read-only bits, always read as 1.
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6.3 Operation

6.3.1 Area Division

The external address space is divided into areas 0 to 7. Each area has a size of 128 kbytes in the
1-Mbyte modes, or 2 Mbytes in the 16-Mbyte modes. Figure 6.2 shows a general view of the

memory map.

H'00000 H'000000 H'00000 On-chip ROM "1 H'000000 On-chip ROM "1
Area 0 (128 kbytes) Area 0 (2 Mbytes)
H1FFFF H'1FFFFF H1FFFF| Area0(128Kbytes) |iyjppppp| AreaO (2 Mbytes)
H'20000 H'200000 H'20000 H'200000
Area 1 (128 kbytes) Area 1 (2 Mbytes) Area 1 (128 kbytes) Area 1 (2 Mbytes)
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) Area 2 (2 Mbytes)
H'5FFFF H'5FFFFF H'SFFFF H'5FFFFF
H'60000 H'600000 H'60000 H'600000
Area 3 (128 kbytes) Area 3 (2 Mbytes) Area 3 (128 kbytes) Area 3 (2 Mbytes)
H'7FFFF H'7FFFFF H7FFFF H'7FFFFF
H'80000 H'800000 H'80000 H'800000
Area 4 (128 kbytes) Area 4 (2 Mbytes) Area 4 (128 kbytes) Area 4 (2 Mbytes)
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) Area 5 (2 Mbytes)
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) Area 6 (2 Mbytes)
H'DFFFF H'DFFFFF H'DFFFF H'DFFFFF
H'EO000|  Area 7 (128 kbytes) | H'EO0000|  Area 7 (2 Mbytes) H'EO000|  Area 7 (128 kbytes) | H'EO0000|  Area 7 (2 Mbytes)
On-chip RAM"* "2 On-chip RAM"* "2 On-chip RAM"* "2 On-chip RAM"* 2
External address space™® External address space™® External address space*3 External address space*3
HEFFFE| Internal I/O registers™! | yrppppp| Internal 1/O registers™ | yepppp| Internal 1/O registers™ | rrpppp| Internal 1/O registers™t

a. 1-Mbyte modes with
on-chip ROM disabled
(modes 1 and 2)

b. 16-Mbyte modes with
on-chip ROM disabled
(modes 3 and 4)

c. 1-Mbyte mode with
on-chip ROM enabled
(mode 5)

d. 16-Mbyte mode with
on-chip ROM enabled
(mode 6)

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.

Figure 6.2 Access Area Map for Modes 1 to 6
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Chip select signals (CS; to CSp) can be output for areas 7 to 0. The bus specifications for each area
can be selected in ABWCR, ASTCR, WCER, and WCR as shown in table 6.3.

Table 6.3  Bus Specifications

ABWCR ASTCR WCER WCR Bus Specifications
Bus Access
ABWn ASTn WCEn WMS1 WMS0 Width States Wait Mode
0 0 — — — 16 2 Disabled
1 0 — — 16 3 Pin wait mode 0
1 0 0 16 3 Programmable wait mode
1 16 3 Disabled
1 0 16 3 Pin wait mode 1
1 16 3 Pin auto-wait mode
1 0 — — — 8 2 Disabled
0 — — 8 3 Pin wait mode 0
1 0 0 8 3 Programmable wait mode
1 8 3 Disabled
1 0 8 3 Pin wait mode 1
1 8 3 Pin auto-wait mode

Note: n=0to7

6.3.2 Chip Select Signals

For each of areas 7 to 0, the H8/3048 Group can output a chip select signal (CS; to CS,) that goes
low to indicate when the area is selected. Figure 6.3 shows the output timing of a CS,, signal (n=0
to 7).

Output of CS; to CSy: Output of CS; to CS, is enabled or disabled in the data direction register
(DDR) of the corresponding port.

In the expanded modes with on-chip ROM disabled, a reset leaves pin CS in the output state and
pins CS; to CS; in the input state. To output chip select signals CS; to CS,, the corresponding
DDR bits must be set to 1. In the expanded modes with on-chip ROM enabled, a reset leaves pins
CS; to CS, in the input state. To output chip select signals CS; to CS,, the corresponding DDR bits
must be set to 1. For details see section 9, I/O Ports.
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Output of CS; to CS,: Output of CS; to CS, is enabled or disabled in the chip select control
register (CSCR). A reset leaves pins CS; to CS, in the input state. To output chip select signals
§7 to CS, the corresponding CSCR bits must be set to 1. For details see section 9, I/O Ports.

o | L

ﬁggress >< External address in area n ><

cs,

Figure 6.3 CS, Output Timing (n =7 to 0)

When the on-chip ROM, on-chip RAM, and internal I/O registers are accessed, §7 and CS,
remain high. The CS,, signals are decoded from the address signals. They can be used as chip
select signals for SRAM and other devices.
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6.3.3 Data Bus

The H8/3048 Group allows either 8-bit access or 16-bit access to be designated for each of areas
7 to 0. An 8-bit-access area uses the upper data bus (D5 to Dg). A 16-bit-access area uses both the
upper data bus (D5 to Dg) and lower data bus (D7 to Dy).

In read access the RD signal applies without distinction to both the upper and lower data bus. In
write access the HWR signal applies to the upper data bus, and the LWR signal applies to the
lower data bus.

Table 6.4 indicates how the two parts of the data bus are used under different access conditions.

Table 6.4  Access Conditions and Data Bus Usage

Access Read/W Valid Upper Data Bus Lower Data Bus
Area Size rite Address Strobe (Disto Ds) (D7 to Do)
8-bit-access — Read — RD Valid Invalid
area Write  — HWR Undetermined data
16-bit-access Byte Read Even RD Valid Invalid
area Odd Invalid Valid
Write Even HWR Valid Undetermined data
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.

Rev. 7.00 Sep 21, 2005 page 136 of 878
REJ09B0259-0700
RENESAS



Section 6 Bus Controller

6.3.4 Bus Control Signal Timing

8-Bit, Three-State-Access Areas: Figure 6.4 shows the timing of bus control signals for an 8-bit,
three-state-access area. The upper address bus (D5 to Dg) is used to access these areas. The LWR
pin is always high. Wait states can be inserted.

- Bus cycle -

T2

Address bus >< Ex:ternal address in area: n ><
. . :
s ] [
o — T
Access | DistoDs Valid ‘
D,toD, Invalid !
R | i i
LWR ; High ‘ ‘ ;
Write ! ! : :
access : : : :
Dys to Dg Valid \
D; oDy Undetermined?data N
Note:n=71t0 0

Figure 6.4 Bus Control Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas: Figure 6.5 shows the timing of bus control signals for an 8-bit,
two-state-access area. The upper address bus (D5 to Dyg) is used to access these areas. The LWR
pin is always high. Wait states cannot be inserted.

\
———————Buscycle ——————»
|

T T2

SR e H e B
Address bus >< External address in area n ><
CSn — 3 |
s L [
i
sc?caedss D15 10 Dg Valid
D, to D, Invalid
Write ! ! !
access 3 3 3
Dys5 to Dg ' Valid \
D, to D, Undetermined data »

Note:n=71t0 0

Figure 6.5 Bus Control Signal Timing for 8-Bit, Two-State-Access Area
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16-Bit, Three-State-Access Areas: Figures 6.6 to 6.8 show the timing of bus control signals for a
16-bit, three-state-access area. In these areas, the upper address bus (D5 to Dg) is used to access
even addresses and the lower address bus (D5 to Dy) is used to access odd addresses. Wait states
can be inserted.

- Bus cycle L

T i T i T3

Address bus ><
CSn | |
AS | | | | |
RD : : : | :
Read 1 1 1 . !
Di5to D ‘ : ‘
access 1578 ! | | Valid :
D, to D, i i 3 Invalid 3
AWR | | |
WR ' High : : :
Write ! ! ! !
access i : : i
Dys to Dg ] i valid 3
D, to D, Undetermined data
Note:n=71t0 0

Figure 6.6 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Access to Even Address)
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\
-————————————————— Bus cycle -

Ty : Tz : T3

S s H e A

Address bus >< Odd :external address in ar:ea n ><
CSh ] ! |
e B e
w7 |  —
gfcagjss D15 10 Dg Invalid
D, to D, Valid
HWR High 1
Write ‘ !
access ‘ ‘ ‘ !
Dyg to Dg : ; Undetermined data ;
D, to Dy, valid |
Note:n=71t0 0

Figure 6.7 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (2)
(Byte Access to Odd Address)
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- Bus cycle Lt

Read . ‘ .
D45 to D, - - -
access 15 8 | | | Valid

D, to D, 1 : : Valid

LWR ! | | !
Write ! 1 :

access

D, to D, ! Valid

Note:n=7t0 0

Figure 6.8 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (3)
(Word Access)
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16-Bit, Two-State-Access Areas: Figures 6.9 to 6.11 show the timing of bus control signals for a
16-bit, two-state-access area. In these areas, the upper address bus (D5 to Dy) is used to access
even addresses and the lower address bus (D5 to Dy) is used to access odd addresses. Wait states
cannot be inserted.

|
~—————Buscycle ————»
|

: T : T2
. ]
Address bus Even external address in area n ><
CSn |
AS ! ! | !
RD : : | :
Read : : - :
D15 to D, :
access 1’ Valid
D, to D, ‘ : Invalid ‘
HWR | | |
LWR " High ! i
Write ! ! !
access
Dy to Dg : ' Valid !
D, to D, Undetermined data

Note:n=71t0 0

Figure 6.9 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Access to Even Address)
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| |
~+————Buscycle ———

! T1 ! Tz !
g I
Address bus >< Odd external address in area n ><
CSn :
AS | | |
RD 1 1 | :
Read ‘ ; } ‘
D,5to D
access 15 8 | ) Invalid |
D, toD, w i Valid ‘
HWR "High ! !
LWR _—| : !
Write ! ; !
access | |
Dys5 to Dg Undetermined data \
D, to D, j . Valid
Note:n=71t00

Figure 6.10 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Access to Odd Address)
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| |
~———Buscycle ———
|

T Tz
0 I R S R
Address bus >< External address in area n ><
CSn 1
AS | | |
Read D;s 10 Dg Valid :
access | |
: valid :

D,t0Dg

I
uy]

LWR ! J !
Write ! !
access | |
Dy5 to Dg ' Valid \
D, to D, ' Valid

Note:n=71t0 0

Figure 6.11 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (3)
(Word Access)
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Wait Modes

Wait Mode Selection

WCR

Four wait modes can be selected as shown in table 6.5.

WMS1 Bit WMSO0 Bit WSC Control

Wait Mode

— Disabled No wait states

— Disabled Pin wait mode 0

0 Enabled Programmable wait mode
1 Enabled No wait states

0 Enabled Pin wait mode 1

1 Enabled Pin auto-wait mode
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Wait Mode in Areas Where Wait-State Controller is Disabled

External three-state access areas in which the wait-state controller is disabled (ASTn= 1, WCEn =
0) operate in pin wait mode 0. The other wait modes are unavailable. The settings of bits WMS1
and WMSO are ignored in these areas.

Pin Wait Mode 0: Wait states can only be inserted by WAIT pin control. During access to an
external three-state-access area, if the WAIT pin is low at the fall of the system clock (@) in the T,
state, a wait state (Ty) is inserted. If the WAIT pin remains low, wait states continue to be inserted
until the WAIT signal goes high. Figure 6.12 shows the timing.

Inserted by WAIT signal
T2 Tw Tw T3

S
ee—
*
]
*
]
*

WAIT pin

Address bus :><
AS

External address

RD
Read
access Read data
Data bus
HWR, LWR
Write
access
Data bus Write data

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

Figure 6.12 Pin Wait Mode 0
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Wait Modes in Areas Where Wait-State Controller is Enabled

External three-state access areas in which the wait-state controller is enabled (ASTn =1, WCEn =
1) can operate in pin wait mode 1, pin auto-wait mode, or programmable wait mode, as selected by
bits WMS1 and WMSO0. Bits WMS1 and WMSO0 apply to all areas, so all areas in which the wait-
state controller is enabled operate in the same wait mode.

Pin Wait Mode 1: In all accesses to external three-state-access areas, the number of wait states
(Tw) selected by bits WCI1 and WCO are inserted. If the WAIT pin is low at the fall of the system
clock (@) in the last of these wait states, an additional wait state is inserted. If the WAIT pin
remains low, wait states continue to be inserted until the WAIT signal goes high.

Pin wait mode 1 is useful for inserting four or more wait states, or for inserting different numbers
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.

Figure 6.13 shows the timing when the wait count is 1 (WC1 =0, WCO = 1) and one additional
wait state is inserted by WAIT input.

Inserted by  Inserted by
wait count | WAIT signal

T | T ‘ Tw ‘ Tw

|
2 e S e

WAIT pin \ « /

Address bus X External address

’7
Read RO

access Read data

I
=
T
—
=
T

Write
access

Data bus Write data

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

Figure 6.13 Pin Wait Mode 1
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Pin Auto-Wait Mode: If the WAIT pin is low, the number of wait states (Ty) selected by bits
WCI and WCO are inserted.

In pin auto-wait mode, if the WAIT pin is low at the fall of the system clock (@) in the T, state, the
number of wait states (Tyw) selected by bits WC1 and WCO are inserted. No additional wait states
are inserted even if the WAIT pin remains low. Pin auto-wait mode can be used for an easy
interface to low-speed memory, simply by routing the chip select signal to the WAIT pin.

Figure 6.14 shows the timing when the wait count is 1.

o LI L L L
Z

WAIT

Address bus X External address External address

X
= T
]

e

RD *’
Read
access Read data Read data
Data bus
HWR, LWR
Write
access
Data bus Write data >—< Write data

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

Figure 6.14 Pin Auto-Wait Mode
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Programmable Wait Mode: The number of wait states (Ty) selected by bits WC1 and WCO are
inserted in all accesses to external three-state-access areas. Figure 6.15 shows the timing when the
wait count is 1 (WC1 =0, WCO0 =1).

Address bus X

AS
RD
Read
access
Data bus
HWR, LWR
Write
access
Data bus

I N e R

External address

o
]

1

Read data

Write data

o

Figure 6.15 Programmable Wait Mode
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Example of Wait State Control Settings: A reset initializes ASTCR and WCER to H'FF and
WCR to H'F3, selecting programmable wait mode and three wait states for all areas. Software can
select other wait modes for individual areas by modifying the ASTCR, WCER, and WCR settings.
Figure 6.16 shows an example of wait mode settings.

3-state-access area,
Area 0 | programmable wait mode | -
(3 states inserted)
3-state-access area,
Areal | programmable wait mode | -
(3 states inserted)

3-state-access area,

Area 2 pin wait mode 0 -
Area 3 3-state-access area, A
pin wait mode 0
2- - r
Area 4 state-access area, P

no wait states inserted

2-state-access area,
Area 5 -

no wait states inserted

2-state-access area,

Area 6 no wait states inserted

2-state-access area,

Area 7 no wait states inserted T

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

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

Wer HF3: | — | — | — | — ] o] o | 1] 1]

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

Figure 6.16 Wait Mode Settings (Example)
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6.3.6 Interconnections with Memory (Example)

For each area, the bus controller can select two- or three-state access and an 8- or 16-bit data bus
width. In three-state-access areas, wait states can be inserted in a variety of modes, simplifying the
connection of both high-speed and low-speed devices.

Figure 6.18 shows an example of interconnections between the H8/3048 Group and memory.
Figure 6.17 shows a memory map for this example.

A 256-kword x 16-bit EPROM is connected to area 0. This device is accessed in three states via a
16-bit bus.

Two 32-kword X 8-bit SRAM devices (SRAM1 and SRAM?2) are connected to area 1. These
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 accessed via an 8-bit
bus, using three-state access with an additional wait state inserted in pin auto-wait mode.

H'000000
EPROM
H'07FFFF Area 0
16-bit, three-state-access area
Not used
H'1FFFFF
H'200000
SRAM 1, 2
H'20FFFF Area 1
H'210000 16-bit, two-state-access area
Not used
H'3FFFFF
H'400000
SRAM 3
H'407FFF Area 2
8-bit, three-state-access area
(one auto-wait state)
Not used
H'5FFFFF
On-chip RAM
H'EFEEEFE Internal I/O registers

Figure 6.17 Memory Map (Example)
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EPROM
Agto Ay
A1gto Ag
K |/Ol5 to |/Og
H8/3048 Group
|/O7 to |/Oo
cSo — cE
Cs, § — OE
CS, %
SRAML1 (even addresses)
A15 to A 1
Al4 to AO
K 1 [ 07t 1/0g
WAIT o
CsS
RD i OE
HWR WE
LWR SRAM2 (odd addresses)
A15 to A 1
[ A14 to AO
Azt0 Ao 1105 to 110,
— CS
— — OE
— WE
D;stoDg ‘ ‘ ‘
D, to D, > SRAM3
Al4 to A 0
R A14 to AO
<] 1107 to 1/0g
— CS
— OE
I WE

Figure 6.18 Interconnections with Memory (Example)
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6.3.7 Bus Arbiter Operation

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. There are
four bus masters: the CPU, DMA controller (DMAC), refresh controller, and an external bus
master. When a bus master has the bus right it can carry out read, write, or refresh access. Each
bus master uses a bus request signal to request the bus right. At fixed times the bus arbiter
determines priority and uses a bus acknowledge signal to grant the bus to a bus master, which can
then operate using the bus.

The bus arbiter checks whether the bus request signal from a bus master is active or inactive, and
returns an acknowledge signal to the bus master if the bus request signal is active. When two or
more bus masters request the bus, the highest-priority bus master receives an acknowledge signal.
The bus master that receives an acknowledge signal can continue to use the bus until the
acknowledge signal is deactivated.

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

The bus arbiter samples the bus request signals and determines priority at all times, but it does not
always grant the bus immediately, even when it receives a bus request from a bus master with
higher priority than the current bus master. Each bus master has certain times at which it can
release the bus to a higher-priority bus master.

CPU: The CPU is the lowest-priority bus master. If the DMAC, refresh controller, or an external
bus master requests the bus while the CPU has the bus right, the bus arbiter transfers the bus right
to the bus master that requested it. The bus right is transferred at the following times:

* The bus right is transferred at the boundary of a bus cycle. If word data is accessed by two
consecutive byte accesses, however, the bus right is not transferred between the two byte
accesses.

» If another bus master requests the bus while the CPU is performing internal operations, such as
executing a multiply or divide instruction, the bus right is transferred immediately. The CPU
continues its internal operations.

» If another bus master requests the bus while the CPU is in sleep mode, the bus right is
transferred immediately.
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DMAC: When the DMAC receives an activation request, it requests the bus right from the bus
arbiter. If the DMAC is bus master and the refresh controller or an external bus master requests the
bus, the bus arbiter transfers the bus right from the DMAC to the bus master that requested the
bus. The bus right is transferred at the following times.

The bus right is transferred when the DMAC finishes transferring 1 byte or 1 word. A DMAC
transfer cycle consists of a read cycle and a write cycle. The bus right is not transferred between
the read cycle and the write cycle.

There is a priority order among the DMAC channels. For details see section 8.4.9, DMAC
Multiple-Channel Operation.

Refresh Controller: When a refresh cycle is requested, the refresh controller requests the bus
right from the bus arbiter. When the refresh cycle is completed, the refresh controller releases the
bus. For details see section 7, Refresh Controller.

External Bus Master: When the BRLE bit is set to 1 in BRCR, the bus can be released to an
external bus master. The external bus master has highest priority, and requests the bus right from
the bus arbiter by driving the BREQ signal low. Once the external bus master gets the bus, it keeps
the bus right until the BREQ signal goes high. While the bus is released to an external bus master,
the H8/3048 Group holds the address bus and data bus control signals (AS, RD, HWR, and LWR)
in the high-impedance state, holds the chip select signals high (CS,: n =7 to 0), and holds the
BACK pin in the low output state.

The bus arbiter samples the BREQ pin at the rise of the system clock (¢). If BREQ is low, the bus
is released to the external bus master at the appropriate opportunity. The BREQ signal should be
held low until the BACK signal goes low.

When the BREQ pin is high in two consecutive samples, the BACK signal is driven high to end
the bus-release cycle.
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Figure 6.19 shows the timing when the bus right is requested by an external bus master during a
read cycle in a two-state-access area. There is a minimum interval of two states from when the
BREQ signal goes low until the bus is released.

Data bus

BACK

n=7to0

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

CPU cycles ‘ External bus released ‘ CPU cycles
T, T, | |
3 : High-impedance : —
>< Address ‘/ | |
: : High level !
\ / : |
High-impedance
: ‘ High-impedance ‘,—
High | o k p !
1 High-impedance :/7

/

\

\

Minimum 2 cycles

—\

1 2

4

[ Y5 S A

BACK signal goes low at end of CPU read cycle, releasing bus right to external bus master.

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

1

2 _—

3 BREQ pin continues to be sampled while bus is released to external bus master.
4

6

Figure 6.19 External-Bus-Released State (Two-State-Access Area, During Read Cycle)
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6.4 Usage Notes

6.4.1 Connection to Dynamic RAM and Pseudo-Static RAM

A different bus control signal timing applies when dynamic RAM or pseudo-static RAM is
connected to area 3. For details see section 7, Refresh Controller.

6.4.2 Register Write Timing

ABWCR, ASTCR, and WCER Write Timing: Data written to ABWCR, ASTCR, or WCER
takes effect starting from the next bus cycle. Figure 6.20 shows the timing when an instruction
fetched from area 0 changes area 0 from three-state access to two-state access.

Qggress :>< >< ASTCR address >< ><

et

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

Figure 6.20 ASTCR Write Timing
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Section 6 Bus Controller

DDR Write Timing: Data written to a data direction register (DDR) to change a CS, pin from
CS, output to generic input, or vice versa, takes effect starting from the Tj; state of the DDR write
cycle. Figure 6.21 shows the timing when the CS; pin is changed from generic input to CS, output.

T T, T3
0 L
Address ! |
bus >< P8DDR address ><
Cs, /

High impedance

Figure 6.21 DDR Write Timing

BRCR Write Timing: Data written to switch between Ay;, Ay, or A, output and generic input or
output takes effect starting from the T; state of the BRCR write cycle. Figure 6.22 shows the
timing when a pin is changed from generic input to Aj;, Ay, or Ay output.

0 ] L
Address >< BRCR address ><

bus : ; ‘

Az 10 Ay

High impedance

Figure 6.22 BRCR Write Timing
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6.4.3 BREQ Input Timing

After driving the BREQ pin low, hold it low until BACK goes low. If BREQ returns to the high
level before BACK goes low, the bus arbiter may operate incorrectly.

To terminate the external-bus-released state, hold the BREQ signal high for at least three states. If
BREQ is high for too short an interval, the bus arbiter may operate incorrectly.

6.4.4 Transition To Software Standby Mode

If contention occurs between a transition to software standby mode and a bus request from an
external bus master, the bus may be released for one state just before the transition to software
standby mode (see figure 6.23). When using software standby mode, clear the BRLE bit to 0 in
BRCR before executing the SLEEP instruction.

' Bus-released state;  Software standby mode

T e N e

|
| |
| |
......................... g
| |
|

BACK

Address bus

Strobe

Figure 6.23 Contention between Bus-Released State and Software Standby Mode
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Section 7 Refresh Controller

7.1 Overview

The H8/3048 Group has an on-chip refresh controller that enables direct connection of 16-bit-wide
DRAM or pseudo-static RAM (PSRAM).

DRAM or pseudo-static RAM can be directly connected to area 3 of the external address space.
A maximum 128 kbytes can be connected in modes 1, 2, and 5 (1-Mbyte modes). A maximum
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 controller as
an 8-bit interval timer.

When the refresh controller is not used, it can be independently halted to conserve power. For
details see section 21.6, Module Standby Function.

7.1.1 Features

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

Features as a DRAM Refresh Controller

* Enables direct 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
[0 4-Mbit DRAM: 9-bit row address X 9-bit column address
[0 4-Mbit DRAM: 10-bit row address x 8-bit column address

« CAS-before-RAS refresh control

e Software-selectable refresh interval

* Software-selectable self-refresh mode

e Wait states can be inserted

Features as a Pseudo-Static RAM Refresh Controller
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» RFSH signal output for refresh control
e Software-selectable refresh interval
e Software-selectable self-refresh mode

* Wait states can be inserted

Features as an Interval Timer

* 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, ¢/4096

» Interrupts can be generated by compare match between RTCNT and the refresh time constant
register (RTCOR)

7.1.2 Block Diagram

Figure 7.1 shows a block diagram of the refresh controller.

@2, @8, /32,
@128, @512, Refresh signal
©/2048, (/4096 T

| Clock selector |

Control logic — CMI interrupt

| Comparator |

00 00 M

RTCNT
RTCOR
RTMCSR
RFSHCR

Bus interface
Internal data bus

]

00 0

Module data bus

Legend

RTCNT: Refresh timer counter

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

Figure 7.1 Block Diagram of Refresh Controller
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7.1.3 Input/Output Pins

Table 7.1 summarizes the refresh controller’s input/output pins.

Table 7.1  Refresh Controller Pins
Signal
Pin Name Abbr. 110 Function
RFSH Refresh RFSH Output  Goes low during refresh cycles;
used to refresh DRAM and PSRAM
HWR  Upper write/lupper column UW/UCAS Output  Connects to the UW pin of 2WE
address strobe DRAM or UCAS pin of 2CAS DRAM
LWR  Lower write/lower column L[W/LCAS Output Connects to the LW pin of 2WE
address strobe DRAM or LCAS pin of 2CAS DRAM
RD Column address strobe/ CAS/WE  Output  Connects to the CAS pin of 2WE
write enable DRAM or WE pin of 2CAS DRAM
CS; Row address strobe RAS Output  Connects to the RAS pin of DRAM
7.1.4 Register Configuration

Table 7.2 summarizes the refresh controller’s registers.

Table 7.2  Refresh Controller Registers

Address* Name Abbreviation R/W Initial Value
H'FFAC Refresh control register RFSHCR R/W H'02
H'FFAD Refresh timer control/status register RTMCSR R/W H'07
H'FFAE Refresh timer counter RTCNT R/W H'00
H'FFAF Refresh time constant register RTCOR R/W H'FF

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

7.2.1 Refresh Control Register (RFSHCR)

RFSHCR is an 8-bit readable/writable register that selects the operating mode of the refresh
controller.

Bit 7 6 5 4 3 2 1 0

‘ SRFMD ‘PSRAME‘ DRAME‘CAS/@‘ M9/M8 ‘ RFSHE ‘ — ‘ RCYCE ‘
Initial value 0 0 0 0 0 0 1 0
Read/Write R/W R/W R/W R/W R/W R/W — R/W

Refresh cycle
enable

Enables or
disables
insertion of
refresh cycles

Reserved bit

Refresh pin enable
Enables refresh signal output
from the refresh pin

Address multiplex mode select
Selects the number of column address bits

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

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

Self-refresh mode
Selects self-refresh mode

RFSHCR is initialized to H'02 by a reset and in hardware standby mode.
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Bit 7—Self-Refresh Mode (SRFMD): Specifies DRAM or pseudo-static RAM self-refresh
during software standby mode. When PSRAME = 1 and DRAME = 0, after the SRFMD bit is set
to 1, pseudo-static RAM can be self-refreshed when the H8/3048 Group enters software standby
mode. When PSRAME = 0 and DRAME = 1, after the SRFMD bit is set to 1, DRAM can be self-
refreshed when the H8/3048 Group enters software standby mode. In either case, the normal
access state resumes on exit from software standby mode.

Bit 7: SRFMD Description
0 DRAM or PSRAM self-refresh is disabled in software standby mode

(Initial value)
1 DRAM or PSRAM self-refresh is enabled in software standby mode

Bit 6—PSRAM Enable (PSRAME) and
Bit 5—DRAM Enable (DRAME): These bits enable or disable connection of pseudo-static RAM
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 area 3 consist
of three states, regardless of the setting in the access state control register (ASTCR). If AST3 =0
in ASTCR, wait states cannot be inserted.

When the PSRAME or DRAME bit is set to 1, bits 0, 2, 3, and 4 in RFSHCR and registers
RTMCSR, RTCNT, and RTCOR are write-disabled, except that the CMF flag in RTMCSR can be
cleared by writing 0.

Bit 6: PSRAME Bit 5: DRAME Description
0 0 Can be used as an interval timer (Initial value)
(DRAM and PSRAM cannot be directly connected)
1 DRAM can be directly connected
1 0 PSRAM can be directly connected
lllegal setting

Bit 4—Strobe Mode Select (CAS/WE): Selects 2CAS or 2WE mode. The setting of this bit is
valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled when the PSRAME or
DRAME bit is set to 1.

Bit 4: CAS/WE Description
0 2WE mode (Initial value)
1 2CAS mode
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Bit 3—Address Multiplex Mode Select (M9/M8): Selects 8-bit or 9-bit column addressing.

The setting of this bit is valid when PSRAME = 0 and DRAME = 1. This bit is write-disabled
when the PSRAME or DRAME bit is set to 1.

Bit 3: M9/M8 Description
0 8-bit column address mode (Initial value)
1 9-bit column address mode

Bit 2—Refresh Pin Enable (RFSHE): Enables or disables refresh signal output from the RFSH
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 can be used
as a generic input/output port) (Initial value)

1 Refresh signal output at the RFSH pin is enabled

Bit 1—Reserved: Read-only bit, always read as 1.
Bit 0—Refresh Cycle Enable (RCYCE): Enables or disables insertion of refresh cycles.

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

Bit 0: RCYCE Description
0 Refresh cycles are disabled (Initial value)
1 Refresh cycles are enabled for area 3
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7.2.2 Refresh Timer Control/Status Register (RTMCSR)

RTMCSR is an 8-bit readable/writable register that selects the clock source for RTCNT. It also
enables or disables interrupt requests when the refresh controller is used as an interval timer.

Bit 7 6 5 4 3 2 1 0
| oMF | omiE | cks2 | cks1 | ckso | — | — | — |
Initial value 0 0 0 0 0 1 1 1

Read/Write R/(W)* R/W R/W R/W R/W — — —

Clock select2to 0 Reserved bits
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 0 can be written, to clear the flag.

Bits 7 and 6 are initialized by a reset and in standby mode. Bits 5 to 3 are initialized by a reset and
in hardware standby mode, but retain their previous values on transition to software standby mode.

Bit 7—Compare Match Flag (CMF): This status flag indicates that the RTCNT and RTCOR
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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Bit 6—Compare Match Interrupt Enable (CMIE): Enables or disables the CMI interrupt
requested when the CMF flag is set to 1 in RTMCSR. The CMIE bit is always cleared to 0 when
PSRAME =1 or DRAME = 1.

Bit 6: CMIE Description
0 The CMI interrupt requested by CMF is disabled (Initial value)
1 The CMI interrupt requested by CMF is enabled

Bits 5 to 3—Clock Select 2 to 0 (CKS2 to CKSO0): These bits select an internal clock source for
input to RTCNT. When used for refresh control, the refresh controller outputs a refresh request at
periodic intervals determined by compare match between RTCNT and RTCOR. When used as an
interval timer, the refresh controller generates CMI interrupts at periodic intervals determined by
compare match. These bits are write-disabled when the PSRAME bit or DRAME bit is set to 1.

Bit 5: CKS2 Bit 4: CKS1 Bit 3: CKS0 Description

0 0 Clock input is disabled  (Initial value)

@2 clock source

@8 clock source

@32 clock source

/128 clock source

@512 clock source

/2048 clock source

0
1
0
1
0
1
0
1

4096 clock source

Bits 2 to 0—Reserved: Read-only bits, always read as 1.

7.2.3 Refresh Timer Counter (RTCNT)

RTCNT is an 8-bit readable/writable up-counter.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

RTCNT is an up-counter that is incremented by an internal clock selected by bits CKS2 to CKSO0
in RTMCSR. When RTCNT matches RTCOR (compare match), the CMF flag is set to 1 and
RTCNT is cleared to H'00.
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RTCNT is write-disabled when the PSRAME bit or DRAME bit is set to 1. RTCNT is initialized
to H'00 by a reset and in standby mode.

7.2.4 Refresh Time Constant Register (RTCOR)

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

Bit 7 6 5 4 3 2 1 0
Initial value 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

RTCOR and RTCNT are constantly compared. When their values match, the CMF flag is set to 1
in RTMCSR, and RTCNT is simultaneously cleared to H'00.

RTCOR is write-disabled when the PSRAME bit or DRAME bit is set to 1. RTCOR is initialized
to H'FF by a reset and in hardware standby mode. In software standby mode it retains its previous
value.
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7.3

7.3.1

Operation

Overview

One of three functions can be selected for the H8/3048 Group refresh controller: interfacing to
DRAM connected to area 3, interfacing to pseudo-static RAM connected to area 3, or interval
timing. Table 7.3 summarizes the register settings when these three functions are used.

Table 7.3  Refresh Controller Settings
Usage
Register Settings DRAM Interface PSRAM Interface Interval Timer
RFSHCR SRFMD Selects self-refresh Selects self-refresh Cleared to 0
mode mode
PSRAME Cleared to 0 Setto 1 Cleared to 0
DRAME Setto 1 Cleared to 0 Cleared to 0
CAS/WE Selects 2CAS or — —
2WE mode
M9/M8 Selects column — —
addressing mode
RFSHE Selects RFSH signal  Selects RFSH signal  Cleared to 0
output output
RCYCE Selects insertion of Selects insertion of —
refresh cycles refresh cycles
RTCOR Refresh interval Refresh interval Interrupt interval
RTMCSR CKS2 to setting setting setting
CKSO0
CMF Set to 1 when Set to 1 when Set to 1 when
RTCNT = RTCOR RTCNT = RTCOR RTCNT = RTCOR
CMIE Cleared to 0 Cleared to 0 Enables or disables
interrupt requests
P8DDR P8/DDR Setto 1 (CS; output) Setto 1 (CS; output) Setto 0 or 1
ABWCR ABW3 Clearedto 0 — —
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DRAM Interface: To set up area 3 for connection to 16-bit-wide DRAM, initialize RTCOR,
RTMCSR, and RFSHCR in that order, clearing bit PSRAME to 0 and setting bit DRAME to 1.
Set bit P8, DDR to 1 in the port 8 data direction register (PSDDR) to enable CS; output. In
ABWCR, make area 3 a 16-bit-access area.

Pseudo-Static RAM Interface: To set up area 3 for connection to pseudo-static RAM, initialize
RTCOR, RTMCSR, and RFSHCR in that order, setting bit PSRAME to 1 and clearing bit
DRAME to 0. Set bit P8, DDR to 1 in PSDDR to enable CS; output.

Interval Timer: When PSRAME = 0 and DRAME = 0, the refresh controller operates as an
interval timer. After setting RTCOR, select an input clock in RTMCSR and set the CMIE bit to 1.
CMI interrupts will be requested at compare match intervals determined by RTCOR and bits
CKS2 to CKS0 in RTMCSR.

When setting RTCOR, RTMCSR, and RFSHCR, make sure that PSRAME = 0 and DRAME = 0.
Writing is disabled when either of these bits is set to 1.
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7.3.2 DRAM Refresh Control

Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is
determined by the settings of RTCOR and bits CKS2 to CKS0 in RTMCSR. Figure 7.2 illustrates
the refresh request interval.

RTCOR  ~oo

Hoo 000 eV

Refresh request [ ] [ ] [ ] [ ] [ ]

Figure 7.2 Refresh Request Interval (RCYCE =1)

Refresh requests are generated at regular intervals as shown in figure 7.2, but the refresh cycle is
not actually executed until the refresh controller gets the bus right.

Table 7.4 summarizes the relationship among area 3 settings, DRAM read/write cycles, and
refresh cycles.

Table 7.4  Area 3 Settings, DRAM Access Cycles, and Refresh Cycles

Read/Write Cycle by CPU

Area 3 Settings or DMAC Refresh Cycle
2-state-access area 3 states 3 states

(AST3=0) Wait states cannot be inserted Wait states cannot be inserted
3-state-access area 3 states 3 states

(AST3 =1) Wait states can be inserted Wait states can be inserted

To insert refresh cycles, set the RCYCE bit to 1 in RFSHCR. Figure 7.3 shows the state transitions
for execution of refresh cycles.

When the first refresh request occurs after exit from the reset state or standby mode, the refresh
controller does not execute a refresh cycle, but goes into the refresh request pending state. Note
this point when using a DRAM that requires a refresh cycle for initialization.
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When a refresh request occurs in the refresh request pending state, the refresh controller acquires
the bus right, then executes a refresh cycle. If another refresh request occurs during execution of
the refresh cycle, it is ignored.

Exit from reset or standby mode

y Refresh request

End of refresh

Refresh request pending state
quest pending cycle*

Y Refresh request

rRG%fL‘ZZ?* Requesting bus right
v Bus granted
rRe?qleiZ?* Executing refresh cycle

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

Figure 7.3 State Transitions for Refresh Cycle Execution
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Address Multiplexing: Address multiplexing depends on the setting of the M9/MS8 bit in
RFSHCR, as described in table 7.5. Figure 7.4 shows the address output timing. Address output is

multiplexed only in area 3.

Table 7.5  Address Multiplexing

AzztO
Address Pins A1 0 Ag As A7 As A5 A4 A3 Az A1 Ao
Address signals during row Axsto Ao Ag A7 As As Ay As Ao A4 Ao
address output A1o
Addresssignals M9/W=O Axzto Ao Ag A Ais A Az Az Aq A Ao
during column Ao
address output \o/pg = 4 Axpto A Az A Ais A Az Az A Ao Ao
Aqo

S v N e S s B

X
X

Ao Ag, Ag >< Aysto Ag, Ay
Address
bus
Agto Ay >< Agto Ay >< Agto Ag
Row address Column address
a. M9/M8 =0
} T1 } T2 T3 }
v S N s R ) R s
A3t Ay, Ay >< Az3to Ajg, Ag
Address
bus
Agto Ay Agto Ay Agto Agg
- - - -

Row address

b. M9/M8 =1

Column address

Figure 7.4 Multiplexed Address Output (Example without Wait States)
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2CAS and 2WE Modes: The CAS/WE bit in RFSHCR can select two control modes for 16-bit-
wide DRAM: one using UCAS and LCAS; the other using UW and LW. These DRAM pins
correspond to H8/3048 Group pins as shown in table 7.6.

Table 7.6 DRAM Pins and H8/3048 Group Pins

DRAM Pin
H8/3048 Group Pin CAS/WE = 0 (2WE Mode) CAS/WE = 1 (2CAS Mode)
HWR uw UCAS

LWR LW LCAS

RD CAS WE

CS; RAS RAS

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

Read cycle Write cycle*

Qgsdress :>< Row >< Column >< Row >< Column >< Area 3 top address ><:

CS3
(RAS)

mo 1 [ 1 ]
(CAS) | | | |
R ; ; ;
W) | | | |

LWR
(W)

Note: * 16-bit access

Figure 7.5(1) DRAM Control Signal Output Timing 2WE Mode)
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Read cycle ‘ Write cycle* Refresh cycle

Add 1 1 : X
busress X Row Column >< Row Column >< Area 3 top address

CSs
(RAS)

HWR
(UCAS)

@ 1 1 1
W ; ; ;
(CW) | | | |

RFSH : : :

AS

Note: * 16-bit access

Figure 7.5(2) DRAM Control Signal Output Timing (2CAS Mode)
Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is:
(High)  External bus master > refresh controller > DMA controller > CPU (Low)
For details see section 6.3.7, Bus Arbiter Operation.

Wait State Insertion: When bit AST3 is set to 1 in ASTCR, bus controller settings can cause wait
states to be inserted into bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes.
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Self-Refresh Mode: Some DRAM devices have a self-refresh function. After the SRFMD bit is
setto 1 in RFSHCR, when a transition to software standby mode occurs, the CAS and RAS
outputs go low in that order so that the DRAM self-refresh function can be used. On exit from
software standby mode, the CAS and RAS outputs both go high.

Table 7.7 shows the pin states in software standby mode. Figure 7.6 shows the signal output

timing.
Table 7.7  Pin States in Software Standby Mode (1) (PSRAME = 0, DRAME = 1)
Software Standby Mode
SRFMD =0 SRFMD = 1 (self-refresh mode)
Signal CAS/WE =0 CAS/WE =1 CAS/WE =0 CAS/WE =1
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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: Software : Oscillator
3 standby mode 3 settling time
‘ 3 3 3
¢ 4L L 1
Address High-impedance 1
bus ;
CS; (RAS) | § |
RD (CAS) i ?
HWR (UW) High
LWR (W) High
RFSH
a. 2 WE mode (SRFMD = 1)
: Software : Oscillator
} standby mode } settling time
‘ 9 1 9
9 4 L 1
Address High-impedance ‘
bus ;
CS; (RAS) | § |

b. 2 CAS mode (SRFMD = 1)

Figure 7.6 Signal Output Timing in Self-Refresh Mode (PSRAME = 0, DRAME =1)
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Operation in Power-Down State: The refresh controller operates in sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT is initialized, but RFSHCR,
RTMCSR bits 5 to 3, and RTCOR retain their settings prior to the transition to software standby
mode.

Example 1: Connection to 2WE 1-Mbit DRAM (1-Mbyte Mode): Figure 7.7 shows typical
interconnections to a 2WE 1-Mbit DRAM, and the corresponding address map. Figure 7.8 shows a
setup procedure to be followed by a program for this example. After power-up the DRAM must be
refreshed to initialize its internal state. Initialization takes a certain length of time, which can be
measured by using an interrupt from another timer module, or by counting the number of times
RTMCSR bit 7 (CMF) is set. Note that no refresh cycle is executed for the first refresh request
after exit from the reset state or standby mode (the first time 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.

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

H8/3048 Group

8 Az
A7 AG
As As
A5 A4
A4 A3
As Az
Az AL
Ay Ao
CS; % RAS
RD CAS
HWR uw
LWR w
OE
D15 to DO |/015 to I/OO
a. Interconnections (example)
H'60000
DRAM area Area 3 (1-Mbyte mode)
H'7FFFF

b. Address map

Figure 7.7 Interconnections and Address Map for 2WE 1-Mbit DRAM (Example)
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Set area 3 for 16-bit access

Set P8; DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'23 in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure 7.8 Setup Procedure for 2WE 1-Mbit DRAM (1-Mbyte Mode)
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Example 2: Connection to 2WE 4-Mbit DRAM (16-Mbyte Mode): Figure 7.9 shows typical
interconnections to a single 2WE 4-Mbit DRAM, and the corresponding address map. Figure 7.10
shows a setup procedure to be followed by a program for this example.

The DRAM in this example has 10-bit row addresses and 8-bit column addresses. Its address area

is H'600000 to H'67FFFF.

2 WE 4-Mbit DRAM with 10-bit
row address, 8-bit column address,
and x 16-bit organization

H8/3048 Group
Asg Ag
A7 Ag
Ag Az
A7 As
As As
Asg Ay
A4 A3
A, Az
Az Ag
Ay Ao
CSs % RAS
RD CAS
HWR @
LWR LW
OE
Di5to Dy 1/05t0 /O
a. Interconnections (example)
H'600000
DRAM area
H'67FFFF
H'680000
Area 3 (16-Mbyte mode)
Not used
H'7FFFFF

b. Address map

Figure 7.9 Interconnections and Address Map for 2WE 4-Mbit DRAM (Example)
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Set area 3 for 16-bit access

Set P8; DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'23 in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure 7.10 Setup Procedure for 2WE 4-Mbit DRAM with 10-Bit Row Address and 8-Bit
Column Address (16-Mbyte Mode)
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Example 3: Connection to 2CAS 4-Mbit DRAM (16-Mbyte Mode): Figure 7.11 shows typical
interconnections to a single 2CAS 4-Mbit DRAM, and the corresponding address map.

Figure 7.12 shows a setup procedure to be followed by a program for this example.

The DRAM in this example has 9-bit row addresses and 9-bit column addresses. Its address area is
H'600000 to H'67FFFF.

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

H8/3048 Group Ao Ag
A5 A4
A4 A3
A3 A2
Az Ay
Ay Ao
S3 % RAS
HWR UCAS
LWR LCAS
RD WE
OE
Disto Dy 110,510 1/O,

a. Interconnections (example)

H'600000 A
DRAM area
H'67FFFF
H'680000
Not used Area 3 (16-Mbyte mode)
H7FFFFF ¥

b. Address map

Figure 7.11 Interconnections and Address Map for 2CAS 4-Mbit DRAM (Example)
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Set area 3 for 16-bit access

Set P8; DDR to 1 for CS3 output

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Write H'3B in RFSHCR

Wait for DRAM to be initialized

i

DRAM can be accessed

Figure 7.12 Setup Procedure for 2CAS 4-Mbit DRAM with 9-Bit Row Address and 9-Bit
Column Address (16-Mbyte Mode)
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Example 4: Connection to Multiple 4-Mbit DRAM Chips (16-Mbyte Mode): Figure 7.13
shows an example of interconnections to two 2CAS 4-Mbit DRAM chips, and the corresponding
address map. Up to four DRAM chips can be connected to area 3 by decoding upper address bits
A9 and Ay.

Figure 7.14 shows a setup procedure to be followed by a program for this example. The DRAM in
this example has 9-bit row addresses and 9-bit column addresses. Both chips must be refreshed
simultaneously, so the RFSH pin must be used.

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

H8/3048 Group [ AgtoAg
E ) »—1— RAS
A1
Agto Ay
UCAS No. 1
LCAS
| | WE
OE
1/0,5 to 1104
% AgtoAg
S3 g:)—‘R RAS
HWR UCAS
LWR LCAS No. 2
D WE
RFSH %—‘ >o— | OE
Disto Dy 1/0,5 to 1104
a. Interconnections (example)
H'600000 No. 1
H67EFEE DRAM area
H'680000 No. 2
H'6EEEEE DRAM area
H'700000 Area 3 (16-Mbyte mode)
Not used
H'7FFFFF

b. Address map

Figure 7.13 Interconnections and Address Map for Multiple 2CAS 4-Mbit DRAM Chips
(Example)
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Set area 3 for 16-bit access

Set P8, DDR to 1 for CS3 output

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

Figure 7.14 Setup Procedure for Multiple 2CAS 4-Mbit DRAM Chips with 9-Bit Row
Address and 9-Bit Column Address (16-Mbyte Mode)
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7.3.3 Pseudo-Static RAM Refresh Control

Refresh Request Interval and Refresh Cycle Execution: The refresh request interval is
determined as in a DRAM interface, by the settings of RTCOR and bits CKS2 to CKS0 in
RTMCSR. The numbers of states required for pseudo-static RAM read/write cycles and refresh
cycles are the same as for DRAM (see table 7.4). The state transitions are as shown in figure 7.3.

Pseudo-Static RAM Control Signals: Figure 7.15 shows the control signals for pseudo-static
RAM read, write, and refresh cycles.

Read cycle | Write cycle* ! Refresh cycle

LI LUt
ﬁggress :>< >< >< Area 3 top address ;><:

Note: * 16-bit access

Figure 7.15 Pseudo-Static RAM Control Signal Output Timing
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Refresh Cycle Priority Order: When there are simultaneous bus requests, the priority order is:
(High)  External bus master > refresh controller > DMA controller > CPU (Low)
For details see section 6.3.7, Bus Arbiter Operation.

Wait State Insertion: When bit AST3 is set to 1 in ASTCR, the wait state controller (WSC) can
insert wait states into bus cycles and refresh cycles. For details see section 6.3.5, Wait Modes.

Self-Refresh Mode: Some pseudo-static RAM devices have a self-refresh function. After the
SRFMD bit is set to 1 in RFSHCR, when a transition to software standby mode occurs, the
H8/3048 Group’ CS; output goes high and its RFSH output goes low so that the pseudo-static
RAM self-refresh function can be used. On exit from software standby mode, the RFSH output
goes high.

Table 7.8 shows the pin states in software standby mode. Figure 7.16 shows the signal output
timing.

Table 7.8  Pin States in Software Standby Mode (2) (PSRAME =1, DRAME = 0)

Software Standby Mode
Signal SRFMD =0 SRFMD = 1 (Self-Refresh Mode)
CS; High High
RD High-impedance High-impedance
HWR High-impedance High-impedance
LWR High-impedance High-impedance
RFSH High Low
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. Oscillator
' Software standby mode | settling time
o LI | LU
Address \___ High-impedance
bus )
CS, High

o High-impedance
RD | g : 4

High-impedance

High-impedance

Figure 7.16 Signal Output Timing in Self-Refresh Mode (PSRAME =1, DRAME = 0)

Operation in Power-Down State: The refresh controller operates in sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT is initialized, but RESHCR,
RTMCSR bits 5 to 3, and RTCOR retain their settings prior to the transition to software standby
mode.

Example: Pseudo-static RAM may have separate OE and RFSH pins, or these may be combined
into a single OE/RFSH pin. Figure 7.17 shows an example of a circuit for generating an OE/RFSH
signal. Check the device characteristics carefully, and design a circuit that fits them. Figure 7.18
shows a setup procedure to be followed by a program.

H8/3048 Group PSRAM

RD
OE/RFSH

Figure 7.17 Interconnection to Pseudo-Static RAM with OE/RFSH Signal (Example)
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Set P8, DDR to 1 for CS3 output

Set RTCOR

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 Procedure for Pseudo-Static RAM
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7.3.4 Interval Timer

To use the refresh controller as an interval timer, clear the PSRAME and DRAME both to 0. After
setting RTCOR, select a clock source with bits CKS2 to CKS0 in RTMCSR, and set the CMIE bit
to 1.

Timing of Setting of Compare Match Flag and Clearing by Compare Match: The CMF flag
in RTCSR is set to 1 by a compare match signal output when the RTCOR and RTCNT values
match. The compare match signal is generated in the last state in which the values match (when
RTCNT is updated from the matching value to a new value). Accordingly, when RTCNT and
RTCOR match, the compare match signal is not generated until the next counter clock pulse.
Figure 7.19 shows the timing.

RTCNT N H'00

RTCOR N
Compare
match signal

CMF flag

Figure 7.19 Timing of Setting of CMF Flag

Operation in Power-Down State: The interval timer function operates in sleep mode. It does not
operate in hardware standby mode. In software standby mode RTCNT and RTMCSR bits 7 and 6
are initialized, but RTMCSR bits 5 to 3 and RTCOR retain their settings prior to the transition to
software standby mode.
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Contention between RTCNT Write and Counter Clear: If a counter clear signal occurs in the
T; state of an RTCNT write cycle, clearing of the counter takes priority and the write is not
performed. See figure 7.20.

RTCNT write cycle by CPU

T Tz T3
e e

Address bus X RTCNT address ><

Internal
write signal

Counter
clear signal

RTCNT N >< H'00

Figure 7.20 Contention between RTCNT Write and Clear
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Contention between RTCNT Write and Increment: If an increment pulse occurs in the Tj state
of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See figure 7.21.

RTCNT write cycle by CPU

T1 T, T3
©
Address bus X RTCNT address ><
Internal
write signal
RTCNT
input clock

RTCNT N ><

/'Y'

Counter write data

Figure 7.21 Contention between RTCNT Write and Increment
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Contention between RTCOR Write and Compare Match: If a compare match occurs in the T;
state of an RTCOR write cycle, writing takes priority and the compare match signal is inhibited.
See figure 7.22.

RTCOR write cycle by CPU

T, T, T
¢
Address bus X RTCNT address ><
Internal
write signal
RTCNT N N+1
RTCOR N >< g M

RTCOR write data

Compare
match signal : N

Inhibited

Figure 7.22 Contention between RTCOR Write and Compare Match

RTCNT Operation at Internal Clock Source Switchover: Switching internal clock sources may
cause RTCNT to increment, depending on the switchover timing. Table 7.9 shows the relation
between the time of the switchover (by writing to bits CKS2 to CKS0) and the operation of
RTCNT.

The RTCNT input clock is generated from the internal clock source by detecting the falling edge
of the internal clock. If a switchover is made from a high clock source to a low clock source, as in
case No. 3 in table 7.9, the switchover will be regarded as a falling edge, an RTCNT clock pulse
will be generated, and RTCNT will be incremented.
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Table 7.9  Internal Clock Switchover and RTCNT Operation
CKS2 to CKS0

No. Write Timing RTCNT Operation

1 Low - low switchover*' |
Old clock | ,—I
source J I__,:
New clock
source
RTCNT !
clock 1
RTCNT N X N+1 X

Low - high switchover*

couree_| I I

New clock
source

ook | [ [1

RTCNT N X N+1 X N+2 X

CKS bits rewritten
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CKS2 to CKS0
No. Write Timing RTCNT Operation

3 High - low switchover*®

Old clock

source

New clock

source !

RTCNT _—

clock I_I @ I_I
RTCNT N N+1 X N+2 X

CKS bits rewritten

4 High - high switchover* 1
Old clock _,—\—,—\—,—\—
source §

New clock
source

RTCNT
clock

RTCNT N X N+1 ) N+?2 X

CKS bits rewritten

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

2. Including switchover from the halted state to a high clock source.
Including switchover from a high clock source to the halted state.
4. The switchover is regarded as a falling edge, causing RTCNT to increment.

w
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7.4 Interrupt Source

Compare match interrupts (CMI) can be generated when the refresh controller is used as an
interval timer. Compare match interrupt requests are masked/unmasked with the CMIE bit of
RTMCSR.

7.5 Usage Notes
When using the DRAM or pseudo-static RAM refresh function, note the following points:

* With the refresh controller, if directly connected DRAM or PSRAM is disconnected*, the
P8y/RFSH/IRQ, pin and the P8;/CS;/IRQ; pin may both become low-level outputs
simultaneously.

Note: * When the DRAM enable bit (DRAME) or PSRAM enable bit (PSRAME) in the refresh
control register (RFSHCR) is cleared to 0 after being set to 1.

B S s s O B

Address bus Area 3 start address

P8,/RFSH/IRQ, § ‘

P8,/CS,4IRQ; 3 ’7

Figure 7.23 Operation when DRAM/PSRAM Connection is Switched

» Refresh cycles are not executed while the bus is released, during software standby mode, and
when a bus cycle is greatly prolonged by insertion of wait states. When these conditions occur,
other means of refreshing are required.

» Ifrefresh requests occur while the bus is released, the first request is held and one refresh cycle
is executed after the bus-released state ends. Figure 7.24 shows the bus cycles in this case.
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Bus-released state | Refreshcycle | CPUcycle | Refresh cycle

o LU UL L

Refresh
request J_LHJ m

BACK |

Figure 7.24 Refresh Cycles when Bus is Released

» Ifabus cycle is prolonged by insertion of wait states, the first refresh request is held, as in the
bus-released state.

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

When using software standby mode, clear the BRLE bit to 0 in BRCR before executing the
SLEEP instruction.
When making a transition to self-refresh mode, the strobe waveform output may not be

guaranteed due to the same kind of contention. This, too, can be prevented by clearing the
BRLE bit to 0 in BRCR.

iExternal bus Software standby mode
‘released state !

Strobe

Figure 7.25 Contention between Bus-Released State and Software Standby Mode
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8.1

Section & DMA Controller

Overview

The H8/3048 Group has an on-chip DMA controller (DMAC) that can transfer data on up to four
channels.

When the DMA controller is not used, it can be independently halted to conserve power. For
details see section 21.6, Module Standby Function.

8.1.1 Features

DMAC features are listed below.

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

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

O Selection of I/O mode, idle mode, or repeat mode
Full address mode

[0 24-bit source and destination addresses

[0 Maximum two channels available

[0 Selection of normal 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 transfer
mode)

O 16-bit integrated timer unit (ITU) compare match/input capture interrupts (four)

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

O External requests

O Auto-request
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8.1.2 Block Diagram

Figure 8.1 shows a DMAC block diagram.

Internal address bus

h

|
Internal IMIAQ — | | Address buffer 'C
interrupts IMIAL —»
IMIA2 —»| »/ Arithmetic-logic unit\C>
IMIA3 —|
;&:8 ] MAROA
Channel
-
oA IOAROA
DREQO —»| Control logic Channel ETCROA
DREQT —» 0 MAROB
TENDO =
TEND1 = Chgg”e' IOAROB
DTCROA ETCROB
Interrupt  DENDOA ~— DTCROB MAR1A
signals DENDOB —=—
’ DENDIA = DTCR1A Channel IOAR1A
DEND1B = DTCR1B A ETCRIA
Channel
1 MAR1B
Channel I0AR1B
! 1B
Data buffer ETCR1B

0

Internal data bus

Legend

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

ETCR: Execute transfer count register

Module data bus

Figure 8.1 Block Diagram of DMAC
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8.1.3 Functional Overview
Table 8.1 gives an overview of the DMAC functions.

Table 8.1 DMAC Functional Overview

Address
Reg. Length
Transfer Mode Activation Source Destination
Short I/0 mode « Compare match/ 24 8
address Transfers one byte or one word input capture A
mode per request interrupts from ITU
« Increments or decrements the channels 0 to 3
memory address by 1 or 2 * Transmit-data-empty
« Executes 1 to 65,536 transfers interrupt from SClI
channel 0
Idle mode * Receive-data-full 8 24
« Transfers one byte or one word interrupt from SCI
per request channel 0
« Holds the memory address fixed ¢ External request 24 8

* 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
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Address
Reg. Length

Transfer Mode Activation Source Destination

Full Normal mode « Auto-request 24 24
address

¢ Auto-request « External request
mode q q

O Retains the transfer request
internally

0 Executes a specified number

(1 to 65,536) of transfers
continuously

0 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 24
« Transfers one block of a specified input capture A
size per request interrupts from ITU

* Executes 1 to 65,536 transfers channels 0 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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8.14 Input/Output Pins
Table 8.2 lists the DMAC pins.

Table 8.2 DMAC Pins

Abbre- Input/
Channel Name viation Output Function
0 DMA request 0 DREQo Input External request for DMAC channel 0
Transfer end 0 TENDo Output Transfer end on DMAC channel 0
1 DMA request 1 DREQ; Input External request for DMAC channel 1
Transfer end 1 TEND:; Output Transfer end on DMAC channel 1

Note: External requests cannot be made to channel A in short address mode.

8.1.5 Register Configuration

Table 8.3 lists the DMAC registers.
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Table 8.3 DMAC Registers

Channel Address* Name Abbreviation R/W Initial Value

0 H'FF20 Memory address register OAR MAROAR R/W  Undetermined
H'FF21 Memory address register OAE MAROAE R/W  Undetermined
H'FF22 Memory address register OAH MAROAH R/W  Undetermined
H'FF23 Memory address register OAL MAROAL R/W  Undetermined
H'FF26 I/O address register OA IOAROA R/W  Undetermined

H'FF24 Execute transfer count register 0AH ETCROAH R/W  Undetermined

H'FF25 Execute transfer count register OAL ETCROAL R/W  Undetermined

H'FF27 Data transfer control register 0A DTCROA R/W H'00

H'FF28 Memory address register OBR MAROBR R/W  Undetermined
H'FF29 Memory address register OBE MAROBE R/W  Undetermined
H'FF2A Memory address register OBH MAROBH R/W  Undetermined
H'FF2B Memory address register OBL MAROBL R/W  Undetermined
H'FF2E I/O address register OB I0OAROB R/W  Undetermined

H'FF2C Execute transfer count register 0BH ETCROBH R/W  Undetermined

H'FF2D Execute transfer count register 0BL ETCROBL R/W  Undetermined

H'FF2F Data transfer control register 0B DTCROB R/W  H'00

1 H'FF30 Memory address register 1AR MAR1AR R/W  Undetermined
H'FF31 Memory address register 1AE MAR1AE R/W  Undetermined
H'FF32 Memory address register 1AH MAR1AH R/W  Undetermined
H'FF33 Memory address register 1AL MAR1AL R/W  Undetermined
H'FF36 I/O address register 1A IOAR1A R/W  Undetermined

H'FF34 Execute transfer count register 1AH ETCR1AH R/W  Undetermined

H'FF35 Execute transfer count register 1AL  ETCR1AL R/W  Undetermined

H'FF37 Data transfer control register 1A DTCR1A R/W  H'00

H'FF38 Memory address register 1BR MAR1BR R/W  Undetermined
H'FF39 Memory address register 1BE MAR1BE R/W  Undetermined
H'FF3A Memory address register 1BH MAR1BH R/W  Undetermined
H'FF3B Memory address register 1BL MAR1BL R/W  Undetermined
H'FF3E I/O address register 1B I0OAR1B R/W  Undetermined

H'FF3C Execute transfer count register 1BH ETCR1BH R/W  Undetermined

H'FF3D Execute transfer count register 1BL ETCR1BL R/W  Undetermined

H'FF3F Data transfer control register 1B DTCR1B R/W H'00

Note: * The lower 16 bits of the address are indicated.
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8.2 Register Descriptions (Short Address Mode)

In short address mode, transfers can be carried out independently on channels A and B. Short
address mode is selected by bits DTS2A and DTS1A in data transfer control register A (DTCRA)
as indicated in table 8.4.

Table 8.4  Selection of Short and Full Address Modes

Bit 2: Bit 1:
Channel DTS2A DTS1A Description
0 1 1 DMAC channel 0 operates as one channel in full address
mode
Other than above DMAC channels 0A and OB operate as two independent
channels in short address mode
1 1 1 DMAC channel 1 operates as one channel in full address
mode
Other than above DMAC channels 1A and 1B operate as two independent

channels in short address mode

8.2.1 Memory Address Registers (MAR)

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

An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved: they cannot be modified and are always read as 1.

Bit 31 30 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 3 2 1 O

Iniialvalue 1 1 1 1 1 1 1 1 Undetermined

Read/Write — — — — — — — — RIW RIW RIW RIW RIW R/W RIW RW RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW RIW RIW RIW RIW RIW R/W
MARR MARE MARH MARL

Source or destination address

An MAR functions as a source or destination address register depending on how the DMAC is
activated: as a destination address register if activation is by a receive-data-full interrupt from the
serial communication interface (SCI) (channel 0), and as a source address register otherwise.
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The MAR value is incremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 8.2.4,
Data Transfer Control Registers (DTCR).

The MARSs are not initialized by a reset or in standby mode.

8.2.2 I/O Address Registers (IOAR)

An I/O address register (IOAR) is an 8-bit readable/writable register that specifies a source or
destination address. The IOAR value is the lower 8 bits of the address. The upper 16 address bits
are all 1 (H'FFFF).

Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Source or destination address

An IOAR functions as a source or destination address register depending on how the DMAC is
activated: as a source address register if activation is by a receive-data-full interrupt from the SCI
(channel 0), and as a destination address register otherwise.

The IOAR value is held fixed. It is not incremented or decremented when a transfer is executed.

The IOARs are not initialized by a reset or in standby mode.
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8.2.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the
number of transfers to be executed. These registers function in one way in I/O mode and idle
mode, and another way in repeat mode.

¢ /O mode and idle mode

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
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 R/W R/W

Transfer counter

In I/O mode and idle mode, ETCR functions as a 16-bit counter. The count is decremented by

1 each time one transfer is executed. The transfer ends when the count reaches H'0000.

* Repeat mode

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined

Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRH

Transfer counter

Bit 7 6 5 4 3 2 1 0

Initial value Undetermined
Read/Write R/W 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 initial
transfer count. ETCRH is decremented by 1 each time one transfer is executed. When ETCRH
reaches H'00, the value in ETCRL is reloaded into ETCRH and the same operation is repeated.

The ETCRs are not initialized by a reset or in standby mode.
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8.2.4 Data Transfer Control Registers (DTCR)

A data transfer control register (DTCR) is an 8-bit readable/writable register that controls the
operation of one DMAC channel.

Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ DTID ‘ RPE ‘ DTIE ‘ DTS2 ‘ DTS1 ‘ DTSO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer enable Data transfer select
Enables or disables These bits select the data
data transfer transfer activation source
Data transfer size Data transfer interrupt enable
Selects byte or Enables or disables the CPU interrupt
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 DTCRs are initialized to H'00 by a reset and in standby mode.

Bit 7—Data Transfer Enable (DTE): Enables or disables data transfer on a channel. When the
DTE bit is set to 1, the channel waits for a transfer to be requested, and executes the transfer when
activated as specified by bits DTS2 to DTS0. When DTE is 0, the channel is disabled and does not
accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then writing 1.

Bit 7: DTE Description

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

1 Data transfer is enabled

If DTIE is set to 1, a CPU interrupt is requested when DTE is cleared to 0.
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Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer.

Bit 6: DTSZ Description
0 Byte-size transfer (Initial value)
1 Word-size transfer

Bit 5—Data Transfer Increment/Decrement (DTID): Selects whether to increment or
decrement the memory address register (MAR) after a data transfer in I/O mode or repeat mode.

Bit 5: DTID Description

0 MAR is incremented after each data transfer
e IfDTSZ =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
e IfDTSZ =0, MAR is decremented by 1 after each transfer
« IfDTSZ =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 data in I/O mode, idle mode, or repeat
mode.

Bit 4: RPE Bit 3: DTIE Description

0 0 1/0 mode (Initial value)
1

1 0 Repeat mode
1 Idle mode

Operations in these modes are described in sections 8.4.2, I/O Mode, 8.4.3, Idle Mode, and 8.4.4,
Repeat Mode.
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
requested when the DTE bit is cleared to 0.

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

Bits 2 to 0—Data Transfer Select (DTS2, DTS1, DTS0): These bits select the data transfer
activation source. Some of the selectable sources differ between channels A and B.*

Note: * Refer to section 8.3.4, Data Transfer Control Registers (DTCR).

Bit 2: DTS2 Bit 1: DTS1 Bit 0: DTSO Description

0 0 0 Compare match/input capture A interrupt from ITU
channel 0 (Initial value)
1 Compare match/input capture A interrupt from ITU
channel 1
1 0 Compare match/input capture A interrupt from ITU
channel 2
1 Compare match/input capture A interrupt from ITU
channel 3
1 0 0 Transmit-data-empty interrupt from SCI channel 0

Receive-data-full interrupt from SCI channel 0

1 0 Falling edge of DREQ input (channel B)
Transfer in full address mode (channel A)
1 Low level of DREQ input (channel B)

Transfer in full address mode (channel A)

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

When a channel is enabled (DTE = 1), its selected DMAC activation source cannot generate a
CPU interrupt.
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8.3 Register Descriptions (Full Address Mode)

In full address mode the A and B channels operate together. Full address mode is selected as
indicated in table 8.4.

8.3.1 Memory Address Registers (MAR)

A memory address register (MAR) is a 32-bit readable/writable register. MARA functions as the
source address register of the transfer, and MARB as the destination address register.

An MAR consists of four 8-bit registers designated MARR, MARE, MARH, and MARL. All bits
of MARR are reserved: they cannot be modified and are always read as 1.

Bit 31 30 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 3 2 1 0

Iniialvalue 1 1 1 1 1 1 1 1 Undetermined

Read/Write — — — — — — — — RIW RIW RIW RIW RIW R/W RIW RW RIW R/W RIW RIW RIW RIW R/W RIW R/W RIW RIW RIW RIW RIW RIW R/W
MARR MARE MARH MARL

Source or destination address

The MAR value is incremented or decremented each time one byte or word is transferred,
automatically updating the source or destination memory address. For details, see section 8.3.4,
Data Transfer Control Registers (DTCR).

The MARSs are not initialized by a reset or in standby mode.

8.3.2 I/O Address Registers (IOAR)

The I/O address registers (IOARs) are not used in full address mode.
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8.3.3 Execute Transfer Count Registers (ETCR)

An execute transfer count register (ETCR) is a 16-bit readable/writable register that specifies the
number of transfers to be executed. The functions of these registers differ between normal mode
and block transfer mode.

¢ Normal mode

ETCRA
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
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 R/W R/W

Transfer counter

ETCRB: Is not used in normal mode.

In normal mode ETCRA functions as a 16-bit transfer counter. The count is decremented by 1
each time one transfer is executed. The transfer ends when the count reaches H'0000. ETCRB
is not used.
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Block transfer mode

ETCRA
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
ETCRAH
Block size counter
Bit 7 6 5 4 3 2 1 0
Initial value Undetermined
Read/Write R/W 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 2 1 O
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 R/W R/W

Block transfer counter

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

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

The ETCRs are not initialized by a reset or in standby mode.

Rev. 7.00 Sep 21, 2005 page 211 of 878
REJ09B0259-0700
RENESAS



Section 8 DMA Controller

8.34 Data Transfer Control Registers (DTCR)

The data transfer control registers (DTCRs) are 8-bit readable/writable registers that control the
operation of the DMAC channels. A channel operates in full address mode when bits DTS2A and
DTS1A are both set to 1 in DTCRA. DTCRA and DTCRB have different functions in full address
mode.

DTCRA
Bit 7 6 5 4 3 2 1 0
‘ DTE ‘ DTSZ ‘ SAID ‘ SAIDE ‘ DTIE ‘ DTS2A ‘ DTS1A ‘ DTSOA ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Data transfer enable Data transfer
Enables or disables select OA
data transfer p Selects block
. !Data transter transfer mode
Data transfer size interrupt enable
Selects byte or Enables or disables the
word size CPU interrupt at the end
of the transfer
Source address Data transfer select
increment/decrement 2A and 1A
Source address increment/  These bits must both be
decrement enable setto 1l

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

DTCRA is initialized to H'00 by a reset and in standby mode.
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Bit 7—Data Transfer Enable (DTE): Together with the DTME bit in DTCRB, this bit enables
or disables data transfer on the channel. When the DTME and DTE bits are both set to 1, the
channel is enabled. If auto-request is specified, data transfer begins immediately. Otherwise, the
channel waits for transfers to be requested. When the specified number of transfers have been
completed, the DTE bit is automatically cleared to 0. When DTE is 0, the channel is disabled and
does not accept transfer requests. DTE is set to 1 by reading the register when DTE is 0, then
writing 1.

Bit 7: DTE Description

0 Data transfer is disabled (DTE is cleared to 0 when the specified number of
transfers have been completed) (Initial value)

1 Data transfer is enabled

If DTIE is set to 1, a CPU interrupt is requested when DTE is cleared to 0.

Bit 6—Data Transfer Size (DTSZ): Selects the data size of each transfer.

Bit 6: DTSZ Description
0 Byte-size transfer (Initial value)
1 Word-size transfer

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

Bit 4—Source Address Increment/Decrement Enable (SAIDE): These bits select whether the
source address register (MARA) is incremented, decremented, or held fixed during the data
transfer.

Bit 5: SAID Bit 4: SAIDE Description
0 0 MARA is held fixed (Initial value)
1 MARA is incremented after each data transfer

« IfDTSZ = 0, MARA is incremented by 1 after each transfer
e IfDTSZ =1, MARA is incremented by 2 after each transfer
1 0 MARA is held fixed
MARA is decremented after each data transfer
e [fDTSZ =0, MARA is decremented by 1 after each
transfer

« IfDTSZ =1, MARA is decremented by 2 after each
transfer
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Bit 3—Data Transfer Interrupt Enable (DTIE): Enables or disables the CPU interrupt (DEND)
requested when the DTE bit is cleared to 0.

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

Bits 2 and 1—Data Transfer Select 2A and 1A (DTS2A, DTS1A): A channel operates in full
address mode when DTS2A and DTSI1A are both set to 1.

Bit 0—Data Transfer Select 0A (DTS0A): Selects normal mode or block transfer mode.

Bit 0: DTSOA Description
0 Normal mode (Initial value)
1 Block transfer mode

Operations in these modes are described in sections 8.4.5, Normal Mode, and 8.4.6, Block
Transfer Mode.
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DTCRB
Bit 7 6 5 4 3 2 1 0
‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ TMS ‘ DTS2B ‘ DTS1B ‘ DTSOB ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Data transfer master enable
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 select
increment/decrement 2B to OB
Destination address These bits select the data
increment/decrement enable transfer activation source

These bits select whether

the destination address

register (MARB) is incremented,
decremented, or held fixed
during the data transfer

DTCRB is initialized to H'00 by a reset and in standby mode.

Bit 7—Data Transfer Master Enable (DTME): Together with the DTE bit in DTCRA, this bit
enables or disables data transfer. When the DTME and DTE bits are both set to 1, the channel is
enabled. When an NMI interrupt occurs DTME is cleared to 0, suspending the transfer so that the
CPU can use the bus. The suspended transfer resumes when DTME is set to 1 again. For further
information on operation in block transfer mode, see section 8.6.6, NMI Interrupts and Block
Transfer Mode.

DTME is set 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 interrupt occurs)
(Initial value)

1 Data transfer is enabled

Bit 6—Reserved: Although reserved, this bit can be written and read.
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Bit 5—Destination Address Increment/Decrement (DAID) and

Bit 4—Destination Address Increment/Decrement Enable (DAIDE): These bits select whether
the destination address register (MARB) is incremented, decremented, or held fixed during the
data transfer.

Bit 5: DAID Bit 4: DAIDE Description
0 0 MARB is held fixed (Initial value)
1 MARB is incremented after each data transfer

e IfDTSZ =0, MARB is incremented by 1 after each
data transfer

« IfDTSZ =1, MARB is incremented by 2 after each
data transfe

1 0 MARB is held fixed
1 MARB is decremented after each data transfer

« IfDTSZ =0, MARB is decremented by 1 after each

data transfer

e IfDTSZ =1, MARB is decremented by 2 after each
data transfer

Bit 3—Transfer Mode Select (TMS): Selects whether the source or destination is the block area
in block transfer mode.

Bit 3: TMS Description
0 Destination is the block area in block transfer mode (Initial value)
1 Source is the block area in block transfer mode
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Bits 2 to 0—Data Transfer Select 2B to 0B (DTS2B, DTS1B, DTS0B): These bits select the
data transfer activation source. The selectable activation sources differ between normal mode and
block transfer mode.

¢ Normal mode

Bit 2: Bit 1: Bit 0:
DTS2B DTS1B DTS0B Description
0 0 0 Auto-request (burst mode) (Initial value)
1 Cannot be used
1 0 Auto-request (cycle-steal mode)
1 Cannot be used
1 0 0 Cannot be used
1 Cannot be used
1 0 Falling edge of DREQ
1 Low level input at DREQ

¢ Block transfer mode

Bit 2: Bit 1: Bit 0:
DTS2B DTS1B DTS0B Description
0 0 0 Compare match/input capture A interrupt from ITU
channel 0 (Initial value)
1 Compare match/input capture A interrupt from ITU
channel 1
1 0 Compare match/input capture A interrupt from ITU
channel 2
1 Compare match/input capture A interrupt from ITU
channel 3
1 0 0 Cannot be used
1 Cannot be used
1 0 Falling edge of DREQ
1 Cannot be used

The same internal interrupt can be selected to activate two or more channels. The channels are
activated in a priority order, highest priority first. For the priority order, see section 8.4.9, DMAC
Multiple-Channel Operation.
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8.4 Operation

8.4.1 Overview
Table 8.5 summarizes the DMAC modes.

Table 8.5 DMAC Modes

Transfer Mode Activation Notes
Short address 1/O mode Compare match/input « Up to four channels can
mode Idle mode capture A interrupt from operate independently
ITU channels 0 to 3
Repeat mode * Only the B channels

Transmit-data-empty and
receive-data-full interrupts
from SCI channel 0

support external requests

External request

Full address Normal mode Auto-request * A and B channels are

mode External request paired; up to two channels
are available

Block transfer Compare match/input

mode capture A interrupt from ITU ¢ Burst mode or cycle-steal
channels 0 to 3 mode can be selected for
External request auto-requests

A summary of operations in these modes follows.

I/0 Mode: One byte or word is transferred per request. A designated number of these transfers are
executed. A CPU interrupt can be requested at completion of the designated number of transfers.
One 24-bit address and one 8-bit address are specified. The transfer direction is determined
automatically from the activation source.

Idle Mode: One byte or word is transferred per request. A designated number of these transfers
are executed. A CPU interrupt can be requested at completion of the designated number of
transfers. One 24-bit address and one 8-bit address are specified. The addresses are held fixed. The
transfer direction is determined automatically from the activation source.

Repeat Mode: One byte or word is transferred per request. A designated number of these transfers
are executed. When the designated number of transfers are completed, the initial address and
counter value are restored and operation continues. No CPU interrupt is requested. One 24-bit
address and one 8-bit address are specified. The transfer direction is determined automatically
from the activation source.
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Normal Mode

* Auto-request
The DMAC is activated by register setup alone, and continues executing transfers until the
designated number of transfers have been completed. A CPU interrupt can be requested at
completion of the transfers. Both addresses are 24-bit addresses.
O Cycle-steal mode
The bus is released to another bus master after each byte or word is transferred.
U Burst mode
Unless requested by a higher-priority bus master, the bus is not released until the
designated number of transfers have been completed.
» External request
One byte or word is transferred per request. A designated number of these transfers are

executed. A CPU interrupt can be requested at completion of the designated number of
transfers. Both addresses are 24-bit addresses.

Block Transfer Mode: One block of a specified size is transferred per request. A designated
number of block transfers are executed. At the end of each block transfer, one address is restored
to its initial value. When the designated number of blocks have been transferred, a CPU interrupt
can be requested. Both addresses are 24-bit addresses.
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8.4.2 I/0 Mode
I/O mode can be selected independently for each channel.

One byte or word is transferred at each transfer request in I/O mode. A designated number of these
transfers are executed. One address is specified in the memory address register (MAR), the other
in the I/O address register (IOAR). The direction of transfer is determined automatically from the
activation source. The transfer is from the address specified in IOAR to the address specified in
MAR if activated by an SCI channel 0 receive-data-full interrupt, and from the address specified
in MAR to the address specified in IOAR otherwise.

Table 8.6 indicates the register functions in I/O mode.

Table 8.6  Register Functions in I/O Mode

Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
23 0 Destination Source Destination or Incremented or
‘ " MAR | ‘ address address source address  decremented
register register once per
transfer
23 7 0 Source Destination  Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address destination
register register address
15 0 Transfer Transfer Number of Decremented
w counter counter transfers once per
‘ ETCR ‘ transfer until
H'0000 is

reached and
transfer ends

Legend

MAR: Memory address register
IOAR: 1/O address register

ETCR: Execute transfer count register

MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address, which is incremented or decremented as each byte or word is transferred.
IOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all 1s. IOAR is not
incremented or decremented.
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Figure 8.2 illustrates how I/O mode operates.

Address T—m - [OAR
1 byte or word is

transferred per request

\

Address B—»

Legend

L = initial setting of MAR

N = initial setting of ETCR

Address T =L

Address B = L + (=1)DTID + (2DTSZ o N — 1)

Figure 8.2 Operation in I/O Mode

The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared and the transfer ends.
If the DTIE bit is set to 1, a CPU interrupt is requested at this time. The maximum transfer count
is 65,536, obtained by setting ETCR to H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from SCI channel 0, and
external request signals.
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For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).

Figure 8.3 shows a sample setup procedure for I/O mode.

( I/O mode setup ) 1. Set the source and destination addresses

in MAR and IOAR. The transfer direction is

determined automatically from the activation

source.

Set the transfer count in ETCR.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

*» Select the DMAC activation source with bits
DTS2 to DTSO.

Set transfer count 2 « Set or clear the DTIE bit to enable or disable
the CPU interrupt at the end of the transfer.

* Clear the RPE hit to 0 to select I/O mode.

» Select MAR increment or decrement with the
DTID bit.

Set source and 1
destination addresses

PN

Read DTCR 3 - Select byte size or word size with the DTSZ bit.
» Set the DTE bit to 1 to enable the transfer.
Set DTCR 4
I/0O mode

Figure 8.3 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 number of
these transfers are executed. One address is specified in the memory address register (MAR), the
other in the I/0 address register (IOAR). The direction of transfer is determined automatically
from the activation source. The transfer is from the address specified in IOAR to the address
specified in MAR if activated by an SCI channel 0 receive-data-full interrupt, and from the
address specified in MAR to the address specified in IOAR otherwise.

Table 8.7 indicates the register functions in idle mode.
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Table 8.7  Register Functions in Idle Mode

Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting  Operation
23 0 Destination Source Destination or Held fixed
| | address address source address
. MAR . .
register register
23 7 0 Source Destination  Source or Held fixed
‘ All 1s ‘ IOAR ‘ aeress aeress destination
register register address
15 0 Transfer Transfer Number of Decremented
w counter counter transfers once per
‘ ETP R ‘ transfer until
H'0000 is
reached and
transfer ends
Legend

MAR: Memory address register
IOAR: 1/O address register
ETCR: Execute transfer count register

MAR and IOAR specify the source and destination addresses. MAR specifies a 24-bit source or
destination address. IOAR specifies the lower 8 bits of a fixed address. The upper 16 bits are all
Is. MAR and IOAR are not incremented or decremented.

Figure 8.4 illustrates how idle mode operates.

—" )
_

1 byte or word is
transferred per request

i

MAR —» -«+— |OAR

)

Figure 8.4 Operation in Idle Mode
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The transfer count is specified as a 16-bit value in ETCR. The ETCR value is decremented by 1 at
each transfer. When the ETCR value reaches H'0000, the DTE bit is cleared, the transfer ends, and
a CPU interrupt is requested. The maximum transfer count is 65,536, obtained by setting ETCR to
H'0000.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from SCI channel 0, and
external request signals.

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 deter-

mined automatically from the activation source.

Set the transfer count in ETCR.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

* Select the DMAC activation source with bits
DTS2 to DTSO.

« Set the DTIE and RPE bits to 1 to select idle mode.

Set transfer count 2 « Select byte size or word size with the DTSZ bit.

* Set the DTE bit to 1 to enable the transfer.

Set source and 1
destination addresses

Ll S

Read DTCR 3
Set DTCR 4
Idle mode

Figure 8.5 Idle Mode Setup Procedure (Example)
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8.4.4 Repeat Mode

Repeat mode is useful for cyclically transferring a bit pattern from a table to the programmable
timing pattern controller (TPC) in synchronization, for example, with ITU compare match. Repeat
mode can be selected for each channel independently.

One byte or word is transferred per request in repeat mode, as in I/O mode. A designated number
of these transfers are executed. One address is specified in the memory address register (MAR),
the other in the I/O address register (IOAR). At the end of the designated number of transfers,
MAR and ETCR are restored to their original values and operation continues. The direction of
transfer is determined automatically from the activation source. The transfer is from the address
specified in IOAR to the address specified in MAR if activated by an SCI channel 0 receive-data-
full interrupt, and from the address specified in MAR to the address specified in IOAR otherwise.

Table 8.8 indicates the register functions in repeat mode.
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Table 8.8 Register Functions in Repeat Mode
Function
Activated by
SCI 0 Receive-
Data-Full Other
Register Interrupt Activation Initial Setting Operation
Destination Source Destination or Incremented or
address address source address decremented at
23 : : 0 register register each transfer
| . MAR | | until H'0000,
then restored to
initial value
23 7 o Source Destination ~ Source or Held fixed
‘ All 1s ‘ IOAR ‘ aeress aeress destination
register register address
Transfer Transfer Number of Decremented
counter counter transfers once per
7 0 transfer until
ETCRH H'0000 is
1 reached, then
reloaded from
; 0 ETCRL
ETCRL Initial transfer Initial transfer Number of Held fixed
count count transfers
Legend

MAR: Memory address register
IOAR: 1/O address register
ETCR: Execute transfer count register

In repeat mode ETCRH is used as the transfer counter while ETCRL holds the initial transfer
count. ETCRH is decremented by | at each transfer until it reaches H'00, then is reloaded from
ETCRL. MAR is also restored to its initial value, which is calculated from the DTSZ and DTID
bits in DTCR. Specifically, MAR is restored 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 clears the DTE bit to 0. After DTE is cleared to 0,
if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was cleared. No

CPU interrupt is requested.
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As in I/O mode, MAR and IOAR specify the source and destination addresses. MAR specifies a
24-bit source or destination address. IOAR specifies the lower 8 bits of a fixed address. The upper
16 bits are all 1s. IOAR is not incremented or decremented.

Figure 8.6 illustrates how repeat mode operates.

Address T —w

Address B —»

\/\

\/\

\/\
- |0AR

1 byte or word is
transferred per request

Legend

L = initial setting of MAR

N = initial setting of ETCRH and ETCRL
Address T =1L

Address B = L + (—1)PT'P« (2PTSZe N — 1)

Figure 8.6 Operation in Repeat Mode

The transfer count is specified as an 8-bit value in ETCRH and ETCRL. The maximum transfer
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 from ITU
channels 0 to 3, transmit-data-empty and receive-data-full interrupts from SCI channel 0, and
external request signals.

For the detailed settings see section 8.2.4, Data Transfer Control Registers (DTCR).
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Figure 8.7 shows a sample setup procedure for repeat mode.

( Repeat mode )

Set source and 1
destination addresses

Set transfer count 2
Read DTCR 3
Set DTCR 4

¢

Repeat mode

Powbd

Set the source and destination addresses in MAR

and IOAR. The transfer direction is determined

automatically from the activation source.

Set the transfer count in both ETCRH and ETCRL.

Read DTCR while the DTE bit is cleared to 0.

Set the DTCR bits as follows.

» Select the DMAC activation source with bits
DTS2 to DTSO.

 Clear the DTIE bit to 0 and set the RPE bitto 1
to select repeat mode.

* Select MAR increment or decrement with the
DTID bit.

« Select byte size or word size with the DTSZ bit.

* Set the DTE bit to 1 to enable the transfer.

Figure 8.7 Repeat Mode Setup Procedure (Example)
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8.4.5 Normal Mode

In normal mode the A and B channels are combined. One byte or word is transferred per request.
A designated number of these transfers are executed. Addresses are specified in MARA and
MARB. Table 8.9 indicates the register functions in I/O mode.

Table 8.9  Register Functions in Normal Mode

Register Function Initial Setting Operation

23 0 Source address Source address  Incremented or

‘ ! MARA ! ‘ register decremented once per
! ! transfer, or held fixed

23 o Destination Destination Incremented or

‘ MARB ‘ address register address decremented once per
! ! transfer, or held fixed
15 o  Transfer counter ~ Number of Decremented once per
‘ ! ‘ transfers transfer

ETCRA

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 specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently
incremented, decremented, or held fixed as data is transferred.

The transfer count is specified as a 16-bit value in ETCRA. The ETCRA value is decremented by

1 at each transfer. When the ETCRA value reaches H'0000, the DTE bit is cleared and the transfer
ends. If the DTIE bit is set, a CPU interrupt is requested at this time. The maximum transfer count
is 65,536, obtained by setting ETCRA to H'0000.

Figure 8.8 illustrates how normal mode operates.
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Address Tp—» -«—— Address Tg

\j Y

Address By —» -.—— Address Bg

Legend

L, =initial setting of MARA
Lg = initial setting of MARB
N =initial setting of ETCRA

Ta =L,
By = Lp + SAIDE « (—1)SAID « (2DTSZ « N — 1)
Tg =Lg

Bg = Lg + DAIDE « (<1)PAID « (2DTSZ « N _ 1)

Figure 8.8 Operation in Normal Mode

Transfers can be requested (activated) by an external request or auto-request. An auto-requested
transfer is activated by the register settings alone. The designated number of transfers are executed
automatically. Either cycle-steal or burst mode can be selected. In cycle-steal mode the DMAC
releases the bus temporarily after each transfer. In burst mode the DMAC keeps the bus until the
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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Figure 8.9 shows a sample setup procedure for normal mode.

< Normal mode

Set initial source address

Set initial destination address

Set transfer count

Set DTCRB (1)

Set DTCRA (1)

Read DTCRB

Set DTCRB (2)

Read DTCRA

Set DTCRA (2)

l

Normal mode

PwbdpE

©x N

Set the initial source address in MARA.

Set the initial destination address in MARB.

Set the transfer count in ETCRA.

Set the DTCRB bits as follows.

¢ Clear the DTME bit to 0.

¢ Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.

« Select the DMAC activation source with bits
DTS2B to DTSOB.

Set the DTCRA bits as follows.

¢ Clear the DTE bit to 0.

« Select byte or word size with the DTSZ bit.

¢ Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.

¢ Set or clear the DTIE bit to enable or disable the
CPU interrupt at the end of the transfer.

¢ Clear the DTSOA bit to 0 and set the DTS2A
and DTS1A bits to 1 to select normal mode.

Read DTCRB with DTME cleared to O.

Set the DTME bitto 1 in DTCRB.

Read DTCRA with DTE cleared to 0.

Set the DTE bit to 1 in DTCRA to enable the transfer.

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 bit to 0, in
which case the transfer will not start.

Figure 8.9 Normal Mode Setup Procedure (Example)
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8.4.6

Block Transfer Mode

In block transfer mode the A and B channels are combined. One block of a specified size is
transferred per request. A designated number of block transfers are executed. Addresses are
specified in MARA and MARB. The block area address can be either held fixed or cycled.

Table 8.10 indicates the register functions in block transfer mode.

Table 8.10 Register Functions in Block Transfer Mode

Register Function Initial Setting Operation
23 0 Source address Source address  Incremented or
! ! register decremented once per
‘ | MARA | transfer, or held fixed
23 o Destination Destination Incremented or
‘ 3 MARB 3 address register address decremented once per
! ! transfer, or held fixed
7 0 Block size Block size Decremented once per
counter transfer until H'00 is
ETC‘@ reached, then reloaded
‘ from ETCRAL
; 0 Initial block size Block size Held fixed
ETCRAL
Block transfer Number of block  Decremented once per
15 : 0 counter transfers block transfer until H'0000
‘ ETQRB is reached and the
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 specifies the source
address. MARB specifies the destination address. MARA and MARB can be independently

incremented, decremented, or held fixed as data is transferred. One of these registers operates as a
block area register: even if it is incremented or decremented, it is restored to its initial value at the
end of each block transfer. The TMS bit in DTCRB selects whether the block area is the source or
destination.
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If M (1 to 255) is the size of the block transferred at each request and N (1 to 65,536) is the
number of blocks to be transferred, then ETCRAH and ETCRAL should initially be set to M and

ETCRB should initially be set to N.

Figure 8.10 illustrates how block transfer mode operates. In this figure, bit TMS is cleared to 0,

meaning the block area is the destination.

J\

Block area

\/\

" |
— Block 1 — -
By—™ —
— Block 2 -
- —1 M bytes or words are
transferred per request
v — Block N ]
Legend

L 5o = 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)SAP « (2PTSZ o — 1)
TB = LB

Bg = Lg + DAIDE « (-1)PA1P « (2PTS2 o — 1)

-s+— Address Ty

»

-+—— Address By

Figure 8.10 Operation in Block Transfer Mode
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When activated by a transfer request, the DMAC executes a burst transfer. During the transfer
MARA and MARB are updated according to the DTCR settings, and ETCRAH is decremented.
When ETCRAH reaches H'00, it is reloaded from ETCRAL to restore the initial value. The
memory address register of the block area is also restored to its initial value, and ETCRB is
decremented. If ETCRB is not H'0000, the DMAC then waits for the next transfer request.
ETCRAH and ETCRAL should be initially set to the same value.

The above operation is repeated until ETCRB reaches H'0000, at which point the DTE bit is
cleared to 0 and the transfer ends. If the DTIE bit is set to 1, a CPU interrupt is requested at this
time.

Figure 8.11 shows examples of a block transfer with byte data size when the block area is the
destination. In (a) the block area address is cycled. In (b) the block area address is held fixed.

Transfers can be requested (activated) by compare match/input capture A interrupts from ITU
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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Start
(DTE=DTME =1)

Get bus |

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

<Clear DTE to 0 and end transfer>

a. DTSZ=TMS =0
SAID =DAID =0
SAIDE = DAIDE = 1

Start
(DTE =DTME =1)

Get bus |

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

CClear DTE to 0 and end transfer>

b. DTSZ=TMS =0

SAID =0
SAIDE =1
DAIDE =0

Figure 8.11 Block Transfer Mode Flowcharts (Examples)
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Figure 8.12 shows a sample setup procedure for block transfer mode.

< Block transfer mode

)

Set source address

Set destinat

ion address

Set block transfer count

Set blo

ck size

Set DTCRB (1)

Set DTCRA (1)

Read DTCRB

Set DTCRB (2)

Read DTCRA

Set DTCRA (2)

i

Block tran

sfer mode

e

B2 oo~

Set the source address in MARA.

Set the destination address in MARB.

Set the block transfer count in ETCRB.

Set the block size (number of bytes or words)

in both ETCRAH and ETCRAL.

Set the DTCRB bits as follows.

¢ Clear the DTME bit to 0.

« Set the DAID and DAIDE bits to select whether
MARB is incremented, decremented, or held fixed.

¢ Set or clear the TMS bit to make the block area
the source or destination.

¢ Select the DMAC activation source with bits
DTS2B to DTSOB.

Set the DTCRA bits as follows.

¢ Clearthe DTE to 0.

 Select byte size or word size with the DTSZ bit.

« Set the SAID and SAIDE bits to select whether
MARA is incremented, decremented, or held fixed.

¢ Set or clear the DTIE hit to enable or disable the
CPU interrupt at the end of the transfer.

¢ Set bits DTS2A to DTSO0A all to 1 to select
block transfer mode.

Read DTCRB with DTME cleared to 0.

Set the DTME bit to 1 in DTCRB.

Read DTCRA with DTE cleared to 0.

. Set the DTE bit to 1 in DTCRA to enable

the transfer.

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 bit to 0, in

which case the transfer will not start.

Figure 8.12 Block Transfer Mode Setup Procedure (Example)
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8.4.7 DMAC Activation

The DMAC can be activated by an internal interrupt, external request, or auto-request. The
available activation sources differ depending on the transfer mode and channel as indicated in
table 8.11.

Table 8.11 DMAC Activation Sources

Short Address Mode Full Address Mode
Channels Channels
Activation Source 0A and 1A 0B and 1B Normal Block
Internal IMIAO Yes Yes No Yes
interrupts IMIA1 Yes Yes No Yes
IMIA2 Yes Yes No Yes
IMIA3 Yes Yes No Yes
TXIO Yes Yes No No
RXI0 Yes Yes No No
External Falling edge of No Yes Yes Yes
requests DREQ
Low input at No Yes Yes No
DREQ
Auto-request No No Yes No

Activation by Internal Interrupts: When an interrupt request is selected as a DMAC activation
source and the DTE bit is set to 1, that interrupt request is not sent to the CPU. It is not possible
for an interrupt request to activate the DMAC and simultaneously generate a CPU interrupt.

When the DMAC is activated by an interrupt request, the interrupt request flag is cleared
automatically. If the same interrupt is selected to activate two or more channels, the interrupt
request flag is cleared when the highest-priority channel is activated, but the transfer request is
held pending on the other channels in the DMAC, which are activated in their priority order.
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Activation by External Request: If an external request (DREQ pin) is selected as an activation
source, the DREQ pin becomes an input pin and the corresponding TEND pin becomes an output
pin, regardless of the port data direction register (DDR) settings. The DREQ input can be level-
sensitive or edge-sensitive.

In short address mode and normal mode, an external request operates as follows. If edge sensing is
selected, one byte or word is transferred each time a high-to-low transition of the DREQ input is
detected. If the next edge is input before the transfer is completed, the next transfer may not be
executed. If level sensing is selected, the transfer continues while DREQ is low, until the transfer
is completed. The bus is released temporarily after each byte or word has been transferred,
however. If the DREQ input goes high during a transfer, the transfer is suspended after the current
byte or word has been transferred. When DREQ goes low, the request is held internally until one
byte or word has been transferred. The TEND signal goes low during the last write cycle.

In block transfer mode, an external request operates as follows. Only edge-sensitive transfer
requests are possible in block transfer mode. Each time a high-to-low transition of the DREQ
input is detected, a block of the specified size is transferred. The TEND signal goes low during the
last write cycle in each block.

Activation by Auto-Request: The transfer starts as soon as enabled by register setup, and
continues until completed. Cycle-steal mode or burst mode can be selected.

In cycle-steal mode the DMAC releases the bus temporarily after transferring each byte or word.
Normally, DMAC cycles alternate with CPU cycles.

In burst mode the DMAC keeps the bus until the transfer is completed, unless there is a higher-
priority bus request. If there is a higher-priority bus request, the bus is released after the current
byte or word has been transferred.
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8.4.8 DMAC Bus Cycle

Figure 8.13 shows an example of the timing of the basic DMAC bus cycle. This example shows a
word-size transfer from a 16-bit two-state access area to an 8-bit three-state access area. When the
DMAC gets the bus from the CPU, after one dead cycle (Ty), it reads from the source address and
writes to the destination address. During these read and write operations the bus is not released
even if there is another bus request. DMAC cycles comply with bus controller settings in the same
way as CPU cycles.

CPU cycle

DMAC cycle (word transfer) ‘ CPU cycle
=‘<

Ty To T T Ty Ty T Tp T T3 Ty T, T3 T T, Ty T

' Source
' address ! Destination address

Figure 8.13 DMA Transfer Bus Timing (Example)
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Figure 8.14 shows the timing when the DMAC is activated by low input at a DREQ pin. This
example shows a word-size transfer from a 16-bit two-state access area to another 16-bit two-state
access area. The DMAC continues the transfer while the DREQ pin is held low.

DMAC cycle
CPU cycle DMAC cycle CPU cycle (last transfer cycle) CPU cycle
T, T3 Tg T1 T T T T T T¢g T2 T2 Tn T T1 T

Ty

|

! Source ! Destination '
' address |address |

! Source Destination !
. address ;address

Figure 8.14 Bus Timing of DMA Transfer Requested by Low DREQ Input
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Figure 8.15 shows an auto-requested burst-mode transfer. This example shows a transfer of three
words from a 16-bit two-state access area to another 16-bit two-state access area.

CPU cycle DMAC cycle ‘CPU cycle
>

T T2 Tg To T2 To T Ty T Ty T T T T T2 Ti T2

| Source | Destination |

1 address ‘ address

S

S

e

Figure 8.15 Bus Timing of Burst Mode DMA Transfer

When the DMAC is activated from a DREQ pin there is a minimum interval of four states from
when the transfer is requested until the DMAC starts operating. The DREQ pin is not sampled
during the time between the transfer request and the start of the transfer. In short address mode and
normal mode, the pin is next sampled at the end of the read cycle. In block transfer mode, the pin
is next sampled at the end of one block transfer.
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Figure 8.16 shows the timing when the DMAC is activated by the falling edge of DREQ in normal
mode.

CPU
CPU cycle DMAC cycle cycle | DMAC cycle
it -l -l

Ty T Tp Ty T Tq Tg T Tp T Ty T Tq T T

- | u

T B M e B e B e M

| | [
e e E— v

' Minimum 4 states ' " Next sampling point

Figure 8.16 Timing of DMAC Activation by Falling Edge of DREQ in Normal Mode
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Figure 8.17 shows the timing when the DMAC is activated by level-sensitive low DREQ input in
normal mode.

CPU cycle DMAC cycle CPU cycle
-~

To T1 T Ty T Tg To T Ty T Ty T Ty T2 Ty

e G S S -

| ‘ 'l
Minimum 4 states Next sampling point

Figure 8.17 Timing of DMAC Activation by Low DREQ Level in Normal Mode
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Figure 8.18 shows the timing when the DMAC is activated by the falling edge of DREQ in block
transfer mode.

End of 1 block transfer

DMAC cycle CPU cycle DMAC cycle

Ty T Ty T Ty T T T Ty T, Ty T Tg Ty To

DREQ L_I
S S S B .
e e e I O

Next sampling

Minimum 4 states}

Figure 8.18 Timing of DMAC Activation by Falling Edge of DREQ in Block Transfer Mode
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8.4.9 DMAC Multiple-Channel Operation
The DMAC channel priority order is: channel 0 > channel 1 and channel A > channel B.
Table 8.12 shows the complete priority order.

Table 8.12 Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1 E
Channel 1B Low

If transfers are requested on two or more channels simultaneously, or if a transfer on one channel
is requested during a transfer on another channel, the DMAC operates as follows.

1. When a transfer is requested, the DMAC requests the bus right. When it gets the bus right, it
starts a transfer on the highest-priority channel at that time.

2. Once a transfer starts on one channel, requests to other channels are held pending until that
channel releases the bus.

3. After each transfer in short address mode, and each externally-requested or cycle-steal transfer
in normal mode, the DMAC releases the bus and returns to step 1. After releasing the bus, if
there is a transfer request for another channel, the DMAC requests the bus again.

4. After completion of a burst-mode transfer, or after transfer of one block in block transfer
mode, the DMAC releases the bus and returns to step 1. If there is a transfer request for a
higher-priority channel or a bus request from a higher-priority bus master, however, the
DMAC releases the bus after completing the transfer of the current byte or word. After
releasing the bus, if there is a transfer request for another channel, the DMAC requests the bus
again.

Figure 8.19 shows the timing when channel OA is set up for I/O mode and channel 1 for burst
mode, and a transfer request for channel 0A is received while channel 1 is active.
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DMAC cycle CPU DMAC cycle CPU DMAC cycle
(channel 1) cycle (channel 0A) cycle (channel 1)
Ty T, Ty T Tg Ty T T3 T, Ty T Tqg Ty T Ty T

 JptuuuouduoyeyL

e

e R

Figure 8.19 Timing of Multiple-Channel Operations

8.4.10  External Bus Requests, Refresh Controller, and DMAC

During a DMA transfer, if the bus right is requested by an external bus request signal (BREQ) or
by the refresh controller, the DMAC releases the bus after completing the transfer of the current
byte or word. If there is a transfer request at this point, the DMAC requests the bus right again.
Figure 8.20 shows an example of the timing of insertion of a refresh cycle during a burst transfer
on channel 0.

Refresh

DMAC cycle (channel 0) cycle ‘

- -

Ty T, Ty Tp Ty Tp Ty To Ty T Tq T4 T, Ty T, T4 T

e e

DMAC cycle (channel 0)

Figure 8.20 Bus Timing of Refresh Controller and DMAC
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8.4.11 NMI Interrupts and DMAC
NMI interrupts do not affect DMAC operations in short address mode.

If an NMI interrupt occurs during a transfer in full address mode, the DMAC suspends operations.
In full address mode, a channel is enabled when its DTE and DTME bits are both set to 1. NMI
input clears the DTME bit to 0. After transferring the current byte or word, the DMAC releases the
bus to the CPU. In normal mode, the suspended transfer resumes when the CPU sets the DTME
bit to 1 again. Check that the DTE bit is set to 1 and the DTME bit is cleared to 0 before setting
the DTME bit to 1.

Figure 8.21 shows the procedure for resuming a DMA transfer in normal mode on channel 0 after
the transfer was halted by NMI input.

Resuming DMA transfer 1. Check that DTE =1 and DTME = 0.
in normal mode 2. Read DTCRB while DTME = 0,
then write 1 in the DTME bit.

SetDTME to 1 2

#

DMA transfer continues End

Figure 8.21 Procedure for Resuming a DMA Transfer Halted by NMI (Example)

For information about NMI interrupts in block transfer mode, see section 8.6.6, NMI Interrupts
and Block Transfer Mode.
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8.4.12  Aborting a DMA Transfer

When the DTE bit in an active channel is cleared to 0, the DMAC halts after transferring the
current byte or word. The DMAC starts again when the DTE bit is set to 1. In full address mode,
the DTME bit can be used for the same purpose. Figure 8.22 shows the procedure for aborting a
DMA transfer by software.

DMA transfer abort 1. Clear the DTE bitto 0 in DTCR.

To avoid generating an interrupt when
aborting a DMA transfer, clear the DTIE
bit to 0 simultaneously.

Set DTCR 1

|

DMA transfer aborted

Figure 8.22 Procedure for Aborting a DMA Transfer
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8.4.13  Exiting Full Address Mode

Figure 8.23 shows the procedure for exiting full address mode and initializing the pair of channels.
To set the channels up in another mode after exiting full address mode, follow the setup procedure
for the relevant mode.

Exiting full address mode 1. Clear the DTE bit to 0 in DTCRA, or wait
for the transfer to end and the DTE bit
‘ 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

Figure 8.23 Procedure for Exiting Full Address Mode (Example)
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8.4.14 DMAC States in Reset State, Standby Modes, and Sleep Mode

When the chip is reset or enters hardware or software standby mode, the DMAC is initialized and
halts. DMAC operations continue in sleep mode. Figure 8.24 shows the timing of a cycle-steal
transfer in sleep mode.

Sleep mode
CPU cycle ' DMAC cycle ‘ ‘ DMAC cycle ‘
—»F—»: F—
T, Tg Th T, Ty T Tg Ty T Ty T Ty

. | |

Figure 8.24 Timing of Cycle-Steal Transfer in Sleep Mode
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8.5 Interrupts
The DMAC generates only DMA-end interrupts. Table 8.13 lists the interrupts and their priority.

Table 8.13 DMAC Interrupts

Description

Interrupt
Interrupt Short Address Mode Full Address Mode Priority
DENDOA End of transfer on channel 0A End of transfer on channel 0 High
DENDOB End of transfer on channel 0B —
DEND1A End of transfer on channel 1A End of transfer on channel 1 E
DEND1B End of transfer on channel 1B — Low

Each interrupt is enabled or disabled by the DTIE bit in the corresponding data transfer control
register (DTCR). Separate interrupt signals are sent to the interrupt controller.

The interrupt priority order among channels is channel 0 > channel 1 and channel A > channel B.

Figure 8.25 shows the DM A-end interrupt logic. An interrupt is requested whenever DTE = 0 and
DTIE = 1.

DTE

:O|:>—> DMA-end interrupt

DTIE

Figure 8.25 DMA-End Interrupt Logic

The DMA-end interrupt for the B channels (DENDB) is unavailable in full address mode. The
DTME bit does not affect interrupt operations.
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8.6 Usage Notes

8.6.1 Note on Word Data Transfer

Word data cannot be accessed starting at an odd address. When word-size transfer is selected, set
even values in the memory and I/O address registers (MAR and IOAR).

8.6.2 DMAC Self-Access

The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot be specified
as source or destination addresses.

8.6.3 Longword Access to 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 release the bus between the second byte
(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 Mode Setup

Full address mode is controlled by two registers: DTCRA and DTCRB. Care must be taken to
prevent the B channel from operating in short address mode during the register setup. The enable
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 selected as
the activating source does not occur during the interval after it has been selected but before the
DMAC has been enabled. The on-chip supporting module that will generate the interrupt should
not be activated until the DMAC has been enabled. If the DMAC must be enabled while the on-
chip supporting module is active, follow the procedure in figure 8.26.
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[ Enabling of DMAC ] 1. While the DTE bit is cleared to O,
interrupt requests are sent to the

CPU.
2. Clear the interrupt enable bit to 0
1 in the interrupt-generating on-chip
supporting module.
Interrupt hand- 3. Enable the DMAC.
ling by CPU No 4. Enable the DMAC-activating
\ o interrupt.

-

Selected interrupt
requested?

Clear selected interrupt’s >
enable bitto 0

Enable DMAC 3

Set selected interrupt’s
enable bit to 1

'

DMAC operates

Figure 8.26 Procedure for Enabling DMAC while On-Chip Supporting Module is
Operating (Example)

If the DTE bit is set to 1 but the DTME bit is cleared to 0, the DMAC is halted and the selected
activating source cannot generate a CPU interrupt. If the DMAC is halted by an NMI interrupt, for
example, the selected activating source cannot generate CPU interrupts. To terminate DMAC
operations in this state, clear the DTE bit to 0 to allow CPU interrupts to be requested. To continue
DMAC operations, carry out steps 2 and 4 in figure 8.26 before and after setting the DTME bit to
1.

When an ITU interrupt activates the DMAC, make sure the next interrupt does not occur before
the DMA transfer ends. If one ITU interrupt activates two or more channels, make sure the next
interrupt does not occur before the DMA transfers end on all the activated channels. If the next
interrupt occurs before a transfer ends, the channel or channels for which that interrupt was
selected may fail to accept further activation requests.
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8.6.6 NMI Interrupts and Block Transfer Mode
If an NMI interrupt occurs in block transfer mode, the DMAC operates as follows.

*  When the NMI interrupt occurs, the DMAC finishes transferring the current byte or word, then
clears the DTME bit to 0 and halts. The halt may occur in the middle of a block.

It is possible to find whether a transfer was halted in the middle of a block by checking the
block size counter. If the block size counter does not have its initial value, the transfer was
halted in the middle of a block.

» Ifthe transfer is halted in the middle of a block, the activating interrupt flag is cleared to 0. The
activation request is not held pending.

e While the DTE bit is set to 1 and the DTME bit is cleared to 0, the DMAC is halted and does
not accept activating interrupt requests. If an activating interrupt occurs in this state, the
DMAC does not operate and does not hold the transfer request pending internally. Neither is a
CPU interrupt requested.

For this reason, before setting the DTME bit to 1, first clear the enable bit of the activating
interrupt to 0. Then, after setting the DTME bit to 1, set the interrupt enable bit to 1 again. See
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 was halted
in the middle of a block transfer, the rest of the block is transferred when the next transfer
request occurs. Otherwise, the next block is transferred when the next transfer request occurs.

8.6.7 Memory and I/O Address Register Values

Table 8.14 indicates the address ranges that can be specified in the memory and 1/O address
registers (MAR and IOAR).

Table 8.14 Address Ranges Specifiable in 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)

I0OAR H'FFFO0O0 to H'FFFFF H'FFFFOO0 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)

MAR bits 23 to 20 are ignored in 1-Mbyte mode.
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8.6.8 Bus Cycle when Transfer is Aborted

When a transfer is aborted by clearing the DTE bit or suspended by an NMI that clears the DTME
bit, if this halts a channel for which the DMAC has a transfer request pending internally, a dead
cycle may occur. This dead cycle does not update the halted channel’s address register or counter
value. Figure 8.27 shows an example in which an auto-requested transfer in cycle-steal mode on
channel 0 is aborted by clearing the DTE bit in channel 0.

DMAC
CPU cycle DMAC cycle CPU cycle cycle CPU cycle

ressus ) S X

-~
DTE bit is
cleared

Figure 8.27 Bus Timing at Abort of DMA Transfer in Cycle-Steal Mode
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Section 9 1/0 Ports

9.1 Overview

The H8/3048 Group has 10 input/output ports (ports 1, 2, 3,4, 5, 6, 8,9, A, and B) and one input
port (port 7). Table 9.1 summarizes the port functions. The pins in each port are multiplexed as
shown in table 9.1.

Each port has a data direction register (DDR) for selecting input or output, and a data register
(DR) for storing output data. In addition to these registers, ports 2, 4, and 5 have an input pull-up
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, and B can
drive one TTL load and a 30-pF capacitive load. Ports 1 to 6 and 8 to B can drive a darlington
pair. Ports 1, 2, 5, and B can drive LEDs (with 10-mA current sink). Pins P8, to P§,, PA; to PA,,
and PB; to PB, have Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, I/O Port Block Diagrams.
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Table 9.1 Port Functions
Port | Description Pins Mode 1 | Mode 2 | Mode 3 | Mode 4 | Mode 5 | Mode 6 | Mode 7
Port 1 |* 8-bit I/O port P17 to P1¢/ Address output pins (A7 to Ag) Address output (A; |Generic
« Can drive Az to Ay .to Ao) and generic  |input/
LEDs input output
DDR = 0: generic
input
DDR = 1: address
output
Port 2 |¢ 8-bit I/O port |P2; to P2,/ Address output pins (A1s to Ag) Address output (Ass |Generic
« Input pull-up Aisto Ag _to As) and generic  |input/
MOS input output
« Can drive DDR = 0: generic
LEDs input
DDR = 1: address
output
Port 3 |« 8-bit I/O port |P37 to P3¢/ Data input/output (D45 to Ds) Generic
Di5 to Ds input/
output
Port 4 |« 8-bit I/O port |P4; to P4,/ Data input/output (D7 to Do) and 8-bit generic input/output Generic
* Input pull-up D7 to Do 8-bit bus mode: generic input/output Ic?upt:tét
MOS 16-bit bus mode: data input/output
Port 5 |+ 4-bit I/O port |P5; to P5¢/ Address output (A1g to Ass) Address output (A |Generic
« Input pull-up Aqg to Ass to Am? a.nd 4-bit input/
MOS generic input output
« Can drive DDR = 0: generic
LEDs input
DDR = 1: address
output
Port 6 |+ 7-bit I/O port |P6s/LWR, Bus control signal output (LWR, HWR, RD, AS) Generic
P6s/HWR, input/
P64/RD, output
P6s/AS
P6,/BACK, Bus control signal input/output (BACK, BREQ, WAIT) and 3-
P6+/BREQ, bit generic input/output
P6o/WAIT
Port 7 |« 8-bit /O port |P7:/AN7/DA4, |Analog input (AN7, ANs) to A/D converter, analog output (DA1, DAo) from
P7s/ANg/DA,  |D/A converter, and generic input
P75 to P7¢/ Analog input (ANs to AN) to A/D converter, and generic input
AN5 to ANO
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Port | Description Pins Mode 1 ‘ Mode 2 ‘ Mode 3 ‘ Mode 4 ‘ Mode 5 ‘ Mode 6 | Mode 7
Port 8 |+ 5-bit I/O port [P84/CS, DDR = 0: generic input Generic
* P8, to P8, DDR = 1 (after reset): CS, output input/
have Schmitt output
inputs P8,/CS./IRQs, |IRQ; to IRQ; input, CS; to CS; output, and generic input TRQ; to
P8,/CS,/IRQy, _ . . IRQo
P8./CS,IRQ, DDR =0 (a_fter res_et). generic input input and
DDR =1: CS1 to CSs Output generic
P8y/RFSH/IRQ|IRQy input, RFSH output, and generic input/output i”tht/t
outpu
Port 9 |+ 6-bit I/O port |P9s/SCK/IRQs, [Input and output (SCK4, SCKo, RxD+, RxDg, TxD1, TxDy) for serial
P9./SCKy/IRQs, [communication interfaces 1 and 0 (SCI1/0), IRQs and IRQ. input, and 6-
P93/RxDy, bit generic input/output
sz/RXDo,
P91/TXD1,
Pgo/TXDo
Port A |« 8-bit I/O port |PA7/TP;/ Output (TP7) from |Address output TPC Address [TPC
« Schmitt TIOCB2/Az programmable (Az0) output  |output output
inputs timing pattern (TPy), (Ax) (TPy),
controller (TPC), ITU input ITU input
input or output or output or output
(TIOCB;) for 16-bit (TIOCBy), (TIOCBy),
integrated timer unit and and
(ITU), and generic generic generic
input/output input/ input/
output output
PAs/TPs/ TPC output (TPg to |TPC output (TPsto [TPC TPC TPC
TIOCAL/A+/CS4|TP,), ITU input and |TP,), ITU input and |output output output
PAs/TPs/ output (TIOCA., output (TIOCA., (TPsto [(TPsto |(TPgto
TIOCB1/A2/CS5/ TIOCBs, TIOCA,), |TIOCB4, TIOCA,), |TP4), ITU [TP,), ITU |TPy), ITU
PAJTP./ CS. to CSs output, |address output (Azs linput and |input and |input and
TIOCA/A23/CSs|and generic input/  [to Az), CSsto CSs |output  |output  |output
output output, and generic [(TIOCA,, [(TIOCA,, |(TIOCA,,
input/output TIOCB,, |TIOCB,, |TIOCB;,
TIOCA,), |TIOCA,), [TIOCA,),
CS,to |address |and
CSs output  |generic
output, |(Agto input/
and Az1), CS, |output
generic |to CSs
input/ output,
output and
generic
input/out
put
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Port | Description Pins Mode 1 ‘ Mode 2 ‘ Mode 3 ‘ Mode 4 ‘ Mode 5 ‘ Mode 6 ‘ Mode 7
Port A |+ 8-bit I/O port |PA3/TP3/ TPC output (TP3 to TPy), output (TEND4, TEND,) from DMA controller
« Schmitt TIOCB/ (DMAC), ITU input and output (TCLKD, TCLKC, TCLKB, TCLKA,
inputs TCLKD, TIOCBy, TIOCAy), and generic input/output
PALITP,/
TIOCAJ/
TCLKC,
PA/TP4/
TEND+/TCLKB,
PA/TP,/
TENDy/TCLKA
Port B |+ 8-bit I/O port |PB7/TP1s/ TPC output (TP+s), DMAC input (DREQ), trigger input (ADTRG) to A/D
« Can drive DREQ«/ADTR |converter, and generic input/output
LEDs
« PB.toPB, |PBe/TP1/ TPC output (TP14), DMAC input (DREQy), CS; output, and TPC
3 0 _—e A~ L.
have Schmitt| PREQ/CS7  |generic input/output output
inputs (TP+a),
DMAC
input
(DREQy),
and
generic
input/
output
PBs/TP13/ TPC output (TP43 to TPs), ITU input and output (TOCXB4, TOCXA,,
TOCXB4, TIOCB,, TIOCA,4, TIOCB3, TIOCA;3), and generic input/output
PB4/TP 1,/
TOCXA,
PB3/TP14/
TIOCB,,
PB2/TP1of
TIOCA,,
PB+/TPo/
TIOCB;,
PBo/TPs/
TIOCA;
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9.2 Port 1

9.2.1 Overview

Port 1 is an 8-bit input/output port with the pin configuration shown in figure 9.1. The pin
functions differ between the expanded modes with on-chip ROM disabled, expanded modes with
on-chip ROM enabled, and single-chip mode. In modes 1 to 4 (expanded modes with on-chip
ROM disabled), they are address bus output pins (A; to Ay).

In modes 5 and 6 (expanded modes with on-chip ROM enabled), settings in the port 1 data
direction register (P1DDR) can designate pins for address bus output (A7 to A,) or generic input.
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 addresses in read and write
cycles. For details see section 7, Refresh Controller.

Pins in port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Port 1 pins Modes 1to4 Modes 5and 6 Mode 7
- P1,/A, A+ (output) P1, (input)/A; (output) P11, (input/output)
s Plg/Ag Ag (output) P1g (input)/Ag (output) Plg (input/output)
= Plg/Ag A5 (output) P15 (input)/As (output)  Plg (input/output)
= P1,/A, A4 (output) P1, (input)/A4 (output) P1, (input/output)
Portt = P13/A; A5 (output) P15 (input)/A; (output) P13 (input/output)
= P1,/A, A, (output) P1, (input)/A, (output) P11, (input/output)
~— P1;/A; A (output) P1; (input)/A; (output) P1; (input/output)
~— P1/Ag Ag (output) P1, (input)/Aq (output) P11, (input/output)

Figure 9.1 Port 1 Pin Configuration
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9.2.2 Register Descriptions
Table 9.2 summarizes the registers of port 1.

Table 9.2  Port 1 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1to4 Modes 5to7
H'FFCO Port 1 data direction P1DDR w HFF H'00
register
H'FFC2 Port 1 data register P1DR R/W H'00 H'00

Note: * Lower 16 bits of the address.

Port 1 Data Direction Register (P1DDR)

P1DDR is an 8-bit write-only register that can select input or output for each pin in port 1.

Bit 7 6 5 4 3 2 1 0

\ P17DDR‘ P16DDR‘ P15DDR‘ P14DDR‘P13DDR \ P1,DDR \ PllDDR‘PloDDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 | Read/write — — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0 0
5107 | Read/Write W W W W W W

Port 1 data direction 7to 0
These bits select input or
output for port 1 pins

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): PIDDR values are fixed at 1
and cannot be modified. Port 1 functions as an address bus.

Modes 5 and 6 (Expanded Modes with On-Chip ROM Enabled): A pin in port 1 becomes an
address output pin if the corresponding PIDDR bit is set to 1, and a generic input pin if this bit is
cleared to 0.

Mode 7 (Single-Chip Mode): Port 1 functions as an input/output port. A pin in port 1 becomes an
output pin if the corresponding PIDDR bit is set to 1, and an input pin if this bit is cleared to 0.

In modes 5 to 7, PIDDR is a write-only register. Its value cannot be read. All bits return 1 when
read.
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P1DDR is initialized to H'FF in modes 1 to 4 and H'00 in modes 5 to 7 by a reset and in hardware
standby mode. In software standby mode it retains its previous setting. If a PIDDR bit is set to 1,
the corresponding pin maintains its output state in software standby mode.

Port 1 Data Register (P1DR)

P1DR is an 8-bit readable/writable register that stores port 1 output data. While port 1 acts as an
output port, the value of this register is output. When this register is read, the pin logic level of a
pin is read for bits for which the PIDDR setting is 0, and the P1DR value is read for bits for which
the PIDDR setting is 1.

Bit 7 6 5 4 3 2 1 0

‘ P1; ‘ Plg ‘ P1s ‘ P14 ‘ P13 ‘ P1, ‘ P1, ‘ Pl ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 1 data7to 0
These bits store data for port 1 pins

P1DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.3 Port 2

9.3.1 Overview

Port 2 is an 8-bit input/output port with the pin configuration shown in figure 9.2. The pin

functions differ according to the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 2 consists of address bus

output pins (A;s to Ag). In modes 5 and 6 (expanded modes with on-chip ROM enabled), settings
in the port 2 data direction register (P2DDR) can designate pins for address bus output (A;s to Ag)
or generic input. In mode 7 (single-chip mode), port 2 is a generic input/output port.

When DRAM is connected to area 3, Ag and Ag output row and column addresses in read and
write cycles. For details see section 7, Refresh Controller.

Port 2 has software-programmable built-in pull-up MOS. Pins in port 2 can drive one TTL load
and a 90-pF capacitive load. They can also drive a darlington transistor pair.

Port 2 pins

- P2,/A5
[ P26/A14
= P25/A13
Port 2
= P23/A1
> P2,/Ag
™ P21/A9

. P20/A8

Modes 1to 4 Modes 5and 6

A1s (output)
A1, (output)
A1z (output)
A1, (output)
A1, (output)
Aqg (output)
Ag (output)

Ag (output)

P2, (input)/A15 (output)
P24 (input)/A14 (output)
P25 (input)/A13 (output)
P2, (input)/A15 (output)
P25 (input)/A{; (output)
P2, (input)/A,q (output)
P2, (input)/Ag (output)

P2, (input)/Ag (output)

Mode 7

P2, (input/output)
P24 (input/output)
P25 (input/output)
P2, (input/output)
P25 (input/output)
P2, (input/output)
P2, (input/output)

P2, (input/output)

Figure 9.2 Port 2 Pin Configuration
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9.3.2 Register Descriptions
Table 9.3 summarizes the registers of port 2.

Table 9.3  Port 2 Registers

Initial Value
Address* Name Abbreviation R/W Modes 1to4 Modes 5to7
H'FFC1 Port 2 data direction P2DDR w HFF H'00
register
H'FFC3 Port 2 data register P2DR R/W H'00 H'00
H'FFD8 Port 2 input pull-up MOS P2PCR R/W H'00 H'00

control register

Note: * Lower 16 bits of the address.

Port 2 Data Direction Register (P2DDR)

P2DDR is an 8-bit write-only register that can select input or output for each pin in port 2.

Bit 7 6 5 4 3 2 1 0

‘ P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR ‘ P2,DDR ‘ P21DDR‘P20DDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 | Read/Write — — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0 0
S107 |Read/Mrite W W W W W W W W

Port 2 data direction 7to 0

These bits select input or
output for port 2 pins

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): P2DDR values are fixed at 1
and cannot be modified. Port 2 functions as an address bus.

Modes 5 and 6 (Expanded Modes with On-Chip ROM Enabled): Following a reset, port 2 is
an input port. A pin in port 2 becomes an address output pin if the corresponding P2DDR bit is set
to 1, and a generic input port if this bit is cleared to 0.

Mode 7 (Single-Chip Mode): Port 2 functions as an input/output port. A pin in port 2 becomes an
output port if the corresponding P2DDR bit is set to 1, and an input port if this bit is cleared to 0.

In modes 1 to 4, P2DDR always returns 1 when read. No value can be written to.
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In modes 5 to 7, P2DDR is a write-only register. Its value cannot be read. All bits return 1 when
read.

P2DDR is initialized to H'FF in modes 1 to 4 and H'00 in modes 5 to 7 by a reset and in hardware
standby mode. In software standby mode it retains its previous setting. If a P2DDR bit is set to 1,
the corresponding pin maintains its output state in software standby mode.

Port 2 Data Register (P2DR)

P2DR is an 8-bit readable/writable register that stores output data for pins P2 to P2,. While port 2
acts as an output port, the value of this register is output. When a bit in P2DDR is set to 1, if port 2
is read the value of the corresponding P2DR bit is returned. When a bit in P2DDR is cleared to 0,
if port 2 is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0

‘ P2+ ‘ P2¢ ‘ P25 ‘ P2, ‘ P25 ‘ P2, ‘ P2, ‘ P2g ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 2 data7to 0
These bits store data for port 2 pins

P2DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
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 transistors in port
2.

Bit 7 6 5 4 3 2 1 0

‘ P27PCR‘ P26PCR‘ P25PCR‘ P24PCR‘ P23PCR ‘ P2,PCR ‘ P2,PCR ‘ P20PCR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W 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

In modes 5 to 7, when a P2DDR bit is cleared to 0 (selecting generic input), if the corresponding
bit from P2,PCR to P2,PCR is set to 1, the input pull-up MOS is turned on.
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P2PCR is initialized to H'00 by a reset and in hardware standby mode

retains its previous setting.

Table 9.4 summarizes the states of the input pull-up transistors.

Table 9.4  Input Pull-Up MOS States (Port 2)

. In software standby mode it

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1 Off Off Off Off
2
3
4
5 Off Off On/off 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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9.4 Port 3

94.1 Overview

Port 3 is an 8-bit input/output port with the pin configuration shown in figure 9.3. Port 3 is a data
bus in modes 1 to 6 (expanded modes) and a generic input/output port in mode 7 (single-chip

mode).

Pins in port 3 can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington transistor pair.

Port 3 pins

- P37/D15
[ P36/D14
[ - P35/D13
I P34/D12
Port 3
~— P33/Dy;
- bt P32/D10
> P31/D9

(-~ P30/D8

Modes 1to 6

D;5 (input/output)
D14 (input/output)
D13 (input/output)
Di» (input/output)
D11 (input/output)
Dyg (input/output)
Dg (input/output)

Dg (input/output)

Mode 7

P3- (input/output)
P3¢ (input/output)
P35 (input/output)
P3, (input/output)
P35 (input/output)
P3, (input/output)
P3; (input/output)

P3, (input/output)

Figure 9.3 Port 3 Pin Configuration

9.4.2 Register Descriptions

Table 9.5 summarizes the registers of port 3.

Table 9.5  Port 3 Registers

Address* Name Abbreviation R/W Initial Value
H'FFC4 Port 3 data direction register P3DDR 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 Register (P3DDR)

P3DDR is an 8-bit write-only register that can select input or output for each pin in port 3.

Bit 7 6 5 4 3 2 1 0

‘ P37DDR‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR ‘ P3,DDR ‘ P31DDR‘P30DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 3 data direction 7 to 0
These bits select input or output for port 3 pins

Modes 1 to 6 (Expanded Modes): Port 3 functions as a data bus. P3DDR is ignored.

Mode 7 (Single-Chip Mode): Port 3 functions as an input/output port. A pin in port 3 becomes an
output port if the corresponding P3DDR bit is set to 1, and an input port if this bit is cleared to 0.

P3DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P3DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a P3DDR bit is set to 1, the corresponding pin maintains its output
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,. While port 3
acts as an output port, the value of this register is output. When a bit in P3DDR is set to 1, if port 3
is read the value of the corresponding P3DR bit is returned. When a bit in P3DDR is cleared to 0,
if port 3 is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0

‘ P37 ‘ P36 ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P31 ‘ P3o ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W 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

P3DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.5 Port 4

9.5.1 Overview

Port 4 is an 8-bit input/output port with the pin configuration shown in figure 9.4. The pin
functions differ according to the operating mode.

In modes 1 to 6 (expanded modes), when the bus width control register (ABWCR) designates
areas 0 to 7 all as 8-bit-access areas, the chip operates in 8-bit bus mode and port 4 is a generic
input/output port. When at least one of areas 0 to 7 is designated as a 16-bit-access area, the chip
operates in 16-bit bus mode and port 4 becomes part of the data bus. In mode 7 (single-chip
mode), port 4 is a generic input/output port.

Port 4 has software-programmable built-in pull-up MOS.

Pins in port 4 can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington transistor pair.

Port 4 pins

(- P46/D6
«— P45/Dg
> P44/D4
Port 4
I P43/D3
I P42/D2
(-~ P41/Dl

I P40/D0

Modes 1to 6

P4 (input/output)/D- (input/output)
P4 (input/output)/Dg (input/output)
P45 (input/output)/Ds (input/output)
P4, (input/output)/D,4 (input/output)
P45 (input/output)/D3 (input/output)
P4, (input/output)/D, (input/output)
P4, (input/output)/D, (input/output)

P4, (input/output)/Dg (input/output)

Mode 7

P4 (input/output)
P4 (input/output)
P45 (input/output)
P4, (input/output)
P45 (input/output)
P4, (input/output)
P4, (input/output)

P4, (input/output)

Figure 9.4 Port 4 Pin Configuration
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9.5.2 Register Descriptions
Table 9.6 summarizes the registers of port 4.

Table 9.6  Port 4 Registers

Address* Name Abbreviation R/W Initial Value

H'FFC5 Port 4 data direction register P4DDR w H'00

H'FFC7 Port 4 data register P4DR R/W H'00

H'FFDA Port 4 input pull-up MOS control P4PCR R/W H'00
register

Note: * Lower 16 bits of the address.

Port 4 Data Direction Register (P4DDR)

P4DDR is an 8-bit write-only register that can select input or output for each pin in port 4.

Bit 7 6 5 4 3 2 1 0

‘ P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P4;DDR ‘ P4,DDR ‘ P41DDR‘P40DDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port 4 data direction 7 to 0
These bits select input or output for port 4 pins

Modes 1 to 6 (Expanded Modes): When all areas are designated as 8-bit-access areas using the
bus width control register (ABWCR) of the bus controller, selecting 8-bit bus mode, port 4
functions as a generic input/output port. A pin in port 4 becomes an output port if the
corresponding P4DDR bit is set to 1, and an input port if this bit is cleared to 0.

When at least one area is designated as a 16-bit-access area, selecting 16-bit bus mode, port 4
functions as part of the data bus regardless of the value in P4ADDR.

Mode 7 (Single-Chip Mode): Port 4 functions as an 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 this bit is cleared to 0.

P4DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P4DDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting.
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ABWCR and P4DDR are not initialized in software standby mode. When port 4 functions as a
generic input/output port, if a PADDR bit is set to 1, the corresponding pin maintains its output
state in software standby mode.

Port 4 Data Register (P4DR)

P4DR is an 8-bit readable/writable register that stores output data for pins P4, to P4,. While port 4
acts as an output port, the value of this register is output. When a bit in PADDR is set to 1, if port 4
is read the value of the corresponding PADR bit is returned. When a bit in PADDR is cleared to 0,
if port 4 is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0

‘ P4, ‘ P4g ‘ P4s ‘ P4, ‘ P4, ‘ P4, ‘ P4, ‘ P4, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 data 7to 0
These bits store data for port 4 pins

P4DR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.

Port 4 Input Pull-Up MOS Control Register (P4PCR)

P4PCR is an 8-bit readable/writable register that controls the MOS input pull-up transistors in port
4.

Bit 7 6 5 4 3 2 1 0

‘ P4,PCR ‘ P46PCR‘ P4sPCR ‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P4,PCR ‘ P4,PCR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 input pull-up MOS control 7 to 0
These bits control input pull-up MOS transistors built into port 4

In mode 7 (single-chip mode), and in 8-bit bus mode in modes 1 to 6 (expanded modes), when a
P4DDR bit is cleared to 0 (selecting generic input), if the corresponding P4PCR bit is set to 1, the
input pull-up MOS transistor is turned on.

P4PCR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table 9.7 summarizes the states of the input pull-ups MOS in the 8-bit and 16-bit bus modes.

Table 9.7 Input Pull-Up MOS Transistor States (Port 4)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1t06 8-bit bus mode Off Off On/off On/off
16-bit bus mode Off Off
7 On/off On/off

Legend
Off:  The input pull-up MOS transistor is always off.
On/off: The input pull-up MOS transistor is on if PAPCR = 1 and P4DDR = 0. Otherwise, it is off.
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9.6 Port 5

9.6.1 Overview

Port 5 is a 4-bit input/output port with the pin configuration shown in figure 9.5. The pin functions
differ depending on the operating mode.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), port 5 consists of address output
pins (Ao to Ajg). In modes 5 and 6 (expanded modes with on-chip ROM enabled), settings in the
port 5 data direction register (PSDDR) designate pins for address bus output (Ajg to A;g) or
generic 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.

Pins in port 5 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
a darlington transistor pair.

Port 5

Port 5
pins

P53/A 19
P5,/A17

P50/A 16

Modes 1to 4

Aqg (output)
Ag (output)
A1 (output)

A (output)

Modes 5 and 6

P53 (input)/A;g (output)
P5, (input)/A;g (output)
P54 (input)/A;7 (output)

P5¢ (input)/A,g (output)

Mode 7

P53 (input/output)
P5, (input/output)
P5, (input/output)

P5, (input/output)

Figure 9.5 Port S Pin Configuration
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9.6.2 Register Descriptions

Table 9.8 summarizes the registers of port 5.

Table 9.8

Address* Name

Port S Registers

Abbreviation R/W

Initial Value

Modes 1to4 Modes 5to7

H'FFC8 Port 5 data direction P5DDR w H'FO
register

H'FFCA Port 5 data register P5DR R/W H'FO

H'FFDB Port 5 input pull-up MOS P5PCR R/W H'FO

control register

Note: * Lower 16 bits of the address.

Port 5 Data Direction Register (PSDDR)

P5DDR is an 8-bit write-only register that can select input or output for each pin in port 5.

Bits 7 to 4 are reserved. They cannot be modified and are always read as 1.

Bit 7 6 5 4 1 0

‘ — ‘ — ‘ — ‘ — ‘PSgDDR‘PSZDDR‘P51DDR‘P50DDR‘
Modes/| Initial value 1 1 1 1 1 1
lto4 {ReadANrite — — — — — — —
Modes{lnitial value 1 1 1 1 0 0
S107 |ReadWrite — — — —

Reserved bits

Port 5 data direction 3to 0
These bits select input or
output for port 5 pins

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): PSDDR values are fixed at 1
and cannot be modified. Port 5 functions as an address bus.

Modes 5 and 6 (Expanded Modes with On-Chip ROM Enabled): Following a reset, port 5 is
an input port. A pin in port 5 becomes an address output pin if the corresponding PSDDR bit is set
to 1, and an input port if this bit is cleared to 0.
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Mode 7 (Single-Chip Mode): Port 5 functions as an input/output port. A pin in port 5 becomes an
output port if the corresponding PSDDR bit is set to 1, and an input port if this bit is cleared to 0.

In modes 1 to 4, PSDDR always returns 1 when read. No value can be written to.

In modes 5 to 7, PSDDR is a write-only register. Its value cannot be read. All bits return 1 when
read.

P5DDR is initialized to H'FF in modes 1 to 4 and H'FO in modes 5 to 7 by a reset and in hardware
standby mode. In software standby mode it retains its previous setting, so if a PSDDR bit is set to
1 while port 5 acts as an I/O port, the corresponding pin maintains its output state in software
standby mode.

Port S Data Register (PSDR)

P5DR is an 8-bit readable/writable register that stores output data for pins P5; to P5,. While port 5
acts as an output port, the value of this register is output. When a bit in PSDDR is set to 1, if port 5
is read the value of the corresponding P5SDR bit is returned. When a bit in PSDDR is cleared to 0,
if port 5 is read the corresponding pin level is read.

Bits 7 to 4 are reserved. They cannot be modified and are always read as 1.

Bit 7 6 5 4 3 2 1 0
— | — | — | — [P Ps, | P5 | P5 |
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5data3to 0

These bits store data
for port 5 pins

P5DR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Port S Input Pull-Up MOS Control Register (PSPCR)

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘P53PCR ‘ P5,PCR ‘ P51PCR‘P50PCR‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5 input pull-up MOS control 3to 0

These bits control input pull-up MOS
transistors built into port 5

P5SPCR is an 8-bit readable/writable register that controls the MOS input pull-up MOS transistors
in port 5.

Bits 7 to 4 are reserved. They cannot be modified and are always read as 1.

In modes 5 to 7, when a PSDDR bit is cleared to 0 (selecting generic input), if the corresponding
bit from P5;PCR to P5,PCR is set to 1, the input pull-up MOS transistor is turned on.

P5PCR is initialized to H'FO by a reset and in hardware standby mode. In software standby mode
it retains its previous setting.

Table 9.9 summarizes the states of the input pull-ups MOS in each mode.

Table 9.9  Input Pull-Up MOS Transistor States (Port 5)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1 Off Off Off Off
2
3
4
5 Off Off On/off On/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. Otherwise, it is off.
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9.7 Port 6

9.7.1 Overview

Port 6 is a 7-bit input/output port that is also used for input and output of bus control signals
(LWR, HWR, RD, AS, BACK, BREQ, and WAIT). When DRAM is connected to area 3, LWR,
HWR, and RD also function as LW, UW, and CAS, or LCAS, UCAS, and WE, respectively. For
details see section 7, Refresh Controller.

Figure 9.6 shows the pin configuration of port 6. In modes 1 to 6 (expanded modes) the pin
functions are LWR, HWR, RD, AS, P6,/BACK, P6,/BREQ, and P6,/WAIT. See table 9.11 for the
method of selecting the pin states. In mode 7 (single-chip mode) port 6 is a generic input/output
port.

Pins in port 6 can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair.

Port 6 pins Modes 1to 6 Mode 7
(expanded modes) (single-chip mode)
~— P6g/LWR LWR (output) P64 (input/output)
~— P65/HWR HWR (output) P65 (input/output)
~— P6,/RD RD (output)  P6, (input/output)
Port6 r«—— P6,/AS AS  (output) P64 (input/output)

~— P6,/BACK  P6, (input/output)/ BACK (output)  P6, (input/output)
~— P6,/BREQ P6 (input/output)/ BREQ (input) P64 (input/output)
™ P6y/WAIT P6 (input/output)/ WAIT (input) P6 (input/output)

Figure 9.6 Port 6 Pin Configuration

Rev. 7.00 Sep 21, 2005 page 278 of 878
REJ09B0259-0700
RENESAS




Section 9 1/0 Ports

9.7.2 Register Descriptions
Table 9.10 summarizes the registers of port 6.

Table 9.10 Port 6 Registers

Initial Value
Address* Name Abbreviation R/W Mode1to5 Mode6,7
H'FFC9 Port 6 data direction P6DDR w H'F8 H'80
register
H'FFCB Port 6 data register P6DR R/W H'80 H'80

Note: * Lower 16 bits of the address.

Port 6 Data Direction Register (P6DDR)

P6DDR is an 8-bit write-only register that can select input or output for each pin in port 6. Bit 7 is
reserved. It cannot be modified and is always read as 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR‘P62DDR ‘ P61DDR‘P60DDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — W W w w W w w
Reserved bit Port 6 data direction 6 to 0

These bits select input or output for port 6 pins

Modes 1 to 6 (Expanded Modes): Ports P6, to P65 function as bus control output pins (LWR,
HWR, RD, AS), regardless of the settings of P6,DDR to P6;DDR. Ports P6, to P6, function as the
bus control pins (BACK, BREQ, WAIT) or I/O ports. For selecting the pin function, see table
9.11. When ports P6, to P6, function as I/O ports and if P6DDR is set to 1, the corresponding pin
of port 6 functions as an output port. If PODDR is cleared to 0, the corresponding pin functions as
an input port.

Mode 7 (Single-Chip Mode): Port 6 is a generic input/output port. A pin in port 6 becomes an
output port if the corresponding PODDR bit is set to 1, and an input port if this bit is cleared to 0.

P6DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P6DDR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a PODDR bit is set to 1 while port 6 acts as an I/O port, the
corresponding pin maintains its output state in software standby mode.
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Port 6 Data Register (P6DR)

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P6¢ ‘ P65 ‘ P64 ‘ P63 ‘ P6, ‘ P64 ‘ P6g ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W
Reserved bit Port6 data6to 0

These bits store data for port 6 pins

P6DR is an 8-bit readable/writable register that stores output data for pins P64 to P6,. When this
register is read, bits 6 to 0 each returns the logic level of the pin, when the corresponding bit of
P6DDR is 0. When the corresponding bit of P6DDR is 1, bits 6 to 0 return the PODR value.

Bit 7 is reserved, cannot be modified, and always read as 1.

P6DR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.

Table 9.11 Port 6 Pin Functions in Modes 1 to 6

Pin Pin Functions and Selection Method
P66/LWR Functions as follows regardless of P66DDR
P6¢DDR 0 1
Pin function LWR output
P6s/HWR Functions as follows regardless of P6sDDR
P6sDDR 0 1
Pin function HWR output
P64/RD Functions as follows regardless of P6,DDR
P6,DDR 0 1
Pin function RD output
P63/AS Functions as follows regardless of P6;DDR
P63DDR 0 1
Pin function AS output

Rev. 7.00 Sep 21, 2005 page 280 of 878
REJ09B0259-0700
RENESAS



Section 9 /O Ports

Pin Pin Functions and Selection Method
P6,/BACK Bit BRLE in BRCR and bit P6,DDR select the pin function as follows

BRLE 0 1

P6,DDR 0 1 —

Pin function P63 input P62 output BACK output
P6+/BREQ Bit BRLE in BRCR and bit P61DDR select the pin function as follows

BRLE 0 1

P61DDR 0 1 —

Pin function P61 input P61 output BREQ input
P6o/WAIT Bits WCE7 to WCEO in WCER, bit WMS1 in WCR, and bit P6,DDR select the

pin function as follows

WCER All 1s Not all 1s
WMSH1 0 1 —
P60,DDR 0 1 0* 0*
Pin function P6o input P6, output WAIT input

Note: * Do not set bit P60DDR to 1.
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9.8 Port 7

9.8.1 Overview

Port 7 is an 8-bit input port that is also used for analog input to the A/D converter and analog
output from the D/A converter. The pin functions are the same in all operating modes. Figure 9.7
shows the pin configuration of port 7.

For the analog input pins of the A/D converter, see section 15, A/D Converter.

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, (input)

Port 7
~—— P73 (input)/AN 3 (input)
~—— P7, (input)/AN, (input)
~—— P7, (input)/AN (input)

~—— P74 (input)/AN (input)

Figure 9.7 Port 7 Pin Configuration
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9.8.2 Register Description

Table 9.12 summarizes the port 7 register. Port 7 is an input-only port, so it has no data direction
register.

Table 9.12 Port 7 Data Register

Address* Name Abbreviation R/W Initial Value
H'FFCE Port 7 data register P7DR R Undetermined
Note: * Lower 16 bits of the address.

Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P77 ‘ P76 ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P71 ‘ P7q ‘
Initial value —* —* — —* _* _* _* _
Read/Write R R R R R R R R

Note: * Determined by pins P77 to P7p.

When P7DR is read, the logic level of the pin is always read. No data can be written to.
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9.9 Port 8

9.9.1 Overview

Port 8 is a 5-bit input/output port that is also used for CS; to CS, output, RFSH output, and IRQ;
to IRQy input. Figure 9.8 shows the pin configuration of port 8.

In modes 1 to 6 (expanded modes), port 8 can provide CS; to CS, output, RFSH output, and IRQ,
to IRQy input. See table 9.14 for the selection of pin functions in expanded modes.

In mode 7 (single-chip mode), port 8 can provide IRQ; to IRQy input. See table 9.15 for the
selection of pin functions in single-chip mode.

The IRQ; to IRQ, functions are selected by IER settings, regardless of whether the pin is used for
input or output. For details see section 5, Interrupt Controller.

Pins in port 8 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Pins P8, to P8, have Schmitt-trigger inputs.

Port 8 pins Pin functions in modes 1to 6
(expanded modes)

l«— P8,/CS, P8, (input)/CS, (output)

l=— P83/CS;/IRQ; P85 (input)/CS; (output)/ TRQ5 (input)

Port8 [=— P8,/CS,/IRQ, P8, (input)/CS, (output)/IRQ, (input)
l«— P8,/CS3/IRQ; P8, (input)/CS3 (output)/ TRQ; (input)
— P8y/RFSH/IRQ, P8, (input/output) RFSH (output)/TRQ (input)

Pin functions in mode 7
(single-chip mode)

P8,4/(input/output)

P8 /(input/output)/ TRQ5 (input)
P8, /(input/output)/ TRQ,, (input)
P8, /(input/output)/ TRQ; (input)
P8,/(input/output)/ TRQ (input)

Figure 9.8 Port 8 Pin Configuration
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9.9.2 Register Descriptions
Table 9.13 summarizes the registers of port 8.

Table 9.13 Port 8 Registers

Initial Value
Address* Name Abbreviation R/W Mode1to4 Mode5to7
H'FFCD Port 8 data direction P8DDR w H'FO H'EO
register
H'FFCF Port 8 data register P8DR R/W H'EO H'EO

Note: * Lower 16 bits of the address.

Port 8 Data Direction Register (PSDDR)
P8DDR is an 8-bit write-only register that can select input or output for each pin in port 8.

Bits 7 to 5 are reserved. They cannot be modified and are always read as 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ P84DDR‘ P83DDR ‘ P8,DDR ‘ P81DDR‘ P80DDR‘
Modes{ Initial value 1 1 1 1 0 0 0 0
104 | Read/Write — — — W W W W W
Modes{ Initial value 1 1 1 0 0 0 0 0
St07 | ReadWrite — — — W W W W W
Reser\‘/ed bits Port 8 data di‘rection 4t00

These bits select input or
output for port 8 pins

Modes 1 to 6 (Expanded Modes): When bits in PSDDR bit are set to 1, P84 to P8, become CS, to
CS; output pins. When bits in PSDDR are cleared to 0, the corresponding pins become input ports.
In modes 1 to 4 (expanded modes with on-chip ROM disabled), following a reset only CS, is
output. The other three pins are input ports. In modes 5 and 6 (expanded modes with on-chip
ROM enabled), following a reset all four pins are input ports.

When the refresh controller is enabled, P8 is used unconditionally for RFSH output. When the
refresh controller is disabled, P8, becomes a generic input/output port according to the PSDDR
setting. For details see table 9.15.
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Mode 7 (Single-Chip Mode): Port § is a generic input/output port. A pin in port 8 becomes an
output port if the corresponding PSDDR bit is set to 1, and an input port if this bit is cleared to 0.

P8DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P8DDR is initialized to H'FO in modes 1 to 4 and H'EO in modes 5 to 7 by a reset and in hardware
standby mode. In software standby mode it retains its previous setting, so if a PSDDR bit is set to
1 while port 8 acts as an I/O port, the corresponding pin maintains its output state in software
standby mode.

Port 8 Data Register (PSDR)

P8DR is an 8-bit readable/writable register that stores output data for pins P84 to P8,. While port 8
acts as an output port, the value of this register is output. When a bit in PSDDR is set to 1, if port 8
is read the value of the corresponding P8DR bit is returned. When a bit in PSDDR is cleared to 0,
if port 8 is read the corresponding pin level is read.

Bits 7 to 5 are reserved. They cannot be modified and always are read as 1.

Bit 7 6 5 4 3 2 1 0
. — | — | — | pe.| Pes | Pe, | P8y | P8y |
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8data4to 0

These bits store data
for port 8 pins

P8DR is initialized to H'EO by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table 9.14 Port 8 Pin Functions in Modes 1 to 6

Pin Pin Functions and Selection Method
P84/CSo Bit P84DDR selects the pin function as follows
P84sDDR 0 1
Pin function P8, input CSo output
P83/CS4/IRQ; Bit P83DDR selects the pin function as follows
P8:DDR 0 1
Pin function P8; input CS; output
IRQs3 input
P8,/CS./IRQ, Bit P8,DDR selects the pin function as follows

P8,DDR

0 1

Pin function

P8, input CS; output

IRQ2 input

P84/CSs/IRQ4

Bit P81DDR selects the pin function as follows

P84DDR

0 1

Pin function

P8, input CS:; output

1RQy input

P8o/RFSH/IRQ

Bit RFSHE in RF

SHCR and bit P8oDDR select the pin function as follows

RFSHE 0 1
P8,DDR 0 1 —
Pin function P8o input P8¢ output RFSH output

TRQp input
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Table 9.15 Port 8 Pin Functions in Mode 7

Pin Pin Functions and Selection Method
P84 Bit P84DDR selects the pin function as follows
P84sDDR 0 1
Pin function P84 input P84 output
P83/1IRQ; Bit P83DDR selects the pin function as follows
P8:DDR 0 1
Pin function P83 input P83 output
TRQ3 input
P8./IRQ. Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8, input P8, output
TRQ; input
P84/IRQy Bit P81DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8+ input P81 output
IRQy input
P80/IRQo Bit P8,DDR select the pin function as follows
P8,DDR 0 1
Pin function P8o input P80 output

TRQy input
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9.10 Port 9

9.10.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output (TxD,, TxD;, RxDy, RxD,
SCK,, SCK) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQs
and IRQ, input. See table 9.17 for the selection of pin functions.

The IRQs and IRQ, functions are selected by IER settings, regardless of whether the pin is used
for input or output. For details see section 5, Interrupt Controller.

Port 9 has the same set of pin functions in all operating modes. Figure 9.9 shows the pin
configuration of port 9.

Pins in port 9 can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair.

Port 9 pins

«—= P95 (input/output)/SCK; (input/output)/IRQs (input)
= P9, (input/output)/SCK, (input/output)/IRQ, (input)
—— P95 (input/output)/RxD; (input)

Port 9
—— P9, (input/output)/RxDq (input)
~——> P9, (input/output)/TxD4 (output)

~—— P9, (input/output)/TxDq (output)

Figure 9.9 Port 9 Pin Configuration
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9.10.2  Register Descriptions
Table 9.16 summarizes the registers of port 9.

Table 9.16 Port 9 Registers

Address* Name Abbreviation R/W Initial Value
H'FFDO Port 9 data direction register PO9DDR w H'CO
H'FFD2 Port 9 data register PODR R/W H'CO

Note: * Lower 16 bits of the address.

Port 9 Data Direction Register (PO9DDR)
P9DDR is an 8-bit write-only register that can select input or output for each pin in port 9.

Bits 7 and 6 are reserved. They cannot be modified and are always read as 1.

Bit 7 6 5 4 3 2 1 0

‘ PA; ‘ PAg ‘ PAs ‘ PA4 ‘ PA3 ‘ PA, ‘ PA, ‘ PAg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W 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

While port 9 acts as an I/O port, a pin in port 9 becomes an output port if the corresponding
PO9DDR bit is set to 1, and an input port if this bit is cleared to 0. For selecting the pin function, see
table 9.17.

P9DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

P9DDR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a P9DDR bit is set to 1 while port 9 acts as an I/O port, the
corresponding pin maintains its output state in software standby mode.
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Port 9 Data Register (P9DR)

P9DR is an 8-bit readable/writable register that stores output data for pins P95 to P9,. While port 9
acts as an output port, the value of this register is output. When a bit in P9DDR is set to 1, if port 9
is read the value of the corresponding P9DR bit is returned. When a bit in PODDR is cleared to 0,
if port 9 is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95 ‘ P9, ‘ P93 ‘ P9, ‘ P9, ‘ P9, ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Port 9data5to 0

These bits store data
for port 9 pins

Bits 7 and 6 are reserved. They cannot be modified and are always read as 1.

PI9DR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table 9.17 Port 9 Pin Functions

Pin

Pin Functions and Selection Method

P95/SCK+/IRQs

Bit C/A in SMR of SCI1, bits CKEO and CKE1 in SCR of SCI1, and bit P9sDDR
select the pin function as follows

CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P9sDDR 0 1 — — —
Pin function P95 P95 SCKj SCK; SCKj
input output output output input
IRQs input

P94/SCKy/IRQ4

Bit C/A in SMR of SCIO, bits CKEO and CKE1 in SCR of SCIO0, and bit P94DDR
select the pin function as follows

CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
P94,DDR 0 1 — — —
Pin function P9, P94 SCKo SCKo SCKo
input output output output input
TRQq input
P93/RxD+ Bit RE in SCR of SCI1 and bit P93DDR select the pin function as follows
RE 0 1
P9;DDR 0 1 —
Pin function P93 input P93 output RxD1 input
P9,/RxDg Bit RE in SCR of SCIO, bit SMIF in SCMR, and bit P9;DDR select the pin

function as follows

SMIF 0 1

RE 0 1 —
P9,DDR 0 1 — —

Pin function P92 input P92 output RxDo input RxDg input
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Pin Pin Functions and Selection Method
P94/TxD+ Bit TE in SCR of SCI1 and bit P91DDR select the pin function as follows
TE 0 1
P9.DDR 0 1 —
Pin function P91 input P91 output TxD4 output
P9o/TxDo Bit TE in SCR of SCIO0, bit SMIF in SCMR, and bit P9¢DDR select the pin

function as follows

SMIF 0 1

TE 0 1 —
P9.DDR 0 1 — —

Pin function P9 input P9, output TxDo output | TxDg output*

Note: * Functions as the TxDo output pin, but there are two states: one in which
the pin is driven, and another in which the pin is at high-impedance.
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9.11 Port A

9.11.1  Overview

Port A is an 8-bit input/output port that is also used for output (TP to TP,) from the
programmable timing pattern controller (TPC), input and output (TIOCB,, TIOCA,, TIOCB;,
TIOCA,, TIOCB,, TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit integrated timer
unit (ITU), output (TEND;, TEND,) from the DMA controller (DMAC), CS, to CS; output, and
address output (Ay; to Ajg). A reset or hardware standby leaves port A as an input port, except that
in modes 3, 4, and 6, one pin is always used for A,, output. For selecting the pin function, see
table 9.19. Usage of pins for TPC, ITU, and DMAC input and output is described in the sections
on those modules. For output of address bits Ay; to A,; in modes 3, 4, and 6, see section 6.2.5, Bus
Release Control Register (BRCR). For output of CS, to CSg in modes 1 to 6, see section 6.3.2,
Chip Select Signals. Pins not assigned to any of these functions are available for generic
input/output. Figure 9.10 shows the pin configuration of port A.

Pins in port A can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair. Port A has Schmitt-trigger inputs.
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Port A

Port A pins

PAITP7/TIOCB,/A 5o
PAG/TPg/TIOCA,/A,,/CS,
PA/TP5/TIOCB;/A5,/CSs
PA 4/TP,4/TIOCA;/A,3/CSg
PA3/TP3/TIOCB/TCLKD
PA,ITP,/TIOCA,/TCLKC
PA4/TP,/TEND,/TCLKB
PA /TPy /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; (input/output)/TP5 (output)/TIOCB ; (input/output)/CSs(output)

PA, (input/output)/TP, (output)/TIOCA ; (input/output)/CSg(output)

PA 3 (input/output)/TP3 (output)/TIOCB g (input/output)/TCLKD (input)

PA, (input/output)/TP, (output)/TIOCA g (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 »; (output)/CS, (output)
PA 5 (input/output)/TPs (output)/TIOCB 4 (input/output)/A », (output)/CSs (output)
PA , (input/output)/TP, (output)/TIOCA ; (input/output)/A 53 (output)/CSg (output)
PA 3 (input/output)/TP3 (output)/TIOCB g (input/output)/TCLKD (input)

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

PA  (input/output)/ TPy (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)

PAg (input/output)/TPs (output)/TIOCB; (input/output)

PA4 (input/output)/TP,4 (output)/TIOCA; (input/output)

PAgz (input/output)/TP3 (output)/TIOCBy, (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)/TPy (output)/TEND, (output)/ TCLKA (input)

Figure 9.10 Port A Pin Configuration
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9.11.2  Register Descriptions
Table 9.18 summarizes the registers of port A.

Table 9.18 Port A Registers

Initial Value
Modes Modes
Address* Name Abbreviation R/W 1,2,5,and7 3,4,and 6
H'FFD1 Port A data direction PADDR W H'00 H'80
register
H'FFD3 Port A data register PADR R/W H'00 H'00

Note: * Lower 16 bits of the address.

Port A Data Direction Register (PADDR)

PADDR is an 8-bit write-only register that can select input or output for each pin in port A. When
pins are used for TPC output, the corresponding PADDR bits must also be set.

Bit 7 6 5 4 3 2 1 0
‘PA7DDR‘ PA6DDR‘ PA5DDR‘ PA4DDR‘ PA3DDR‘PA2DDR \ PAlDDR‘ PAODDR‘
g/fofes{lnitialvalue 1 0 0 0 0 0 0 0
and 6 | Read/Write — W w w w w W w
g/foche;{lnitialvalue 0 0 0 0 0 0 0 0
and 7 | Read/Write W w W w w w w w

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

While port A acts as an I/O port, a pin in port A becomes an output pin if the corresponding
PADDR bit is set to 1, and an input pin if this bit is cleared to 0. In modes 3, 4, and 6, PA;DDR is
fixed at 1 and PA; functions as an address output pin.

PADDR is a write-only register. Its value cannot be read. All bits return 1 when read.
PADDR is initialized to H'00 by a reset and in hardware standby mode in modes 1, 2, 5, and 7.

It is initialized to H'80 by a reset and in hardware standby mode in modes 3, 4, and 6. In software
standby mode it retains its previous setting. If a PADDR bit is set to 1, the corresponding pin
maintains its output state in software standby mode.
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Port A Data Register (PADR)

PADR is an 8-bit readable/writable register that stores output data for pins PA; to PA,. While port
A acts as an output port, the value of this register is output. When a bit in PADDR is set to 1, if
port A is read the value of the corresponding PADR bit is returned. When a bit in PADDR is
cleared to 0, if port A is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0

‘ PA; ‘ PAg ‘ PAs ‘ PA4 ‘ PA3 ‘ PA, ‘ PA, ‘ PAg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W 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 is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.11.3

Pin Functions

Table 9.19 describes the selection of pin functions.

Table 9.19 Port A Pin Functions

Pin Pin Functions and Selection Method
PA7/TP;/  The mode setting, ITU channel 2 settings (bit PWM2 in TMDR and bits IOB2 to IOBO in
TIOCB2/A2 TIOR2), bit NDER7 in NDERA, and bit PA;DDR in PADDR select the pin function as
follows
Mode 1,2,5,7 3,4,6
ITU
channel 2 (1) in table (2) in table below —
settings below
PA;DDR — 0 1 1 —
NDER7 — — 0 1 —
Pin function TIOCB: PA7 input PA7output | TP7output Az output
output TIOCB; input*

Note: * TIOCB; input when IOB2 = 1 and PWM2 = 0.

ITU
channel 2
settings

)

(1

)

10B2

I0B1

I0BO
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Pin

Pin Functions and Selection Method

PAs/TPs/
TIOCA/
A21/CS4

The mode setting, bit A21E in BRCR, bit CS4E in CSCR, ITU channel 2 settings (bit
PWM2 in TMDR and bits IOA2 to IOAQ in TIOR2), bit NDER6 in NDERA, and bit
PAsDDR in PADDR select the pin function as follows

Mode 1,2,5 3,4,6 7

CS4E 0 1 0 1 —

AxE — — 1 0 — —

ITU (1)in (2) in table — | (1)in (2) in table — | — | (Min (2) in table

channel 2 | table below table below table below

settings below below below

PAsDDR — 0 1 1 — — 0 1 1 — | = — 0 1 1

NDER6 — — 0 1 — — — 0 1 — | — — — 0 1

Pin TIOCA,| PAs | PAs | TPs | CS, |TIOCA;| PAs | PAs | TPs | Az | CS, |TIOCA,| PAs | PAs | TP

function output |input| out- | out- | out- | output |input| out- | out- | out- | out- | output |input| out- | out-

put | put | put put | put | put | put put | put

TIOCA; input* TIOCA; input* TIOCA; input*

Note: * TIOCA; input when IOA2 = 1.

ITU

channel 2 2) (1) (2) 1)

settings

PWM2 0 1

I10A2 0 1 —

10A1 0 0 1 — —

I0A0 0 1 — — —
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Pin

Pin Functions and Selection Method

PAs/TPs/
TIOCB./
A2,/CSs

The mode setting, bit A>2E in BRCR, bit CS5E in CSCR, ITU channel 1 settings (bit
PWM1 in TMDR and bits IOB2 to IOB0 in TIOR1), bit NDERS in NDERA, and bit

PAsDDR in PADDR select the pin function as follows

Mode 1,2,5 3,4,6 7

CS5E 0 1 0 1 —

AxnE — — 1 0 — —

ITU (1)in (2) in table — | (1)in (2) in table — | — | (Min (2) in table

channel 1 | table below table below table below

settings below below below

PAsDDR — 0 1 1 — — 0 1 1 — | — — 0 1 1

NDER5 — — 0 1 — — — 0 1 — | — — — 0 1

Pin TIOCB4| PAs | PAs | TPs | CSs |TIOCB;| PAs | PAs | TPs | Ay | CSs |TIOCB4| PAs | PAs | TPs

function output |input| out- | out- | out- | output |input| out- | out- | out- | out- | output |input| out- | out-

put | put | put put | put | put | put put | put

TIOCB; input* TIOCB; input* TIOCB; input*

Note: * TIOCB; input when IOB2 = 1 and PWM1 = 0.

ITU
channel 1
settings

@

@

10B2

10B1

10B0
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Pin

Pin Functions and Selection Method

PA4/TP4/
TIOCA./
A23/CSe

The mode setting, bit A2sE in BRCR, bit CS6E in CSCR, ITU channel 1 settings (bit
PWM1 in TMDR and bits IOA2 to IOAO in TIOR1), bit NDER4 in NDERA, and bit
PA4;DDR in PADDR select the pin function as follows

Mode 1,2,5 3,4,6 7

CS6E 0 1 0 1 —

AxE — — 1 0 — —

ITU (1)in (2) in table — | (1)in (2) in table — | — | (Min (2) in table

channel 2 | table below table below table below

settings below below below

PA,DDR — 0 1 1 — — 0 1 1 — | = — 0 1 1

NDER4 — — 0 1 — — — 0 1 — | — — — 0 1

Pin TIOCA;| PA, | PA, | TP, | CSg |TIOCA;| PA, | PA, | TP, | Ay | CSs |TIOCA,| PA, | PA, | TP,

function output |input| out- | out- | out- | output |input| out- | out- | out- | out- | output |input| out- | out-

put | put | put put | put | put | put put | put

TIOCA, input* TIOCA, input* TIOCA, input*

Note: * TIOCA1 input when IOA2 = 1.

ITU

channel 1 2) (1) (2) 1)

settings

PWM1 0 1

I10A2 0 1 —

10A1 0 0 1 — —

I0A0 0 1 — — —
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Pin

Pin Functions and Selection Method

PAs/TP3/
TIOCBo/
TCLKD

ITU channel 0 settings (bit PWMO0 in TMDR and bits IOB2 to IOBO in TIORO), bits
TPSC2 to TPSCO in TCR4 to TCRO, bit NDER3 in NDERA, and bit PA3;DDR in PADDR

select the pin function as follows

ITU channel 0 (1) in table (2) in table

settings below below

PA:DDR — 0 1 1
NDER3 — — 0 1

Pin function TIOCBg output PAs input PAs; output TP3 output

TIOCB, input*'

TCLKD input*

Notes: 1. TIOCBy input when IOB2 = 1 and PWMO = 0.
2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of TCR4 to TCRO.

ITU channel O
settings

(2)

(1)

(2)

10B2

1

I0B1

I0BO
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Pin

Pin Functions and Selection Method

PAL/TP,/
TIOCA/
TCLKC

ITU channel 0 settings (bit PWMO0 in TMDR and bits IOA2 to IOAO in TIORO), bits
TPSC2 to TPSCO in TCR4 to TCRO, bit NDER2 in NDERA, and bit PA;DDR in PADDR

select the pin function as follows

ITU channel 0 (1) in table (2) in table

settings below below

PA:DDR — 0 1 1
NDER?2 — — 0 1

Pin function I0CA, output PA: input PA; output TP2 output

TIOCA, input*'

TCLKC input*

Notes: 1. TIOCAq input when IOA2 = 1.

2. TCLKC input when TPSC2 = TPSC1 =1 and TPSCO = 0 in any of TCR4 to
TCRO.

ITU channel 0
settings

(2)

(1

(2)

(1)

PWMO

I0A2

I0A1

IOAQ

RENESAS
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PA+1/TP4/ DMAC channel 1 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR1A and DTCR1B),
TCLKB/  bit NDER1 in NDERA, and bit PA1DDR in PADDR select the pin function as follows
TEND:  [pmac (1) in table (2) in table
channel 1 below below
settings
PA:DDR — 0 1 1
NDER1 — — 0 1
Pin function TEND+ output PA1 input PA1 output TP+ output
TCLKB input*

Note: * TCLKB
TPSCO

input when MDF = 1 in TMDR, or when TPSC2 =1, TPSC1 =0, and
=1 in any of TCR4 to TCRO.

DMAC
channel 1
settings

(2)

(1 (2)

(1 ()

(1

DTS2A,
DTS1A

Not both 1

Both 1

DTSOA

DTS2B

DTS1B
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Pin Pin Functions and Selection Method
PAo/TPo/ DMAC channel 0 settings (bits DTS2/1/0A and DTS2/1/0B in DTCROA and DTCROB),
TCLKA/  bit NDERO in NDERA, and bit PA(DDR in PADDR select the pin function as follows
TENDo  [ppmac (1) in table (2) in table

channel 0 below below

settings

PA.DDR — 0 1 1

NDERO — — 0 1

Pin function TENDg output PAo input PA, output TPy output

TCLKA input*
Note: * TCLKA input when MDF = 1 in TMDR, or when TPSC2 =1 and TPSC1 =0 in
any of TCR4 to TCRO.

DMAC

channel 0 (2) (1) (2) (1) 2) (1)

settings

DTS2A, Not both 1 Both 1

DTS1A

DTSOA — 0 1 1

DTS2B 0 1 1 0 1

DTS1B — 0 1 — — — 0 1
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9.12 Port B

9.12.1 Overview

Port B is an 8-bit input/output port that is also used for output (TP,5 to TPg) from the
programmable timing pattern controller (TPC), input/output (TIOCB,, TIOCB;, TIOCA,,
TIOCA;) and output (TOCXB,, TOCXA,) by the 16-bit integrated timer unit (ITU), input
(DREQ;, DREQy) to the DMA controller (DMAC), ADTRG input to the A/D converter, and @7
output. A reset or hardware standby leaves port B as an input port. For selecting the pin function,
see table 9.21. Usage of pins for TPC, ITU, DMAC, and A/D converter input and output is
described in the sections on those modules. For output of CS; in modes 1 to 6, see section 6.3.2,
Chip Select Signals. Pins not assigned to any of these functions are available for generic
input/output. Figure 9.11 shows the pin configuration of port B.

Pins in port B can drive one TTL load and a 30-pF capacitive load. They can also drive an LED or
darlington transistor pair. Pins PB; to PB, have Schmitt-trigger inputs.
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Port B

Port B pins

PB,/TP;5/DREQ;/ADTRG
PBg/TP14/DREQ,/CS;
PBs/TP13/TOCXB,
PB4/TP1,/TOCXA,
PB4/TP1,/TIOCB,
PB,/TP1o/TIOCA,
PB,/TPy/TIOCB;

PBo/TPg/TIOCA,

Pin functions in modes 1to 6

PB- (input/output)/TP45 (output)/DREQ; (input)/ADTRG (input)
PBg (input/output)/TP4,4 (output)/DREQy (input)/CS- (output)
PBs (input/output)/TP43 (output)/ TOCXB, (output)

PB4 (input/output)/TP4, (output)/ TOCXA, (output)

PB3 (input/output)/TP4; (output)/TIOCB, (input/output)

PB, (input/output)/TP41q (output)/ TIOCA, (input/output)

PB; (input/output)/TPg (output)/TIOCB3 (input/output)

PBy (input/output)/TPg (output)/TIOCA; (input/output)

Pin functions in mode 7

PB- (input/output)/TP45 (output)/DREQ; (input)/ADTRG (input)
PBg (input/output)/TP4, (output)/DREQ (input)

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)

PBy (input/output)/TPg (output)/TIOCA3 (input/output)

Figure 9.11 Port B Pin Configuration
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9.12.2  Register Descriptions
Table 9.20 summarizes the registers of port B.

Table 9.20 Port B Registers

Address* Name Abbreviation R/W Initial Value
H'FFD4 Port B data direction register PBDDR w H'00
H'FFD6 Port B data register PBDR R/W H'00

Note: * Lower 16 bits of the address.

Port B Data Direction Register (PBDDR)

PBDDR is an 8-bit write-only register that can select input or output for each pin in port B. When
pins are used for TPC output, the corresponding PBDDR bits must also be set.

Bit 7 6 5 4 3 2 1 0
‘PB7 DDR‘ PBg DDR‘ PBs DDR‘ PB4DDR‘ PBj DDR‘PBZ DDR ‘ PB; DDR‘PBO DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

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

While port B acts as an I/O port, a pin in port B becomes an output pin if the corresponding
PBDDR bit is set to 1, and an input pin if this bit is cleared to 0.

PBDDR is a write-only register. Its value cannot be read. All bits return 1 when read.

PBDDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. If a PBDDR bit is set to 1 while port B acts as an I/O port, the
corresponding pin maintains its output state in software standby mode.
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Port B Data Register (PBDR)

PBDR is an 8-bit readable/writable register that stores output data for pins PB7 to PB0. While port
B acts as an output port, the value of this register is output. When a bit in PBDDR is set to 1, if
port B is read the value of the corresponding PBDR bit is returned. When a bit in PBDDR is
cleared to 0, if port B is read the corresponding pin level is read.

Bit 7 6 5 4 3 2 1 0

‘ PB~; ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB, ‘ PB, ‘ PBg ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W 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

PBDR is initialized to H'00 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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9.12.3  Pin Functions
Table 9.21 describes the selection of pin functions.

Table 9.21 Port B Pin Functions

Pin Pin Functions and Selection Method

PB7/TP1s/  DMAC channel 1 settings (bits DTS2/1/0A and DTS2/1/0B in DTCR1A and DTCR1B),
DREQ/ bit TRGE in ADCR, bit NDER15 in NDERB, and bit PB7DDR in PBDDR select the pin

ADTRG function as follows
PB;DDR 0 1 1
NDER15 — 0 1
Pin function PB7 input PB7 output TP15 output

DREQ; input*'

ADTRG input*?

Notes: 1. DREQq input under DMAC channel 1 settings (1) in the table below.
2. ADTRG input when TRGE = 1.

DMAC

channel (2) (1) (2) (1) 2) )
1 settings

DTS2A, DTS1A Not both 1 Both 1

DTSOA — 0 0 1 1 1
DTS2B 0 1 1 0 1 0 1 1
DTS1B — 0 1 — — — 0 1
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Pin Pin Functions and Selection Method
PBs/TP14/  Bit CS7E in CSCR, DMAC channel 0 settings (bits DTS2/1/0A and DTS2/1/0B in
DREQo/ DTCROA and DTCROB), bit NDER14 in NDERB, and bit PBsDDR in PBDDR select the
CSy pin function as follows
PBsDDR 1 —
CS7E 0 0 1
NDER14 — 0 —
Pin function PBe input PBe output TP14 output —
DREQ input* CS; output
Note: * DREQg input under DMAC channel 0 settings (1) in the table below.
DMAC
channel 0 (2) 1) (2) 1) (2) )
settings
DTS2A, DTS1A Not both 1 Both 1
DTS0A — 0 1 1 1
DTS2B 0 1 0 1
DTS1B — 0 1 — — — 0 1
PBs/TP13/  ITU channel 4 settings (bit CMD1 in TFCR and bit EXB4 in TOER), bit NDER13 in
TOCXB4 NDERB, and bit PBsDDR in PBDDR select the pin function as follows
EXB4, CMD1 Not both 1 Both 1
PBsDDR 0 1 1 —
NDER13 — 0 1 —
Pin function PBs input PBs output TP13 output | TOCXB4 output
PB4/TP12/  ITU channel 4 settings (bit CMD1 in TFCR and bit EXA4 in TOER), bit NDER12 in
TOCXA4 NDERB, and bit PBsDDR in PBDDR select the pin function as follows

EXA4, CMD1 Not both 1 Both 1
PBsDDR 0 1 1 —
NDER12 — 0 1 —

Pin function PB4 input PB4 output TP12 output | TOCXA4 output
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Pin Pin Functions and Selection Method
PBs/TP44/ ITU channel 4 settings (bit PWM4 in TMDR, bit CMD1 in TFCR, bit EB4 in TOER, and
TIOCB4 bits IOB2 to IOBO0 in TIOR4), bit NDER11 in NDERB, and bit PB3DDR in PBDDR
select the pin function as follows
ITU channel 4 (1) in table (2) in table
settings below below
PBsDDR — 0 1 1
NDER11 — — 0 1
Pin function TIOCB4 output PB3 input PBs output TP11 output
TIOCBg input*
Note: * TIOCB4 input when CMD1 = PWM4 = 0 and I0B2 = 1.
ITU channel 4
settings (2) (2) 1) (2) (1)
EB4 0 1
CMD1 — 0 1
10B2 — 0 1 —
10B1 — — —
I0B0O — 1 — — —
PB2/TP1o/ ITU channel 4 settings (bit CMD1 in TFCR, bit EA4 in TOER, bit PWM4 in TMDR, and
TIOCA4 bits IOA2 to IOAQ in TIOR4), bit NDER10 in NDERB, and bit PB.DDR in PBDDR

select the pin function as follows

ITU channel 4
settings

(1) in table
below

(2) in table
below

PB.DDR

0

1

NDER10

0

Pin function

TIOCA4 output

PB2 input

PB2 output

TP10 output

TIOCA input*

Note: * TIOCA4 input when CMD1 = PWM4 = 0 and IOA2 = 1.

ITU channel 4
settings

() )

(1)

)

EA4

0

CMD1

PWM4

I0A2

I0A1

IOAO
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Pin Pin Functions and Selection Method
PB1/TPo/  ITU channel 3 settings (bit PWM3 in TMDR, bit CMD1 in TFCR, bit EB3 in TOER, and
TIOCB3 bits IOB2 to IOB0 in TIOR3), bit NDER9 in NDERB, and bit PB1DDR in PBDDR select
the pin function as follows
ITU channel 3 (1) in table (2) in table
settings below below
PB1DDR — 0 1 1
NDER9 — — 0 1
Pin function TIOCB; output PB1 input PB1 output TPy output
TIOCBs input*
Note: * TIOCB3 input when CMD1 = PWM3 = 0 and I0B2 = 1.
ITU channel 3
settings (2) (2) (1) (2) (1)
EB3 0 1
CMD1 — 0 1
I0B2 — 0 1 —
I0B1 — — —
I0B0O — 1 — — —
PBo/TPg/  ITU channel 3 settings (bit CMD1 in TFCR, bit EA3 in TOER, bit PWM3 in TMDR, and
TIOCA; bits IOA2 to IOA0 in TIOR3), bit NDERS8 in NDERB, and bit PB,DDR in PBDDR select

the pin function as follows

ITU channel 3 (1) in table (2) in table

settings below below

PBoDDR — 0 1 1

NDERS8 — — 0 1

Pin function TIOCA; output PBy input PBo output TPg output
TIOCA;3 input*

Note: * TIOCA3 input when CMD1 = PWM3 = 0 and IOA2 = 1.

ITU channel 3
settings

() )

(1)

)

EA3

0

CMD1

PWM3

I0A2

I0A1

IOAO
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10.1

Section 10 16-Bit Integrated Timer Unit (ITU)

Overview

The H8/3048 Group has a built-in 16-bit integrated timer unit (ITU) with five 16-bit timer
channels.

When the ITU is not used, it can be independently halted to conserve power. For details see
section 21.6, Module Standby Function.

10.1.1

Features

ITU features are listed below.

* Capability to process up to 12 pulse outputs or 10 pulse inputs

* Ten general registers (GRs, two per channel) with independently-assignable output compare or
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 2)
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 (TCNTSs) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
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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e Three additional modes selectable in channels 3 and 4
O Reset-synchronized PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
complementary waveforms.

0 Complementary PWM mode

If channels 3 and 4 are combined, three-phase PWM output is possible with three pairs of
non-overlapping complementary waveforms.

O Buffering

Input capture registers can be double-buffered. Output compare registers can be updated
automatically.

» High-speed access via internal 16-bit bus

The 16-bit timer counters, general registers, and buffer registers can be accessed at high speed
via a 16-bit bus.

» Fifteen interrupt sources

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

e Activation of DMA controller (DMAC)

Four of the compare match/input capture interrupts from channels 0 to 3 can start the DMAC.
*  Qutput triggering of programmable timing pattern controller (TPC)

Compare match/input capture signals from channels 0 to 3 can be used as TPC output triggers.
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Table 10.1 summarizes the ITU functions.

Table 10.1 ITU Functions

Item

Channel 0

Channel 1

Channel 2

Channel 3

Channel 4

Clock sources

Internal clocks: @, @/2, ¢/4, @8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable independently

General registers GRAO, GRBO GRA1,GRB1 GRA2,GRB2 GRA3,GRB3 GRA4, GRB4

(output compare/input

capture registers)

Buffer registers — — — BRAS3, BRB3 BRA4, BRB4

Input/output pins TIOCA,, TIOCA,, TIOCA,, TIOCAs, TIOCA,,

TIOCByg TIOCB; TIOCB; TIOCB;3 TIOCB4

Output pins — — — — TOCXA,,
TOCXB,4

Counter clearing function GRAO/GRBO  GRA1/GRB1 GRA2/GRB2 GRA3/GRB3 GRA4/GRB4

compare match
or input capture

compare match
or input capture

compare match
or input capture

compare match
or input capture

compare match
or input capture

Compare match 0

output 1

Toggle

Input capture function

Synchronization

PWM mode

O0/0/0|0|0|0O

O0/0/0|0|0|0O

Reset-synchronized
PWM mode

[elNelNelNelNolNoANO]

O|O0|0O|0O|0O|0O|0o

Complementary PWM
mode

o

o

Phase counting mode

0]

Buffering

0]

DMAC activation

GRAO compare
match or input
capture

GRA1 compare
match or input
capture

GRA2 compare
match or input
capture

GRAS3 compare
match or input
capture

Interrupt sources

Three sources

. Compare
match/input
capture AO

. Compare
match/input
capture BO

¢ Overflow

Three sources

. Compare
match/input
capture A1

. Compare
match/input
capture B1

¢ Overflow

Three sources

* Compare
match/input
capture A2

e« Compare
match/input
capture B2

* Overflow

Three sources

. Compare
match/input
capture A3

. Compare
match/input
capture B3

¢ Overflow

Three sources

. Compare
match/input
capture A4

. Compare
match/input
capture B4

¢ Overflow

Legend
0: Available
Not available
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10.1.2  Block Diagrams

ITU Block Diagram (Overall): Figure 10.1 is a block diagram of the ITU.

TCLKA to TCLKD IMIAO to IMIA4
— Clock selector | > IMIBO to IMIB4
¢ @2, g4, @8 > OVIO to OVI4
TOCXA,4, TOCXB, < Control logic
TIOCA, to TIOCA,
TIOCB, to TIOCB, < _
<] TOER K>
< ™ N — o
3| || |v|l|lTl]|w <] TOCR K>
[y oy o c oy
C C C C C ©
SI1E11&81&|8 <] TSTR KA &
(8] [&] [&] [&] (&) &
EI|E||E||E||E <] TsNe K K>
=l l=]l=l|l=]||= ”
Sl a2 |2 |2 <] TMDR K @
[{e] [{e] [{e] [{e] (o]
— — — — —
<] 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)

Internal data bus

Figure 10.1 ITU Block Diagram (Overall)
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Block Diagram of Channels 0 and 1: ITU channels 0 and 1 are functionally identical. Both have
the structure shown in figure 10.2.

TCLKA to TCLKD > ~— TIOCAq
Clock selector = TIOCB
0 @2, g4 @8 _
Control logic
— IMIAO
Comparator — IMIBO
— OVIO
E s o o
Zllzl|a Sllolldl|®
Module data bus
Legend
TCNT: Timer counter (16 bits)
GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits x 2)
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 Channels 0 and 1 (for Channel 0)
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Block Diagram of Channel 2: Figure 10.3 is a block diagram of channel 2. This is the channel
that provides only 0 output and 1 output.

TCLKA to TCLKD 1

? @2, ¢4, '8

Legend

TCNT2:
GRA2, GRB2:

TCR2:
TIOR2:
TIER2:
TSR2:

Clock selector

)

Comparator

Control logic

0

TCNT2
GRA2
GRB2

Q

0

TCR2
TIOR2

TIER2

TSR2

[0]

Module data bus

TIOCA,
TIOCB,

IMIA2
IMIB2
ovi2

Timer counter 2 (16 bits)

General registers A2 and B2 (input capture/output compare registers)

(16 bits x 2)

Timer control register 2 (8 bits)

Timer 1/O control register 2 (8 bits)
Timer interrupt enable register 2 (8 bits)

Timer status register 2 (8 bits)

Figure 10.3 Block Diagram of Channel 2
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Block Diagrams of Channels 3 and 4: Figure 10.4 is a block diagram of channel 3. Figure 10.5 is
a block diagram of channel 4.

TCLKA to = TIOCA3
TCLKD D [~ '|'|OCB3
o2 Clock selector
Q, )
@4, g8 — Control logic
Comparator :m:g‘g
— OVI3
™ ™ ™
= QL2 8 @ Y o o &
5 | B 2] | 6] || E]|&
st m O [a] ] = = [ =

Legend

TCNT3:
GRA3, GRB3:

BRA3, BRB3:

TCR3:
TIORS:
TIERS:
TSRS3:

Q 0 000

Module data bus

Timer counter 3 (16 bits)

General registers A3 and B3 (input capture/output compare registers)

(16 bits x 2)

Buffer registers A3 and B3 (input capture/output compare buffer registers)
(16 bits x 2)

Timer control register 3 (8 bits)

Timer 1/O control register 3 (8 bits)

Timer interrupt enable register 3 (8 bits)

Timer status register 3 (8 bits)

Figure 10.4 Block Diagram of Channel 3
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TCLKA to TOCXA,4
TCLKD — TOCXB,
Clock selector
Q, (p/2, D TlOCA4
@4, @8 Control logic TIOCB,
IMIA4
Comparator IMIB4
ovi4
< < <
el 3 I3 ozl |&
ISR 12112 | &[5 & |8
2| @ O||m o|llF||EI|F]|F
Module data bus
Legend
TCNT4: Timer counter 4 (16 bits)
GRA4, GRB4: General registers A4 and B4 (input capture/output compare registers)
(16 bits x 2)
BRA4, BRB4: Buffer registers A4 and B4 (input capture/output compare buffer registers)
(16 bits x 2)
TCRA4: Timer control register 4 (8 bits)
TIORA4: Timer 1/O control register 4 (8 bits)
TIER4: Timer interrupt enable register 4 (8 bits)
TSRA4: Timer status register 4 (8 bits)

Figure 10.5 Block Diagram of Channel 4
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10.1.3  Input/Output Pins
Table 10.2 summarizes the ITU pins.

Table 10.2 ITU Pins

Abbre-  Input/

Channel Name viation  Output Function
Common Clock input A TCLKA  Input External clock A input pin
(phase-A input pin in phase counting mode)
Clock input B TCLKB  Input External clock B input pin
(phase-B input pin in phase counting mode)

Clock input C TCLKC  Input External clock C input pin
Clock input D TCLKD  Input External clock D input pin

0 Input capture/output  TIOCA;  Input/ GRAQO output compare or input capture pin
compare AO output  PWM output pin in PWM mode
Input capture/output  TIOCBy  Input/ GRBO output compare or input capture pin
compare BO output

1 Input capture/output TIOCA:  Input/ GRA1 output compare or input capture pin
compare A1 output  PWM output pin in PWM mode
Input capture/output  TIOCB1  Input/ GRB1 output compare or input capture pin
compare B1 output

2 Input capture/output TIOCA,  Input/ GRA2 output compare or input capture pin
compare A2 output  PWM output pin in PWM mode
Input capture/output TIOCB, Input/ GRB2 output compare or input capture pin
compare B2 output

3 Input capture/output  TIOCA3  Input/ GRA3 output compare or input capture pin
compare A3 output  PWM output pin in PWM mode,
Input capture/output TIOCB3;  Input/ GRB3 output compare or input capture pin
compare B3 output  PWM output pin in complementary PWM

4 Input capture/output TIOCAs  Input/ GRA4 output compare or input capture pin
compare A4 output  PWM output pin in PWM mode,

Input capture/output  TIOCB4  Input/ GRB4 output compare or input capture pin
compare B4 output  PWM output pin in complementary PWM

Output compare XA4 TOCXA; Output PWM output pin in complementary PWM
mode or reset-synchronized PWM mode

Output compare XB4 TOCXBs; Output PWM output pin in complementary PWM
mode or reset-synchronized PWM mode
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10.1.4  Register Configuration

Table 10.3 summarizes the ITU registers.

Table 10.3 ITU Registers

Abbre- Initial
Channel Address*' Name viation R/W Value
Common H'FF60 Timer start register TSTR R/W H'EO
H'FF61 Timer synchro register TSNC R/W H'EO
H'FF62 Timer mode register TMDR R/W H'80
H'FF63 Timer function control register TFCR R/W H'CO
H'FF90 Timer output master enable register TOER R/W H'FF
H'FF91 Timer output control register TOCR R/W HFF
0 H'FF64 Timer control register 0 TCRO R/W H'80
H'FF65 Timer I/O control register 0 TIORO R/W H'88
H'FF66 Timer interrupt enable register 0 TIERO R/W H'F8
H'FF67 Timer status register 0 TSRO R/(W)**  HF8
H'FF68 Timer counter 0 (high) TCNTOH R/W H'00
H'FF69 Timer counter 0 (low) TCNTOL RMW H'00
H'FFB6A General register AO (high) GRAOH R/W H'FF
H'FF6B General register AO (low) GRAOL R/W HFF
H'FF6C General register BO (high) GRBOH R/W H'FF
H'FF6D General register BO (low) GRBOL R/W HFF
1 H'FF6E Timer control register 1 TCR1 R/W H'80
H'FF6F Timer 1/O control register 1 TIOR1 R/W H'88
H'FF70 Timer interrupt enable register 1 TIER1 R/W H'F8
H'FF71 Timer status register 1 TSR1 R/(W)*2 H'F8
H'FF72 Timer counter 1 (high) TCNT1H R/W H'00
H'FF73 Timer counter 1 (low) TCNTIL RW H'00
H'FF74 General register A1 (high) GRA1H R/W HFF
H'FF75 General register A1 (low) GRA1L R/W H'FF
H'FF76 General register B1 (high) GRB1H R/W HFF
H'FF77 General register B1 (low) GRB1L R/W H'FF
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Abbre- Initial
Channel Address*' Name viation R/W Value
2 H'FF78 Timer control register 2 TCR2 R/W H'80
H'FF79 Timer I/O control register 2 TIOR2 R/W H'88
H'FF7A Timer interrupt enable register 2 TIER2 R/W H'F8
H'FF7B Timer status register 2 TSR2 R/(W)*2 H'F8
HFF7C Timer counter 2 (high) TCNT2H R/W H'00
H'FF7D Timer counter 2 (low) TCNT2L R/W H'00
H'FF7E General register A2 (high) GRA2H R/W HFF
H'FF7F General register A2 (low) GRA2L R/W H'FF
H'FF80 General register B2 (high) GRB2H R/W HFF
H'FF81 General register B2 (low) GRB2L R/W H'FF
3 H'FF82 Timer control register 3 TCR3 R/W H'80
H'FF83 Timer 1/O control register 3 TIOR3 R/W H'88
H'FF84 Timer interrupt enable register 3 TIER3 R/W H'F8
H'FF85 Timer status register 3 TSR3 R/(W)**  HF8
H'FF86 Timer counter 3 (high) TCNT3H R/W H'00
H'FF87 Timer counter 3 (low) TCNT3L RMW H'00
H'FF88 General register A3 (high) GRA3H R/W H'FF
H'FF89 General register A3 (low) GRA3L R/W HFF
H'FF8A General register B3 (high) GRB3H R/W H'FF
H'FF8B General register B3 (low) GRB3L R/W HFF
H'FF8C Buffer register A3 (high) BRA3H R/W H'FF
H'FF8D Buffer register A3 (low) BRA3L R/W HFF
H'FF8E Buffer register B3 (high) BRB3H R/W H'FF
H'FF8F Buffer register B3 (low) BRB3L R/W HFF
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Abbre- Initial
Channel Address*' Name viation R/W Value
4 H'FF92 Timer control register 4 TCR4 R/W H'80
H'FF93 Timer 1/O control register 4 TIOR4 R/W H'88
H'FF94 Timer interrupt enable register 4 TIER4 R/W H'F8
H'FF95 Timer status register 4 TSR4 R/(W)*2 H'F8
H'FF96 Timer counter 4 (high) TCNT4H R/W H'00
H'FF97 Timer counter 4 (low) TCNT4L RW H'00
H'FF98 General register A4 (high) GRA4H R/W HFF
H'FF99 General register A4 (low) GRAA4L R/W H'FF
H'FFOA General register B4 (high) GRB4H R/W HFF
H'FF9B General register B4 (low) GRB4L R/W H'FF
H'FFOC Buffer register A4 (high) BRA4H R/W HFF
H'FF9D Buffer register A4 (low) BRA4L R/W H'FF
H'FF9E Buffer register B4 (high) BRB4H R/W H'FF
H'FFOF Buffer register B4 (low) BRB4L R/W HFF

Notes: 1. Lower 16 bits of the address.
2. Only 0 can be written, to clear flags.
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10.2  Register Descriptions

10.2.1  Timer Start Register (TSTR)

TSTR is an 8-bit readable/writable register that starts and stops the timer counter (TCNT) in
channels 0 to 4.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ STR4 ‘ STR3 ‘ STR2 ‘ STR1 ‘ STRO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Counter start 4to 0
These bits start and
stop TCNT4 to TCNTO

TSTR is initialized to H'EO by a reset and in standby mode.
Bits 7 to 5—Reserved: Read-only bits, always read as 1.

Bit 4—Counter Start 4 (STR4): Starts and stops timer counter 4 (TCNT4).

Bit 4: STR4 Description
0 TCNT4 is halted (Initial value)
1 TCNT4 is counting

Bit 3—Counter Start 3 (STR3): Starts and stops timer counter 3 (TCNT3).

Bit 3: STR3 Description
0 TCNT3 is halted (Initial value)
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 (Initial value)
1 TCNT2 is counting
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Bit 1—Counter Start 1 (STR1): Starts and stops timer counter 1 (TCNT1).

Bit 1: STR1 Description
0 TCNT1 is halted (Initial value)
1 TCNT1 is counting

Bit 0—Counter Start 0 (STRO): Starts and stops timer counter 0 (TCNTO).

Bit 0: STRO Description
0 TCNTO is halted (Initial value)
1 TCNTO is counting

10.2.2  Timer Synchro Register (TSNC)

TSNC is an 8-bit readable/writable register that selects whether channels 0 to 4 operate
independently or synchronously. Channels are synchronized by setting the corresponding bits to 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ SYNC4 ‘ SYNC3 ‘ SYNC2 ‘ SYNC1 ‘ SYNCO ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Timer sync4to 0

These bits synchronize
channels 4t0 0

TSNC is initialized to H'EO by a reset and in standby mode.
Bits 7 to 5—Reserved: Read-only bits, always read 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 (Initial value)
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 3—Timer Sync 3 (SYNC3): Selects whether channel 3 operates independently or

synchronously.
Bit 3: SYNC3 Description
0 Channel 3’s timer counter (TCNT3) operates independently (Initial value)

TCNT3 is preset and cleared independently of other channels

Channel 3 operates synchronously
TCNT3 can be synchronously preset and cleared

Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or

synchronously.
Bit 2: SYNC2 Description
0 Channel 2’s timer counter (TCNT2) operates independently (Initial value)

TCNT2 is preset and cleared independently of other channels

Channel 2 operates synchronously
TCNT2 can be synchronously preset and cleared

Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or

synchronously.
Bit 1: SYNC1 Description
0 Channel 1’s timer counter (TCNT1) operates independently (Initial value)

TCNT1 is preset and cleared independently of other channels

Channel 1 operates synchronously
TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO0): Selects whether channel 0 operates independently or

synchronously.
Bit 0: Bit 0 Description
0 Channel 0’s timer counter (TCNTO) operates independently (Initial value)

TCNTO is preset and cleared independently of other channels

Channel 0 operates synchronously
TCNTO can be synchronously preset and cleared
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10.2.3  Timer Mode Register (TMDR)

TMDR is an 8-bit readable/writable register that selects PWM mode for channels 0 to 4. It also
selects phase counting mode and the overflow flag (OVF) setting conditions for channel 2.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ MDF ‘ FDIR ‘ PWM4 ‘ PWM3 ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

PWM mode 4to 0
These bits select PWM
mode for channels 4t0 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

TMDR is initialized to H'80 by a reset and in standby mode.
Bit 7—Reserved: Read-only bit, always read as 1.

Bit 6—Phase Counting Mode Flag (MDF): Selects whether channel 2 operates normally or in
phase counting mode.

Bit 6: MDF Description
0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in phase counting mode

Rev. 7.00 Sep 21, 2005 page 330 of 878
REJ09B0259-0700

RENESAS



Section 10 16-Bit Integrated Timer Unit (ITU)

When MDF is set to 1 to select phase counting mode, TCNT2 operates as an up/down-counter and
pins TCLKA and TCLKB become counter clock input pins. TCNT2 counts both rising and falling
edges of TCLKA and TCLKB, and counts up or down as follows.

Counting Direction Down-Counting Up-Counting
TCLKA pin N High ! Low N Low ! High
TCLKB pin Low t High ! High ! Low |

In phase counting mode channel 2 operates as above regardless of the external clock edges
selected by bits CKEG1 and CKEGO and the clock source selected by bits TPSC2 to TPSCO in
TCR2. Phase counting mode takes precedence over these settings.

The counter clearing condition selected by the CCLR1 and CCLRO bits in TCR2 and the compare
match/input capture settings and interrupt functions of TIOR2, TIER2, and TSR2 remain effective
in phase counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the OVF flag in TSR2. The
FDIR designation is valid in all modes in channel 2.

Bit 5: FDIR Description
0 OVF is set to 1 in TSR2 when TCNT2 overflows or underflows  (Initial value)
1 OVF is set to 1 in TSR2 when TCNT2 overflows

Bit 4—PWM Mode 4 (PWM4): Selects whether channel 4 operates normally or in PWM mode.

Bit 4: PWM4 Description
0 Channel 4 operates normally (Initial value)
1 Channel 4 operates in PWM mode

When bit PWM4 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goes to 1 at compare match with GRA4, and to 0 at compare match with GRB4.

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDO in TFCR, the CMD1 and CMDO setting takes precedence and the PWM4 setting is
ignored.
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Bit 3—PWM Mode 3 (PWM3): Selects whether channel 3 operates normally or in PWM mode.

Bit 3: PWM3 Description
0 Channel 3 operates normally (Initial value)
1 Channel 3 operates in PWM mode

When bit PWM3 is set to 1 to select PWM mode, pin TIOCA; becomes a PWM output pin. The
output goes to 1 at compare match with GRA3, and to 0 at compare match with GRB3.

If complementary PWM mode or reset-synchronized PWM mode is selected by bits CMD1 and
CMDO in TFCR, the CMD1 and CMDO setting takes precedence and the PWM3 setting is
ignored.

Bit 2—PWM Mode 2 (PWM2): Selects whether channel 2 operates normally or in PWM mode.

Bit 2: PWM2 Description
0 Channel 2 operates normally (Initial value)
1 Channel 2 operates in PWM mode

When bit PWM?2 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goes to 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 PWM mode.

Bit 1: PWM1 Description
0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWMI is set to 1 to select PWM mode, pin TIOCA; becomes a PWM output pin. The
output goes to 1 at compare match with GRA1, and to 0 at compare match with GRB1.

Bit 0—PWM Mode 0 (PWMO): Selects whether channel 0 operates normally or in PWM mode.

Bit 0: PWMO Description
0 Channel 0 operates normally (Initial value)
1 Channel 0 operates in PWM mode

When bit PWMO is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goes to 1 at compare match with GRAO, and to 0 at compare match with GRBO.
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10.2.4  Timer Function Control Register (TFCR)

TFCR is an 8-bit readable/writable register that selects complementary PWM mode, reset-
synchronized PWM mode, and buffering for channels 3 and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ CMD1 ‘ CMDO ‘ BFB4 ‘ BFA4 ‘ BFB3 ‘ BFA3 ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W 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 and A3
These bits select buffering
of general registers (GRB3
and GRAB3) by buffer
registers (BRB3 and BRA3)
in channel 3

TFCR is initialized to H'CO by a reset and in standby mode.

Bits 7 and 6—Reserved: Read-only bits, always read as 1.

Bits 5 and 4—Combination Mode 1 and 0 (CMD1, CMD0): These bits select whether channels
3 and 4 operate in normal mode, complementary PWM mode, or reset-synchronized PWM mode.

Bit 5: CMD1 Bit 4: CMDO Description
0 0 Channels 3 and 4 operate normally (Initial value)
1
1 0 Channels 3 and 4 operate together in complementary
PWM mode
1 Channels 3 and 4 operate together in reset-synchronized
PWM mode
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Before selecting reset-synchronized PWM mode or complementary PWM mode, halt the timer
counter or counters that will be used in these modes.

When these bits select complementary PWM mode or reset-synchronized PWM mode, they take
precedence over the setting of the PWM mode bits (PWM4 and PWM3) in TMDR. Settings of
complementary PWM mode or reset-synchronized PWM mode and settings of timer sync bits
SYNC4 and SYNC3 in TSNC are valid simultaneously, however, when complementary PWM
mode is selected, channels 3 and 4 must not be synchronized (do not set bits SYNC3 and SYNC4
both to 1 in TSNC).

Bit 3—Buffer Mode B4 (BFB4): Sclects whether GRB4 operates normally in channel 4, or
whether GRB4 is buffered by BRB4.

Bit 3: BFB4 Description
0 GRB4 operates normally (Initial value)
1 GRBA4 is buffered by BRB4

Bit 2—Buffer Mode A4 (BFA4): Selects whether GRA4 operates normally in channel 4, or
whether GRA4 is buffered by BRA4.

Bit 2: BFA4 Description
0 GRA4 operates normally (Initial value)
1 GRAA4 is buffered by BRA4

Bit 1—Buffer Mode B3 (BFB3): Sclects whether GRB3 operates normally in channel 3, or
whether GRB3 is buffered by BRB3.

Bit 1: BFB3 Description
0 GRB3 operates normally (Initial value)
1 GRB3 is buffered by BRB3

Bit 0—Buffer Mode A3 (BFA3): Selects whether GRA3 operates normally in channel 3, or
whether GRA3 is buffered by BRA3.

Bit 0: BFA3 Description
0 GRAS3 operates normally (Initial value)
1 GRAS3 is buffered by BRA3
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10.2.5 Timer Output Master Enable Register (TOER)

TOER is an 8-bit readable/writable register that enables or disables output settings for channels 3
and 4.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ EXB4 ‘ EXA4 ‘ EB3 ‘ EB4 ‘ EA4 ‘ EA3 ‘
Initial value 1 1 1 1 1 1 1 1
Read/Write — — R/W 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, and TOCXB,

Master enable TIOCA3, TIOCB3, TIOCA4, TIOCB4

These bits enable or disable output settings for pins
TIOCA3, TIOCB;3, TIOCA,, and TIOCB,

TOER is initialized to H'FF by a reset 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 ITU output at pin TOCXB,.

Bit 5: EXB4 Description

0 TOCXB4 output is disabled regardless of TFCR settings (TOCXB4 operates as
a generic input/output pin).

If XTGD = 0, EXB4 is cleared to 0 when input capture A occurs in channel 1.

1 TOCXBs is enabled for output according to TFCR settings (Initial value)

Bit 4—Master Enable TOCXA4 (EXA4): Enables or disables ITU output at pin TOCXA,.

Bit 4: EXA4 Description

0 TOCXA4 output is disabled regardless of TFCR settings (TOCXA4 operates as
a generic input/output pin).

If XTGD = 0, EXA4 is cleared to 0 when input capture A occurs in channel 1.

1 TOCXA4 is enabled for output according to TFCR settings (Initial value)
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Bit 3—Master Enable TIOCB3 (EB3): Enables or disables ITU output at pin TIOCB;.

Bit 3: EB3

Description

0

TIOCB3 output is disabled regardless of TIOR3 and TFCR settings (TIOCB3
operates as a generic input/output pin).

If XTGD = 0, EB3 is cleared to 0 when input capture A occurs in channel 1.

TIOCB3 is enabled for output according to TIOR3 and TFCR settings
(Initial value)

Bit 2—Master Enable TIOCB4 (EB4): Enables or disables ITU output at pin TIOCB,.

Bit 2: EB4

Description

0

TIOCB4 output is disabled regardless of TIOR4 and TFCR settings (TIOCB4
operates as a generic input/output pin).

If XTGD = 0, EB4 is cleared to 0 when input capture A occurs in channel 1.

TIOCBy is enabled for output according to TIOR4 and TFCR settings
(Initial value)

Bit 1—Master Enable TIOCA4 (EA4): Enables or disables ITU output at pin TIOCA,.

Bit 1: EA4

Description

0

TIOCA4 output is disabled regardless of TIOR4, TMDR, and TFCR settings
(TIOCA, operates as a generic input/output pin).

If XTGD = 0, EA4 is cleared to 0 when input capture A occurs in channel 1.

TIOCA, is enabled for output according to TIOR4, TMDR, and TFCR settings
(Initial value)

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 settings
(TIOCA; operates as a generic input/output pin).

If XTGD = 0, EA3 is cleared to 0 when input capture A occurs in channel 1.

TIOCAs is enabled for output according to TIOR3, TMDR, and TFCR settings
(Initial value)
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10.2.6  Timer Output Control Register (TOCR)

TOCR is an 8-bit readable/writable register that selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized PWM mode, and inverts the output levels.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ XTGD ‘ — ‘ — ‘ OoLS4 ‘ OLS3 ‘

Initial value 1 1 1 1 1 1 1 1
Read/Write — — — R/W — — R/W R/W
Reserved bits Output level select 3, 4

These bits select output
levels in complementary
PWM mode and reset-
synchronized PWM mode

Reserved bits

External trigger disable

Selects externally triggered disabling of output in
complementary PWM mode and reset-synchronized
PWM mode

The settings of the XTGD, OLS4, and OLS3 bits are valid only in complementary PWM mode
and reset-synchronized PWM mode. These settings do not affect other modes.

TOCR is initialized to H'FF by a reset and in standby mode.
Bits 7 to 5—Reserved: Read-only bits, always read as 1.

Bit 4—External Trigger Disable (XTGD): Sclects externally triggered disabling of ITU output
in complementary PWM mode and reset-synchronized PWM mode.

Bit 4: XTGD Description

0 Input capture A in channel 1 is used as an external trigger signal in
complementary PWM mode and reset-synchronized PWM mode.

When an external trigger occurs, bits 5 to 0 in TOER are cleared to 0, disabling
ITU output.

1 External triggering is disabled (Initial value)

Bits 3 and 2—Reserved: Read-only bits, always read as 1.
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Bit 1—Output Level Select 4 (OLS4): Selects output levels in complementary PWM mode and
reset-synchronized PWM mode.

Bit 1: OLS4 Description
0 TIOCAs3, TIOCA4, and TIOCB,4 outputs are inverted
1 TIOCAs3, TIOCA4, and TIOCB,4 outputs are not inverted (Initial value)

Bit 0—Output Level Select 3 (OLS3): Selects output levels in complementary PWM mode and
reset-synchronized PWM mode.

Bit 0: OLS3 Description
0 TIOCB3, TOCXA4, and TOCXB,4 outputs are inverted
1 TIOCB3, TOCXA4, and TOCXB,4 outputs are not inverted (Initial value)

10.2.7 Timer Counters (TCNT)

TCNT is a 16-bit counter. The ITU has five TCNTSs, 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

3 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 1 0

Initial value o 0o 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 R/W R/W

Each TCNT is a 16-bit readable/writable register that counts pulse inputs from a clock source. The
clock source is selected by bits TPSC2 to TPSCO in TCR.

TCNTO and TCNT1 are up-counters. TCNT2 is an up/down-counter in phase counting mode and
an up-counter in other modes. TCNT3 and TCNT4 are up/down-counters in complementary PWM
mode and up-counters in other modes.
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TCNT can be cleared to H'0000 by compare match with GRA or GRB or by input capture to GRA
or GRB (counter clearing function) in the same channel.

When TCNT overflows (changes from H'FFFF to H'0000), the OVF flag is set to 1 in TSR of the
corresponding channel.

When TCNT underflows (changes from H'0000 to HFFFF), the OVF flag is set to 1 in TSR of the
corresponding channel.

The TCNTs are linked to the CPU by an internal 16-bit bus and can be written or read by either
word access or byte access.

Each TCNT is initialized to H'0000 by a reset and in standby mode.

10.2.8  General Registers (GRA, GRB)

The general registers are 16-bit registers. The ITU has 10 general registers, two in each channel.

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 buffered by
4 GRA4, GRB4 buffer registers BRA and BRB
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 111 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 R/W R/W

A general register is a 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settings in TIOR.

When a general register is used as an output compare register, its value is constantly compared
with the TCNT value. When the two values match (compare match), the IMFA or IMFB flag is set
to 1 in TSR. Compare match output can be selected in TIOR.

When a general register is used as an input capture register, rising edges, falling edges, or both
edges of an external input capture signal are detected and the current TCNT value is stored in the
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general register. The corresponding IMFA or IMFB flag in TSR is set to 1 at the same time. The
valid edge or edges of the input capture signal are selected in TIOR.

TIOR settings are ignored in PWM mode, complementary PWM mode, and reset-synchronized
PWM mode.

General registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word access or byte access.

General registers are initialized to the output compare function (with no output signal) by a reset
and in standby mode. The initial value is H'FFFF.

10.2.9  Buffer Registers (BRA, BRB)

The buffer registers are 16-bit registers. The ITU has four buffer registers, two each in channels 3
and 4.

Channel Abbreviation Function
3 BRA3, BRB3 Used for buffering
4 BRA4, BRB4 * When the corresponding GRA or GRB functions as an

output compare register, BRA or BRB can function as an
output compare buffer register: the BRA or BRB value is
automatically transferred to GRA or GRB at compare match

e When the corresponding GRA or GRB functions as an input
capture register, BRA or BRB can function as an input
capture buffer register: the GRA or GRB value is
automatically transferred to BRA or BRB at input capture

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 111 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 R/W R/W

A buffer register is a 16-bit readable/writable register that is used when buffering is selected.
Buffering can be selected independently by bits BFB4, BFA4, BFB3, and BFA3 in TFCR.

The buffer register and general register operate as a pair. When the general register functions as an
output compare register, the buffer register functions as an output compare buffer register. When
the general register functions as an input capture register, the buffer register functions as an input
capture buffer register.
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The buffer registers are linked to the CPU by an internal 16-bit bus and can be written or read by
either word or byte access.

Buffer registers are initialized to H'FFFF by a reset and in standby mode.

10.2.10 Timer Control Registers (TCR)

TCR is an 8-bit register. The ITU has five TCRs, one in each channel.

Channel Abbreviation Function
0 TCRO TCR controls the timer counter. The TCRs in all channels are
1 TCR1 functionally identical. When phase counting mode is selected in
channel 2, the settings of bits CKEG1 and CKEGO and TPSC2
2 TCR2 to TPSCO in TCR2 are ignored.
3 TCR3
4 TCR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ CCLR1 ‘ CCLRO ‘ CKEG1 ‘ CKEGO ‘ TPSC2 ‘ TPSC1 ‘ TPSCO ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — R/W R/W R/W R/W R/W R/W R/W

Timer prescaler 2to 0
These bits select the
counter clock

Clock edge 1/0
These bits select external clock edges

Counter clear 1/0
These bits select the counter clear source

Reserved bit

Each TCR is an 8-bit readable/writable register that selects the timer counter clock source, selects
the edge or edges of external clock sources, and selects how the counter is cleared.

TCR is initialized to H'80 by a reset and in standby mode.

Bit 7—Reserved: Read-only bit, always read as 1.
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Bits 6 and 5—Counter Clear 1/0 (CCLR1, CCLRO0): These bits select how TCNT is cleared.

Bit 6: CCLR1 Bit 5: CCLRO Description
0 0 TCNT is not cleared (Initial value)
1 TCNT is cleared by GRA compare match or input
capture*'
1 0 TCNT is cleared by GRB compare match or input
capture*'
1 Synchronous clear: TCNT is cleared in synchronization

with other synchronized timers*?

Notes: 1. TCNT is cleared by compare match when the general register functions as an output
compare register, and by input capture when the general register functions as an input

capture register.
2. Selected in TSNC.

Bits 4 and 3—Clock Edge 1/0 (CKEG1, CKEGO0): These bits select external clock input edges

when an external clock source is used.

Bit 4: CKEG1 Bit 3: CKEGO Description

0 0 Count rising edges (Initial value)
1 Count falling edges

1 — Count both edges

When channel 2 is set to phase counting mode, bits CKEG1 and CKEGO in TCR2 are ignored.

Phase counting takes precedence.

Bits 2 to 0—Timer Prescaler 2 to 0 (TPSC2 to TPSCO0): These bits select the counter clock

source.
Bit 2: TPSC2 Bit 1: TPSC1 Bit 0: TPSCO Description
0 0 Internal clock: @ (Initial value)
Internal clock: @2
1 Internal clock: ¢/4
Internal clock: @/8
1 0 External clock A: TCLKA input

External clock B: TCLKB input

External clock C: TCLKC input

0
1
0
1
0
1
0
1

External clock D: TCLKD input
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When bit TPSC2 is cleared to 0 an internal clock source is selected, and the timer counts only
falling edges. When bit TPSC2 is set to 1 an external clock source is selected, and the timer counts
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 bits TPSC2 to
TPSCO in TCR2 are ignored. Phase counting takes precedence.

10.2.11 Timer I/O Control Register (TIOR)

TIOR is an 8-bit register. The ITU has five TIORs, one in each channel.

Channel Abbreviation Function
0 TIORO TIOR controls the general registers. Some functions differ in
1 TIOR1 PWM mode. TIOR3 and TIOR4 settings are ignored when
complementary PWM mode or reset-synchronized PWM mode
2 TIOR2 is selected in channels 3 and 4.
3 TIOR3
4 TIOR4
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ I0B1 ‘ I0BO ‘ — ‘ I0A2 ‘ I0Al ‘ IOAO ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

I/0O control A2 to AO
These bits select GRA
functions

Reserved bit

I/O control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-bit readable/writable register that selects the output compare or input capture
function for GRA and GRB, and specifies the functions of the TIOCA and TIOCB pins. If the
output compare function is selected, TIOR also selects the type of output. If input capture is
selected, TIOR also selects the edge or edges of the input capture signal.

TIOR is initialized to H'88 by a reset and in standby mode.

Bit 7—Reserved: Read-only bit, always read as 1.
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Bits 6 to 4—1/0 Control B2 to B0 (I0B2 to IOB0): These bits select the GRB function.

Bit 6: Bit 5: Bit 4:
10B2 10B1 10B0 Description
0 0 0 GRB is an output  No output at compare match (Initial value)
1 compare register 0 output at GRB compare match*'
1 0 1 output at GRB compare match*'
1 Output toggles at GRB compare match
(1 output in channel 2)*' *?
1 0 0 GRB is an input GRB captures rising edge of input
1 capture register GRB captures falling edge of input
1 0 GRB captures both edges of input
1
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 selects 1 output

instead.

Bit 3—Reserved: Read-only bit, always read as 1.

Bits 2 to 0—I/O Control A2 to A0 (I0OA2 to IOA0): These bits select the GRA function.

Bit 2: Bit 1: Bit 0:
I0A2 I0A1 I0A0 Description
0 0 0 GRA is an output  No output at compare match (Initial value)
1 compare register 0 output at GRA compare match*'
1 0 1 output at GRA compare match*'
1 Output toggles at GRA compare match
(1 output in channel 2)*' *?
1 0 0 GRA is an input GRA captures rising edge of input
1 capture register GRA captures falling edge of input
1 0 GRA captures both edges of input
1
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 selects 1 output

instead.
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10.2.12 Timer Status Register (TSR)

TSR is an 8-bit register. The ITU has five TSRs, one in each channel.

Channel Abbreviation Function

0 TSRO Indicates input capture, compare match, and overflow status

1 TSR1

2 TSR2

3 TSR3

4 TSR4

Bit 7 6 5 4 3 2 1 0
‘—‘—‘—‘—‘—‘OVF‘IMFB‘IMFA‘

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — R/(W)*  R/(W)* R/(W)*

Reserved bits

Overflow flag
Status flag indicating
overflow or underflow

Input capture/compare match flag B
Status flag indicating GRB compare
match or input capture

Input capture/compare match flag A
Status flag indicating GRA compare
match or input capture

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

Each TSR is an 8-bit readable/writable register containing flags that indicate TCNT overflow or
underflow and GRA or GRB compare match or input capture. These flags are interrupt sources
and generate CPU interrupts if enabled by corresponding bits in TIER.

TSR is initialized to H'F8 by a reset and in standby mode.

Bits 7 to 3—Reserved: Read-only bits, always read as 1.
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Bit 2—Overflow Flag (OVF): This status flag indicates TCNT overflow or underflow.

Bit 2: OVF

Description

0

[Clearing condition] (Initial value)
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*

Notes: 1. Channel 2 operates in phase counting mode (MDF = 1 in TMDR)
2. Channel 3 and 4 operate in complementary PWM mode (CMD1 =1 and CMDO =0 in

TFCR)

* TCNT underflow occurs when TCNT operates as an up/down-counter. Underflow
occurs only under the following conditions:

Bit 1—Input Capture/Compare Match Flag B IMFB): This status flag indicates GRB
compare match or input capture events.

Bit 1: IMFB

Description

0

[Clearing condition] (Initial value)
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.

Bit 0—Input Capture/Compare Match Flag A (IMFA): This status flag indicates GRA
compare match or input capture events.

Bit 0: IMFA

Description

0

[Clearing condition] (Initial value)
Read IMFA when IMFA = 1, then write 0 in IMFA.
DMAC activated by IMIA interrupt (channels 0 to 3 only).

[Setting conditions]
TCNT = GRA when GRA functions as an output compare register.

TCNT value is transferred to GRA by an input capture signal, when GRA
functions as an input capture register.
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10.2.13 Timer Interrupt Enable Register (TIER)

TIER is an 8-bit register. The ITU has five TIERs, one in each channel.

Channel Abbreviation Function

0 TIERO Enables or disables interrupt requests.

1 TIER1

2 TIER2

3 TIER3

4 TIER4

Bit 7 6 5 4 3 2 1 0
‘—‘—‘—‘—‘—‘OVIE‘IMIEB‘IMIEA‘

Initial value 1 1 1 1 1 0 0 0

Read/Write — — — — — R/W 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 interrupts

Input capture/compare match
interrupt enable A

Enables or disables IMFA
interrupts

Each TIER is an 8-bit readable/writable register that enables and disables overflow interrupt
requests and general register compare match and input capture interrupt requests.

TIER is initialized to H'F8 by a reset and in standby mode.

Bits 7 to 3—Reserved: Read-only bits, always read as 1.
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Bit 2—Overflow Interrupt Enable (OVIE): Enables or disables the interrupt requested by the
OVF flag in TSR when OVF is set to 1.

Bit 2: OVIE Description
0 OVl interrupt requested by OVF is disabled (Initial value)
1 OVI interrupt requested by OVF is enabled

Bit 1—Input Capture/Compare Match Interrupt Enable B IMIEB): Enables or disables the
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 (Initial value)
1 IMIB interrupt requested by IMFB is enabled

Bit 0—Input Capture/Compare Match Interrupt Enable A (IMIEA): Enables or disables the
interrupt requested by the IMFA flag in TSR when IMFA is set to 1.

Bit 0: IMIEA Description
0 IMIA interrupt requested by IMFA is disabled (Initial value)
1 IMIA interrupt requested by IMFA is enabled
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10.3 CPU Interface

10.3.1  16-Bit Accessible Registers

The timer counters (TCNTs), general registers A and B (GRAs and GRBs), and buffer registers A
and B (BRAs and BRBs) are 16-bit registers, and are linked to the CPU by an internal 16-bit data
bus. These registers can be written or read a word at a time, or a byte at a time.

Figures 10.6 and 10.7 show examples of word access to a timer counter (TCNT). Figures 10.8 to
10.11 show examples of byte access to TCNTH and TCNTL.

On-chip data bus

H H

e

CPU L Bus interface

N

Module

> data bus

L

VANIAN

Vv

| TCNTH | TCNTL |

Figure 10.6 Access to Timer Counter (CPU Writes to TCNT, Word)

On-chip data bus

H H

N

CPU L Bus interface {} L

1 £

TCNTH | TCNTL

VAN

> Module
> data bus

A\

Figure 10.7 Access to Timer Counter (CPU Reads TCNT, Word)
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On-chip data bus

H H
= < >

CPU L Bus interface < L > (l;/laggublﬁs
<>

VY

| TCNTH | TCNTL |

Figure 10.8 Access to Timer Counter (CPU Writes to TCNT, Upper Byte)

On-chip data bus

H H

N

CPU L Bus interface L Module

> < T >

| TCNTH | TCNTL |

/\

Figure 10.9 Access to Timer Counter (CPU Writes to TCNT, Lower Byte)

On-chip data bus

H H

N

CPU L Bus interface {} L

S

TCNTH | TCNTL

A\

Module

> data bus

/N

Figure 10.10 Access to Timer Counter (CPU Reads TCNT, Upper Byte)
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On-chip data bus

H H

N

CPU L Bus interface {} L

I

TCNTH | TCNTL

/N

Module

> data bus

VAN

Figure 10.11 Access to Timer Counter (CPU Reads TCNT, Lower Byte)

10.3.2  8-Bit Accessible Registers

The registers other than the timer counters, general registers, and buffer registers are 8-bit
registers. These registers are linked to the CPU by an internal 8-bit data bus.

Figures 10.12 and 10.13 show examples of byte read and write access to a TCR.

If a word-size data transfer instruction is executed, two byte transfers are performed.

On-chip data bus

H H

N

CPU L Bus interface L

>

VAN

Module

> data bus

/\

TCR

Figure 10.12 Access to Timer Counter (CPU Writes to TCR)
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On-chip data bus

H H

\—
{} L >(l\j/lodutl)e
> ata bus

CPU L Bus interface

—

VANIVAN

TCR

Figure 10.13 Access to Timer Counter (CPU Reads TCR)
104  Operation

10.4.1  Overview
A summary of operations in the various modes is given below.

Normal Operation: Each channel has a timer counter and general registers. The timer counter
counts up, and can operate as a free-running counter, periodic counter, or external event counter.
General registers A and B can be used for input capture or output compare.

Synchronous Operation: The timer counters in designated channels are preset synchronously.
Data written to the timer counter in any one of these channels is simultaneously written to the
timer counters in the other channels as well. The timer counters can also be cleared synchronously
if so designated by the CCLR1 and CCLRO bits in the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goes to 1 at compare
match A and to 0 at compare match B. The duty cycle can be varied from 0% to 100% depending
on the settings of GRA and GRB. When a channel is set to PWM mode, its GRA and GRB
automatically become output compare registers.

Reset-Synchronized PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
complementary waveforms. (The three phases are related by having a common transition point.)
When reset-synchronized PWM mode is selected GRA3, GRB3, GRA4, and GRB4 automatically
function as output compare registers, TIOCA;, TIOCB;, TIOCA,4, TOCXA,, TIOCB,, and
TOCXB, function as PWM output pins, and TCNT3 operates as an up-counter. TCNT4 operates
independently, and is not compared with GRA4 or GRB4.
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Complementary PWM Mode: Channels 3 and 4 are paired for three-phase PWM output with
non-overlapping complementary waveforms. When complementary PWM mode is selected
GRA3, GRB3, GRA4, and GRB4 automatically function as output compare registers, and
TIOCA;, TIOCB;, TIOCA,, TOCXA,, TIOCB,, and TOCXB, function as PWM output pins.
TCNT3 and TCNT4 operate as up/down-counters.

Phase Counting Mode: The phase relationship between two clock signals input at TCLKA and
TCLKB is detected and TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and TCNT2 operates as an up/down-
counter.

Buffering

» Ifthe general register is an output compare register
When compare match occurs the buffer register value is transferred to the general register.
o Ifthe general register is an input capture register

When input capture occurs the TCNT value is transferred to the general register, and the
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 TCNT4
change counting direction.

* Reset-synchronized PWM mode
The buffer register value is transferred to the general register at GRA3 compare match.

10.4.2 Basic Functions

Counter Operation: When one of bits STRO to STR4 is set to 1 in the timer start register (TSTR),
the timer counter (TCNT) in the corresponding channel starts counting. The counting can be free-
running or periodic.

* Sample setup procedure for counter
Figure 10.14 shows a sample procedure for setting up a counter.
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< Counter setup >

Select counter clock 1
. No
Type of counting?
Yes

( Free-running counting )
( Periodic counting >

Select counter clear source 2

Select output compare

register function S
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure 10.14 Counter Setup Procedure (Example)

1. Set bits TPSC2 to TPSCO in TCR to select the counter clock source. If an external clock source
is selected, set bits CKEG1 and CKEGO in TCR to select the desired edge(s) of the external
clock signal.

2. For periodic counting, set CCLR1 and CCLRO in TCR to have TCNT cleared at GRA compare
match or GRB compare match.

3. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

4. Write the count period in GRA or GRB, whichever was selected in step 2.
5. Set the STR bit to 1 in TSTR to start the timer counter.
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Free-running and periodic counter operation

A reset leaves the counters (TCNTs) in ITU channels 0 to 4 all set as free-running counters. A
free-running counter starts counting up when the corresponding bit in TSTR is set to 1. When
the count overflows from H'FFFF to H'0000, the OVF flag is set to 1 in TSR. If the
corresponding OVIE bit is set to | in TIER, a CPU interrupt is requested. After the overflow,
the counter continues counting up from H'0000. Figure 10.15 illustrates free-running counting.

TCNT value

HFFFF | ‘ 7777777777777777777777 ’ 7777777777

H'0000 ‘ ‘ ‘ =  Time
STRO to ‘ |
STR4 bit j j

OVF

Figure 10.15 Free-Running Counter Operation

When a channel is set to have its counter cleared by compare match, in that channel TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit
CCLRI1 or CCLRO in TCR to have the counter cleared by compare match, and set the count
period in GRA or GRB. After these settings, the counter starts counting up as a periodic
counter when the corresponding bit is set to 1 in TSTR. When the count matches GRA or
GRB, the IMFA or IMFB flag is set to 1 in TSR and the counter is cleared to H'0000. If the
corresponding IMIEA or IMIEB bit is set to 1 in TIER, a CPU interrupt is requested at this
time. After the compare match, TCNT continues counting up from H'0000. Figure 10.16
illustrates periodic counting.
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TCNT value Counter cleared by general

/ register compare match
GR

H'0000 ‘ ‘ ‘
STR bit |
IMF

Figure 10.16 Periodic Counter Operation

*  TCNT count timing
[0 Internal clock source

Bits TPSC2 to TPSCO in TCR select the system clock () or one of three internal clock
sources obtained by prescaling the system clock (@2, ¢/4, @/8).

Figure 10.17 shows the timing.

: InEpEEEnEnEEEREREE

((
Internal )
ClOCk ‘I \ ()(J | | \
TCNT input

TCNT N-1 X

X N+1

j
j
(
)

Figure 10.17 Count Timing for Internal Clock Sources

0 External clock source

Bits TPSC2 to TPSCO in TCR select an external clock input pin (TCLKA to TCLKD), and
its valid edge or edges are selected by bits CKEG1 and CKEGO. The rising edge, falling
edge, or both edges can be selected.

The pulse width of the external clock signal must be at least 1.5 system clocks when a
single edge is selected, and at least 2.5 system clocks when both edges are selected. Shorter
pulses will not be counted correctly.

Figure 10.18 shows the timing when both edges are detected.
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: InEpEnEEEnEEEREEER

((

External )
clock input Z ( | 2

TCNT input ,

)

TCNT N-1 X N X

L

N+1

Figure 10.18 Count Timing for External Clock Sources (when Both Edges are Detected)

Waveform Output by Compare Match: In ITU channels 0, 1, 3, and 4, compare match A or B
can cause the output at the TIOCA or TIOCB pin to go to 0, go to 1, or toggle. In channel 2 the
output can only go to 0 or go to 1.

» Sample setup procedure for waveform output by compare match

Figure 10.19 shows a sample procedure for setting up waveform output by compare match.

< Output setup > 1. Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
‘ is selected, the pin switches from its generic input/
output function to the output compare function
1 (TIOCA or TIOCB). An output compare pin outputs
0 until the first compare match occurs.

Select waveform
output mode

Set output timing 2 2. Set avalue in GRA or GRB to designate the
compare match timing.

Start counter 3 3. Setthe STR bitto 1 in TSTR to start the timer
i counter.

Waveform output

Figure 10.19 Setup Procedure for Waveform Qutput by Compare Match (Example)
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» Examples of waveform output

Figure 10.20 shows examples of 0 and 1 output. TCNT operates as a free-running counter, 0
output is selected for compare match A, and 1 output is selected for compare match B. When
the pin is already at the selected output level, the pin level does not change.

TCNT value
i

= Sy SRR

GRB  f------ssomeess R R CRRREEEEREE

GRA | A A o

H'0000

Time

TIOCB

TIOCA |

No change

' No change
N

No change

' No change
A

1 output

0 output

Figure 10.20 0 and 1 Output (Examples)

Figure 10.21 shows examples of toggle output. TCNT operates as a periodic counter, cleared
by compare match B. Toggle output is selected for both compare match A and B.

TCNT value

| Counter cleared by compare match with GRB

GRB [ o

GRA [ T oo

H'0000

TIOCB |

TIOCA

Time

Toggle
output

Toggle
output

Figure 10.21 Toggle Output (Example)
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Output compare timing

The compare match signal is generated in the last state in which TCNT and the general register
match (when TCNT changes from the matching value to the next value). When the compare
match signal is generated, the output value selected in TIOR is output at the output compare
pin (TIOCA or TIOCB). When TCNT matches a general register, the compare match signal is
not generated until the next counter clock pulse.

Figure 10.22 shows the output compare timing.

v I T A e O e N
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 a general register when a
transition occurs at an input capture/output compare pin (TIOCA or TIOCB). Capture can take
place on the rising edge, falling edge, or both edges. The input capture function can be used to
measure pulse width or period.

Sample setup procedure for input capture
Figure 10.23 shows a sample procedure for setting up input capture.
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( Input selection ) 1. Set TIOR to select the input capture function of a
general register and the rising edge, falling edge,
‘ or both edges of the input capture signal. Clear the

port data direction bit to O before making these
Select input-capture input | 1 TIOR settings.
Start counter 2 2. Setthe STR bitto 1 in TSTR to start the timer
counter.

!

Input capture

Figure 10.23 Setup Procedure for Input Capture (Example)

» Examples of input capture
Figure 10.24 illustrates input capture when the falling edge of TIOCB and both edges of
TIOCA are selected as capture edges. TCNT is cleared by input capture into GRB.

TCNT value Counter cleared by TIOCB

/ input (falling edge)

GRA X HO0005 >< H"0160 X
| Y

ere X X H'0180

Figure 10.24 Input Capture (Example)
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Input capture signal timing

Input capture on the rising edge, falling edge, or both edges can be selected by settings in
TIOR. Figure 10.25 shows the timing when the rising edge is selected. The pulse width of the
input capture signal must be at least 1.5 system clocks for single-edge capture, and 2.5 system
clocks for capture of both edges.

0 N L

Input-capture input

Internal input
capture signal

TCNT N

GRA, GRB >< N

Figure 10.25 Input Capture Signal Timing
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10.4.3  Synchronization

The synchronization function enables two or more timer counters to be synchronized by writing
the same data to them simultaneously (synchronous preset). With appropriate TCR settings, two or
more timer counters can also be cleared simultaneously (synchronous clear). Synchronization
enables additional general registers to be associated with a single time base. Synchronization can
be selected for all channels (0 to 4).

Sample Setup Procedure for Synchronization: Figure 10.26 shows a sample procedure for
setting up synchronization.

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing

No

synchronized to this
; channel?
Write to TCNT 2
| Select counter clear source |3 | Select counter clear source |4
| Start counter | 5 | Start counter | 5
Synchronous preset Counter clear Synchronous clear

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 input capture.

. 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.

abw

Figure 10.26 Setup Procedure for Synchronization (Example)
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Example of Synchronization: Figure 10.27 shows an example of synchronization. Channels 0, 1,
and 2 are synchronized, and are set to operate in PWM mode. Channel 0 is set for counter clearing
by compare match with GRB0. Channels 1 and 2 are set for synchronous counter clearing. The

timer counters in channels

0, 1, and 2 are synchronously preset, and are synchronously cleared by

compare match with GRBO. A three-phase PWM waveform is output from pins TIOCA,, TIOCA,,
and TIOCA,. For further information on PWM mode, see section 10.4.4, PWM Mode.

Value of TCNTO to TCNT2

A

GRBO
GRB1
GRAO
GRB2
GRA1
GRA2

Cleared by compare match with GRBO

H'0000

TIOCA,

TIOCA;

TIOCA,

Figure 10.27 Synchronization (Example)
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1044 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifies the time at which the PWM output changes to 1. GRB specifies the time at which
the PWM output changes to 0. If either GRA or GRB is selected as the counter clear source, a
PWM waveform with a duty cycle from 0% to 100% is output at the TIOCA pin. PWM mode can
be selected in all channels (0 to 4).

Table 10.4 summarizes the PWM output pins and corresponding registers. If the same value is set
in GRA and GRB, the output does not change when compare match occurs.

Table 10.4 PWM Output Pins and Registers

Channel Output Pin 1 Output 0 Output
0 TIOCAo GRAO GRBO
1 TIOCA GRA1 GRB1
2 TIOCA; GRA2 GRB2
3 TIOCAs GRA3 GRB3
4 TIOCA, GRA4 GRB4
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Sample Setup Procedure for PWM Mode: Figure 10.28 shows a sample procedure for setting
up PWM mode.

[EEY

C PWM mode ) . Set bits TPSC2 to TPSCO in TCR to
select the counter clock source. If an
‘ external clock source is selected, set
bits CKEG1 and CKEGO in TCR to
select the desired edge(s) of the
| external clock signal.
2. Set bits CCLR1 and CCLRO in TCR
Select counter clear source 2 to select the counter clear source.
3. Set the time at which the PWM
\ waveform should go to 1 in GRA.
4. Set the time at which the PWM
Set GRA 3 waveform should go to 0 in GRB.
5. Set the PWM bit in TMDR to select
‘ PWM mode. When PWM mode is
selected, regardless of the TIOR
contents, GRA and GRB become
‘ output compare registers specifying
the times at which the PWM output
Select PWM mode 5 goes to 1 and 0. The TIOCA pin
automatically becomes the PWM
\ output pin. The TIOCB pin conforms
to the settings of bits IOB1 and IOB0O
in TIOR. If TIOCB output is not
l desired, clear both I0B1 and I0BO to O.

Select counter clock 1

Set GRB 4

Start counter 6

6. Setthe STR bhitto 1 in TSTR to start

PWM mode the timer counter.

Figure 10.28 Setup Procedure for PWM Mode (Example)
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Examples of PWM Mode: Figure 10.29 shows examples of operation in PWM mode. In PWM
mode TIOCA becomes an output pin. The output goes to 1 at compare match with GRA, and to 0
at compare match with GRB.

In the examples shown, TCNT is cleared by compare match with GRA or GRB. Synchronized
operation and free-running counting are also possible.

TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match with GRA

TCNT value

GRB

GRA

H'0000

TIOCA

. Counter cleared by GRA

/ Counter cleared by compare match with GRB

b. Counter cleared by GRB

Time

Figure 10.29 PWM Mode (Example 1)
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Figure 10.30 shows examples of the output of PWM waveforms with duty cycles of 0% and
100%. If the counter is cleared by compare match with GRB, and GRA is set to a higher value
than GRB, the duty cycle is 0%. If the counter is cleared by compare match with GRA, and GRB
is set to a higher value than GRA, the duty cycle is 100%.

TCNT value

GRB

GRA

H'0000

TIOCA

Counter cleared by compare match with GRB

|

Write to GRA

TCNT value

GRA

GRB

H'0000

TIOCA

Time

a. 0% duty cycle

i

Write to GRA

Counter cleared by compare match with GRA

i

Write to GRB

b. 100% duty cycle

|

Write to GRB

Figure 10.30 PWM Mode (Example 2)
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10.4.5 Reset-Synchronized PWM Mode

In reset-synchronized PWM mode channels 3 and 4 are combined to produce three pairs of
complementary PWM waveforms, all having one waveform transition point in common.

When reset-synchronized PWM mode is selected TIOCA;, TIOCB;, TIOCA4, TOCXA,, TIOCB,,
and TOCXB, automatically become PWM output pins, and TCNT3 functions as an up-counter.

Table 10.5 lists the PWM output pins. Table 10.6 summarizes the register settings.

Table 10.5  Output Pins in Reset-Synchronized PWM Mode
Channel Output Pin Description
3 TIOCA3 PWM output 1
TIOCB3 PWM output 1" (complementary waveform to PWM output 1)
4 TIOCA4 PWM output 2
TOCXA4 PWM output 2° (complementary waveform to PWM output 2)
TIOCB4 PWM output 3
TOCXBg4 PWM output 3" (complementary waveform to PWM output 3)
Table 10.6  Register Settings in 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 TIOCA3; and TIOCB3
GRA4 Specifies a transition point of PWM waveforms output from TIOCA4 and TOCXA4
GRB4 Specifies a transition point of PWM waveforms output from TIOCB4 and TOCXB4
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Sample Setup Procedure for Reset-Synchronized PWM Mode: Figure 10.31 shows a sample
procedure for setting up reset-synchronized PWM mode.

[Reset-synchronized PWM moda

Stop counter

Select counter clock

Select counter clear source

Select reset-synchronized
PWM mode

Set TCNT

Set general registers

Start counter

l

Reset-synchronized PWM mode

=

Clear the STR3 bitin TSTR to 0 to
halt TCNT3. Reset-synchronized
PWM mode must be set up while
TCNT3 is halted.

Set bits TPSC2 to TPSCO0 in TCR to
select the counter clock source for
channel 3. If an external clock source
is selected, select the external clock
edge(s) with bits CKEG1 and CKEGO
in TCR.

Set bits CCLR1 and CCLRO in TCR3
to select GRA3 compare match as
the counter clear source.

Set bits CMD1 and CMDO in TFCR to
select reset-synchronized PWM mode.
TIOCAg, TIOCBg3, TIOCA,, TIOCB,,
TOCXA,4, and TOCXB, automatically
become PWM output pins.

Preset TCNT3 to H'0000. TCNT4
need not be preset.

GRAS is the waveform period register.
Set the waveform period value in
GRAS. Set transition times of the
PWM output waveforms in GRB3,
GRA4, and GRB4. Set times within
the compare match range of TCNT3.
X £ GRA3 (X: setting value)

Set the STR3 bitin TSTR to 1 to start
TCNTS3.

Figure 10.31 Setup Procedure for Reset-Synchronized PWM Mode (Example)
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Example of Reset-Synchronized PWM Mode: Figure 10.32 shows an example of operation in
reset-synchronized PWM mode. TCNT3 operates as an up-counter in this mode. TCNT4 operates
independently, detached from GRA4 and GRB4. When TCNT3 matches GRA3, TCNTS3 is cleared
and resumes counting from H'0000. The PWM outputs toggle at compare match of TCNT3 with
GRB3, GRA4, and GRB4 respectively, and all toggle when the counter is cleared.

TCNT3 value

GRA3
GRB3
GRA4

/ Counter cleared at compare match with GRA3

GRB4 ! 3 ! 1 : !

H'0000 Time

TIOCA3 ! | ! !

TIOCB;

TIOCA, | | |

TOCXA, ! ! |

TIOCB,

TOCXB,

Figure 10.32 Operation in Reset-Synchronized PWM Mode (Example)
(when OLS3 = OLS4 =1)

For the settings and operation when reset-synchronized PWM mode and buffer mode are both
selected, see section 10.4.8, Buffering.
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10.4.6 Complementary PWM Mode

In complementary PWM mode channels 3 and 4 are combined to output three pairs of
complementary, non-overlapping PWM waveforms.

When complementary PWM mode is selected TIOCA;, TIOCB;, TIOCA4, TOCXA,, TIOCB,,
and TOCXB, automatically become PWM output pins, and TCNT3 and TCNT4 function as
up/down-counters.

Table 10.7 lists the PWM output pins. Table 10.8 summarizes the register settings.

Table 10.7 Output Pins in Complementary PWM Mode

Channel Output Pin Description
3 TIOCA3 PWM output 1
TIOCB3 PWM output 1” (non-overlapping complementary waveform
to PWM output 1)
4 TIOCA4 PWM output 2
TOCXA4 PWM output 2" (non-overlapping complementary waveform
to PWM output 2)
TIOCB4 PWM output 3
TOCXBy4 PWM output 3" (non-overlapping complementary waveform

to PWM output 3)

Table 10.8 Register Settings in Complementary PWM Mode

Register Setting

TCNT3 Initially specifies the non-overlap margin (difference to TCNT4)

TCNT4 Initially set to H'0000

GRA3 Specifies the upper limit value of TCNT3 minus 1

GRB3 Specifies a transition point of PWM waveforms output from TIOCA3; and TIOCB3
GRA4 Specifies a transition point of PWM waveforms output from TIOCA4 and TOCXA4
GRB4 Specifies a transition point of PWM waveforms output from TIOCB4 and TOCXB4

Rev. 7.00 Sep 21, 2005 page 371 of 878
REJ09B0259-0700
RENESAS



Section 10 16-Bit Integrated Timer Unit (ITU)

Setup Procedure for Complementary PWM Mode: Figure 10.33 shows a sample procedure for
setting up complementary PWM mode.

[EnY

. Clear bits STR3 and STR4 to 0 in
TSTR to halt the timer counters.

[ Complementary PWM mode ]

Stop counting

Select counter clock

Select complementary

Set general registers

Start counters

i

Complementary PWM mode

Complementary PWM mode must be
set up while TCNT3 and TCNT4 are
halted.

. Set bits TPSC2 to TPSCO in TCR to

select the same counter clock source
for channels 3 and 4. If an external
clock source is selected, select the
external clock edge(s) with bits
CKEG1 and CKEGO in TCR. Do not
select any counter clear source

PWM mode with bits CCLR1 and CCLRO in TCR.
‘ 3. Set bits CMD1 and CMDO in TFCR
Set TCNTs to select complementary PWM mode.

TIOCAg, TIOCB3, TIOCA,, TIOCBy,,
TOCXA,, and TOCXB, automatically
become PWM output pins.

. Clear TCNT4 to H'0000. Set the

non-overlap margin in TCNT3. Do not
set TCNT3 and TCNT4 to the same
value.

. GRA3 is the waveform period

register. Set the upper limit value of
TCNT3 minus 1 in GRA3. Set
transition times of the PWM output
waveforms in GRB3, GRA4, and
GRB4. Set times within the compare
match range of TCNT3 and TCNT4.
T < X (X: initial setting of GRB3,
GRA4, or GRBA4. T: initial setting of
TCNT3)

. Set bits STR3 and STR4 in TSTR to

1 to start TCNT3 and TCNT4.

Note: After exiting complementary PWM mode, to resume operating in complementary
PWM mode, follow the entire setup procedure from step 1 again.

Figure 10.33 Setup Procedure for Complementary PWM Mode (Example)
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Clearing Procedure for Complementary PWM Mode: Figure 10.34 shows the steps to clear
complementary PWM mode.

set channels 3 and 4 to normal
\ operating mode.

[Complementary PWM mode) 1. Clear the CMD1 bit of TFCR to O to

2. After setting channels 3 and 4 to
normal operating mode, wait at least
‘ one counter clock period, then clear
bits STR3 and STR4 of TSTR to 0 to
stop counter operation of TCNT3 and
TCNTA4.

Clear complementary PWM mode | 1

Stop counter operation 2

|

Normal operating mode

Figure 10.34 Clearing Procedure for Complementary PWM Mode
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Examples of Complementary PWM Mode: Figure 10.35 shows an example of operation in
complementary PWM mode. TCNT3 and TCNT4 operate as up/down-counters, counting down
from compare match between TCNT3 and GRA3 and counting up from the point at which TCNT4
underflows. During each up-and-down counting cycle, PWM waveforms are generated by
compare match with general registers GRB3, GRA4, and GRB4. Since TCNT3 is initially set to a
higher value than TCNT4, compare match events occur in the sequence TCNT3, TCNT4, TCNT4,
TCNTS3.

TCNT3 and
TCNT4 values

Down-counting starts at compare
/ match between TCNT3 and GRA3

GRA3

GRB3

GRA4

GRB4

H0000 F———+—+ A - — Time

I ¥ 11 Up-counting starts when
TIOCA; oo | .11 TCNT4underflows i |

Figure 10.35 Operation in Complementary PWM Mode (Example 1, OLS3 = OLS4 =1)
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Figure 10.36 shows examples of waveforms with 0% and 100% duty cycles (in one phase) in
complementary PWM mode. In this example the outputs change at compare match with GRB3, so
waveforms with duty cycles of 0% or 100% can be output by setting GRB3 to a value larger than
GRA3. The duty cycle can be changed easily during operation by use of the buffer registers. For
further information see section 10.4.8, Buffering.

TCNT3 and
TCNT4 values

GRB3 [~/ - T

R A CRTA R AT

H'0000

TIOCA; !

3

Time

non

TIOCB; u O%dutycycle u u \_l_

TCNT3 and
TCNT4 values

GRA3

GRB3 [-- :”l

a. 0% duty cycle

H'0000

Time

TIOCA; _J |__|
TIOCB; T H

100% duty cycle

b. 100% duty cycle

Figure 10.36 Operation in Complementary PWM Mode (Example 2, OLS3 = OLS4 =1)
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In complementary PWM mode, TCNT3 and TCNT4 overshoot and undershoot at the transitions
between up-counting and down-counting. The setting conditions for the IMFA bit in channel 3 and
the OVF bit in channel 4 differ from the usual conditions. In buffered operation the buffer transfer
conditions also differ. Timing diagrams are shown in figures 10.37 and 10.38.

o Yo X v Yo w Yo
i |

5 ) Flag not set

IMFA

Setto 1

Buffer transfer
signal (BR to GR)

/
;
,
/
,
,
|
‘
i
‘
GR >< \
\
\
)

Buffer transfer

No buffer transfer

Figure 10.37 Overshoot Timing
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Underflow Overflow
TCNT4 >< H'0001 >< H'0000 >< H'FFFF>< H'0000 ><
; ;Flag not set

OVF

Setto 1

Buffer transfer
signal (BR to GR)

’ N
) \
7
h \
| '
| |
' '
\ !
\
N /

Buffer transfer No buffer transfer

Figure 10.38 Undershoot Timing

In channel 3, IMFA is set to 1 only during up-counting. In channel 4, OVF is set to 1 only when
an underflow occurs. When buffering is selected, buffer register contents are transferred to the
general register at compare match A3 during up-counting, and when TCNT4 underflows.

General Register Settings in Complementary PWM Mode: When setting up general registers
for complementary PWM mode or changing their settings during operation, note the following
points.

Initial settings

Do not set values from H'0000 to T — 1 (where T is the initial value of TCNT3). After the
counters start and the first compare match A3 event has occurred, however, settings in this
range also become possible.

Changing settings

Use the buffer registers. Correct waveform output may not be obtained if a general register is
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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\

e A A ] |
GR ><V ><* ><* ><* ><* ¥ ><* ><*

Figure 10.39 Changing a General Register Setting by Buffer Transfer (Example 1)

O Buffer transfer at transition from up-counting to down-counting
If the general register value is in the range from GRA3 —T + 1 to GRA3, do not transfer a
buffer register value outside this range. Conversely, if the general register value is outside
this range, do not transfer a value within this range. See figure 10.40.

GRA3+1 N
GRA3 T lllegal changes
GRA3-T+1 S\
TCNT3
GRA3-T T T N o

Figure 10.40 Changing a General Register Setting by Buffer Transfer (Caution 1)

U Buffer transfer at transition from down-counting to up-counting
If the general register value is in the range from H'0000 to T — 1, do not transfer a buffer
register value outside this range. Conversely, when a general register value is outside this
range, do not transfer a value within this range. See figure 10.41.
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TCNT3
/

lllegal changes

Figure 10.41 Changing a General Register Setting by Buffer Transfer (Caution 2)

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 register to
a value outside the counting range. When a buffer register is set to a value outside the
counting range, then later restored to a value within the counting range, the counting
direction (up or down) must be the same both times. See figure 10.42.

H'0000 -

Output pin |_|
Output pin |

- Y
GR \ ><f ><V \& ><f

Write during down-counting Write during up-counting

0% duty cycle 100% duty cycle

Figure 10.42 Changing a General Register Setting by Buffer Transfer (Example 2)

Settings can be made in this way by detecting GRA3 compare match or TCNT4 underflow
before writing to the buffer register. They can also be made by using GRA3 compare match
to activate the DMAC.
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10.4.7 Phase Counting Mode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO0, CKEGI, and CKEGO in TCR2. Settings of bits CCLR1, CCLRO in TCR2, and settings in
TIOR2, TIER2, TSR2, GRA2, and GRB2 are valid. The input capture and output compare
functions can be used, and interrupts can be generated.

Phase counting is available only in channel 2.

Sample Setup Procedure for Phase Counting Mode: Figure 10.43 shows a sample procedure
for setting up phase counting mode.

C Phase counting mode >

Select phase counting mode 1 1. Setthe MDF bit in TMDR to 1 to select
phase counting mode.

2. Select the flag setting condition with
the FDIR bit in TMDR.

3. Setthe STR2 bitto 1 in TSTR to start

Select flag setting condition 2 the timer counter.

Start counter 3

'

Phase counting mode

Figure 10.43 Setup Procedure for Phase Counting Mode (Example)
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Example of Phase Counting Mode: Figure 10.44 shows an example of operations in phase
counting mode. Table 10.9 lists the up-counting and down-counting conditions for TCNT2.

In phase counting mode both the rising and falling edges of TCLKA and TCLKB are counted. The
phase difference between TCLKA and TCLKB must be at least 1.5 states, the phase overlap must
also be at least 1.5 states, and the pulse width must be at least 2.5 states. See figure 10.45.

TCNT2 value

Counting down

Time
Tciks { f i f { f i i
ks b b b b
Figure 10.44 Operation in Phase Counting Mode (Example)
Table 10.9 Up/Down Counting Conditions
Counting Direction Up-Counting Down-Counting
TCLKB ' High | Low High I Low 1
TCLKA Low N High ! I Low N High
P_hase P_hase
difference difference . Pulse width Pulse width
~ ~ ~ -~
TCLKA | : | |
TCLKB :
| | | | ! Phase difference and overlap: at least 1.5 states
! .~ . idth-
Overlap Overlap Pulse width: at least 2.5 states

Figure 10.45 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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10.4.8 Buffering

Buffering operates differently depending on whether a general register is an output compare
register or an input capture register, with further differences in reset-synchronized PWM mode and
complementary PWM mode. Buffering is available only in channels 3 and 4. Buffering operations
under the conditions mentioned above are described next.

* General register used for output compare
The buffer register value is transferred to the general register at compare match.
See figure 10.46.

Compare match signal

BR GR Comparator TCNT

Figure 10.46 Compare Match Buffering

* General register used for input capture
The TCNT value is transferred to the general register at input capture. The previous general
register value is transferred to the buffer register.

See figure 10.47.

Input capture signal

BR GR TCNT

Figure 10.47 Input Capture Buffering
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*  Complementary PWM mode

The buffer register value is transferred to the general register when TCNT3 and TCNT4
change counting direction. This occurs at the following two times:

O When TCNT3 compare matches GRA3
O When TCNT4 underflows

* Reset-synchronized PWM mode

The buffer register value is transferred to the general register at compare match A3.

Sample Buffering Setup Procedure: Figure 10.48 shows a sample buffering setup procedure.

( Buffering )

| Select general register functions | 1 1. Set TIOR to select the output compare or input
capture function of the general registers.

2. Set bits BFA3, BFA4, BFB3, and BFB4 in TFCR
to select buffering of the required general registers.

3. Setthe STR bits to 1 in TSTR to start the timer
counters.

| Set buffer bits |

| Start counters | 3

'

Buffered operation

Figure 10.48 Buffering Setup Procedure (Example)
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Examples of Buffering: Figure 10.49 shows an example in which GRA is set to function as an
output compare register buffered by BRA, TCNT is set to operate as a periodic counter cleared by
GRB compare match, and TIOCA and TIOCB are set to toggle at compare match A and B.
Because of the buffer setting, when TIOCA toggles at compare match A, the BRA value is
simultaneously transferred to GRA. This operation is repeated each time compare match A occurs.
Figure 10.50 shows the transfer timing.

TCNT value Counter cleared by compare match B

(€] i e Al Haii
H'0250 - P b S
H'0200 - ] el I
H'0100 R fffffffffffffffff
H'0000 | | j — ~ Time
BRA H0200 | . HO0100 | X D~ HO0200 |
GRA H'0250 >< * H'0200 >< Y H'0100 >< * H'0200

T —— [ Tome
Tiocs ! | 1 ‘ ‘ output
Toca | TL Toggle

output

T T

Compare match A

Figure 10.49 Register Buffering (Example 1: Buffering of Output Compare Register)
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0 [ I R e B D B

TCNT n X n+1
Compare

match signal

Buffer transfer ,—l
signal

BR N

|

GR n X =N

Figure 10.50 Compare Match and Buffer Transfer Timing (Example)
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Figure 10.51 shows an example in which GRA is set to function as an input capture register
buffered by BRA, and TCNT is cleared by input capture B. The falling edge is selected as the
input capture edge at TIOCB. Both edges are selected as input capture edges at TIOCA. Because
of the buffer setting, when the TCNT value is captured into GRA at input capture A, the previous
GRA value is simultaneously transferred to BRA. Figure 10.52 shows the transfer timing.

TCNT value

Counter cleared by

/ input capture B

GRA

H'0005 ! H! 0160 \<

X
BRA >< >< Y 0005 ><V H'0160

GRB :>< >< H'0180
i oo

Input capture A

Figure 10.51 Register Buffering (Example 2: Buffering of Input Capture Register)
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25N I e I I o N O O

TIOC pin E|>\

Input capture

signal

TCNT

GR

BR

M X ‘n

Figure 10.52 Input Capture and Buffer Transfer Timing (Example)
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Figure 10.53 shows an example in which GRB3 is buffered by BRB3 in complementary PWM
mode. Buffering is used to set GRB3 to a higher value than GRA3, generating a PWM waveform
with 0% duty cycle. The BRB3 value is transferred to GRB3 when TCNT3 matches GRA3, and
when TCNT4 underflows.

TCNT3 and

TCNT4 values
H'1FFF TCNT3 ‘
GRA3 | n s

\¢~ TCNT4 |

H'0999 [ A N | |
H'0000 & : - Time
BRB3 Hosee | X! H'1FFF - X H0999 ||
GRB3  H0999 X 0999 X HIFFF X HIFFF X H0999

TIOCA, |

TIOCB,

Figure 10.53 Register Buffering (Example 3: Buffering in Complementary PWM Mode)
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10.4.9 ITU Output Timing

The ITU outputs from channels 3 and 4 can be disabled by bit settings in TOER or by an external
trigger, or inverted by bit settings in TOCR.

Timing of Enabling and Disabling of ITU Output by TOER: In this example an ITU output is
disabled by clearing a master enable bit to 0 in TOER. An arbitrary value can be output by
appropriate settings of the data register (DR) and data direction register (DDR) of the
corresponding input/output port. Figure 10.54 illustrates the timing of the enabling and disabling
of ITU output by TOER.

Ty To T
0 B |
Address bus TOER address ><
TOER
ITU output pin Timer output | I/O port

ITU output 4><7 Generic input/output

Figure 10.54 Timing of Disabling of ITU Output by Writing to TOER (Example)
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Timing of Disabling of ITU Output by External Trigger: If the XTGD bit is cleared to 0 in
TOCR in reset-synchronized PWM mode or complementary PWM mode, when an input capture A
signal occurs in channel 1, the master enable bits are cleared to 0 in TOER, disabling ITU output.
Figure 10.55 shows the timing.

ol

TIOCA7 pin §>\
Input capture

signal ,—l '7

((

)T

5§ ) 3
TOER N X HCo N N X HCO
ITU output 4 ‘
pins P ITU output >< :: I/0 port ITU output >< 1/0 port

)T

ITU output — »ie Generic ITU output — =< Generic
‘ input/output ‘ input/output

N: Arbitrary setting (H'C1 to H'FF)

Figure 10.55 Timing of Disabling of ITU Output by External Trigger (Example)

Timing of Output Inversion by TOCR: The output levels in reset-synchronized PWM mode and
complementary PWM mode can be inverted by inverting the output level select bits (OLS4 and
OLS3) in TOCR. Figure 10.56 shows the timing.

T T, T3
I

" N L
Address bus X TOCR address ><

TOCR ><
~—

ITU output pin ><

Inverted

Figure 10.56 Timing of Inverting of ITU Output Level by Writing to TOCR (Example)
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10.5 Interrupts

The ITU has two types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

10.5.1  Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB are set to 1 by a
compare match signal generated when TCNT matches a general register (GR). The compare match
signal is generated in the last state in which the values match (when TCNT is updated from the
matching count to the next count). Therefore, when TCNT matches a general register, the compare
match signal is not generated until the next timer clock input. Figure 10.57 shows the timing of the
setting of IMFA and IMFB.

; i L

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 Match
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Timing of Setting of IMFA and IMFB by Input Capture: IMFA and IMFB are set to 1 by an
input capture signal. The TCNT contents are simultaneously transferred to the corresponding
general register. Figure 10.58 shows the timing.

o | L

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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Timing of Setting of Overflow Flag (OVF): OVF is set to 1 when TCNT overflows from
H'FFFF to H'0000 or underflows from H'0000 to HFFFF. Figure 10.59 shows the timing.

o L

TCNT H'FFFF >< H'0000

Overflow
signal

OVF

ovi

Figure 10.59 Timing of Setting of OVF

10.5.2  Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes O in the status flag, the status flag is
cleared. Figure 10.60 shows the timing.

TSR write cycle

Ty T, T3
= | | -

o L
Address >< TSR address ><

IMF, OVF

Figure 10.60 Timing of Clearing of Status Flags
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10.5.3 Interrupt Sources and DMA Controller Activation

Each ITU channel can generate a compare match/input capture A interrupt, a compare match/input
capture B interrupt, and an overflow interrupt. In total there are 15 interrupt sources, all
independently vectored. An interrupt is requested when the interrupt request flag and interrupt
enable bit are both set to 1.

The priority order of the channels can be modified in interrupt priority registers A and B (IPRA
and IPRB). For details see section 5, Interrupt Controller.

Compare match/input capture A interrupts in channels 0 to 3 can activate the DMA controller
(DMAC). When the DMAC is activated a CPU interrupt is not requested.

Table 10.10 lists the interrupt sources.

Table 10.10 ITU Interrupt Sources

Interrupt DMAC

Channel Source Description Activatable Priority*

0 IMIAO Compare match/input capture A0 Yes High
IMIBO Compare match/input capture BO No 1
ovio Overflow 0 No N

1 IMIA1 Compare match/input capture A1 Yes %
IMIBA1 Compare match/input capture B1 No ]
ovi1 Overflow 1 No E

2 IMIA2 Compare match/input capture A2 Yes O
IMIB2 Compare match/input capture B2 No O
ovi2 Overflow 2 No E

3 IMIA3 Compare match/input capture A3 Yes ]
IMIB3 Compare match/input capture B3 No E
OoVI3 Overflow 3 No O

4 IMIA4 Compare match/input capture A4 No (l
IMIB4 Compare match/input capture B4 No E
ovi4 Overflow 4 No Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be changed
by settings in IPRA and IPRB.
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10.6  Usage Notes

This section describes contention and other matters requiring special attention during ITU
operations.

Contention between TCNT Write and Clear: If a counter clear signal occurs in the T; state of a
TCNT write cycle, clearing of the counter takes priority and the write is not performed. See figure
10.61.

TCNT write cycle
Ty T2 T3

. N
Address bus X TCNT address ><

Internal write signal

Counter clear signal

TCNT N >< H'0000

Figure 10.61 Contention between TCNT Write and Clear
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Contention between TCNT Word Write and Increment: If an increment pulse occurs in the T;
state of a TCNT word write cycle, writing takes priority and TCNT is not incremented. See figure
10.62.

TCNT word write cycle

Ty T, T3
>l >l -]

[
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 Increment
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Contention between TCNT Byte Write and Increment: If an increment pulse occurs in the T,
or T; state of a TCNT byte write cycle, writing takes priority and TCNT is not incremented. The
TCNT byte that was not written retains its previous value. See figure 10.63, which shows an
increment pulse occurring in the T, state of a byte write to TCNTH.

TCNTH byte write cycle

Ty T, T3
>l >l >

[
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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Contention between General Register Write and Compare Match: If a compare match occurs
in the T; state of a general register write cycle, writing takes priority and the compare match signal
is inhibited. See figure 10.64.

General register write cycle

T T, T3
>l >l >

=
Address bus X GR address ><

Internal write signal

TCNT N >< N+1

GR N >< /M

General register write data

Compare match signal ' po- Inhibited

Figure 10.64 Contention between General Register Write and Compare Match
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Contention between TCNT Write and Overflow or Underflow: If an overflow occurs in the T;
state of a TCNT write cycle, writing takes priority and the counter is not incremented. OVF is set
to 1. The same holds for underflow. See figure 10.65.

TCNT write cycle

T, T, T3
>l >l -

[
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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Contention between General Register Read and Input Capture: If an input capture signal
occurs during the T; state of a general register read cycle, the value before input capture is read.
See figure 10.66.

General register read cycle

T T, T3

R

Address bus

w ]
X

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 Capture
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Contention between Counter Clearing by Input Capture and Counter Increment: If an input
capture signal and counter increment signal occur simultaneously, the counter is cleared according
to the input capture signal. The counter is not incremented by the increment signal. The value
before the counter is cleared is transferred to the general register. See figure 10.67.

w .

Input capture signal

Counter clear signal

TCNT input clock

TCNT N >< H'0000

GR >< N

Figure 10.67 Contention between Counter Clearing by Input Capture and Counter
Increment
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Contention between General Register Write and Input Capture: If an input capture signal
occurs in the Tj state of a general register write cycle, input capture takes priority and the write to
the general register is not performed. See figure 10.68.

General register write cycle

Ty T, T3
>l >l -

[
Address bus X GR address ><

Internal write signal

Input capture signal

TCNT M

GR >< \M

Figure 10.68 Contention between General Register Write and Input Capture

Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is
cleared in the last state at which the TCNT value matches the general register value, at the time
when this value would normally be updated to the next count. The actual counter frequency is
therefore given by the following formula:

¢
(N+1)

(f: counter frequency. @ system clock frequency. N: value set in general register.)
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Contention between Buffer Register Write and Input Capture: If a buffer register is used for
input capture buffering and an input capture signal occurs in the T; state of a write cycle, input
capture takes priority and the write to the buffer register is not performed. See figure 10.69.

Buffer register write cycle

T T, T3
e e

[
Address bus X BR address ><

Internal write signal

Input capture signal

GR N \>< \X

TCNT value
BR M >< 1 N

Figure 10.69 Contention between Buffer Register Write and Input Capture
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Note on Synchronous Preset: When channels are synchronized, if a TCNT value is modified by
byte write access, all 16 bits of all synchronized counters assume the same value as the counter
that was addressed.

Example: When channels 2 and 3 are synchronized

» Byte write to channel 2 or byte write to channel 3

Tent2 | ow | x|

Tents |y |z |

Upper byte Lower byte

Write A to upper byte
of channel 2 |

TenNT2 | oA | x|

-

TeNT3 | A | x|

Upper byte Lower byte
Write A to lower byte

of channel 3

TeNT2 | Y | A |

TeNT3 | Y [ A |

Upper byte Lower byte

» Word write to channel 2 or word write to channel 3

Tent2 | ow | x|

Tents | vy |z |

Upper byte Lower byte

Tent2 | A | B |

- |

Write AB word to TCNT3 | A | B ‘
channel 2 or 3

Upper byte Lower byte

Note on Setup of Reset-Synchronized PWM Mode and Complementary PWM Mode: When
setting bits CMD1 and CMDO0 in TFCR, take the following precautions:

Write to bits CMD1 and CMDO only when TCNT3 and TCNT4 are stopped.

Do not switch directly between reset-synchronized PWM mode and complementary PWM
mode. First switch to normal mode (by clearing bit CMD1 to 0), then select reset-synchronized
PWM mode or complementary PWM mode.
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ITU Operating Modes

Table 10.11 (a) ITU Operating Modes (Channel 0)

"panqiyul si reufis yorew asedwod ayy ‘Ajsnosue)nwis N0 g yoyew aredwod pue v ydrew asedwod J| "apowl NAd Ul Pasn aq jouued uonduny ainided indui ayl 910N

‘apouw Siyy J9ajfe Jou saop Bumas i—
‘(piren) siqejrene Bumss : (O :pusba

1esd
T1=04100 snouoJyd
O | T=Td7100 O O — - - - — — O — — | T=00NAS -UAs
g aimdes
0=04100 indui/yarew
O T=Td100 O O — — — — — — @) — — @) aredwod Ag
v ainded
T=04100 induyyorew | Buuesjo
O | 0=Td700 @] @] — — — — — — @] — — @] aledwod Ag | Jo1uno)
pajoulsalun
skq Jaylo
O O T =240l O — — — — — — 0=0AMd| — — O € aimded induj
pajousalun
s Jayio
O @] O T=2vO0l - - - - - - 0=0AMd | — - @] v 8imded indu|
pajousalun
BlpETie}
o o 0=290! 0 — — — — — — @) — — @) g aredwod Indino
pajousalun
Sug 18y1o
@] O O 0=2vol — — — — — — 0=0AMd| — — @) v aredwod Indinp
O O O — — — — — — — T=0AMd| — — O apow WM
o o o 0 _ _ — — — — le) — — T=0DNAS | 10said SnouoiIyouAs
WMd
109[9!
19985 199188 gol vo | 219e3 _m>_w.w aoix| O | pezu é_\kww_s Wmd | diad| daw | YoM
32010 1ea|n JES =T d -18)yng [ -01youhs d -0JY2uAs
inc@ino qesey | o1ew00 apow Bunesado
040l 0dOIL 4301 d00L dOo4L JanNL ONSL
sbuas Je1sibay

Rev. 7.00 Sep 21, 2005 page 405 of 878

REJ09B0259-0700

RENESAS



Section 10 16-Bit Integrated Timer Unit (ITU)

Table 10.11 (b) ITU Operating Modes (Channel 1)
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Table 10.11 (¢) ITU Operating Modes (Channel 2)
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Table 10.11 (d) ITU Operating Modes (Channel 3)
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Table 10.11 (e) ITU Operating Modes (Channel 4)
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Section 11 Programmable Timing Pattern Controller

Section 11 Programmable Timing Pattern Controller

11.1 Overview

The H8/3048 Group has a built-in programmable timing pattern controller (TPC) that provides
pulse outputs by using the 16-bit integrated timer unit (ITU) as a time base. The TPC pulse
outputs are divided into 4-bit groups (group 3 to group 0) that can operate simultaneously and
independently.

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 basis.
* Four output groups

Output trigger signals can be selected in 4-bit groups to provide up to four different 4-bit
outputs.

* Selectable output trigger signals

Output trigger signals can be selected for each group from the compare-match signals of four
ITU channels.

* Non-overlap mode
A non-overlap margin can be provided between pulse outputs.
» Can operate together with the DMA controller (DMAC)

The compare-match signals selected as trigger signals can activate the DMAC for sequential
output of data without CPU intervention.
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11.1.2

Block Diagram

Figure 11.1 shows a block diagram of the TPC.

TP15 ~—
TP14 -—| Pulse output
TP13 -«— pins, group 3
TPy ~—]

I PBDR
TPy ==—1 Pulse output
TPy -— pins, group 2
Tpg -
TP7 -
TP¢ =+ Pulse output
TPg —-— pins, group 1
TP4 e
TP3; ™
TP, <+ Pulse output
TP, =+ pins, group 0
TPO -]

TP11

Legend
TPMR:
TPCR:
NDERB:
NDERA:
PBDDR:
PADDR:
NDRB:
NDRA:
PBDR:
PADR:

ITU compare match signals

Ll

PADDR

PBDDR

Control logic

NDERA

NDERB

TPMR

TPCR

fffffffffffffff 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

fffff NDRB -~

Internal
data bus

Figure 11.1 TPC Block Diagram
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11.1.3  TPC Pins
Table 11.1 summarizes the TPC output pins.

Table 11.1 TPC Pins

Name Symbol /0 Function

TPC output 0 TPo Output Group 0 pulse output
TPC output 1 TP Output

TPC output 2 TP, Output

TPC output 3 TP3 Output

TPC output 4 TP4 Output Group 1 pulse output
TPC output 5 TPs Output

TPC output 6 TPs Output

TPC output 7 TP, Output

TPC output 8 TPs Output Group 2 pulse output
TPC output 9 TPo Output

TPC output 10 TP1o Output

TPC output 11 TP11 Output

TPC output 12 TP12 Output Group 3 pulse output
TPC output 13 TP13 Output

TPC output 14 TP14 Output

TPC output 15 TP1s Output

Rev. 7.00 Sep 21, 2005 page 413 of 878
REJ09B0259-0700
RENESAS



Section 11 Programmable Timing Pattern Controller

11.14  Registers
Table 11.2 summarizes the TPC registers.

Table 11.2 TPC Registers

Address*' Name Abbreviation R/W Initial Value
H'FFD1 Port A data direction register PADDR w H'00
H'FFD3 Port A data register PADR R/(W)*? H'00
H'FFD4 Port B data direction register PBDDR w H'00
H'FFD6 Port B data register PBDR R/(W)*? H'00
H'FFAOQ TPC output mode register TPMR R/W H'FO
H'FFA1 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
HFFA7*

H'FFA4 Next data register B NDRB R/W H'00
HFFA6*

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 TPC output
groups 0 and 1 by settings in TPCR. When the output triggers are different, the NDRA
address is H'FFA7 for group 0 and H'FFAS5 for group 1. Similarly, the address of NDRB
is H'FFA4 when the same output trigger is selected for TPC output groups 2 and 3 by
settings in TPCR. When the output triggers are different, the NDRB address is H'FFA6
for group 2 and H'FFA4 for group 3.
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11.2  Register Descriptions

11.2.1  Port A Data Direction Register (PADDR)

PADDR is an 8-bit write-only register that selects input or output for each pin in port A.

Bit 7 6 5 4 3 2 1 0

‘ PA; DDR‘ PAg DDR‘ PAg DDR‘ PA4DDR‘ PA3DDR ‘ PA,DDR ‘ PA; DDR‘PAO DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W w W w w

Port A data direction 7to O

These bits select input or
output for port A pins

Port A is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC output must
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/writable register that stores TPC output data for groups 0 and 1, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PA; ‘ PAg ‘ PAsg ‘ PA4 ‘ PA3 ‘ PA, ‘ PA, ‘ PAg ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(Wy  R/(WYy R/(W)y R/(Wy R/(Wy R/(W)y} R/(Wy R/(W)y
|
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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11.2.3  Port B Data Direction Register (PBDDR)

PBDDR is an 8-bit write-only register that selects input or output for each pin in port B.

Bit 7 6 5 4 3 2 1 0

‘ PB, DDR‘ PBg DDR‘ PBsg DDR‘ PB4DDR‘ PB3DDR ‘ PB,DDR ‘ PB; DDR‘PBO DDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write W W W W w W w w

Port B data direction 7to O

These bits select input or
output for port B pins

Port B is multiplexed with pins TP;5 to TPg. Bits corresponding to pins used for TPC output must
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-bit readable/writable register that stores TPC output data for groups 2 and 3, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PB~ ‘ PBg ‘ PBsg ‘ PB4 ‘ PB3 ‘ PB, ‘ PB, ‘ PBy ‘
Initial value 0 0 0 0 0 0 0 0

ReadWrite  R/W}  RAW} RIWY  RIWY RIAW}F RIW)  RIWY  RIW)

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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11.2.5 Next Data Register A (NDRA)

NDRA is an 8-bit readable/writable register that stores the next output data for TPC output groups
1 and O (pins TP; to TPy). During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRA contents are transferred to the corresponding bits in PADR. The address of
NDRA differs depending on whether TPC output groups 0 and 1 have the same output trigger or
different output triggers.

NDRA is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Same Trigger for TPC Output Groups 0 and 1: If TPC output groups 0 and 1 are triggered by
the same compare match event, the NDRA address is H'FFAS. The upper 4 bits belong to group 1
and the lower 4 bits to group 0. Address HFFA7 consists entirely of reserved bits that cannot be
modified and are always read as 1.

Address HFFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDRG6 ‘ NDR5 ‘ NDR4 ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 7 to 4 Next data 3to 0
These bits store the next output These bits store the next output
data for TPC output group 1 data for TPC output group 0
Address HFFA7
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggers for TPC Output Groups 0 and 1: If TPC output groups 0 and 1 are triggered
by different compare match events, the address of the upper 4 bits of NDRA (group 1) is HFFAS
and the address of the lower 4 bits (group 0) is HFFA?7. Bits 3 to 0 of address H'FFAS and bits 7
to 4 of address H'FFA7 are reserved bits that cannot be modified and are always read as 1.

Address HFFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ NDR6 ‘ NDR5 ‘ NDR4 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 7 to 4 Reserved bits
These bits store the next output
data for TPC output group 1
Address HFFA7
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data3to 0

These bits store the next output
data for TPC output group 0
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11.2.6  Next Data Register B (NDRB)

NDRB is an 8-bit readable/writable register that stores the next output data for TPC output groups
3 and 2 (pins TP,5 to TPg). During TPC output, when an ITU compare match event specified in
TPCR occurs, NDRB contents are transferred to the corresponding bits in PBDR. The address of
NDRB differs depending on whether TPC output groups 2 and 3 have the same output trigger or
different output triggers.

NDRB is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Same Trigger for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered by
the same compare match event, the NDRB address is HFFA4. The upper 4 bits belong to group 3
and the lower 4 bits to group 2. Address HFFAG consists entirely of reserved bits that cannot be
modified and are always read as 1.

Address HFFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14 ‘ NDR13 ‘ NDR12 ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDRS8 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Next data 15 to 12 Next data 11 to 8
These bits store the next output These bits store the next output
data for TPC output group 3 data for TPC output group 2
Address HFFA6
Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — —

Reserved bits
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Different Triggers for TPC Output Groups 2 and 3: If TPC output groups 2 and 3 are triggered
by different compare match events, the address of the upper 4 bits of NDRB (group 3) is HFFA4
and the address of the lower 4 bits (group 2) is HFFAG6. Bits 3 to 0 of address H'FFA4 and bits 7
to 4 of address H'FFAG6 are reserved bits that cannot be modified and are always read as 1.

Address HFFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13‘ NDR12 ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Next data 15 to 12 Reserved bits
These bits store the next output
data for TPC output group 3
Address HFFA6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 11to 8

These bits store the next output
data for TPC output group 2
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11.2.7  Next Data Enable Register A (NDERA)

NDERA is an 8-bit readable/writable register that enables or disables TPC output groups 1 and 0
(TP, to TPy) on a bit-by-bit basis.

Bit 7 6 5 4 3 2 1 0

‘ NDER7 ‘ NDERG‘ NDERS5 ‘ NDER4 ‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W 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 a bit is enabled for TPC output by NDERA, then when the ITU compare match event selected in
the TPC output control register (TPCR) occurs, the NDRA value is automatically transferred to
the corresponding PADR bit, updating the output value. If TPC output is disabled, the bit value is
not transferred from NDRA to PADR and the output value does not change.

NDERA is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 7 to 0 (NDER7 to NDERO): These bits enable or disable TPC
output groups 1 and 0 (TP to TP,) on a bit-by-bit basis.

Bits 7 to 0:
NDER7 to NDERO Description
0 TPC outputs TP7 to TPg are disabled (Initial value)

(NDR7 to NDRO are not transferred to PA7 to PAg)

TPC outputs TP7 to TP, are enabled
(NDR7 to NDRQO are transferred to PA7 to PAo)
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11.2.8 Next Data Enable Register B (NDERB)

NDERB is an 8-bit readable/writable register that enables or disables TPC output groups 3 and 2
(TPy5 to TPg) on a bit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDERlS‘ NDER14‘ NDER13‘ NDERlZ‘NDERll‘NDERlO‘ NDER9 ‘ NDERS8 ‘

Initial value 0 0 0 0 0 0 0 0

Read/Write R/W 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 a bit is enabled for TPC output by NDERB, then when the ITU compare match event selected in
the TPC output control register (TPCR) occurs, the NDRB value is automatically transferred to the
corresponding PBDR bit, updating the output value. If TPC output is disabled, the bit value is not
transferred from NDRB to PBDR and the output value does not change.

NDERB is initialized to H'00 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 15 to 8 (NDERI15 to NDERS): These bits enable or disable TPC
output groups 3 and 2 (TP;5 to TPg) on a bit-by-bit basis.

Bits 7 to 0:

NDER15 to NDERS Description

0 TPC outputs TP15 to TPg are disabled (Initial value)
(NDR15 to NDRS are not transferred to PB7 to PBy)

1 TPC outputs TP45 to TPg are enabled

(NDR15 to NDRS8 are transferred to PB7 to PBg)
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11.2.9

TPC Output Control Register (TPCR)

TPCR is an 8-bit readable/writable register that selects output trigger signals for TPC outputs on a

group-by-group basis.

Bit 7 6 5 4 3 2 1 0
‘G3CM51‘GSCMSO‘ GZCMSl‘ GZCMSO‘GlCMSl ‘GlCMSO‘ GOCMSl‘GOCMSO‘

Initial value 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

Group 3 compare

match select 1 and 0

These bits select
the compare match
event that triggers
TPC output group 3

Group 2 compare
match select 1 and 0
These bits select
the compare match
event that triggers

Group 1 compare

TPC output group 2 match select 1 and 0

These bits select
the compare match
event that triggers

(Tpll to TP8)

Group 0 compare

TPC output group 1 match select 1 and O

(TP7 to TP4)

These bits select
the compare match
event that triggers
TPC output group 0
(TP; to TRy)

TPCR is initialized to H'FF by a reset and in hardware standby mode. It is not initialized in

software standby mode.

Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CMS1, G3CMS0): These bits
select the compare match event that triggers TPC output group 3 (TP;s to TPy,).

Bit 7: G3CMS1 Bit 6: G3CMS0 Description
0 0 TPC output group 3 (TP1s to TP+32) is triggered by compare
match in ITU channel 0
1 TPC output group 3 (TP+5 to TP+2) is triggered by compare
match in ITU channel 1
1 0 TPC output group 3 (TP1s to TP+32) is triggered by compare

match in ITU channel 2

TPC output group 3 (TP+5 to TP12) is triggered by compare
match in ITU channel 3 (Initial value)
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Bits 5 and 4—Group 2 Compare Match Select 1 and 0 (G2CMS1, G2CMS0): These bits
select the compare match event that triggers TPC output group 2 (TP to TPy).

Bit 5: G2CM$1 Bit 4: G2CMSO0

Description

0 0 TPC output group 2 (TP41 to TPs) is triggered by compare
match in ITU channel 0

1 TPC output group 2 (TP11 to TPg) is triggered by compare
match in ITU channel 1

1 0 TPC output group 2 (TP11 to TPg) is triggered by compare

match in ITU channel 2

TPC output group 2 (TP41 to TPs) is triggered by compare
match in ITU channel 3 (Initial value)

Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CMS1, G1CMS0): These bits
select the compare match event that triggers TPC output group 1 (TP; to TP,).

Bit 3: G1ICMS1 Bit 2: G1CMS0

Description

0 0 TPC output group 1 (TP7 to TP4) is triggered by compare
match in ITU channel 0

1 TPC output group 1 (TP7 to TPy) is triggered by compare
match in ITU channel 1

1 0 TPC output group 1 (TP7 to TP4) is triggered by compare

match in ITU channel 2

TPC output group 1 (TP7 to TPy) is triggered by compare
match in ITU channel 3 (Initial value)

Bits 1 and 0—Group 0 Compare Match Select 1 and 0 (GOCMS1, GOCMS0): These bits
select the compare match event that triggers TPC output group 0 (TP; to TPy).

Bit 1: GOCMS1 Bit 0: GOCMS0

Description

0 0 TPC output group 0 (TP3 to TPy) is triggered by compare
match in ITU channel 0

1 TPC output group 0 (TP3 to TPy) is triggered by compare
match in ITU channel 1

1 0 TPC output group 0 (TP3 to TPy) is triggered by compare

match in ITU channel 2

TPC output group 0 (TP3 to TPy) is triggered by compare
match in ITU channel 3 (Initial value)
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11.2.10 TPC Output Mode Register (TPMR)

TPMR is an 8-bit readable/writable register that selects normal or non-overlapping TPC output for
each group.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ G3NOV ‘ G2NOoV ‘ G1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TPy5)

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TP4 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 TP,)

The output trigger period of a non-overlapping TPC output waveform is set in general register B
(GRB) in the ITU channel selected for output triggering. The non-overlap margin is set in general
register A (GRA). The output values change at compare match A and B. For details see section
11.3.4, Non-Overlapping TPC Output.

TPMR is initialized to H'FO by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 4—Reserved: Read-only bits, always read as 1.
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Bit 3—Group 3 Non-Overlap (G3NOYV): Selects normal or non-overlapping TPC output for
group 3 (TPys to TPy,).

Bit 3: G3NOV Description

0 Normal TPC output in group 3 (output values change at compare match A in
the selected ITU channel) (Initial value)
1 Non-overlapping TPC output in group 3 (independent 1 and 0 output at

compare match A and B in the selected ITU channel)

Bit 2—Group 2 Non-Overlap (G2NOYV): Selects normal or non-overlapping TPC output for
group 2 (TP, to TPy).

Bit 2: G2NOV Description

0 Normal TPC output in group 2 (output values change at compare match A in
the selected ITU channel) (Initial value)
1 Non-overlapping TPC output in group 2 (independent 1 and 0 output at

compare match A and B in the selected ITU channel)

Bit 1—Group 1 Non-Overlap (GINOYV): Selects normal or non-overlapping TPC output for
group 1 (TP; to TP,).

Bit 1: GINOV Description

0 Normal TPC output in group 1 (output values change at compare match A in
the selected ITU channel) (Initial value)
1 Non-overlapping TPC output in group 1 (independent 1 and 0 output at

compare match A and B in the selected ITU channel)

Bit 0—Group 0 Non-Overlap (GONOYV): Selects normal or non-overlapping TPC output for
group 0 (TP; to TPy).

Bit 0: GONOV Description

0 Normal TPC output in group 0 (output values change at compare match A in
the selected ITU channel) (Initial value)
1 Non-overlapping TPC output in group 0 (independent 1 and 0 output at

compare match A and B in the selected ITU channel)
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11.3  Operation

11.3.1  Overview

When corresponding bits in PADDR or PBDDR and NDERA or NDERB are set to 1, TPC output
is enabled. The TPC output initially consists of the corresponding PADR or PBDR contents.
When a compare-match event selected in TPCR occurs, the corresponding NDRA or NDRB bit
contents are transferred to PADR or PBDR to update the output values.

Figure 11.2 illustrates the TPC output operation. Table 11.3 summarizes the TPC operating
conditions.

DDR NDER

Output trigger signal

~ Internal
Q DR D Q NDR D<7databus

TPC output pin

Figure 11.2 TPC Output Operation

Table 11.3 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 when compare
match occurs, the NDR bit value is transferred to the DR bit)

1 TPC pulse output
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Sequential output of up to 16-bit patterns is possible by writing new output data to NDRA and
NDRB before the next compare match. For information on non-overlapping operation, see section
11.3.4, Non-Overlapping TPC Output.

11.3.2  Output Timing

If TPC output is enabled, NDRA/NDRB contents are transferred to PADR/PBDR and output
when the selected compare match event occurs. Figure 11.3 shows the timing of these operations
for the case of normal output in groups 2 and 3, triggered by compare match A.

TCNT >< N >< N+1 ><

GRA N

Compare
match A signal

NDRB n
PBDR m >< N n
TPB to TP15 m >< n

Figure 11.3 Timing of Transfer of Next Data Register Contents and Output (Example)
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11.3.3

Normal TPC Output

Sample Setup Procedure for Normal TPC Output: Figure 11.4 shows a sample procedure for
setting up normal TPC output.

ITU setup

Port and
TPC setup

ITU setup

Normal TPC output

Select GR functions

Set GRA value

Select counting operation

Select interrupt request

Set initial output data

Select port output

Enable TPC output

Select TPC output trigger

Set next TPC output data

Start counter

]

10

11.

Compare match?

Yes

Set next TPC output data

No

11

Set TIOR to make GRA an output compare
register (with output inhibited).

Set the TPC output trigger period.

Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the counter
clear source with bits CCLR1 and CCLRO.
Enable the IMFA interrupt in TIER.

The DMAC can also be set up to transfer
data to the next data register.

Set the initial output values in the DR bits

of the input/output port pins to be used for
TPC output.

Set the DDR bits of the input/output port
pins to be used for TPC output to 1.

Set the NDER bits of the pins to be used for
TPC output to 1.

Select the ITU compare match event to be
used as the TPC output trigger in TPCR.

Set the next TPC output values in the NDR bits.

. Setthe STR bitto 1 in TSTR to start the

timer counter.
At each IMFA interrupt, set the next output
values in the NDR bits.

Figure 11.4 Setup Procedure for Normal TPC Output (Example)
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 11.5 shows
an example in which the TPC is used for cyclic five-phase pulse output.

TCNT value Compare match

TCNT
GRA - ‘( fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff

TP14

TPy3

TPy

TP, ! !

« The ITU channel to be used as the output trigger channel is set up so that GRA is an output compare
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 G2CMS0 are set in
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 contents
are transferred to PBDR and output. The compare match/input capture A (IMFA) interrupt service routine
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 writing
H'40, H'60, H'20, H'30, H'10, H'18, H'08, H'88... at successive IMFA interrupts. If the DMAC is set for
activation by this interrupt, pulse output can be obtained without loading the CPU.

Figure 11.5 Normal TPC Output Example (Five-Phase Pulse Output)
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11.3.4  Non-Overlapping TPC Output

Sample Setup Procedure for Non-Overlapping TPC Output: Figure 11.6 shows a sample
procedure for setting up non-overlapping TPC output.

Non-overlapping
TPC output

| Select GR functions | 1 1. Set TIOR to make GRA and GRB output
[ compare registers (with output inhibited).
| Set GR values | 2 2. Setthe TPC output trigger period in GRB

‘ and the non-overlap margin in GRA.
| 3. Select the counter clock source with bits
TPSC2 to TPSCO in TCR. Select the counter
‘ clear source with bits CCLR1 and CCLRO.
| Select interrupt requests | 4 4. Enable the IMFA interrupt in TIER.
‘ The DMAC can also be set up to transfer
data to the next data register.
| 5 5. Set the initial output values in the DR bits
\ of the input/output port pins to be used for
| Set up TPC output | 6 TPC output.
[ 6. Setthe DDR bits of the input/output port pins
| Enable TPC transfer | 7 to be used for TPC output to 1.
‘ 7. Setthe NDER bhits of the pins to be used for
| TPC output to 1.
8. In TPCR, select the ITU compare match
‘ event to be used as the TPC output trigger.
| Select non-overlapping groups | 9 9. In TPMR, select the groups that will operate
\ in non-overlap mode.
10. Set the next TPC output values in the NDR
bits.
11. Set the STR bitto 1 in TSTR to start the timer
counter.
ITU setup Start counter 11 12. At each IMFA interrupt, write the next output
value in the NDR bits.

ITU setup

Select counting operation

| Set initial output data

Port and
TPC setup |

Select TPC transfer trigger

Set next TPC output data 10

No
Compare match A?

Yes

Set next TPC output data 12

Figure 11.6 Setup Procedure for Non-Overlapping TPC Output (Example)
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Example of Non-Overlapping TPC Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 11.7 shows an example of the use of TPC output for four-phase
complementary non-overlapping pulse output.

TCNT value

GRB H:I;Cil\il:l' ”””””””””””””””””””””””””””””””””
GRA "% N % A N I~ N A N
H0000 \ T T L T Time
nors 95 X 65 (X s X 56 X o5 X es X

TPyg

TPy l

- -
el o
-

TPy

TPy |

i

L

This operation example is described below.

« 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 G2CMSO are set
in TPCR to select compare match in the ITU channel set up in step 1 as the output trigger.

Bits GBANOV 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 O to 1 is delayed
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.

Figure 11.7 Non-Overlapping TPC Output Example
(Four-Phase Complementary Non-Overlapping Pulse Output)
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11.3.5 TPC Output Triggering by Input Capture

TPC output can be triggered by ITU input capture as well as by compare match. If GRA and GRB
functions as an input capture register in the ITU channel selected in TPCR, TPC output will be
triggered by the input capture signal. Figure 11.8 shows the timing.

0 L

TIOC pin \‘

Input capture

signal
NDR N
\
DR M >< S N

Figure 11.8 TPC Output Triggering by Input Capture (Example)
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11.4  Usage Notes

11.4.1  Operation of TPC Output Pins

TP, to TP;5 are multiplexed with ITU, DMAC, address bus, and other pin functions. When ITU,
DMAC, or address output is enabled, the corresponding pins cannot be used for TPC output. The
data transfer from NDR bits to DR bits takes place, however, regardless of the usage of the pin.

Pin functions should be changed only under conditions in which the output trigger event will not
occur.

11.4.2  Note on Non-Overlapping Output

During non-overlapping operation, the transfer of NDR bit values to DR bits takes place as
follows.

1. NDR bits are always transferred to DR bits at compare match A.

2. At compare match B, NDR bits are transferred only if their value is 0. Bits are not transferred
if their value is 1.

Figure 11.9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
Internal
Q DR Dj= ‘ Q NDR D 4atabus

TPC output pin

Figure 11.9 Non-Overlapping TPC Output
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Therefore, 0 data can be transferred ahead of 1 data by making compare match B occur before
compare match A. NDR contents should not be altered during the interval from compare match B
to compare match A (the non-overlap margin).

This can be accomplished by having the IMFA interrupt service routine write the next data in
NDR, or by having the IMFA interrupt activate the DMAC. The next data must be written before
the next compare match B occurs.

Figure 11.10 shows the timing relationships.

Compare
match A

Compare
match B

! ! NDR write ! ! NDR write
NDR >< ><

. X X

0 output 0/1 output 0 output  0/1 output
Write to NDR Write to NDR
in this interval in this interval
Do not write Do not write
to NDR in this to NDR in this
interval interval

Figure 11.10 Non-Overlapping Operation and NDR Write Timing
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Section 12 Watchdog Timer

12.1 Overview

The H8/3048 Group has an on-chip watchdog timer (WDT). The WDT has two selectable
functions: it can operate as a watchdog timer to supervise system operation, or it can operate as an
interval timer. As a watchdog timer, it generates a reset signal for the chip if a system crash allows
the timer counter (TCNT) to overflow before being rewritten. In interval timer operation, an
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 a reset signal or interrupt.
The reset signal is generated in watchdog timer operation. An interval timer interrupt is
generated in interval timer operation.

* Watchdog timer reset signal resets the entire chip internally, and can also be output externally.

The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire chip internally. An external reset signal can be output from the RESO pin to reset
other system devices simultaneously.
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12.1.2  Block Diagram

Figure 12.1 shows a block diagram of the WDT.

Interrupt signal <————— Interrupt
(interval timer) | control

I

Overflow

TCNT
|

Y
RSTCSR

Reset Reset control

(internal, external)

Legend

TCNT:  Timer counter

TCSR:  Timer control/status register
RSTCSR: Reset control/status register

TCSR

Clock

Clock
selector

Read/
write
control

Internal
data bus
>

Internal clock sources

@2
@32
@64
@128
@256
@512
@2048
4096

Figure 12.1 WDT Block Diagram

12.1.3  Pin Configuration
Table 12.1 describes the WDT output pin.

Table 12.1 WDT Pin

Name Abbreviation 110

Function

Reset output RESO Output*

External output of the watchdog timer reset

signal

Note: * Open-drain output.
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12.1.4  Register Configuration
Table 12.2 summarizes the WDT registers.

Table 12.2 WDT Registers

w1
Address Abbre- Initial
Write*? Read Name viation R/IW Value
H'FFA8 H'FFA8 Timer control/status register TCSR R/(W)*® H'18
H'FFA9 Timer counter TCNT R/W H'00
H'FFAA H'FFAB Reset control/status register RSTCSR R/(W)*® H'3F
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
12.2.1  Timer Counter (TCNT)
TCNT is an 8-bit readable and writable* up-counter.
Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

When the TME bit is set to 1 in TCSR, TCNT starts counting pulses generated from an internal
clock source selected by bits CKS2 to CKS0 in TCSR. When the count overflows (changes from
H'FF to H'00), the OVF bit is set to 1 in TCSR. TCNT is initialized to H'00 by a reset and when

the TME bit is cleared to 0.

Note: * TCNT is write-protected by a password. For details see section 12.2.4, Notes on Register

Access.

Rev. 7.00 Sep 21, 2005 page 439 of 878

RENESAS

REJ09B0259-0700



Section 12 Watchdog Timer

12.2.2  Timer Control/Status Register (TCSR)

TCSR is an 8-bit readable and writable™ register. Its functions include selecting the timer mode
and clock source.

Note: * TCSR differs from other registers in being more difficult to write. For details see section

12.2.4, Notes on Register Access.

Bit 7 6 5 4 3 2 1 0

\ OVF \ WT/W‘ TME \ — \ — \ CKS2 \ CKS1 \ CKSO0

Initial value 0 0 0 1 1 0 0 0

Read/Write  R/(W)" RIW RIW — — RIW RIW RIW
Clock select

These bits select the
TCNT clock source

Reserved bits

Timer enable
Selects whether TCNT runs or halts

Timer mode select
Selects the mode

Overflow flag
Status flag indicating overflow

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

Bits 7 to 5 are initialized to 0 by a reset and in standby mode. Bits 2 to 0 are initialized to 0 by a
reset. In software standby mode bits 2 to 0 are not initialized, but retain their previous values.

Bit 7—Overflow Flag (OVF): This status flag indicates that the timer counter has overflowed

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  (Initial value)

[Setting condition]
Set when TCNT changes from H'FF to H'00
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Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as a watchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request

when TCNT overflows. If used as a watchdog timer, the WDT generates a reset signal when
TCNT overflows.

Bit 6: WT/IT Description
0 Interval timer: requests interval timer interrupts (Initial value)
1 Watchdog timer: generates a reset signal

Bit 5—Timer Enable (TME): Selects whether TCNT runs or is halted.

When WT/T = 1, clear the SYSCR software standby bit (SSBY) to 0, then set the TME to 1.
When SSBY is set to 1, clear TME to 0.

Bit 5: TME Description
0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT is counting and CPU interrupt requests are enabled

Bits 4 and 3—Reserved: Read-only bits, always read as 1.

Bits 2 to 0—Clock Select 2 to 0 (CKS2/1/0): These bits select one of eight internal clock sources,
obtained by prescaling the system clock (@), for input to TCNT.

Bit 2: CKS2 Bit 1: CKS1 Bit 0: CKS0 Description

0 0 0 @2 (Initial value)
1 @32
0 @64
1 @128
0

1

0

1

@256
@512
@2048
@4096
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12.2.3  Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-bit readable and writable™ register that indicates when a reset signal has been
generated by watchdog timer overflow, and controls external output of the reset signal.

Note: * RSTCSR differs from other registers in being more difficult to write. For details see
section 12.2.4, Notes on Register Access.

Bit 7 6 5 4 3 2 1 0
WRsT |RsTOE| — | — | — | — | — | —
Initial value 0 0 1 1 1 1 1 1

Read/Write  R/(W)"  R/W — — — — _ _

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

Note: * Only O can be written in bit 7, to clear the flag.

Bits 7 and 6 are initialized by input of a reset signal at the RES pin. They are not initialized by
reset signals generated by watchdog timer overflow.

Bit 7—Watchdog Timer Reset (WRST): During watchdog timer operation, this bit indicates that
TCNT has overflowed and generated a reset signal. This reset signal resets the entire chip
internally. If bit RSTOE is set to 1, this reset signal is also output (low) at the RESO pin to
initialize external system devices.

Bit 7: WRST Description

0 [Clearing conditions]
Cleared to 0 by reset signal input at RES pin (Initial value)
Cleared by reading WRST when WRST = 1, then writing 0 in WRST

1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog timer
operation
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Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin of
the reset signal generated if TCNT overflows during watchdog timer operation.

Bit 6: RSTOE Description

0 Reset signal is not output externally (Initial value)

1 Reset signal is output externally

Bits 5 to 0—Reserved: Read-only bits, always read as 1.

12.2.4  Notes on Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registers in being
more difficult to write. The procedures for writing and reading these registers are given below.

Writing to TCNT and TCSR: These registers must be written by a word transfer instruction.
They cannot be written by byte instructions. Figure 12.2 shows the format of data written to
TCNT and TCSR. TCNT and TCSR both have the same write address. The write data must be
contained in the lower byte of the written word. The upper byte must contain H'SA (password for
TCNT) or H'AS (password for TCSR). This transfers the write data from the lower byte to TCNT
or TCSR.

TCNT write 15 8 7 0
Address H'FFA8* | H'5A ‘ Write data ‘
TCSR write 15 8 7 0
Address H'FFA8* | H'A5 ‘ Write data ‘

Note: * Lower 16 bits of the address.

Figure 12.2 Format of Data Written to TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written by a word transfer instruction. It cannot be
written by byte transfer instructions. Figure 12.3 shows the format of data written to RSTCSR. To
write 0 in the WRST bit, the write data must have H'AS in the upper byte and H'00 in the lower
byte. The H'00 in the lower byte clears the WRST bit in RSTCSR to 0. To write to the RSTOE bit,
the upper byte must contain H'SA and the lower byte must contain the write data. Writing this
word transfers a write data value into the RSTOE bit.

Writing 0 in WRST bit 15 8 7 0
Address H'FFAA* | H'A5 ‘ H'00 ‘
Writing to RSTOE bit 15 8 7 0
Address H'FFAA* | H'5A ‘ Write data ‘

Note: * Lower 16 bits of the address.

Figure 12.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: These registers are read like other registers. Byte access
instructions can be used. The read addresses are HFFAS8 for TCSR, HFFA9 for TCNT, and
H'FFAB for RSTCSR, as listed in table 12.3.

Table 12.3 Read Addresses of TCNT, TCSR, and RSTCSR

Address* Register
H'FFA8 TCSR
H'FFA9 TCNT
H'FFAB RSTCSR

Note: * Lower 16 bits of the address.
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12.3  Operation

Operations when the WDT is used as a watchdog timer and as an interval timer are described
below.

12.3.1 Watchdog Timer Operation

Figure 12.4 illustrates watchdog timer operation. To use the WDT as a watchdog timer, set the
WTAT and TME bits to 1 in TCSR. Software must prevent TCNT overflow by rewriting the
TCNT value (normally by writing H'00) before overflow occurs. If TCNT fails to be rewritten and
overflows due to a system crash etc., the chip is internally reset for a duration of 518 states.

The watchdog reset signal can be externally output from the RESO pin to reset external system
devices. The reset signal is output externally for 132 states. External output can be enabled or
disabled by the RSTOE bit in RSTCSR.

A watchdog reset has the same vector as a reset generated by input at the RES pin. Software can
distinguish a RES reset from a watchdog reset by checking the WRST bit in RSTCSR.

If a RES reset and a watchdog reset occur simultaneously, the RES reset takes priority.

WDT overflow

TCNT count TME set to 1

value

Hoo @ ——Fll b AUl Ul

Start H'00 written Reset H'00 written
in TCNT in TCNT

Irgtseertn gilgnal
~—

518 states

RSO |
-~

132 states

Figure 12.4 Watchdog Timer Operation
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12.3.2  Interval Timer Operation

Figure 12.5 illustrates interval timer operation. To use the WDT as an interval timer, clear bit
WTIT to 0 and set bit TME to 1 in TCSR. An interval timer interrupt request is generated at each
TCNT overflow. This function can be used to generate interval timer interrupts at regular
intervals.

HIFF  mmmmmmmmm oo e e
TCNT
count value
‘ Time t
HO0 ——— -~
Y Y J J J
WT/IT=0 Interval Interval Interval Interval
TME=1 timer timer timer timer
interrupt interrupt interrupt interrupt

Figure 12.5 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 to 1 when
TCNT overflows. At the same time, a reset signal is generated in watchdog timer operation, or an
interval timer interrupt is generated in interval timer operation.

N

TCNT H'FF H'00

Overflow signal

N
OVF

Figure 12.6 Timing of Setting of OVF
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12.3.4 Timing of Setting of Watchdog Timer Reset Bit (WRST)
The WRST bit in RSTCSR is valid when bits WT/IT and TME are both set to 1 in TCSR.

Figure 12.7 shows the timing of setting of WRST and the internal reset timing. The WRST bit is
set to 1| when TCNT overflows and OVF is set to 1. At the same time an internal reset signal is
generated for the entire chip. This internal reset signal clears OVF to 0, but the WRST bit remains
set to 1. The reset routine must therefore clear the WRST bit.

0 | L

TCNT H'FF >< H'00

Overflow signal

OVF

WDT internal
reset

WRST

Figure 12.7 Timing of Setting of WRST Bit and Internal Reset
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12.4  Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (WOVI). The
interval timer interrupt is requested whenever the OVF bit is set to 1 in TCSR.

12.5  Usage Notes

Contention between TCNT Write and Increment: If a timer counter clock pulse is generated
during the T; state of a write cycle to TCNT, the write takes priority and the timer count is not
incremented. See figure 12.8.

Write cycle: CPU writes to TCNT
T1 T2 Ts

0 | L

TCNT

Internal write
signal

TCNT input
clock

TCNT N >< M

Counter write data

Figure 12.8 Contention between TCNT Write and Increment

Changing CKS2 to CKS0 Values: Halt TCNT by clearing the TME bit to 0 in TCSR before
changing the values of bits CKS2 to CKS0.
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12.6 Notes

This chip incorporates an WDT. The timer counter value of the on-chip WDT is not rewritten,
even if a system crash occurs. If an overflow occurs, a reset signal is generated and the chip is
reset.

However, if the following three events occur due to a CPU overrun, for example, the above
operations cannot be guaranteed since the WDT and the CPU are incorporated in the same chip.

*  When the internal I/O registers related to the on-chip WDT are rewritten.
*  When software standby mode is incorrectly entered.

*  When the break mode is incorrectly entered.

In addition, as stated in the NMI above, if an abnormal level is input into the power supply pins or
the system control pins, correct operations cannot be guaranteed.

Except the above cases, the on-chip WDT functions as a device that supports recovery from a
system crash. Accordingly, when a fail-safe function is required in your system, an additional
circuit may be required as necessary.

Rev. 7.00 Sep 21, 2005 page 449 of 878
REJ09B0259-0700
RENESAS



Section 12 Watchdog Timer

Rev. 7.00 Sep 21, 2005 page 450 of 878
REJ09B0259-0700
RENESAS



Section 13 Serial Communication Interface

Section 13 Serial Communication Interface

13.1 Overview

The H8/3048 Group has a serial communication interface (SCI) with two independent channels.
The two channels are functionally identical. The SCI can communicate in asynchronous or
synchronous mode. It also has a multiprocessor communication function for serial communication
among two or more processors.

When the SCI is not used, it can be halted to conserve power. Each SCI channel can be halted
independently. For details see section 21.6, Module Standby Function.

Channel 0 (SCIO) also has a smart card interface function conforming to the ISO/IEC7816-3
(Identification Card) standard. This function supports serial communication with a smart card. For
details, see section 14, Smart Card Interface.

13.1.1  Features
SCI features are listed below.

* Selection of asynchronous or synchronous mode for serial communication
O Asynchronous mode

Serial data communication is synchronized one character at a time. The SCI can
communicate with a universal asynchronous receiver/transmitter (UART), asynchronous
communication interface adapter (ACIA), or other chip that employs standard
asynchronous serial communication. It can also communicate with two or more other
processors using the multiprocessor communication function. There are twelve selectable
serial data communication formats.

* Data length: 7 or 8 bits

» Stop bit length: 1 or 2 bits

* Parity bit: even, odd, or none

*  Multiprocessor bit: 1 or 0

* Receive error detection: parity, overrun, and framing errors

* Break detection: by reading the RxD level directly when a framing error occurs
O Synchronous mode

Serial data communication is synchronized with a clock signal. The SCI can communicate
with other chips having a synchronous communication function. There is one serial data
communication format.
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* Data length: 8 bits

* Receive error detection: overrun errors

*  Full duplex communication
The transmitting and receiving sections are independent, so the SCI can transmit and receive
simultaneously. The transmitting and receiving sections are both double-buffered, so serial
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, or external
clock from the SCK pin.

» Four types of interrupts
Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are requested
independently. The transmit-data-empty and receive-data-full interrupts from SCIO can
activate the DMA controller (DMAC) to transfer data.
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13.1.2

Block Diagram

Figure 13.1 shows a block diagram of the SCI.

8 | Internal
& | data bus
Q
Module data bus i >
=
=}
y s
|_RDR_| [ _TOR | SSR |_BRR
T
¢ U SCR -
RXD — | RSR | || 7Tsr Baudrate |« @4
Transmit/ | generator | @16
receive contro
XD = = w4
Parity generate t Clock
Parity check External clock
SCK -
~ TEI
= TXI
= RXI
= ERI
Legend
RSR: Receive shift register
RDR: Receive data register
TSR: Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR: Serial status register
BRR: Bit rate register

Figure 13.1 SCI Block Diagram
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13.1.3

Input/Output Pins

The SCI has serial pins for each channel as listed in table 13.1.

Table 13.1 SCI Pins

Channel Name Abbreviation 1/0 Function

0 Serial clock pin SCKo Input/output SClp clock input/output
Receive data pin RxDo Input SClp receive data input
Transmit data pin TxDo Output SClg transmit data output

1 Serial clock pin SCKj Input/output SCl4 clock input/output
Receive data pin RxD1 Input SCl, receive data input
Transmit data pin TxD1 Output SCl4 transmit data output

13.1.4  Register Configuration

The SCI has internal registers as listed in table 13.2. These registers select asynchronous or
synchronous mode, specify the data format and bit rate, and control the transmitter and receiver

sections.

Table 13.2 Registers

Channel Address*' Name Abbreviation R/W Initial Value

0 H'FFBO Serial mode register SMR R/W H'00
H'FFB1 Bit rate register BRR R/W H'FF
H'FFB2 Serial control register SCR R/W H'00
H'FFB3 Transmit data register TDR R/W H'FF
H'FFB4 Serial status register SSR R/(W)*  H'84
H'FFB5 Receive data register RDR R H'00

1 H'FFB8 Serial mode register SMR R/W H'00
H'FFB9 Bit rate register BRR R/W H'FF
H'FFBA Serial control register SCR R/W H'00
H'FFBB Transmit data register TDR R/W H'FF
H'FFBC Serial status register SSR RI(W)*  H'84
H'FFBD Receive data register RDR R H'00

Notes: 1. Lower 16 bits of the address.

2. Only 0 can be written, to clear flags.
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13.2  Register Descriptions

13.2.1  Receive Shift Register (RSR)

RSR is the register that receives serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — —
The SCI loads serial data input at the RxD pin into RSR in the order received, LSB (bit 0) first,

thereby converting the data to parallel data. When 1 byte has been received, it is automatically
transferred to RDR. The CPU cannot read or write RSR directly.

13.2.2  Receive Data Register (RDR)

RDR is the register that stores received serial data.

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R

When the SCI finishes receiving 1 byte of serial data, it transfers the received data from RSR into
RDR for storage. RSR is then ready to receive the next data. This double buffering allows data to
be received continuously.

RDR is a read-only register. Its contents cannot be modified by the CPU. RDR is initialized to
H'00 by a reset and in standby mode.
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13.2.3  Transmit Shift Register (TSR)

TSR is the register that transmits serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — _

The SCI loads transmit data from TDR into TSR, then transmits the data serially from the TxD
pin, LSB (bit 0) first. After transmitting one data byte, the SCI automatically loads the next
transmit data from TDR into TSR and starts transmitting it. If the TDRE flag is set to 1 in SSR,
however, the SCI does not load the TDR contents into TSR. The CPU cannot read or write TSR
directly.

13.2.4  Transmit Data Register (TDR)

TDR is an 8-bit register that stores data for serial transmission.

Bit 7 6 5 4 3 2 1 0
Initial value 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

When the SCI detects that TSR is empty, it moves transmit data written in TDR from TDR into
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next
transmit data in TDR during serial transmission from TSR.

The CPU can always read and write TDR. TDR is initialized to H'FF by a reset and in standby
mode.
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13.2.5 Serial Mode Register (SMR)

SMR is an 8-bit register that specifies the SCI serial communication format and selects the clock
source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0

‘ CIA ‘ CHR ‘ PE ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

|
Clock select 1/0
These bits select the
baud rate generator's
clock source

Multiprocessor mode
Selects the multiprocessor
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 always read and write SMR. SMR is initialized to H'00 by a reset and in standby
mode.

Bit 7—Communication Mode (C/A): Selects whether the SCI operates in asynchronous or
synchronous mode.

Bit 7: C/A Description
0 Asynchronous mode (Initial value)
1 Synchronous mode
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Bit 6—Character Length (CHR): Selects 7-bit or 8-bit data length in asynchronous mode. In
synchronous mode the data length is 8 bits regardless of the CHR setting.

Bit 6: CHR Description
0 8-bit data (Initial value)
1 7-bit data*

Note: * When 7-bit data is selected, the MSB (bit 7) in TDR is not transmitted.

Bit 5—Parity Enable (PE): In asynchronous mode, this bit enables or disables the addition of a
parity bit to transmit data, and the checking of the parity bit in receive data. In synchronous mode
the parity bit is neither added nor checked, regardless of the PE setting.

Bit 5: PE Description
0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked*

Note: * When PE is set to 1, an even or odd parity bit is added to transmit data according to the
even or odd parity mode selected by the O/E bit, and the parity bit in receive data is
checked to see that it matches the even or odd mode selected by the O/E bit.

Bit 4—Parity Mode (O/E): Selects even or odd parity. The O/E bit setting is valid in
asynchronous mode when the PE bit is set to 1 to enable the adding and checking of a parity bit.
The O/E setting is ignored in synchronous mode, or when parity adding and checking is disabled
in asynchronous mode.

Bit 4: O/E Description
0 Even parity*’ (Initial value)
1 Odd parity*?

Notes: 1. When even parity is selected, the parity bit added to transmit data makes an even
number of 1s in the transmitted character and parity bit combined. Receive data must
have an even number of 1s in the received character and parity bit combined.

2. When odd parity is selected, the parity bit added to transmit data makes an odd number

of 1s in the transmitted character and parity bit combined. Receive data must have an
odd number of 1s in the received character and parity bit combined.
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Bit 3—Stop Bit Length (STOP): Selects one or two stop bits in asynchronous mode. This setting
is used only in asynchronous mode. In synchronous mode no stop bit is added, so the STOP bit
setting is ignored.

Bit 3: STOP Description
0 One stop bit*' (Initial value)
1 Two stop bits*?

Notes: 1. One stop bit (with value 1) is added at the end of each transmitted character.
2. Two stop bits (with value 1) are added at the end of each transmitted character.

In receiving, only the first stop bit is checked, regardless of the STOP bit setting. If the second
stop bit is 1 it is treated as a stop bit. If the second stop bit is 0 it is treated as the start bit of the
next incoming character.

Bit 2—Multiprocessor Mode (MP): Selects a multiprocessor format. When a multiprocessor
format is selected, parity settings made by the PE and O/E bits are ignored. The MP bit setting is
valid only in asynchronous mode. It is ignored in synchronous mode.

For further information on the multiprocessor communication function, see section 13.3.3,
Multiprocessor Communication.

Bit 2: MP Description
0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits 1 and 0—Clock Select 1 and 0 (CKS1/0): These bits select the clock source of the on-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, see section
13.2.8, Bit Rate Register (BRR).

Bit 1: CKS1 Bit 0: CKS0 Description

0 0 (0} (Initial value)
1 @4

1 0 @16
1 @64
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13.2.6  Serial Control Register (SCR)

SCR enables the SCI transmitter and receiver, enables or disables serial clock output in
asynchronous mode, enables or disables interrupts, and selects the transmit/receive clock source.

Bit

Initial value
Read/Write

7 6 5 4 3 2 1 0
‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1l ‘ CKEO ‘
0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R/W R/W R/W

Clock enable 1/0

These bits select the
SCI clock source

Transmit-end interrupt enable
Enables or disables transmit-
end interrupts (TEI)

Multiprocessor interrupt enable
Enables or disables multiprocessor
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 always read and write SCR. SCR is initialized to H'00 by a reset and in standby

mode.
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Bit 7—Transmit Interrupt Enable (TIE): Enables or disables the transmit-data-empty interrupt
(TXT) requested when the TDRE flag in SSR is set to 1 due to transfer of serial transmit data from
TDR to TSR.

Bit 7: TIE Description
0 Transmit-data-empty interrupt request (TXI) is disabled* (Initial value)
1 Transmit-data-empty interrupt request (TXI) is enabled

Note: * TXI interrupt requests can be cleared by reading the value 1 from the TDRE flag, then
clearing it to O; or by clearing the TIE bit to 0.

Bit 6—Receive Interrupt Enable (RIE): Enables or disables the receive-data-full interrupt (RXI)
requested when the RDRF flag is set to 1 in SSR due to transfer of serial receive data from RSR to
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 are disabled*
(Initial value)

1 Receive-data-full (RXI) and receive-error (ERI) interrupt requests are enabled

Note: *RXI and ERI interrupt requests can be cleared by reading the value 1 from the RDRF, FER,
PER, or ORER flag, then clearing it to O; or by clearing the RIE bit to 0.

Bit 5—Transmit Enable (TE): Enables or disables the start of SCI serial transmitting operations.

Bit 5: TE Description
0 Transmitting disabled*’ (Initial value)
1 Transmitting enabled*?

Notes: 1. The TDRE bit is locked at 1 in SSR.

2. In the enabled state, serial transmitting starts when the TDRE bit in SSR is cleared to 0
after writing of transmit data into TDR. Select the transmit format in SMR before setting
the TE bit to 1.
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Bit 4—Receive Enable (RE): Enables or disables the start of SCI serial receiving operations.

Bit 4: RE Description
0 Receiving disabled*’ (Initial value)
1 Receiving enabled*?

Notes: 1. Clearing the RE bit to 0 does not affect the RDRF, FER, PER, and ORER flags. These
flags retain their previous values.

2. In the enabled state, serial receiving starts when a start bit is detected in asynchronous
mode, or serial clock input is detected in synchronous mode. Select the receive format
in SMR before setting the RE bit to 1.

Bit 3—Multiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE setting is valid only in asynchronous mode, and only if the MP bit is set to 1 in SMR.
The MPIE setting is ignored in synchronous mode or when the MP bit is cleared to 0.

Bit 3: MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value)
[Clearing conditions]
The MPIE bit is cleared to 0.
MPB = 1 in received data.

1 Multiprocessor interrupts are enabled*

Receive-data-full interrupts (RXI), receive-error interrupts (ERI), and setting of
the RDRF, FER, and ORER status flags in SSR are disabled until data with the
multiprocessor bit set to 1 is received.

Note: * The SCI does not transfer receive data from RSR to RDR, does not detect receive errors,
and does not set the RDRF, FER, and ORER flags in SSR. When it receives data in which
MPB = 1, the SCI sets the MPB bit to 1 in SSR, automatically clears the MPIE bit to 0,
enables RXI and ERI interrupts (if the RIE bit is set to 1 in SCR), and allows the FER and
ORER flags to be set.

Bit 2—Transmit-End Interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEI) requested if TDR does not contain new transmit data when the MSB is transmitted.

Bit 2: TEIE Description
0 Transmit-end interrupt requests (TEI) are disabled* (Initial value)
1 Transmit-end interrupt requests (TEI) are enabled*

Note: * TEl interrupt requests can be cleared by reading the value 1 from the TDRE flag in SSR,
then clearing the TDRE flag to 0, thereby also clearing the TEND flag to O; or by clearing
the TEIE bit to 0.
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Bits 1 and 0—Clock Enable 1 and 0 (CKE1/0): These bits select the SCI clock source and
enable or disable clock output from the SCK pin. Depending on the settings of CKE1 and CKEO,
the SCK pin can be used for generic input/output, serial clock output, or serial clock input.

The CKEQO setting is valid only in asynchronous mode, and only when the SCI is internally
clocked (CKE1 = 0). The CKEO setting is ignored in synchronous mode, or when an external
clock source is selected (CKE1 = 1). Select the SCI operating mode in SMR before setting the
CKE1 and CKEO bits. For further details on selection of the SCI clock source, see table 13.9 in
section 13.3, Operation.

Bit 1: Bit 0:
CKE1 CKEO Description
0 0 Asynchronous mode  Internal clock, SCK pin available for generic
input/output *'
Synchronous mode Internal clock, SCK pin used for serial clock output #
1 Asynchronous mode  Internal clock, SCK pin used for clock output*?
Synchronous mode Internal clock, SCK pin used for serial clock output
1 0 Asynchronous mode  External clock, SCK pin used for clock input **
Synchronous mode External clock, SCK pin used for serial clock input
1 Asynchronous mode  External clock, SCK pin used for clock input **
Synchronous mode External clock, SCK pin used for serial clock input

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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13.2.7  Serial Status Register (SSR)

SSR is an 8-bit register containing multiprocessor bit values, and status flags that indicate SCI
operating status.

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ FER ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)*  R/I(W)* R/(W)* RI(W)* RI/I(W)* R R R/W

Multiprocessor
bit transfer
Value of multi-
processor bit to
be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

Transmit end
Status flag indicating end of
transmission

Parity error
Status flag indicating detection of
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 error

Receive data register full
Status flag indicating that data has been received and stored in RDR

Transmit data register empty
Status flag indicating that transmit data has been transferred from TDR into
TSR and new data can be written in TDR

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

The CPU can always read and write SSR, but cannot write 1 in the TDRE, RDRF, ORER, PER,
and FER flags. These flags can be cleared to 0 only if they have first been read while set to 1. The
TEND and MPB flags are read-only bits that cannot be written.
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SSR is initialized to H'84 by a reset and in standby mode.

Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit data
from TDR into TSR and the next serial transmit data can be written in TDR.

Bit 7: TDRE

Description

0

TDR contains valid transmit data

[Clearing conditions]

Software reads TDRE while it is set to 1, then writes 0.
The DMAC writes data in TDR.

TDR does not contain valid transmit data (Initial value)
[Setting conditions]

The chip is reset or enters standby mode.

The TE bit in SCRis cleared to 0.

TDR contents are loaded into TSR, so new data can be written in TDR.

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data.

Bit 6: RDRF

Description

0

RDR does not contain new receive data (Initial value)
[Clearing conditions]

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 to RDR.

Note: The RDR contents and RDRF flag are not affected by detection of receive errors or by
clearing of the RE bit to 0 in SCR. They retain their previous values. If the RDRF flag is still
set to 1 when reception of the next data ends, an overrun error occurs and receive data is

lost.
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an

overrun €rror.

Bit 5: ORER

Description

0

Receiving is in progress or has ended normally (Initial value)"‘1
[Clearing conditions]

The chip is reset or enters standby mode.

Software reads ORER while it is set to 1, then writes 0.

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 its
previous value.
2. RDR continues to hold the receive data before the overrun error, so subsequent receive
data is lost. Serial receiving cannot continue while the ORER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 4—Framing Error (FER): Indicates that data reception ended abnormally due to a framing
error in asynchronous mode.

Bit 4: FER

Description

0

Receiving is in progress or has ended normally (Initial value)’k1
[Clearing conditions]

The chip is reset or enters standby mode.

Software reads FER while it is set to 1, then writes 0.

A receive framing error occurred*?
[Setting condition]
The stop bit at the end of receive data is checked and found to be 0.

Notes: 1. Clearing the RE bit to 0 in SCR does not affect the FER flag, which retains its previous

value.

2. When the stop bit length is 2 bits, only the first bit is checked. The second stop bit is not
checked. When a framing error occurs the SCI transfers the receive data into RDR but
does not set the RDRF flag. Serial receiving cannot continue while the FER flag is set
to 1. In synchronous mode, serial transmitting is also disabled.
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Bit 3—Parity Error (PER): Indicates that data reception ended abnormally due to a parity error
in asynchronous mode.

Bit 3: PER

Description

0

Receiving is in progress or has ended normally"‘1 (Initial value)
[Clearing conditions]

The chip is reset or enters standby mode.

Software reads PER while it is set to 1, then writes 0.

A receive parity error occurred*?
[Setting condition]

The number of 1s in receive data, including the parity bit, does not match the
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 its previous

value.

2. When a parity error occurs the SCI transfers the receive data into RDR but does not set
the RDREF flag. Serial receiving cannot continue while the PER flag is set to 1. In
synchronous mode, serial transmitting is also disabled.

Bit 2—Transmit End (TEND): Indicates that when the last bit of a serial character was
transmitted TDR did not contain new transmit data, so transmission has ended. The TEND flag is
a read-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 TDRE flag.
The DMAC writes data in TDR.

End of transmission (Initial value)
[Setting conditions]

The chip is reset or enters standby mode.

The TE bit is cleared to 0 in SCR.

TDRE is 1 when the last bit of a serial character is transmitted.
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Bit 1—Multiprocessor Bit (MPB): Stores the value of the multiprocessor bit in receive data
when a multiprocessor format is used in asynchronous mode. MPB is a read-only bit and cannot
be written.

Bit 1: MPB Description
0 Multiprocessor bit value in receive data is 0* (Initial value)
1 Multiprocessor bit value in receive data is 1

Note: *If the RE bit is cleared to 0 when a multiprocessor format is selected, MPB retains its
previous value.

Bit 0—Multiprocessor Bit Transfer (MPBT): Stores the value of the multiprocessor bit added to
transmit data when a multiprocessor format is selected for transmitting in asynchronous mode.
The MPBT setting is ignored in synchronous mode, when a multiprocessor format is not selected,
or when the SCI is not transmitting.

Bit 0: MPBT Description
0 Multiprocessor bit value in transmit data is 0 (Initial value)
1 Multiprocessor bit value in transmit data is 1

13.2.8 Bit Rate Register (BRR)

BRR is an 8-bit register that, together with the CKS1 and CKSO bits in SMR that select the baud
rate generator clock source, determines the serial communication bit rate.

Bit 7 6 5 4 3 2 1 0
Initial value 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

The CPU can always read and write BRR. BRR is initialized to H'FF by a reset and in standby
mode. The two SCI channels have independent baud rate generator control, so different values can
be set in the two channels.

Table 13.3 shows examples of BRR settings in asynchronous mode. Table 13.4 shows examples of
BRR settings in synchronous mode.
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Table 13.3 Examples of Bit Rates and BRR Settings in Asynchronous Mode

@ (MHz)
2 2.097152 2.4576 3
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 1 141  0.03 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127  0.00 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 0.00 0 155 0.16
1200 0 51 0.16 0 54 -070 O 63 0.00 0 77 0.16
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38 0.16
4800 0 12 0.16 0 13 -248 0 15 0.00 0 19 -2.34
9600 0 6 -699 O 6 -248 0 7 0.00 0 9 -2.34
19200 0 2 8.51 0 2 1378 0 3 0.00 0 4 -2.34
31250 0 1 0.00 0 1 4.86 0 1 2288 0 2 0.00
38400 0 1 -18.62 0 1 -1467 O 1 0.00 —_ — —
¢ (MHz)
3.6864 4 4.9152 5
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 0.16 1 127 0.00 1 129 0.16
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64 0.16
1200 0 95 0.00 0 103 0.16 0 127  0.00 0 129 0.16
2400 0 47 0.00 0 51 0.16 0 63 0.00 0 64 0.16
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 5 0.00 0 -699 O 7 0.00 0 7 1.73
31250 — — — 0 0.00 0 -170 O 0.00
38400 0 2 0.00 0 8.51 0 3 0.00 0 3 1.73
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@ (MHz)
6 6.144 7.3728
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 106 -044 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 0.16 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 38 0.16 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 -234 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 -234 0 0.00 0 11 0.00 0 12 0.16
31250 0 0.00 0 2.40 0 6 5.33 0 7 0.00
38400 0 -234 0 0.00 0 5 0.00 0 6 -6.99
@ (MHz)
9.8304 10 12 12.288
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 174 -026 2 177 -025 2 212 0.03 2 217 0.08
150 2 127 0.00 2 129 0.16 2 155 0.16 2 159 0.00
300 1 255 0.00 2 64 0.16 2 77 0.16 2 79 0.00
600 1 127 0.00 1 129 0.16 1 155 0.16 1 159 0.00
1200 0 255 0.00 1 64 0.16 1 77 0.16 1 79 0.00
2400 0 127 0.00 0 129 0.16 0 155 0.16 0 159 0.00
4800 0 63 0.00 0 64 0.16 0 77 0.16 0 79 0.00
9600 0 31 0.00 0 32 -136 0 38 0.16 0 39 0.00
19200 0 15 0.00 0 15 1.73 0 19 -234 0 19 0.00
31250 0 9 -170 O 9 0.00 0 11 0.00 0 11 2.40
38400 0 7 0.00 0 7 1.73 0 9 -234 0 9 0.00
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@ (MHz)

13 14 14.7456 16
Bit Rate Error Error Error Error
(bits/s) n N (%) n N (%) n N (%) n N (%)
110 2 230 -0.08 2 248 -0.17 3 64 0.70 3 70 0.03
150 2 168 0.16 2 181 0.16 2 191  0.00 2 207 0.16
300 2 84 -043 2 90 0.16 2 95 0.00 2 103 0.16
600 1 168 0.16 1 181 0.16 1 191  0.00 1 207 0.16
1200 1 84 -0.43 1 90 0.16 1 95 0.00 1 103 0.16
2400 0 168 0.16 0 181 0.16 0 191 0.00 0 207 0.16
4800 0 84 -043 O 90 0.16 0 95 0.00 0 103 0.16
9600 0 41 0.76 0 45 -093 O 47 0.00 0 51 0.16
19200 0 20 0.76 0 22 -093 O 23 0.00 0 25 0.16
31250 0 12 0.00 0 13 0.00 0 14 -170 O 15 0.00
38400 0 10 -3.82 0 10 3.57 0 11 0.00 0 12 0.16

@ (MHz)

18
Bit Rate Error
(bits/s) n N (%)
110 3 79 -0.12
150 2 233 0.16
300 2 116 0.16
600 1 233 0.16
1200 1 116 0.16
2400 0 233 0.16
4800 0 116 0.16
9600 0 58 -0.69
19200 0 28 1.02
31250 0 17 0.00
38400 0 14 -2.34
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Table 13.4 Examples of Bit Rates and BRR Settings in Synchronous Mode

@ (MHz)

2 8 10 13 16 18
BitRate n N n n N n N n N n n N
(bits/s)
110 3 70 — — - — — — - — — — - —
250 2 124 2 249 3 124 — — 3 202 3 249 — —
500 1 249 2 124 2 249 — — 3 101 3 124 3 140
1k 1 124 1 249 2 124 — — 2 202 2 249 3 69
25k 0 19 1 99 1 199 1 249 2 80 2 99 2 112
5k 0 99 0 19 1 99 1 124 1 162 1 199 1 224
10 k 0 49 0 99 0 199 0 249 1 80 1 99 1 112
25k 0 19 0 39 0 79 0 99 0 129 0 159 0 179
50 k 0 9 0 19 0 39 0 49 0 o4 0 79 0 89
100 k 0 0 9 0o 19 0 24 —_- — 0 39 0 44
250 k 0 0 0 0 9 0 12 0 15 0o 17
500 k 0 o0* 0o 1 0 0 —_ — 0 0
1™ 0 0* 0 — — —_ — 0 0
2M 0 O* — — — — 0 —_ —
25M —_ — 0 0* —- — — — —_ —
4 M 0 0* —_ —
Note: Settings with an error of 1% or less are recommended.

Legend

Blank: No setting available

— Setting possible, but error occurs

*: Continuous transmit/receive not possible
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The BRR setting is calculated as follows:

Asynchronous mode:

N=z—— @ 4106_1

64 x 22-1 x B
Synchronous mode:

N=z— @ s106_1

8 x 22n—1 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 CKS0
0 (0] 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is calculated as follows.

@ x10°
Error (%) = -1, x100

(N+1) xB x 64 x22n-1
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Table 13.5 indicates the maximum bit rates in asynchronous mode for various system clock
frequencies. Tables 13.6 and 13.7 indicate the maximum bit rates with external clock input.

Table 13.5 Maximum Bit Rates for Various Frequencies (Asynchronous Mode)

Settings
¢ (MHz) Maximum Bit Rate (bits/s) n N
2 62500 0 0
2.097152 65536 0 0
2.4576 76800 0 0
3 93750 0 0
3.6864 115200 0 0
4 125000 0 0
4.9152 153600 0 0
5 156250 0 0
6 187500 0 0
6.144 192000 0 0
7.3728 230400 0 0
8 250000 0 0
9.8304 307200 0 0
10 312500 0 0
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
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Table 13.6 Maximum Bit Rates with External Clock Input (Asynchronous Mode)

@ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.5000 31250
2.097152 0.5243 32768
2.4576 0.6144 38400
3 0.7500 46875
3.6864 0.9216 57600
4 1.0000 62500
4.9152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
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

Table 13.7 Maximum Bit Rates with External Clock Input (Synchronous Mode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bits/s)
2 0.3333 333333.3

4 0.6667 666666.7

6 1.0000 1000000.0

8 1.3333 1333333.3

10 1.6667 1666666.7

12 2.0000 2000000.0

14 2.3333 2333333.3

16 2.6667 2666666.7

18 3.0000 3000000.0
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13.3  Operation

13.3.1 Overview

The SCI has an asynchronous mode in which characters are synchronized individually, and a
synchronous mode in which communication is synchronized with clock pulses. Serial
communication is possible in either mode. Asynchronous or synchronous mode and the
communication format are selected in SMR, as shown in table 13.8. The SCI clock source is
selected by the C/A bit in SMR and the CKE1 and CKEO bits in SCR, as shown in table 13.9.

Asynchronous Mode

* Data length is selectable: 7 or 8 bits.

» Parity and multiprocessor bits are selectable. So is the stop bit length (1 or 2 bits). These
selections determine the communication format and character length.

* Inreceiving, it is possible to detect framing errors, parity errors, overrun errors, and the break
state.

e An internal or external clock can be selected as the SCI clock source.

0 When an internal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a serial clock signal with a frequency matching the bit rate.

0 When an external clock is selected, the external clock input must have a frequency 16 times
the bit rate. (The on-chip baud rate generator is not used.)

Synchronous Mode

e The communication format has a fixed 8-bit data length.
* Inreceiving, it is possible to detect overrun errors.
* Aninternal or external clock can be selected as the SCI clock source.
0 When an internal clock is selected, the SCI operates using the on-chip baud rate generator,
and outputs a serial clock signal to external devices.
0 When an external clock is selected, the SCI operates on the input serial clock. The on-chip
baud rate generator is not used.
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Table 13.8 SMR Settings and Serial Communication Formats

SMR Settings SCI Communication Format
Multi- Stop
Bit 7: Bit6: Bit2: Bit5: Bit3: Data processor Parity Bit
C/A° CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous  8-bitdata Absent Absent 1 bit
1 mode 2 bits
1 0 Present 1 bit
1 2 bits
1 0 0 7-bit data Absent 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
0 1 — 0 Asynchronous  8-bitdata Present Absent 1 bit
1 mode (multi- 2 bits
processor B -
1 2 bits
1 — — — — Synchronous 8-bit data Absent None
mode

Table 13.9 SMR and SCR Settings and SCI Clock Source Selection

SMR SCR Settings SCI Transmit/Receive Clock
Bit 7: Bit 1: Bit 0: Clock
C/IA CKE1 CKEO0O Mode Source  SCK Pin Function
0 0 0 Asynchronous Internal  SCI does not use the SCK pin
1 mode Outputs a clock with frequency
matching the bit rate
1 0 External Inputs a clock with frequency 16
1 times the bit rate
1 0 0 Synchronous Internal  Outputs the serial clock
1 mode
1 0 External Inputs the serial clock
1

RENESAS

Rev. 7.00 Sep 21, 2005 page 477 of 878

REJ09B0259-0700



Section 13 Serial Communication Interface

13.3.2  Operation in Asynchronous Mode

In asynchronous mode each transmitted or received character begins with a start bit and ends with
a stop bit. Serial communication is synchronized one character at a time.

The transmitting and receiving sections of the SCI are independent, so full duplex communication
is possible. The transmitter and receiver are both double buffered, so data can be written and read
while transmitting and receiving are in progress, enabling continuous transmitting and receiving.

Figure 13.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication the communication line is normally held in the mark (high) state. The SCI
monitors the line and starts serial communication when the line goes to the space (low) state,
indicating a start bit. One serial character consists of a start bit (low), data (LSB first), parity bit
(high or low), and stop bit (high), in that order.

When receiving in asynchronous mode, the SCI synchronizes at the falling edge of the start bit.
The SCI samples each data bit on the eighth pulse of a clock with a frequency 16 times the bit rate.
Receive data is latched at the center of each bit.

Idle (mark) state
1 (LSB) (MSB) 1

Serialdata| 0 |DO|D1|D2|D3|D4|D5|D6|D7|0/1|1 1

Start Parity| Stop

bit Transmit or receive data bit bit

~aatt - oot =‘= - oot -

1 bit 7 bits or 8 bits 1 bitor 1 bitor
no bit 2 bits

One unit of data (character or frame)

Figure 13.2 Data Format in Asynchronous Communication
(Example: 8-Bit Data with Parity and 2 Stop Bits)
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Communication Formats: Table 13.10 shows the 12 communication formats that can be selected
in asynchronous mode. The format is selected by settings in SMR.

Table 13.10 Serial Communication Formats (Asynchronous Mode)

SMR Settings Serial Communication Format and Frame Length
CHR PE MP STOP |1|2|3|4|5|6|7|8|9|10|11|12|

o o0 0 o0 ‘ S ‘ 8-bit data ‘STOP

o 0 0 1 ‘ s ‘ 8-bit data ‘STOP‘STOP

o 1 0 o0 ‘ s ‘ 8-bit data ‘ P ‘STOP

o 1 0 1 ‘ S ‘ 8-bit data ‘ P ‘STOP‘STOP
1 0 0 o0 ‘ s ‘ 7-bit data ‘STOP

1 o o0 1 ‘ S ‘ 7-bit data ‘STOP‘STOP

1 1 0 0 ‘ S ‘ 7-bit data ‘ P ‘STOP

1 1 0 1 ‘ S ‘ 7-bit data ‘ P ‘STOP‘STOP

o — 1 0 ‘ S ‘ 8-bit data ‘MPB ‘STOP

0 — 1 1 ‘ S ‘ 8-bit data ‘MPB ‘STOP‘STOP
1 — 1 0 ‘ S ‘ 7-bit data ‘MPB ‘STOP

1 — 11 ‘ S ‘ 7-bit data ‘MPB ‘STOP‘STOP
Legend

S: Start bit

STOP: Stop bit

P: Parity bit

MPB: Multiprocessor bit
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Clock: An internal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected as the SCI transmit/receive clock. The clock source is selected
by the C/A bit in SMR and bits CKE1 and CKEO in SCR. See table 13.9.

When an external clock is input at the SCK pin, it must have a frequency equal to 16 times the
desired bit rate.

When the SCI operates on an internal clock, it can output a clock signal at the SCK pin. The
frequency of this output clock is equal to the bit rate. The phase is aligned as in figure 13.3 so that
the rising edge of the clock occurs at the center of each transmit data bit.

HEpNup SR D

0 |po|p1|p2|D3|Da|D5|D6|D7]0OL] 1 1

1 frame

l‘ ‘l

Figure 13.3 Phase Relationship between Output Clock and Serial Data
(Asynchronous Mode)

Transmitting and Receiving Data

* SCI Initialization (Asynchronous Mode)
Before transmitting or receiving, clear the TE and RE bits to 0 in SCR, then initialize the SCI
as follows.

When changing the communication mode or format, always clear the TE and RE bits to 0
before following the procedure given below. Clearing TE to 0 sets the TDRE flag to 1 and
initializes TSR. Clearing RE to 0, however, does not initialize the RDRF, PER, FER, and
ORER flags and RDR, which retain their previous contents.

When an external clock is used, the clock should not be stopped during initialization or
subsequent 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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Start of initialization

[

Select the clock source in SCR. Clear the RIE, TIE, TEIE,
MPIE, TE, and RE bits to 0. If clock output is selected in

] asynchronous mode, clock output starts immediately after
Clear TE and RE bits the setting is made in SCR.
t0 0in SCR 2. Select the communication format in SMR.

‘ 3. Write the value corresponding to the bit rate in BRR.
This step is not necessary when an external clock is used.

Set CKE1l an(_j CKEO bits 1 4. Wait for at least the interval required to transmit or receive
in SCR (leaving TE and 1 bit, then set the TE or RE bit to 1 in SCR. Set the RIE,
RE bits cleared to 0) TIE, TEIE, and MPIE bits as necessary. Setting the TE

‘ or RE bit enables the SCI to use the TxD or RxD pin.

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

¢

Transmitting or receiving

Figure 13.4 Sample Flowchart for SCI Initialization
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* Transmitting Serial Data (Asynchronous Mode)

Figure 13.5 shows a sample flowchart for transmitting serial data and indicates the procedure
to follow.

| 1 1. SClinitialization: the transmit data output function
of the TxD pin is selected automatically.

2. SCI status check and transmit data write: read SSR,
check that the TDRE flag is 1, then write transmit data
in TDR and clear the TDRE flag to 0.

3. To continue transmitting serial data: after checking

| Read TDRE flag in SSR | 2 that the TDRE flag is 1, indicating that data can be

written, write data in TDR, then clear the TDRE

flag to 0. When the DMAC is activated by a transmit-

No data-empty interrupt request (TXI) to write data in TDR,
the TDRE flag is checked and cleared automatically.

4. To output a break signal at the end of serial transmission:

Yes set the DDR bit to 1 and clear the DR bit to O

(DDR and DR are I/O port registers), then clear the

TE bit to 0 in SCR.

| Initialize

Write transmit data
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

Figure 13.5 Sample Flowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows.

1. The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

2. After loading the data from TDR into TSR, the SCI sets the TDRE flag to 1 and starts
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty
interrupt (TXI) at this time.

Serial transmit data is transmitted in the following order from the TxD pin:

a. Start bit: One 0 bit is output.
b. Transmit data: 7 or 8 bits are output, LSB first.

c. Parity bit or multiprocessor bit: One parity bit (even or odd parity) or one
multiprocessor bit is output. Formats in which neither a parity bit nor a

multiprocessor bit is output can 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 data.

3. The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads new data from TDR into TSR, outputs the stop bit, then begins serial transmission of
the next frame. If the TDRE flag is 1, the SCI sets the TEND flag to 1 in SSR, outputs the
stop bit, then continues output of 1 bits in the mark state. If the TEIE bit is set to 1 in SCR,
a transmit-end interrupt (TEI) is requested at this time.

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 1
0 | DO | D1 || D7 |0/1 | 1| o | DO | D1 || D7 |0/1 | 1 Idie (mark)
R T

state

(

TDRE B | i
TEND ? ? N ? N

‘ s ‘ (8

TXI TXI interrupt handler TXI
interrupt  writes data in TDR and interrupt TEl interrupt request
request clears TDRE flag to O request
> -
1 frame

Figure 13.6 Example of SCI Transmit Operation in Asynchronous Mode
(8-Bit Data with Parity and 1 Stop Bit)
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* Receiving Serial Data (Asynchronous Mode)

Figure 13.7 shows a sample flowchart for receiving serial data and indicates the procedure to
follow.

Initialize 1 1. SCl initialization: the receive data function of
the RxD pin is selected automatically.

2, 3. Receive error handling and break

Start receiving detection: if a receive error occurs, read the

ORER, PER, and FER flags in SSR to identify

the error. After executing the necessary error

handling, clear the ORER, PER, and FER

Read ORER, PER, flags all to 0. Receiving cannot resume if any

and FER flags in SSR of the ORER, PER, and FER flags remains
set to 1. When a framing error occurs, the
RxD pin can be read to detect the break state.

4. SCI status check and receive data read: read
SSR, check that RDRF is set to 1, then read
receive data from RDR and clear the RDRF
flag to 0. Notification that the RDRF flag has

Y

(continued on next page) changed from 0 to 1 can also be given by the
RXl interrupt.
Read RDRF flag in SSR | 4 5. To continue receiving serial data: check the

RDREF flag, read RDR, and clear the RDRF
flag to O before the stop bit of the current
No frame is received. If the DMAC is activated
by an RXI interrupt to read the RDR value,
the RDRF flag is cleared automatically.

Yes

Read receive data
from RDR, and clear
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

!

End

Figure 13.7 Sample Flowchart for Receiving Serial Data (1)
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3

< Error handling >

ORER =17?

Yes

Overrun error handling

Yes

No

Y

Framing error handling

Clear RE bitto 0 in SCR

o
-

No
PER =1?

Yes

Parity error handling

[ —
o

Clear ORER, PER, and
FER flags to 0 in SSR

End

Figure 13.7 Sample Flowchart for Receiving Serial Data (2)
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In receiving, the SCI operates as follows.

1.

Note:

The SCI monitors the receive data line. When it detects a start bit, the SCI synchronizes
internally and starts receiving.

Receive data is stored in RSR in order from LSB to MSB.
The parity bit and stop bit are received.
After receiving, the SCI makes the following checks:

a. Parity check: The number of 1s in the receive data must match the even or odd parity
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 first
stop bit is checked.

c. Status check: The RDRF flag must be 0 so that receive data can be transferred from
RSR into RDR.

If these checks all pass, the RDRF flag is set to 1 and the received data is stored in RDR. If
one of the checks fails (receive error), the SCI operates as indicated in table 13.11.

When a receive error occurs, further receiving is disabled. In receiving, the RDRF flag is
not set to 1. Be sure to clear the error flags to 0.

When the RDRF flag is set to 1, if the RIE bit is set to 1 in SCR, a receive-data-full
interrupt (RXI) is requested. If the ORER, PER, or FER flag is set to 1 and the RIE bit in
SCR is also set to 1, a receive-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 transferred
while RDRF flag is still set from RSR to RDR
to 1in SSR
Framing error FER Stop bitis 0 Receive data transferred from
RSR to RDR
Parity error PER Parity of receive data differs Receive data transferred from

from even/odd parity setting RSR to RDR
in SMR
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Figure 13.8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Parity Stop
1 bit Dgta bit bit  bit Dz’:}ta bit bit 1
R R
0|D0|Dl||D7|0/1|l|0|D0|D1||D7|O/1|l||d|e(mark)
I I
R R

state

RDRF [
§ {

)T

“ o

1 ‘ ‘ ::

RXI RXI interrupt handler T

request reads data in RDR and

- -] clears RDRF flag to 0
1 frame

Framing error,
ERI request

Figure 13.8 Example of SCI Receive Operation (8-Bit Data with Parity and One Stop Bit)

13.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share a single serial
communication line. The processors communicate in asynchronous mode using a format with an
additional multiprocessor bit (multiprocessor format).

In multiprocessor communication, each receiving processor is addressed by an ID. A serial
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes ID-sending cycles from data-sending
cycles.

The transmitting processor starts by sending the ID of the receiving processor with which it wants
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends
transmit data with the multiprocessor bit cleared to 0.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set

to 1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
data with their IDs. The receiving processor with a matching ID continues to receive further
incoming data. Processors with IDs not matching the received data skip further incoming data
until they again receive data with the multiprocessor bit set to 1. Multiple processors can send and
receive data in this way.

Figure 13.9 shows an example of communication among different processors using a
multiprocessor format.
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Communication Formats: Four formats are available. Parity-bit settings are ignored when a

multiprocessor format is selected. For details see table 13.10.

Clock: See the description of asynchronous mode.

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
processor address

Data-sending cycle:

data sent to receiving
processor specified by 1D
Legend

MPB: Multiprocessor bit

Figure 13.9 Example of Communication among Processors using Multiprocessor Format
(Sending Data H'AA to Receiving Processor A)
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Transmitting and Receiving Data

* Transmitting Multiprocessor Serial Data

Figure 13.10 shows a sample flowchart for transmitting multiprocessor serial data and

indicates the procedure to follow.

| Initialize |
\
C Start transmitting >

F—

|  Read TDREflaginSSR |

e

Yes

Write transmit data in
TDR and set MPBT bit in SSR

\
Clear TDRE flag to 0

No

All data transmitted?

Yes

i

|  Read TENDflaginSSR |

Yes
) No
Output break signal?
Yes

| Clear DR bit to 0, set DDR bit to 1 |

| ClearTEbitto0inSCR |

—

—~f

Y
End

. SCl initialization: the transmit data

output function of the TxD pin is
selected automatically.

. SCI status check and transmit data

write: read SSR, check that the TDRE
flag is 1, then write transmit

data in TDR. Also set the MPBT flag to
0 or 1in SSR. Finally, clear the TDRE
flag to O.

. To continue transmitting serial data:

after checking that the TDRE flag is 1,
indicating that data can be

written, write data in TDR, then clear
the TDRE flag to 0. When the DMAC
is activated by a transmit-data-empty
interrupt request (TXI) to write data in
TDR, the TDRE flag is checked and
cleared automatically.

. To output a break signal at the end of

serial transmission: set the DDR bit to
1 and clear the DR bit to 0 (DDR and
DR are 1/O port registers), then clear
the TE bitto 0 in SCR.

Figure 13.10 Sample Flowchart for Transmitting Multiprocessor Serial Data
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In transmitting serial data, the SCI operates as follows.

1. The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

2. After loading the data from TDR into TSR, the SCI sets the TDRE flag to 1 and starts
transmitting. If the TIE bit in SCR is set to 1, the SCI requests a transmit-data-empty
interrupt (TXI) at this time.

Serial transmit data is transmitted in the following order from the TxD pin:

Start bit: One 0 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.

© a0 o w

Mark state: Output of 1 bits continues until the start bit of the next transmit data.

3. The SCI checks the TDRE flag when it outputs the stop bit. If the TDRE flag is 0, the SCI
loads data from TDR into TSR, outputs the stop bit, then begins serial transmission of the
next frame. If the TDRE flag is 1, the SCI sets the TEND flag in SSR to 1, outputs the stop
bit, then continues output of 1 bits in the mark state. If the TEIE bit is set to 1 in SCR, a
transmit-end interrupt (TEI) is requested at this time.

Figure 13.11 shows an example of SCI transmit operation using a multiprocessor format.

Multi- Multi-
processor processor
bit bit
Start Stop Start Stop
1 bit Data bit  bit Data bit 1
)T 0T
0|D0|D1| |D7|O/1|1 O|DO|D1| |D7|O/1|1 Idle (mark)
{( {(

state

(

TDRE B | i

TEND ? ? ?
‘ ‘ * ‘ *

TXI TXI interrupt handler TXI
request  writes data in TDR and request TEI request
clears TDRE flag to O

1 frame

Figure 13.11 Example of SCI Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)
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Receiving Multiprocessor Serial Data

Figure 13.12 shows a sample flowchart for receiving multiprocessor serial data and indicates

the procedure to follow.

\ Initialize | 1

Start receiving

Set MPIE bitto 1 in SCR 2
[
Read ORER and FER flags in SSR

FERUORER =1

No
\ Read RDRF flag in SSR | 3

Read receive data from RDR

| |
o
Yes
B

Read ORER and FER flags in SSR

FEROORER =1

No
\ Read RDRF flag in SSR

Yes
|

No .
Finished receiving?

Y
Clear RE bitto 0 in SCR

No
es

End

. SCl initialization: the receive data function

of the RxD pin is selected automatically.

. ID receive cycle: set the MPIE bit to 1 in SCR.
. SCI status check and ID check: read SSR,

check that the RDRF flag is set to 1, then read
data from RDR and compare with the
processor’s own ID. If the ID does not match,
set the MPIE bit to 1 again and clear the
RDREF flag to 0. If the ID matches, clear the
RDREF flag to 0.

. SCI status check and data receiving: read

SSR, check that the RDRF flag is setto 1,
then read data from RDR.

. Receive error handling and break detection:

if a receive error occurs, read the

ORER and FER flags in SSR to identify the error.
After executing the necessary error handling,
clear the ORER and FER flags both to 0.
Receiving cannot resume while either the ORER
or FER flag remains set to 1. When a framing
error occurs, the RxD pin can be read to detect
the break state.

(_ Error handling )

(continued on next page)

Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (1)
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5

< Error handling >

No

Yes

Overrun error handling

“

Yes

Break?

Y

Framing error handling

Clear RE bitto 0 in SCR

-

Clear ORER, PER, and FER
flags to 0 in SSR

Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (2)

Figure 13.13 shows an example of SCI receive operation using a multiprocessor format.
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Start Stop Start Stop
1 bit Data (ID1) MPB bit  bit Data (datal) MPB  bit 1
I(d {(
T )T
| o |oo|pa| [o7| 1] 1] o |oof[oi| [p7][o0 |1 demak
if i state
i
MPIE
RDRF /
5 / / 5 I
RDR value >< ID1
MPB detection RXI request RXI handler reads Not own ID, so  No RXI request,
MPIE=0 (multiprocessor RDR data and clears  MPIE bit is set RDR not updated
interrupt) RDREF flag to 0 to 1 again
a. Own ID does not match data
Start Stop Start Stop
1 bit Data (ID2) MPB  pit bit Data (data2) MPB  bit 1
I(d (@
|O|DO|D1||D7|1|1|0|DO|D1||D7|0|1 Idle (mark)
I(d (@

state

MPIE |

§
RDRF / I_
§ . L

RDR value I ID2 >C Data 2

MPB detection RXI request RXI interrupt handler  Own ID, so receiving MPIE bit is set
MPIE=0 (multiprocessor reads RDR data and continues, with data to 1 again
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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13.3.4  Synchronous Operation

In synchronous mode, the SCI transmits and receives data in synchronization with clock pulses.
This mode is suitable for high-speed serial communication.

The SCI transmitter and receiver share the same clock but are otherwise independent, so full
duplex communication is possible. The transmitter and receiver are also double buffered, so
continuous transmitting or receiving is possible by reading or writing data while transmitting or
receiving is in progress.

Figure 13.14 shows the general format in synchronous serial communication.

One unit (character or frame) of serial data

*
Serial clock

LsB MSB
Serialdata 4 X Bito X Bit1 X Bit2 X Bit3 X Bit4 X Bit5 X Bit6 X Bit7 X 4

Don't care Don't care

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 line from one
falling edge of the serial clock to the next. Data is guaranteed valid at the rise of the serial clock.
In each character, the serial data bits are transmitted in order from LSB (first) to MSB (last). After
output of the MSB, the communication line remains in the state of the MSB. In synchronous mode
the SCI receives data by synchronizing with the rise of the serial clock.

Communication Format: The data length is fixed at 8 bits. No parity bit or multiprocessor bit
can be added.

Clock: An internal clock generated by the on-chip baud rate generator or an external clock input
from the SCK pin can be selected by clearing or setting the CKE1 bit in SCR. See table 13.9.
When the SCI operates on an internal clock, it outputs the clock signal at the SCK pin. Eight clock
pulses are output per transmitted or received character.

When the SCI operates on an internal clock, the serial clock outputs the clock signal at the SCK
pin. Eight clock pulses are output per transmitted or received character. When the SCI is not
transmitting or receiving, the clock signal remains in the high state. However, when receiving
only, overrun error may occur or the serial clock continues output until the RE bit clears at 0.
When transmitting or receiving in single characters, select the external clock.
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Section 13 Serial Communication Interface

Transmitting and Receiving Data

SCI Initialization (Synchronous Mode)

Before transmitting or receiving, clear the TE and

RE bits to 0 in SCR, then initialize the SCI as follows.

When changing the communication mode or format, always clear the TE and RE bits to 0
before following the procedure given below. Clearing the TE bit to 0 sets the TDRE flag to 1
and initializes TSR. Clearing the RE bit to 0, however, does not initialize the RDRF, PER,
FER, and ORE flags and RDR, which retain their previous contents.

Figure 13.15 is a sample flowchart for initializing the SCI.

Start of initialization

Clear TE and RE
bits to 0 in SCR

Set RIE, TIE, TEIE, MPIE,
CKEL1, and CKEO bits in SCR
(leaving TE and RE bits
cleared to 0)

Select communication
format in SMR

Set value in BRR

Wait

1 bit interval
elapsed?

Yes

Set TE or REto 1 in SCR
Set RIE, TIE, TEIE, and
MPIE bits as necessary

i

Start transmitting or receiving

1. Select the clock source in SCR. Clear the RIE, TIE, TEIE,
MPIE, TE, and RE bits to 0.
2. Select the communication format in SMR.
3. Write the value corresponding to the bit rate in BRR.
This step is not necessary when an external clock is used.
4. Wait for at least the interval required to transmit or receive
one bit, then set the TE or RE bit to 1 in SCR. Also set
the RIE, TIE, TEIE, and MPIE bits as necessary.
Setting the TE or RE bhit enables the SCI to use the
TxD or RxD pin.

Note: In simultaneous transmitting and receiving, the TE and
RE bits should be cleared to 0 or set to 1 simultaneously.

Figure 13.15 Sample Flowchart for SCI Initialization
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* Transmitting Serial Data (Synchronous Mode)
Figure 13.16 shows a sample flowchart for transmitting serial data and indicates the procedure
to follow.

o 1. SCl initialization: the transmit data output function
Initialize 1 of the TxD pin is selected automatically.

2. SCI status check and transmit data write: read SSR,
o check that the TDRE flag is 1, then write transmit
Start transmitting data in TDR and clear the TDRE flag to 0.

- 3. To continue transmitting serial data: after checking
that the TDRE flag is 1, indicating that data can be
Read TDRE flag in SSR 2 written, write data in TDR, then clear the TDRE flag
to 0. When the DMAC is activated by a transmit-
data-empty interrupt request (TXI) to write data in
No TDR, the TDRE flag is checked and cleared
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

Figure 13.16 Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows.

1. The SCI monitors the TDRE flag in SSR. When the TDRE flag is cleared to 0 the SCI
recognizes that TDR contains new data, and loads this data from TDR into TSR.

2. After loading the data from TDR into TSR, the SCI sets the TDRE flag to 1 and starts
transmitting. If the TIE bit is set to 1 in SCR, the SCI requests a transmit-data-empty
interrupt (TXI) at this time.

If clock output is selected, the SCI outputs eight serial clock pulses. If an external clock
source is selected, the SCI outputs data in synchronization with the input clock. Data is
output from the TxD pin in 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 is 0, the
SCI loads data from TDR into TSR and begins serial transmission of the next frame. If the
TDRE flag is 1, the SCI sets the TEND flag to 1 in SSR, and after transmitting the MSB,
holds the TxD pin in the MSB state. If the TEIE bit in SCR is set to 1, a transmit-end
interrupt (TEI) is requested at this time.

4. After the end of serial transmission, the SCK pin is held in a constant state.

Figure 13.17 shows an example of SCI transmit operation.

Transmit
direction

-

Serial clock
Serial data Bit 0 X Bit 1 ><:: X Bit7 X Bito X Bit1 X X Bit6 X Bit 7

TDRE |
TEND T
TXI TXI interrupt handler TXI TEI
request writes data in TDR request request
and clears TDRE
flag to O
1 frame

Figure 13.17 Example of SCI Transmit Operation
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* Receiving Serial Data
Figure 13.18 shows a sample flowchart for receiving serial data and indicates the procedure to
follow. When switching from asynchronous mode to synchronous mode, make sure that the
ORER, PER, and FER flags are cleared to 0. If the FER or PER flag is set to 1 the RDRF flag
will not be set and both transmitting and receiving will be disabled.

Initialize 1 1. SClinitialization: the receive data function of
the RxD pin is selected automatically.

2, 3. Receive error handling: if a receive error
occurs, read the ORER flag in SSR, then after
executing the necessary error handling, clear

o the ORER flag to 0. Neither transmitting nor
receiving can resume while the ORER flag
remains set to 1.

4. SCI status check and receive data read: read
SSR, check that the RDRF flag is set to 1,
then read receive data from RDR and clear
the RDRF flag to 0. Notification that the RDRF
flag has changed from 0 to 1 can also be

Start receiving

Error handling

continued on next page given by the RXI interrupt.
5. To continue receiving serial data: check the
Read RDRF flag in SSR | 4 RDRF flag, read RDR, and clear the RDRF

flag to O before the MSB (bit 7) of the current
frame is received. If the DMAC is activated
No by a receive-data-full interrupt request (RXI)
to read RDR, the RDRF flag is cleared

automatically.
Yes

Read receive data
from RDR, and clear 5
RDRF flag to 0 in SSR

Finished
receiving?

Clear RE bitto 0 in SCR

i

End

Figure 13.18 Sample Flowchart for Serial Receiving (1)
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3

< Error handling >

Overrun error handling

Clear ORER flag to 0 in SSR

i

End

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 initializes internally.

2. Receive data is stored in RSR in order from LSB to MSB.
After receiving the data, the SCI checks that the RDRF flag is 0 so that receive data can be
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the
received data is stored in RDR. If the check does not pass (receive error), the SCI operates
as indicated in table 13.11.

3. After setting the RDRF flag to 1, if the RIE bit is set to 1 in SCR, the SCI requests a
receive-data-full interrupt (RXI). If the ORER flag is set to 1 and the RIE bit in SCR is also
set to 1, the SCI requests a receive-error interrupt (ERI).

Figure 13.19 shows an example of SCI receive operation.
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-—— Receive direction

Serial clock
seraldata X g7 X Biro X X sz X sroX saX | Xsite X Bit7

I

RDRF 4,__\_”—| 7
ORER / T . T . T

RXI RXI interrupt RXI T

request handler reads request Overrun error,
data in RDR ERI request
and clears

RDRF flag to 0

1 frame

Figure 13.19 Example of SCI Receive Operation

* Transmitting and Receiving Serial Data Simultaneously (Synchronous Mode)

Figure 13.20 shows a sample flowchart for transmitting and receiving serial data
simultaneously and indicates the procedure to follow.
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| Initialize

C Start transmitting and receiving >

>

| Read TDRE flag in SSR

No

Yes

Write transmit data in TDR and
clear TDRE flag to 0 in SSR

Read ORER flag in SSR

Read RDRF flag in SSR

No

Yes

Read receive data from RDR
and clear RDRF flag to 0 in SSR

End of transmitting and
receiving?

Yes

Clear TE and RE bits to 0 in SCR

v

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.

. SCl initialization: the transmit data

output function of the TxD pin and
receive data input function of the
RxD pin are selected, enabling
simultaneous transmitting and
receiving.

. SCI status check and transmit

data write: read SSR, check that
the TDRE flag is 1, then write
transmit data in TDR and clear

the TDRE flag to 0.

Notification that the TDRE flag has
changed from 0 to 1 can also be
given by the TXI interrupt.

. Receive error handling: if a receive

error occurs, read the ORER flag in
SSR, then after executing the neces-
sary error handling, clear the ORER
flag to 0.

Neither transmitting nor receiving
can resume while the ORER flag
remains setto 1.

. SCI status check and receive

data read: read SSR, check that
the RDRF flag is 1, then read
receive data from RDR and clear
the RDRF flag to 0. Notification
that the RDRF flag has changed
from 0 to 1 can also be given

by the RXI interrupt.

. To continue transmitting and

receiving serial data: check the
RDREF flag, read RDR, and clear
the RDREF flag to 0 before the
MSB (bit 7) of the current frame
is received. Also check that

the TDRE flag is set to 1, indicat-
ing that data can be written, write
data in TDR, then clear the TDRE
flag to O before the MSB (bit 7) of
the current frame is transmitted.
When the DMAC is activated by
a transmit-data-empty interrupt
request (TXI) to write data in TDR,
the TDRE flag is checked and
cleared automatically. When the
DMAC is activated by a receive-
data-full interrupt request (RXI) to
read RDR, the RDRF flag is
cleared automatically.

Figure 13.20 Sample Flowchart for Serial Transmitting
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13.4  SCI Interrupts

The SCI has four interrupt request sources: TEI (transmit-end interrupt), ERI (receive-error
interrupt), RXI (receive-data-full interrupt), and TXI (transmit-data-empty interrupt). Table 13.12
lists the interrupt sources and indicates their priority. These interrupts can be enabled and disabled
by the TIE, TEIE, and RIE bits in SCR. Each interrupt request is sent separately to the interrupt
controller.

The TXI interrupt is requested when the TDRE flag is set to 1 in SSR. The TEI interrupt is
requested when the TEND flag is set to 1 in SSR. The TXI interrupt request can activate the
DMAC to transfer data. Data transfer by the DMAC automatically clears the TDRE flag to 0. The
TEI interrupt request cannot activate the DMAC.

The RXI interrupt is requested when the RDRF flag is set to 1 in SSR. The ERI interrupt is
requested when the ORER, PER, or FER flag is set to 1 in SSR. The RXI interrupt request can
activate the DMAC to transfer data. Data transfer by the DMAC automatically clears the RDRF
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 Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)

TXI Transmit data register empty (TDRE) E

TEI Transmit end (TEND) Low
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13.5  Usage Notes

Note the following points when using the SCI.

TDR Write and TDRE Flag: The TDRE flag in SSR is a status flag indicating the loading of
transmit data from TDR into TSR. The SCI sets the TDRE flag to 1 when it transfers data from
TDR to TSR.

Data can be written into TDR regardless of the state of the TDRE flag. If new data is written in
TDR when the TDRE flag is 0, the old data stored in TDR will be lost because this data has not
yet been transferred to TSR. Before writing transmit data in TDR, be sure to check that the TDRE
flag is set to 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 to RDR, so receive data is lost.

Table 13.13 SSR Status Flags and Transfer of Receive Data

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 0] 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 + parity error

Notes: O: Receive data is transferred from RSR to RDR.
x: Receive data is not transferred from RSR to RDR.
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Break Detection and Processing: Break signals can be detected by reading the RxD pin directly
when a framing error (FER) is detected. In the break state the input from the RxD pin consists of
all Os, so the FER flag is set and the parity error flag (PER) may also be set. In the break state the
SCI receiver continues to operate, so if the FER flag is cleared to 0 it will be set to 1 again.

Sending a Break Signal: When the TE bit is cleared to 0 the TxD pin becomes an 1/O port, the
level and direction (input or output) of which are determined by DR and DDR bits. This feature
can be used to send a break signal.

After the serial transmitter is initialized, the DR value substitutes for the mark state until the TE
bit is set to 1 (the TxD pin function is not selected until the TE bit is set to 1). The DDR and DR
bits should therefore both be set to 1 beforehand.

To send a break signal during serial transmission, clear the DR bit to 0, then clear the TE bit to 0.
When the TE bit is cleared to 0 the transmitter is initialized, regardless of its current state, so the
TxD pin becomes an output port outputting the value 0.

Receive Error Flags and Transmitter Operation (Synchronous Mode Only): When a receive
error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting, even if the TDRE
flag is cleared to 0. Be sure to clear the receive error flags to 0 when starting to transmit. Note that
clearing the RE bit to 0 does not clear the receive error flags to 0.

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 frequency. In receiving, the SCI
synchronizes internally with the fall of the start bit, which it samples on the base clock. Receive
data is latched at the rising edge of the eighth base clock pulse. See figure 13.21.

16 clocks |
8 clocks ‘
0 7‘ 150 7 150

base clock B u U
Receive data T ) ’ ‘
(RxD) L Start bit D03 D,
Synchronization J
sampling timing :
Data sampling H H
timing

Figure 13.21 Receive Data Sampling Timing in Asynchronous Mode
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The receive margin in asynchronous mode can therefore be expressed as in equation (1).

Ip-os| (1+F)| x 100% (1)

M=|(05- )= (L-05)F -
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

nrozg

From equation (1), if F =0 and D = 0.5 the receive margin is 46.875%, as given by equation (2).

0.5 F=0
{0.5 - 1/(2 x 16)} x 100%
AB.875% eoeeeeeeeeeeeeeeeeeeeeee e e )

D
M

This is a theoretical value. A reasonable margin to allow in system designs is 20% to 30%.

Restrictions on Usage of DMAC: To have the DMAC read RDR, be sure to select the SCI
receive-data-full interrupt (RXI) as the activation source with bits DTS2 to DTS0 in DTCR.

Restrictions on Usage of the Serial Clock: When transmitting data using an external clock as the
serial clock, an interval of at least 5 states is necessary between clearing the TDRE bit in SSR and
the start (falling edge) of the first transmit clock pulse corresponding to each frame (see figure
13.22). This condition is also needed for continuous transmission. If it is not fulfilled, operational
error will occur.

SCK

it*i ‘t*i

:»-d—h‘ :4—»1
TDRE ! !
XD >< x0 X x1 X x2 X x3 X x4 >< x5 X X6 >< X7 >< vo X vy1 X v2 >< Y3

—— Continuous transmission

Note: * Ensure that t > 5 states.

Figure 13.22 Serial Clock Transmission (Example)
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Switching SCK Pin to Port Qutput Pin Function in Synchronous Mode: When the SCK pin is
used as the serial clock output in synchronous mode, and is then switched to its output port
function at the end of transmission, a low level may be output for one half-cycle. Half-cycle low-
level output occurs when SCK is switched to its port function with the following settings when
DDR=1,DR=1,C/A=1,CKEl =0, CKE0O =0, and TE = 1.

1. End of serial data transmission
2. TEbit=0

3.
4

. Occurrence of low-level output (see figure 13.23)

C/A bit = 0 ... switchover to port output

! Half-cycle low-level output

s
SCK/port |_|
1. End of transmission\_ | 4. Low-level output

Data Bit 6 >< Bit 7 ' 4

2.TE=0 I
TE | !
C/A 3.C/A=0
CKE1 '
CKEO

Figure 13.23 Operation when Switching from SCK Pin Function to Port Pin Function
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Sample Procedure for Preventing Low-Level Output

As this sample procedure temporarily places the SCK pin in the input state, the SCK/port pin
should be pulled up beforehand with an external circuit.

With DDR =1, DR =1, C/A =1, CKEl =0, CKEO = 0, and TE = 1, make the following settings
in the order shown.

1. End of serial data transmission
2. TEbit=0
3. CKEl bit=1
4. C/Abit=0 ... switchover to port output
5. CKEl bit=0
High-level output
SCK/port
1. End of transmission .
Data Bt X Bit7 5
2.TE=0 E
TE | !
c/A 4.C/IA=0
3.CKE1=1 ;
CKE1 E 5.CKE1=0
CKEO '

Figure 13.24 Operation when Switching from SCK Pin Function to Port Pin Function
(Example of Preventing Low-Level Output)
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Section 14 Smart Card Interface

14.1

Section 14 Smart Card Interface

Overview

As an extension of its serial communication interface functions, SCIO supports a smart card (IC
card) interface conforming to the ISO/IEC7816-3 (Identification Card) standard. Switchover
between normal serial communication and the smart card interface is controlled by a register

setting.

14.11

Features

Features of the smart-card interface supported by the H8/3048 Group are listed below.

* Asynchronous communication

O
g
O
g
O

Data length: 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

» Three types 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 activate the DMA
controller (DMAC) to transfer data.
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14.1.2

Block Diagram

Figure 14.1 shows a block diagram of the smart card interface.

TXDO -

SCK,

Legend
SCMR:
RSR:
RDR:
TSR:
TDR:
SMR:
SCR:
SSR:
BRR:

Smart card mode register
Receive shift register
Receive data register
Transmit shift register
Transmit data register
Serial mode register
Serial control register
Serial status register

Bit rate register

]
3
= Internal
Module data bus = data
‘0 bus
i
y e
TDR SCMR | BRR L
SSR
U -0
SCR 4
TSR SVR ~—
— @16
Transmit/receive Baud rate
— @/64
control generator
Parity generate t Clock
Parity check
= TXI
RXI
= ERI

Figure 14.1 Smart Card Interface Block Diagram
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14.1.3  Input/Output Pins
Table 14.1 lists the smart card interface pins.

Table 14.1 Smart Card Interface Pins

Name Abbreviation /10 Function

Serial clock pin SCKo Output Clock output
Receive data pin RxDo Input Receive data input
Transmit data pin TxDo Output Transmit data output

14.1.4  Register Configuration

The smart card interface has the internal registers listed in table 14.2. BRR, TDR, and RDR have
their normal serial communication interface functions, as described in section 13, Serial
Communication Interface.

Table 14.2 Registers

Address*'  Name Abbreviation R/W Initial Value
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)*2 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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14.2  Register Descriptions

This section describes the new or modified registers and bit functions in the smart card interface.

14.2.1  Smart Card Mode Register (SCMR)

SCMR is an 8-bit readable/writable register that selects smart card interface functions.

Bit 7 6 5 4 3 2 1 0
S ] ] = Tsor|sw | — | swr

Initial value 1 1 1 1 0 0 1 0

Read/Write — — — — R/W R/W — R/W

* 7
Reserved bits

Smart card interface
mode select
Reserved bits Enables or disables
the smart card
interface function

Smart card data invert
Inverts data logic levels

Smart card data transfer direction
Selects the serial/parallel conversion format

SCMR is initialized to H'F2 by a reset and in standby mode.
Bits 7 to 4—Reserved: Read-only bits, always read as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selects the serial/parallel conversion
format.

Bit 3: SDIR Description

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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Bit 2—Smart Card Data Inverter (SINV): Inverts data logic levels. This function is used in
combination with bit 3 to communicate with inverse-convention cards. SINV does not affect the
logic level of the parity bit. For parity settings, see section 14.3.4, Register Settings.

Bit 2: SINV Description

0 Unmodified TDR contents are transmitted (Initial value)

Received data is stored unmodified in RDR

1 Inverted TDR contents are transmitted
Received data is inverted before storage in RDR

Bit 1—Reserved: Read-only bit, always read as 1.

Bit 0—Smart Card Interface Mode Select (SMIF): Enables the smart card interface function.

Bit 0: SMIF Description
0 Smart card interface function is disabled (Initial value)
1 Smart card interface function is enabled

14.2.2  Serial Status Register (SSR)

The function of SSR bit 4 is modified in the smart card interface. This change also causes a
modification to the setting conditions for bit 2 (TEND).

Bit 7 6 5 4 3 2 1 0

‘ TDRE ‘ RDRF ‘ ORER ‘ ERS ‘ PER ‘ TEND ‘ MPB ‘ MPBT ‘
Initial value 1 0 0 0 0 1 0 0
Read/Write R/(W)*  R/(W)* R/(W)* R/(W)* R/(W)* R R R/W

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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Bits 7 to 5: These bits operate as in normal serial communication. For details see section 13,
Serial Communication Interface.

Bit 4—Error Signal Status (ERS): In smart card interface mode, this flag indicates the status of
the error signal sent from the receiving device to the transmitting device. The smart card interface
does not detect framing errors.

Bit 4: ERS Description

0 Indicates normal data transmission, with no error signal returned (Initial value)
[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 parity error
[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 previous
value.

Bits 3 to 0: These bits operate as in normal serial communication. For details see section 13,
Serial Communication Interface. The setting conditions for transmit end (TEND, bit 2), however,
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 flag.
The DMAC writes data in TDR.

1 End of transmission (Initial value)
[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 1-byte
serial character is transmitted (normal transmission)

Note: An etu (elementary time unit) is the time needed to transmit one bit.
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14.2.3  Serial Mode Register (SMR)

Bit 7 of SMR has a different function in smart card interface mode. The related serial control
register (SCR) changes from bit 1 to bit 0. However, this function does not exist in the flash
memory version.

Bit 7 6 5 4 3 2 1 0

‘ GM ‘ CHR ‘ PR ‘ O/E ‘ STOP ‘ MP ‘ CKS1 ‘ CKSO0 ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W 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 GSM mode, set
to 1. When transmission is complete, initially the TEND flag set timing appears followed by clock
output restriction mode. Clock output restriction mode comprises serial control register bit 1 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  (Initial value)

» 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

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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14.2.4  Serial Control Register (SCR)

Bits 1 and 0 have different functions in smart card interface mode. However, this function does not
exist in the flash memory version.

Bit 7 6 5 4 3 2 1 0

‘ TIE ‘ RIE ‘ TE ‘ RE ‘ MPIE ‘ TEIE ‘ CKE1 ‘ CKEO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W 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, CKEO0): Setting enable or disable for the SCI clock
selection and clock output from the SCK pin. In smart card interface mode, it is possible to switch
between enabling and disabling of the normal clock output, and specify a fixed high level or fixed
low level for the clock output.

SMR SCR

Bit 7: Bit 1: Bit 0:

GM CKE1 CKEO Description

0 0 0 The internal clock/SCKO pin functions as an I/0 port (Initial value)
0 0 1 The internal clock/SCKO pin functions as the clock output

1 0 0 The internal clock/SCKO pin is fixed at low-level output

1 0 1 The internal clock/SCKO pin functions as the clock output

1 1 0 The internal clock/SCKO pin is fixed at high-level output

1 1 1 The internal clock/SCKO pin functions as the clock output
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14.3  Operation

14.3.1 Overview
The main features of the smart-card interface are as follows.

* One frame consists of eight data bits and a parity bit.

* In transmitting, a guard time of at least two elementary time units (2 etu) is provided between
the end of the parity bit and the start of the next frame. (An elementary time unit is the time
required to transmit one bit.)

* Inreceiving, if a parity error is detected, a low error signal is output for 1 etu, beginning 10.5
etu after the start bit.

» In transmitting, if an error signal is received, after at least 2 etu, the same data is automatically
transmitted again.

*  Only asynchronous communication is supported. There is no synchronous communication
function.

14.3.2  Pin Connections
Figure 14.2 shows a pin connection diagram for the smart card interface.

In communication with a smart card, data is transmitted and received over the same signal line.
The TxD, and RxD, pins should both be connected to this line. The data transmission line should
be pulled up to V¢c through a resistor.

If the smart card uses the clock generated by the smart card interface, connect the SCK, output pin
to the card’s CLK input. If the card uses its own internal clock, this connection is unnecessary.

The reset signal should be output from one of the H8/3048 Group’s generic ports.

In addition to these pin connections, power and ground connections will normally also be
necessary.
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H8/3048 Group
Chip

Card-processing device

Vee
TxDg
RxDg Data line
SCK,
Clock line
Px (port)
Reset line

110

CLK

RST
Smart card

Figure 14.2 Smart Card Interface Connection Diagram

Note: A loop-back test can be performed by setting both RE and TE to 1 without connecting a

smart card.
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14.3.3 Data Format

Figure 14.3 shows the data format of the smart card interface. In receive mode, parity is checked
once per frame. If a parity error is detected, an error signal is returned to the transmitting device to
request retransmission. In transmit mode, the error signal is sampled and the same data is
retransmitted if the error signal is low.

No parity error

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp

| Output from transmitting device |
I |

Parity error

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp DE
| Output from transmitting device | | |
I | I |
Output from
receiving device
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure 14.3 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 the high level
through a resistor.

2. To start transmitting a frame of data, the transmitting device transmits a low start bit (Ds),
followed by eight data bits (D0 to D7) and a parity bit (Dp).

3. Next, in the smart card interface, the transmitting device returns the data line to the high-
impedance state. The data line is pulled up to the high level through a resistor.

4. The receiving device performs a parity check. If there is no parity error, the receiving device
waits to receive the next data. If a parity error is present, the receiving device outputs a low
error signal (DE) to request retransmission of the data. After outputting the error signal for a
designated interval, the receiving device returns the signal line to the high-impedance state.
The signal line is pulled back up to the high level through the pull-up resistor.

5. If the transmitting device does not receive an error signal, it proceeds to transmit the next data.
If it receives an error signal, it returns to step 2 and transmits the same data again.
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14.3.4  Register Settings

Table 14.3 shows a bit map of the registers used in the smart card interface. Bits indicated as 0 or
1 should always be set to the indicated value. The settings of the other bits will be described in this
section.

Table 14.3 Register Settings in Smart Card Interface

Register Address*' Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

SMR H'FFBO GM 0 1 O/E 1 0 CKS1 CKSO
BRR H'FFB1 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR H'FFB2 TIE RIE TE RE 0 0 CKE1** CKEO
TDR H'FFB3 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SSR H'FFB4 TDRE RDRF ORER ERS PER TEND O 0

RDR H'FFB5 RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCMR H'FFB6 — — — — SDIR SINV  — SMIF

Notes: — Unused bit.
1. Lower 16 bits of the address.
2. When the GM of the SMR is set at 0, be sure the CKE1 bit is 0.

Serial Mode Register (SMR) Settings: In regular smart card interface mode, set the GM bit at 0.
In regular smart card mode, clear the GM bit to 0. In GSM mode, set the GM bit to 1. Clear the
O/E bit to 0 if the smart card uses the direct convention. Set the O/E bit to 1 if the smart card uses
the inverse convention. Bits CKS1 and CKSO select the clock source of the built-in baud rate
generator. See section 14.3.5, Clock.

Bit Rate Register (BRR) Settings: This register sets the bit rate. Equations for calculating the
setting are given in section 14.3.5, Clock.

Serial Control Register (SCR): The TIE, RIE, TE, and RE bits have their normal serial
communication functions. For details, see section 13, Serial Communication Interface. The CKE1
and CKEO bits select clock output. When the GM bit of the SMR is cleared to 0, to disable clock
output, clear this bit to 00. To enable clock output, set this bit to 01. When the GM bit of the SMR
is set to 1, clock output is enabled. Clock output is fixed at high or low.

Smart Card Mode Register (SCMR): If the smart card follows the direct convention, clear the
SDIR and SINV bits to 0. If the smart card follows the indirect convention, set the SDIR and
SINV bits to 1. To use the smart card interface, set the SMIF bit to 1.
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The register settings and examples of starting character waveforms are shown below for two smart
cards, one following the direct convention and one the inverse convention.

+ Direct convention (SDIR = SINV = O/E = 0)

@ A z z A z z z A A Z (2) State

Ds DO D1 D2 D3 D4 D5 D6 D7 Dp

In the direct convention, state Z corresponds to logic level 1, and state A to logic level 0.
Characters are transmitted and received LSB-first. In the example above the first character data
is H'3B. The parity bit is 1, following the even parity rule designated for smart cards.

« Inverse convention (SDIR = SINV = O/E = 1)

@ A z z A A A A A A Z (2) State

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 the logic level
0. Characters are transmitted and received MSB-first. In the example above the first character
data is H'3F. Following the even parity rule designated for smart cards, the parity bit logic
level is 0, corresponding to state Z.

In the H8/3048 Group, the SINV bit inverts only the data bits D7 to D0. The parity bit is not
inverted, so the O/E bit in SMR must be set to odd parity mode. This applies in both transmitting
and receiving.

Rev. 7.00 Sep 21, 2005 page 521 of 878
REJ09B0259-0700
RENESAS



Section 14 Smart Card Interface

14.3.5 Clock

As its serial communication clock, the smart card interface can use only the internal clock
generated by the on-chip baud rate generator. The bit rate can be selected by setting the bit rate
register (BRR) and bits CKS1 and CKSO in the serial mode register (SMR). The bit rate can be
calculated from the equation given below. Table 14.5 lists some examples of bit rate settings.

If bit CKEQ is set to 1, a clock signal with a frequency equal to 372 times the bit rate is output
from the SCK, pin.

B= ki x 108
1488 x 2271 x (N + 1)

where, N: BRR setting (0 <N < 255)

Bit rate (bits/s)

System clock frequency (MHz)*
See table 14.4

B W

Table 14.4 n-Values of CKS1 and CKS0 Settings

n CK$S1 CKS0
0 0 0
1 0 1
2 1 0
3 1 1

Note: * If the gear function is used to divide the system clock frequency, use the divided
frequency to calculate the bit rate. The equation above applies directly to 1/1 frequency
division.

Table 14.5 Bit Rates (bits/s) for Different BRR Settings (when n = 0)

@ (MHz)

7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00

9600.0 13440.9 14400.0 174731 19200.0 21505.4 24193.5

4800.0 67204 7200.0 8736.6 9600.0 10752.7 12096.8

N =] o]z

3200.0 4480.3 4800.0 5824.4 6400.0 7168.5 8064.5

Note: Bit rates are rounded off to one decimal place.
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The following equation calculates the bit rate register (BRR) setting from the system clock
frequency and bit rate. N is an integer from 0 to 255, specifying the value with the smaller error.

Nz—® x108-1
1488 x 22n-1 x B

Table 14.6 BRR Settings for Typical Bit Rate (bits/s) (when n = 0)

¢ (MHz)
7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00

Bit/s N Error N Error N Error N Error N Error N Error N Error
9600 0 0.00 1 30.00 1 25.00 1 8.99 1 0.00 1 12.01 2 15.99

Table 14.7 Maximum Bit Rates for 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

The bit rate error is calculated from the following equation.

P
1488 x 221 x B x (N + 1)

Error (%) = { x 106 — 1} x 100
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14.3.6  Transmitting and Receiving Data

Initialization: Before transmitting or receiving data, initialize the smart card interface by the
procedure below. Initialization is also necessary when switching from transmit mode to receive
mode or from receive mode to transmit mode.

1. Clear the TE and RE bits to 0 in the serial control register (SCR).
2. Clear the ERS, PER, and ORER error flags to 0 in the serial status register (SSR).
3. Set the parity mode bit (O/E) and baud rate generator clock source select bits (CKS1 and

CKS0) as required in the serial mode register (SMR). At the same time, clear the C/A, CHR,
and MP bits to 0, and set the STOP and PE bits to 1.

4. Set the SMIF, SDIR, and SINV bits as required in the smart card mode register (SMR). When
the SMIF bit is set to 1, the TxDy and RxD,, pins switch from their I/O port functions to their
serial communication interface functions, and are placed in the high-impedance state.

5. Set a value corresponding to the desired bit rate in the bit rate register (BRR).

6. Set clock enable bit 0 (CKEO) as required in the serial control register (SCR). Write 0 in the
TIE, RIE, TE, RE, MPIE, TEIE, and CKEI1 bits. If bit CKEOQ is set to 1, a serial clock will be
output from the SCK pin.

7. Wait for at least the interval required to transmit or receive one bit, then set the TIE, RIE, TE,
and RE bits as necessary in SCR. Do not set TE and RE both to 1, except when performing a
loop-back test.

Transmitting Serial Data: The transmitting procedure in smart card mode is different from the
normal SCI procedure, because of the need to sample the error signal and retransmit. Figure 14.4
shows a flowchart for transmitting, and figure 14.5 shows the relation between a transmit
operation and the internal registers.

1. Initialize the smart card interface by the procedure given above in Initialization.

2. Check that the ERS error flag is cleared to 0 in SSR.

3. Check that the TEND flag is set to 1 in SSR. Repeat steps 2 and 3 until this check passes.
4

. Write transmit data in TDR and clear the TDRE flag to 0. The data will be transmitted and the
TEND flag will be cleared to 0.

To continue transmitting data, return to step 2.

o »

. To terminate transmission, clear the TE bit to 0.
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 and the
TEND flag is set to 1, a transmit-data-empty interrupt (TXI) is requested. If the RIE bit is set to 1
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to enable interrupt requests, when a transmit error occurs and the ERS flagis setto 1, a
transmit/receive-error interrupt (ERI) is requested.

The timing of TEND flag setting depends on the GM bit in SMR. The timing is shown in figure
14.6.

If the TXI interrupt activates the DMAC, the number of bytes designated in the DMAC can be
transmitted automatically, including automatic retransmit.

For details, see Interrupt Operations and Data Transfer by DMAC in this section.

( Strrt )

] Initialize \

( Start transmitting )
[

C Error handling )

Write data in TDR and clear
TDRE flag to 0 in SSR

No All data
transmitted ?

»  Yes

No
FER/ERS =07?

Yes
- C Error handling )

=

Yes
] Clear TE bit to 0 \

|
( End )

Figure 14.4 Transmit Flowchart (Example)
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TDR TSR
(shift register)
(1) Data write ’ Data 1 }—»’ ‘
(2) Transfer from ’ ’ ‘ . L
TDR o TSR Data 1 Data 1 ; Data remains in TDR

Data 1 . .
(3) Serial data output ] Data 1 }—»] }&» 1/0 signal line output

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 TEND flag is set

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in LSB-first
transmission, DO in MSB-first transmission) of the next transfer data to be transmitted has
been completed.

Figure 14.5 Relation Between Transmit Operation and Internal Registers

/O data DS | Da | Db |Dc |Dd |De | Df [Dg |Dh |Dp| DE! !
Guard |
time |
TXI !
(TEND interrupt) 125ew | When GM = 0
11.0 etu |
! When GM =1

Figure 14.6 TEND Flag Occurrence Timing
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Receiving Serial Data: The receiving procedure in smart card mode is the same as the normal
SCI procedure. Figure 14.7 shows a flowchart for receiving.

1. Initialize the smart card interface by the procedure given in Initialization at the beginning of
this section.

2. Check that the ORER and PER error flags are cleared to 0 in SSR. If either flag is set, carry out
the necessary error handling, then clear both the ORER and PER flags to 0.

Check that the RDREF 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 0 and return to step 2.

AN

To terminate receiving, clear the RE bit to 0.

C Start )

| Initialize |

( Start receiving )

ORER =0 and No

PER=07?

Yes
- < Error handling )

Read RDR and clear RDRF
flag to 0 in SSR

| Clear RE bitto 0 |

Figure 14.7 Receive Flowchart (Example)
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This procedure may include interrupt handling and DMA transfer.

If the RIE bit is set to 1 to enable interrupt requests, when receiving is completed and the RDRF
flag is set to 1, a receive-data-full interrupt (RXI) is requested. If a receive error occurs, either the
ORER or PER flag is set to 1 and a transmit/receive-error interrupt (ERI) is requested.

If the RXI interrupt activates the DMAC, the number of bytes designated in the DMAC will be
transferred, skipping receive data in which an error occurred.

For details, see Interrupt Operations and Data Transfer by DMAC below.

When a parity error occurs and PER is set to 1, the receive data is transferred to RDR, so the
erroneous data can be read.

Switching Modes: To switch from receive mode to transmit mode, check that receiving
operations have completed, then initialize the smart card interface, clearing RE to 0 and setting TE
to 1. Completion of receive operations is indicated by the RDRF, PER, or ORER flag.

To switch from transmit mode to receive mode, check that transmitting operations have
completed, then initialize the smart card interface, clearing TE to 0 and setting RE to 1.
Completion of transmit operations can be verified from the TEND flag.

Fixing Clock Output: When the GM bit of the SMR is set to 1, clock output is fixed by CKEI
and CKEO of SCR. In this case, the clock pulse can be set at minimum value.

Figure 14.8 shows clock output fixed timing: CKEQO is restricted with GM = 1 and CKE1 = 1.

Specified pulse width Specified pulse width

' . CKEL1 value ' .
SCK J / 5

SCR write SCR write

(CKEO =0) (CKEO =1)

Figure 14.8 Clock Output Fixed Timing
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Interrupt Operations: The smart card interface has three interrupt sources: transmit-data-empty
(TXT), transmit/receive-error (ERI), and receive-data-full (RXI). The transmit-end interrupt
request (TEI) is not available in smart card mode.

A TXI interrupt is requested when the TEND flag is set to 1 in SSR. An RXI interrupt is requested
when the RDRF flag is set to 1 in SSR. An ERI interrupt is requested when the ORER, PER, or
ERS flag is set to 1 in SSR. These relationships are shown in table 14.8.

Table 14.8 Smart Card Mode Operating States and Interrupt Sources

Interrupt DMAC

Operating State Flag Mask Bit  Source Activation

Transmit mode Normal operation TEND TIE TXI Available
Error ERS RIE ERI Not available

Receive mode Normal operation RDRF RIE RXI Available
Error PER, ORER RIE ERI Not available

Data Transfer by DMAC: The DMAC can be used to transmit and receive in smart card mode,
as in normal SCI operations. In transmit mode, when the TEND flag is set to 1 in SSR, the TDRE
flag is set simultaneously, generating a TXI interrupt. If TXI is designated in advance as a DMAC
activation source, the DMAC will be activated by the TXI request and will transfer the next
transmit data. This data transfer by the DMAC automatically clears the TDRE and TEND flags to
0. When an error occurs, the SCI automatically retransmits the same data, keeping TEND cleared
to 0 so that the DMAC is not activated. The SCI and DMAC will therefore automatically transmit
the designated number of bytes, including retransmission when an error occurs. When an error
occurs the ERS flag is not cleared automatically, so the RIE bit should be set to 1 to enable the
error to generate an ERI 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 make SCI
settings. DMAC settings are described in section 8§, DMA Controller.

In receive operations, when the RDRF flag is set to 1 in SSR, an RXI interrupt is requested. If RXI
is designated in advance as a DMAC activation source, the DMAC will be activated by the RXI
request and will transfer the received data. This data transfer by the DMAC automatically clears
the RDRF flag to 0. When an error occurs, the RDRF flag is not set and an error flag is set instead.
The DMAC is not activated. The ERI interrupt request is directed to the CPU. The ERI interrupt
handler should clear the error flags.
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Examples of Operation in GSM Mode: When switching between smart card interface mode and
software standby mode, use the following procedures to maintain the clock duty cycle.

Switching from smart card interface mode to software standby mode

1.

Set the P94 data register (DR) and data direction register (DDR) to the values for the fixed
output state in software standby mode.

Write 0 to the TE and RE bits in the serial control register (SCR) to stop transmit/receive
operations. At the same time, set the CKE1 bit to the value for the fixed output state in
software standby mode.

Write 0 to the CKEO bit in SCR to stop the clock.

Wait for one serial clock cycle. During this period, the duty cycle is preserved and clock
output is fixed at the specified level.

5. Write H'00 to the serial mode register (SMR) and smart card mode register (SCMR).

6.

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 CKE1 bit in SCR to the value for the fixed output state at the start of software
standby (the current P94 pin state).

Set smart card interface mode and output the clock. Clock signal generation is started with
the normal duty cycle.

Software standby

Normal operation
mode

Normal operation

| !

MAE) (4) (5)(6) OREE)

Figure 14.9 Procedure for Stopping and Restarting the Clock

Use the following procedure to secure the clock duty cycle after powering on.

1.

2.
3.
4.

The initial state is port input and high impedance. Use pull-up or pull-down resistors to fix the
potential.

Fix at the output specified by the CKE1 bit in SCR.
Set SMR and SCMR, and switch to smart card interface mode operation.
Set the CKEO bit in SCR to 1 to start clock output.
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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 frequency. In receiving, the SCI
synchronizes internally with the fall of the start bit, which it samples on the base clock. Receive
data is latched at the rising edge of the 186th base clock pulse. See figure 14.10.

372 clocks
186 clocks
0 185 3710 185 371 0

Internal
base clock

Receive data
(RxD)

D1

Synchronization
sampling timing

Data sampling
timing

Figure 14.10 Receive Data Sampling Timing in Smart Card Mode
The receive margin can therefore be expressed as follows.
Receive margin in smart card mode:

Ip-05|
N

M = (1+F)| x100%

{o.s—i}—(L—o.S)F—
2N

M: Receive margin (%)

N: Ratio of clock frequency to bit rate (N = 372)
D: Clock duty cycle (D =0 to 1.0)

L: Frame length (L = 10)

F: Absolute deviation of clock frequency
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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 mode.

* Retransmission when SCI is in Receive Mode (see figure 14.11)

(1) The SCI checks the received parity bit. If it detects an error, it automatically sets the PER flag
to 1. If the RIE bit in SCR is set to the enable state, an ERI interrupt is requested. The PER flag
should be cleared to 0 in SSR before the next parity bit sampling timing.

(2) The RDREF 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 set in SSR.

(4) If an error is not detected when the parity bit is checked, receiving operations are assumed to
have ended normally, and the RDRF bit is automatically set to 1 in SSR. If the RIE bit in SCR
is set to the enable state, an RXI interrupt is requested. If RXI is enabled as a DMA transfer
activation source, the RDR contents can be read automatically. When the DMAC reads the
RDR data, it automatically clears RDRF to 0.

(5) When a normal frame is received, at the error signal transmit timing, the data pin is held in the
high-impedance state.

Frame n Retransmitted frame
k—»k—»k— Framen + 1
—|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp|—|%—|DleOlDllD2|D3|D4|D5|D6|D7|Dp|@|Ds Do|D1|D2|D3|D4

RDRF

'y o)

PER

b Y6

Figure 14.11 Retransmission in SCI Receive Mode
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* Retransmission when SCI is in Transmit Mode (see figure 14.12)

(6) After transmitting one frame, if the receiving device returns an error signal, the SCI sets the
ERS flag to 1 in SSR. If the RIE bit in SCR is set to the enable state, an ERI interrupt is
requested. The ERS flag should be cleared to 0 in SSR before the next parity bit sampling
timing.

(7) The TEND bit in SSR is not set for the frame in which the error signal was received, indicating
an error.

(8) If no error signal is returned from the receiving device, the ERS flag is not set in SSR.

(9) If no error signal is returned from the receiving device, transmission of the frame, including
retransmission, is assumed to be complete, and the TEND bit is set to 1 in SSR. If the TIE bit
in SCR is set to the enable state, a TXI interrupt is requested. If TXI is enabled as a DMA
transfer activation source, the next data can be written in TDR automatically. When the
DMAC writes data in TDR, it automatically clears the TDRE bit to 0.

Frame n Retransmitted frame
"—ﬂ‘—# Framen+ 1
—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|—|EE,—|Ds|D0|D1|D2|D3|D4|D5|D6|D7|Dp|LDS Do|D1|D2|D3|D4

J TDRE
4 Transfer from TDR to TSR 4 Transfer from TDR to TSR Transfer from
i TDR to TSR
TEND i
Y0 LXC)
ERS
be G

Figure 14.12 Retransmission in SCI Transmit Mode
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Section 15 A/D Converter

Section 15 A/D Converter

15.1 Overview

The H8/3048 Group includes a 10-bit successive-approximations A/D converter with a selection
of up to eight analog input channels.

When the A/D converter is not used, it can be halted independently to conserve power. For details
see section 21.6, 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 reference
voltage at the Vygr pin.

* High-speed conversion

Conversion time: Minimum 7.45 ps per channel (with 18 MHz system clock)
* Two conversion modes

Single mode: A/D conversion of one channel

Scan mode: continuous conversion on one to four channels
* Four 16-bit data registers

A/D conversion results are transferred for storage into data registers corresponding to the
channels.

* 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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Section 15 A/D Converter

15.1.2  Block Diagram

Figure 15.1 shows a block diagram of the A/D converter.

Internal
Module data bus data bus
§ >
£
(2]
— >
o) o
(2]
AVCC — D
02
HNHEBEREE
v . 10-bit D/A L19oNalalala Ol 9
REF — 8% 1alalala o2
SE | |<C | << <
AVSS — ] ” §
[oX
o
©
ANO — -]
-+
ANl — " ”””””” >
——o0 —_
AN, — -~ @8

AN3 —

AN, —* plexer

Analog

multi- Control circuit

Sample-and-

ANg —> hold circuit - /16

AN6 ™

AN7 ™

ADTRG

Legend
ADCR:

ADCSR:
ADDRA:
ADDRB:
ADDRC:
ADDRD:

T | \—> ADI

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

Figure 15.1 A/D Converter Block Diagram
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15.1.3  Input Pins

Table 15.1 summarizes the A/D converter’s input pins. The eight analog input pins are divided
into two groups: group 0 (AN, to AN3), and group 1 (AN, to AN;). AVc and AVgs are the power
supply for the analog circuits in the A/D converter. Vggr is the A/D conversion reference voltage.

Table 15.1 A/D Converter Pins

Pin Name Abbreviation 1/0 Function

Analog power supply pin AVcc Input  Analog power supply

Analog ground pin AVss Input  Analog ground and reference voltage

Reference voltage pin VREF Input  Analog reference voltage

Analog input pin 0 ANp Input  Group 0 analog inputs

Analog input pin 1 AN Input

Analog input pin 2 ANy Input

Analog input pin 3 AN3 Input

Analog input pin 4 ANy Input  Group 1 analog inputs

Analog input pin 5 ANs Input

Analog input pin 6 ANs Input

Analog input pin 7 ANz Input

A/D external trigger input pin ~ ADTRG Input  External trigger input for starting A/D
conversion
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15.1.4  Register Configuration
Table 15.2 summarizes the A/D converter’s registers.

Table 15.2 A/D Converter Registers

Address*' Name Abbreviation R/W Initial Value
H'FFEOQ A/D data register A (high) ADDRAH R H'00
H'FFE1 A/D data register A (low) ADDRAL R H'00
H'FFE2 A/D data register B (high) ADDRBH R H'00
H'FFE3 A/D data register B (low) ADDRBL R H'00
H'FFE4 A/D data register C (high) ADDRCH R H'00
H'FFE5 A/D data register C (low) ADDRCL R H'00
H'FFEG A/D data register D (high) ADDRDH R H'00
H'FFE7 A/D data register D (low) ADDRDL R H'00
H'FFE8 A/D control/status register ADCSR R/(W)* H'00
H'FFE9 A/D control register ADCR R/W H'7F*

Notes: 1. Lower 16 bits of the address
2. Only 0 can be written in bit 7, to clear the flag.

3. HB8/3048F, H8/3048ZTAT, H8/3048 mask-ROM, H8/3047 mask-ROM, H8/3045 mask-
ROM, and H8/3044 mask-ROM versions
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15.2  Register Descriptions

15.2.1 A/D Data Registers A to D (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
ADDRnN ‘ADQ‘ADB‘AD?‘AD6‘AD5‘AD4‘AD3‘AD2‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o o 0 O O o o0 o o o o o o

ReadWrite R R R R R R R R R R R R R R R R
(n=Ato D) ‘ ‘

A/D conversion data Reserved bits
10-bit data giving an
A/D conversion result

The four A/D data registers (ADDRA to ADDRD) are 16-bit read-only registers that store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which is transferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in the upper
byte of the A/D data register. The lower 2 bits are stored in the lower byte. Bits 5 to 0 of an A/D
data register are reserved bits that are always read as 0. Table 15.3 indicates the pairings of analog
input channels and A/D data registers.

The CPU can always read and write the A/D data registers. The upper byte can be read directly,
but the lower byte is read through a temporary register (TEMP). For details see section 15.3, CPU
Interface.

The A/D data registers are initialized to H'0000 by a reset and in standby mode.

Table 15.3 Analog Input Channels and A/D Data Registers

Analog Input Channel

Group 0 Group 1 A/D Data Register
ANo ANy ADDRA
ANy ANs ADDRB
ANz ANs ADDRC
AN3 AN7 ADDRD
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15.2.2  A/D Control/Status Register (ADCSR)

Bit 7 6 5 4 3 2 1 0
‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write R/(W)* R/W R/W R/W R/W R/W R/W R/W

Channel select 2to 0
These bits select analog
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 0 can be written, to clear the flag.

ADCSR is an 8-bit readable/writable register that selects the mode and controls the A/D converter.
ADCSR is initialized to H'00 by a reset 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] (Initial value)
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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Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the
end of A/D conversion.

Bit 6: ADIE Description
0 A/D end interrupt request (ADI) is disabled (Initial value)
1 A/D end interrupt request (ADI) is enabled

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during
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 (Initial value)
1 Single mode: A/D conversion starts; ADST is automatically cleared to 0 when

conversion ends.

Scan mode: A/D conversion starts and continues, cycling among the selected
channels, until ADST is cleared to 0 by software, by a reset, or by a transition
to standby mode.

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode. For further information on
operation in these modes, see section 15.4, Operation. Clear the ADST bit to 0 before switching
the conversion mode.

Bit 4: SCAN Description
0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Selects the A/D conversion time. Clear the ADST bit to 0 before
switching the conversion time.

Bit 3: CKS Description
0 Conversion time = 266 states (maximum) (Initial value)
1 Conversion time = 134 states (maximum)
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Bits 2 to 0—Channel Select 2 to 0 (CH2 to CHO): These bits and the SCAN bit select the analog
input channels. Clear the ADST bit to 0 before changing the channel selection.

Group
Selection Channel Selection Description
CH2 CH1 CHO Single Mode Scan Mode
0 0 0 ANp (Initial value) ANo
1 AN/ AN, AN
1 0 ANy AN to ANz
1 AN3 ANp to AN3
1 0 0 ANy ANy
1 ANs AN4, ANs
1 0 ANs ANy to ANe
1 ANy AN, to AN7
15.2.3  A/D Control Register (ADCR)
Bit 7 6 5 4 3 2 1 0
G e e B e e
Initial value 0 1 1 1 1 1 1 1
Read/Write R/W — — — — — — —

Reserved bits

Trigger enable
Enables or disables external triggering of A/D conversion

ADCR is an 8-bit readable/writable register that enables or disables external triggering of A/D
conversion. ADCR is initialized to H'7F by a reset and in standby mode.

Bit 7—Trigger Enable (TRGE): Enables or disables external triggering of A/D conversion.

Bit 7: TRGE Description
0 A/D conversion cannot be externally triggered (Initial value)
1 A/D conversion starts at the falling edge of the external trigger signal (ADTRG)

Bits 6 to 0—Reserved: Read-only bits, always read as 1.
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15.3 CPU Interface

ADDRA to ADDRD are 16-bit registers, but they are connected to the CPU by an 8-bit data bus.
Therefore, although the upper byte can be be accessed directly by the CPU, the lower byte is read
through an 8-bit temporary register (TEMP).

An A/D data register is read as follows. When the upper byte is read, the upper-byte value is
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the
lower byte is read, the TEMP contents are transferred to the CPU.

When reading an A/D data register, always read the upper byte before the lower byte. It is possible
to read only the upper byte, but if only the lower byte is read, incorrect data may be obtained.

Figure 15.2 shows the data flow for access to an A/D data register.

Upper-byte read

Module data bus

CPU ;
(HAA) Bus interface
TEMP
(H'40)
ADDRnNH ADDRnNL
(H'AA) (H'40)
(n=Ato D)

Lower-byte read

Module data bus

(C|_|P,}1‘IO) Bus interface
TEMP
(H'40)
ADDRnNH ADDRNL
(H'AA) (H'40)
(n=Ato D)

Figure 15.2 A/D Data Register Access Operation (Reading H'AA40)

Rev. 7.00 Sep 21, 2005 page 543 of 878
REJ09B0259-0700
RENESAS




Section 15 A/D Converter

15.4  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It has two
operating modes: single mode and scan mode.

15.4.1  Single Mode (SCAN =0)

Single mode should be selected when only one A/D conversion on one channel is required. A/D
conversion starts when the ADST bit is set to 1 by software, or by external trigger input. The
ADST bit remains set to 1 during A/D conversion and is automatically cleared to 0 when
conversion ends.

When conversion ends the ADF bit is set to 1. If the ADIE bit is also set to 1, an ADI interrupt is
requested at this time. To clear the ADF flag to 0, first read ADCSR, then write 0 in ADF.

When the mode or analog input channel must be switched during analog conversion, to prevent
incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After making
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit can be
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 is selected (SCAN = 0), input channel AN; is selected (CH2 = CH1 =0,
CHO = 1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started (ADST = 1).

2. When A/D conversion is completed, the result is transferred into ADDRB. At the same time
the ADF flag is set to 1, the ADST bit is cleared to 0, and the A/D converter becomes idle.

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 set to 1,
A/D conversion starts again and steps 2 to 7 are repeated.

NS kAW
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Figure 15.3 Example of A/D Converter Operation (Single Mode, Channel 1 Selected)
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15.4.2  Scan Mode (SCAN =1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bit is set to 1 by software or external trigger input, A/D conversion starts on the first
channel in the group (AN, when CH2 = 0, AN, when CH2 = 1). When two or more channels are
selected, after conversion of the first channel ends, conversion of the second channel (AN or
AN;s) starts immediately. A/D conversion continues cyclically on the selected channels until the
ADST bit is cleared to 0. The conversion results are transferred for storage into the A/D data
registers corresponding to the channels.

When the mode or analog input channel selection must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0 in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the
first channel in the group. The ADST bit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channels in group 0 (AN, to AN,) are selected in scan mode are
described next. Figure 15.4 shows a timing diagram for this example.

1. Scan mode is selected (SCAN = 1), scan group 0 is selected (CH2 = 0), analog input channels
AN, to AN, are selected (CHI = 1, CHO = 0), and A/D conversion is started (ADST = 1).

2. When A/D conversion of the first channel (ANj) is completed, the result is transferred into
ADDRA. Next, conversion of the second channel (AN)) starts automatically.

3. Conversion proceeds in the same way through the third channel (AN)).

4. When conversion of all selected channels (AN, to AN,) is completed, the ADF flag is set to 1
and conversion of the first channel (ANj) starts again. If the ADIE bit is set to 1, an ADI
interrupt is requested at this time.

5. Steps 2 to 4 are repeated as long as the ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bit is set to 1, A/D conversion
starts again from the first channel (ANp).
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Figure 15.4 Example of A/D Converter Operation

(Scan Mode, Channels AN, to AN, Selected)
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15.4.3 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at a time tp after the ADST bit is set to 1, then starts conversion. Figure 15.5 shows the A/D
conversion timing. Table 15.4 indicates the A/D conversion time.

As indicated in figure 15.5, the A/D conversion time includes tp and the input sampling time. The
length of tp varies depending on the timing of the write access to ADCSR. The total conversion
time therefore varies within the ranges indicated in table 15.4.

In scan mode, the values given in table 15.4 apply to the first conversion. In the second and
subsequent conversions the conversion time is fixed at 256 states when CKS = 0 or 128 states
when CKS = 1.

Address bus

Write signal

Input sampling
timing

ADF

[5) tspL

teony

Legend

(2): ADCSR write cycle
(2):  ADCSR address

tp: Synchronization delay
tspL: Input sampling time
tconyv: A/D conversion time

Figure 15.5 A/D Conversion Timing
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Table 15.4 A/D Conversion Time (Single Mode)

CKS =0 CKS =1
Symbol Min Typ Max Min Typ Max
Synchronization delay ) 10 — 17 6 — 9
Input sampling time tspL — 63 — — 31 —
A/D conversion time tconv 259 — 266 131 — 134

Note: Values in the table are numbers of states.

15.4.4  External Trigger Input Timing

A/D conversion can be externally triggered. When the TRGE bit is set to 1 in ADCR, external
trigger input is enabled at the ADTRG pin. A high-to-low transition at the ADTRG pin sets the
ADST bit to 1 in ADCSR, starting A/D conversion. Other operations, in both single and scan
modes, are the same as if the ADST bit had been set to 1 by software. Figure 15.6 shows the

timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

i

Figure 15.6 External Trigger Input Timing
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15,5 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
request can be enabled or disabled by the ADIE bit in ADCSR.

15.6  Usage Notes

When using the A/D converter, note the following points:

1.

Analog Input Voltage Range: During A/D conversion, the voltages input to the analog input
pins should be in the range AVgs < AN, < Vggr.

Relationships of AVc and AVgs to Ve and Vgs: AVece, AVss, Ve, and Vg should be related
as follows: AVgg = Vss. AV and AVgg must not be left open, even if the A/D converter is not
used.

Vxer Programming Range: The reference voltage input at the Vggr pin should be in the range

Analog Voltage: When using an A/D converter, make the following voltage settings.
a. Vec2AVec—-03V
b. AVcc 2 Vrer 2 ANn 2 AVgs = Vs

(N=0to7)

Note: Restriction for the ZTAT version only; The S-mask version of ZTAT, the Flash
Memory version and Mask ROM version can be used regularly without restriction.

Failure to observe points 1, 2, 3, and 4 above may degrade chip reliability.

Note on Board Design: In board layout, separate the digital circuits from the analog circuits as
much as possible. Particularly avoid layouts in which the signal lines of digital circuits cross or
closely approach the signal lines of analog circuits. Induction and other effects may cause the
analog circuits to operate incorrectly, or may adversely affect the accuracy of A/D conversion.
The analog input signals (AN, to AN), analog reference voltage (Vggr), and analog supply
voltage (AVcc) must be separated from digital circuits by the analog ground (AVss). The
analog ground (AVss) should be connected to a stable digital ground (Vss) at one point on the
board.
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6. Note on Noise: To prevent damage from surges and other abnormal voltages at the analog
input pins (ANy to AN;) and analog reference voltage pin (Vygr), connect a protection circuit
like the one in figure 15.7 between AVc and AVgg. The bypass capacitors connected to AV ¢
and Vygr and the filter capacitors connected to AN, to AN; must be connected to AVggs. If
filter capacitors like the ones in figure 15.7 are connected, the voltage values input to the
analog input pins (AN, to AN,) will be smoothed, which may give rise to error. Error can also
occur if A/D conversion is frequently performed in scan mode so that the current that charges
and discharges the capacitor in the sample-and-hold circuit of the A/D converter becomes
greater than that input to the analog input pins via input impedance Rin. The circuit constants
should therefore be selected carefully.

/\_/

AVcce

VRer

ANO to AN7

AVsg

/\_/

Notes: 1. Numeric values are approximate.

10 pF 0.01 pF

2. Rin: input impedance

Figure 15.7 Example of Analog Input Protection Circuit
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10 kQ
ANg to AN, To A/D converter

b

Note: Numeric values are approximate.

20 pF

Figure 15.8 Analog Input Pin Equivalent Circuit

Table 15.5 Analog Input Pin Ratings

Item Min Max Unit
Analog input capacitance — 20 pF
Allowable signal-source impedance — 10%* kQ

Note: *When Vcc =4.0 Vto 5.5V and <12 MHz.

7. A/D Conversion Accuracy Definitions: A/D conversion accuracy in the H8/3048 Group is
defined as follows:

Resolution
Digital output code length of A/D converter
Offset error

Deviation from ideal A/D conversion characteristic of analog input voltage required to
raise digital output from minimum voltage value B'0000000000 to B'0000000001 (figure
15.10)

Full-scale error

Deviation from ideal A/D conversion characteristic of analog input voltage required to
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 volts to full scale,
exclusive of offset error, full-scale error, and quantization error.

Absolute accuracy

Deviation of digital value from analog input value, including offset error, full-scale error,
quantization error, and nonlinearity error.
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Section 15 A/D Converter

Digital
output

111
110 +
101
100 -
011 -
010

001

Ideal A/D conversion —»

characteristic

t

000 ‘

Quantization error

1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS

Analog input
voltage

Figure 15.9 A/D Converter Accuracy Definitions (1)
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Full-scale
Digital error
output l
Ideal A/D
conversion
characteristic
Nonlinearity
' error
--— Actual A/D conversion
characteristic
FS
Analog input
Offset error voltag% P

Figure 15.10 A/D Converter Accuracy Definitions (2)

8. Allowable Signal-Source Impedance: The analog inputs of the H8/3048 Group are designed to
assure accurate conversion of input signals with a signal-source impedance not exceeding 10
kQ. The reason for this rating is that it enables the input capacitor in the sample-and-hold
circuit in the A/D converter to charge within the sampling time. If the sensor output impedance
exceeds 10 kQ, charging may be inadequate and the accuracy of A/D conversion cannot be
guaranteed.

If a large external capacitor is provided in scan mode, then the internal 10-kQ input resistance
becomes the only significant load on the input. In this case the impedance of the signal source
is not a problem.

A large external capacitor, however, acts as a low-pass filter. This may make it impossible to

track analog signals with high dv/dt (e.g. a variation of 5 mV/us) (figure 15.11). To convert
high-speed analog signals or to use scan mode, insert a low-impedance buffer.
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Section 15 A/D Converter

9. Effect on Absolute Accuracy: Attaching an external capacitor creates a coupling with ground,
so if there is noise on the ground line, it may degrade absolute accuracy. The capacitor must be
connected to an electrically stable ground, such as AVgs.

If a filter circuit is used, be careful of interference with digital signals on the same board, and
make sure the circuit does not act as an antenna.

H8/3048 Group

Equivalent circuit of

. A/D converter
Sensor output impedance

Up to 10 kQ 10 kQ

T — 1
in=

' Low-pass

filter i 15pF
'Upto 0.1 pyF

20 pF

Figure 15.11 Analog Input Circuit (Example)
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Section 16 D/A Converter

16.1 Overview

The H8/3048 Group includes a D/A converter with two channels.

16.1.1  Features
D/A converter features are listed below.

» Eight-bit resolution

* Two output channels

* Conversion time: maximum 10 ps (with 20-pF capacitive load)
*  Qutput voltage: 0 V to 255/256 * Vg

* D/A outputs can be sustained in software standby mode
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16.1.2  Block Diagram

Figure 16.1 shows a block diagram of the D/A converter.

VREF

DAy ~=— 8-bit D/A

DA; =

Legend
DACR:

DADRO:
DADR1:

Module data bus

Internal
data bus

00 0 C

DADRO
DADR1
DACR
DASTCR

Bus interface

()

D/A control register
D/A data register 0
D/A data register 1

Control circuit

DASTCR: D/A standby control register

Figure 16.1 D/A Converter Block Diagram
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16.1.3  Input/Output Pins
Table 16.1 summarizes the D/A converter’s input and output pins.

Table 16.1 D/A Converter Pins

Pin Name Abbreviation  1/0 Function

Analog power supply pin AVcc Input Analog power supply

Analog ground pin AVss Input Analog ground and reference voltage
Analog output pin 0 DAo Output Analog output, channel 0

Analog output pin 1 DA+ Output Analog output, channel 1

Reference voltage input pin VRer Input Analog reference voltage

16.1.4  Register Configuration
Table 16.2 summarizes the D/A converter’s registers.

Table 16.2 D/A Converter Registers

Address* Name Abbreviation R/W Initial Value
H'FFDC D/A data register 0 DADRO R/W H'00
H'FFDD D/A data register 1 DADR1 R/W H'00
H'FFDE D/A control register DACR R/W H'1F
H'FF5C D/A standby control register DASTCR R/W H'FE

Note: * Lower 16 bits of the address
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16.2  Register Descriptions

16.2.1 D/A Data Registers 0 and 1 (DADRO0/1)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The D/A data registers (DADRO and DADRI1) are 8-bit readable/writable registers that store the
data to be converted. When analog output is enabled, the D/A data register values are constantly
converted and output at the analog output pins.

The D/A data registers are initialized to H'00 by a reset and in standby mode.

16.2.2  D/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0

‘ DAOE1 ‘ DAOEO‘ DAE ‘ — ‘ — ‘ — ‘ — ‘ —

Initial value 0 0 0 1 1 1 1 1

Read/Write R/W R/W R/W — — — — _
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 is an 8-bit readable/writable register that controls the operation of the D/A converter.
DACR is initialized to H'1F by a reset and in standby mode.
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Bit 7—D/A Output Enable 1 (DAOE1): Controls D/A conversion and analog output.

Bit 7: DAOE1 Description
0 DA, analog output is disabled (Initial value)
1 Channel-1 D/A conversion and DA analog output are enabled

Bit 6—D/A Output Enable 0 (DAOEOJ): Controls D/A conversion and analog output.

Bit 6: DAOEO Description

0 DA, analog output is disabled (Initial value)

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 and DAOEI.
When the DAE bit is cleared to 0, analog conversion is controlled independently in channels 0 and
1. When the DAE bit is set to 1, analog conversion is controlled together in channels 0 and 1.
Output of the conversion results is always controlled independently by DAOEO and DAOE].

Bit 7: Bit 6: Bit 5:
DAOE1 DAOEO DAE Description
0 0 — 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 — D/A conversion is enabled in channels 0 and 1

When the DAE bit is set to 1, even if bits DAOEQ and DAOE]1 in DACR and the ADST bit in
ADCSR are cleared to 0, the same current is drawn from the analog power supply as during A/D
and D/A conversion.

Bits 4 to 0—Reserved: Read-only bits, always read as 1.
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16.2.3  D/A Standby Control Register (DASTCR)

DASTCR is an 8-bit readable/writable register that enables or disables D/A output in software
standby mode.

Bit 7 6 5 4 3 2 1 0
- =] -1 =] =1 = ] — [oaste]

Initial value 1 1 1 1 1 1 1 0

Read/Write — — — — — — — R/W

| |
Reserved bits ‘
D/A standby enable
Enables or disables D/A output
in software standby mode

DASTCR is initialized to H'FE by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 1—Reserved: Read-only bits, always read as 1.

Bit 0—D/A Standby Enable (DASTE): Enables or disables D/A output in software standby
mode.

Bit 0: DASTE Description

0 D/A output is disabled in software standby mode (Initial value)

1 D/A output is enabled in software standby mode
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16.3  Operation

The D/A converter has two built-in D/A conversion circuits that can perform conversion
independently.

D/A conversion is performed constantly while enabled in DACR. If the DADRO or DADRI value
is modified, conversion of the new data begins immediately. The conversion results are output
when bits DAOEO and DAOEI are set to 1.

An example of D/A conversion on channel 0 is given next. Timing is indicated in figure 16.2.

1. Data to be converted is written in DADRO.

2. Bit DAOEDO is set to 1 in DACR. D/A conversion starts and DA, becomes an output pin. The
converted result is output after the conversion time. The output value is (DADRO contents/256)
X Vygr. Output of this conversion result continues until the value in DADRO is modified or the
DAOEQDO bit is cleared to 0.

3. Ifthe DADRO value is modified, conversion starts immediately, and the result is output after
the conversion time.

4. When the DAOEQ bit is cleared to 0, DA, becomes an input pin.

DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle
| |
. |
Address
bus
DADRO >< Conversion data 1 Conversion data 2
DAOEO I_
. o Conversion
DAo — Conversion T |result2 ——
High-impedance state result 1 I
tbconv tbconv
Legend

tpconv: D/A conversion time

Figure 16.2 Example of D/A Converter Operation
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16.4  D/A Output Control
In the H8/3048 Group, D/A converter output can be enabled or disabled in software standby mode.

When the DASTE bit is set to 1 in DASTCR, D/A converter output is enabled in software standby
mode. The D/A converter registers retain the values they held prior to the transition to software
standby mode.

When D/A output is enabled in software standby mode, the reference supply current is the same as
during normal operation.

16.5  Usage Notes

When using an D/A converter, note the following.

L. VCC 2 AVCC -0.3V
2' AVCC > VREF > ANn = AVSS = VSS
(N=0to7)

Note: Restriction for the ZTATTM version only; The S Mask version of ZTATTM, the Flash
Memory version and Mask ROM version can be used regularly without restriction.
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Section 17 RAM

17.1 Overview

The H8/3048 and H8/3047 have 4 kbytes of high-speed static RAM on-chip. The H8/3045 and
H8/3044 have 2 kbytes. The RAM is connected to the CPU by a 16-bit data bus. The CPU
accesses both byte data and word data in two states, making the RAM useful for rapid data
transfer.

The on-chip RAM of the H8/3048 and H8/3047 is assigned to addresses H'FEF10 to H'FFFOF in
modes 1, 2, 5, and 7, and to addresses HFFEF10 to HFFFFOF in modes 3, 4, and 6. The on-chip
RAM of the H8/3045 and H8/3044 are assigned to addresses H'FF710 to HFFFOF in modes 1, 2
5, and 7, and to addresses H'FFF710 to HFFFFOF in modes 3, 4, and 6. The RAM enable bit
(RAME) in the system control register (SYSCR) can enable or disable the on-chip RAM.

>
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17.1.1  Block Diagram

Figure 17.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

A A

Internal data bus (lower 8 bits)

T 0

Bus interface SYSCR

0 O

H'FEF10* H'FEF11*
HFEF12* H'FEF13*
- On-chip RAM -
H'FFFOE* H'FFFOF*
Even addresses Odd addresses

Legend
SYSCR: System control register

are shown.

Note: * This example is of the H8/3048 operating in mode 7. The lower 20 bits of the address

Figure 17.1 RAM Block Diagram

17.1.2  Register Configuration

The on-chip RAM is controlled by SYSCR. Table 17.1 gives the address and initial value of

SYSCR.

Table 17.1 System Control Register

Address* Name Abbreviation R/W

Initial Value

H'FFF2 System control register SYSCR R/W

H'0B

Note: * Lower 16 bits of the address.
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17.2  System Control Register (SYSCR)

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ — ‘ RAME ‘
Initial value 0 0 0 0 1 0 1 1
Read/Write R/W R/W R/W R/W R/W R/W — R/W
RAM enable
Enables or
disables
on-chip RAM
Reserved bit
NMI edge select

User bit enable

Standby timer select 2to 0
Software standby

One function of SYSCR is to enable or disable access to the on-chip RAM. The on-chip RAM is
enabled or disabled by the RAME bit in SYSCR. For details about the other bits, see section 3.3,
System Control Register (SYSCR).

Bit 0—RAM Enable (RAME): Enables or disables the on-chip RAM. The RAME bit is
initialized at the rising edge of the input at the RES pin. It is not initialized in software standby
mode.

Bit 0: RAME Description
0 On-chip RAM is disabled
1 On-chip RAM is enabled (Initial value)
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17.3  Operation

When the RAME bit is set to 1, the on-chip RAM is enabled. Accesses to addresses H'FEF10 to
H'FFFOF in the H8/3048 and H8/3047 in modes 1, 2, 5, and 7, addresses HFFEF10 to HFFFFOF
in the H8/3048 and H8/3047 in modes 3, 4, and 6, addresses HFF710 to HFFFOF in the H8/3045
and H8/3044 in modes 1, 2, 5, and 7, and addresses HFFF710 to HFFFFOF in the H8/3045 and
H8/3044 in modes 3, 4, and 6 are directed to the on-chip RAM. In modes 1 to 6 (expanded
modes), when the RAME bit is cleared to 0, the off-chip address space is accessed. In mode 7
(single-chip mode), when the RAME bit is cleared to 0, the on-chip RAM is not accessed: read
access always results in H'FF data, and write access is ignored.

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written
and read by word access. It can also be written and read by byte access. Byte data is accessed in
two states using the upper 8 bits of the data bus. Word data starting at an even address is accessed
in two states using all 16 bits of the data bus.
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Section 18 ROM
(H8/3048ZTAT and Mask-ROM Versions)

18.1 Overview

The H8/3048 has 128 kbytes of on-chip ROM, the H8/3047 has 96 kbytes, the H8/3045 has
64 kbytes and the H8/3044 has 32 kbytes. The ROM is connected to the CPU by a 16-bit data bus.
The CPU accesses both byte data and word data in two states, enabling rapid data transfer.

The mode pins (MD, to MD,) can be set to enable or disable the on-chip ROM as indicated in
table 18.1.

Table 18.1 Operating Mode and ROM

Mode Pins
Mode MD, MD; MD, On-Chip ROM
Mode 1 0 0 1 Disabled
(1-Mbyte expanded mode with on-chip ROM disabled) (external
Mode 2 0 1 0 address area)
(1-Mbyte expanded mode with on-chip ROM disabled)
Mode 3 0 1 1
(16-Mbyte expanded mode with on-chip ROM disabled)
Mode 4 1 0 0
(16-Mbyte expanded mode with on-chip ROM disabled)
Mode 5 1 0 1 Enabled
(1-Mbyte expanded mode with on-chip ROM enabled)
Mode 6 1 1 0
(16-Mbyte expanded mode with on-chip ROM enabled)
Mode 7 (single-chip mode) 1 1 1

The PROM version (H8/3048ZTAT) can be set to PROM mode and programmed with a general-
purpose PROM programmer.

Note: Care is required when changing from the H8/3048F-ONE to a model with on-chip mask
ROM (H8/3048, H8/3047, H8/3045, or H8/3044).
For details, refer to the H8/3048F-ONE Hardware Manual (Rev. 1.0) 1.4.5, Note on
Changeover to Mask ROM Version.
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18.1.1 Block Diagram

Figure 18.1 shows a block diagram of the ROM.

Internal data bus (upper 8 bits)

N

Internal data bus (lower 8 bits)

()

Bus interface

0 G

H'0000 H'0001
H'0002 H'0003
N On-chip ROM N
H'1FFFE H'1FFFF
Even addresses Odd addresses

Figure 18.1 ROM Block Diagram (H8/3048, Mode 7)
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18.2 PROM Mode

18.2.1 PROM Mode Setting

In PROM mode, the H8/3048 (H8/3048ZTAT) version with on-chip PROM suspends its
microcontroller functions, enabling the on-chip PROM to be programmed. The programming
method is the same as for the HN27C101, except that page programming is not supported. Table
18.2 indicates how to select PROM mode.

Table 18.2 Selecting PROM Mode

Pins Setting
Three mode pins (MD2, MD+1, MDyg) Low
STBY pin

P54 and P5¢ High

18.2.2  Socket Adapter and Memory Map

The PROM is programmed using a general-purpose PROM programmer with a socket adapter to
convert to 32 pins. Table 18.3 lists the socket adapter for each package option. Figure 18.2 shows
the pin assignments of the socket adapter. Figure 18.3 shows a memory map in PROM mode.

Table 18.3 Socket Adapter

Microcontroller Package Socket Adapter
H8/3048 100-pin QFP (FP-100B) HS3042ESHS1H
100-pin TQFP (TFP-100B) HS3042ESNS1H

The size of the H8/3048 PROM is 128 kbytes. Figure 18.3 shows a memory map in PROM mode.
H'FF data should be specified for unused address areas in the on-chip PROM.

When programming the H8/3048 with a PROM programmer, set the address range to H'00000 to
H'1FFFF.
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Note: Pins not shown in this diagram should be left open.
This figure shows pin assignments, and does not show the entire socket adapter circuit. When undertaking a new design,
board design (power supply voltage stabilization, noise countermeasures, etc.) as a high-speed CMOS LSl is necessary.

H8/3048
FP-100B, TFP-100B Pin
10 RESO
64 NMI
58 PG,
87 P8,
88 P8,
27 P3,
28 P3,
29 P3,
30 P3,
31 P3,
32 P3,
33 P3,
34 P3,
36 P1,
37 P1,
38 PL,
39 P1,
40 P1,
41 Plg
42 Plg
43 P1,
45 P2,
46 P2,
47 P2,
48 P2,
49 P2,
50 P2,
51 P2,
52 P2,
53 P5,
54 PS5,
77 Vrer
76 AVec
1 Vee
35 Vee
68 Vee
73 MDy
74 MD,
75 MD,
62 STBY
86 AVss
11 Vss
22 Vss
24 Vss
57 Vss
65 Vss
92 Vss

PROM Socket

Pin | HN27C101 (32 Pins) | |
Vep 1 :
EAg 26 |
EAss 3 :
EAgs 2 |
PGM 31 :
EO, 13 |
EO, 14 :
EO, 15 |
EO; 17 ;
EO, 18 |
EOq 19 :
EOs 20 3
EO, 21 |
EA, 12 |
EA; 11 |
EA, 10 |
EA; 9 §
EA, 8 |
EAs 7 |
EAg 6 |
EA, 5 |
EAg 27 |
OE 24 |
EAjo 23 i
EAy 25 |
EAq, 4 :
EAs3 28 |
EAL, 29 3
CE 22 |
Vee 32 3
Ves 16

EO; to EOq:

Programming voltage (12.5 V)
Data input/output

EAss to EAq: Address input

OE:
CE:
PGM:

Output enable
Chip enable
Program

Figure 18.2 Socket Adapter Pin Assignments
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Address in Address in
MCU mode PROM mode
H'00000 H'00000
On-chip PROM
H'1FFFF H'1FFFF

Figure 18.3 HS8/3048ZTAT Memory Map in PROM Mode

18.3 PROM Programming
Table 18.4 indicates how to select the program, verify, and other modes in PROM mode.

Table 18.4 Mode Selection in PROM Mode

Pins

Mode CE OE PGM Ve Vec EO7toEO EAss to EA,
Program L H L Vpp Vee Data input Address input
Verify L L H Vep Vce Data output Address input
Program inhibited L L L Vpp Vee High impedance  Address input

L H H

H L L

H H H

Legend

L: Low voltage level
H: High voltage level
Vpp: Vpp voltage level
Vce: Vee voltage level

Read/write specifications are the same as for the standard HN27C101 EPROM, except that page
programming is not supported. Do not select page programming mode. A PROM programmer that
supports only page-programming mode cannot be used. When selecting a PROM programmer,
check that it supports a byte-at-a-time high-speed programming mode. Be sure to set the address
range to H'00000 to H'1FFFF.
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18.3.1 Programming and Verification

An efficient, high-speed programming procedure can be used to program and verify PROM data.
This procedure programs the chip quickly without subjecting it to voltage stress and without
sacrificing data reliability. Unused address areas contain H'FF data. Figure 18.4 shows the basic
high-speed programming flowchart. Tables 18.5 and 18.6 list the electrical characteristics of the
chip during programming. Figure 18.5 shows a timing chart.

Set programming/verification mode
Vce=60V+025V,Vpp =125V 03V

Address =0

| Program with t p\,,= 0.2 ms + 5% |

No
Verification OK?

Yes

| Address +1 - address
A

| Program with t 5\, = 0.2n ms |

No

Last address?

Set read mode
Vee=50V+0.25V, Vpp =V

Y No

All addresses
read?

Figure 18.4 High-Speed Programming Flowchart
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Table 18.5 DC Characteristics in PROM Mode

(Conditions: Vee = 6.0 V£0.25V, Vpp = 12.5 V£ 0.3V, Vgs =0 V, T, = 25°C + 5°C)

Item Symbol Min Typ Max Unit Test Conditions
Input high EOy7 to EQy, Vin 2.4 — Vec+0.3 V
voltage E_A16t_oEAo,

OE, CE, PGM
Input low EO7 to EOo, V||_ -0.3 —_— 0.8 V
voltage E_,’-\16t_oEAo,

OE, CE, PGM
Output high EO7 to EOp Von 2.4 — — \% lon =—-200 pA
voltage
Output low EO7 to EOg VoL — — 0.45 \% lo.=1.6 mA
voltage
Input leakage EO7 to EOy, [y — — 2 MA Vin=5.25V/0.5V
current E_,’-\16t_oEAo,

OE, CE, PGM
Vcc current lcc — — 40 mA
Vpp current lpp — — 40 mA

Note: For details on absolute maximum ratings, see section 22.1.1, Absolute Maximum Ratings.
Using an LSl in excess of absolute maximum ratings may result in permanent damage.

Vpp peak overshoot should not exceed 13 V.
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Table 18.6 AC Characteristics in PROM Mode

(Conditions: Vec=6.0 V£ 025V, Vpp =125V +03V, T,=25°C + 5°C)

Item Symbol Min Typ Max Unit Test Conditions
Address setup time tas 2 — — us Figure 18.5*"
OE setup time toes 2 — — us
Data setup time tos 2 — — us
Address hold time taH 0 — — us
Data hold time toH 2 — — us
Data output disable time tor*? — — 130 ns
Vpp setup time tvps 2 — — us
Programming pulse width trw 0.19 0.20 0.21 ms
PGM pulse width for overwrite topw™® 019 — 525 ms
programming
Vcc setup time tves 2 — — us
CE setup time tces 2 — — us
Data output delay time toe 0 — 150 ns
Notes: 1. Input pulse level: 0.8 Vto 2.2V
Input rise time and fall time < 20 ns

Timing reference levels: 1.0 V and 2.0 V for input; 0.8 V and 2.0 V for output
2. tor is defined at the point where the output is in the open state and the output level

cannot be read.

3. topw is defined by the value given in the flowchart.

Rev. 7.00 Sep 21, 2005 page 576 of 878

REJ09B0259-0700

RENESAS



Section 18 ROM

Program Verify
Address X
tAS tAH |
M
4
Data — Input data { Outputdata |)——
tDS tDH |
- - - - tor
Vpp /
Vpp
Vee _/ typs
VCC+1
Vee
Ve _/Atvcs‘
CE
tces
PGM N J
N— 7
tpw loes loe
OE topw™
- - N

Note: * topw is defined by the value given in the flowchart.

Figure 18.5 PROM Program/Verify Timing
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18.3.2  Programming Precautions

* Program with the specified voltages and timing.
The programming voltage (Vpp) in PROM mode is 12.5 V.

Applied voltages in excess of the rated values can permanently destroy the chip. Be
particularly careful about the PROM programmer’s overshoot characteristics.

If the PROM programmer is set to Renesas Technology HN27C101 specifications, Vpp will be
12.5 V.

» Before programming, check that the chip is correctly mounted in the PROM programmer.
Overcurrent damage to the chip can result if the index marks on the PROM programmer,
socket adapter, and chip are not correctly aligned.

» Don’t touch the socket adapter or chip while programming. Touching either of these can cause
contact faults and write errors.

* Select the programming mode carefully. The chip cannot be programmed in page
programming mode.

» The H8/3048 PROM size is 128 kbytes. Set the address range to H'00000 to H'1 FFFF.
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18.3.3  Reliability of Programmed Data

A highly effective way to improve data retention characteristics is to bake the programmed chips
at 150°C, then screen them for data errors. This procedure quickly eliminates chips with PROM
memory cells prone to early failure.

Figure 18.6 shows the recommended screening procedure.

Program chip and verify programmed data

Bake chip for 24 to 48 hours at
125 C to 150 C with power off

Y

Read and check program

Y

( Install )

Figure 18.6 Recommended Screening Procedure

If a series of programming errors occurs while the same PROM programmer is in use, stop
programming and check the PROM programmer and socket adapter for defects. Please inform
Renesas Technology of any abnormal conditions noted during or after programming or in
screening of program data after high-temperature baking.
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18.4  Notes on Ordering Mask ROM Version Chip
When ordering the H8/3048 Group chips with a mask ROM, note the following.

*  When ordering through an EPROM, use a 128-kbyte one.

* Fill all the unused addresses with H'FF as shown in figure 18.7 to make the ROM data size 128
kbytes for all H8/3048 Group chips, which incorporate different sizes of ROM. This applies to
ordering through an EPROM and through electrical data transfer.

HD6433048 HD6433047 HD6433045 HD6433044
(ROM: 128 kbytes) (ROM: 96 kbytes) (ROM: 64 kbytes) (ROM: 32 kbytes)
Address: Address: Address: Address:
H'00000-H'1FFFF H'00000-H'17FFF H'00000-H'OFFFF H'00000-H'07FFF
H'00000 H'00000 H'00000 H'00000
H'07FFF
H'08000
H'OFFFF
H'10000
Not used*®
H'17FFF Not used*
H'18000
Not used*®
H'1FFFF H'1FFFF H'1FFFF H'1FFFF

Note: * Program H'FF to all addresses in these areas.

Figure 18.7 Masked ROM Addresses and Data
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* The flash memory control registers (FLMCR, EBR1, EBR2, and RAMCR)* for use only by
the on-chip flash memory version (H8/3048F (dual-power-supply model)) are not provided in
the mask ROM version. Reading a corresponding address will always return a value of 1, and
writes to the corresponding addresses are invalid. This point must be noted when switching
from a flash memory model to a mask ROM version.

* In the case of the H8/3048F-ONE (single-power-supply model) on-chip flash memory version,
the 5 V version has a V¢ pin and requires connection of an external capacitor. Care is
therefore required with the board design when switching to a mask ROM version. (For details,
see section 1.4.5, Notes on Switching to Mask ROM Version, in the H8/3048F-ONE Hardware
Manual (First Edition).

Note: * In the H8/3048F-ONE with on-chip flash memory, the flash memory control registers are
FLMCRI1, FLMCR2, EBR, and RAMCR. (For details, see appendix B, Internal I/O
Registers, in the H8/3048F-ONE Hardware Manual (First Edition)).
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Section 19 Flash Memory (H8/3048F: Dual Power Supply (Vep = 12 V))

Section 19 Flash Memory
(H8/3048F: Dual Power Supply (Vpp = 12 V))

19.1 Overview

The H8/3048F has 128 kbytes of on-chip flash memory. The flash memory is connected to the
CPU by a 16-bit data bus. The CPU accesses both byte data and word data in two states, enabling

rapid data transfer.

The mode pins (MD, to MD,) can be set to enable or disable the on-chip ROM as indicated in

table 19.1.

Table 19.1 Operating Mode and ROM

Mode Pins
Mode MD, MD; MD, On-Chip ROM
Mode 1 0 0 1 Disabled
(1-Mbyte expanded mode with on-chip ROM disabled) (external
Mode 2 0 1 0 address area)
(1-Mbyte expanded mode with on-chip ROM disabled)
Mode 3 0 1 1
(16-Mbyte expanded mode with on-chip ROM disabled)
Mode 4 1 0 0
(16-Mbyte expanded mode with on-chip ROM disabled)
Mode 5 1 0 1 Enabled
(1-Mbyte expanded mode with on-chip ROM enabled)
Mode 6 1 1 0
(16-Mbyte expanded mode with on-chip ROM enabled)
Mode 7 (single-chip mode) 1 1 1

The H8/3048F (dual-power supply flash memory version) can be set to PROM mode and
programmed with a general-purpose PROM programmer.
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19.2  Flash Memory Overview

19.2.1  Flash Memory Operation

Table 19.2 illustrates the principle of operation of the on-chip flash memory of the H8/3048F
(dual-power supply).

Like EPROM, flash memory is programmed by applying a high gate-to-drain voltage that draws
hot electrons generated in the vicinity of the drain into a floating gate. The threshold voltage of a
programmed memory cell is therefore higher than that of an erased cell. Cells are erased by
grounding the gate and applying a high voltage to the source, causing the electrons stored in the
floating gate to tunnel out. After erasure, the threshold voltage drops. A memory cell is read like
an EPROM cell, by driving the gate to the high level and detecting the drain current, which
depends on the threshold voltage. Erasing must be done carefully, because if a memory cell is
overerased, its threshold voltage may become negative, causing the cell to operate incorrectly.

Section 19.5.6, Erasing Flowchart and Sample Program shows an optimal erase control flowchart
and sample program.

Table 19.2 Principle of Memory Cell Operation

Program Erase Read

Memory Vg = Vpp Vg = Ve

cell vd Vs = Vpp ’;[ Open vd

5 ol =1

T J N J N
Memory vd oV Open  Open vd oV
array
Zan sy o Vep e ov Zan sy e o Vee
- - ov > ]~ oV - I ov

Rev. 7.00 Sep 21, 2005 page 584 of 878
REJ09B0259-0700
RENESAS



Section 19 Flash Memory (H8/3048F: Dual Power Supply (Vep = 12 V))

19.2.2 Mode Programming and Flash Memory Address Space

As its on-chip ROM, the H8/3048F has 128 kbytes of flash memory. The flash memory is
connected to the CPU by a 16-bit data bus. The CPU accesses both byte data and word data in two
states.

The flash memory is assigned to addresses H'00000 to H'1FFFF on the memory map. The mode
pins enable either on-chip flash memory or external memory to be selected for this area. Table
19.3 summarizes the mode pin settings and usage of the flash memory area.

Table 19.3 Mode Pin Settings and Flash Memory Area

Mode Pin Setting

Mode MD; MD; MD, Flash Memory Area Usage
Mode 0 0 0 0 lllegal setting

Mode 1 0 0 1 External memory area
Mode 2 0 1 0 External memory area
Mode 3 0 1 1 External memory area
Mode 4 1 0 0 External memory area
Mode 5 1 0 1 On-chip flash memory area
Mode 6 1 1 0 On-chip flash memory area
Mode 7 1 1 1 On-chip flash memory area
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19.2.3  Features

Features of the flash memory are listed below.

Five flash memory operating modes

The flash memory has five operating modes: program mode, program-verify mode, erase
mode, erase-verify mode, and prewrite-verify mode.

Block erase designation

Blocks to be erased in the flash memory address space can be selected by bit settings. The
address space includes a large-block area (eight blocks with sizes from 12 kbytes to 16 kbytes)
and a small-block area (eight 512-byte blocks).

Program and erase time

Programming one byte of flash memory typically takes 50 ps. Erasing all blocks (128 kbytes)
typically takes I s.

Erase-program cycles
Flash memory contents can be erased and reprogrammed up to 100 times.
On-board programming modes

These modes can be used to program, erase, and verify flash memory contents. There are two
modes: boot mode, and user programming mode.

Automatic bit-rate alignment

In boot-mode data transfer, the H8/3048F aligns its bit rate automatically to the host bit rate
(9600 bps, 4800 bps and 2400 bps).

Flash memory emulation by RAM

Part of the RAM area can be overlapped onto flash memory, to emulate flash memory updates
in real time.

PROM mode

As an alternative to on-board programming, the flash memory can be programmed and erased
in PROM mode, using a general-purpose PROM programmer.

Protect modes

Flash memory can be program-, erase-, and/or verify-protected in hardware and software
protect modes.
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19.2.4  Block Diagram

Figure 19.1 shows a block diagram of the flash memory.

< Internal data bus (upper) >

< Internal data bus (lower) >

U 0 o,

( ] FLMCR }=| Businterface and control section |- Operating [\
1

(j (j mode — M DO
( | EBRL | H'00000 H'00001

H'00002 H'00003
C@ H'00004 H'00005
On-chip flash memory
(128 kbytes)

H'1FFFC H'1FFFD
H'1FFFE H'1FFFF
Upper byte Lower byte

(even address) (odd address)

Legend

FLMCR: Flash memory control register*

EBR1: Erase block register 1*

EBR2: Erase block register 2*

Note: * The flash memory control registers (FLMCR, EBR1, and EBR2) and RAMCR are
used only by the flash memory version, and must not be accessed in the mask
ROM (ZTAT) version.

Figure 19.1 Flash Memory Block Diagram
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19.2.5 Input/Output Pins

Flash memory is controlled by the pins listed in table 19.4.

Table 19.4 Flash Memory Pins

Pin Name Abbreviation Input/Output Function

Programming power Vpp Power supply Apply 12.0 V

Mode 2 MD Input H8/3048F operating mode
programming

Mode 1 MD; Input H8/3048F operating mode
programming

Mode 0 MDg Input H8/3048F operating mode
programming

Transmit data TXD Output Serial transmit data output

Receive data RXD Input Serial receive data input

The transmit data and receive data pins are used in boot mode.

19.2.6  Register Configuration

The flash memory is controlled by the registers listed in table 19.5.

Table 19.5 Flash Memory Registers

Address Name Abbreviation R/W Initial Value
H'FF40 Flash memory control register** FLMCR R/W*2 H'00*'
H'FF42 Erase block register 1> EBR1 R/W* H'00*"
H'FF43 Erase block register 2*° EBR2 R/W*2 H'00*'
H'FF48 RAM control register RAMCR R/W H'70

Notes: 1. The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled).

2.

In modes 1, 2, 3, and 4 (on-chip flash memory disabled), this register cannot be
modified and is always read as H'FF.

Dedicated registers for controlling flash memory, which are not provided by the mask-
ROM and ZTAT versions. Therefore, these registers must not be accessed in the mask-
ROM and ZTAT versions. These registers cannot be modified in the mask-ROM and

ZTAT versions.
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Section 19 Flash Memory (H8/3048F: Dual Power Supply (Vep = 12 V))

19.3  Flash Memory Register Descriptions

19.3.1  Flash Memory Control Register

The flash memory control register (FLMCR) is an eight-bit register that controls the flash memory
operating modes. Transitions to program mode, erase mode, program-verify mode, and erase-
verify mode are made by setting bits in this register. FLMCR is initialized to H'00 by a reset, in
the standby modes, and when 12 V is not applied to Vpp. When 12 V is applied to Vpp, a reset or
entry to a standby mode initializes FLMCR to H'80.

Bit 7 6 5 4 3 2 1 0

| Ve [ VeeE | — | — | &v [ pv | E P |
Initial value® 0 0 0 0 0 0 0 0
RIW R RIW — — RW*  RW'  RW' RW*

Program mode
Designates
transition to

or exit from
program mode

L— Erase mode
Designates transition
to or exit from erase
mode

— Program-verify mode
Designates transition to
or exit from program-verify
mode

— Erase-verify mode
Designates transition to
or exit from erase-verify
mode

— Reserved bits

'— Vpp enable
Disables or enables 12-V
application to Vpp pin

'— Programming power
Status flag indicating the
power to Vpp

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In modes
1, 2, 3, and 4 (on-chip flash memory disabled), this register cannot be modified and is

always read as H'FF.
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Bit 7—Programming Power (Vpp): Programming power bit (Vpp) detects Vpp, and level is
displayed as “1” or “0.” The permissible output currents for impressed high voltage VH are given
in 22.2.2, “DC Characteristics.” The value of VH ranges from Ve +2 V to 11.4 V. If a voltage in
excess of VH is applied, “1” is displayed; otherwise “0” is displayed.

This bit restricts the hardware protect functions during write and erase operations for the flash
memory. For details on hardware protect, see section 19.5.8, “Protect Modes.” For notes on VPP
usage, see section 19.8, “Flash Memory Programming and Erasing Precautions (Dual-Power

Supply).”

Bit 7: Vep Description

0 [Clear condition] (Initial value)

This is the regular operational mode when a voltage exceeding VH is not
applied to the Vpp pin. The flash memory cannot be written or erased.
“Hardware Protect” is displayed.

1 [Set condition]

This is the operational mode when a voltage exceeding Vy is applied to the
Vpp pin. The flash memory can be written and erased. “Hardware Protect
Disabled” is displayed*.

Note: * For correct write and erase functions, the setting should be Vpp =12.0V 10 0.6 V (11.4 V to
12.6 V).

Bit 6—Vpp Enable (VppE): Disables or enables 12-V application to the Vpp pin. After this bit is
set, it is necessary to wait for at least 5 us for the internal power supply to stabilize; programming
and erasing cannot be performed until stabilization is complete. After this bit is cleared, it is
necessary to wait for the flash memory read setup time (tgrs) in order to read flash memory.

Bit 6: VppE Description
0 Vpp pin 12-V power supply is disabled (Initial value)
1 Vpp pin 12-V supply is enabled

Note: The power supply system used for the flash memory is switched by means of the VppE bit.
After switching, operation is not guaranteed during the period before the power supply
system stabilizes. It is therefore prohibited to fetch from flash memory and execute an
instruction that sets or resets the VppE bit.

Bits 5 and 4—Reserved: Read-only bits, always read as 0.
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Bit 3—Erase-Verify Mode (EV)*": Selects transition to or exit from erase-verify mode.

Bit 3: EV Description
0 Exit from erase-verify mode (Initial value)
1 Transition to erase-verify mode

Bit 2—Erase-Verify Mode (PV)*': Selects transition to or exit from program-verify mode.

Bit 2: PV Description
0 Exit from program-verify mode (Initial value)
1 Transition to program-verify mode

Bit 1—Erase Mode (E)*' **: Selects transition to or exit from erase mode.

Bit1: E Description
0 Exit from erase mode (Initial value)
1 Transition to erase mode

Bit 0—Program Mode (P)*' **: Selects transition to or exit from program mode.

Bit 0: P Description
0 Exit from program mode (Initial value)
1 Transition to program mode

Notes: 1. Do not set two or more of these bits simultaneously. Do not turn off power supply
(Vce—Vpp) while a bit is set.

2. For each bit setting procedure, follow the algorithm described in section 19.5,
Programming and Erasing Flash Memory. For the notes on programming and erasing,
refer to section 19.8, Flash Memory Programming and Erasing Precautions (Dual-
Power Supply). Particularly, be sure to set the watchdog timer beforehand to prevent
program runaway, when the E or P bit is set.
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19.3.2  Erase Block Register 1

Erase block register 1 (EBR1) is an eight-bit register that designates large flash-memory blocks for
programming and erasure. EBR1 is initialized to H'00 by a reset, in the standby modes, when 12 V
is applied to Vpp while the VppE bit is 0, and when 12 V is not applied to Vpp. When a bit in EBR1
is set to 1, the corresponding block is selected and can be programmed and erased. Figure 19.2
shows a block map.

Bit 7 6 5 4 3 2 1 0
‘ LB7 ‘ LB6 ‘ LB5 ‘ LB4 ‘ LB3 ‘ LB2 ‘ LB1 ‘ LBO ‘
Initial value* 0 0 0 0 0 0 0 0

Read/Write R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In modes 1,
2, 3, and 4 (on-chip flash memory disabled), this register cannot be modified and is always
read as H'FF.

Bits 7 to 0—Large Block 7 to 0 (LB7 to LB0): These bits select large blocks (LB7 to LBO0) to be
programmed and erased.

Bits 7 to 0:

LB7 to LBO Description

0 Block LB7 to LBO is not selected (Initial value)
1 Block LB7 to LBO is selected
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19.3.3  Erase Block Register 2

Erase block register 2 (EBR2) is an eight-bit register that designates small flash-memory blocks
for programming and erasure. EBR2 is initialized to H'00 by a reset, in the standby modes, when
12 V is applied to Vpp while the VppE bit is 0, and when 12 V is not applied to Vpp. When a bit in
EBR2 is set to 1, the corresponding block is selected and can be programmed and erased. Figure
19.2 shows a block map.

Bit 7 6 5 4 3 2 1 0
\ SB7 \ SB6 \ SB5 \ SB4 \ SB3 \ SB2 \ SB1 \ SBO \
Initial value* 0 0 0 0 0 0 0 0

Read/Write R/W* R/W* R/W* R/W* R/W* R/W* R/W* R/W*

Note: * The initial value is H'00 in modes 5, 6, and 7 (on-chip flash memory enabled). In modes 1,
2, 3, and 4 (on-chip flash memory disabled), this register cannot be modified and is always
read as H'FF.

Bits 7 to 0—Small Block 7 to 0 (SB7 to SB0): These bits sclect small blocks (SB7 to SBO0) to be
programmed and erased.

Bits 7 to 0:

SB7 to SBO Description

0 Block SB7 to SBO is not selected (Initial value)
1 Block SB7 to SBO is selected
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Bit Addresses
LBO H'00000—H'03FFF F100000 Kb
' —H' 16 kbytes
H'03FFF y
H'04000
LB1 H'04000~H'07FFF 16 kbytes
H'O7FFF
H'08000
LB2 H'08000—H'0BFFF 16 kbytes
Lo bioe | HOBFFF
arge block  yocoo0
LB3 H'0CO00—H'OFFFF area 16 kbytes
H'OFFFF
(124 kbytes) H'10000
LB4 H'10000—H'13FFF 16 kbytes
H'13FFF
H'14000
LB5 H'14000—H'17FFF 16 kbytes
H'17FFF
H'18000
LB6 H'18000—H'1BFFF 16 kbytes
H'1BFFF y
H'1C000
LB7 H'1C000-H'1EFFF 12 kbytes
H1EFEF y
H'1F000
SBO H'1F000—H'1F1FF 512 bytes
H'1F1FF
H'1F2
SB1 H'1F200—H'1F3FF 00 512 bytes
H'1F3FF
H'1F400
SB2 H'1F400—H'1F5FF 512 bytes
H'1F5FF
H'1F600
SB3 H'1F600-H'1F7FF  Small block 512 bytes
area H'1F7FF
H'1F800
SB4 H1F00-H1FoFF (4 KDYtes) 512 bytes
H'1FOFF
H'1FAQO
SB5 H'1FAQ0—H'1FBFF 512 bytes
H'1FBFF
H'1F
SB6 H'1FCO0—H'1FDFF €00 512 bytes
H'1FDFF
H'1FE00
SB7 H'1FE00—H'1FFFF 512 bytes
H'1FFFF

Figure 19.2 Erase Block Map
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19.34 RAM Control Register (RAMCR)

The RAM control register (RAMCR) enables flash-memory updates to be emulated in RAM, and
indicates flash memory errors.

Bit 7 6 5 4 3 2 1 0

\ FLER \ — \ — \ — \ RAMS \ RAM2 \ RAM1 \ RAMO \
Initial value 0 1 1 1 0 0 0 0
Read/Write R — — — R/W RW R/W R/W

Bit 7—Flash Memory Error (FLER): Indicates that an error occurred while flash memory was
being programmed or erased. When bit 7 is set, flash memory is placed in an error-protect mode.*"

Bit 7: FLER Description
0 Flash memory is not write/erase-protected (is not in error protect mode*1)
(Initial value)
[Clearing condition]
Reset or hardware standby mode
1 Indicates that an error occurred while flash memory was being programmed or

erased, and error pro’[ection"‘1 is in effect
[Setting conditions]

Flash memory was read** while being programmed or erased (including vector
or instruction fetch, but not including reading of a RAM area overlapped onto
flash memory).

A hardware exception-handling sequence (other than a reset, trace exception,
invalid instruction, trap instruction, or zero-divide exception) was executed just
before programming or erasing.

The SLEEP instruction (for transition to sleep mode or software standby mode)
was executed during programming or erasing.

A bus was released during programming or erasing.

Notes: 1. For details, see section 19.5.8, Protect Modes.
2. The read data has undetermined values.

Bits 6 to 4—Reserved: Read-only bits, always read as 1.

Bit 3—RAM Select (RAMS)*: Is used with bits 2 to 0 to reassign an area to RAM (see table
19.6). When bit 3 is set, all flash-memory blocks are protected from programming and erasing,
regardless of the values of bits 2 to 0.
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It is initialized by a reset and in hardware standby mode. It is not initialized in software standby
mode.

Bits 2 to 0—RAM?2 to RAMO*: These bits are used with bit 3 to reassign an area to RAM (see
table 19.6). They are initialized by a reset and in hardware standby mode. They are not initialized
in software standby mode.

Note: * These bits can be written to in modes 5, 6, and 7 (on-chip flash memory enabled). In other
modes, they are always read as 0 and cannot be modified.

Table 19.6 RAM Area Reassignment

Bit 3 Bit 2 Bit 1 Bit 0

RAM Area RAMS RAM2 RAM1 RAMO
H'FFFO00 to H'FFF1FF 0 0/1 0/1 0/1
H'01F000 to H'01F1FF 1 0 0 0
H'01F200 to H'01F3FF 1 0 0 1
H'01F400 to H'01F5FF 1 0 1 0
H'01F600 to H'01F7FF 1 0 1 1
H'01F800 to H'01F9FF 1 1 0 0
H'01FAQO to H'0O1FBFF 1 1 0 1
H'01FCO00 to H'01FDFF 1 1 1 0
H'01FEQO to H'01FFFF 1 1 1 1

19.4  On-Board Programming Modes

When an on-board programming mode is selected, the on-chip flash memory can be programmed,
erased, and verified. There are two on-board programming modes: boot mode, and user program
mode. These modes are selected by inputs at the mode pins (MD, to MD,) and Vpp pin. Table 19.7
indicates how to select the on-board programming modes. For information about turning Vpp on
and off, see note (4) in section 19.8, Flash Memory Programming and Erasing Precautions (Dual-
Power Supply).
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Table 19.7 On-Board Programming Mode Selection

Mode Selections Vpp MD; MD, MD, Notes

Boot mode Mode 5 12V 12V 0 1 0: ViL
Mode 6 12V 1 0 1: ViH
Mode 7 12V 1 1

User program Mode 5 1 0 1

mode Mode 6 1 1 0
Mode 7 1 1 1

19.4.1 Boot Mode

To use boot mode, a user program for programming and erasing the flash memory must be
provided in advance on the host machine (which may be a personal computer). Serial
communication interface 1 (SCI1) is used in asynchronous mode (see figure 19.3). If the
H8/3048F is placed in boot mode, after it comes out of reset, a built-in boot program is activated.
This program starts by measuring the low period of data transmitted from the host and setting the
bit rate register (BRR) accordingly. The H8/3048F’s built-in serial communication interface (SCI)
can then be used to download the user program from the host machine. The user program is stored
in on-chip RAM.

After the program has been stored, execution branches to address H'FF300 in modes 5 and 6 and
H'FFF300 in mode 7 in the on-chip RAM, and the program stored on RAM is executed to program
and erase the flash memory. Figure 19.4 shows the boot-mode execution procedure.

H8/3048F
Receive data to be programmed
RXDq
HOST Transmit verification data SCIL
- TXD;

Figure 19.3 Boot-Mode System Configuration
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Boot-Mode Execution Procedure: Figure 19.4 shows the boot-mode execution procedure.

( Start D
\
Program H8/3048F pins for
boot mode, and resets.

T
Host transmits H'00 data
continuously at desired bit rate.
T

H8/3048F measures H'00 low period
3 [ for data transmitted from the host.
I

H8/3048F computes the bit rate, then
sets the value in the bit rate register.
I

After completing bit rate adjustment,
4 HB8/3048F transmits one H'00 byte to the
host to indicate completion.
I
The host confirms that bit rate
5 adjustment was completed successfully,
then transmits one H'55 byte.
I
HB8/3048F receives, as 2 bytes,
6 number of program bytes (N) to be
transferred to on-chip RAM*1

HB8/3048F transfers user
program to RAM*2
[
H8/3048F calculates remaining
bytes to be transferred (N = N-1)

Transfer end byte
count N = 0?

Yes

H8/3048F transfers part of
boot program to RAM

HB8/3048F branches to RAM
— boot area, then checks flash
memory user area data

All data = H'FF?

10.

Program the H8/3048F pins for boot mode, and start the
H8/3048F from a reset.

Set the host's data format to 8 bits + 1 stop bit, select the
desired bit rate (2400, 4800 or 9600), and transmit H'00
data continuously.

H8/3048F measures the duration of repeat when the RDX
pin is "Low," then computes the bit rate of the serial
transmission from the host.

After H8/3048F completes SCI bit rate adjustment, one byte
of H'00 data is transmitted to indicate completion.

On receiving one byte from H8/3048F to indicate completion
of bit rate adjustment, the host confirms regular reception
then transmits one byte of H'55. H8/3048F transmits H'AA to
indicate regular reception.

The host transmits the number of user program bytes to be
transferred to the H8/3048F. The number of bytes should
be sent as two bytes, upper byte followed by lower byte.
The host should then sequentially transmit the program set
by the user.

The H8/3048F transmits the received byte count and user
program sequentially to the host, one byte at a time, as
verify data (echo-back).

The H8/3048F sequentially writes the received user
program to on-chip RAM area H'FFF300 to H'FFFEFF.

The H8/3048F transfers part of the boot program to on-chip
RAM area H'FFEF10 to H'FFF2FF.

The H8/3048F branches to the RAM boot program area
(H'FFEF10 to H'FFF2FF) and checks for the presence of
data written in the flash memory. If data has been written in
the flash memory, the H8/3048F erases all blocks. When
erasing ends normally, the H8/3048F transmits one H'AA
byte.

The H8/3048F branches to on-chip RAM address H'FFF300
and executes the user program written in that area.

Notes: 1. The user can use 3072 bytes of RAM. The number of

bytes transferred must not exceed 3072 bytes. Be
sure to transmit the byte length in two bytes, most
significant byte first and least significant byte second.
For example, if the byte length of the program to be

blocks*3*4

Yes Delete all flash memory

transferred is 256 bytes, (H'0100), transmit H'01 as
the most significant byte, followed by H'00 as the

H8/3048F confirms that all flash
memory data is H'FF, then
transmits one H'AA byte to host
I
HB8/3048F branches to RAM area
10 address H'FFF300 and executes
user program transferred to RAM

least significant byte.

2. The part of the user program that controls the flash
memory should be coded according to the flash
memory program/erase algorithms given later.

3. If a memory cell malfunctions and cannot be erased,
the H8/3048F transmits one H'FF byte to report an
erase error, halts erasing, and halts further
operations.

4. The allotted boot program area is H'FFF300 to
H'FFFEFF.

Figure 19.4 Boot Mode Flowchart
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Automatic Alignment of SCI Bit Rate

Start | g | b1 | p2 | b3 | Da | D5 | De | D7 |Stop

bit bit

This low period (9 bits) is measured (H'00 data)

- g Py
|

High for at
least 1 bit

\

Figure 19.5 Measurement of Low Period in Data Transmitted from Host

When started in boot mode, the H8/3048F measures the low period in asynchronous SCI data
transmitted from the host (figure 19.5). The data format is eight data bits, one stop bit, and no
parity bit. From the measured low period (nine bits), the H8/3048F computes the host’s
transmission bit rate. After aligning its own bit rate, the H8/3048F sends the host one byte of H'00
data to indicate that bit-rate alignment is completed. The host should check that this alignment-
completed indication is received normally, then transmit one H'S5 byte. If the host does not
receive a normal alignment-completed indication, the H8/3048F should be reset, then restarted in
boot mode to measure the low period again. There may be some alignment error between the
host’s and H8/3048F’s bit rates, depending on the host’s bit rate and the H8/3048F’s system clock
frequency. To have the SCI operate normally, set the host’s bit rate to a value 2400, 4800, or 9600
bps*'. Table 19.8 lists typical host bit rates and indicates the clock-frequency ranges over which
the H8/3048F can align its bit rate automatically. Boot mode should be used within these
frequency ranges.*?

Table 19.8 System Clock Frequencies Permitting Automatic Bit-Rate Alignment by

H8/3048F
System Clock Frequencies Permitting
Host Bit Rate*" Automatic Bit-Rate Alignment by H8/3048F
9600 bps 8 MHz to 16 MHz
4800 bps 4 MHz to 16 MHz
2400 bps 2 MHz to 16 MHz

Notes: 1. Host bit rate settings are 2400, 4800, and 9600 bps; no other settings should be used.

2. Although the H8/3048F may perform automatic bit-rate alignment with combinations
of bit rate and system clock other than those shown in table 19.8, there may be a
discrepancy between the bit rates of the host and the H8/3048F, preventing subsequent
transfer from being performed normally. Boot mode execution should therefore be
confined to the range of combinations shown in table 19.8.
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RAM Area Allocation in Boot Mode: In boot mode, the H'3F0 bytes from H'FEF10 to HFF2FF
in modes 5 and 7, and from H'FFEF10 to HFFF2FF in mode 6 are reserved for use by the boot
program. The user program is transferred into the area from H'FF300 to HFFEFF, in modes 5 and
7, and from H'FFF300 to HFFFEFF in mode 6 (H'CO0 bytes). The boot program area is used
during the transition to execution of the user program transferred into RAM.

H'FEF10 H'FFEF10
Boot Boot
program program
area*! area*!
H'FF300 H'FFF300
User program User program
transfer area transfer area
(H'C00 bytes) (H'CO00 bytes)
H'FFEFF H'FFFEFF
H'FFF00 Reserved*2 H'FFFFO0 Reserved*2
H'FFFOF H'FFFFOF
Modes 5 and 7 Mode 6

Notes: 1. This area is unavailable until the user program transferred into RAM enters execution state (branch
to H'FF300 in modes 5 and 7, and H'FFF300 in mode 6). After branching to the user program area,
the boot program is retained in the boot program area (H'FEF10 to H'FF2FF in modes 5 and 7, and
H'FFEF10 to H'FFF2FF in mode 6).

2. Do not use reversed areas.

Figure 19.6 RAM Areas in Boot Mode

Rev. 7.00 Sep 21, 2005 page 600 of 878
REJ09B0259-0700
RENESAS



Section 19 Flash Memory (H8/3048F: Dual Power Supply (Vep = 12 V))

Notes on Use of Boot Mode

1.

When the H8/3048F comes out of reset in boot mode, it measures the low period of the input at
the SCI1’s RXD pin. The reset should end with RXD, high. After the reset ends, it takes about
100 states for the H8/3048F to get ready to measure the low period of the RXD, input.

In boot mode, if any data has been programmed into the flash memory (if all data are not
H'FF), all flash memory blocks are erased. Boot mode is for use when user program mode is
unavailable, e.g. the first time on-board programming is performed, or if the update program
activated in user program mode is accidentally erased.

Interrupts cannot be used while the flash memory is being programmed or erased.
The RXD, and TXD; lines should be pulled up on-board.

Before branching to the user program (at address H'F300 in the RAM area), the H8/3048F
terminates transmit and receive operations by the on-chip SCI (channel 1) (by clearing the RE
and TE bits in serial control register (SCR) to 0 in channel 1), but the auto-aligned bit rate
remains set in bit rate register BRR1. The transmit data pin (TXD)) is in the high output state
(in port 9, the P9;DDR bit in port 9 data direction register PO9DDR and P9;DR bit in port 9 data
register are set to 1).

When the branch to the user program occurs, the contents of general registers in the CPU are
undetermined. After the branch, the user program should begin by initializing general registers,
especially the stack pointer (SP), which is used implicitly in subroutine calls and at other
times. The stack pointer must be set to provide a stack area for use by the user program. The
other on-chip registers do not have specific initialization requirements.

Transition to boot mode are shown in figure 19.7, User Program Mode Operation (Example).
This is possible after applying 12 V to pins MD, and Vpp and restarting. In this case, H8/3048F
reset is erased (startup with Low — High) timing*', mode pin status latches the personal
computer internally to maintain boot mode. Boot mode can be erased if the 12 V applied to the
MD, pin and the Vpp pin is erased, then reset is erased*'. However, please note the following.

a. When transferring from boot mode to regular mode (Vpp Z 12 V, MD, # 12 V), before
transfer the erase must be carried out by the reset input personal computer internal boot
mode RES pin. After Vpp interrupt, erase reset. The time needed until reset vector lead is
flash memory read setup (tpgs) ™.

b. While in boot mode, if the 12 V applied to the MD, pin is erased, as long as reset input
from the RES pin does not occur, the personal computer internal boot mode status will be
maintained and boot mode will continue. In boot mode, if watchdog timer reset occur, the
personal computer internal boot mode is not erased, and despite mode pin status the
internal boot program restarts.

c. When transferring to boot mode (reset erase timing) or during boot mode operation,
program voltage Vpp should be within the range 12 V to 0.6 V. If this range is exceeded,
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boot mode will not operate correctly. In addition, during boot program operation or writing
and erasing the flash memory, do not interrupt Vpp*>.

7. During reset (when RES pin input is Low), if MD, pin input changes from 0 V to 12 V or vice
versa, by instantaneous transfer to 5 V input, the personal computer switches to operation
mode. As a result, the address port or bus control output signal (AS, RD, HWR, LWR) status
changes, so do not these pins as output signals during reset, as the personal computer internal
section needs to be shut down.

8. Regarding 12 V application to the Vpp and MD, pins, insure that peak overshoot does not
exceed the maximum rating of 13 V. Also, be sure to connect bypass capacitors to the V,,, and
MD, pins*".

Notes: 1. Mode pin input must satisfy the mode programming setup time (typs) with respect to
the reset release timing. When 12 V is applied to or disconnected from the MD, pin, a
delay occurs in the fall and rise waveforms due to the influence of the pull-up/pull-
down resistor connected to the MD, pin, etc. For reset release timing, therefore, this
delay must be confirmed with the actual waveform on the board.

2. For notes on applying and cutting Vpp, refer to 19.8, note (4) of “Flash Memory
Programming and Erasing Precautions (Dual-Power Supply).”

19.4.2  User Program Mode

When set to user program mode, the H8/3048F can erase and program its flash memory by
executing a user program. On-board updates of the on-chip flash memory can be carried out by
providing on-board circuits for supplying Vpp and data, and storing an update program in part of
the program area.

To select user program mode, select a mode that enables the on-chip ROM (mode 5, 6, or 7) and
apply 12 V to the Vpp pin. In this mode, the on-chip peripheral modules operate as they normally
would in mode 5, 6, or 7, except for the flash memory. A watchdog timer overflow, however,
cannot output a reset signal while 12 V is applied to Vpp. The watchdog timer’s reset output enable
bit (RSTOE) should not be set to 1.

The flash memory cannot be read while being programmed or erased, so the update program must

either be stored in external memory, or transferred temporarily to the RAM area and executed in
RAM.
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User Program Mode Execution Procedure: Figure 19.7 shows the procedure for user program
mode execution in RAM.

Procedure
1 Store user application programs 1. The user stores application programs in flash
¢ memory. One of these is an on-board
update program that will execute steps 3to 5
Set MD, to MDg to 101, 110, or 111 below.
Apply 0to 5V to MD. L
Pyt oMb 2. Pininputs are set up for user program mode.
2 .
* 3. Arreset starts the CPU, which transfers the
Vpp =12V on-board update program into RAM.
(user program mode) 4. Following a branch to the program in RAM,
# the on-board update program is executed.
3 Transfer on-board update VppE bit in FLMCR is set to update flash
program into RAM memory.
‘ Wait 5 to 10 ps to stabilize internal power
supply.
- Execute on-board update PRY
program in RAM Update program is executed.
‘ 5. After the on-board update ends, clear the
VppE bit then a branch is made to the
Set VppE bit updated user application program and this
program is executed.
4
# After clearing the VppE bit, before the flash
Wait 5 o 10 memory program executes, flash memory
atsto l0us read setup time (tgrs) is needed.
_ Update flash memory
5 Execute user application program

Note: To prevent microcontroller errors caused by accidental programming or erasing, apply 12 V to
Vpp only when the flash memory is programmed or erased, or when flash memory is emulated
by RAM; do not apply 12 V to the Vpp pin during normal operation. While 12 V is applied, the
watchdog timer should be running and enabled to halt runaway program execution, so that
program runaway will not lead to overprogramming or overerasing. For further information
about turning Vpp on and off, see section 19.8, Flash Memory Programming and Erasing
Precautions (Dual-Power Supply).

Figure 19.7 User Program Mode Operation (Example)
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19.5  Programming and Erasing Flash Memory

The H8/3048F’s on-chip flash memory is programmed and erased by software, using the CPU.

The flash memory operating modes and state transition diagram are shown in figure 19.8.
Program/erase modes comprise program mode, erase mode, program-verify mode, erase-verify
mode, and prewrite-verify mode. Transitions to these modes can be made by setting the P, E, PV,
and EV bits in the flash memory control register (FLMCR). Transition to the prewrite-verify mode
can also be made by clearing all the bits in FLMCR.

The flash memory cannot be read while being programmed or erased. The program that controls
the programming and erasing of the flash memory must be stored and executed in on-chip RAM or
in external memory. A description of each mode is given below, with recommended flowcharts
and sample programs for programming and erasing. High-reliability programming and erasing
algorithms are used, which double the programming or erase processing time for each step.
Section 19.8, Flash Memory Programming and Erasing Precautions (Dual-Power Supply), gives
further notes on programming and erasing.

( Normal ROM access mode )

A
VppE=
Vpp= 12 V and VPP oﬁo
VppE= 1 PP
Prewrite-verify mode
Flash memory
program/erase
p=1 operations

E=0 PV=0
PV=1

P E=1
Program mode Erase mode Program.verify Erase-verify
mode mode

Note: Do not perform simultaneous setting/clearing of the P, E, PV, and EV bits.

=0

Figure 19.8 Flash Memory Program/Erase Operating Mode State Transition Diagram
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19.5.1 Program Mode

To write data into the flash memory, follow the programming algorithm shown in figure 19.9.
This programming algorithm can write data without subjecting the device to voltage stress or
impairing the reliability of programmed data.

To program data, first set the VppE bit in FLMCR, wait 5 to 10 ps, then designate the blocks to be
programmed by erase block registers 1 and 2 (EBR1, EBR2), and write the data to the address to
be programmed, as in writing to RAM. The flash memory latches the address and data in an
address latch and data latch. Next set the P bit in FLMCR, selecting program mode. The
programming duration is the time during which the P bit is set. A software timer should be used to
provide an initial programming duration of 15.8 ps or less. Programming for too long a time, due
to program runaway for example, can cause device damage. Before selecting program mode, set
up the watchdog timer so as to prevent overprogramming.

19.5.2  Program-Verify Mode

In program-verify mode, after data has been programmed in program mode, the data is read to
check that it has been programmed correctly.

After the programming time has elapsed, exit programming mode (clear the P bit to 0) and select
program-verify mode (set the PV bit to 1). In program-verify mode, a program-verify voltage is
applied to the memory cells at the latched address. If the flash memory is read in this state, the
data at the latched address will be read. After selecting program-verify mode, wait 4 us before
reading, then compare the programmed data with the verify data. If they agree, exit program-
verify mode and program the next address. If they do not agree, select program mode again and
repeat the same program and program-verify sequence. Do not repeat the program and program-
verify sequence more than 6 times for the same bit. (When a bit is programmed repeatedly, set a
loop counter so that the total programming time will not exceed 1 ms.)
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19.5.3

Programming Flowchart and Sample Program

Flowchart for Programming One Byte

( StTrt )

n=1

Set VppE bit
(VppE bit=1 in FLMCR)

Wait (z) ps

Set erase block register
(set bit of block to be programmed to 1)

Write data to flash memory (flash
memory latches write address
and data)*l

Wait initial value setting x = 15 ps

Enable watchdog timer*2

| Notes: 1. Write the data to be programmed using a

Select program mode
(P bit = 1 in FLMCR)

2. Set the watchdog timer overflow interval

| byte transfer instruction.
by setting CKS2 and CKS1 to 0 and

| CKSO to 1.

| Wait (x) ps 3. Read to verify data from the memory
‘ using a byte transfer instruction.
| Clear P bit | Programming ends 4. tysi: 4ps
‘ z: 5to10ps
| Disable watchdog timer | N: 6 (set N so that total programming
[ time does not exceed 1 ms)
Select program-verify mode Programming time x, which is determined

(PV bit = 1 in FLMCR)

by the initial time x 2n-1 (n = 1 to 6),

increases in proportion to n. Thus, set the

Wait (tysy) ps™

| initial time to 15.8 ps or less to make total

programming time 1 ms or less.

. " No good
Verify (read memory)*3 ‘
| Clear PV bit | Verify ends
| Clear ‘PV bit | ﬁ No
Clear erase block register
Yes | n+1l-n |

(clear bit of programmed block to 0)

Clear erase block register

Clear VppE bit

| (clear bit of block to be Double the programming

( End (1-byte data programmed) )

programmed to 0) time (x x 2 - )’
‘ ]
| Clear VppE bit |

( Programming error )

Figure 19.9 Programming Flowchart
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Sample Program for Programming One Byte: This program uses the following registers.

RO:
R1:

ER2:

R3H:

R4:
E4:
RS:
E5:

Program-verify fail counter

Program-verify timing loop counter

Stores the address to be programmed as long word data. Valid addresses are H'00000000 to
H'0001FFFF.

Stores data to be programmed as byte data

Sets and clears TCSR and FLMCR

Stores the initial program loop counter value

Clears FLMCR

Stores the program loop counter value

Arbitrary data can be programmed at an arbitrary address by setting the address in ER2 and the
data in R3H.

The values of #a, #b, and #g depend on the clock frequency. They can be calculated as indicated
under table 19.9.

FLMCR . EQU FFFF40
EBR1: . EQU FFFF42
EBR2: . EQU FFFF43
TCSR: . EQU FFFFA8
PRGVt MOV, W #0001, RO ;. Program-verify fail count
MOV, W #g, R1 Set program loop counter
MOV. W #4140, R4 ;
MOV. B RAL, @LMCR: 8 ; SetVppE bit
LOOPO: DEC. W #1, R1 ;
BPL LOOPO
MOV. B #**x ROH ;
MOV. B ROH, @BR*:8 ; SetEBR*
MOV. B R3H, @ER2 ;. Dummy write
MOV. W #a, E4 ;. Set initial program loop counter value
PRGVS:  MOV. W #A579, R4 ;. Start watchdog timer
MOV. W R4, @CSR: 16 ;
MoV: W E4, E5 ; Set program loop counter
MOV. W #4140, R4 ;
MOV. B R4AH, @LMCR: 8 ; SetP bit
LOOP1: DEC. W #1, E5 ; Program

BPL LOOP1 ;
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LOOP2:

PVNG

NGEND

PVCK:

NGEND:

MOV. B R4L,
MOV. W #A500,
MOV. W R4,
MOV: W #b ,
MOV. B #44,
MOV. B R4H,
DEC. W #1,
BPL LOOP2

MOV. B @R2,
CWP. B R3H,

BEQ PVOK
MOV. B #40,
MOV.B  R5H,
CVWP.B  #06,
BEQ NGEND
INC.B  ROL
SHLL.W E4
BRA PRGVB
MOV.W #4000,
MOV.B  RS5H,
MOV.B  R5L,
MOV.B  R5L,

Programming error

@LMCR: 8 ;
R4 ;
@CSR: 16 ;
R1 ;
R4AH ;
@LMCR: 8 ;

Clear P bit

Stop watchdog timer

Set program-verify loop counter

Set PV bit
Wait

Read programmed address
Compare programmed data with read data

Program-verify decision

Clear PV bit
Program-verify executed 6 times?

If program-verify executed 6 times, branch to

Program-verify fail count + 1 - ROL
Double program loop counter value

Program again

Clear PV bit
Clear EBR*
Clear VppE bit

One byte programmed

Clear EBR*
Clear VppE bit
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19.5.4 Erase Mode

To erase the flash memory, follow the erasing algorithm shown in figure 19.10. This erasing
algorithm can erase data without subjecting the device to voltage stress or impairing the reliability
of programmed data.

To erase flash memory, before starting to erase, first place all memory data in all blocks to be
erased in the programmed state (program all memory data to H'00). If all memory data is not in the
programmed state, follow the sequence described later to program the memory data to zero. To
select the flash memory areas to be erased, first set the VppE bit in the flash memory control
register (FLMCR), wait 5 to 10 ps, and set up erase block registers 1 and 2 (EBR1 and EBR2).
Next set the E bit in FLMCR, selecting erase mode. The erase time is the time during which the

E bit is set. To prevent overerasing, use a software timer to divide the erase time. Overerasing, due
to program runaway for example, can give memory cells a negative threshold voltage and cause
them to operate incorrectly. Before selecting erase mode, set up the watchdog timer so as to
prevent overerasing.

19.5.5 Erase-Verify Mode

In program-verify mode, after data has been erased, it is read to check that it has been erased
correctly. After the erase time has elapsed, exit erase mode (clear the E bit to 0), select erase-
verify mode (set the EV bit to 1), and wait 4 ps. Before reading data in erase-verify mode, write
H'FF dummy data to the address to be read. This dummy write applies an erase-verify voltage to
the memory cells at the latched address. If the flash memory is read in this state, the data at the
latched address will be read. After the dummy write, wait 2 us before reading. If the read data has
been successfully erased, perform the dummy write, wait 2 ps, and erase-verify for the next
address. If the read data has not been erased, select erase mode again and repeat the same erase
and erase-verify sequence through the last address, until all memory data has been erased to 1. Do
not repeat the erase and erase-verify sequence more than 602 times, however.
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19.5.6

Erasing Flowchart and Sample Program

Flowchart for Erasing One Block

( Start )

Write 0 data in all addresses
to be erased (prewrite)*1

n=1 |

Set VppE bit
(VppE bit = 1in FLMCR)

Wait () ps |

Set erase block register

Set top address in block

(set bit of block to be erased to 1) |
as verify address |

Wait initial value setting x = 6.25 ms |

Notes: 1.

Program all addresses to be
erased by following the prewrite
flowchart.

Set the watchdog timer overflow
interval to the value indicated in
table 19.10.

For the erase-verify dummy
write, write H'FF using a byte
transfer instruction.

Read to verify data from the
memory using a byte transfer
instruction.

tvs1: 4 s

z:  5to10pus

tvs2: 2 Us

N: 602

Enable watchdog timer*2 |

Select erase mode
(E bit =1 in FLMCR)

I
Wait (x) ms |

Clear E bit | Erasing ends

Disable watchdog timer |

Select erase-verify mode
(EV bit = 1)

Wait (tysy) ps™S |

Dummy write to verify address*3
(flash memory latches address)

Wait (tys) ps*> |

The erase time x is successively
incremented by the initial set
value x 2n-1 (n=1, 2, 3, 4). An
initial value of 6.25 ms or less
should be set, and the time for
one erasure should be 50 ms or
less.

| Clear EV bit

| Erase-verify ends

n+l-n
[ Clear EV bit | Yes | |
I Clear erase block register Yes
Clear erase block register (clear bit of block to be
(clear bit of erased block to 0) erased to 0)
I No
| Clear VppE bit | | Clear VppE bit | Double the erase time*6
I I (xx2 - x)

( End of block erase ) (

Erase error

D

Figure 19.10 Erasing Flowchart

Rev. 7.00 Sep 21, 2005 page 610 of 878

REJ09B0259-0700

RENESAS




Section 19 Flash Memory (H8/3048F: Dual Power Supply (Vep = 12 V))

Prewrite Flowchart

( Start )
\
| Address = top address |
I
Set VppE bit
(VppE bit = 1 in FLMCR)
I
| Wait (z) ps |
\
Set erase block register
(set bit of block to be erased to 1)

[
|
| |
I Address + 1 - address

| Wait initial value setting x = 15 ps |

Write H'00 to flash memory Notes: 1. Use a byte transfer instruction.
(flash memory latches 2. Set the watchdog timer overflow
write address and write data)"* interval by setting CKS2 = 0,
I CKS1 =0and CKSO = 1.
| Enable watchdog timer*2 | 3. In prewrite-verify mode P, E, PV,
I and EV are all cleared to 0 and
| Select program mode | 12 V is applied to Vpp. Use a
(set P bitto 1 in FLMCR) byte transfer instruction.
‘ 4. tysi: 4 s
| Wait (x) us | z. 5to10ps
[ N: 6 (set N so that total
| Clear P bit | Programming ends programming time does not

[ exceed 1 ms)
| Disable watchdog timer |
\

| Wait (tysa) ps™4 |

Prewrite verify*3
(read data = H'00?)

<o

Yes

Clear erase block register Double
(clear bit of block to be erased to 0) the programming

‘ time (x x2 - x)

| Clear VppE bit |

Programming error

No

Last address?

(clear bit of block to be erased to 0)
\
[ Clear VppE bit |
\
( End of prewrite )

| Clear erase block register |

Figure 19.11 Prewrite Flowchart
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Section 19 Flash Memory (H8/3048F: Dual Power Supply (Vep = 12 V))

Sample Program for Erasing One Block: This program uses the following registers.

RO:  Prewrite-verify and erase-verify fail counter
ER1: Stores address used in prewrite

ER2: Stores address used in prewrite and erase-verify
ER3: Stores address used in erase-verify

ER4: Timing loop counter

R5:  Sets appropriate registers

R6:  Sets appropriate registers

The values of #a, #c, #d, #e, #f, #g, and #h, in the program depend on the clock frequency. They
can be calculated as indicated in tables 19.9 and 19.10.

FLMCR . EQU FFFF40
EBRL: . EQU FFFF42
EBR2: . EQU FFFF43
TCSR . EQU FFFFA8

; #BLKSTR is top address of block to be erased
; #BLKEND is last address of block to be erased

MOV. L #BLKSTR: 32, ERL ;  ER1: top address of block to be erased
MOV. L #BLKEND: 32, ER2 ;  ER2: last address of block to be erased
; Execute prewrite
PREVRT: MOV. W #9, R4 ;  Set wait counter
MOV. W #4140, R6 ;
MOV. B R6L, @LMCR: 8 ; Set VppE bit
LOOPRO: DEC. W #1, R4 ;
BPL LOCPRO ;
; SET EBR1 or EBR2 bit of block to be erased
MOV. B #rE*, R5H ;
MOV. B R5H, @EBR* ; SetEBR*
PREVRN: SUB. B ROH, ROH ; RO: prewrite-verify fail count
MOV, W #a, E4 ; Set initial prewrite loop counter value
PREVRS: MOV. B #00, R5H ; Write #00 data
MOV. B R5H, @R1 ;
MOV, W #A579, R5 ;  Start watchdog timer
MOV. W R5, @CSR 16 ;
MOV. W E4, R4 ;. Set prewrite loop counter

MOV. W #4140, R6 ;
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Section 19 Flash Memory (H8/3048F: Dual Power Supply (Vep = 12 V))

MOV. B R6H, @LMCR: 8 ; SetP bit
LOOPR1: DEC. W #1, R4 ;. Prewrite

BPL LOCPR1 ;

MOV. B R6L, @LMCR: 8 ; Clear P bit

MOV, W #A500, R5 ; Stop watchdog timer

MOV. W R5, @CSR 16 ;

MOV. W #c R5 ;. Set prewrite-verify loop counter
LOOPR2: DEC. W #1, R5 ;. Wait

BPL LOOPR2 ;

MOV. B @R1, R5H ; Read data = H'00?

BEQ PW/FOK ;  If read data = H'00, branch to PWVFOK

CwP. B #05, ROH ;. Prewrite-verify executed 6 times?

BEQ ABEND1 i If prewrite-verify executed 6 times, branch to
ABEND1

SHLL. W E4 ; Double prewrite loop counter value

I NC. B ROH i Prewrite-verify fail count + 1 - ROH

BRA PREV\RS ; Prewrite again
PW/FOK: CWP. L ER2, ER1 ; Last address?

BEQ ERASES ;

I NC. L #1, ER1 ; Address+1 - R1

BRA PREVRN ; If not last address, prewrite next address
; Execute erase
ERASES. SUB. W RO, RO ;. RO: erase-verify fail count

MOV. L #BLKSTR: 32, ER3 ; ER3: top address of block to be erased

MoV, W #d, E4 ; Set initial erase loop counter value
ERASE: CWP. W #025A, RO ;RO = H'025A? (erase-verify fail count = 6037?)

BEQ ABEND2 ; If RO = H'025A, branch to ABEND2

I NC. W #1, RO ;  Erase-verify fail count + 1 - RO

MOV. W E4, R4 ;

MOV. W #f R5 ;  Start watchdog timer

MOV. W R5, @CSR 16 ;

MOV. B #42, R5H ;  SetE bit

MOV. B R5H, @LMCR: 8 ;
LOOPE: PUSH. L ER5

POP. L ER5
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PUSH. L ER5

POP. L ER5

PUSH. L ER5

POP. L ER5

DEC. W #1, R4 ; Erase

BPL LOCPE ;

MOV. B #40, R5H ;

MOV. B R5H, @LMCR: 8 ; ClearE bit

MOV. W #A500, R5 ;

MOV, W R5, @CSR: 16 ; Stop watchdog timer
; Execute erase-verify

MOV. B #48, R5H ;

MOV. B R5H, @LMCR: 8 ; SetEV bit

MoV, W #e , R4 ;  R4: erase-verify loop counter
LOOPEV: DEC. W #1, R4 ;

BPL LOCPEV ;. Wait
EVR2: MOV. B #FF, @&R3 ;  Dummy write

MoV, W #h, R4 ;i R4: erase-verify loop counter
LOOPDW DEC. W #1, R4 ;

BPL LOOPDW ;. Wait

MOV. B @ER3+, RAH : Read

CwP. B #FF, R4AH ;  Read data = H'FF?

BNE RERASE ; Ifread data # H'FF, branch to RERASE

CWP. L ER2, ER3 ; Last address in block?

BGT EVR2 ; If not last address in block, erase-verify next
address

BRA OKEND, ; Branch to OKEND
RERASE: MOV. W #4000, R5 ;

MOV. B R5H, @LMCR: 8 ; ClearEV bit

DEC. L #1, ER3 ; Erase-verify address — 1 - R3

CWP. W #0004, RO ;

BGE KEEP ; Erase executed 4 times?

SHLL. W E4 ;  Double erase loop counter value
KEEP: BRA ERASE ; Erase again

OKEND: MOV. W #4000, R5 ;
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ABENDL:

ABEND2:

MOV. B R5H,
MOV. W #0000,
MOV. W R5,
MOV. B R5L,

MOV. W #0000,
MOV. W R5,
MOV. B R5L,
Programming error
MOV. W #0000,
MOV. W R5,
MOV. B R5L,

Erase error

@LMCR: 8 ;

R5

@BR1: 16 ;
@LMCR: 8 ;

@BR1: 16 ;
@LMCR: 8 ;

R5

@BR1: 16 ;
@LMCR: 8 ;

Clear EV bit

Clear EBR1 and EBR2
Clear VppE bit

One block erased

Clear EBR1 and EBR2

Clear VppE bit

Clear EBR1 and EBR2
Clear VppE bit
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Flowchart for Erasing Multiple Blocks

( Start ) Notes: 1. Program all addresses to be erased by
L following the prewrite flowchart.

Write 0 data to all addresses to be
erased (prewrite)*1
I

the value indicated in table 19.10.

| |
I
| Set VppE bit | with a byte transfer instruction.
| |
| |

(VppE bit = 1 in FLMCR)
i

bits of erased blocks in the erase block

Wait (z) pus
I

Set erase block registers

(set bits of blocks to be erased to 1) erased again.
I

5. tysi: 4 us
Wait initial value setting x = 6.25 ms 7 5t0 10 ps
‘,‘
| Enable watchdog timer*2 | tvsz: 2 s
I N: 602
Select erase mode (E bit = 1 in FLMCR) | 6. The erase time x is successively
T incremented by the initial set value
Wait (4 ms | x2n (n=1, 2, 3, 4). An initial
Clear E bit | Erasing ends value of 10 ms or less should be

Dreabi : p— set, and the time for one erasure
t [
=2 ewa‘c og fmer should be 50 ms or less.

Select erase-verify mode
(EV bit = 1 in FLMCR)
T

verify address

Erase-verify
next block

Dummy write to verify address*3
(flash memory latches address)

|

|

|

| Wait (tysy) ps”™5
;

|

|
|
Set top addre‘ss of block as |
|

Wait (tysp) us*S

Verify
(read memory)

OK

No Last
address in block?

Erase-verify next block

No good

All blocks erased?
EBR1 = EBR2 = 0?

| Clear VppE bit | | Double the erase time (x x 2 - x)6 |
‘ T
( End of erase ) ¢ No
Yes

Clear erase block registers n+1l-n
(clear bits of blocks to be erased to 0)

Clear VppE bit

Erase error

Figure 19.12 Multiple-Block Erase Flowchart
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Section 19 Flash Memory (H8/3048F: Dual Power Supply (Vep = 12 V))

Sample Program for Erasing Multiple Blocks: This program uses the following registers.

RO, R6: Specifies blocks to be erased (set as explained below)

R1H: Prewrite-verify fail counter

RI1L:  Used to test bits 0 to 15 of RO

ER2:  Specifies address where address used in prewrite and erase-verify is stored
ER3:  Stores address used in prewrite and erase-verify

ER4:  Stores address used in prewrite and erase-verify

ERS:  Sets appropriate registers

EO, E1: Timing loop counter

E6: Erase-verify fail counter

Arbitrary blocks can be erased by setting bits in R6.

A bit map of R6 and an example setting for erasing specific blocks are shown next.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R6 LB7 |LB6 | LB5 | LB4 | LB3 |LB2 |LB1 | LBO | SB7 | SB6 | SB5 | SB4 | SB3 | SB2 | SB1 | SBO
Corresponds to EBR1 Corresponds to EBR2

Example: to erase blocks LB2, SB7, and SBO

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R6 LB7 |LB6 | LB5 | LB4 | LB3 |LB2 |LB1 | LBO | SB7 | SB6 | SB5 | SB4 | SB3 | SB2 | SB1 | SBO
Corresponds to EBR1 Corresponds to EBR2

Setting 0 0 0 0 0 1 0 0 1 0 0 0 0 0 0 1

R6 is set as follows:

MOV. W #0481, R6
MOV. W  R6, @EBR1

The values of #a, #c, #d, #e, #f, #g, and #h in the program depend on the clock frequency. They
can be calculated as indicated in tables 19.9 and 19.10.

For #RAMSTR in the program, substitute the starting destination address in RAM, to be used
when this program is moved from flash memory into RAM.
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FLMCR: . EQU FFFF40

EBR1: . EQU FFFF42

EBR2: . EQU FFFF43

TCSR: . EQU FFFFA8

; Set RO value

START: MOV. W #FFFF, R6 ;. Select blocks to be erased (R6: EBR1/EBR2)
MOV. W R6, RO ; RO: EBR1/EBR2
SUB. W R1, R1 7 R1L: used to test R1-th bit in RO

; #RAMSTR is starting destination address to which program is transferred in RAM
; Set #RAMSTR to even number

MOV. L #RAMSTR: 32, ER2 ;  Starting transfer destination address
ADD. L #ERVADR: 32, ER2 ; #RAMSTR + #ERVADR - ER2
SUB. L #START: 32, ER2 ;  ER2: address of data area used in RAM
PRETST: CMP. B #10, R1L i RIL=#107?
BEQ ERASES ; Iffinished checking all RO bits, branch to ERASES
CWP. B #08, R1L ;
BCC BCO ;
BTST R1L, ROH ;
BNE PREVRT ;
BRA PWADD1 ;
BCO: BTST R1L, ROL ; Test R1-th bitin RO
BNE PREVWRT ; IfR1-th bitin RO is 1, branch to PREWRT
PWADDL1: | NC. B R1L ; RIL+1 - R1IL
MOV. L @ER2+, ER3 ; Dummy-increment ER2
BRA PRETST
; Execute prewrite
PREVRT: MOV. L @GR2+, ER3 ;  ER3: prewrite starting address
MOV. L @ER2, ER4 ;  ERA4: top address of next block
MOV. W #9, E5 ;. Wait counter
MOV. W #4140, R5 ;
MOV. B R5L, @LMCR: 8 ; SetVppE bit
LOOPRO DEC. W #1, E5 ;
BPL LOOPRO ;
MOV, W R6, @BRL1: 16 ; SetEBR (R6: EBR1/EBR2)
PREW MOV. B #01, R1H ; Prewrite-verify fail count
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PREVRS:

LOOPRL:

LOOPR2:

PWFNG:

ABEND1

PW/FOK:

PWADD2:

swssssows

DEC.
BPL

0
sz 0@

I NC. B
SHLL. W
BRA

I NC. L
CWP. L
BEQ
BRA

I NC. B
BRA

; Execute erase

ERASES:

ERASE:

MOV. W
SUB. W
MOV. W
MOV. W

#a,
#00,
R5H,
#A579,
ES,

EO,
#4140,
R5H,
#1,
LOOPR1
R5L,
#A500,
R5,

#c,

#1,
LOOPR2
@ER3,
PW/FOK
#06,
ABEND1

R1H

EO
PREVIRS
#1,

ER4,
PWADD2
PREW
R1L
PRETST

R6,
E6,
#d,
#t

EO
RSH
@R3
ES

@cCSR: 16 ;

El
R5

@LMCR: 8 ;

El

@LMCR: 8 ;

@cCSR: 16 ;

R5H

R1H

ER3
ER3

@EBR1: 16 ;

E6
EO

Set initial prewrite loop counter value
Write #00 data

Start watchdog timer

Set program loop counter

Set P bit

Program

Clear P bit

Stop watchdog timer

Prewrite-verify loop counter

Read data = #007?
If read data = #00, branch to PWVFOK
Prewrite-verify executed 6 times?

If prewrite-verify executed 6 times, branch to

Prewrite-verify fail count + 1 -~ R1H
Double prewrite loop counter value
Prewrite again

Address + 1 - ER3

Last address?

Used to test (R1L + 1)-th bit in RO
Branch to PRETST

Set EBR1/EBR2
E6: erase-verify fail count

Set initial erase loop counter value
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