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12.

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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Cautions

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.

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.

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).

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.

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.

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

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

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

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

The H8/3028 Group comprises high-performance single-chip 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, 16-bit timers, 8-bit timers, a
programmable timing pattern controller (TPC), a watchdog timer (WDT), a serial communication
interface (SCI), an A/D converter, a D/A converter, 1/0 ports, a DMA controller (DMAC), and
other facilities. The three-channel SCI 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 MCU operating modes (modes 1 to 7) are provided, offering a choice of data bus width and
address space size.

With these features, the H8/3028 Group offers easy implementation of compact, high-performance
systems.

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

This manual describes the H8/3028 Group hardware. For details of the instruction set, refer to the
HS8/300H Series Programming Manual.

Note: * F-ZTAT™ (Flexible ZTAT) is a trademark of Renesas Technology Corp.

Rev. 2.00, 09/03, page v of xxx
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Main Revisions and Additions in this Edition

Item

Page

Revision (See Manual for Details)

1.2 Block Diagram 6

Figure 1.1 Block
Diagram

Figure amended
MDy, ——=

MD4

MDg

EXTAL ——

XTAL ——

STBY ——=

RES —

RESO/FWE* ~——~

Al

NMI —— [ []

/P67 Interrupt controller

LWR/P6g

HWR/P65
RD/P64
AS/IP63

BACK/P6;

Port 6

ROM
(mask ROM or
flash memory)

BREQ/P6
WAIT/P6q

1.3.2 Pin Functions 9

Table 1.2 Pin
Functions

Table amended

System RES 63

control

Input

Reset input: When driven low,
this pin resets the chip

RESO 10 Output

Reset output (mask ROM
version): Outputs the reset signal
generated by the watchdog timer
to an external device

FWE 10  Input

Write enable signal (F-ZTAT
version): Flash memory write
control signal

7.4.8 DMAC Bus 229

Cycle

Figure 7.13 DMA
Transfer Bus Timing
(Example)

Figure amended

CPU cycle ‘ DMAC cycle (1 word transfer) ‘ CPU cycle
I I
Ty Ty Ty T Tqg Ty T Ty T T3 Ty T, T3 Ty T, Ty Ty
o
i | Source |
| | address |

)

L

s

RENESAS
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Item Page Revision (See Manual for Details)

7.4.8 DMAC Bus 230 Figure amended
Cycle DMAC cycle

. CPU cycle ‘ DMAC cycle ‘CPU cycle (last transfer cycle) ‘CPU cycle
Figure 7.14 Bus ‘ ‘ ‘ ‘
Timing of DMA Transfer R .
Requested by Low b
DREQ Input ! ! ! ! ! ! ,——

DREQ i | Source Destination| | Source |Destination|

I address iaddress 1

.

1 address iaddress 1

S

Address |
bus

| L]

L
HWR, LWR 3 3 I_,
R |
Figure 7.15 Burst 231 Figure amended
DMA Bus Timing CPU cycle | DMAC cycle |cPU cycte
= =

Tt T2 Tg Ty T2 Ty T2 Ty T, Ty T Ty T Ty T, Ty T

<

| Source Destination|
1 address 1address 1

i SIS A S ——

Figure 7.16 Timing of 232 Figure amended

DMAC Activation by cPU

Fa||ing Edge of DREQ CPU cycle ‘ DMAC cycle ‘ cycle ‘ DMAC cycle
[ [

in Normal Mode LT LT BT T BT HTh Hih Tt

é

poress | \ ) | X X

' Minimum 4 states ' Next sampling point
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Item Page Revision (See Manual for Details)

7.4.8 DMAC Bus 233 Figure amended

CyCIe CPU cycle ‘ DMAC cycle ‘ CPU cycle
Figure 7.17 Timing of Y T T T T ‘T T T T ‘T YT T T
DMAC Activation by 2 1 2 1 2 d 1 2 1 2 1 2 1 2 1
Low DREQ Level in ‘ ‘ ‘

Normal Mode f— ﬁ | | ‘

%

Address X
bus

‘ Minimum 4 states ‘ Next sampling point

Figure 7.18 Timing of 234 Figure amended

DMAC Activation by End of 1 block transfer
Falling Edge of DREQ

in Block Transfer Mode DMAC cycle CPUcycle | DMAC cycle
I I

Ty Ty Ty Tp Ty Ty Ty Tp Ty Ty Ty T Tq T4 T

b

ST S N G —

L X
II_I!_II_

LI S B
R, T I p—

TEND Next sampling

| Minimum 4 states
_—— T3

7.4.9 Multiple-Channel 236 Figure amended

Operation DMAC cycle | CPU DMAC cycle cPU DMAC cycle
(channel 1) ‘ cycle ‘ (channel 0A) ‘ cycle ‘ (channel 1)
T T T T
Ty Ty Ty Tp Tg Ty Tp T4 Tp Ty Ty Tg Ty Ty T4 Ty

Figure 7.19 Timing of
Multiple-Channel
Operations ¢

- N SN SN N S
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Item Page

Revision (See Manual for Details)

7.4.10 External Bus 236
Requests, DRAM
Interface, and DMAC

Figure 7.20 Bus
Timing of DRAM
Interface, and DMAC

Figure amended

Refresh
DMAC cycle (channel 0) | cycle | DMAC cycle (channel 0)
I I

Ty Ty Ty Tp Ty Tp Ty Ty Ty T Tg Ty Ty Ty Ty Ty Ty

¢ Juiuuyyiyyyyyyt
i S S S G —— — —
AN S R N D
L I U R A

7.4.14 DMAC States 240
in Reset State, Standby
Modes, and Sleep

Mode

Figure 7.24 Timing of
Cycle-Steal Transfer in
Sleep Mode

Figure amended

Sleep mode
CPU cycle ‘ 3 DMAC cycle ‘ ‘ DMAC cycle ‘ ‘
= 1 f | ~
To Tq Ty T, Ty Ty Tqg Ty T, T4y To Ty

Address bus : X X }\ : m
=
At =

7.6.8 Bus Cycle when 245
Transfer is Aborted

Figure 7.27 Bus
Timing at Abort of DMA
Transfer in Cycle-Steal
Mode

Figure amended

DMAC
CPU cycle ‘ DMAC cycle ‘ CPU cycle ‘ cycle ‘ CPU cycle
I
i
i

\ \ \
T T, Tg T4 To Ty T T T, T3 Tg Tg T4 T

o

Address bus X X

—
R
—

HWR, LWR

T

I

| |

r

' DTEbitis
cleared

12.2.3 Reset Control/ 442
Status Register
(RSTCSR)

Bit 7—Watchdog Timer
Reset (WRST)

Description amended

At the same time, if the RSTOE bit is set to 1, the reset signal is
output from the RESO pin as low-level output to an external
device, making it possible to reset the entire system.

Rev. 2.00, 09/03, page x of xxx
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Item Page Revision (See Manual for Details)

13.2.8 Bit Rate 473 Table amended

Register (BRR) ¢ (MHz)

Table 13.3 Examples Bit 25

of Bit Rates and BRR Rate Error

Settings in (bit/s) n N (%)

Asynchronous Mode 110 3 110 —0.02
150 3 80 0.47
300 2 162 -0.15
600 2 80 0.47
1200 1 162 -0.15
2400 1 80 0.47
4800 0 162 -0.15
9600 0 80 0.47

15.6 Usage Notes 556

Table 15.5 Analog
Input Pin Ratings

Note amended
Note: * When conversion time = 134 states, Vcc =3.0Vt0o 3.6 V,

and @< 13 MHz. For details see section 21, Electrical
Characteristics.

18.12.1 Block Diagram 622

Figure 18.19 ROM
Block Diagram

Figure amended

H'5FFFE

Even addresses

19.2.1 Connectinga 626
Crystal Resonator

Table 19.1(1)
Damping Resistance
Value

Note amended

Note: A crystal resonator between 2 MHz and 25 MHz can be
used. If the chip is to be operated at less than 2 MHz, the
on-chip frequency divider should be used. (A crystal
resonator of less than 2 MHz cannot be used.)

19.2.2 External Clock 629
Input

Table 19.3 Clock
Timing

Table amended
Vcc =3.0Vto3.6V

Item Symbol Min Max Unit Test Conditions
External clock input low texe 0.3 0.7 teye ®=25MHz Figure
pulse width 80 [ ] ] ©<5 MHz 19.6
External clock input high  texn 0.3 0.7 teye ®=25MHz
pulse width 80 - B ©<5MHz
External clock rise time texe — 5 ns Figure 19.6
External clock fall time texr — 5 ns
Clock low pulse width toL 04 0.6 teye ©®=25MHz  Figure
80 — ns @<5MHz 21.11
Clock high pulse width tou 0.4 0.6 teye 925 MHz
80 — ns ©®<5MHz
External clock output tDEXT* 500 — us Figure 19.7

settling delay time

Rev. 2.00, 09/03, page xi of xxx
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Item Page Revision (See Manual for Details)
21 Electrical 647 to Preliminary deleted
Characteristics 690
21.1.1 Absolute 647 Table amended
Maximum Ratings Operating temperature Topr Regular specifications: °C
Table 21.1 Absolute -20to +75
Maximum Ratings Wide-range specifications: °C
—40 to +85
21.1.2 DC 648, Conditions amended
Characteristics 649 Conditions: Voo = 3.0V 103.6V, AVec* =3.0 V10 3.6 V, Veer ¥ =3.0V
Table 21.2 DC to AVcc, Vss = AVss™ ! = 0V, T, = —20°C to +75°C (regular
Characteristics specifications), T, = —40°C to +85°C (wide-range
specifications)
FWE and *4 deleted
Input high STBY, RES,
voltage NMI, MD, to
MDg
Input low STBY, RES,
voltage MD; to MDg
Input leakage  STBY, RES,
current NMI, MD; to
MDg
Table 21.3 650 Conditions amended
germ'ss'b'e Output Conditions: Ve = 3.0V 10 3.6 V, AVee = 3.0 V t0 3.6 V, Vaer = 3.0 V to
urrents AVcc, Vss = AVss = 0V, T, = —20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)
21.1.3 AC 652 Conditions amended
Characteristics

Table 21.4 Clock
Timing

Conditions: Vec =3.0Vt03.6V,AVcc=3.0V1t03.6V, Vrer=3.0V to
AVcc, VSS = AVSS =0 V, Ta =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)

Rev. 2.00, 09/03, page xii of xxx
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Item Page Revision (See Manual for Details)
Table 21.5 Control 653 Conditions amended
Signal Timing

Conditions: Vec =3.0Vt03.6V,AVcc=3.0V1t03.6V, Vrer=3.0V to
AVC(;, Vss = AVSS =0 V, Ta =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)

Table amended

RESO output delay time treso — 100 ns

Table 21.6 Bus Timing 654,

Conditions amended

655 Conditions: Vcc=3.0V1t03.6V,AVcc=3.0V1t03.6V, Vrer=3.0V to
AVcc, Vss = AVSS =0 V, Ta =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)

Table amended
RAS precharge trp 1.5t,—-25 — ns Figure 21.17 to
time figure 21.19
CAS precharge tce 05ty —15 — ns
time
Row address hold tran 0.5t c—15 — ns
time
Signal rise time tsr — 100 ns Figure 21.28
(all input pins
except EXTAL)
Signal fall time tsr — 100 ns
(all input pins
except EXTAL)
Table 21.7 Timing of 656 Conditions amended

On-Chip Supporting
Modules

Conditions: Vec =3.0V1t03.6V,AVcc=3.0V1t03.6V, Vrer=3.0V to
AVcc, Vss = AVSS =0 V, Ta =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)

Rev. 2.00, 09/03, page xiii of xxx
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Item Page Revision (See Manual for Details)

21.1.4 A/D Conversion 658 Conditions amended

Characteristics Conditions: Vee =3.0V 10 3.6 V, AVee = 3.0 V 10 3.6 V, Vier = 3.0 V to
Table 21.8 A/D AVC(;, Vss = AVSS =0 V, Ta =-20°C to +75°C (regular
Conversion specifications), T, = —40°C to +85°C (wide-range
Characteristics specifications)

Table amended

Permissible signal-
source impedance

@<13MHz — — 5 kQ

21.1.5 D/A Conversion 659

Conditions amended

Characterisitcs Conditions: Vec = 3.0 Vt0 3.6 V, AVec = 3.0 V 10 3.6 V, Veer = 3.0 V to
Table 21.9 D/A AVcc, Vss = AVSS =0 V, Ta =-20°C to +75°C (regular
Conversion specifications), T, = —40°C to +85°C (wide-range
Characteristics specifications)
21.2.1 Absolute 660 Table and note amended
Maximum Ratings Operating temperature Topr Regular specifications: °C
Table 21.10 Absolute —20 to +75™?
Maximum Ratings Wide-range specifications: ~ °C
—40 to +85™
2. The operating temperature range when programming and erasing the
flash memory is: T, = 0 to +75°C (regular specifications), T, = 0 to
+85°C (wide-range specifications).
21.22 DC 661, Conditions amended
Characteristics 662 Conditions: Vec = 3.0V 1t03.6V, AVec® =3.0 V10 3.6 V, Veer® =3.0V
Table 21.11 DC to AVcc, Vss = AVss™ = 0V, T, = —20°C to +75°C (regular
Characteristics specifications), T, = —40°C to +85°C (wide-range

specifications)

[Programming/erasing conditions: T, = 0°C to +75°C (regular
specifications), T, = 0°C to +85°C (wide-range
specifications)]

Table amended

Input FWE
capacitance NMI

All input pins
except NMI;
and FWE

Rev. 2.00, 09/03, page xiv of xxx
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Item Page Revision (See Manual for Details)

Table 21.12 663 Conditions amended

Permissible Output Conditions: Voo = 3.0V 10 3.6 V, AVee = 3.0 V 10 3.6 V, Vrer = 3.0 V to

Currents AVcc, Vss = AVgs = 0 V, T, = =20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)

21.2.3 AC 665 Conditions amended

Characteristics Conditions: Vec = 3.0V 10 3.6 V, AVee = 3.0 V t0 3.6 V, Vrer = 3.0 V to

Table 21.13 Clock AVcc, Vss = AVss =0V, T, = -20°C to +75°C (regular

Timing specifications), T, = —40°C to +85°C (wide-range

Table 21.14 Control specifications)

Signal Timing

Table 21.15 Bus 666, Conditions amended

Timing 667

Conditions: Vec=3.0V1t03.6V,AVec=3.0V1t03.6V, Vrer =3.0V to
AVcc, Vss = AVss =0V, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)

Table amended

Row address hold time

Table 21.16 Timing of 668
On-Chip Supporting
Modules

Conditions amended

Conditions: Vec =3.0V1t03.6V,AVcc=3.0V1t03.6V, Vrer=3.0V to
AVcc, Vss =AVss =0V, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)

21.2.4 A/D Conversion 670
Characteristics

Table 21.17 A/D
Conversion
Characteristics

Conditions amended

Conditions: Vec=3.0V1t03.6V,AVec=3.0Vt03.6V, Vrer=3.0V to
AVcc, VSS = AVSS =0 V, Ta =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)

Table amended

Conversion time:
70 states™

Permissible signal-
source impedance

@<183MHz — — 5 KkQ

21.2.5 D/A Conversion 671
Characteristics

Table 21.18 D/A
Conversion
Characteristics

Conditions amended

Conditions: Vec =3.0Vt03.6V,AVcc=3.0V1t03.6V, Vrer =3.0V to
AVcc, Vss =AVss =0V, T, =-20°C to +75°C (regular
specifications), T, = —40°C to +85°C (wide-range
specifications)

Rev. 2.00, 09/03, page xv of xxx
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Item Page Revision (See Manual for Details)

21.2.6 Flash Memory 672 Conditions amended

Characteristics Conditions: Vec=3.0V 103.6 V, AVee= 3.0V 10 3.6 V, Vss = AVss= 0V
Table 21.19 Flash T, = 0 to +75°C (Programming/erasing operating
Memory Characteristics temperature range: regular specification)

T, = 0 to +85°C (Programming/erasing operating
temperature range: wide-range specification)

21.3.7 SCI 687 Figure amended
Input/Output Timing

Figure 21.23 SCI Input SCKp to SCK3
Clock Timing

Figure 21.24 SCI SCKp to SCK3
Input/Output Timing in TxDo to TxDs

Synchronous Mode
RxDo to RxD2

B.2 Addresses 733 Table amended

(EMC - 0) Address  Register Data Bus m
(Low) Name Width Bit 7 Bit 6
H'EE090 TCSR™ 8 OVF WT/T
H'EE091  TCNT™ 8
HEE092 — — —
H'EE093 RSTCSR™ 8 WRST RSTOE

751 Note amended

Notes: 1. These | registers are only used by the flash memory
version, and are not provided in the mask ROM versions.
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RENESAS



Contents

SECHION 1 OVEIVIEW ..ot 1
| I © 175 4 1<) USRS 1
| P2 21 (0 To) Q0 D T v s o E PSPPSR 6
1.3 Pin DESCIIPHION ..cutiitieiiieeiietieeiteeteete et et e st et esteebeesaesetesaeesseesseesseesseesseseesseessesssesssesseenees 7
1.3.1  Pin AITANZEMENL ..ecuvieiiiieieiiieiiieiteeteeteeeeeteesteeteeseessesaesseesseesseesseessesssesssesseessens 7
1.3.2 Pin FUNCHONS.....eiiiiiieiiee ettt 8
1.3.3  Pin Assignments in Each Mode..........cccocoviiiiiiiiiiiee e 13
SECION 2 CPU ..o 17
2.1 OVETVIBW .ttt ettt ettt ettt b et b et ea et e et sh e e b e e bt bt esten e et e st e besbeebeeaeeneeneens 17
2,101 FRATUIES ..ttt ettt st st b et ettt s 17
2.1.2  Differences from H8/300 CPU........ccociriiiieriieieeeeee e 18
2.2 CPU Operating MOAES ........covieiuieiieieeieet ettt ettt sttt ettt e e e ee e sneeenee 19
B T 14 (T o T T PSSR 19
2.4 Register CONTIGUIATION ...c..evuvieeieiieieeie ettt ettt erestae e e sbeesbeessessaesseesseesseenseesseans 20
241 OVEIVIEW .ttt ettt ettt ettt et et et s bt bbbt s et e be s bt b ebe et ensenaenees 20
2.4.2  General REZISTEIS ....c.vevvieiiiieiieiieriieie ettt e ette e teete e saesaeesseesseesseessesssensaensens 21
R B O70) 113 (o) B T3 ] 1<) ¢ SRRSO 22
2.4.4 Initial CPU RegiSter ValUes ........cceiieiiiiiiiieiieie ettt 23
2.5 Data FOTMALS ..c.eeiiuiiiiiiiiieeiit ettt sttt sttt et e st e sbee e sbe e e nbae e 24
2.5.1  General Register Data FOIMAts ..........cccoccveriieriieiieiieiienieeie e ese e eene s 24
2.5.2  Memory Data FOTMALS........c.coooiiiiiieriiiiieeritenieee et sine e 26
2.6 INSEIUCTION SEL...eiuiiiiiiitiitieiieite ettt st et eb ettt st b bbbt eiseneens 27
2.6.1  InStruction Set OVEIVIEW ........ccieiuiruiirtieniieieeie e eee sttt eeeetee st e eeeeneeseeeneeas 27
2.6.2  Instructions and Addressing Modes .........ccceevieiieiirieiieieeeree e 28
2.6.3 Tables of Instructions Classified by Function ............cccccoooieiiiiiiniiiiice, 29
2.6.4  Basic Instruction FOrmMats. .......c.ccoceviririiiiieiereeneeeceeeeese e 38
2.6.5 Notes on Use of Bit Manipulation InStructions .............cceecveeevereereeneecienveneennnn 39
2.7  Addressing Modes and Effective Address Calculation ............cccecvveevereverieneeneenieeieenenns 41
2.7.1  AddresSing MOAES........eeouieiiieiiieieeie ettt ettt ettt ettt 41
2.7.2  Effective Address Calculation...........cceecueeiiiierieniereee e 43
2.8 PrOCESSING SEALES ...c..eeiiiitiieetieetiet ettt ettt te st et ettt eat e st et e et e e en e e st e bt e beeteeneeeneeene 47
2.8.1  OVEIVIBW .ttt sttt ettt st ettt ettt b e bt bt st et et bbbt et ensenaennes 47
2.8.2  Program EXECUtion State.........ccccieviiriierieniieiiecieiieseenie e seee e eseeseesseseaensees 48
2.8.3  Exception-Handling State............cceecvirvierieiieniieieeie et se e eve s 48
2.8.4  Exception-Handling SEqUENCES.........cceerieiiriiieieiieiiereee e 50
2.8.5 Bus-Released State........ccooieiiiiiiiiiiecieieeee e e 51
2.8.0  RESEE StALE ...c.tiiiiiiiiie ettt 51
2.8.7  POWEIr-DOWN State......ccccoviiriiiiiiiiniiniieieeicetceeee ettt 51



2.9  Basic Operational TImINg.........ccccveiierieieeieeieeieeeesie et eeeteseesreesseeseeeseeeneeeneesseesseenneens 52

2.9.1  OVEIVIEW .ttt sttt ettt ettt ettt s bt bt e bt st e st et e besbesbeebe et ensenaeneen 52
2.9.2  On-Chip Memory Access TIMING .........cceevveevereereerieerieeieereereeeeesieesseesseeseesnas 52
2.9.3  On-Chip Supporting Module Access TIMING........ceccvereveriereereereerieereereereeenns 53
2.9.4  Access to External Address SPace .........ceecueeierienieneeie e 54
Section 3 MCU Operating MOdES..........ccoeuiueiriieiniieeieeieeeeee e 55
3.1 OVEIVIEW ettt ettt ettt et et b e sb e eb e bt s et et e b e s bt ebeebees e et et e besbeebeeueeneeneens 55
3.1.1  Operating Mode SEleCtioN.........cccuerieriieriiiieiieieeseerte ettt sreesre e esseeenesenas 55
3.1.2  Register Configuration ...........cceeevieeviecierierienieneesieeteeeeeeesseesseesseeseesseessesssessns 56
3.2 Mode Control Register (MDCR)........ccooiiiieiieiieieeiece ettt 57
3.3 System Control Register (SYSCR)......oeuieiiiieiieiiet ettt e 58
3.4 Operating Mode DeSCIIPHONS. ......ecueertieiieieeiieiierie ettt ete st et e e eae e sneeseeeseeeeeenes 60
AL MOAE 1 ettt b b et 60
342 MOGE 2 .ttt bbbt neens 60
343 MOAE 3 .ottt ettt bbbt neen 60
344 IMOAE 4 ..ottt ettt ettt e teeneereeneenaennens 61
345 IMOAE 5 oottt ettt ettt eseeteeneenaennens 61
3146 IMOGE 6 ..ttt ettt nt et e teeaeeseeneenaennen 61
34T MOAE 7 ettt e b et neen 61
3.5 Pin Functions in Each Operating Mode............cccovvieriieniieiiniieiesieieeie e 62
3.6  Memory Map in Each Operating Mode...........cccuevuirviiiiiiienieniieiceieeee et 63
3.6.1  Note 0n ReSErved ATCaS .....ceeeviruiiriieeiieiieteeie ettt 63
Section 4 Exception Handling............cccooooioiiirinioiniieeeeeee e 69
4.1 OVETVIBW .ttt ettt ettt ettt b e s bt bbbt et et e bt s bt e bt e bt ebeeatens e benb e b e sbeebeeaeententens 69
4.1.1 Exception Handling Types and Priority .........ccccccevveeriienieniiecienienieseeie e 69
4.1.2  Exception Handling Operation............c.ecvecveeeverieeneeseenieeieseesseesseeseesesssesseesses 69
4.1.3  Exception Vector Table........ccoccoiiiiierieiieieeeeeee e 70
.2 RESEE ittt et ettt e b et e bt s b et e bt e s bt e e bt e sbaeenaaeenee 72
0 B © 1) 74 <) USRS 72
4.2.2  RESEE SEQUENICE.....eieueieiiieriieeriieesteeeiteesteesiteesteestteessteessseesaseesaseessseessseessseesseenes 72
4.2.3  Interrupts after RESCT ......cciiciiiiiiieiieiieie ettt 75
4.3 TIEETTUPLS .eeieeieeiie ettt ettt ettt et ettt et e et e et e e bt e eabeeenbeesabeesateesabaesabeesnseesnseesanesnns 76
4.4 Trap INSEIUCHION ..ottt ettt ettt et ettt e st e s bt e bt e bt e et eseeeneesseenneeneeens 77
4.5  Stack Status after Exception Handling ...........cccooieiiriiiiiniiiiee e 78
4.6 NOtes 0N StACK USAZE .. .eoutieiiiiiieiiieitieite ettt ettt ettt ettt ettt e e sete s eeeseeesaeeeeeeeeneene 79
Section 5 Interrupt CONtrOlleT............cooviveieiieicieiee e 81
5.1 OVEIVIEW ettt sttt ettt st h et eh ettt st b e s bt bt et et et e st e b s bt ebe et enee e 81
5101 FEATUIES .ttt ettt ettt ettt ettt e 81
5.1.2  BlOCK DIaGIam ..cc.coiiiiiiiiiieiieieee et 82
5.1.3  Pin Configuration .........cccccovieiieiiiiieeieeiesieete ettt 83

Rev. 2.00, 09/03, page xviii of xxx



5.1.4  Register Configuration ..........ccceecuieriieiierienieniieseere ettt enee e seeas 83

5.2 ReGIStEr DESCIIPLIONS. ...cuviiuiiiiieiieiietietteetteeteesteeseesessaesteesteesseesseessesseesseesseesseessesssesssessens 83
5.2.1  System Control Register (SYSCR) ...ccueviiiieriiiiieiieie ettt 83
5.2.2  Interrupt Priority Registers A and B (IPRA, IPRB) ....c..cccooeiiiininiiiiieeee 84
5.2.3  IRQ Status Register (ISR) .....cceeiiiiiieieeiececeeee s 90
5.2.4 IRQ Enable Register (IER)........cccoeiirierieieieeee e 91
5.2.5 IRQ Sense Control Register (ISCR)........cccceeririirieiieiieeieseee e 92
5.3 INLEITUPE SOULCES ...eeeuviieiieeiiieriieeitteesite ettt esiee ettt estteesteeessaesseeessseesseesssesnsseensnesnseeensseensees 93
5.3.1  EXternal INteITUDPLS.....coieeieriieieeiiete ettt ettt st esseesseeeseesaesaensaas 93
5.3.2  Internal INEITUDPLS ...cuveveiertieiieie ettt ettt et te et e reesteebeesbeesbeeeseessessaeneeas 94
5.3.3  Interrupt Vector Table........ccoeoieiiiiieieeiecieceeee e 94
5.4 INterrupt OPETAtiON .....cueeeiiuieriieeieieeie et te ettt ettt eee e saeeste et et e eneesseenseeseenseeneesneenns 98
5.4.1 Interrupt Handling ProCess........cccieoiieieiieiieiieeee e 98
542 INTEITUPE SEQUETICE. ...eeruviiuiierireeritieeteeeitteeteeseteesteeseteessbeessteesaseessbeessseessseesseesnses 103
5.4.3  Interrupt ReSponse TIME .......cceevverieriieiiieiiieiieieeie ettt ereebeeeseesveeeneseees 104
5.5 USAEE INOTES. ceeuttieiieeiieeieeetteetteetteetteebteestte e beeestteeataeesteenteeesaeenseeeseeensneesneesseensseenses 105
5.5.1 Contention between Interrupt and Interrupt-Disabling Instruction ...................... 105
5.5.2  Instructions that Inhibit INterrupts ......c.ceovriiiiiiieieeee e 106
5.5.3  Interrupts during EEPMOV Instruction EXecution ...........cccecevverienieienenienen. 106
Section 6 Bus Controller..............cooooioiiiiini e 107
6.1 OVETVIEW .ttt ettt ettt et et b e s bbbt eh et et e b s bt eb e e bt ebt et et et e sbeebeebeeneentens 107
0.1.1  FEATUIES ..ottt ettt et ettt et et e 107
6.1.2  BloCK DIaGIam ......coouiiiiiiiiieiieeeeee ettt 109
6.1.3  Pin Configuration ............cceiieiieiieiieieeieetiete ettt eeas 110
6.1.4  Register ConfigUuration ..........cccvecvieeiieiieriesieniereesieeee e eeesteesseesseesseessesssesssessnas 111
6.2 RegiSter DESCIIPLIONS. .. .cvieiieeieeiiertietieteetestesee st esteesteesaesseesseeseesseessesssessaessaesseessesssesses 112
6.2.1 Bus Width Control Register (ABWCR) ......cccovvvviriiiiirieiieceeeeieee e 112
6.2.2  Access State Control Register (ASTCR).....cooiiiiiiiiiiiieieeeeeee e 113
6.2.3  Wait Control Registers H and L (WCRH, WCRL) .......ccoccoiiiiiiiiiiiieee, 113
6.2.4 Bus Release Control Register (BRCR)......c.coouiiiiiiiiiiieieeeeeee e, 117
6.2.5 Bus Control Register (BCR).......cccocverieriieiiieiieiecie sttt 118
6.2.6  Chip Select Control Register (CSCR) ......cceecvieiieieriieniieiieie e 121
6.2.7 DRAM Control Register A (DRCRA) ......cocoviviierieiieieeeeeee e 122
6.2.8 DRAM Control Register B (DRCRB)......cccecuiiiiiiiiiiiienieeceeeeee e 124
6.2.9 Refresh Timer Control/Status Register (RTMCSR)......ccccceviiiiiiieiieiinieeieeee, 126
6.2.10 Refresh Timer Counter (RTCNT) ....cccciiiciiieiiiieieeie et 128
6.2.11 Refresh Time Constant Register (RTCOR).......cccccvveviriinienierieieeieeieeve e 128
6.2.12  Address Control Register (ADRCR) ........ccoviiiiiiieiieeeceeieeee e 129
L T O 1<) 13 ) 1 WP 130
6.3.1  AT€A DIVISION ..eutiiiiiitietieiieeieiee ettt et st et e sestesseeneeseeneensenens 130
6.3.2  BUS SPECITICALIONS .....euiiiiieiieiieieete ettt ettt ettt eeeeeeeeseeas 132
6.3.3  MemoOry INtErfaces .......cooeeiieiiieiieie e 133



6.3.4  Chip Select SigNals.........ccevieiieiieiiee et
6.3.5  Address Output Method .........cooeviiiieieriieiieie ettt
6.4 Basic BUS INEITaCE. .......coiiiiiiitiitiieeieee et
0.4.1  OVETVIBW .ttt ettt bttt b e st b e sateat et et et s te e bt ebeeaeeneensennens
6.4.2 Data Size and Data ALIZNMENE .........eeiieiiiriieiieiieeeere e
6.4.3  Valid StrODES .....eeiieie ettt ettt
6.4.4  MEMOTY ATCAS....ceiiuiiiiiiiiii ettt ettt ettt ettt ettt ettt ettt e e bt e sbbeesbt e e sbbeesbeeesbaeeaees
6.4.5 Basic Bus Control Signal Timing...........cceeeueriereereenieiieiiereeeeseesieeseeseenesenas
6.4.6 Wit CONLIOL ..ottt ettt st e e e
6.5 DRAM INEEITACE ... euiitiiiieiieieeete sttt sttt ettt et eaeeneens
LT T B O ) 7 (< U SOS
6.5.2 DRAM Space and RAS Output Pin Settings...........cccocvvvvrverererresresresresreseneen.
6.5.3  Address MUltipleXing .........ccueeieruieiierieeieeie ettt seeeeeas
6.5:4  Data BUS ....eoiiiiiiiiiice e
6.5.5 Pins Used for DRAM INterface .........ccoceeeeienienieniiiniiieieieeiesese e
6.5.6  BaSIC TIMINE ..evieiiiiiieieeiiesiieeteeie e eteeteseesteeste e seesseesaeesseessenseesseessaessesssesssessnas
6.5.7  Precharge State CONIOL........cccieiiiiiiiiiieieiieieeee e
6.5.8 Wit CONIOL..c.eiiiiiiiiie ettt et ettt ettt eeeeeneas
6.5.9 Byte Access Control and CAS Output Pin ..........oooveeveieeiveeeeeeeeeeeeeeeeesseeen,
6.5.10 BUISt OPCIAtION .....evvieieiieiieieeieeteeeteeteesteesteeteeaeesaesseesseesseesseesseesseessesssesssesses
6.5.11 Refresh COontrol ......cc.oiuiiiiiiiiieieieeee et
6.5.12 EXaMPIES Of USC....cciiiiiiieiieiieiieieeeesttete ettt sttt ebe e esseessessaessaenseas
6.5.13  USAEE INOLES....eeiureiiiieriieeeiie ettt ettt ettt et e sat e sbe e st e e bt e sbteenbeeesaneenees
L D 63113 1 0 150 4 3 RS RRRR
(T B O o 1510 s USSR
6.7  INEETTUPE SOUTCES ...vveeuiiiiiieeiieitie ettt sttt st e st e st e e st e e sabeesateesabeenaseesnneensseensseensees
6.8 Burst ROM INtEITACE .....ceeuiriiriiitiiieiieieeee ettt
0.8.1  OVETVIBW c.eneiiieiietite ettt ettt ettt b et ea ettt st e bt bt ebe et enneneens
6.8.2  BaSIC TIMINE ..ueeeuiiiiieiieeiieeteetee ettt ettt ettt et e e et et e e e e eneeeneeeneas
6.8.3 Wit CONIOL....eiiiiiiiiie ettt et et ettt eeeesneas
(O e | (S ) /] (SRR
6.9.1  OPCIALION....cuvieiiiieeieiiestiestteteeteeteeteeteesteesseesseesseessesssesssessseseesseessenssesssesssesses
6.9.2  Pin States in [d1e CYCLE ..oviviiiiiiiiiieieeieee ettt
6.10  BUS ATDITEI c..cuiiitiieitiet ettt ettt b ettt b e sb ettt et
(T O B O o T 1510 s USSP
6.11 Register and Pin Input Timing..........cccoeiirieiieiiiiiec e
6.11.1 RegiSter WIIte TIMING......cecueeiiiieiieiieitiesie ettt e e e
6.11.2 BREQ Pin Input Timing........ccceecvieiiieiieiieiieniieseesieeee e ereseeesseesseeseesesssesssessnes
Section 7 DMA CoNtroller ..........oooioiiiiiiiii e
B S O )< o 4 1< OSSR
To1l FEATUIES ettt ettt ettt et et e sbt e et sbae s
7.1.2 BlOCK DIQGIAIM ..cueiiiiiiiiiiieietieee et e

Rev. 2.00, 09/03, page xx of xxx



7.1.3  FUnCtional OVEIVIEW .......cooviiiiiiiiiiee ettt e e e e e et e e e e e s eeenraeeeeeesesnnnnes 191

7.1.4  InpU/OULPUL PINS ..ioviiieiiiiiiiciecieeteet ettt ettt e e esbeeenesneas 192
7.1.5  Register Configuration ...........cceeevieevieieriesierieneesieeteereeeesreesseesseesseesseessesssessns 192
7.2 Register Descriptions (1) (Short Address Mode) ........cceveevieriieiieieeieeieseeie e 194
7.2.1 Memory Address Registers (MAR).......ccoeoieiirienieieceeeeee e 194
7.2.2  T/O Address Registers (IOAR) ......ccoooiiiieiieiieeee e 195
7.2.3  Execute Transfer Count Registers (ETCR) ......cccevieiieiiiiieieieceeeeee e, 195
7.2.4 Data Transfer Control Registers (DTCR).....ccceovevviiiiiiiiienieieieeeee e 197
7.3 Register Descriptions (2) (Full Address Mode)..........cocuvevirienieneenieeieeie e 200
7.3.1 Memory Address Registers (MAR).......c.occvieiiiieiieiieceeceecere e 200
7.3.2  T/O Address Registers (IOAR) ......ccooriiiieiieiieeee e 200
7.3.3  Execute Transfer Count Registers (ETCR) ......ccccovieiieiiiiieieieceeeeee e, 201
7.3.4 Data Transfer Control Registers (DTCR).....cccoooeeiiriiiiiieieieeeeeeeeeee 203
T4 OPCTALION .....ueetieiieeieeieeteste st eteeteesteettesteesteesseesseessesssesseesseesseesseessesssessessaensenssesssesssensns 209
TA L OVETVIBW .ttt ettt ettt b et b et eat et e et st e bt ebeeae et ennenaens 209
TA2 O MOGE ...ttt ettt sttt 211
743 TAIE MOME ...eieieiieieie ettt eee ettt sae et eneenaeneens 213
A N o 1< LY (o (<SSP 216
745  NOrmMal MOAE ....cuiiiiiiieiei ettt 219
7.4.6  Block Transfer MOde .........coeeieieiirininiiieieeeee e 222
74T DMAC ACHVALION ..ottt sttt ettt st st eneens 227
7.4.8  DMAC BUS CYCLE ..ottt 229
7.4.9  Multiple-Channel OPeration..........cceereerueerierierienienieeee e eeeas 235
7.4.10 External Bus Requests, DRAM Interface, and DMAC .........ccccevieiieninienienen. 236
7.4.11 NMI Interrupts and DMAC .......cc.ooiiiiiiiieieieeee ettt 237
7.4.12 Aborting @ DMAC Transfer .......c..cceevierieriieniieieeie et eee e esreenees 238
7.4.13  Exiting Full Address MOdE ..........cccueeierieniieniieieeie ettt eve e e nees 239
7.4.14 DMAC States in Reset State, Standby Modes, and Sleep Mode............ccoveeneeee.. 240
7.5 IIEEITUPDES «enetiieieeiteeeee ettt ettt e sb e sbt e e sbt e e bt e bt e e bt e sbe e e b e e nneenate 241
Ti0  USAZE NOLES...eeueieiiiieiee ittt ettt et e sat e sat e sab e e ebt e e sbteesateesbae e bt e e nbneeneee 242
7.6.1  Note on Word Data Transfer..........ccoeceerieiieiieiieeie e 242
7.6.2  DMAQC SEIf-ACCESS ...cc.eetetiieriieiieiteieteste ettt ettt sttt st eae et eneen 242
7.6.3 Longword Access to Memory Address Re@iSters ........ccoevvveveeieeveeienieneenieennn 242
7.6.4 Note on Full Address Mode SEtUP .....ceevvereeriierieeieiie et 242
7.6.5 Note on Activating DMAC by Internal Interrupts..........cooceeeeeienieneeneneeieeee, 243
7.6.6  NMI Interrupts and Block Transfer Mode...........ccccevoiiiiiniinienieieeeecee e, 244
7.6.7 Memory and I/O Address Register Values..........coccevoeiiiinieiieiieeeeeeeeee, 244
7.6.8  Bus Cycle when Transfer is ABOIted.........ccoevvivieeierierieiieieeee e 245
7.6.9  Transfer Requests by A/D CONVEITEr .......ccveruiereerieeiieieeieeeveeeeesieesieeseeseese e 245
SECtION 8  I/O POIS......ooiiieii s 247
LT B € <) 4 T USSR 247
0 o (A RSOOSR 250



8.2.2  RegiSter DESCIIPIONS ....cueiivieiieiieiieieeeieeteesteesieereebeeereseeeseeesaeeseesseesseessesssenseens 251
8.3 POTE 2 ettt et ettt b e naeas 253
B.3. 1 OVEIVIEW ..ttt sttt b e st b ettt sb e bt b e st et e e et e 253
8.3.2  RegiSter DESCIIPHIONS ....ecuiireieiieiieiieie e eeesitestee st et eeeeee et e esee st e ne e seeneeeneesnees 254
S S o (A TSRS 257
T B O )< 7 [ RSSO 257
8.4.2  RegiSter DESCIIPIONS ....c.eeivieriieiieiieiieeteettesteesteeieeteeereseeesreesaeesseesseesseessesssenseens 257
8.5 POTE A et sttt naees 259
B.5.1  OVEIVIEW ..ttt sttt b e st b et ettt beee et ae et e e et e 259
8.5.2  RegiSter DESCIIPHIONS ....eeuvireieeieiieieeieeie ettt et ettt et eeeetee st esse e seeneeenseenees 260
LTI o3 A TSRS 263
B.0.1  OVEIVIEW ..ttt ettt ettt sttt ettt et et e e et e s s e e s seeaseeteenseeneesneesneenseenseans 263
8.6.2  RegiSter DESCIIPIONS ....c.eeivieiieiieiieieeeieeteesteesteeieereeteseeeseeesaeesseesseesseessessaesseens 263
BT POTE 6 ettt et ettt naees 267
B.7.1  OVEIVIEW ..ttt sttt ettt b e sttt et et bbbttt e e et e 267
8.7.2  RegiSter DeSCIIPIONS .....eeiuieiiieiieieeie ettt ettt et eeee e ereens 268
B8 PO 7 ettt ettt ettt at et e s e te Rt st ent e st ena et e teeseeseennensenne 271
881 OVEIVIEW ..ttt ettt et ettt e sttt et et e e st e s bt e s bt e aseeaeenseeneeeneesseenseenseens 271
8.8.2  RegiSter DeSCriPtiON ... ..cccciiiriieriieiieieeeeeetteieeieereeeteeete st e sreesaeesseesaeseeeseeesseenseens 272
B0 POTE 8 ettt et sttt 273
B.9.1  OVEIVIEW ..niiniiiiieite ettt b e ettt et b e e bt b et e e e et 273
8.9.2  RegiSter DeSCIIPiONS ......eoiuieiiiiiiieiieie ettt ettt et e e 275
LT KO o3 AL PR SURSR 280
B.10.1  OVEIVIEW ..ttt ettt sttt ettt et e e et e e et et eebe e teemaeemeeeneesneesseenseeneeans 280
8.10.2 RegiSter DESCIIPLIONS ...ccueeivieiieiieiieieeeiesteesteeieeieeeeeeaeseeesreesaeesseessesssesssesseesseens 281
BLT PO A et b ettt b e bbbt b e bbbttt 285
B.11.1  OVEIVIEW ..ttt sttt sttt ettt be bbbttt et nee 285
8.11.2 RegisSter DeSCIIPiONS ......eoiuieiiieieiie ettt ettt eneeeeeeseeeneeens 287
B12 PO B ottt ettt ettt ettt n e at et e teeae et e eneeneenee e et nne 297
B.12.1  OVEIVIEW ..ttt ettt ettt et e ae e e st e bt et e eteemaeemeesneesaeeseeeneeeneeens 297
8.12.2 RegiSter DESCIIPLIONS ...cc.eeivieiieiieiieieeieesteeieeteeieebeseaeseeesreesaeesseessesssesssensaensenns 299
Section 9 16-Bit TIMET ........cocovivieiiieiceee e 309
L2 B 0 )< o 4 1< RS RRRR 309
0.1.1  FEATUIES ettt ettt ettt e sbt e et sbt e e bt e saee e 309
0.1.2  BlOCK DIGIamS......ccceviiiuiiiieiieie ettt ettt ettt 311
9.1.3  Pin ConfigUuration ...........cccevieriieriieiiieieniesiesieesieetesreseeseesseeseessesssesssesseesseeses 314
9.1.4  Register ConfigUuration ..........cccveeuieeureiierienienieneesreeteeeeeresseesseesseeseessesssesssessnes 315
9.2 RegiSter DESCIIPLIONS. ....cviivieeieetieriieiieteeieeteste it esteesreesaeseeesseesseesseesseessessaesseesseensesnsesses 316
9.2.1  Timer Start Register (TSTR) ....ccceiiieiiiiiieeee e 316
9.2.2  Timer Synchro Register (TSNC)......ccoiiiiiieiiiiieeee e 317
9.2.3  Timer Mode Register (TMDR) .......ccociiiiiiiiiiiieee e 318

Rev. 2.00, 09/03, page xxii of xxx

RENESAS



9.2.4 Timer Interrupt Status Register A (TISRA) ....oocvvviiiieiieieeee e 321

9.2.5 Timer Interrupt Status Register B (TISRB).......ccccceviievienieiieiecieceeeeeieeveen 324
9.2.6  Timer Interrupt Status Register C (TISRC)......ccovevvieiiiiiiienieeeieceeeeeeeeeenn 327
9.2.7  Timer Counters (16TCNT)....cc.eciiiiieieiieieeie ettt sttt reereeebeesseseseseees 329
9.2.8  General Registers (GRA, GRB) ......cooiiiiiiiiieeeeeeeeee e 330
9.2.9  Timer Control Registers (16TCR).......cccveiiieiiiiieeeieceeeee e 331
9.2.10 Timer I/O Control Register (TIOR) .......ccecoeeiiiiiiiiiee e 333
9.2.11 Timer Output Level Setting Register C (TOLR).......ccccocvevvieiieierieieeieeeeeieeenn 335
0.3 CPU INLETTACE ..c.eteiieeieie ettt ettt sttt ettt s sb et eneens 337
9.3.1  16-Bit Accessible REGIStEIS......cccvieiiieiiiieiieriiecieeie ettt sene s 337
9.3.2  8-Bit Accessible REZISIEIS. ...ccueeruieiieiieieiieriierieeie et 339
LR O 1<) 14 o) 1 SRR 340
L2 B O )< 7 (TP SOS 340
9.4.2  BasiC FUNCHOMNS ......eiuiiiiiieiieiesieeteee ettt sttt e 340
0.4.3  SYNCHAIONIZAION........eiiiiieieiieiieiiete e eeesee st e sreebeeaeesaeeeeessaesseesseesseesseessesssensnas 348
944 PWM MOGE .....iiuiiiiiieieiestese ettt sttt ettt bbb ennene 350
9.4.5 Phase Counting MOE .........ccooueriiriirieieeeie et 354
9.4.6  16-Bit Timer Output TimMiNg ........ccceeeieiieiieiieieeee et 356
0.5 INEEITUPDES ettt ettt e sb e sbt e e bb e e bt e be e e bt e bt e e bt e e baeenatee 357
9.5.1  Setting of Status F1ags......ccccveciiriiiieiieieee et 357
9.5.2 Timing of Clearing of Status F1ags ........ccccccevvviriieniiniiiiciecieeeeeeee e 359
0.5.3  INEITUPL SOUICES .vvvieirieiiieiieeriiieeteesitteetee sttt e steesebeesabeesebeesabeesnbeesnseessseesnseesnnes 360
0.0 USAZE NOLES...eeuteiiiieeiee ittt ettt ettt et e st e sat e st e e bt e e sbt e e bt e e sbae e bt e e naneennee 361
Section 10 8-Bit TIMEIS .....cooviiiiiieieices s 373
LO.1 OVEIVIEW .ttt ettt ettt st ekt e b et e e e st et e bt e bt ebt et e e saeabesbeeaneneens 373
JO1T FATUIES ..ttt ettt st sttt ettt ee 373
10.1.2 BIOCK DIaGIAM ...c.vveiieiieiiicie ettt et e sbaesseessaensessnennees 375
10.1.3  Pin Confi@Uration ........ceecueeouerierieniieie ettt eee e saeas 376
10.1.4 Register Configuration ..........c.ccereeruieiieiieeieeieseee et 377
10.2  Register DeSCIIPLIONS. ....c.eeiuieieietieteeie ettt ettt ettt et te et e s st e be e beeaeeneesneeeee 378
10.2.1 Timer Counters (8TCNT)...ccciieiieiieiieiieieeeereee et 378
10.2.2 Time Constant Registers A (TCORA).......cccoeierierieiieie ettt 379
10.2.3 Time Constant Registers B (TCORB).......ccccccverieriieniiiiieieceeeeeieee e 380
10.2.4 Timer Control Register (8TCR) ......oiiiiiiiiiieiieeeeeee e 381
10.2.5 Timer Control/Status Registers (8TCSR).....cccoiiiiriiiiiiiieieeee e 384
10.3  CPU INEEITACE ..ottt ettt ettt et at e ea et e et emteeneesaeesas 389
10.3.1  8-Bit REGISTEIS . eecviiiieiieiieieiieeiieettete ettt e st steeae e e sseesseessaesseenseensessnenenes 389
10.4  OPEIALION ......eeuiieieieieeiieeieeteesteeteeeteettesteesteebeesseessessaesseesseesseesseassesssesssenseenseensesssesseesnsesnns 391
10.4.1 8TCNT CoUnt TIMING .......cccveiierrierireiierieteeteeeeseeseesseesseeseesseessesssesseesseesseesses 391
10.4.2 Compare MatCh TIming .......cccceiierieriiiiieieeieiee e 392
10.4.3 Input Capture Signal TIming.......cccceereriiririenieieee et 393
10.4.4 Timing of Status Flag Setting........cccceeiiiieiieiiee e 394

Rev. 2.00, 09/03, page xxiii of xxx
RENESAS



10.4.5 Operation with Cascaded CONNECHION .......ecueereieireierieiierieeee e 395

10.4.6  Input Capture SEttINE.......cccueeiiieritieiiienieeiieeeteeeeeeteesteeeteesbeeebeesseessbeesseesnne 398
LT T 173w 1 RSP PRRORUS 399
10.5.1  INLEITUPE SOUTCES ..eevveeeirieiiieeiieeieeeieeetreesieeertreesieeessteessseessseessseesaseessseesseessseesns 399
10.5.2 A/D Converter ACHIVATION ........ceeieruieriieieeieeteeieseeesetesteeeeeeeeneeeseesseesseesseeseenees 400
10.6  8-Bit Timer Application EXample .........ccoooeriiiiiiiiieiee e 400
TO.7  USAZE NOLES. .ceuutieiiitiiiteiiteeeitt ettt stt ettt sit ettt e sbteesbt e e sbt e e bt e e sbte e bt e e bt e ebeeebbeebeeenbneenaees 401
10.7.1 Contention between STCNT Write and Clear...........ccceeevenerininnieienenenceee 401
10.7.2 Contention between STCNT Write and Increment...........ccccccevevenenienienienenenne. 402
10.7.3 Contention between TCOR Write and Compare Match............cccccvevvvevriecvernennen. 403
10.7.4 Contention between TCOR Read and Input Capture ............ccoeeevevervecveceneennee. 404
10.7.5 Contention between Counter Clearing by Input Capture
and Counter INCIEMENL ...........cceiviiiieiiei e 405
10.7.6 Contention between TCOR Write and Input Capture...........ccceevveecveeveeveneenneenne. 406
10.7.7 Contention between 8TCNT Byte Write and Increment in 16-Bit Count Mode
(Cascaded CONNECLION).......ccueiviirerrierrieteereeteseeseesseeseeaeeseeeseesseesseesseessesssesses 407
10.7.8 Contention between Compare Matches A and B..........ccoooiiiiiiiiiiiiniiieee, 408
10.7.9 8TCNT Operation and Internal Clock Source Switchover..........cccoevereeiveeennee. 408
Section 11 Programmable Timing Pattern Controller (TPC).......ccccocovviriniens 411
T1.1 OVETVIEW ettt sttt ettt ek h e eb et et e e sb ekt be e bt ebten e e e saeabeabeenneneens 411
T11 T FATUIES ..ttt sttt et st 411
11.1.2 BlOCk DIaGIam ......ooiuieiiiiiiiii ettt et 412
T1.1.3 TPC PINS. ittt ettt ettt ettt e s e te e st ene e st e s enseeseesesseeneensenean 413
L B T4 ] 1<) 4TSRS 414
11.2  RegISter DESCIIPLIONS. . ..cuvieviertierierieieeeteetesteesteeteeseeseteseeesseesseesseesseessessaessaesseessesssesssesses 415
11.2.1 Port A Data Direction Register (PADDR) ........cccooevevieniieniieiicieeieeeieeee e 415
11.2.2 Port A Data Register (PADR) .......ccveviieiieieeieieeee et 415
11.2.3 Port B Data Direction Register (PBDDR)........cccoioiiiiiiiiiiiiceeeeeeee e, 416
11.2.4 Port B Data Register (PBDR).......cccuiiiiiiiiieieieece e 416
11.2.5 Next Data Register A (NDRA).....ccotiiieiieieeiecieeee et 417
11.2.6 Next Data Register B (NDRB) ......cccoooiiiiieiieiicieceertee e 419
11.2.7 Next Data Enable Register A (NDERA) ......cccoevieviieiiiiecieeieceeee e 421
11.2.8 Next Data Enable Register B (NDERB)........ccceoieiiiiiiiicieieceeeeeee e 422
11.2.9 TPC Output Control Register (TPCR) .......cccieiieiiiiiieieiieeeeee e 423
11.2.10 TPC Output Mode Register (TPMR) ......cccoeiiiiiiiieiieeeeeee e 425
LI B 01 1<) 14 o) WO 427
T1.3.1 OVEIVIBW .ttt sttt sttt st e b e sttt be st eb e eneeneeneen 427
11.3.2 OUtPUL TIHMINEZ .eveeeienieierieeieeieetee ettt sttt ettt eae 428
11.3.3 NOrmal TPC OULPUL .....veveveiiieiiieiieie ettt ere e see s b esseeesessaessaesees 429
11.3.4 Non-Overlapping TPC OULPUL ......c.eeiiiiiiierieieeeee e 431
11.3.5 TPC Output Triggering by Input Capture............ccceeeeeierieiienieeee e 433
T1.4  TUSAZE NOLES. .ccuiieiiiiiiieiteeeite ettt ettt ettt e sbt e e ebe e e sb e e bt e e beeebe e e beeebaeebneenanee 434

Rev. 2.00, 09/03, page xxiv of xxx



11.4.1 Operation of TPC Output Pins .......ccoocvriirieiieiieeee e 434

11.4.2 Note on Non-Overlapping OULPUL........cceeecuieiriieeriieirieerie et sreeeveesreeeaeeens 434
Section 12 Watchdog TIMET ..o 437
|00 B 0 175 4 1<) USRS 437

L2101 FALUIES ettt ettt et e st e s e st e s bt e st e sabeesane 437

12.1.2 BlOCK DIaGIam .....ooiuiiiiiiieit ettt 438

12.1.3  Pin AITANZEIMENL ...ocvvieevieieiieieeteeteeeteeeeeeteesteesseesseessesssesseesseesseessesssesssesseessesssens 438

12.1.4 Register CONfigUIation ........c.cccvevieriieriieiieieeieseee et ere st seesreeseebeeeseeeseseaeseees 439
12.2  RegISter DESCIIPLIONS. ....cvvieviertietierieetieeteeteesteesteeteesteeetesteesseesseesseesseessasssessaesseessesssesssesses 439

12.2.1 Timer Counter (TCNT) ..ociciiiciiiiiieeiee ettt e e saae e siveeseve e sveesaaee e 439

12.2.2 Timer Control/Status Register (TCSR) .....cccoeiieiiriiiiieeeeeeeeee e 440

12.2.3 Reset Control/Status Register (RSTCSR) ....ooovvviiiiiiiiiieieeeeeeeee e, 442

12.2.4 NOtes 0N REZISTEr ACCESS ..cvviivieriieiieiieiieieetterieeseesteeteereeeeeseeesseesseessessesssesenes 443
12,3 OPCIALION ....c.ueeuiieiiieeieiiieieteete et ettt e eteesteesteebeesbeesaesseesseesseesseassesssesssasssenseesseessesssessnesssennes 445

12.3.1 Watchdog Timer OPeration...........cccvevveerveecieeeereereeseenseesseeseessesssesseesseesseessessnes 445

12.3.2 Interval Timer OPeration.........cceeoueeieeiertieniierieeieeeeeeeeeeesete et et eeeeneeeneesneesneenees 446

12.3.3 Timing of Setting of Overflow Flag (OVF) .....ccccooiiiiiiiiieeeeeee e, 446

12.3.4 Timing of Setting of Watchdog Timer Reset Bit (WRST)......cccooveiieiviiennnee. 447
12,4 TIEETTUDES .eeeveeeitiesieeeitieeteeeteeeteeettesbeeeateesteesabeeesseeensaeenseeensaeesaesnseeensneensaeensseessesnseennses 448
12,5 TUSAZE NOLES...eeurieiurieritieriieesteesteesteesbeestteestteestteesateessseessseenseeessseeseeesseeseesnsseenseeensneennses 448
Section 13 Serial Communication Interface...........ccccoooveveiviveininesinees 449
L B 0 1<) 4 1<) RO 449

L3101 FALUIES ettt ettt e st sab e st e st e sanee e 449

13.1.2 BIOCK DIGGIAM ...c.veeiieiiieiiiiiecieeitetcee ettt e st e e ensaensesnneenees 451

13.1.3  INPUt/OULPUL PINS ..eoviiiieiiiiecieeiieie ettt sae b e esseenseesseseaennees 452

13.1.4 Register CONfigUration ...........cceevieriieriieciieieeieseeseete e seesee e esseesseeesessaeseaessees 453
13.2  Register DeSCIIPLIONS. ......ceeuieitietietieieet ettt ettt ettt et et e et e b e e teeee e e sneeeee 454

13.2.1 Receive Shift Register (RSR)......ccooiiiiiiiiieiiee e 454

13.2.2 Receive Data Register (RDR) ......cooiiiiiiiiiiiiie e 454

13.2.3 Transmit Shift Re@ister (TSR) ....ccocierieiiieiieieciectece e 455

13.2.4 Transmit Data Register (TDR) .......cccoccverieriiriiiiesieseet et 455

13.2.5 Serial Mode Register (SMR) ......ccceoieriieiieiieieeieseee et 456

13.2.6 Serial Control Register (SCR) .....ceouieiiiiiiierieieee et 460

13.2.7 Serial Status Register (SSR) .....cooiiiiiieieieiee e 465

13.2.8 Bit Rate Register (BRR).......ccooiiiiiiii e 470
13.3  OPCIALION ...c.vieuiieieeeieciieeieete et ete et e ettesteesteesbeesseesaessaesseesseesseessessseassenssensaenseensenssesssesssennns 479

13.3.1  OVEIVIBW .ttt sttt ettt ettt st eb ettt be bbbttt et e b bbbt eseeneeneen 479

13.3.2 Operation in ASynchronous MoOde............cccvevuieiieiirieniienieeeie e seee e 481

13.3.3 Multiprocessor COMMUNICATION ......corureiuieiieieriieetienteeie e eee e seee e eee e eeeeneens 491

13.3.4  Synchronous OPEration ..........eeceeruerierierieniesieeieeeeeeseesteesteeseeeee e eaeesaeeseeans 498
13,4 SCIINEEITUPLS ...eueeinieiiie ittt ettt ettt ettt et e e et et eae e eaeesbe e bt e bt e e emeeeneesaeesaeesneeneesaes 506

Rev. 2.00, 09/03, page xxv of xxx



I3.5  USAZE NOLES......eiiiiiiieiieiteeet ettt et e sttt e 506

13.5.1 Notes 0n Use 0F SCl......ooiiiiiiiiniiiiiiiiieeeeeeeee et 506
Section 14 Smart Card INterface............cocooovvvveiiiieiiceeceeee e 513
TA.T  OVEIVIEW .euevieeiiieieieeeitiecteeeiteesteestbeestbeestteestbeessseasaseeasseessseassseesseesseessseasseesseesesesseensses 513

) O O ST 10§ (<SOSR 513

14.1.2 BloCk DIa@Iam ......cocuieiuiiiiiiiiieeieieee ettt ettt 514

14.1.3  Pin CONfIGUIALION ...c.vievieiiiieiieiieeteete et eite st e e saeeaeesaeseeesaeesseesseesseessesenenenas 514

14.1.4 Register ConfigUration ...........cccevieriieriieiiieieeieseesie e eteseeeeee e ebeeseeeseseseseaessees 515
14.2  RegiSter DESCIIPLIONS. ....cuviitieitierietieteeeteetesteesteesseesaeseaesteesseesseesseesseessesssessaesseessesssesssesses 516

14.2.1 Smart Card Mode Register (SCMR) .......coooiiiiiiiiiieiie e 516

14.2.2  Serial Status Register (SSR) ...ccueeiiiiieieiieeee e 517

14.2.3 Serial Mode Register (SMR) .....cccoiieiiiiiieieeieceeee e 519

14.2.4 Serial Control Register (SCR) .......cccveviieiieiieierieneete sttt 520
14.3  OPCIALION ....c.ueeuiieieieieiiiectiesteeste et e eeeeeteesteesteesbeesseessesseesseesseesseesseesseessasssenseessenssesssesssesssenses 520

T4.3.1  OVEIVIEW ..ttt sttt ettt ettt sttt sttt ettt bbbt eat et et et bt ebeebeeneeneeneen 520

14.3.2  Pin CONNECHIONS. ....ccuvieieiieirieeieeiteeeieesteeeaeesbeeeaeesseeeseeessesasseeesesesseeesesesseeenes 521

14.3.3  Data FOIMAL........oiiiiiieiiiieeciie ettt e et e e et e e eseseeeesneaeeeennseeeennes 522

14.3.4 Re@ISTEr SCUNES ... eiiieitieitieie et eie ettt ettt ettt et e et e sae et e e e eneeeneeeeeeeneas 523

14.3.5  CLOCK ittt sttt bbbt 525

14.3.6 Transmitting and Receiving Data...........cccecvveierieiienieniieiieieeeeesieeie e 527
T4.4  TUSAZE NOLES...eeuvieirieritieritieeieesteeeteesteestteestee sttt esateessseessseensseessseeseeesaeenseessssesnseeensneennses 535
Section 15 A/D CONVEITET ..o 539
I5.1  OVEIVIEW .uitieeeiieiiiieeiieesiteeeiteesteeeveestbeestteestbeessseesssaesseesseesseesseesseensseesseesssaensesensseensses 539

I5.1.1 FATUIES ..ottt ettt ettt et 539

15.1.2 BIOCK DIaGIAM ...c.veeiieiiieiiiiie ettt ettt e e e e nseesaeeeeas 540

I15.1.3  INPUL PINS...oitiiiiiiieiieiecie ettt ettt et ebeesbeensesasessaensaensees 541

15.1.4 Register ConfiUration ............ccoeeeruieiieiieieeie ettt e 542
15.2  Register DeSCIIPLIONS. ....c.eeruiereietieiieieeete ettt ettt ettt e e e e b e te e e e e s eee 543

15.2.1 A/D Data Registers A to D (ADDRA to ADDRD).....cccceooiriiniiieieeeeeeee. 543

15.2.2 A/D Control/Status Register (ADCSR)......ccoecieeiiriiiierienieiiere e 544

15.2.3 A/D Control Register (ADCR).......cccocuiriirieriieiieieeieste st eveeve e sse e seees 547
15.3 CPU INEETTACE ..ottt sttt ettt st st sbe et 548
LT I 00 1S) 14 o) WSRO 549

15.4.1 Single Mode (SCAN = 0)...ccuieiiiiiiieieeieeiteieieeete ettt sttt see e 549

15.4.2  Scan Mode (SCAN = 1) cuooiiuieieieieeieeie sttt st see st sennens 551

15.4.3 Input Sampling and A/D Conversion Time..........cccceeeerrieviieienienierieereeeeeneneens 553

15.4.4 External Trigger INput TimMing ........c.cccveeveeieeienienieenieerreeeeeeeseeesseeseeresneseneseees 554
LT T 1 17<3 w10 £ O TSP SRR 555
156 USAZE NOLES. ..cueieiiiiiiieiiteeeite ettt ettt ettt et e ettt e sbt e e ebe e e s b e e bt e e nbeeebeeebeeebeeebaeenanee 555

Rev. 2.00, 09/03, page xxvi of xxx
RENESAS



SECHION 16 D/A CONVETILET ..ottt ettt et e eeeeeeeenas 561

LO0.1 OVEIVIEW .ttt sttt st et sae st s 561
LO0.1.1 FATUIES ..ottt et 561
16.1.2 BIOCK DIGGIAM ...c.veiiiiiiieeiicieciiecieete ettt b e e saeesseesbeessaesseesneeenas 561
16.1.3  INput/OUtPUt PINS ..oocveeeieiiiie ettt et 562
16.1.4 Register ConfigUration ...........cccerieiiieiiieiieeieeiesiee ettt 562
16.2  Register DEeSCIIPLIONS. .......eeuiereietieiieieeite ettt ettt sttt e sttt et e et e e seesseesseenseeneeeneeens 563
16.2.1 D/A Data Registers 0 and 1 (DADRO/1) .....cccvevierieniieiieiieieceeeeeieee e 563
16.2.2 D/A Control Register (DACR) ......cceevuiiiieieciieiieie ettt ene e 563
16.2.3 D/A Standby Control Register (DASTCR) ......ccoveviieviiiiiiiiiieceeieeieeee e 565
LT I 0 T<) 1 o) USSR 566
16.4  D/A OULPUL CONIOL.....eiiiiiiieiiieie ettt ettt ettt ettt ettt enteenaeeneesneenes 567
Section 17 RAM ..o 569
171 OVEIVIEW ettt ettt ettt bbbt ettt et ne et 569
17.1.1 BIOCK DIGGIAM ...c.veivieiieiiicie ettt et baessaenseesnesenes 569
17.1.2 Register Configuration ...........ccceveeiuieriieieeieeiiesiee et 570
17.2  System Control Register (SYSCR)......oeiiiieiieiieeee ettt 570
L T 0 1<) 14 o o WO 571
Section 18 ROM (H8/3028F-ZTAT, Mask ROM Version)..........ccccooevrieiriennnce. 573
18.1 Flash Memory Version OVEIVIEW .........c.cccuereerieerieerieeiereesseesseesseesessesssesseesseessesssesseesnes 573
18.2  Flash Memory Version FEatUures..........cooieuirieiieiieiieie et 574
18.2.1 BIOCK DIaGIam ...c.eoiiiiiiiiiit ettt et 575
18.2.2 Pin COnfIGUIAtION .....eeueeiiiiieieieetiete ettt ettt e st et ee e seeeeneas 576
18.2.3 Register Configuration ............cceeveriieriieiieieeienieesieesie e svesee e esseesseeesessnesenessees 576
18.3 Flash Memory Version Register DeSCIIPtion ..........cceevvievieieeieniieniieieeie e seeseeesveesneenns 577
18.3.1 Flash Memory Control Register 1 (FLMCR1) .....cccoovveiiiiiiiieieiieieeeeie e 577
18.3.2 Flash Memory Control Register 2 (FLMCR2) ......ccccoiiiiiiiiiiiiieeeeeee e, 580
18.3.3 Erase Block Register 1 (EBR1)....cccuooiiiiiiiiieieeeeet e 581
18.3.4 Erase Block Register 2 (EBR2)......c.oooiiiiiiiiiiieeeee e 581
18.3.5 RAM Control Register (RAMOCR) ......ccccveviieriieiieiieieeie et 582
18.4  OVErview Of OPEIatioN.......cccccvervieiieiieiiesiesieesieeteeteseeesaeesseeseesseesseessesseesseeseessesssessnenses 584
18.4.1 MO TTanSItIONS. ....eververiieeieiieierierieste ettt sttt ettt sttt ebe et eae e enes 584
18.4.2 On-Board Programming MOdES ..........ccceevuiriiiiiriinieniesieeieee et 586
18.4.3 Flash Memory Emulation in RAM .........ccoccoiiiiiiiiiiie e 588
18.4.4 Block Configuration.........cceeiieiueeieeieiieiiese ettt ettt s e e e ens 590
18.5 On-Board Programming MOd@............ccueeuieiirieniieniieniiesieesie e esreeere e seeeseeesseesseesseenseenns 591
18.5.1 BOOt MOGE.....c.ecuiiiieiieiiicieiiitcceste ettt 592
18.5.2 User Program MOME ..........ccceevvieriieiiiiesieeiieieeteeie e see e esseeseenseensessnesenas 597
18.6 Flash Memory Programming/Erasing..........cccceceerierieiiiiieiiesiieieeieee e 599
18.6.1 Program MOde.........cooiiiiiiiieiieie ettt ettt ettt 601
18.6.2 Program-Verify MOde .........cccuieiiiiiiieiiieiiee ettt 602

Rev. 2.00, 09/03, page xxvii of xxx



18.6.3 ETaSE IMOUEC.....coiiiiiiieiieieeeeeeeeee ettt e e e ettt e e e e s e e sate e e e e e s e e ennaes 606

18.6.4 Erase-Verify MOde . .....c.cccueiiiiiiriieiieiieieeieet ettt steeste e seesne e 606
18.7 Flash MemoOry ProteCtON ........ccvervieiieiiiieiiecieesie ettt ete e eeseseaeseae e esaeeseesneees 608
18.7.1 Hardware ProteCtion.........cceeieieriiriiiiitieieeeie ettt 608
18.7.2  SoftWare ProteCtion .........ceioiiiieiieiieie ettt 609
18.7.3  EXTOr PrOtECtION ... .eeuiieiieeiieiiiecieee ettt sttt eean 609
18.8 Flash Memory Emulation in RAM ........ccoooiiiiiiiiii e 612
18.9 NMI Input Disabling ConditionS..........ccueeveriereerieeieereeeeseesseeseeseeeseessesssesseesseessesssesens 614
18.10 Flash Memory PROM MOME ........cc.oeciieiiiieiiieiieieeie ettt sae e sve e enns 615
18.10.1 Socket Adapters and Memory Map ..........cccvevveeeiieieiienieneienieere e ere e eee e 615
18.10.2 Notes on Use 0f PROM MoOde........c.ooouiriieiiiieiieeee e 616
18.11 Flash Memory Programming and Erasing Precautions .............ccecceveenienienennenieeieeee 616
18.12 Mask ROM OVEIVIEW .....eeiuieiiieiieiiieiieetiesteeieeteetesiee st esaeestee et eneeeneesneesseesse e seenseeneesneeens 622
18.12.1 BIOCK DIaGIaM .....veeuviiiiieiiiciieciieciieieeie ettt et sneebeenseennas 622
18.13 Notes on Ordering Mask ROM Version........c..cccevcueruierieniieniieieeieeieseeseeseesseesseesessnenns 623
18.14 Notes on Switching from F-ZTAT Version to Mask ROM Version..........cccccoceveveeeeneene 624
Section 19  Clock PulsSe GENETALOT...........ccovuiuiiiiiieceee e 625
L B 0 1<) o 4 1<) OSSR 625
19.1.1 BIOCK DIaGIAM ...c.veivieiieiiieiiiciieeiieieeie ettt sae e s sbeesseensesnaeseeas 625
19.2 OSCIHIALOT CITCUIL ...ttt ettt ettt sttt ettt et st sbeeaeeneeneens 626
19.2.1 Connecting a Crystal RESONALOT ........ccueecvieiieiiiieiierieeie et 626
19.2.2 External Clock INPUL ........ooiiiiiiiei e 628
19.3 Duty Adjustment CIICUIL .....eeiueeiieiieeieetieetieste ettt ettt eete et e e b e teeeeeeeeneeenes 630
L R o (el er: 1 (< ¢TSRS 630
19.5 Frequency DIVIAET ......c.cccvioieriieiieiicieeiiesiteteete ettt e sae et ebe et e essesssessaessaeseesseensesseenns 630
19.5.1 Register Configuration ............cceevverieriieriieriieiesieseeseesreereereeeeeeseesseesseesseesesnnas 631
19.5.2 Division Control Register (DIVCR)......ccoovveviiriiiieieeieceeceeeeeeie e 631
19.5.3  USAZE INOLES....eeeutieriiieeiite ittt ettt ettt ettt et e sa e e sate e sabeesabeesabeesaneenas 632
Section 20 POWEr-DOWN State..........ccocovriiiiiiniinecees s 633
20,1 OVETVIBW ..ttt sttt ettt ettt b et b bt bt e et e e s b e b e bt eb e ebteat e st e st et e nbesbeebesineneens 633
20.2  Register CONTIGUIATION ......ecuveriieiieiieie e ste sttt eteeteeteeste e beebeesbessaessaesseesseesseenseesnenns 635
20.2.1 System Control Register (SYSCR) ...ccuvviieiiriiiieiieieee et 635
20.2.2 Module Standby Control Register H (MSTCRH) .......ccccoviiiiiiiiiieieeeieeen 637
20.2.3 Module Standby Control Register L (MSTCRL) ....ccceeiiiiiiiiiiieieceeeeee e, 638
20.3  SIEEP MOME...... ittt ettt ettt et e a e bbb et enee e eaes 640
20.3.1 Transition to S1EeP MOdE ......cccviriiriiriieiieieeiece et 640
20.3.2  EXit from S1Eep MOde ......eecviiiiiiiiciieriieiieieee ettt 640
20.4  Software Standby MOE .........coecvieiiiiieiieiiere ettt aeenne e 641
20.4.1 Transition to Software Standby Mode..........ccceriiiiiiiiiieieeeeeeeee e, 641
20.4.2 Exit from Software Standby Mode...........cooieiiiiiiiiiieeeeee e 641
20.4.3 Selection of Waiting Time for Exit from Software Standby Mode...................... 642

Rev. 2.00, 09/03, page xxviii of xxx
RENESAS



20.4.4 Sample Application of Software Standby Mode ..........cccevverievieiieiieeieeee. 643

20.4.5 IO ..ottt ettt ettt sttt h e h et b e bbbt eh et et e bbbt et ent et enean 643
20.5 Hardware Standby MOde..........cocvevieiiieiieieiieseere ettt ae e s ae s enns 644
20.5.1 Transition to Hardware Standby Mode ..........ccceevvvviviiiieniieniieiecieeeeeee e 644
20.5.2 Exit from Hardware Standby Mode ...........ccoeoieiiiriiiienierieeeeee e 644
20.5.3 Timing for Hardware Standby Mode .........cccccevieiiiiieiiecceeeeeee e 644
20.6 Module Standby FUNCHION .......c.eoouiiiiiiiiieiiee et 645
20.6.1 Module Standby TIMING.........cceeveerierieriieiiereeie ettt ereeereseesrae e esbeesseennas 645
20.6.2 Read/Write in Module Standby ...........ccccverierienieniiiieceeeeeceeeeie e 645
20.6.3  TUSAZE INNOLES. .. .eeerieerieeieeeitieeriteesteestteestteesteessteessseessseassseessseesseesseesseessseessseesns 645
20.7 System Clock Output Disabling FUNCHON .........ccueeiiiieiieiieieeie e 646
Section 21  Electrical CharacteriStiCs.........cocovrivriurierieeieeieieieieieie e 647
21.1 Electrical Characteristics of H8/3028 Mask ROM Version ...........cecceceevuenieneneneneneenne 647
21.1.1 Absolute Maximum RatingS........ccccceerieriieiiieciieieeieiieseesie e eve e seee e seee s 647
21.1.2 DC CRaracCteriSLICS. . ...eeuerueeuieieierientesieeteeiteteste st ste et estentetestesbesbeeseeneentenaesaeenes 648
21.1.3  AC CRaraCteriStiCS. .. uuuerurierireerriesireesteesteesreesseeesreesseessseesseessesssseesssessseessseenns 652
21.1.4  A/D Conversion CharaCteriStiCS .......cueevuuieruieeriieeriieeiiieesieeesieeeseeesireesseeessaeessneenes 658
21.1.5 D/A Conversion CharaCteriStiCS .......cuieruierieeriieeriieeireeesieeeseeeseeesireesseeessseessneenes 659
21.2  Electrical Characteristics 0f H8/3028F-ZTAT ....c.coieiiiiiienenereneseeeeeeseseseeiene 660
21.2.1 Absolute Maximum Ratings..........cccverierieiiieciieieeieriereesie e e e eeeeeeessee e 660
21.2.2 DC CRaracteriStICS. . ...eeueeueeureieieriestenteeteeitetente sttt et et etete sttt sbeebeesteseenaeneeenes 661
21.2.3  AC CharaCteriStiCS....uurerurreririesiresieesieesiteesreesseestseesseessseesseassseessseessseessseessseesns 665
21.2.4 A/D Conversion CharaCteriStiCS .......cuiiruuieruieerieeriieeiieeeiieesieeeseeesireesseeessseesseeenes 670
21.2.5 D/A Conversion CharaCteriStiCS .......ccuirvireruieerieeriieeitieesieeesieeeseeesireesseeessseessneenes 671
21.2.6 Flash Memory CharaCteriStiCS........ccueruerierieerreeieiieseenieesseereeeeesseesseesseessesssessnes 672
21.3  Operational Timing (Common to All VEISIONS).......cccvevveeerereierierieneenieenieeeeeeesseenseesseens 674
21.3.1 CLOCK TIMING.....eectiiiieiiieiiiieiteeeesteesteeteereeeresaesteesseesseesseesseessessaessaeseensasssessss 674
21.3.2 Control Signal TIMING........ccceevuieiiiiiietieiieseee ettt eneeseee e e e 675
21.3.3 BUS TN ....eetieiieieee ettt ettt et st e et et et e enteeneeeneas 676
21.3.4 DRAM Interface Bus TimMiNg.......cccceerieiiieiieiinieiierieeie e 682
21.3.5 TPC and I/O POt TIMING ......ccoveruieriieriieiieieeiieeeeseesteeaeereereeeeesseesseeseessesssessnas 685
21.3.6 Timer Input/Output TIMING.......ccvverrieriieiieieeierieseee et steeaee e esbesesesenes 686
21.3.7 SCI Input/Output TIMING ......cceerrieriieiieiieieeieseeseesieeaeeseereeseesseessaesseesseessessnes 687
21.3.8 DMAQC TIMING ....eouiiiiieietetieiieiesie sttt ettt et e steste st esteseeseensessessesseeseensesensessenes 688
21.3.9 Input Signal TIMING....cceeruerieiieiiieetieete ettt ettt ebe e e 689
Appendix A INStIUCHION S@L.........o.oieiiiiieiiieicieeee e 691
ALl INSEIUCTON LISE .euiiiiiiiiitiitieiee ettt 691
A2 Operation Code MAPS........cccveeiieriieriieieeieseestesttesteeieebeebessaessaesseesseesseessesssesssesseessesssenns 706
A.3  Number of States Required for EXECUtION.........ccooiiiiiiiiiiiieece e 709

Rev. 2.00, 09/03, page xxix of xxx
RENESAS



Appendix B Internal I/O RE@ISTETS..........coiiuriiriiiiiiicneeee s 718

B.l  Addresses (EMOC = 1) ...cooiiiiiiieiieieeiesieeeieeie ettt sveebeesbe b e sssessaessaesseesseessesnnessnens 718
B.2  Addresses (EMOC = 0)....cccioriiiiieiieieeiesieesieesie e eveeetesteesteeseesseessesssessaesseesseesseessesssessnenns 729
B3 FUNCHIOMS .ttt ettt b e sttt et et et bbbt eb e et eneeneens 752
Appendix C /O Port Block Diagrams...........cccoooieiiinieiieieieeeeee e, 835
(O T o)y A U 23 (o Tod @ DTV 2 s o USSP 835
C.2  Port 2 BloCK DIQ@Irami.......ccceevuieriierieiieieeiiesieesieeteeeesetesaeesaeeseessesssesssesseesseesseessesssesssesens 836
C.3  Port 3 BloCK DIQ@Iami.......cccuevuieiieiieiiieieeiiesiieste e eee e seeesaeeseessesssesssessaessaesseessesssessnesens 837
C.4  Port 4 Block DIQ@rami.......ccceevuieriieiieiieeieetiesiiesieeteeeesaeseeesaeesseessesssesssessaesseesseessesssesssesees 838
C.5  Port 5 Block DIa@rami.......ccccevieiuieiiieiieiieeiiesiieie ettt ettt ettt eae e sneennes 839
C.6  Port 6 BloCk DIQ@IamS ........ccoueeiuieiiieiieiieee ettt sttt ettt ettt et e ae e seeeens 840
(O o)y A 3 (o Ted Q) DT ¥ 21 4o LSRR 847
C.8  Port 8 BIOCK DIQZIAMS .....ccueevvieiieiieeiieiieeiiesieesieeieeteseeseeesaeesseesseessesssesseesseesseessesssesssesses 848
C.9  Port 9 BloCk DIQGIAMS .....cceevuieiierieiieieeiiesiiesieeteeteseeseeesaeesseesseessesssesseeseensasssesssesssesses 853
C.10 Port A BIOCK DI@Iams .........ccceeuiervieiieiieieiiesieesie et eeeseeesteesseesseesseessessaesseesseesseessesssesens 859
C.11 Port B Block DIia@rams..........ccceeieiuieiieieeiiesiiesieesie ettt eeee sttt s saeeeeenee s 862
Appendix D Pin States.........cocoviiiioiiieieeeeee s 870
D.1  Port States in EACh MOE ....c..couiiiiiiiiiiiiiieieceteee et 870
D.2  Pin States @t RESE ...cueruiiiiiiiiiieiieieieteee sttt 877

Appendix E Timing of Transition to and Recovery from Hardware

Standby MO ... 880

Appendix F Product Code LIN@UP..........cccovririiririiriiieieieeeie s 881

Appendix G Package DIMENSIONS...........coooiueiuiuniiriiriiieieeieie s 882

Appendix H Comparison of H8/300H Series Product Specifications................... 884
H.1 Differences between H8/3028 Group and H8/3067 Group and H8/3024 Group,

HB8/3048 GIOUP ....ceuvetiteeieeitetee ettt ettt st b ettt be bbbt et eneennes 884

H.2 Comparison of Pin Functions of 100-Pin Package Products (FP-100B, TFP-100B) ........ 887

Rev. 2.00, 09/03, page xxx of xxx
RENESAS



Section 1 Overview

1.1 Overview

The H8/3028 Group comprises microcontrollers (MCUs) that integrate system supporting
functions together with an H8/300H CPU core having an original Hitachi 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 timer, an 8-bit timer, 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), and other facilities.

The H8/3028 Group has 384 kbytes of ROM and 16 kbytes of RAM.

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

In addition to the mask-ROM version of the H8/3028 Group, an F-ZTATO * version with an on-
chip flash memory that can be freely programmed and reprogrammed by the user after the board is
installed is also available. This version enables users to respond quickly and flexibly to changing
application specifications, growing production volumes, and other conditions.

Table 1.1 summarizes the features of the H8/3028 Group.

Note: * F-ZTAT™ (Flexible ZTAT) is a trademark of Renesas Technology Corp.
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Table 1.1  Features

Feature Description

CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine

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

High-speed operation

Maximum clock rate: 25 MHz
Add/subtract: 80 ns
Multiply/divide: 560 ns

16-Mbyte address space

Instruction features

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

Signed and unsigned multiply instructions (8 bits x 8 bits, 16 bits x 16 bits)
Signed and unsigned divide instructions (16 bits + 8 bits, 32 bits + 16 bits)
Bit accumulator function

Bit manipulation instructions with register-indirect specification of bit
positions

Memory H8/3028 Group

ROM: 384 kbytes
RAM: 16 kbytes

Interrupt .
controller

Seven external interrupt pins: NMI, IRQo to IRQs
36 internal interrupts

Three selectable interrupt priority levels
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Feature

Description

Bus controller

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

Chip select output available for areas 0 to 7

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

Number of program wait states selectable for each area
Direct connection of burst ROM

Direct connection of up to 8-Mbyte DRAM (or DRAM interface can be used
as interval timer)

Bus arbitration function

DMA controller

Short address mode

(DMAC) ¢ Maximum four channels available
« Selection of /0 mode, idle mode, or repeat mode
¢ Can be activated by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, conversion-end interrupts from the A/D converter,
transmit-data-empty and receive-data-full interrupts from the SCI, or external
requests
Full address mode
¢ Maximum two channels available
« Selection of normal mode or block transfer mode
¢ Can be activated by compare match/input capture A interrupts from 16-bit
timer channels 0 to 2, conversion-end interrupts from the A/D converter,
external requests, or auto-request
16-bit timer, ¢ Three 16-bit timer channels, capable of processing up to six pulse outputs or
3 channels

six pulse inputs

16-bit timer counter (channels 0 to 2)

Two multiplexed output compare/input capture pins (channels 0 to 2)
Operation can be synchronized (channels 0 to 2)

PWM mode available (channels 0 to 2)

Phase counting mode available (channel 2)

DMAC can be activated by compare match/input capture A interrupts
(channels 0 to 2)
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Feature

Description

8-bit timer,
4 channels

8-bit up-counter (external event count capability)
Two time constant registers
Two channels can be connected

Programmable
timing pattern
controller (TPC)

Maximum 16-bit pulse output, using 16-bit timer 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 ¢ Reset signal can be generated by overflow

T?;;m/e?n, * Reset signal can be output externally (not in the F-ZTAT version)
e Usable as an interval timer

Serial « Selection of asynchronous or synchronous mode

communication
interface (SCI),
3 channels

Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator
Smart card interface functions added

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 started by an external trigger or 8-bit timer compare-
match

DMAC can be activated by an A/D conversion end interrupt

D/A converter

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

1/0O ports

70 input/output pins
9 input-only pins
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Feature

Description

Operating modes

Seven MCU operating 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 A to Ay 16 bits 16 bits

Mode 3 16 Mbytes Azs to Ay 8 bits 16 bits

Mode 4 16 Mbytes Azs to Ay 16 bits 16 bits

Mode 5 16 Mbytes Azs to Ay 8 bits 16 bits

Mode 6 64 kbyte — — —

Mode 7 1 Mbyte — — —

Note: On-chip ROM is disabled in modes 1 to 4.

Power-down e Sleep mode
state

¢ Software standby mode

« Hardware standby mode

¢ Module standby function

e Programmable system clock frequency division
Other features e On-chip clock pulse generator

Product lineup

Product Type Product Code  Package ROM
H8/3028 HD64F3028F 100-pin QFP Flash memory version
(FP-100B)
HD64F3028TE  100-pin TQFP
(TFP-100B)
HD6433028F 100-pin QFP Mask ROM version
(FP-100B)
HD6433028TE  100-pin TQFP
(TFP-100B)
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1.2 Block Diagram

Figure 1.1 shows an internal bloc

k diagram.
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Note: * Functions as RESO in mask ROM version and as FWE in flash memory version.
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1.3 Pin Description

1.3.1 Pin Arrangement

The pin arrangement of the H8/3028 Group FP-100B and TFP-100B packages is shown in figure
1.2.
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Note: * Functions as RESO in mask ROM version and as FWE in flash memory version.

Figure 1.2 Pin Arrangement (FP-100B or TFP-100B, Top View)
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1.3.2 Pin Functions
Table 1.2 summarizes the pin functions.

Table 1.2  Pin Functions

Pin No.
FP-100B
Type Symbol TFP-100B 1/0 Name and Function
Power Vce 1, 35, 68 Input Power: For connection to the power supply.
Connect all V¢c pins to the system power
supply.
Vss 11, 22, 44, Input Ground: For connection to ground (0 V).
57,65, 92 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 19, 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
19, Clock Pulse Generator.

(0} 61 Output  System clock: Supplies the system clock to

external devices.

Operating MDyto MDy 75to 73 Input Mode 2 to mode 0: For setting the operating
mode mode, as follows. Inputs at these pins must not
control be changed during operation.

MD, MD- MD,  Operating Mode

Mode 1

Mode 2

Mode 3

Mode 4

Mode 5

Mode 6

Al alalalo|lolo] o
Al alo|lO| Al a|lO| O

0
1
0
1
0
1
0
1

Mode 7
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Pin No.

FP-100B
Type Symbol TFP-100B 1/O0 Name and Function
System RES 63 Input Reset input: When driven low, this pin resets
control the chip

RESO 10 Output Reset output (mask ROM version): Outputs
the reset signal generated by the watchdog timer
to an external device

FWE 10 Input Write enable signal (F-ZTAT version): Flash
memory write control signal

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

IRQs to 17, 16, Input Interrupt request 5 to 0: Maskable interrupt

IRQo 90 to 87 request pins

Address Azz to Ag 97 to 100, Output Address bus: Outputs address signals
bus 56 to 45,

43 to 36
Data bus D15 to Do 34 to 23, Input/ Data bus: Bidirectional data bus

211018 output
Bus CS;toCSy 2to5, Output  Chip select: Select signals for areas 7 to 0
control 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 Do).

WAIT 58 Input Wait: Requests insertion of wait states in bus

cycles during access to the external address
space
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Pin No.

FP-100B

Type Symbol TFP-100B 1/0 Name and Function
DRAM RFSH 87 Output Refresh: Indicates a refresh cycle
interface CS,t0 CSs 89, 88, Output Row address strobe RAS: Row address strobe
5,4 signal for DRAM
RD 70 Output  Write enable WE: Write enable signal for DRAM
HWR 71 Output  Upper column address strobe UCAS: Column
UCAS 6 address strobe signal for DRAM
LWR 72 Output Lower column address strobe LCAS: Column
LCAS 7 address strobe signal for DRAM
DMA DREQ;q, 53 Input DMA request 1 and 0: DMAC activation
controller DREQo requests
(DMAC) TENDq, 94, 93 Output  Transfer end 1 and 0: These signals indicate
TENDo that the DMAC has ended a data transfer
16-bit timer TCLKD to 96 to 93 Input Clock input D to A: External clock inputs
TCLKA
TIOCA; to 99,97,95 Input/ Input capture/output compare A2 to AO:
TIOCA, output GRAZ2 to GRAO output compare or input capture,
or PWM output
TIOCB; to 100, 98, Input/ Input capture/output compare B2 to BO:
TIOCBy 96 output GRB2 to GRBO output compare or input capture,
or PWM output
8-bit timer  TMOy, 2,4 Output Compare match output: Compare match
TMO, output pins
TMIO, 3,5 Input/ Input capture input/compare match output:
TMIO3 output  Input capture input or compare match output
pins
TCLKD to 96 to 93 Input Counter external clock input: These pins input
TCLKA an external clock to the counters.
Program- TPisto TPy 9to 2, Output TPC output 15 to 0: Pulse output
mable 100 to 93
timing
pattern
controller
(TPC)
Serial com- TxD3 to 8,13,12 Output  Transmit data (channels 0, 1, 2): SCI data
munication  TxDo output
interface . K .
RxD; to 9, 15,14 Input Receive data (channels 0, 1, 2): SCI data input
(SCh) RxDg
SCK; to 7,17, 16 Input/ Serial clock (channels 0, 1, 2): SCI clock
SCKo output  input/output
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Pin No.

FP-100B

Type Symbol TFP-100B 1/O0 Name and Function
A/D AN7to ANp 85t0 78 Input Analog 7 to 0: Analog input pins
converter

ADTRG 90 Input A/D conversion external trigger input:
External trigger input for starting A/D conversion

D/A DA1, DA 85, 84 Output  Analog output: Analog output from the
converter D/A converter

A/D and AVcc 76 Input Power supply pin for the A/D and D/A

D/A converters. Connect to the system power supply
converters 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 (0 V).

VRer 77 Input Reference voltage input pin for the A/D and D/A
converters. Connect to the system power supply
when not using the A/D and D/A converters.

I/O ports P17 to P1p 43 to 36 Input/ Port 1: Eight input/output pins. The direction of
output  each pin can be selected in the port 1 data
direction register (P1DDR).

P27 to P2y 52 to 45 Input/ Port 2: Eight input/output pins. The direction of

output  each pin can be selected in the port 2 data
direction register (P2DDR).

P37 to P3p 34 to 27 Input/ Port 3: Eight input/output pins. The direction of

output  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. The direction of

21t018 output  each pin can be selected in the port 4 data
direction register (P4DDR).

P53 to P5¢ 56 to 53 Input/ Port 5: Four input/output pins. The direction of

output  each pin can be selected in the port 5 data
direction register (P5DDR).

P67 to P6o 61, Input/ Port 6: Eight input/output pins. The direction of

72 to 69, output  each pin can be selected in the port 6 data
60 to 58 direction register (P6DDR).

P77 to P7¢ 85t078 Input Port 7: Eight input pins

P84 to P8¢ 91 to 87 Input/ Port 8: Five input/output pins. The direction of

output  each pin can be selected in the port 8 data

direction register (P8DDR).
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Pin No.

FP-100B

Type Symbol TFP-100B 1/O0 Name and Function
1/O ports P95 to P9y 17 to 12 Input/ Port 9: Six input/output pins. The direction of
output  each pin can be selected in the port 9 data
direction register (PO9DDR).
PA7to PA; 100t0 93  Input/ Port A: Eight input/output pins. The direction of
output  each pin can be selected in the port A data
direction register (PADDR).
PBrtoPBy 9to2 Input/ Port B: Eight input/output pins. The direction of
output  each pin can be selected in the port B data

direction register (PBDDR).
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1.3.3

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 No. Pin Name

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7

1 VCC VCC VCC VCC VCC VCC VCC

2 PBo/TPs  PBy/TPg/ PBo/TPs/ PBo/TPs/ PBo/TPy  PBo/TPs/  PBo/TPy/
TMOJ/CS; TMOW/CS; TMOJCS;  TMOJ/CS; TMOW/CS; TMO, TMO,

3 PB.«/TPy  PBy/TPy/ PB1/TPy/ PB4/TPy/ PB:i/TPy  PBy/TPy/  PB4/TP¢/
TMIO./ TMIO./ TMIO./ TMIO./ TMIO/ TMIO/ TMIO/
DREQy/ DREQy/ DREQy/ DREQy/ DREQy/ DREQy DREQo
CSs CSs CSs CSs CSs

4 PBo/TP/  PBy/TP1/  PBo/TP1ol PBo/TPi/  PBy/TPi/  PBoTPio/  PBo/TPyof
TMO,/CSs TMO,/CSs TMO./CSs  TMO,/CSs TMO,/CSs TMO, TMO,

5 PBs/TP1/  PBs/TPy/  PBy/TPy/ PBy/TP1/  PBy/TPu/  PBa/TPy/  PBs/TPy/
TMIOy/ TMIO,/ TMIO,/ TMIO,/ TMIO,/ TMIO,/ TMIO,/
DREQ/ DREQ/ DREQ// DREQ// DREQ// DREQ, DREQ;
CS, CS, CS, CS, CS,

6 PB4/TP1/  PBJTPi  PBJTPyf PBJ/TP/  PB4JTPi/  PB4TPy;  PBJTPy,
UCAS UCAS UCAS UCAS UCAS

7 PBs/TP1s/  PBs/TP:s/  PBs/TPs/ PBs/TP1s/  PBs/TPis/  PBs/TP:/  PBs/TPys/
LCAS/ LCAS/ LCAS/ LCAS/ LCAS/ SCK; SCK;
SCK, SCK, SCK, SCK, SCK,

8 PBs/TP/  PBe/TPi/  PBo/TP14/ PBs/TP1/  PBg/TPu/  PBg/TPu/  PBe/TP1/
TXD2 TXD2 TXD2 TXD2 TXDZ TXD2 TXDZ

9 PB/ TP/  PBy/TPs/  PB/TPs PB//TPis/  PB/TPis/  PB:/TP:«s/  PB/TPys/
RXD2 RXD2 RXD2 RXD2 RXDZ RXD2 RXDZ

10 RESO/ RESO/ RESO/ RESO/ RESO/ RESO/ RESO/
FWE™ FWE™ FWE™ FWE™ FWE™ FWE™ FWE™

1 1 VSS VSS VSS VSS VSS VSS VSS

12 PgolTXDo P90/TXDO P90/TXDO P90/TXDO P90/TXDO Pgo/TXDo P90/TXDO

13 P9./TxD;  P94/TxDy P9,/TxD; P9,/TxD; P9./TxD;  P94TxD;  P94/TxD,

14 P9,/RxDy  P9/RxDy  P9,/RxDy P9,/RxDy  P9/RxDy  P9/RxDy  P9./RxDq

15 P93/RXD1 P93/RXD1 P93/RXD1 P93/RXD1 P93/RXD1 P93/RXD1 P93/RXD1

16 P9,/IRQ/ P9J/IRQJ  P9./IRQ P9,/IRQs  P9/RQJ P9/IRQ4 P9JIRQL
SCK, SCK, SCK, SCK, SCKo SCK, SCKo

17 P9s/IRQs/  P9/IRQsy  P9/IRQs/ P95/IRQs/  P9/IRQs P9s/RQs/  P9s/IRQs/
SCK;4 SCK;4 SCK; SCK; SCK; SCK;4 SCK;

18 P4o/Do*? P4o/Do*? P4o/Dy*? P4o/Dy*? P4o/Dy*? P4, P4,

19 P4,/D,*? P4,/D,*? P4./D,*? P4./D*? P4./D,*? P4, P4,

RENESAS

Rev. 2.00, 09/03, page 13 of 890



Pin No. Pin Name

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
20 P4,/D,*?  P4,/D,*? P4,/D,*? P4,/D,*? P4,/D,*? P4, P4,
21 P44/Ds™? P44/Ds™ P44/Ds*? P44/Ds*° P4,4/D5*? P4 P4,
22 VSS VSS VSS VSS VSS VSS VSS
23 P4,/D,*?  P44Ds*? P4,/D,*? P4,/D,*? P4,/D,* P4, P4,
24 P45/Ds*? P45/Ds™ P45/Ds*? P4s/Ds** P45/Ds*? P45 P4s
25 P4¢/Ds*?  P4e/Dg* P44/Dg™*? P44/Dg™* P4s/Dg*? P4 P4
26 P4,/D;**  P4,D;* P4,/D,*? P4,/D,*? P4,/D;** P4, P4,
27 Ds Ds Ds Ds Ds P3, P3,
28 Do Do De D De P3, P3;
29 D1o D1o D1o D1o D1o P3; P3;
30 D11 D11 D11 D11 D11 P33 P33
31 D12 D12 D12 D12 D12 P34 P34
32 D13 D13 D13 D13 D13 P3s P3s
33 D14 D14 D14 D14 D14 P3¢ P3¢
34 D15 D15 D15 D15 D15 P37 P37
35 VCC VCC VCC VCC VCC VCC VCC
36 Ao Ao A Ao P14/Ao P1o P1,
37 A A A A P14/A P1, P1,
38 A, A, A, A, P1,/A; P1, P1,
39 As As As As P14/As P1s P1s
40 A A A A, P14/A, P1, P14
41 As As As As P1s/As P15 P1s
42 As As As As P16/As P1e P1s
43 A; A; A A P17/A; P1; P1;
44 Vss Vss Vss Vss Vss Vss Vss
45 As As As As P24/As P2, P2,
46 Aq Aq Aq Aq P2,/Aq P2, P2,
47 Ao Ao A A P2,/A10 P2, P2,
48 Ay A Aq Ay P24/Aq1 P2, P2,
49 Az Az Az Az P24/A2 P2, P2,
50 Ass Az Az Az P25/A13 P25 P25
51 A A A A P2/A1s P2 P2,
52 Ass Ass Ass Ass P27/A1s P2; P2;
53 Ass Ass Ass Ass P50/As P5, P5,
54 Az Az Az Az P51/A47 P5, P5,
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Pin No. Pin Name

FP-100B

TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7

55 Asg Asg Atg Atg P5,/A1s P5, P5,

56 Ao Ao Aig Ao P53/A1q P53 P53

57 Vss Vss Vss Vss Vss Vss Vss

58 P6,/WAIT  P6o/WAIT P6./WAIT P6o/WAIT P6./WAIT  P6g P6,

59 P6./BREQ P6./BREQ P6,/BREQ P6./BREQ P6./BREQ P6; P6,

60 P6,/BACK P6,/BACK  P6,/BACK P6,/BACK  P6,/BACK P6; P6,

61 0 0 0 0 P6./¢ P6:/¢ P6./¢p

62 STBY STBY STBY STBY STBY STBY STBY

63 RES RES RES RES RES RES RES

64 NMI NMI NMI NMI NMI NMI NMI

65 VSS VSS VSS VSS VSS VSS VSS

66 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL

67 XTAL XTAL XTAL XTAL XTAL XTAL XTAL

68 Vee Vee Vee Vee Vee Vee Vee

69 AS AS AS AS AS P63 P63

70 RD RD RD RD RD P64 P64

7 HWR HWR HWR HWR HWR P65 P6s

72 LWR LWR LWR LWR LWR P66 P6e

73 MD, MD, MD, MD, MD, MD, MD,

74 MD; MD; MD+ MD+ MD+ MD; MD+

75 MD, MD, MD, MD, MD, MD, MD,

76 AVcc AVcc AVcc AVcc AVcc AVcc AVcc

77 Vrer Vrer VRer VRer VRer Vrer VRer

78 P7,/ANg P7:/ANg P7:/ANg P7:/ANg P7:/ANg P7:/ANg P7:/ANg

79 P7./AN, P74/AN; P74/AN; P74/AN; P74/AN; P74/AN; P74/AN,

80 P72/AN, P7,/AN, P72/AN, P7,/AN, P7,/AN; P7,/AN, P7,/AN,

81 P73/AN; P73/AN; P73/AN3 P73/AN3 P73/AN3 P73/AN; P73/AN3

82 P74/AN4 P74/AN, P74/AN, P74/AN, P74/AN, P74/AN, P74/AN,

83 P75/ANs P75/ANs P75/ANs P75/ANs P75/ANs P75/ANs P75/ANs

84 P7¢/ANg/ P76/ANg/ P76/ANg/ P76/ANg/ P76/ANg/ P76/ANg/ P76/ANg/
DA, DA, DAy DAy DA DAy DA

85 P7:/AN7/ P77/AN7/ P77/AN7/ P7:/AN7/ P77/AN7/ P77/AN7/ P77/AN7/
DA, DA, DA, DA, DA, DA, DA,

86 AVss AVss AVss AVss AVss AVss AVss

87 P8./IRQY  P8/IRQY  P8y/IRQY P8,/IRQyY  P8/IRQY P8/IRQy  P8RQy
RFSH RFSH RFSH RFSH RFSH
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Pin No. Pin Name

FP-100B
TFP-100B Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
88 P8./IRQ/  P8./IRQy/ P8./IRQ./ P8./IRQy/ P8./IRQ/  P8:/IRQ; P8./RQ;
CS; CS; CS; CS; CS;
89 P8,/IRQ,  P8./IRQ/ P8./IRQ./ P8,/IRQ./ P8./IRQ,  P8./IRQ. P8./IRQ;,
CS, CS, CS, CS; CS,
90 P8s/IRQs  P8s/IRQy/ P84/IRQy/ P84/IRQy/ P8:IRQs  P8y/IRQy  P84/RQs/
CSy/ CS//ADTRG CS.//ADTRG CS/ADTRG CSi/ ADTRG ADTRG
ADTRG ADTRG
91 P8./CS, P8./CS, P8,/CS, P8.4/CS, P8,/CS, P8, P8,
92 Vss Vss Vss Vss Vss Vss Vss
93 PAG/TPy/ PA/TPy/ PAGTPy/ PAGTPy/ PAGTPy/ PAL/TPy/ PAGTPy/
TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/ TCLKA/
TEND, TEND, TEND, TEND, TEND, TEND, TEND,
94 PA/TP4/ PA/TP4/ PA4//TP, PA//TP4/ PA//TP4/ PA4/TP4/ PA//TP4/
TCLKB/ TCLKB/ /ITCLKB/ TCLKB/ TCLKB/ TCLKB/ TCLKB/
TEND4 TEND4 TEND; TEND; TEND; TEND4 TEND;
95 PALITP,/ PALITP,y/ PALITP,/ PALITP,/ PALITP,/ PALITP,/ PALITP,/
TIOCA./ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/ TIOCA/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC
96 PA:/TP3/ PA:/TP3/ PA,/TP/ PA,/TP/ PA,/TP/ PAS/TP,/ PA:/TP/
TIOCB/ TIOCB/ TIOCBy/ TIOCBy/ TIOCBy/ TIOCB/ TIOCB/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD
97 PALJTP/ PALJTP/ PALTP,/ PALTP,/ PALTP,/ PAL/TP,/ PALTP/
TIOCA, TIOCA, TIOCA./ TIOCA./ TIOCA./ TIOCA, TIOCA,
A23 A23 A23
98 PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/
TIOCB; TIOCB; TIOCB./ TIOCB./ TIOCB./ TIOCB; TIOCB;
Azz A22 A22
99 PAs/TPe/ PAs/TPe/ PA6/TPg/ PA6/TPg/ PAG/TPg/ PAs/TPs/ PA6/TPg/
TIOCA; TIOCA; TIOCA,/ TIOCA,/ TIOCA,/ TIOCA; TIOCA,
A21 A21 A21
100 PA/ITP,/ PA/ITP,/ A A PA;/TP,/ PA;/TP,/ PA/TP,/
TIOCB, TIOCB, TIOCB,/ TIOCB, TIOCB;
AZO

Notes: 1. Functions as RESO in mask ROM version and as FWE in flash memory version.
2. In modes 1, 3, 5 the P4, to P47 functions of pins P4¢/Do to P4;/D7 are selected after a
reset, but they can be changed by software.
3. In modes 2 and 4 the Do to D7 functions of pins P4¢/Do to P4;/D7 are selected after a
reset, but they can be changed by software.
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2.1

Section 2 CPU

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 arithmetic and logic instructions

0 Multiply and divide instructions

O Powerful bit-manipulation instructions

Eight addressing modes

O Register direct [Rn]

O Register indirect [@ERn]

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

O Register indirect with post-increment or pre-decrement [@ERn+ or @—ERn]
0 Absolute address [@aa:8, @aa:16, or @aa:24]

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

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

0 Memory indirect [@@aa:8]

16-Mbyte linear address space
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e High-speed operation

O All frequently-used instructions execute in two to four states
0 Maximum clock frequency: 25 MHz

O 8/16/32-bit register-register add/subtract: 80 ns

O 8 x 8-bit register-register multiply: 560 ns

O 16 =+ 8-bit register-register divide: 560 ns

O 16 x 16-bit register-register multiply: 880 ns

O 32 + 16-bit register-register divide: 880 ns

e Two CPU operating modes
0 Normal mode
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.

e 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.
¢ Enhanced addressing

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

* Enhanced instructions
O 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.

Maximum 64 kbytes, program

Normal mode and data areas combined

CPU operating modes

Maximum 16 Mbytes, program

Advanced mode and data areas combined

Figure 2.1 CPU Operating Modes

2.3 Address Space

Figure 2.2 shows a simple memory map for the H8/3028 Group. The H8/300H CPU can address a
linear address space with a maximum size of 64 kbytes in normal mode, and 16 Mbytes in
advanced mode. 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'0000 H'00000 H'000000
H'FFFF
H'FFFFF
H'FFFFFF
a. 1-Mbyte mode b. 16-Mbyte mode
Normal mode Advanced mode

Figure 2.2 Memory Map
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24 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 | |

76543210
ccR [1|ulH[u/N[zZ]v[c]

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

OsSNzCZIT

Figure 2.3 CPU 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 regqisters
— (extended registers)
EO to E7
ER registers L ] RH registers
ERO to ER7 ROH to R7H
L] 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), 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.

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. 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.
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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): Stores the value of the most significant bit of data, regarded as the
sign bit.

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 is generated by execution of an operation, and
cleared to 0 otherwise. Used by:

¢ Add instructions, to indicate a carry

¢ Subtract instructions, to indicate a borrow

« Shift and rotate instructions

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
UI 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 initial value of the stack pointer (ER7) is also undefined. The stack pointer (ER7) 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=0, 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 Rni 7l6l54[3[2/1]o| Dontcare |

1-bit data RnL ; Don’t care EE

7 43 0

4-bit BCD data RnH Don't care ,

7 43 0

4-bit BCD data RnL , Don’t care

7 o
Byte data RnH [:j Don’t care ;
MSB Lse
________________ 7 0
Byte data RnL ; Don'’t care ]::]
"""""""" MSB LSB

Legend

RnH: General register RH
RnL: General register RL

Figure 2.6 General Register Data Formats
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General

Data Type Register = Data Format
15 0
Word data Rn |
MSB LSB
15 0
Word data En | |
MSB LSB
31 1615 0
Longword data ERn |
MSB LSB
Legend
ERn: General register
En:  General register E
Rn:  General register R
MSB: Most significant bit
LSB: Least significant bit

Figure 2.7 General Register Data Formats
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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|6]5]4al3[2]1]0
Byte data Address L MSB: :LSB
Word data Address 2M MSB: ‘
Address 2M + 1 - LsB
Address 2N MSB:
Longword data Address 2N + 1 L
Address 2N + 2
Address 2N + 3 LsB

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*2 3

Arithmetic operations ADD, SUB, ADDX, SUBX, INC, DEC, ADDS, SUBS, DAA, DAS, 18
MULXU, MULXS, DIVXU, DIVXS, CMP, NEG, EXTS, EXTU

Logic operations AND, OR, XOR, NOT 4

Shift operations SHAL, SHAR, SHLL, SHLR, ROTL, ROTR, ROTXL, ROTXR 8

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, 14
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 H8/3028 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
=
) . € = & ~
Function Instruction 4 [4 1 - o
w w ® [3) o
< I ) © < o & ©
& 5 o ) ] T N o T s
] c W 2 2 ] 3 3 3 z 2 ®
* 3 ® ® ® ® ® ® ® ® ® ®
Data MOV BWL BWL BWL BWL BWL BWL B BWL BWL — — — —
transfer | oop pUSH — = — [ _ —_ T T 1 - Tw
MOVFPE*, — — - — — — — B - — — — -
MOVTPE*
Arithmetic |ADD, CMP BWL BWL —_ — — — — — — — — — —
operations SUB WL BVL — — — — — — — — — — —
ADDX, SUBX B B —_ — — — — — — — — — —
ADDS, SUBS — L —_ — — — — — — — — — —
INC, DEC — BWL —_ — — — — — — — — — —
DAA, DAS — B —_ — — — — — — — — — —
MULXU, — BW — — — — — — — — — — —
MULXS,
DIVXU,
DIVXS
NEG — | BWL | — — — — — — — — — — —
EXTU, EXTS — WL — — — — — — — — — — —
Logic AND, OR, XOR — BWL —_ — — — — — — — — — —
operations NOT — BWL _ _ _ _ _ _ _ _ _ _ _
Shift instructions — BWL — — — — — — — — — — _
Bit manipulation — B B — — — B — — — — — —
Branch Bcc, BSR — — —_ — — — — — — — — _ —
JMP, JSR — — O — — — — — — o) e) — —
RTS — — — — — — — — @) — — @) —
System TRAPA — — —_ — — — — — — _ — _ o
control RTE _ _ _ _ _ _ — — — — — — O
SLEEP — — — — — —_ — — — — — — e
LDC B B w w w w — w w — — — O
STC — w w w w — w W —_ — —
ANDC, ORC, B — — — — —_ —_ — — — — — —
XORC
NOP — — — — — — — — — — — — O
Block data transfer — — — — — — — — — — — — BW

Notes: *
B:
W:
L:

@]

Not available in the H8/3028 Group

Byte
Word
Longword

: No match
: Match
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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”
ERnN General register (32-bit register or address register)
(EAd) Destination operand
(EASs) Source operand
CCR Condition code register
N N (negative) flag of CCR
VA Z (zero) flag of CCR
\Y V (overflow) flag of CCR
C C (carry) flag of CCR
PC Program counter
SP Stack pointer
#IMM Immediate data
disp Displacement
+ Addition
- Subtraction
x Multiplication
Division
ad AND logical
d OR logical
ad Exclusive OR logical
- Move
B 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).

Rev. 2.00, 09/03, page 29 of 890
RENESAS



Table 2.3 Data Transfer Instructions

Instruction  Size™

Function

MOV B/W/L  (EAs) - Rd, Rs - (EAd)
Moves data between two general registers or between a general register
and memory, or moves immediate data to a general register.
MOVFPE B (EAs) - Rd
Cannot be used in this LSI.
MOVTPE B Rs - (EAs)
Cannot be used in this LSI.
POP WIL @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 BW/L Rd*Rs - Rd, Rd+#MM - 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, B Rd+Rs+C - Rd,Rd+#IMM + C - Rd

SuBX 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, BW/L Rd#*1 - Rd,Rd+2 - Rd

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

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

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

DAA, B Rd decimal adjust - Rd

DAS Decimal-adjusts an addition or subtraction result in a general register by
referring to 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.

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 BW/L 0-Rd - Rd

Takes the two’s complement (arithmetic complement) of data in a general
register.
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Instruction  Size*  Function

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
Table 2.5  Logic Operation Instructions
Instruction  Size*  Function
AND B/W/L RdORs - Rd, Rd O#MM - Rd
Performs a logical AND operation on a general register and another
general register or immediate data.
OR B/W/L RdORs - Rd, Rd O#IMM - Rd
Performs a logical OR operation on a general register and another general
register or immediate data.
XOR BW/IL RdORs - Rd,Rd 0 #IMM - Rd
Performs a logical exclusive OR operation on a general register and
another general register or immediate data.
NOT B/W/L - Rd - Rd

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

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

L: Longword
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Table 2.6  Shift Instructions

Instruction Size™

Function

SHAL, SHAR  B/WI/L

Rd (shift) - Rd
Performs an arithmetic shift on general register contents.

SHLL, SHLR B/WI/L

Rd (shift) - Rd

Performs a logical shift on general register contents.

ROTL, ROTR  B/WI/L

Rd (rotate) - Rd
Rotates general register contents.

ROTXL, B/WI/L
ROTXR

Rd (rotate) - Rd
Rotates general register contents, including the carry bit.

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table 2.7

Instruction

Size™

Bit Manipulation Instructions

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

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

= (<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

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

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

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.

BOR

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

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

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

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.
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Instruction  Size™

Function

BLD B

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

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

BILD B

7 (<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 - 1 (<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 address specified condition is met.
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 (high orsame) C=0
BCS (BLO) Carry set (low) c=1
BNE Not equal Z=0
BEQ Equal Z=1
BVC Overflow clear V=0
BVS Overflow set V=1
BPL Plus N=0
BMI Minus N =1
BGE Greater or equal NOV=0
BLT Less than NOV=1
BGT Greater than ZONOV)=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
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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 CCRO#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

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;

Block transfer instruction. This instruction transfers the number of data
bytes specified by R4L or R4, starting from the address indicated by ERS5,
to the location starting at the address indicated by ER6. At the end of the
transfer, the next instruction is executed.
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2.64 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.

Figure 2.9 shows examples of instruction formats.

Operation field only
| op | NOP,RTS, etc.

Operation field and register fields

| op ‘ rn ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ m ‘ m

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

EA (disp)

Operation field, effective address extension, and condition field

op cc | EA (disp) BRAd:8

Figure 2.9 Instruction Formats
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2.6.5 Notes on Use of Bit Manipulation Instructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, 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.

Step Description

1 Read Read one data byte at the specified address

2 Modify Modify one bit in the data byte

3 Write Write the modified data byte back to the specified address

Example 1: BCLR is executed to clear bit 0 in the port 4 data direction register (P4DDR) under
the following conditions.

P44, P4¢:  Input pins
P45 —P4jy: Output pins

The intended purpose of this BCLR instruction is to switch P4 from output to input.

Before Execution of BCLR Instruction

P4, P4g P44 P4, P4, P4, P4, P4,
Input/output  Input Input Output  Output Output Output Output Output
DDR 0 0 1 1 1 1 1 1
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Execution of BCLR Instruction
BCLR #0, @P4DDR ;Clear bit 0 in data direction register

After Execution of BCLR Instruction

P4, P4¢ P45 P4, P4, P4, P4, P4,
Input/output  Output  Output Output Output Output Output Output Input
DDR 1 1 1 1 1 1 1 0

Explanation: To execute the BCLR instruction, the CPU begins by reading PADDR. Since
P4DDR 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 H'FE.
Finally, the CPU writes this value (H'FE) back to P4ADDR to complete the BCLR instruction.

As a result, P4yDDR is cleared to 0, making P4 an input pin. In addition, P47DDR and P4¢DDR
are set to 1, making P4, and P4 output pins.

The BCLR instruction can be used to clear flags in the on-chip 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 @ERnN
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. ER0 to ER7 can be specified as 32-bit
registers.

2 Register Indirect—@ERnR: 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:

e 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'FFFOO0 to H'FFFFF H'FFFFOO to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'O7FFF, 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
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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 k% 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

Rev. 2.00, 09/03, page 47 of 890
RENESAS




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

Priority = Type of Exception Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts immediately
when RES changes from low to high
Interrupt End of instruction When an interrupt is requested,
execution or end of exception handling starts at the end of
exception handling® the current instruction or current
exception-handling sequence
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.

Reset

External interrupts
Exception

sources Interrupt

Internal interrupts (from on-chip supporting modules)

Trap instruction

Figure 2.12 Classification of Exception Sources
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Bus request

End of bus release

End of bus

Program execution state>
release

SLEEP
instruction
with SSBY =0

Bus
request

C Bus-released state >

End of
exception
handling

Exception
handling source

Interrupt source

NMI, IRQq, IRQ &,
O\ orIRQ; interrupt

<Exception-handling statej~

A

> Software standby mode >

S

RES = "High"

C rosetotate 1 )STBY="High", RES ="Low"
eset state -

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 whenSTBY 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 UI 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.

¥/\ ¥/\

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 address

f f

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 DRAM interface, 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 6.10, Bus Arbiter.

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 I/O 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 20, 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

< Tqstate —»<—T,state —»

¢ I o e W

Internal address bus >< Address ><

Internal read signal \ y
Internal data bus ‘ 1 ‘

(read access) 1> ( Read data >—
Internal write signal : N\ 3/

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

Figure 2.15 On-Chip Memory Access Cycle
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Address bus >< Add‘ress ><

AS, RD, HWR

-
)

High imbedance

D15 to Dg 1

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 internal I/O register being accessed. Figure 2.17 shows the on-chip supporting
module access timing. Figure 2.18 indicates the pin states.

Bus cycle

|
|

— o
e |
|
|

-«— T, state - T, state - Ty state —»

N

Address bus

W

Internal read signal

Address \

Read
access | |
Internal data bus > ( Read data \>
Internal write signal | ‘\ ‘ / |
Write 3 ; ; !
access ! ! ! |
Internal data bus :>—< Write data >—

Figure 2.17 Access Cycle for On-Chip Supporting Modules
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- T T, e T3

A e

Address bus >< Address X:

AS, RD, HWR, LWR

High impedance

D15 to Do

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 H8/3028 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

Description
Operating Mode Pins 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 Single-chip normal mode — Enabled  Enabled
Mode 7 1 1 1 Single-chip advanced — Enabled  Enabled

mode

Notes: 1. In modes 1 to 5, 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 three choices: 64 kbytes, 1 Mbyte, or 16 Mbyte.The external
data bus is either 8 or 16 bits wide depending on ABWCR settings. If 8-bit access is selected for
all areas, 8-bit bus mode is used. 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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Mode 5 is an externally expanded mode that enables access to external memory and peripheral
devices and also enables access to the on-chip ROM. Mode 5 supports a maximum address space
of 16 Mbytes.

Modes 6 and 7 are single-chip modes that operate using the on-chip ROM, RAM, and registers,
and makes all I/O ports available. Mode 6 supports a maximum address space of 64 kbytes. Mode
7 supports a maximum address space of 1 Mbyte.

The H8/3028 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 H8/3028 Group has a mode control register (MDCR) that indicates the inputs at the mode
pins (MD; to MDy), and a system control register (SYSCR). Table 3.2 summarizes these registers.

Table 3.2  Registers

Address™ Name Abbreviation R/W Initial Value
H'EEO11 Mode control register MDCR R Undetermined
H'EEO12 System control register SYSCR R/W H'09

Note: * Lower 20 bits of the address in advanced mode.
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3.2 Mode Control Register (MDCR)

MDCR is an 8-bit read-only register that indicates the current operating mode of the
H8/3028 Group.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ MDS2 ‘ MDS1 ‘ MDSO0 ‘
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R
| | |
Reserved bits Reserved bits Mode select2to 0

Bits indicating the current
operating mode

Note: * Determined by pins MD, to MDy,.

Bits 7 and 6—Reserved: These bits can not be modified and are always read as 1.
Bits 5 to 3—Reserved: These bits can not be modified and are always read as 0.

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 MDy) levels are latched into these bits when
MDCR is read.
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33 System Control Register (SYSCR)

SYSCR is an 8-bit register that controls the operation of the H8/3028 Group.

Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ SSOE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RAM enable
Enables or
disables
on-chip RAM

Software standby output
port enable

Selects the output state

of the address bus

and bus control signals

in software standby mode

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 2 to 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 20, 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 2 to 0 (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 20.4.3, Selection of Waiting
Time for Exit from Software Standby Mode.

Bit 6 Bit 5 Bit 4
STS2 STS1 STSO Description

0 0 0 Waiting time = 8,192 states (Initial value)

Waiting time = 16,384 states

Waiting time = 32,768 states

Waiting time = 65,536 states

Waiting time = 131,072 states

Waiting time = 262,144 states

Waiting time = 1,024 states

= =_ A a0l 0O O
Al A OOl A~ O
2SO | O O -

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
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Bit 1—Software Standby Output Port Enable (SSOE): Specifies whether the address bus and
bus control signals (ﬁo to CS,, AS, RD, HWR, LWR, UCAS, LCAS, and RFSH) are kept as
outputs or fixed high, or placed in the high-impedance state in software standby mode.

Bit 1

SSOE Description

0 In software standby mode, the address bus and bus control signals are all high-
impedance (Initial value)

1 In software standby mode, the address bus retains its output state and bus control

signals are fixed high

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)

34 Operating Mode Descriptions

3.4.1 Mode 1

Ports 1, 2, and 5 function as address pins Ay 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.

3.4.2 Mode 2

Ports 1, 2, and 5 function as address pins A9 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 A,; 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.)
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3.4.4 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. A,; 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 and part of port A can function as address pins A,; 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 P5SDDR) must be set to 1. For Ay; to Ay output, write 0 in bits 7 to 4 of BRCR. 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.

3.4.6 Mode 6

This mode operates using the on-chip ROM, RAM, and registers. All I/O ports are available.
Mode 6 supports a maximum address space of 64 kbytes.

3.4.7 Mode 7

This mode operates using the on-chip ROM, RAM, and registers. All I/O ports are available.
Mode 7 supports a 1-Mbyte address space.
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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 A7 to Ag A7 to Ag A7 to Ag P1;to P1," P1,toP1,  P1;to P1g
Port2  AistoAs Assto Ag A to Ag Ass to Ag P2;to P2, P2,t0P2, P2,to P2,
Port 3 D15 to Dg D15 to Dg D15 to Dg D15 to Dg D15 to Dg P3;to P3y P37 to P3g
Port4  P4;to P4,*" Dy to D"’ P4;to P4,™" D;to D™ P4,toP4,™" P4;to P4y P4, to Pdg
Port5 AgtoAss Asgto A Ao to A A to Ass P55 to P5," P53to P5, P53 to P5,
PortA PA;toPA, PA;toPA, PAstoPA, PAstoPA, PA;toPA™ PA;toPA, PA;toPA,
Ax™ Axn™®
Notes: Initial state. The bus mode can be switched by settings in ABWCR. These pins function

as P47 to P4, in 8-bit bus mode, and as D7 to Dg in 16-bit bus mode.

data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.

A1 output by writing 0 in bits 7 to 5 of BRCR.

of BRCR.
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3.6 Memory Map in Each Operating Mode

Figure 3.1 to 3.2 show a memory maps of the H8/3028 Group. The address space is divided into
eight areas.

The EMC bit in BCR can be read and written to select either of the two memory maps. For details,
see section 6.2.5, Bus Control Register (BCR).

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 on-chip registers differ between the 64-kbyte mode
(mode 6), the 1-Mbyte modes (modes 1, 2, and 7), and the 16-Mbyte modes (modes 3, 4, and 5).
The address range specifiable by the CPU in the 8- and 16-bit absolute addressing modes (@aa:8
and @aa:16) also differs.

3.6.1 Note on Reserved Areas

The H8/3028 Group memory map includes reserved areas to which read/write access is prohibited.
Note that normal operation is not guaranteed if the following reserved areas are accessed.

The reserved area in the internal I/O register space.

The H8/3028 Group internal I/O register space includes a reserved area to which access is
prohibited. For details see Appendix B, Internal I/O Registers.
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Modes 1 and 2 Modes 3 and 4

(1-Mbyte expanded modes with (16-Mbyte expanded modes with
on-chip ROM disabled) on-chip ROM disabled)
H00000 Vector area 3 F000000 Vector area 3
_____________ R R a2 | B | 2
£8 3 28|32
H'000FF [r-=---------1 123 2 3 H'0000FF |------------1 1235 |9 Q
g‘_c = 0 E'.c =0
S |25 g S |25
55|28 §5|e%
HO7FFF| | =8y HOO7FFF| | =8y
HFFFF Area 0 Area 0
H?20000 [ 77T HAFFFFF | | .
HIFFFF| | Areat H'200000
H'60000 [External address | preg3 HSFFEFF|
H'7FFFF| ___space ___|""°9% H'400000
HA0000 | T T T A H5FFFFF| |
HBFFFF| | Areas H'600000 |~ External
E'BEE%OF Area 6 address Area 3
HEOOOO [~ I H'7FFFFF space |
Area 7 H'800000 | """
H'EE000
Intgrnal 110 Area 4
Hegorr| registers (M HOFFFFF| |
External address H'A00000
space
H'F8000 |----- Pace Area 5
HFBF1F ° HBFFFFF| __ 1 __
HFBF20 1 2 |3 HC00000
On-chip RAM o 2 Area 6
HEFFOO [~ -======~1 TS |8 . rea
o 3 HDFFFFF|_ __ | __
HEFE1F 3 |8 H'E00000
HFFF20 2
Internal 1/0 L 2 H'FEE000 Area 7
isters (2) 2 3
HEFFES regis 3 |8 Internal 1/O
' o ist 1
H'FFFEA| External ® |35 HFEEOFF|_ o @
address 5 ‘ui) External address
H'FFFFF space © ¥y H'EF8000 |.___SPace |
HFFBF1F
HFFBF20
On-chip RAM* 8 §
H'FFFFOOQ [~-~="""""""1 T8 2
HFFFF1F s |3
HFFFF20 T |®
Internal 1/0 ) 2
registers (2) s |2
HFFFFEQ 3 |2
HFFFFEA|  External E s
address 5 @
H'FFFFFF Sspace ® oy

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

Figure 3.1(1) H8/3028 Group Memory Map in Each Operating Mode
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Mode 5 Mode 6
(16-Mbyte expanded mode with (single-chip normal mode)
on-chip ROM enabled)

Mode 7
(single-chip advanced mode)

H'000000 T U U - '00000 T4 "1 -
Vector area ] H0000 Vector area -3 H00000 Vector area =3
............. Swn |2 e eeceeceee--] | B @ I B A I B 1
2813 28 2813
H'0000FF (. ___________| 1e 5|3 3 H'OOFF | ___________|] 1z S H'O00FF |____________| 1z SRR
<888 £3 $3 88
Sc =9 i - On-chip ROM P E=R)
OnchipROM | £8 |23 On-chipROM |~ 56 £2 83
S8 2% oy 28 |°8
H'OO7FFF |.coeoeoo .1 =2 @ HO7FFF |- cceeeeo_ L =21
H'05FFFF H'DFEF
H060000 Area 0 H'E000 H'SFFFF
H'200000 | " T T AT Internal /0
H3FFFFF| | '?f‘?ej 717 L registers (1)
H'400000 H'EOFF
HSFFFFF| .| Area2
H'600000 | External address
H7FFFFF| ___space __|Ara3 i
H'800000 '
HOFFFFF| .| Aread "
H'A00000 On-chip RAM 2
HBFFFFF| | Area5 . P 2
H'Co0000| "~ TTTTTTTTTTL I HFFOO oo . ‘
' A k<] H'EEO000
H'DFFFFF_____________,,[e,a,,e,,,, H'FF1F ® Internal I/O
H'E00000 Area 7 H'FE20 o registers (1)
Internal 1/0 5 H'EEOFF
HEFEQ registers (2) I
" Qo
HFEEO00 [ ormal 110 S H'F8000 -------------------q---
registers (1) ’ < »
H'FEEOFF HFFFF _____________ Y. @ HFBE20 2
External address On-chip RAM 8 9]
H'FF8000 | ___sPace 1 H'FFFO0 |- ===~~~ + 8 §
HFFBF1F HFFF1F 3 |2
H'FFBF20 _(??:(ih_le _R_A_’\_Af- B § % H'FFF20 Internal 1/0O g g
H'FFFF00 g |3 registers(2) || 2 | §
HFFFF1F N HFFFE9 g |5
HFFFF20| intemal o || g | ©® = |®
HFFFFE9 registers (2) (_:Js % — >
HFFFFEA g/ oo
External «© |
address 3 =
space 0 e
HFFFFFFL_ 1Y ____ ¥ ~_

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

Figure 3.1(2) H8/3028 Group Memory Map in Each Operating Mode (EMC =1)
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Modes 1 and 2

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

Modes 3 and 4

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

H00000 Vector area ] § Q H000000 Vector area s § %
-------------- o9 |3 o9 =
S5 (%2 £8(8q
H'O00FF | ____________. 1£2 189 H'O000FF | __________._. AR BKE
S5 |5 £ 55|55
g S © T Ec |©T
O |l-® @ T ©
HO7FFF [ ____ ,,,E,f,,,, HOO7FFF | ... | =98y _
H1FFEF Area 0 Area 0
H'20000 [~ """ 77T Aram 1 H1FFFFF | .|
Hareee | | Areal H'200000
Area 2 Area 1
HSFFFF | LT
H'60000 | External address | Areq 3 H3FFFFF | |
H'7FFFF | ____¢ space | T H'400000
bt LI
HA0000 [~ 77T T T Aram £ H'5FFFFF
nggggg ............... /,\fe,? 5 S H'600000 [~~~ TTTTTTTOC
Area 6 Area 3
HDFFFF | | ______
H'E0000 Area 7 H7FFFFF ||
H'EE000 H'800000
Intgrnal 110 Area 4
H'EE100 registers (1) H:9FFFFF ________________________
External address H'A00000
...... space | _______ Area 5
H'F8000
HBFFFFF | | ____
H'FBEEO On-chio RAM H'C00000
n-cnhip 17
(16 kbytes minus % Area 6
96 bytes) o HEOF('J:(;:(TO': ________________________
H'FFE80 3
Internal /0 ® Area 7
H Q
) registers (2) S H'EEE000
H'FFFO0 S Int 11/0
External address 2 r:g?srtnears )
[
H'FFF80 opoce e |3 H'FEE100
On-chip RAM = 7 External address
P S @ |© space
(96 bytes) 28 |- HFF8000 [~==~" """ ""T "3~
H'FFFEO ® 8
menalle | 2%
b ® On-chip RAM
HFFFFF ——————— 7~ (16 kbytgs minus §
96 bytes) 2
H'FFFE80 3
Internal 1/0 § ®
registers (2) e o
H'FFFF00 Ts |3
External address ] 3
space ° |
H'FFFF80 : 5 |z
On-chip RAM S 2
(96 bytes) s 1€
H'FFFFEO °
Internal 1/0 5
registers (3) ®©
HFFFFFF b—rere—— Y

Figure 3.2(1) H8/3028 Group Memory Map in Each Operating Mode (EMC = 0)
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Mode 5 Mode 7
(16-Mbyte expanded mode with (single-chip advanced mode)
on-chip ROM enabled)

H000000 Vector area 5 § 2 H00000 Vector area kst § 2
3
""""""" 28135, 282
SE | @ T35 1]
H'0000FF | - E§ £8 H'000FF | ... 1£8 €8
>0 =0 = = 0
. Sc |axs o5 |oxE
ey | 0 &
38|~ C |-
HO07FFF | ... | =87y _ HO7FFF [ ____ ,,;,ZQ,,,,,
H'05FFFF
H'060000
Area 0 80000
HYFFFFF | | __
H'200000
Area 1
H3FFFFF | ____________|
H'400000
External address | prog 2
space
HSFFFFF | |l
H'600000
Area 3
H:7FFFFF ________________________
H'800000 H'EE000
Area 4 Internal 110
— registers (1)
T H'EE100
Area 5 H'F8000
s e
' H'FBEEO
Area 6 On-chip RAM 8
(16 kbytes minus 3
e I 96 bytes) 3
H'E00000 H'FFES0 ©
Area 7 Internal 1/0 %
’ registers (2) =
H'FEE000 ' 3
Internal /O H'FFFO0 £
registers (1) H'FFF80 49 =
. On-chip RAM 2 2
HFEE100 External address (96 b’))Ites) 2 § ©
HEF8000 |----PR -t H'FFFEO |8
Internal 1/0 =5
HEEBEED — registers (3) g k)
On-chip RAM ®»
(16 kbytes minus @
96 bytes) @
H'FFFES0 3
Internal 1/0 § ®
registers (2) 3 Q
H'FFFFO0 TS 2
External address | | © 2
space o |®
H'FFFF80 : 5 |z
On-chip RAM ° 2
(96 bytes) 2 1€
H'FFFFEQ s
Internal 1/0 5
registers (3) Lol
HFFFFFF b—m—— 1 1

Figure 3.2(2) H8/3028 Group Memory Map in Each Operating Mode (EMC = 0)
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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 RES pin
Interrupt Interrupt requests are handled when execution of the current
I instruction or handling of the current exception is completed
Low Trap instruction Started by execution of a trap instruction (TRAPA)
(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 that address.

For a reset exception, steps 2 and 3 above are carried out.
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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 IRQ;
Exception
sources . Interrupts
Internal interrupts: 36 interrupts from on-chip
* Trap instruction supporting modules

Figure 4.1 Exception Sources
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Table 4.2  Exception Vector Table

Exception Source

Vector Number

Vector Address™

Advanced Mode

Normal Mode

Reset

0

H'0000 to H'0003

H'0000 to H'0001

Reserved for system use

N

H'0004 to H'0007

H'0002 to H'0003

H'0008 to H'000B

H'0004 to H'0005

H'000C to H'000F

H'0006 to H'0007

H'0010 to H'0013

H'0008 to H'0009

H'0014 to H'0017

H'000A to H'000B

H'0018 to H'001B

H'000C to H'000D

External interrupt (NMI)

H'001C to H'001F

H'000E to H'000F

Trap instruction (4 sources)

H'0020 to H'0023

H'0010 to H'0011

Ol | N oo o~ W DN

H'0024 to H'0027

H'0012 to H'0013

-
o

H'0028 to H'002B

H'0014 to H'0015

N
N

H'002C to H'002F

H'0016 to H'0017

External interrupt IRQq

-
N

H'0030 to H'0033

H'0018 to H'0019

External interrupt IRQq

-
w

H'0034 to H'0037

H'001A to H'001B

External interrupt IRQ.

-
~

H'0038 to H'003B

H'001C to H'001D

External interrupt IRQ3

-
¢,

H'003C to H'003F

H'001E to H'001F

External interrupt IRQ4

-
]

H'0040 to H'0043

H'0020 to H'0021

External interrupt IRQs

-
~

H'0044 to H'0047

H'0022 to H'0023

Reserved for system use

-
(o]

H'0048 to H'004B

H'0024 to H'0025

-
©

H'004C to H'004F

H'0026 to H'0027

Internal interrupts™*?

g8

63

H'0050 to H'0053
to
H'00FC to H'OOFF

H'0028 to H'0029
to
H'007E to H'007F

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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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. When the
flash memory and flash memory R versions are used, the RES pin must be held low for at least 20
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 in advanced mode, H'0000 to
H'0001 in normal mode) 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 mode 6.

Rev. 2.00, 09/03, page 72 of 890
RENESAS



"8]0A0 snq AleAe Ul S8je)s JIem 881y} SLasul J9[|0J1U0D 8je)s-JIeM BY) ‘1esal B sy 810N

weJboud Jo uononuisul 3sii4 (oL)

$saippe Jels (8)
(ssalppe 10309/ Bulpuey uondaoxa }asal Jo sjuajuod) ssaippe Hels  (8) (9) ‘() ()

€00000.H = (£) ‘200000.H = (S) ‘LO0000H = (€) ‘000000.H = (1) :10308A Jos81 Jo ssaippy  (2) (G) “(€) ‘(1)

: (8) : (9) : (%) : (2) , 8g oy Sq

HMHUMH

® X © X @ X ® X WX csolpon

/ S3d

— L] I I I L
=

co_yogmc_
weJboud sy ! ” ”
J0 ydjsjald Buissasoud yola} 10108/

EIE

Figure 4.2 Reset Sequence (Modes 1 and 3)
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Internal
Vector fetch processing

Prefetch of first
program instruction

RES 3

Address bus XM

@) X6

RD [ [

HWR, LWR

D45 to Dy (4)

(1), (3) Address of reset vector: (1) = H'000000, (3) = H'000002

(2), (4) Start address (contents of reset exception handling vector address)
(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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Prefetch of
Internal first program
Vector fetch ‘ processing iinstruction

6 Sy ey L

RES

Internal
address bus >< ()

Internal
read signal

SN

i
i
|
i
|
Internal !
write signal !
|
‘
|
|
|

Internal
data bus
(16 bits wide)

()

®)

X_ @ X

(1) Address of reset vector (H'0000)
(2) Start address (contents of reset exception handling vector address)
(3) First instruction of program

Figure 4.4 Reset Sequence (Mode 6)

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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4.3 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQ, to IRQs), and
36 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),
DRAM interface, 16-bit timer, 8-bit timer, 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.

Note: * In the flash memory version, NMI input is sometimes disabled. For details see section
18.9, NMI Input Disable Conditions.

For details on interrupts see section 5, Interrupt Controller.

NMI (1)

External interrupts { IRQ, to IRQ5 (6)

Interrupts WDT*1 (1)
DRAM interface™ (1)
. 16-bit timer (9)
Internal interrupts 8-bit timer (8)
DMAC (4)
SCI (12)
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 DRAM interface 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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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.
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4.5 Stack Status after Exception Handling

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

SP-4
SP-3
SP-2
SP-1
SP (ER7) —>

SP—4
SP-3
SP-2
SP—1
SP (ER7) >

Legend

\\\\__~’//////’“_“‘\\

Stack area

\\\\__~’//////’“_‘“‘\\

SP (ER7) -
SP+1
SP+2
SP+3
SP+4

\\\\__ﬂ//////”’_“‘\\

CCR

CCR*

PCH

PC L

\\\\__ﬂ///////’“_‘“‘\\

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

a. Normal mode

\\\\__~’//////’“_“‘\\

Stack area

\\\\__~’//////’“_‘“‘\\

SP (ER7) >
SP+1
SP+2
SP+3
SP+4

\\\\__ﬂ//////”’_“‘\\

CCR
PCE
PCH
PC L

\\\\__ﬂ///////’“_‘“‘\\

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

b. Advanced mode

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: PC indicates the address of the first instruction that will be executed after return.
Registers must be saved in word or longword size at even addresses.
* |gnored at return.

Even address

Even address

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 H8/3028 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.LERn  (or MOV.L ERn, @-SP)

Use the following instructions to restore registers:
POP.W Rn (or MOV.W @SP+, Rn)
POP.L ERn (or MOV.L @SP+, ERn)

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

CCR sP— RIL HFFFEFA

sp— HFFFEFB
i PC | i PC | werreEFC

i | i | wrrrEFD
77777777777777777777777777777777777777 HFFFEFF

SP —*

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:

e 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).

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

* 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.

Note: * In the flash memory, NMI input is sometimes disabled. For details see 18.9, NMI Input
Disable Conditions.
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5.1.2 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

liscr| [ 1ER| | IPRA IPRB |
NMI >
input B
| \i
. IRQ input -
IRQ input section ISR
Interrupt
OVE _ Priority request

TME decision logic

Vector
) > number

TEI :

CPU

ul

TEIE i -
Interrupt controller ( L
UE
SYSCR

Legend

ISCR:  IRQ sense control register

IER: IRQ enable register

ISR: IRQ status register

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

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 1/0 Function

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

External interrupt request 5to 0 IRQsto IRQy  Input Maskable interrupts, falling edge or level
sensing selectable

Note: * NMI input is sometimes disabled. For details see section 18.9, NMI Input Disabling
Conditions.

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'EE012 System control register SYSCR R/W H'09
H'EEO14 IRQ sense control register ISCR R/W H'00
H'EE015 IRQ enable register IER R/W H'00
H'EE016 IRQ status register ISR R/(W)*2 H'00
H'EEO018 Interrupt priority register A IPRA R/W H'00
H'EEO019 Interrupt priority register B IPRB R/W H'00

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written, to clear flags.

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'09 by a reset and in hardware standby mode. It is not initialized in
software standby mode.
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Bit 7 6 5 4 3 2 1 0
‘ SSBY ‘ STS2 ‘ STS1 ‘ STSO ‘ UE ‘NMIEG‘ SSOE ‘ RAME ‘
Initial value 0 0 0 0 1 0 0 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
RAM enable
Software standby
output port enable
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

Bit 3—User Bit Enable (UE): Seclects whether to use the UI 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 bitin 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 ‘ IPRAG ‘ IPRAS ‘ 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 A0
Selects the
priority level
of 16-bit timer
channel 2
interrupt
requests

Priority level A1
Selects the priority level
of 16-bit timer channel 1
interrupt requests

Priority level A2

Selects the priority level of
16-bit timer channel 0 interrupt
requests

Priority level A3

Selects the priority level of WDT,
DRAM interface, and A/D converter
interrupt requests

Priority level A4
Selects the priority level of IRQ* and IRQ®
interrupt requests

Priority level A5
Selects the priority level of IRQ? and IRQ? interrupt requests

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

Priority level A7
Selects the priority level of IRQ interrupt requests

IPRA is initialized to H'00 by a reset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7): Selects the priority level of IRQ, interrupt requests.

Bit 7

IPRA7 Description

0 IRQy interrupt requests have priority level O (low priority) (Initial value)
1 IRQy interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level A6 (IPRAG6): Selects the priority level of IRQ, interrupt requests.

Bit 6

IPRAG Description

0 IRQ1 interrupt requests have priority level O (low priority) (Initial value)
1 IRQ1 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

IPRA5 Description

0 IRQ2 and IRQ;s 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, DRAM interface, and A/D
converter interrupt requests.

Bit 3
IPRA3 Description
0 WDT, DRAM interface, and A/D converter interrupt requests have priority level 0
(low priority) (Initial value)
1 WDT, DRAM interface, and A/D converter interrupt requests have priority level 1

(high priority)
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Bit 2—Priority Level A2 (IPRA2): Selects the priority level of 16-bit timer channel 0 interrupt
requests.

Bit 2

IPRA2 Description

0 16-bit timer channel 0 interrupt requests have priority level 0 (low priority) (Initial value)
1 16-bit timer channel 0 interrupt requests have priority level 1 (high priority)

Bit 1—Priority Level A1 (IPRA1): Selects the priority level of 16-bit timer channel 1 interrupt

requests.

Bit 1

IPRA1 Description

0 16-bit timer channel 1 interrupt requests have priority level 0 (low priority) (Initial value)
1 16-bit timer channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level A0 (IPRA0): Selects the priority level of 16-bit timer channel 2 interrupt
requests.

Bit 0

IPRAO Description

0 16-bit timer channel 2 interrupt requests have priority level 0 (low priority) (Initial value)
1 16-bit timer channel 2 interrupt requests have priority level 1 (high priority)
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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 SCI channel 2 interrupt
requests

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

Priority level B3
Selects the priority level of SCI
channel 0 interrupt requests

Reserved bit

Priority level B5S
Selects the priority level of DMAC
interrupt requests (channels 0 and 1)

Priority level B6
Selects the priority level of 8-bit timer channel 2, 3 interrupt requests

Priority level B7
Selects the priority level of 8-bit timer channel 0, 1 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 8-bit timer channel 0, 1 interrupt
requests.

Bit 7

IPRB7 Description

0 8-bit timer channel 0, 1 interrupt requests have priority level O (low priority)(Initial value)
1 8-bit timer channel 0, 1 interrupt requests have priority level 1 (high priority)

Bit 6—Priority Level B6 (IPRB6): Sclects the priority level of 8-bit timer channel 2, 3 interrupt
requests.

Bit 6

IPRB6 Description

0 8-bit timer channel 2, 3 interrupt requests have priority level O (low priority)(Initial value)
1 8-bit timer channel 2, 3 interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level B5 (IPRBS): 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 0 (Initial value)
(low priority)

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.

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)
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Bit 1—Priority Level B1 (IPRB1): Selects the priority level of SCI channel 2 interrupt requests.

Bit 1

IPRB1 Description

0 SCI channel 2 interrupt requests have priority level 0 (low priority) (Initial value)
1 SCI channel 2 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.

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 — — RI(W)*  R/I(W)*  RIW)* RI(W)* RIW)* RI(W)*
Reserved bits IRQs to IRQ flags

These bits indicate IRQ 5 to IRQg
interrupt request status

Note: * Only O 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: These bits can not be modified and are always read as 0.

Bits 5 to 0—IRQs to IRQ, Flags (IRQS5F to IRQOF): These bits indicate the status of IRQs to
IRQ, interrupt requests.

Bits 5to 0

IRQ5F to IRQOF Description

0 [Clearing conditions] (Initial value)
0 is written in IRQnNF 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=51t00
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5.2.4 IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables IRQs to IRQ, 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; 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 IRQy interrupts.

Bits 5to 0

IRQS5E to IRQOE Description

0 IRQs to IRQg 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 IRQ ;5 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 IRQ are requested by level sensing of pins IRQs to IRQ,, or by falling-edge
sensing.

Bits 5to 0

IRQ5SC to IRQOSC Description

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

The interrupt sources include external interrupts (NMI, IRQ, to IRQs) and 36 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 Ul 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.

Note: * NMI input is sometimes disabled. For details see section 18.9, NMI Input Disabling
Conditions.

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
IRQy to IRQs, or by the falling edge.

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

e The status of IRQ, 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
i 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).

IRQNn
input pin

IRQnF

Note:n=5t0 0

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, SCI
input/output, or A/D external trigger input.

5.3.2 Internal Interrupts
Thirty-Six 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.

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

e 16-bit timer, SCI, and A/D converter interrupt requests can activate the DMAC, in which case
no interrupt request is sent to the interrupt controller, and the I and Ul bits are disregarded.

533 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 Address™

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority
NMI External 7 H'001C to H'001F H'000E to H'000F — High
IRQo pins 12 H'0030 to H'0033 H'0018 to H'0019 IPRA7 1
IRQ4 13 H'0034 to HO037 H'001A to H'001B IPRA6
IRQ2 14 H'0038 to H'003B H'001C to H'001D IPRA5
IRQ3 15 H'003C to H'003F H'001E to H'001F
IRQq4 16 H'0040 to H'0043 H'0020 to H'0021 IPRA4
IRQs 17 H'0044 to H'0047 H'0022 to H'0023
Reserved — 18 H'0048 to H'004B H'0024 to H'0025

19 H'004C to H'004F H'0026 to H'0027
WOVI Watchdog 20 H'0050 to H'0053 H'0028 to H'0029 IPRA3
(interval timer) timer
CMmI DRAM 21 H'0054 to H'0057 H'002A to H'002B
(compare match) interface
Reserved — 22 H'0058 to H'005B H'002C to H'002D
ADI (A/D end) A/D 23 H'005C to H'005F H'002E to H'002F
IMIAO 16-bit timer 24 H'0060 to H'0063 H'0030 to H'0031 IPRA2
(compare match/ channel 0
input capture AO)
IMIBO 25 H'0064 to H'0067 H'0032 to H'0033
(compare match/
input capture BO)
ovio 26 H'0068 to H'006B H'0034 to H'0035
(overflow 0)
Reserved — 27 H'006C to H'006F H'0036 to H'0037
IMIA1 16-bit timer 28 H'0070 to H'0073 H'0038 to H'0039 IPRA1
(compare match/  channel 1
input capture A1)
IMIB1 29 H'0074 to H'0077 H'003A to H'003B
(compare match/
input capture B1)
OVI1 30 H'0078 to H'007B H'003C to H'003D
(overflow 1) v
Reserved — 31 H'007C to H'007F H'003E to H'003F Low

Note: * Lower 16 bits of the address.
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Vector Address™

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority
IMIA2 16-bit timer 32 H'0080 to H'0083 H'0040 to H'0041 IPRAO High
(compare match/ channel 2 A
input capture A2)
IMIB2 33 H'0084 to H'0087 H'0042 to H'0043
(compare match/
input capture B2)
oVvi2 34 H'0088 to H'008B H'0044 to H'0045
(overflow 2)
Reserved — 35 H'008C to H'008F H'0046 to H'0047
CMIAOQ (compare  8-bit timer 36 H'0090 to H'0093 H'0048 to H'0049 IPRB7
match AQ) channel 0/1
CMIBO (compare 37 H'0094 to H'0097 H'004A to H'004B
match B0)
CMIA1/CMIB1 38 H'0098 to H'009B H'004C to H'004D
(compare match
A1/B1)
TOVIO/TOVIM 39 H'009C to H'009F H'004E to H'004F
(overflow 0/1)
CMIA2 (compare  8-bit timer 40 H'00AO to H'00A3 H'0050 to H'0051 IPRB6
match A2) channel 2/3
CMIB2 (compare 41 H'00A4 to H'0O0A7 H'0052 to H'0053
match B2)
CMIA3/CMIB3 42 H'00A8 to H'0O0AB H'0054 to H'0055
(compare match
A3/B3)
TOVI2/TOVI3 43 H'00AC to H'00AF H'0056 to H'0057
(overflow 2/3)
DENDOA DMAC 44 H'00BO to H'00B3 H'0058 to H'0059 IPRB5
DENDOB 45 H'00B4 to H'00B7 H'005A to H'005B
DEND1A 46 H'00B8 to H'00BB H'005C to H'005D
DEND1B 47 H'00BC to H'00BF H'005E to H'005F
Reserved — 48 H'00CO to H'00C3 H'0060 to H'0061 —
49 H'00C4 to H'00C7 H'0062 to H'0063
50 H'00C8 to H'00CB H'0064 to H'0065 v
51 H'00CC to H'O0OCF H'0066 to H'0067 Low

Note: * Lower 16 bits of the address.
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Vector Address™

Vector
Interrupt Source Origin Number Advanced Mode Normal Mode IPR Priority
ERIO SCI 52 H'00DO0 to H'00D3 H'0068 to H'0069 IPRB3 High
(receive error 0)  channel 0 4
RXI0 53 H'00D4 to H'00D7 H'006A to H'006B
(receive data
full 0)
TXIO 54 H'00D8 to H'00DB H'006C to H'006D
(transmit data
empty 0)
TEIO 55 H'00DC to H'0O0DF H'006E to H'006F
(transmit end 0)
ERI1 SCI 56 H'00EO to H'O0OE3 H'0070 to H'0071 IPRB2
(receive error 1) channel 1
RXI1 57 H'00E4 to H'O0OE7 H'0072 to H'0073
(receive data
full 1)
XN 58 H'00E8 to H'0O0EB H'0074 to H'0075
(transmit data
empty 1)
TEN 59 H'00EC to H'00EF H'0076 to H'0077
(transmit end 1)
ERI2 SCI 60 H'00FO0 to H'0OOF3 H'0078 to H'0079 IPRB1
(receive error 2)  channel 2
RXI2 61 H'00F4 to H'0O0F7 H'007A to H'007B
(receive data
full 2)
TXI2 62 H'00F8 to H'00FB H'007C to H'007D
(transmit data
empty 2) v
TEI2 63 H'00FC to H'OOFF H'007E to H'007F Low

(transmit end 2)

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

5.4.1 Interrupt Handling Process

The H8/3028 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
Ul 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.

Note: * NMI input is sometimes disabled. For details see section 18.9, NMI Input Disabling
Conditions.

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

SYSCR CCR

UE | ul Description

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

— 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.

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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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 [ and UI 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;3 >IRQ ...).
b. IfI=1 and Ul = 0, only NMI, IRQ,, and IRQ; are unmasked.
c. IfI=1and Ul =1, all interrupts are masked except NMI.
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Figure 5.5 shows the transitions among the above states.

<0
a. All interrupts are ~ b. Only NMI, IRQ5, and
C unmasked > 11, Ul<0 - C IRQ3 are unmasked

Exception handling,
orl<1,Ul <1

Ul<0

c. All interrupts are
masked except NMI

Exception handling,
or Ul <1

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

¢ Ifan 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 UI 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 0 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.

e 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.

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

e 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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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.

'SNQ JIg-9| BIA S8Je)S OM] Ul passeode eale Alowsw [Bulsixe Ul Yoels pue spoo weibold yim ‘g epoy 810N

aunnoJ ad1A18s 1dnuisjul JO UooNIsUl JSil4 (1)

(z1) “(01) = (¢1) ‘eunnod so1nies JdnuIBlUl JO SSBIppE Bulels (g1)

(ssalppe 10308/

JO SJUBJUOD) BuIIN0J d2IAIBS JdnuId)ul Jo ssalppe Buinels (z1) ‘(oL)

ssalppe J0Jodp
30BIS 0} paAes YOO PUE Od

(11) (6)
(8) (9)

¥—ds (2)
Z-ds ()
(panoaxa jou) ssaippe yojayaid uononiisu| (e)
(painoaxa jou) apoo uononysul () (g)

(syusjuo9 Od Se awes ‘ssaippe uinjal
{paJN2aXa Jou) ssaippe ydjayaid uononiisu| (1)

ssalppy

|eubis
ysanbau

ydnuau)

L
X snq

ey e e e e !

uononysul Buissaooud

aunnoJ 8oIAI8S
jdnuiayul
10 yojayeld

Yo} JoJoBA
Jeusaju|

Buissaooud
Jeulaju] uoponJsu|

yojageid | UORONIISUL JO PUD IO}
Jlem pue uoiIs|oap
|1oA8| 1dnuisyu|

pajdaooe 1dnuisiu|

Figure 5.7 Interrupt Sequence
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5.4.3 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 1t023*°  1t027"* 1t041™ 11023  1t025™
of states until end of
current instruction
3 Saving PCand CCR 4 8 12* 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 431083 19 to 41 25t0 49

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 vector
fetch.

4. The number of states increases if wait states are inserted in external memory access.
Example for DIVXS.W Rs,ERd and MULXS.W Rs,ERd
6. Example for MOV.L @(d:24,ERs),ERd and MOV.L ERs,@(d:24,ERd)

o
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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 to 0.

Figure 5.8 shows an example in which an IMIEA bit is cleared to 0 in the 16-bit timer's TISRA
register.

TISRA write cycle by CPU IMIA exception handling
: |
Internal
address bus >< TISRA 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.

Rev. 2.00, 09/03, page 105 of 890
RENESAS




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.

553 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
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Section 6 Bus Controller

6.1 Overview

The H8/3028 Group has an on-chip bus controller (BSC) that manages the external address space
divided into eight areas. The bus specifications, such as bus width and number of access states,
can be set independently for each area, enabling multiple memories to be connected easily.

The bus controller also has a bus arbitration function that controls the operation of the internal bus
masters-the CPU, DMA controller (DMAC), and DRAM interface and can release the bus to an
external device.

6.1.1 Features
The features of the bus controller are listed below.

e Manages external address space in area units

0 Manages the external space as eight areas (0 to 7) of 128 kbytes in 1M-byte modes, or 2
Mbytes in 16-Mbyte modes

O Bus specifications can be set independently for each area
0 DRAM/burst ROM interfaces can be set
¢ Basic bus interface
Chip select (CS, to CS;) can be output for areas 0 to 7
8-bit access or 16-bit access can be selected for each area
Two-state access or three-state access can be selected for each area

Program wait states can be inserted for each area

Ooo0OoOood

Pin wait insertion capability is provided

* DRAM interface

DRAM interface can be set for areas 2 to 5

Row address/column address multiplexed output (8/9/10 bits)
2-CAS byte access mode

Burst operation (fast page mode)

Tp cycle insertion to secure RAS precharging time

Choice of CAS-before-RAS refreshing or self-refreshing

e Burst ROM interface

00 Burst ROM interface can be set for area 0

Ooo0oooogod

[0 Selection of two- or three-state burst access
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e Idle cycle insertion
O Anidle cycle can be inserted in case of an external read cycle between different areas

O Anidle cycle can be inserted when an external read cycle is immediately followed by an
external write cycle

¢ Bus arbitration function

0 A built-in bus arbiter grants the bus right to the CPU, DMAC, DRAM interface, or an
external bus master

¢ Other features
O Refresh counter (refresh timer) can be used as interval timer

O Choice of two address update modes
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6.1.2 Block Diagram

Figure 6.1 shows a block diagram of the bus controller.

CSoto CS7
ABWCR
ASTCR
BCR
Internal address bus dAreg CSCR 1~ - - Internal signals - - -,
ecoder - |
Chip select ADRCR =1 Bus mode control signal:
control signals i ) ) !
Bus control —, Bus size control signal :
circuit |1 Access state control signal!
1
_‘g” —»LWait request signal |
j s| TTTTTTTTTTmTs J
©
©
©
£
Wait state 2
controller £
WAIT JE
WCRH
T
WCRL B
f—————= Internal signals - - - - ---- )
I .
1 CPU bus request signal ' BRCR kK
| DMAC bus request signal :
1 DRAM interface bus request signal | .
! CPU bus acknowledge signal I Bus arbiter
1 DMAC bus acknowledge signal i
| DRAM nterface bus acknowledge signal
ACK
— BREQ
DRAM interface
L
DRAM control DRCRA [
DRCRB
RTMCSR
RTCNT
Legend RTCOR
ABWCR : Bus width control register
ASTCR : Access state control register
WCRH  : Wait control register H
WCRL  : Wait control register L
BRCR : Bus release control register
CSCR : Chip select control register
DRCRA : DRAM control register A
DRCRB : DRAM control register B
RTMCSR : Refresh timer control/status register
RTCNT : Refresh timer counter
RTCOR : Refresh time constant register
ADRCR : Address control register
BCR : Bus control register

Figure 6.1 Block Diagram of Bus Controller
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6.1.3 Pin Configuration

Table 6.1 summarizes the input/output pins of the bus controller.

Table 6.1 Bus Controller Pins

Name Abbreviation /10 Function

Chipselect0to7  CSpto CS7 Output Strobe signals selecting areas 0 to 7

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 Dg)

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 release of the

bus to an external device

Rev. 2.00, 09/03, page 110 of 890

RENESAS



6.1.4

Table 6.2 summarizes the bus controller's registers.

Register Configuration

Table 6.2  Bus Controller Registers
Address™ Name Abbreviation R/W Initial Value
H'EE020 Bus width control register ABWCR R/W H'FF*2
H'EE021 Access state control register ASTCR R/W H'FF
H'EE022 Wait control register H WCRH R/W H'FF
H'EE023 Wait control register L WCRL R/W HFF
H'EE013 Bus release control register BRCR R/W HFE™*
H'EEO1F Chip select control register CSCR R/W H'OF
H'EEQ1E Address control register ADRCR R/W H'FF
H'EE024 Bus control register BCR R/W H'C6
H'EE026 DRAM control register A DRCRA R/W H'10
H'EE027 DRAM control register B DRCRB R/W H'08
H'EE028 Refresh timer control/status register RTMCSR RW)™ HoO07
H'EE029 Refresh timer counter RTCNT R/W H'00
H'EE02A Refresh time constant register RTCOR R/W H'FF
Notes: 1. Lower 20 bits of the address in advanced mode.

2. In modes 2 and 4, the initial value is H'00.

3. In modes 3 and 4, the initial value is H'EE.

4. For Bit 7, only 0 can be written to clear the flag.

RENESAS
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6.2 Register Descriptions

6.2.1 Bus Width Control Register (ABWCR)

ABWCR 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

\ ABW7 \ ABW6 \ ABWS5 \ ABW4 \ ABW3 \ ABW2 \ ABW1 \ ABWO
'1\’303",653’ B{Initial value 1 1 1 1 1 1 1 1
and7  |ReadMritt RW RW RW RW RW RW RW  RW
Modes {Initial value 0 0 0 0 0 0 0 0
2and4 | peadMrite RW  RW RW RW RW RW  RW  RW

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 Dg) 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). Inmodes 1, 3, 5, 6, and 7, ABWCR is initialized to H'FF by a reset and in hardware standby
mode. In modes 2 and 4, ABWCR 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—Area 7 to 0 Bus Width Control (ABW7 to ABW0): These bits select 8-bit access
or 16-bit access for the corresponding areas.

Bits 7to 0

ABW7 to ABWO0 Description

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

ABWCR specifies the data bus width of external memory areas. The data bus width of on-chip
memory and registers is fixed, and does not depend on ABWCR settings. These settings are
therefore meaningless in the single-chip modes (modes 6 and 7).
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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—Area 7 to 0 Access State Control (AST7 to ASTO0): These bits select whether the
corresponding area is accessed in two or three states.

Bits 7to 0

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

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

ASTCR specifies the number of states in which external areas are accessed. On-chip memory and
registers are accessed in a fixed number of states that does not depend on ASTCR settings. These
settings are therefore meaningless in the single-chip modes (modes 6 and 7).

When the corresponding area is designated as DRAM space by bits DRAS2 to DRAS0 in DRAM
control register A (DRCRA), the number of access states does not depend on the AST bit setting.
When an AST bit is cleared to 0, programmable wait insertion is not performed.

6.2.3 Wait Control Registers H and L (WCRH, WCRL)

WCRH and WCRL are 8-bit readable/writable registers that select the number of program wait
states for each area.

On-chip memory and registers are accessed in a fixed number of states that does not depend on
WCRH/WCRL settings.

WCRH and WCRL are initialized to H'FF by a reset and in hardware standby mode. They are not
initialized in software standby mode.
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WCRH

Bit 7 6 5 4 3 2 1 0
W71 W70 W61 w60 | ws1 W50 w41 W40

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 7 and 6—Area 7 Wait Control 1 and 0 (W71, W70): These bits select the number of
program wait states when area 7 in external space is accessed while the AST7 bit in ASTCR is set
to 1.

Bit 7 Bit 6
W71 W70 Description
0 0 Program wait not inserted when external space area 7 is accessed
1 1 program wait state inserted when external space area 7 is accessed
1 0 2 program wait states inserted when external space area 7 is accessed
1 3 program wait states inserted when external space area 7 is accessed

(Initial value)

Bits 5 and 4—Area 6 Wait Control 1 and 0 (W61, W60): These bits select the number of
program wait states when area 6 in external space is accessed while the AST6 bit in ASTCR is set
to 1.

Bit 5 Bit 4
W61 W60 Description
0 0 Program wait not inserted when external space area 6 is accessed
1 1 program wait state inserted when external space area 6 is accessed
1 0 2 program wait states inserted when external space area 6 is accessed
1 3 program wait states inserted when external space area 6 is accessed

(Initial value)

Bits 3 and 2—Area 5 Wait Control 1 and 0 (W51, W50): These bits select the number of
program wait states when area 5 in external space is accessed while the ASTS5 bit in ASTCR is set
to 1.
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Bit 3 Bit 2

W51 W50 Description
0 0 Program wait not inserted when external space area 5 is accessed
1 1 program wait state inserted when external space area 5 is accessed
1 0 2 program wait states inserted when external space area 5 is accessed
1 3 program wait states inserted when external space area 5 is accessed

(Initial value)

Bits 1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area 4 in external space is accessed while the AST4 bit in ASTCR is set

to 1.
Bit 1 Bit 0
w41 w40 Description
0 0 Program wait not inserted when external space area 4 is accessed
1 1 program wait state inserted when external space area 4 is accessed
1 0 2 program wait states inserted when external space area 4 is accessed
1 3 program wait states inserted when external space area 4 is accessed
(Initial value)
WCRL
Bit 6 5 4 3 2 1 0
w31 W30 w21 W20 w11l w10 wo1l W00
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 7 and 6—Area 3 Wait Control 1 and 0 (W31, W30): These bits select the number of
program wait states when area 3 in external space is accessed while the AST3 bit in ASTCR is set

to 1.
Bit 7 Bit 6
W31 W30 Description
0 0 Program wait not inserted when external space area 3 is accessed
1 1 program wait state inserted when external space area 3 is accessed
1 0 2 program wait states inserted when external space area 3 is accessed
1 3 program wait states inserted when external space area 3 is accessed

(Initial value)
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Bits 5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These bits select the number of
program wait states when area 2 in external space is accessed while the AST2 bit in ASTCR is set
to 1.

Bit 5 Bit 4
w21 w20 Description
0 0 Program wait not inserted when external space area 2 is accessed
1 1 program wait state inserted when external space area 2 is accessed
1 0 2 program wait states inserted when external space area 2 is accessed
1 3 program wait states inserted when external space area 2 is accessed

(Initial value)

Bits 3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These bits select the number of
program wait states when area 1 in external space is accessed while the AST1 bit in ASTCR is set
to 1.

Bit 3 Bit 2
W11 w10 Description
0 0 Program wait not inserted when external space area 1 is accessed
1 1 program wait state inserted when external space area 1 is accessed
1 0 2 program wait states inserted when external space area 1 is accessed
1 3 program wait states inserted when external space area 1 is accessed

(Initial value)

Bits 1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These bits select the number of
program wait states when area 0 in external space is accessed while the ASTO bit in ASTCR is set
to 1.

Bit 1 Bit 0
wo1 wWoo Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0 is accessed
1 0 2 program wait states inserted when external space area 0 is accessed
1 3 program wait states inserted when external space area 0 is accessed

(Initial value)
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6.2.4 Bus Release Control Register (BRCR)

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

Bit 7 6 5 4 3 2 1 0
\ A23E \ A22E \ A21E \ A20E \ — \ — \ — \ BRLE \

'1\’!"2‘1’6(; {Initial value 1 1 1 1 1 1 1 0
and 7 | Read/Write — — — — — — — R/W
Modes {Initial value 1 1 1 0 1 1 1 0
3and4 | Read/Write RW ~ RW  RW — — _ _ RIW

Initial value 1 1 1 1 1 1 1 0
Mode {Read/Write RW RW RW  RW — — — RIW

Reserved bits

Address 23 to 20 enable Bus release enable
These bits enable PA; to PA, to be Enables or disables
used for Ay, to A, address output release of the bus

to an external device

BRCR is initialized to H'FE in modes 1, 2, 5, 6, and 7, and to H'EE in modes 3 and 4, 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,; output from PA,. In modes other than 3, 4, and 5, this bit cannot
be modified and PA, has its ordinary port functions.

Bit 7

A23E Description

0 PA, is the Az address output pin

1 PA4 is an 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,; output from PAs. In modes other than 3, 4, and 5, this bit cannot
be modified and PAj; has its ordinary port functions.

Bit 6

A22E Description

0 PAs is the Az address output pin

1 PAs is an 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,; output from PAg. In modes other than 3, 4, and 5, this bit cannot
be modified and PAg has its ordinary port functions.

Bit 5

A21E Description

0 PAg is the Az address output pin

1 PAs is an input/output pin (Initial value)

Bit 4—Address 20 Enable (A20E): Enables PA; to be used as the A,, address output pin.
Writing 0 in this bit enables A,, output from PA,. This bit can only be modified in mode 5.

Bit 4

A20E Description

0 PA; is the A address output pin (Initial value when in mode 3 or 4)
1 PA7 is an input/output pin (Initial value when in mode 1, 2, 5, 6 or 7)

Bits 3 to 1—Reserved: These bits cannot be modified and are 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

6.2.5 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
ICIS1 | ICISO | BROME |BRSTS1|BRSTS0| EMC | RDEA | WAITE

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

BCR is an 8-bit readable/writable register that enables or disables idle cycle insertion, selects the
address map, selects the area division unit, and enables or disables WAIT pin input.

BCR is initialized to H'C6 by a reset and in hardware standby mode. It is not initialized in
software standby mode.
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Bit 7—Idle Cycle Insertion 1 (ICIS1): Selects whether one idle cycle state is to be inserted
between bus cycles in case of consecutive external read cycles for different areas.

Bit 7

ICIS1 Description

0 No idle cycle inserted in case of consecutive external read cycles for different
areas

1 Idle cycle inserted in case of consecutive external read cycles for different
areas (Initial value)

Bit 6—Idle Cycle Insertion 0 (ICIS0): Selects whether one idle cycle state is to be inserted
between bus cycles in case of consecutive external read and write cycles.

Bit 6

ICISO Description

0 No idle cycle inserted in case of consecutive external read and write cycles
1 Idle cycle inserted in case of consecutive external read and write cycles

(Initial value)

Bit 5—Burst ROM Enable (BROME): Selects whether area 0 is a burst ROM interface area.

Bit 5

BROME Description

0 Area 0 is a basic bus interface area (Initial value)
1 Area 0 is a burst ROM interface area

Bit 4—Burst Cycle Select 1 (BRSTS1): Selects the number of burst cycle states for the burst
ROM interface.

Bit 4

BRSTS1 Description

0 Burst access cycle comprises 2 states (Initial value)
1 Burst access cycle comprises 3 states
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Bit 3—Burst Cycle Select 0 (BRSTS0): Selects the number of words that can be accessed in a
burst ROM interface burst access.

Bit 3

BRSTS0 Description

0 Max. 4 words in burst access (burst access on match of address bits above A3)
(Initial value)

1 Max. 8 words in burst access (burst access on match of address bits above A4)

Bit 2—Expansion Memory Map Control (EMC): Selects either of the two memory maps.

Bit 2

EMC Description

0 Selects the memory map shown in figure 3.2: see section 3.6, Memory Map in
Each Operating Mode

1 Selects the memory map shown in figure 3.1: see section 3.6, Memory Map in

Each Operating Mode (Initial value)

When EMC is cleared to 0, addresses of some internal I/O registers are moved. For details, refer
to appendix B.2, Address (when EMC = 0).

This bit is invalid in mode 6. In mode 6 and when the RDEA bit is 0, EMC must not be cleared to
0.

Bit 1—Area Division Unit Select (RDEA): Selects the memory map area division units. This bit
is valid in modes 3, 4, and 5, and is invalid in modes 1, 2, 6, and 7.

When the EMC bit is 0, RDEA must not be cleared to 0.

Bit 1
RDEA Description
0 Area divisions are as follows: Area 0: 2 Mbytes Area 4: 1.93 Mbytes
Area 1: 2 Mbytes Area 5: 4 kbytes
Area 2: 8 Mbytes Area 6: 23.75 kbytes
Area 3: 2 Mbytes Area 7: 22 bytes
1 Areas 0 to 7 are the same size (2 Mbytes) (Initial value)
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Bit 0—WALIT Pin Enable (WAITE): Enables or disables wait insertion by means of the WAIT

pin.

Bit 0

WAITE Description

0 WAIT pin wait input is disabled, and the WAIT pin can be used as an
input/output port (Initial value)

1 WAIT pin wait input is enabled

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
(CS7 to CS4)

If output of a chip select signal is enabled by a setting in this register, the corresponding pin
functions as a chip select signal (CS; to CS,) output regardless of any other settings. CSCR
cannot be modified in single-chip mode.

Bit 7 6 5 4 3 2 1 0
CST7E 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.

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 CSn is disabled (Initial value)
1 Output of chip select signal CSn is enabled

Note: n=7to4

Bits 3 to 0—Reserved: These bits cannot be modified and are always read as 1.
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6.2.7 DRAM Control Register A (DRCRA)

Bit 7 6 5 4 3 2 1 0

| DRAS2 | DRAS1 | DRASO0 | — | BE | RDM |SRFMD | RFSHE |
Initial value 0 0 0 1 0 0 0 0
ReadWrite RW  RW  RW — RW  RW  RW RIW

DRCRA is an 8-bit readable/writable register that selects the areas that have a DRAM interface
function, and the access mode, and enables or disables self-refreshing and refresh pin output.

DRCRA is initialized to H'10 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 5—DRAM Area Select (DRAS2 to DRASO): These bits select which of areas 2 to 5 are
to function as DRAM interface areas (DRAM space) in expanded mode, and at the same time
select the RAS output pin corresponding to each DRAM space.

Description
Bit7 Bité Bit5
DRAS2 DRAS1 DRASO Area 5 Area 4 Area 3 Area 2
0 0 0 Normal Normal Normal Normal
1 Normal Normal Normal DRAM space
(CSy)
1 0 Normal Normal DRAM space DRAM space
(CS3) (CSy)
1 Normal Normal DRAM space DRAM space
(CSy)* (CSy)*
1 0 0 Normal DRAM space DRAM space DRAM space
(CS4) (CSs) (CSy)
1 DRAM space DRAM space DRAM space DRAM space
(CSs) (CS4) (CSs) (CS2)
1 0 DRAM space DRAM space DRAM space DRAM space
(CSy)* (CSy)* (CSy)* (CSy)*
1 DRAM space DRAM space DRAM space DRAM space
(CSy)* (CSy)* (CSy)* (CSy*

Note: * A single CSn pin serves as a common RAS output pin for a number of areas. Unused CSn

pins can be used as input/output ports.

When any of bits DRAS2 to DRASO is set to 1 in expanded mode, it is not possible to write to
DRCRB, RTMCSR, RTCNT, or RTCOR. However, 0 can be written to the CMF flag in

RTMCSR to clear the flag.
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When an arbitrary value has been set in DRAS2 to DRASO, a write of a different value other than
000 must not be performed.

Bit 4—Reserved: This bit cannot be modified and is always read as 1.

Bit 3—Burst Access Enable (BE): Enables or disables burst access to DRAM space. DRAM
space burst access is performed in fast page mode.

Bit 3

BE Description

0 Burst disabled (always full access) (Initial value)
1 DRAM space access performed in fast page mode

Bit 2—RAS Down Mode (RDM): Selects whether to wait for the next DRAM access with the
RAS signal held low (RAS down mode), or to drive the RAS signal high again (RAS up mode),
when burst access is enabled for DRAM space (BE = 1), and access to DRAM is interrupted.

Caution is required when the HWR and LWR are used as the UCAS and LCAS output pins. For
details, see RAS Down Mode and RAS Up Mode in section 6.5.10, Burst Operation.

Bit 2

RDM Description

0 DRAM interface: RAS up mode selected (Initial value)
1 DRAM interface: RAS down mode selected

Bit 1—Self-Refresh Mode (SRFMD): Specifies DRAM self-refreshing in software standby
mode.

When any of areas 2 to 5 is designated as DRAM space, DRAM self-refreshing is possible when a
transition is made to software standby mode after the SRFMD bit has been set to 1.

The normal access state is restored when software standby mode is exited, regardless of the
SRFMD setting.

Bit 1

SRFMD Description

0 DRAM self-refreshing disabled in software standby mode (Initial value)
1 DRAM self-refreshing enabled in software standby mode
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Bit 0—Refresh Pin Enable (RFSHE): Enables or disables RFSH pin refresh signal output. If
areas 2 to 5 are not designated as DRAM space, this bit should not be set to 1.

Bit 0

RFSHE Description

0 RFSH pin refresh signal output disabled (Initial value)
(RFSH pin can be used as input/output port)

1 RFSH pin refresh signal output enabled

6.2.8 DRAM Control Register B (DRCRB)

Bit 7 6 5 4 3 2 1 0
MXCA1 MXCO CSEL | RCYCE — TPC RCW RLW

Initial value 0 0 0 0 1 0 0 0

Read/Write R/W R/W R/W R/W — R/W R/W R/W

DRCRB is an 8-bit readable/writable register that selects the number of address multiplex column
address bits for the DRAM interface, the column address strobe output pin, enabling or disabling
of refresh cycle insertion, the number of precharge cycles, enabling or disabling of wait state
insertion between RAS and CAS, and enabling or disabling of wait state insertion in refresh
cycles.

DRCRB is initialized to H'08 by a reset and in hardware standby mode. It is not initialized in
software standby mode.

The settings in this register are invalid when bits DRAS2 to DRASO in DRCRA are all 0.

Bits 7 and 6—Multiplex Control 1 and 0 (MXC1, MXCO0): These bits select the row
address/column address multiplexing method used on the DRAM interface. In burst operation, the
row address used for comparison is determined by the setting of these bits and the bus width of the
relevant area set in ABWCR.
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Bit 7 Bit 6
MXC1 MXCO Description

0 0 Column address: 8 bits
Compared address:

Modes 1, 2 8-bit access space Aqg to Ag
16-bit access space A1g to Ag

Modes 3, 4, 5 8-bit access space Azs to Ag
16-bit access space Aoz to Ag

1 Column address: 9 bits

Compared address:

Modes 1, 2 8-bit access space A1g to Ag
16-bit access space A1g to Ao

Modes 3, 4, 5 8-bit access space Aoz to Ag
16-bit access space A2z to Ao

1 0 Column address: 10 bits

Compared address:

Modes 1, 2 8-bit access space A1g to Ao
16-bit access space A1 to Aty

Modes 3, 4, 5 8-bit access space Aoz to Ao
16-bit access space Aoz to Aty

1 lllegal setting

Bit 5—CAS Output Pin Select (CSEL): Selects the UCAS and
to 5 are designated as DRAM space.

LCAS output pins when areas 2

Bit 5

CSEL Description

0 PB4 and PB5 selected as UCAS and LCAS output pins (Initial value)
1 HWR and LWR selected as UCAS and LCAS output pins

Bit 4—Refresh Cycle Enable (RCYCE): Enables or disables CAS-before-RAS refresh cycle
insertion. When none of areas 2 to 5 has been designated as DRAM space, refresh cycles are not

inserted regardless of the setting of this bit.

Bit 4

RCYCE Description

0 Refresh cycles disabled (Initial value)
1 DRAM refresh cycles enabled
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Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—TP Cycle Control (TPC): Selects whether a 1-state or two-state precharge cycle (TP) is to
be used for DRAM read/write cycles and CAS-before-RAS refresh cycles.

The setting of this bit does not affect the self-refresh function.

Bit 2

TPC Description

0 1-state precharge cycle inserted (Initial value)
1 2-state precharge cycle inserted

Bit 1—RAS-CAS Wait (RCW): Controls wait state (Trw) insertion between T, and T.; in DRAM
read/write cycles. The setting of this bit does not affect refresh cycles.

Bit 1

RCW Description

0 Wait state (Trw) insertion disabled (Initial value)
1 One wait state (Trw) inserted

Bit 0—Refresh Cycle Wait Control (RLW): Controls wait state (Trw) insertion for CAS-before-
RAS refresh cycles. The setting of this bit does not affect DRAM read/write cycles.

Bit 0

RLW Description

0 Wait state (Trw) insertion disabled (Initial value)
1 One wait state (Trw) inserted

6.2.9 Refresh Timer Control/Status Register (RTMCSR)

Bit 7 6 5 4 3 2 1 0
CMF | CMIE | CKS2 | CKS1 | CKSO — — —

Initial value 0 0 0 0 0 1 1 1
Read/Write ~ R(W)*  RW R/W RW  RW — — —

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

RTMCSR is an 8-bit readable/writable register that selects the refresh timer counter clock. When
the refresh timer is used as an interval timer, RTMCSR also enables or disables interrupt requests.
Bits 7 and 6 of RTMCSR are initialized to 0 by a reset and in the standby modes. Bits 5 to 3 are
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initialized to 0 by a reset and in hardware standby mode; they are not initialized in software
standby mode.

Bit 7—Compare Match Flag (CMF): Status flag that indicates a match between the values of
RTCNT and RTCOR.

Bit 7
CMF Description
0 [Clearing conditions]
When the chip is reset and in standby mode
Read CMF when CMF = 1, then write 0 in CMF (Initial value)
1 [Setting condition]

When RTCNT = RTCOR

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
any of areas 2 to 5 is designated as DRAM space.

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—Refresh Counter Clock Select (CKS2 to CKS0): These bits select the clock to be
input to RTCNT from among 7 clocks obtained by dividing the system clock (¢). When the input
clock is selected with bits CKS2 to CKS0, RTCNT begins counting up.

Bit 5 Bit 4 Bit 3
CKS2 CKS1 CKSO0 Description
0 0 0 Count operation halted (Initial value)
1 @2 used as counter clock
1 0 @8 used as counter clock
1 @32 used as counter clock
1 0 0 @128 used as counter clock
1 @512 used as counter clock
1 0 @2048 used as counter clock
1 @4096 used as counter clock

Bits 2 to 0—Reserved: These bits cannot be modified and are always read as 1.
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6.2.10 Refresh Timer Counter (RTCNT)

Bit 7 6 5 4 3 2 1 0

I ] [
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 8-bit readable/writable up-counter.

RTCNT is incremented by an internal clock selected by bits CKS2 to CKS0 in RTMCSR. When
RTCNT matches RTCOR (compare match), the CMF flag in RTMCSR is set to 1 and RTCNT is
cleared to H'00. If the RCYCE bit in DRCRB is set to 1 at this time, a refresh cycle is started.
Also, if the CMIE bit in RTMCSR is set to 1, a compare match interrupt (CMI) is generated.

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

6.2.11 Refresh Time Constant Register (RTCOR)

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 is an 8-bit readable/writable register that determines the interval at which RTCNT is
cleared.

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

Note: Only byte access can be used on this register.
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6.2.12  Address Control Register (ADRCR)

ADRCR is an 8-bit readable/writable register that selects either address update mode 1 or address
update mode 2 as the address output method.

Bit 7 6 5 4 3 2 1 0
I e e e e B e
Initial value 1 1 1 1 1 1 1 1
R/W — — — — — — R/W R/W
Reserved bits Reserved bit

Address control
Selects address update
mode 1 or address
update mode 2

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

Bits 7 to 2—Reserved: Read-only bits, always read as 1.
Bit 1—Reserved: Can be read or written to, but must not be cleared to 0.

Bit 0—Address Control (ADRCTL): Selects the address output method.

Bit 0

ADRCTL Description

0 Address update mode 2 is selected

1 Address update mode 1 is selected (Initial value)
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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

Area 0 (128 kbytes) Area 0 (2 Mbytes)
H' 1FFFF H' 1FFFFF
H' 20000 H' 200000

Area 1 (128 kbytes) Area 1 (2 Mbytes)
H' 3FFFF H' 3FFFFF
H' 40000 H' 400000

Area 2 (128 kbytes) Area 2 (2 Mbytes)
H' 5FFFF H' 5FFFFF
H' 60000 H' 600000

Area 3 (128 kbytes) Area 3 (2 Mbytes)
H' 7FFFF H' 7FFFFF
H' 80000 H' 800000

Area 4 (128 kbytes) Area 4 (2 Mbytes)
H' 9FFFF H' 9FFFFF
H' A0000 H' AO0000

Area 5 (128 kbytes) Area 5 (2 Mbytes)
H' BFFFF H' BFFFFF
H' C0000 H' C00000

Area 6 (128 kbytes) Area 6 (2 Mbytes)
H' DFFFF H' DFFFFF
H' E0000 H' E00000

Area 7 (128 kbytes) Area 7 (2 Mbytes)
H' FFFFF H' FFFFFF
(a) 1-Mbyte modes (modes 1, and 2) (b) 16-Mbyte modes (modes 3, 4, and 5)

Figure 6.2 Access Area Map for Each Operating Mode

Chip select signals (CS, to CS;) can be output for areas 0 to 7. The bus specifications for each
area are selected in ABWCR, ASTCR, WCRH, and WCRL.

In 16-Mbyte mode, the area division units can be selected with the RDEA bit in BCR.
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H'000000 2
Area 0 Area 0 B
2 Mbytes 2 Mbytes =
H'1FFFFF ~
H'200000 2
Area 1 Area 1 §
2 Mbytes 2 Mbytes s
H'3FFFFF ~
H'400000 »
Q
Area 2 %
2 Mbytes Area 2 =
. rea ~
H'5FFFFF 8 Mbytes
H'600000 @
Area 3 B
2 Mbytes =
H7FFFFF o
H'800000 »
Area 4 9;"
2 Mbytes §
H'OFFFFF ~
H'A00000 ”»
Q
Area 5 _‘é
2 Mbytes =
H'BFFFFF N
H'C00000 »
Area 6 Area 3 ‘GS’.
2 Mbytes 2 Mbytes §
H'DFFFFF o
H'E00000 Area 7 Area 4
1.93 Mbytes 1.93 Mbytes
H'FEE000
On-chip registers (1) On-chip registers (1)
H'FEEOFF
H'FEE100
Reserved 39.75 kbytes
L _
H'FF8000 Area 5
HFF8FFF 4 kbytes
H'FF9000
Area7 Area 6 @
67.5 kbytes 23.75 kbytes %
=
0 o~
HFFEF1F 02
HFFEF20 =R
28
<35
On-chip RAM On-chip RAM b
4 kbytes 4 kbytes™®
HFFFEFF _ _ _ _ _ _ _ _ o ______ L __ o ______ I R
H'FFFF00 1
HFFFF1F 2
HFFFF20 £
On-chip registers (2) On-chip registers (2) ° 9
H'FFFFE9 § g
HFFFFEA Area 7 Area 7 K]
HEFEFFE 22 bytes 22 bytes l

(A) Memory map when RDEA =1

Note: * Area 6 when the RAME bit is cleared.

(b) Memory map when RDEA =0

Figure 6.3 Memory Map in 16-Mbyte Mode
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6.3.2 Bus Specifications

The external space bus specifications consist of three elements: (1) bus width, (2) number of
access states, and (3) number of program wait states.

The bus width and number of access states for on-chip memory and registers are fixed, and are not
affected by the bus controller.

Bus Width: A bus width of 8 or 16 bits can be selected with ABWCR. An area for which an 8-bit
bus is selected functions as an 8-bit access space, and an area for which a 16-bit bus is selected
functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-bit bus mode is set; if any area is designated for 16-
bit access, 16-bit bus mode is set.

Number of Access States: Two or three access states can be selected with ASTCR. An area for
which two-state access is selected functions as a two-state access space, and an area for which
three-state access is selected functions as a three-state access space.

DRAM space is accessed in four states regardless of the ASTCR settings.
When two-state access space is designated, wait insertion is disabled.

Number of Program Wait States: When three-state access space is designated in ASTCR, the
number of program wait states to be inserted automatically is selected with WCRH and WCRL.
From 0 to 3 program wait states can be selected.

When ASTCR is cleared to 0 for DRAM space, a program wait (T,;-T,, wait) is not inserted.
Also, no program wait is inserted in burst ROM space burst cycles.

Table 6.3 shows the bus specifications for each basic bus interface area.
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Table 6.3  Bus Specifications for Each Area (Basic Bus Interface)

ABWCR ASTCR WCRH/WCRL Bus Specifications (Basic Bus Interface)

ABWn ASTn Wn1 Wno Bus Width  Access States Program Wait States

0 0 — — 16 2 0
1 0 0 3 0

1 1

1 0 2

1 3

1 0 — — 8 0
0 0 0

1 1

1 0 2

1 3

Note: n=7to0

6.3.3 Memory Interfaces

The H8/3028 Group memory interfaces comprise a basic bus interface that allows direct
connection of ROM, SRAM, and so on; a DRAM interface that allows direct connection of
DRAM; and a burst ROM interface that allows direct connection of burst ROM. The interface can
be selected independently for each area.

An area for which the basic bus interface is designated functions as normal space, an area for
which the DRAM interface is designated functions as DRAM space, and area 0 for which the burst
ROM interface is designated functions as burst ROM space.
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6.3.4 Chip Select Signals

For each of areas 0 to 7, the H8/3028 Group can output a chip select signal (CS, to CS) that goes
low when the corresponding area is selected in expanded mode. Figure 6.4 shows the output
timing of a CSn signal.

Output of CS, to CS;: 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 8, I/O Ports.

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
CS, to CS, the corresponding CSCR bits must be set to 1. For details, see section 8, I/O Ports.

oo L

Address >< External address in area n ><

CSn

Figure 6.4 CSn Signal Output Timing (n =0 to 7)

When the on-chip ROM, on-chip RAM, and on-chip registers are accessed, CS, to 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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6.3.5 Address Output Method

The H8/3028 Group provides a choice of two address update methods: either the same method as
in the previous H8/300H Series (address update mode 1), or a method in which address update is
restricted to external space accesses or self-refresh cycles (address update mode 2).

Figure 6.5 shows examples of address output in these two update modes.

On-chip External On-chip External On-chip
memory cycle read cycle memory cycle read cycle memory cycle
Address update X X
mode 1

Address update
mode 2

s —

Figure 6.5 Sample Address Output in Each Address Update Mode
(Basic Bus Interface, 3-State Space)

Address Update Mode 1: Address update mode 1 is compatible with the previous H8/300H
Series. Addresses are always updated between bus cycles.

Address Update Mode 2: In address update mode 2, address updating is performed only in
external space accesses or self-refresh cycles. In this mode, the address can be retained between
an external space read cycle and an instruction fetch cycle (on-chip memory) by placing the
program in on-chip memory. Address update mode 2 is therefore useful when connecting a device
that requires address hold time with respect to the rise of the RD strobe.

Switching between address update modes 1 and 2 is performed by means of the ADRCTL bit in
ADRCR. The initial value of ADRCR is the address update mode 1 setting, providing
compatibility with the previous H8/300H Series.
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Cautions: When using address update modes, the following points should be noted.

¢ When address update mode 2 is selected, the address in an internal space (on-chip memory or
internal I/O) access cycle is not output externally.

* In order to secure address holding with respect to the rise of RD, when address update mode 2
is used an external space read access must be completed within a single access cycle. For
example, in a word access to 8-bit access space, the bus cycle is split into two as shown in
figure 6.6, and so there is not a single access cycle. In this case, address holding is not
guaranteed at the rise of RD between the first (even address) and second (odd address) access
cycles (area inside the ellipse in the figure).

External read cycle

On-chip (8-bit space word access) On-chip
memory cycle | P _ | _memory cycle
Address update >< Even addres/s >< \Odd address
mode 2

Figure 6.6 Example of Consecutive External Space Accesses in Address Update Mode 2

e When address update mode 2 is selected, in a DRAM space CAS-before-RAS (CBR) refresh
cycle the previous address is retained (the area 2 start address is not output).
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6.4 Basic Bus Interface

6.4.1 Overview
The basic bus interface enables direct connection of ROM, SRAM, and so on.

The bus specifications can be selected with ABWCR, ASTCR, WCRH, and WCRL
(see table 6.3).

6.4.2 Data Size and Data Alignment

Data sizes for the CPU and other internal bus masters are byte, word, and longword. The bus
controller has a data alignment function, and when accessing external space, controls whether the
upper data bus (D5 to Dg) or lower data bus (D5 to Dy) is used according to the bus specifications
for the area being accessed (8-bit access area or 16-bit access area) and the data size.

8-Bit Access Areas: Figure 6.7 illustrates data alignment control for 8-bit access space. With 8-
bit access space, the upper data bus (D5 to Dyg) is always used for accesses. The amount of data
that can be accessed at one time is one byte: a word access is performed as two byte accesses, and
a longword access, as four byte accesses.

Upper data bus Lower data bus
Dis Dg, D, Dy,

Bytesize |"""'|

Word size 1st bus cycle |

| 2nd bus cycle |

[ 1st bus cycle

Longword size 2nd bus cycle

|
|
3rd bus cycle |
| 4th bus cycle |

Figure 6.7 Access Sizes and Data Alignment Control (8-Bit Access Area)
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16-Bit Access Areas: Figure 6.8 illustrates data alignment control for 16-bit access areas. With
16-bit access areas, the upper data bus (D5 to Dg) and lower data bus (D5 to Dy) are used for
accesses. The amount of data that can be accessed at one time is one byte or one word, and a
longword access is executed as two word accesses.

In byte access, whether the upper or lower data bus is used is determined by whether the address is
even or odd. The upper data bus is used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
|D15 D8|D_7 _____________ DQI
Byte size - Even address | , L . |
Byte size - Odd address | : : : : : : : |
Word size | — T | — T |

Longword size |:1stbuscycle | : : : : : : : : : : : : : :

2nd bus cycle |

Figure 6.8 Access Sizes and Data Alignment Control (16-Bit Access Area)

6.4.3 Valid Strobes
Table 6.4 shows the data buses used, and the valid strobes, for the access spaces.
In a read, the RD signal is valid for both the upper and the lower half of the data bus.

In a write, the HWR signal is valid for the upper half of the data bus, and the LWR signal for the
lower half.
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Table 6.4 Data Buses Used and Valid Strobes

Access Upper Data Bus Lower Data Bus
Area Size Read/Write Address Valid Strobe (D15 to Ds) (D7 to Do)
8-bit Byte Read — RD Valid Invalid
access Write — HWR Undetermined
area data
16-bit Byte Read Even RD Valid Invalid
access Odd Invalid Valid
area
Write Even HWR Valid Undetermined
data
Odd LWR Undetermined Valid
data
Word Read — RD Valid Valid
Write — HWR, LWR  Valid Valid

Notes: 1. Undetermined data means that unpredictable data is output.
2. Invalid means that the bus is in the input state and the input is ignored.

6.4.4 Memory Areas

The initial state of each area is basic bus interface, three-state access space. The initial bus width
is selected according to the operating mode. The bus specifications described here cover basic
items only, and the following sections should be referred to for further details: section 6.4, Basic
Bus Interface, section 6.5, DRAM Interface, section 6.8, Burst ROM Interface.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of area 0 is
external space. In ROM-enabled expansion mode, the space excluding on-chip ROM is external
space.

When area 0 external space is accessed, the CS, signal can be output.

Either basic bus interface or burst ROM interface can be selected for area 0.

The size of area 0 is 128 kbytes in modes 1 and 2, and 2 Mbytes in modes 3, 4, and 5.

Areas 1 and 6: In external expansion mode, areas 1 and 6 are entirely external space.

When area 1 and 6 external space is accessed, the CS; and CSg pin signals respectively can be
output.

Only the basic bus interface can be used for areas 1 and 6.

The size of areas 1 and 6 is 128 kbytes in modes 1 and 2, and 2 Mbytes in modes 3, 4, and 5.
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Areas 2 to 5: In external expansion mode, areas 2 to 5 are entirely external space.

When area 2 to 5 external space is accessed, signals CS, to CSs can be output.

Basic bus interface or DRAM interface can be selected for areas 2 to 5. With the DRAM
interface, signals CS, to CSs are used as RAS signals.

The size of areas 2 to 5 is 128 kbytes in modes 1 and 2, and 2 Mbytes in modes 3, 4, and 5.

Area 7: Area 7 includes the on-chip RAM and registers. In external expansion mode, the space
excluding the on-chip RAM and registers is external space. The on-chip RAM is enabled when
the RAME bit in the system control register (SYSCR) is set to 1; when the RAME bit is cleared to
0, the on-chip RAM is disabled and the corresponding space becomes external space .

When area 7 external space is accessed, the CS; signal can be output.

Only the basic bus interface can be used for the area 7 memory interface.

The size of area 7 is 128 kbytes in modes 1 and 2, and 2 Mbytes in modes 3, 4, and 5.
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6.4.5 Basic Bus Control Signal Timing
8-Bit, Three-State-Access Areas

Figure 6.9 shows the timing of bus control signals for an 8-bit, three-state-access area. The upper
data bus (D;5 to Dg) is used in accesses to these areas. The LWR pin is always high. Wait states
can be inserted.

1 1
«———— Buscycle ———»
I I

T1 ! T2 | T3 !

¢J:I_IIII_

Address bus Exte'rnal address in area n

T

e

i
1
1
1
i
1
1
1
|
RD |
1
1 ! 1
I 1
Read access { D15to Dg : : Valid |
: : 1
1
D7to Do : : Invalid |
1
1 ! 1
S— : : l—‘—
HWR | : 1
| | | |
LWR : High ! ! :
1 1
Write access ! | X !
D1s5to Dsg —i—( i Valid | ;>—
1 ! ! 1
I ! ! |
| D7to Do —E—( | Undetermined data E>—
! i !

Note: n=71t00

Figure 6.9 Bus Control Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas

Figure 6.10 shows the timing of bus control signals for an 8-bit, two-state-access area. The upper
data bus (D5 to Dg) is used in accesses to these areas. The LWR pin is always high. Wait states
cannot be inserted.

I I
«——— Buscycle ——»
I I

! T | T2 !
s I S I B
I I
| ! |
Address bus ‘X External address in area n EX
I
I

Read access { D15to Dg
D7 to Do
G W U e
LWR

D1sto Dg —'_<

| D7to Do —‘—( Un

Write access

etermined data

-4Q

Note: n=71t00

Figure 6.10 Bus Control Signal Timing for 8-Bit, Two-State-Access Area
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16-Bit, Three-State-Access Areas

Figures 6.11 to 6.13 show the timing of bus control signals for a 16-bit, three-state-access area. In
these areas, the upper data bus (D5 to Dg) is used in accesses to even addresses and the lower data
bus (D5 to Dg) in accesses to odd addresses. Wait states can be inserted.

I I
I Bus cycle ——»
I I
1
1

T ' T2 , T3 !

b [ L[ 1 L[

i
Address bus ::x Even external address in area n EX
| T I
CSn _i |
i
] ’—

Read access { D1sto Dg

1
HWR
LWR High

Write access

Valid

Disto Dg ——
i
1

| DrtoDp ———<
I

Undetermined data

Note: n=7to 0

Figure 6.11 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Access to Even Address)
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I I
e————— Buscycle ————»
I

cs |
A |
D |

Read access { D1sto Dg

A T i T2 i T3 i
N e H e SR e B
I I
| | | |
Address bus X 0dd external address in area n EX
I
I

HWR High
LWR

:
I
I
I
1
I
I
1
;
I
I
1
:
—  Invalid p———
|
I
I
1
I
|
:
1
I
I
1
1
|
I
I

Write access

DistoDg ——
D7toDp ——

Undetermined data

1
.
Valid |
1

Note: n=71t00

Figure 6.12 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (2)
(Byte Access to Odd Address)
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I I
(«——— Buscycle —————»

|
' T2 | T3

o] I_, I I

Address bus External address in ar'ea n

n

Read access { Disto Dg

M]JJLJ

I

I

HWR | i

| |

! |

LWR | |

1

Write access \ !
D1sto Dg : Valid ) —

I I

! 1
| D7to Do : Valid ) S—

T [}

I '

Note: n=7to 0

Figure 6.13 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 6.14 to 6.16 show the timing of bus control signals for

a 16-bit, two-state-access area. In these areas, the upper data bus (D;5 to Dyg) is used in accesses to
even addresses and the lower data bus (D to Dy) in accesses to odd addresses. Wait states cannot
be inserted.

I I
«——— Buscycle ——»
I I

! T1 | T2 !

L I S N

Address bus 1XEven external address in area nEX

|

Read access { D1s5toDg

1
1
1
k { Valid ) e
:
1
T { Invalid ———o
i
HWR i | |
1
1
|
1
1
1
1
1
1
1

D7to Do

1
1
LWR High !
Write access '
Disto Dg —— I Valid —
! ! 1
I ! |
D7 to Do : Undetermined data E>—
! i !
Note: n=71t00

Figure 6.14 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Access to Even Address)
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I
«——— Buscycle ——

! T | T2 !
¢ [ I I I
1 1
| ! |
Address bus 1X Odd external address in area n EX
1
1

cs, |

|

Read access { D1s5to Ds

D7to Do

HWR High

LWR
Write access

L

D1sto Ds —-—( Undetermined data >—

D7to Do

Valid

|

Note: n=71t00

Y

Figure 6.15 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Access to Odd Address)

RENESAS

Rev. 2.00, 09/03, page 147 of 890




I
«——— Buscycle ——

! T | T2 !
o [ L 1]
1 1
| ! |
Address bus ! External address in area n EX
1
1

Read access { D1sto Dg

D7to Do

HWR | I

LWR

Disto Dy ——
i
1

[ D7toDy ————
I

1
1
1
1
:
1
1
1
1
1
1
1
: |
—  Valid :>—
i
1
1
1
1
1
1
1
1
1
1
1
|

Write access

|

Valid

Note: n=7to 0

Figure 6.16 Bus Control Signal Timing for 16-Bit, Two-State-Access Area (3)
(Word Access)

6.4.6 Wait Control

When accessing external space, the H8/3028 Group can extend the bus cycle by inserting one or
more wait states (T,,). There are two ways of inserting wait states: (1) program wait insertion and
(2) pin wait insertion using the WAIT pin.

Program Wait Insertion: From 0 to 3 wait states can be inserted automatically between the T,
state and Tj state on an individual area basis in three-state access space, according to the settings
of WCRH and WCRL.
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Pin Wait Insertion: Setting the WAITE bit in BCR to 1 enables wait insertion by means of the
WAIT pin. When external space is accessed in this state, a program wait is first inserted. If the
WAIT pin is low at the falling edge of @ in the last T, or Ty state, another Ty state is inserted. If
the WAIT pin is held low, Ty states are inserted until it goes high.

This is useful when inserting four or more Ty states, or when changing the number of Tyy states
for different external devices.

The WAITE bit setting applies to all areas. Pin waits cannot be inserted in DRAM space.

Figure 6.17 shows an example of the timing for insertion of one program wait state in 3-state
space.

Inserted

by program wait Inserted by WAIT pin
T1 | T2 | Tw | Tw | Tw | T3
| I I I I I

WAIT

Address bus

AS

RD

Read access
Read data

{ Data bus

{ HWR, LWR

Write access

lJ Hke
LG

Data bus Write data

Note: ¥ indicates the timing of WAIT pin sampling.

Figure 6.17 Example of Wait State Insertion Timing
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6.5 DRAM Interface

6.5.1 Overview

The H8/3028 Group is provided with a DRAM interface with functions for DRAM control signal
(RAS, UCAS, LCAS, WE) output, address multiplexing, and refreshing, that direct connection of
DRAM. In the expanded modes, external address space areas 2 to 5 can be designated as DRAM
space accessed via the DRAM interface. A data bus width of 8 or 16 bits can be selected for
DRAM space by means of a setting in ABWCR. When a 16-bit data bus width is selected, CAS is
used for byte access control. In the case of X 16-bit organization DRAM, therefore, the 2-CAS
type can be connected. A fast page mode is supported in addition to the normal read and write
access modes.

6.5.2 DRAM Space and RAS Output Pin Settings

Designation of areas 2 to 5 as DRAM space, and selection of the RAS output pin for each area
designated as DRAM space, is performed by setting bits in DRCRA. Table 6.5 shows the
correspondence between the settings of bits DRAS2 to DRASO and the selected DRAM space and
RAS output pin.

When an arbitrary value has been set in DRAS2 to DRASO, a write of a different value other than
000 must not be performed.
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Table 6.5

Settings of Bits DRAS2 to DRASO and Corresponding DRAM Space (RAS

Output Pin)

DRAS2 DRAS1 DRASO Area 5

Area 4

Area 3

Area 2

0 0 0 Normal space Normal space Normal space Normal space
1 Normal space Normal space Normal space DRAM space
(CS2)
1 0 Normal space Normal space DRAM space DRAM space
(CS3) (CSy)
1 Normal space Normal space DRAM space DRAM space
(CSy)* (CSy)*
1 0 0 Normal space DRAM space DRAM space DRAM space
(CSs) (CS3) (CS2)
1 DRAM space DRAM space DRAM space DRAM space
(CSs) (CSs) (CS3) (CS2)
1 0 DRAM space DRAM space DRAM space DRAM space
(CSy)* (CS)* (CS2)* (CS2)*
1 DRAM space DRAM space DRAM space DRAM space
(CSy)* (CSy)* (CSy)* (CSy)*

Note: * A single CS,, pin serves as a common RAS output pin for a number of areas. Unused CS,

pins can be used as input/output ports.

RENESAS
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6.5.3 Address Multiplexing

When DRAM space is accessed, the row address and column address are multiplexed. The
address multiplexing method is selected with bits MXC1 and MXCO0 in DRCRB according to the
number of bits in the DRAM column address. Table 6.6 shows the correspondence between the
settings of MXC1 and MXCO and the address multiplexing method.

Table 6.6  Settings of Bits MXC1 and MXCO0 and Address Multiplexing Method

Column
DRCRB Address Address Pins
MXC1 MXCO Bits AxstoAiz Az Ar Ao As As A As As A A A A A
Row 0 0 8 bits A23 to A13 Azo* A19 A18 A17 A16 A15 A14 A13 A12 A11 A10 Ag AB
address
1 9 bits Axto Az Az Axn® A A Ar Ag Ais A A A Ay A Ag
1 0 10 bits AxtoA A An Ax™ A A Az A Ais A Az Ap Ay Ag
1 lllegal — - - - - - - - = = = = = =
setting
Column — — — A23 to A13 A A A1o Ag Ag A7 As A5 Ay A3 A Ay Ao
address

Note: * Row address bit Ay is not multiplexed in 1-Mbyte mode.

6.5.4 Data Bus

If the bit in ABWCR corresponding to an area designated as DRAM space is set to 1, that area is
designated as 8-bit DRAM space; if the bit is cleared to 0, the area is designated as 16-bit DRAM
space. In 16-bit DRAM space, X 16-bit organization DRAM can be connected directly.

In 8-bit DRAM space the upper half of the data bus, D;5 to Dg, is enabled, while in 16-bit DRAM
space both the upper and lower halves of the data bus, D5 to D, are enabled.

Access sizes and data alignment are the same as for the basic bus interface: see section 6.4.2, Data
Size and Data Alignment.

6.5.5 Pins Used for DRAM Interface

Table 6.7 shows the pins used for DRAM interfacing and their functions.
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Table 6.7 DRAM Interface Pins
With DRAM

Pin Designated Name 110 Function

PB4 UCAS Upper column Output  Upper column address strobe for DRAM
address strobe space access (when CSEL = 0 in DRCRB)

PB5 LCAS Lower column Output  Lower column address strobe for DRAM
address strobe space access (when CSEL = 0 in DRCRB)

HWR UCAS Upper column Output  Upper column address strobe for DRAM
address strobe space access (when CSEL = 1 in DRCRB)

LWR LCAS Lower column Output  Lower column address strobe for DRAM
address strobe space access (when CSEL = 1 in DRCRB)

CS, RAS: Row address Output  Row address strobe for DRAM space
strobe 2 access

CS; RAS; Row address Output  Row address strobe for DRAM space
strobe 3 access

CS, RAS, Row address Output  Row address strobe for DRAM space
strobe 4 access

CSs RASs Row address Output  Row address strobe for DRAM space
strobe 5 access

RD WE Write enable Output  Write enable for DRAM space write

access™
P80 RFSH Refresh Output  Goes low in refresh cycle
A12to Ag A2to Ag Address Output  Row address/column address multiplexed
output
D15 to Do D15 to Do Data I/O Data input/output pins

Note: * Fixed high in a read access.

6.5.6

Basic Timing

Figure 6.18 shows the basic access timing for DRAM space. The basic DRAM access timing is
four states: one precharge cycle (T,) state, one row address output cycle (T,) state, and two column
address output cycle (T, T¢,) states. Unlike the basic bus interface, the corresponding bits in
ASTCR control only enabling or disabling of wait insertion between T.; and T.,, and do not affect
the number of access states. When the corresponding bit in ASTCR is cleared to 0, wait states
cannot be inserted between T; and T, in the DRAM access cycle.

If a DRAM read/write cycle is followed by an access cycle for an external area other than DRAM
space when HWR and LWR are selected as the UCAS and LCAS output pins, an idle cycle (Ti) is
inserted unconditionally immediately after the DRAM access cycle. See section 6.9, Idle Cycle,

for details.
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Read access

Write access

A2z to Ao

CSn (RAS)

PB,/PBs
(UCAS/LCAS)

D

=

E

D15 to Do

PB,/PBs
(UCASILCAS)

D (WE)

D15 to Do

Note:n=2to 5

i Tp i Tr i Tet i Te2 i
:N X Row X Columné X
; ; High:level ; ;
éHigh Ievelé é é
D
—/ | | : .
——— |
-

6.5.7

Figure 6.18 Basic Access Timing (CSEL = 0 in DRCRB)

Precharge State Control

In the H8/3028 Group, provision is made for the DRAM RAS precharge time by always inserting
one RAS precharge state (T,) when DRAM space is accessed. This can be changed to two T,
states by setting the TPC bit to 1 in DRCRB. The optimum number of T, cycles should be set
according to the DRAM connected and the operating frequency of the H8/3028 Group chip.

Figure 6.19 shows the timing when two T, states are inserted.

When the TCP bit is set to 1, two T, states are also used for CAS-before-RAS refresh cycles.
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Read access

Write access

CSn (RAS)

PB,/PBs
(UCASILCAS)

D (WE

-

L/JJ_I_UJ_I_J_LJJ_

D15 to Do

PB,/PBs
(UCASILCAS)

Note:n=2to 5

! 1
Tp1 Tp2 Tr Tt | T |
i i
! 1
| i
Row Column 1 B
i .
! 1
High level ! !
| |
! 1
1
| |
T 1
! I
! !
1
i |
|
High level i
1
1
1
1
1

e T L e et S T B e TR S

It

~~

6.5.8

Figure 6.19 Timing with Two Precharge States (CSEL = 0 in DRCRB)

Wait Control

In a DRAM access cycle, wait states can be inserted (1) between the T, state and T, state, and (2)
between the T, state and T, state.

Insertion of T,,, Wait State between T, and T.;: One T,,, state can be inserted between T, and
T by setting the RCW bit to 1 in DRCRB.

Insertion of T,, Wait State(s) between T, and T,: When the bit in ASTCR corresponding to an
area designated as DRAM space is set to 1, from 0 to 3 wait states can be inserted between the T,
state and T, state by means of settings in WCRH and WCRL.

Figure 6.20 shows an example of the timing for wait state insertion.

RENESAS

Rev. 2.00, 09/03, page 155 of 890




The settings of the RCW bit in DRCRB and of ASTCR, WCRH, and WCRL do not affect refresh
cycles. Wait states cannot be inserted in a DRAM space access cycle by means of the WAIT pin.

Tw Tw Te2

—
©
—
i
—
2
—
Q

Column

L

Py
[e]
=

: >

AS

1
roon N X
1
1
|
I
1
1
I
|

csn (RAS) __| T

PB,/PBs
(UCASILCAS)

RD (WE)

Read access

High level

D15 to Do

ﬂ

Read data

L

Write access

D (WE)

D15 to Do Wrilte data

I

I

I

i

I

I

|

PB4/PBs '
(UCAS/LCAS) —l
i

I

I

I

I

Note:n=2to0 5

Figure 6.20 Example of Wait State Insertion Timing (CSEL = 0)

6.5.9 Byte Access Control and CAS Output Pin

When an access is made to DRAM space designated as a 16-bit-access area in ABWCR, column
address strobes (UCAS and LCAS) corresponding to the upper and lower halves of the external
data bus are output. In the case of x 16-bit organization DRAM, the 2-CAS type can be
connected.

Either PB4 and PB5, or HWR and LWR, can be used as the UCAS and LCAS output pins, the
selection being made with the CSEL bit in DRCRB. Table 6.8 shows the CSEL bit settings and
corresponding output pin selections.
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When an access is made to DRAM space designated as an 8-bit-access area in ABWCR, only
UCAS is output. When the entire DRAM space is designated as 8-bit-access space and CSEL = 0,
PB5 can be used as an input/output port.

Note that RAS down mode cannot be used when a device other than DRAM is connected to
external space and HWR and LWR are used as write strobes. In this case, also, an idle cycle (T1)
is always inserted when an external access to other than DRAM space occurs after a DRAM space
access. For details, see section 6.9, Idle Cycle.

Table 6.8  CSEL Settings and UCAS and LCAS Output Pins

CSEL UCAS LCAS
0 PB4 PBs
1 HWR LWR

Figure 6.21 shows the control timing.

Row Column

CSn (RAS)

PB, (UCAS)

Byte control !
PB5 (LCAS)

D (WE

-~

e TS T B B

Note:n=2to 5

Figure 6.21 Control Timing (Upper-Byte Write Access When CSEL = 0)
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6.5.10  Burst Operation

With DRAM, in addition to full access (normal access) in which data is accessed by outputting a
row address for each access, a fast page mode is also provided which can be used when making a
number of consecutive accesses to the same row address. This mode enables fast (burst) access of
data by simply changing the column address after the row address has been output. Burst access
can be selected by setting the BE bit to 1 in DRCRA.

Burst Access (Fast Page Mode) Operation Timing: Figure 6.22 shows the operation timing for
burst access. When there are consecutive access cycles for DRAM space, the column address and
CAS signal output cycles (two states) continue as long as the row address is the same for
consecutive access cycles. In burst access, too, the bus cycle can be extended by inserting wait
states between T,; and T¢,. The wait state insertion method and timing are the same as for full
access: see section 6.5.8, Wait Control, for details.

The row address used for the comparison is determined by the bus width of the relevant area set in
bits MXC1 and MXCO in BRCRB, and in ABWCR. Table 6.9 shows the compared row addresses
corresponding to the various settings of bits MXC1 and MXCO0, and ABWCR.

: Tp : Tr : Te1 : Te2 : Te1 : Te2 :
| | | | | | |
e ML rrerer
Az to AO:% X Row X Column 1 X Column 2 X:
| i i i i i i
AS ! ! ! High level ! ! !
1 1 1 1 1 1 1
I I I I
csn (WAS) _] L | | | [
PB,/PBs ' ! : | r i '
(UCASILCAS) J : : : | : !—
Read access o ; ; : : : :
oee T
| I I | | | |
DistoDo 1 ; ; (i | | )
T T
PB,/PB; ‘ : : |—,7
(UCAS/LCAS) J. i i : ! . |:_
| | I | I I
Write access - T T I |
RD (WE) | | | ! | .
i ==E ==
D15 to Do 3 : : ( i | i !)—
I I I I

B

Note:n=2to 5

Figure 6.22 Operation Timing in Fast Page Mode
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Table 6.9 Correspondence between Settings of MXC1 and MXCO0 Bits and ABWCR, and
Row Address Compared in Burst Access

DRCRB ABWCR
Operating Mode MXC1 MXCO ABWn Bus Width Compared Row Address
Modes 1 and 2 0 0 0 16 bits Aig to Ag
(1-Mbyte) 1 8 bits Atg to Ag
1 0 16 bits Aqg to At
1 8 bits Aig to Ag
1 0 0 16 bits Aqg to Aqy
1 8 bits Aig to A1
1 — — lllegal setting
Modes 3,4,and5 O 0 0 16 bits Aoz to Ag
(16-Mbyte) 1 8 bits Ags to Ag
1 0 16 bits A3 to Aqo
1 8 bits Az to Ag
1 0 0 16 bits Az to Aqy
1 8 bits Az to A1
1 — — lllegal setting

Note: n=2to5
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RAS Down Mode and RAS Up Mode: With DRAM provided with fast page mode, as long as
accesses are to the same row address, burst operation can be continued without interruption even if
accesses are not consecutive by holding the RAS signal low.

¢ RAS Down Mode

To select RAS down mode, set the BE and RDM bits to 1 in DRCRA. If access to DRAM
space is interrupted and another space is accessed, the RAS signal is held low during the
access to the other space, and burst access is performed if the row address of the next DRAM
space access is the same as the row address of the previous DRAM space access. Figure 6.23
shows an example of the timing in RAS down mode.

External space
DRAM access access DRAM access

1 1
LT Tr Tet Te | Ty T, Tet Teo
1 1

C

Aoz to Ag

AS

O e e B e
s R B B T

1
1
1
1
1
1
|
CSn (RAS) :
i
PB4/PBs T |
(UCASJ/LCAS) X
I 1 | |
D1s o Do { — -
| i | |
J ! J J
Note:n=2to 5

Figure 6.23 Example of Operation Timing in RAS Down Mode (CSEL = 0)

When RAS down mode is selected, the conditions for an asserted RASn signal to return to the
high level are as shown below. The timing in these cases is shown in figure 6.24.

0 When DRAM space with a different row address is accessed
0 Immediately before a CAS-before-RAS refresh cycle

0 When the BE bit or RDM bit is cleared to 0 in DRCRA

0 Immediately before release of the external bus
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| DRAM access cycle !
MM
I I

T L

RASN i

(a) Access to DRAM space with a different row address

, CBR refresh cycle |

RASNH 1

(b) CAS-before-RAS refresh cycle

. DRCRA write cycle

e
UL
RASN i i

(c) BE bit or RDM bit cleared to 0 in DRCRA

I i External bus released !

| 1
X I

_— ! H .

RASh / i High-impedance /:_
| I

! 1

(d) External bus released

Note:n=2to 5

Figure 6.24 RASn Negation Timing when RAS Down Mode is Selected
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When RAS down mode is selected, the CAS-before-RAS refresh function provided with this
DRAM interface must always be used as the DRAM refreshing method. When a refresh
operation is performed, the RAS signal goes high immediately beforehand. The refresh
interval setting must be made so that the maximum DRAM RAS pulse width specification is
observed.

When the self-refresh function is used, the RDM bit must be cleared to 0, and RAS up mode
selected, before executing a SLEEP instruction in order to enter software standby mode.
Select RAS down mode again after exiting software standby mode.

Note that RAS down mode cannot be used when HWR and LWR are selected for UCAS and
LCAS, a device other than DRAM is connected to external space, and HWR and LWR are
used as write strobes.

* RAS Up Mode
To select RAS up mode, clear the RDM bit to 0 in DRCRA. Each time access to DRAM space
is interrupted and another space is accessed, the RAS signal returns to the high level. Burst
operation is only performed if DRAM space is continuous. Figure 6.25 shows an example of
the timing in RAS up mode.

External space
DRAM access DRAM access access

> <
1
Tp Tr Tet T2 | Te Te2 T1 T2
1

A2z to Ao

AS

CSn (RAS)

;

e T

PB,/PB;
(UCAS/LCAS)

D15 to Do

L

Y

Note:n=2to 5

Figure 6.25 Example of Operation Timing in RAS Up Mode
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6.5.11 Refresh Control

The H8/3028 Group is provided with a CAS-before-RAS (CBR) function and self-refresh function
as DRAM refresh control functions.

CAS-Before-RAS (CBR) Refreshing: To select CBR refreshing, set the RCYCE bit to 1 in
DRCRB.

With CBR refreshing, RTCNT counts up using the input clock selected by bits CKS2 to CKSO0 in
RTMCSR, and a refresh request is generated when the count matches the value set in RTCOR
(compare match). At the same time, RTCNT is reset and starts counting up again from H'00.
Refreshing is thus repeated at fixed intervals determined by RTCOR and bits CKS2 to CKS0. A
refresh cycle is executed after this refresh request has been accepted and the DRAM interface has
acquired the bus. Set a value in bits CKS2 to CKS0 in RTCOR that will meet the refresh interval
specification for the DRAM used. When RAS down mode is used, set the refresh interval so that
the maximum RAS pulse width specification is met.

RTCNT starts counting up when bits CKS2 to CKSO0 are set. RTCNT and RTCOR settings should
therefore be completed before setting bits CKS2 to CKSO0.

Also note that a repeat refresh request generated during a bus request, or a refresh request during
refresh cycle execution, will be ignored.

RTCNT operation is shown in figure 6.26, compare match timing in figure 6.27, and CBR refresh
timing in figures 6.28 and 6.29.

RTCNT
RTCOR  ------ C ————————————————————————————————————————————————
H'00
Refresh request |_| |_| |_| |_| |_|

Figure 6.26 RTCNT Operation
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RTCNT N X H'00

RTCOR N

Refresh request signal
and CMF bit setting signal

Figure 6.27 Compare Match Timing

Trp Tr1 Tr2

1 1 1
1 1 1
Address bus* i x Arlea 2 start address :x
1 1

CS. (RAS)

PB,/PBs
(UCAS/LCAS) _|

High level

Note: * In address update mode 1, the area 2 start address is output.
In address update mode 2, the address in the preceding bus cycle is retained.

Figure 6.28 CBR Refresh Timing (CSEL =0, TPC =0, RLW =0)

The basic CBS refresh cycle timing comprises three states: one RAS precharge cycle (Tgp) state,
and two RAS output cycle (Tg;, Tr,) states. Either one or two states can be selected for the RAS
precharge cycle. When the TPC bit is set to 1 in DRCRB, RAS signal output is delayed by one
cycle. This does not affect the timing of UCAS and LCAS output.

Rev. 2.00, 09/03, page 164 of 890
RENESAS




Use the RLW bit in DRCRB to adjust the RAS signal width. A single refresh wait state (Trw) can
be inserted between the Ty, state and Ty, state by setting the RLW bit to 1.

The RLW bit setting is valid only for CBR refresh cycles, and does not affect DRAM read/write
cycles. The number of states in the CBR refresh cycle is not affected by the settings in ASTCR,
WCRH, or WCRL, or by the state of the WAIT pin.

Figure 6.29 shows the timing when the TPC bit and RLW bit are both set to 1.

Trp1 TrpP2 Tr1 Trw Tr2

¢

1

1

i

1

1
Address bus* ix

1

CSn(RAS)

Area 2 start addr(;zss

i Tt

PB,/PBs
(UCAS/LCAS) —

I
[
(5]
T
1
1
1
1
1
1
1
1
1
1
I
[
1
1

B(WE) High

RFSH

High level

Note: * In address update mode 1, the area 2 start address is output.
In address update mode 2, the address in the preceding bus cycle is retained.

Figure 6.29 CBR Refresh Timing (CSEL =0, TPC =1, RLW =1)

DRAM must be refreshed immediately after powering on in order to stabilize its internal state.
When using the H8/3028 Group CAS-before-RAS refresh function, therefore, a DRAM
stabilization period should be provided by means of interrupts by another timer module, or by
counting the number of times bit 7 (CMF) of RTMCSR is set, for instance, immediately after bits
DRAS?2 to DRASO have been set in DRCRA.

Self-Refreshing: A self-refresh mode (battery backup mode) is provided for DRAM as a kind of
standby mode. In this mode, refresh timing and refresh addresses are generated within the
DRAM. The H8/3028 Group has a function that places the DRAM in self-refresh mode when the
chip enters software standby mode.

Rev. 2.00, 09/03, page 165 of 890
RENESAS




To use the self-refresh function, set the SRFMD bit to 1 in DRCRA. When a SLEEP instruction is
subsequently executed in order to enter software standby mode, the CAS and RAS signals are
output and the DRAM enters self-refresh mode, as shown in figure 6.30.

When the chip exits software standby mode, CAS and RAS outputs go high.
The following conditions must be observed when the self-refresh function is used:

e When burst access is selected, RAS up mode must be selected before executing a SLEEP
instruction in order to enter software standby mode. Therefore, if RAS down mode has been
selected, the RDM bit in DRCRA must be cleared to 0 and RAS up mode selected before
executing the SLEEP instruction. Select RAS down mode again after exiting software standby
mode.

¢ The instruction immediately following a SLEEP instruction must not be located in an area
designated as DRAM space.

The self-refresh function will not work properly unless the above conditions are observed.

Software standby  Oscillation stabilization

| mode E time
S i I o T s S T B
: !
High-i —
Address bus D igh-impedance : <
! 1
! 1
CSn (RAS) i |
| |
PB, (UCAS) | | : ——
i |
PBs (LCAS) B |
i i l
RD (WE) . ,
T i
1
RFSH : |
1

Figure 6.30 Self-Refresh Timing (CSEL = 0)

Refresh Signal (RFSH): A refresh signal (RFSH) that transmits a refresh cycle off-chip can be
output by setting the RFSHE bit to 1 in DRCRA. RFSH output timing is shown in figures 6.28,
6.29, and 6.30.
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6.5.12 Examples of Use

Examples of DRAM connection and program setup procedures are shown below. When the
DRAM interface is used, check the DRAM device characteristics and choose the most appropriate
method of use for that device.

Connection Examples

* Figure 6.31 shows typical interconnections when using two 2-CAS type 16-Mbit DRAMs
using a X 16-bit organization, and the corresponding address map. The DRAMs used in this
example are of the 10-bit row address x 10-bit column address type. Up to four DRAMs can
be connected by designating areas 2 to 5 as DRAM space.
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2-CAS 16-Mbit DRAM
10-bit row address x 10-bit column address

H8/3028 Group chip Tt x 16-bit organization
TS, (RAS,) T3 RAS
CS; (RAS;)
PB, (UCAS) UCAS
PB; (LCAS; LCAS
s (LCAS) LCAS No.1
D (WE) ] WE
A
D15-Do D15-Dyg
OE
—— RAS
UCAS
LCAS
WE No.2
Ag-Ag
D15-Do
OE
(a) Interconnections (example) HT
_PBy_ _PBs_
(UCAS) (LCAS)
15 87 0
H'400000
Area 2 DRAM (No.1) CS, (RAS,)
H'5FFFFE
H'600000
Area 3 DRAM (No.2) CS; (RAS,)
H7FFFFE
H'800000
Area 4 Normal CSs,
H'OFFFFE
H'A00000
Area 5 Normal CS;
H'BFFFFE

(b) Address map

Figure 6.31 Interconnections and Address Map for 2-CAS 16-Mbit DRAMs with x 16-Bit
Organization
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* Figure 6.32 shows typical interconnections when using two 16-Mbit DRAMs using a x 8-bit
organization, and the corresponding address map. The DRAMs used in this example are of the
11-bit row address x 10-bit column address type. The CS, pin is used as the common RAS
output pin for areas 2 and 3. When the DRAM address space spans a number of contiguous
areas, as in this example, the appropriate setting of bits DRAS2 to DRASO enables a single CS
pin to be used as the common RAS output pin for a number of areas, and makes it possible to
directly connect large-capacity DRAM with address space that spans a maximum of four areas.
Any unused CS pins (in this example, the CS; pin) can be used as input/output ports.

2-CAS 16-Mbit DRAM
11-bit row address x 10-bit column address

H8/3028 Group chip 1 x 8-bit organization
==z =
CS, (RAS,) RAS
PB, (UCAS) CAS
PBs (LCAS)
RD (WE) ] WE No.1
A211A10'A1 | | | | | A10'A0
Dy5-Dg D7-Do
D7Dy K
OE
RAS
CAS
WE No.2
A1O'AO
D7'D0
OE
(a) Interconnections (example)
PB4 PBs
(UCAS) (LCAS)
15 87 0
H'400000
Area 2 S (BAS,
H'5FFFFE | DRAM | DRAM CS2(RAS,)
H'600000 [ (No.1) T (No.2)7
Area 3
H7FFFFE
H'800000
Area 4 Normal CS,
H'OFFFFE
H'A00000
Area 5 Normal CSs
HBFFFFE

16-Mbyte mode

(b) Address map

Figure 6.32 Interconnections and Address Map for 16-Mbit DRAMs with x 8-Bit
Organization
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* Figure 6.33 shows typical interconnections when using two 4-Mbit DRAMs, and the
corresponding address map. The DRAMs used in this example are of the 9-bit row address %
10-bit column address type. In this example, upper address decoding allows multiple DRAMs
to be connected to a single area. The RFSH pin is used in this case, since both DRAMs must
be refreshed simultaneously. However, note that RAS down mode cannot be used in this
interconnection example.

2-CAS 4-Mbit DRAM
9-bit row address x 9-bit column address

H8/3028 Group chip x 16-bit organization
CS, (RAS,) >0 :E_E > RAS
PB, (UCAS) UCAS
PB; (LCAS) LCAS
RD (WE) WE No.1
RFSH éb
Ag
Mt
D15-Do Dis-Do  OFE
DS
UCAS
LCAS
WE No.2
Ag-Ag
D15-Do
OE
(a) Interconnections (example) 747_
_PBy PBs_
(UCAS) (LCAS)
15 87 0
H'400000
DRAM (No.1)
H'47FFFE
H'480000
DRAM (No.2)
H'4FFFFE == mRs
Ara2 1500000 CS2 (RAS,)
Not used
H'5FFFFE

16-Mbyte mode
(b) Address map

Figure 6.33 Interconnections and Address Map for 2-CAS 4-Mbit DRAMs with X 16-Bit
Organization
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Example of Program Setup Procedure: Figure 6.34 shows an example of the program setup
procedure.

Set ABWCR

Set RTCOR

Set bits CKS2 to CKS0 in RTMCSR

Set DRCRB

Set DRCRA

Wait for DRAM stabilization time

DRAM can be accessed

Figure 6.34 Example of Setup Procedure when Using DRAM Interface

6.5.13  Usage Notes
Note the following points when using the DRAM refresh function.

* Refresh cycles will not be executed when the external bus released state, software standby
mode, or a bus cycle is extended by means of wait state insertion. Refreshing must therefore
be performed by other means in these cases.

e If arefresh request is generated internally while the external bus is released, the first request is
retained and a single refresh cycle will be executed after the bus-released state is cleared.
Figure 6.35 shows the bus cycle in this case.

e When a bus cycle is extended by means of wait state insertion, the first request is retained in
the same way as when the external bus has been released.

* In the event of contention with a bus request from an external bus master when a transition is
made to software standby mode, the BACK and strobe states may be indeterminate after the
transition to software standby mode (see figure 6.36).
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When software standby mode is used, the BRLE bit should be cleared to 0 in BRCR before
executing the SLEEP instruction.
Similar contention in a transition to self-refresh mode may prevent dependable strobe
waveform output. This can also be avoided by clearing the BRLW bit to 0 in BRCR.

¢ Immediately after self-refreshing is cleared, external bus release is possible during a given
period until the start of a CPU cycle. Attention must be paid to the RAS state to ensure that
the specification for the RAS precharge time immediately after self-refreshing is met.

External bus released | Refresh cycle | CPU cycle | Refresh cycle
| | |
RPN EREREREREE
| | | —
I I I
e I I I _
[E— )) | | |
RFSH \ \ \
1 1 1
1 1 1
I I I
Refresh i i | | i
request L L L
I I I
1 1 1
I I I
] ] ]
BACK | | |
e I I I
” | | |
1 1 1
Figure 6.35 Bus-Released State and Refresh Cycles
I
i Software standby mode
1
i
! ((
))
¢
i
|
_____________________________________ e
BREQ |
I
|
avcx 7
I

Address bus

N
i/
Strobe EW/

Figure 6.36 Bus-Released State and Software Standby Mode
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Oscillation stabilization CPU internal cycle CPU cycle
time on exit from software (period in which external

standby mode bus can be released)
I I
! LML
/
Address { X @SP
RAS |
CAS |

Figure 6.37 Self-Refresh Clearing
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6.6 Interval Timer

6.6.1 Operation

When DRAM is not connected to the H8/3028 Group chip, the refresh timer can be used as an
interval timer by clearing bits DRAS2 to DRASO in DRCRA to 0. After setting RTCOR,
selection 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 RTMCSR is set to 1 by a compare match 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 6.38
shows the timing.

RTCNT N >< H'00

RTCOR N

Compare match

signal %

CMF flag |

Figure 6.38 Timing of CMF Flag Setting

Operation in Power-Down State: The interval timer 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.

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 6.39.
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T1 T2 T3

Address bus X RTCNT address ><

Internal write signal

Counter clear signal

RTCNT N >< H'00

Figure 6.39 Contention between RTCNT Write and Clear

Contention between RTCNT Write and Increment: If an increment pulse occurs in the T; state
of an RTCNT write cycle, writing takes priority and RTCNT is not incremented. See figure 6.40.

T1 T2 T3
| » | » | »|

Address bus X RTCNT address ><

Internal write signal

RTCNT input clock

RTCNT N >< 4 M

/

Counter write data

Figure 6.40 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 6.41.

Address bus >< RTCOR address ><

Internal write signal

RTCNT N >< N+1
RTCOR N >< M
/
RTCOR write data
[ |
Compare match signal i | \
Inhibited

Figure 6.41 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 6.10 shows the relation
between the time of the switchover (by writing to bits CKS2 to CKSO0) 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 6.10, 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 6.10 Internal Clock Switchover and RTCNT Operation

CKS2 to CKSO0
No. Write Timing RTCNT Operation
1 Low - Low i
switchover™' Old clock source | | i | |
New clock source 1
RTCNT clock |_| i |_|
RTCNT N Xi N+1 ><
CKS bits‘rewritten
2 Low — High2 |
switchover® Old clock source | | | | |
New clock source i
RTCNT clock |_| |_| i |_|
RTCNT N X N+1 Xi N+2 ><
CKS bits‘ rewritten
3 High - Low
switchover™ Old clock source | | |

New clock source

4
RTCNT clock |_| m |_|
|
\F_/
RTCNT N X N+13 X N+2 X
T
I

CKS bits rewritten
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CKS2 to CKS0
No. Write Timing RTCNT Operation

4 High — High

, w4
switchover Old clock source | | | |

—

New clock source

I
|
]
I
I
I
I
1
|
I
I
I
I
}
I
RTCNT clock !
1
I
:

RTCNT N X N+1 >< N+2 ><
|
I

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.

@

6.7 Interrupt Sources

Compare match interrupts (CMI) can be generated when the refresh timer is used as an interval
timer. Compare match interrupt requests are masked/unmasked with the CMIE bit in RTMCSR.

6.8 Burst ROM Interface

6.8.1 Overview

With the H8/3028 Group, external space area 0 can be designated as burst ROM space, and burst
ROM space interfacing can be performed. The burst ROM space interface enables 16-bit
organization ROM with burst access capability to be accessed at high speed. Area 0 is designated
as burst ROM space by means of the BROME bit in BCR.

Continuous burst access of a maximum or four or eight words can be performed on external space
area 0. Two or three states can be selected for burst access.
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6.8.2 Basic Timing

The number of states in the initial cycle (full access) and a burst cycle of the burst ROM interface
is determined by the setting of the ASTO bit in ASTCR. When the ASTO bit is set to 1, wait states
can also be inserted in the initial cycle. Wait states cannot be inserted in a burst cycle.

Burst access of up to four words is performed when the BRSTSO bit is cleared to 0 in BCR, and
burst access of up to eight words when the BRSTSO bit is set to 1. The number of burst access
states is two when the BRSTS1 bit is cleared to 0, and three when the BRSTS1 bit is set to 1.

The basic access timing for burst ROM space is shown in figure 6.42.

Full access Burst access
T1 | T2 | T3 T1 | T2 T1 | T2
| | | |
o
\/
Address bus X Only lower address changes
/\
CSo —| |_
E [— IE—
RD — |—

Data bus 4( Read data >—< Read data >—< Read data >—

Figure 6.42 Example of Burst ROM Access Timing

6.8.3 Wait Control

As with the basic bus interface, either program wait insertion or pin wait insertion using the WAIT
pin can be used in the initial cycle (full access) of the burst ROM interface.

Wait states cannot be inserted in a burst cycle.
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6.9 Idle Cycle

6.9.1 Operation

When the H8/3028 Group chip accesses external space, it can insert a 1-state idle cycle (Ty)
between bus cycles in the following cases: (1) when read accesses between different areas occur
consecutively, (2) when a write cycle occurs immediately after a read cycle, and (3) immediately
after a DRAM space access. By inserting an idle cycle it is possible, for example, to avoid data
collisions between ROM, which has a long output floating time, and high-speed memory, I/O
interfaces, and so on.

The ICIS1 and ICISO bits in BCR both have an initial value of 1, so that an idle cycle is inserted in
the initial state. If there are no data collisions, the ICIS bits can be cleared.

Consecutive Reads between Different Areas: If consecutive reads between different areas occur
while the ICIS1 bit is set to 1 in BCR, an idle cycle is inserted at the start of the second read cycle.

Figure 6.43 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle from ROM with a long output floating time, and bus cycle B is a read cycle from SRAM,
each being located in a different area. In (a), an idle cycle is not inserted, and a collision occurs in
cycle B between the read data from ROM and that from SRAM. In (b), an idle cycle is inserted,
and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
1 T4 To Ta) T1To ‘T To T3, Ti T1 To
o LrorLree 0

Address bus j Ix k: Address bus j Ix k:

I I I I I I

| I I | ] ]
RD 7 | 1 [ RD | [ 1 [

1 1 K 1 1 1 1
patabus ——( TN} Data bus ———( ¥

1 [ 1 1 1 1

I |
Long buffer-off Da"t_a .
time collision
(a) Idle cycle not inserted (b) Idle cycle inserted

Figure 6.43 Example of Idle Cycle Operation (1) (ICIS1=1)

Write after Read: If an external write occurs after an external read while the ICISO bit is set to 1
in BCR, an idle cycle is inserted at the start of the write cycle.

Figure 6.44 shows an example of the operation in this case. In this example, bus cycle A is a read
cycle from ROM with a long output floating time, and bus cycle B is a CPU write cycle.
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In (a), an idle cycle is not inserted, and a collision occurs in cycle B between the read data from
ROM and the CPU write data. In (b), an idle cycle is inserted, and a data collision is prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
' T T2 Ta) T1_To! 'T1 T2 Tal Ti T1 To!
¢|III|||III| ¢|II|||||||||_|

| 1 1 1
Address bus j A X Address bus j X X
i i i i i i
1 1
- i
I

|
RD 7T ] J RDOTT 1L |
1 1 1 1
HWR 7 L FWR — LI
Databus }—— N__) Data bus }———(_ )
I
1

1 1 | 1 1 1 1
[

Long buffer-off |Data
time collision
(a) Idle cycle not inserted (b) Idle cycle inserted

Figure 6.44 Example of Idle Cycle Operation (2) (ICIS0=1)

External Address Space Access Immediately after DRAM Space Access: If a DRAM space
access is followed by a non-DRAM external access when HWR and LWR have been selected as
the UCAS and LCAS output pins by means of the CSEL bit in DRCRB, a Ti cycle is inserted
regardless of the settings of bits ICISO and ICIS1 in BCR. Figure 6.45 shows an example of the
operation.

This is done to prevent simultaneous changing of the HWR and LWR signals used as UCAS and
LCAS in DRAM space and CSn for the space in the next cycle, and so avoid an erroneous write to
the external device in the next cycle.

A T; cycle is not inserted when PB4 and PB5 have been selected as the UCAS and LCAS output
pins.

In the case of consecutive DRAM space access precharge cycles (T,), the ICISO and ICIS1 bit
settings are invalid. In the case of consecutive reads between different areas, for example, if the
second access is a DRAM access, only a T}, cycle is inserted, and a T; cycle is not. The timing in
this case is shown in figure 6.46.

Rev. 2.00, 09/03, page 181 of 890
RENESAS




Bus cycle A Bus cycle A

(DRAM access cycle) Bus cycle B (DRAM access cycle) Bus cycle B
! >«
| Tp _Tr Tct Te2i T1 T2 L Tp Tr Tel Tc2, Ti T1 T2,
¢ o
| | | | | |
Addressbus T J__JC  Addressbus Y C
| | | | | |
HWR/LWR — ‘ 1 HWR/LWR — ‘ 1
(UCASILCAS) | |—| | (UCAS/LCAS) | |—| |
| | | | | |
CSn ! CSn ! !
! / ! ! ! !
Simultaneous change of
HWR/LWR and CSn
(a) Idle cycle not inserted (b) Idle cycle inserted

Figure 6.45 Example of Idle Cycle Operation (3) (HWR/LWR Used as UCAS/LCAS)

Externalread |, DRAM spaceread
P

TT T2 T3! Tp Tr Tel Tc2!
¢

Address bus :X X X X
T

UCAS/LCAS

Address bus

.
-

Figure 6.46 Example of Idle Cycle Operation (4) (Consecutive Precharge Cycles)

Usage Notes: When non-insertion of idle cycles is set, the rise (negation) of RD and the fall
(assertion) of CSn may occur simultaneously. An example of the operation is shown in figure
6.47.

If consecutive reads between different external areas occur while the ICIS1 bit is cleared to 0 in
BCR, or if a write cycle to a different external area occurs after an external read while the ICISO
bit is cleared to 0, the RD negation in the first read cycle and the CSn assertion in the following
bus cycle will occur simultaneously. Therefore, depending on the output delay time of each signal,
it is possible that the low-level output of RD in the preceding read cycle and the low-level output
of CSn in the following bus cycle will overlap.

A setting whereby idle cycle insertion is not performed can be made only when RD and CSn do
not change simultaneously, or when it does not matter if they do.
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Bus cycle A Bus cycle B
-
T T2 T3..T1_T2!

¢
| | |
Address bus :p( X !

o —

| —»0—:-4— |

| /\ |
Simultaneous change of RD and CSn
Possibility of mutual overlap

(a) Idle cycle not inserted

Bus cycle A ‘
T T2 T3 Ti

Bus cycle B

T1

T2 |
¢

Address bus

| C

(b) Idle cycle inserted

Figure 6.47 Example of Idle Cycle Operation (5)

6.9.2 Pin States in Idle Cycle
Table 6.11 shows the pin states in an idle cycle.

Table 6.11 Pin States in Idle Cycle

Pins Pin State

A2z to Ao Next cycle address value
D15 to Do High impedance

CSn High*

UCAS, LCAS High

AS High

RD High

HWR High

LWR High

Note: * Remains low in DRAM space RAS down mode.
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6.10 Bus Arbiter

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), DRAM interface, 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
the 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. 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 > DRAM interface > 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.

6.10.1 Operation

CPU: The CPU is the lowest-priority bus master. If the DMAC, DRAM interface, 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:

e 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.

¢ Ifanother 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.

¢ Ifanother 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 DRAM interface 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 one byte or one 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 7.4.9, Multiple-
Channel Operation.

DRAM Interface: The DRAM interface requests the bus right from the bus arbiter when a refresh
cycle request is issued, and releases the bus at the end of the refresh cycle. For details see section
6.5, DRAM Interface.

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 y driving the BREQ signal low. Once the external bus master acquires the bus, it
keeps the bus until the BREQ signal goes high. While the bus is released to an external bus
master, the H8/3028 Group chip holds the address bus, data bus, bus control signals (AS, RD,
HWR, and LWR), and chip select signals (CSn: n = 7 to 0) in the high-impedance state, 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 pin is driven high to end the
bus-release cycle.

Figure 6.48 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 three states from when the
BREQ signal goes low until the bus is released.
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CPU cycles | External bus released | CPU cycles
I I

\ ) | High-impedance ) e—
Address bus ' Address i> : | i :\_
/ | | | ' I
! . 1 High-impedance '
batabus —————____
I I I I I I
I I I I
. H ! . High-impedance 1
AS i ' \ : : |
| |_| i i ! ! !
1 1 1 1 1 1
BD ! ! y High-impedance i
7 (N gy i i
| J b : |
HWR, TWR : \ High-impedance Y
i i i i i i
BREQ —\ . i i : i :
| ! ! / ' | i
1 1 1 1 1 1
BACK : : \ i Y
I N I I I I
' Minimum 3 cycles :\ ; : i
I T 1 I I I
(1 2) (3) (4) (5) (6)

Figure 6.48 Example of External Bus Master Operation

In the event of contention with a bus request from an external bus master when a transition is
made to software standby mode, the BACK and strobe states may be indeterminate after the
transition to software standby mode (see figure 6.36).

When software standby mode is used, the BRLE bit should be cleared to 0 in BRCR before
executing the SLEEP instruction.
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6.11  Register and Pin Input Timing

6.11.1  Register Write Timing

ABWCR, ASTCR, WCRH, and WCRL Write Timing: Data written to ABWCR, ASTCR,
WCRH, and WCRL takes effect starting from the next bus cycle. Figure 6.49 shows the timing
when an instruction fetched from area 0 changes area 0 from three-state access to two-state access.

T T2 T3 T T2 T3 T T2

LS I A I

Address bus )( EX ASTCR address EX

>
" 3-state access toarea 0 2-state access to area 0

-

Figure 6.49 ASTCR Write Timing

DDR and CSCR Write Timing: Data written to DDR or CSCR for the port corresponding to the
CSn pin to switch between CSn output and generic input takes effect starting from the Tj state of
the DDR write cycle. Figure 6.50 shows the timing when the CS; pin is changed from generic
input to CS, output.

T1 T2 T3

L

Address bus P8DDR address

- -

CSq

High-impedance

Figure 6.50 DDR Write Timing
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BRCR Write Timing: Data written to BRCR to switch between Ay;, Ay, Ayj, or Ay output and
generic input or output takes effect starting from the T; state of the BRCR write cycle. Figure
6.51 shows the timing when a pin is changed from generic input to Ay, A, Ay, or Ay output.

T1 T2 T3

¢ I N D R S

1 1 1

Address bus ix BRCR address i EX

1 1 1

1 1 1

PA7 to PA : / |
(Azg :g Azot High-impedance | i\_

Figure 6.51 BRCR Write Timing

6.11.2 BREQ Pin 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 lows, 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.
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Section 7 DMA Controller

7.1 Overview

The H8/3028 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 20.6, Module Standby Function.

7.1.1 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
00 24-bit source and destination addresses
0 Maximum two channels available
O Selection of normal mode or block transfer mode
¢ Directly addressable 16-Mbyte address space
e Selection of byte or word transfer

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

O 16-bit timer compare match/input capture interrupts (x3)

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

O External requests
U Auto-request

O A/D converter conversion-end interrupt
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7.1.2

Figure 7.1 shows a DMAC block diagram.

Block Diagram

Internal address bus

Internal IMIAQ —»|
interrupts IMIAT —»
IMIA2 — Arithmetic-logic unit
ADI —
TXIO —™ MAROA
RXI0 Channel
—
0A IOAROA
DREQ,—~ Control logic Channel ETCROA
DREQ; —* 0 MAROB
TEND, =—
TEND, ~—| Chgg”e' IOAROB
DTCROA| ETCROB
Interrupt DENDOA —— DTCROB MAR1A
signals DENDOB =—
g DEND1A <—| DTCR1A Ch?;”e' IOAR1A
DEND1B =—
DTCR1B Channel ETCR1A
1 MAR1B
\ Channel IOAR1B
1B
Data buffer | ETCR1B
Internal data bus
Legend

DTCR: Data transfer control register

MAR:
IOAR:

Memory address register
1/0 address register

ETCR: Execute transfer count register

‘{ Address buffer CA

Module data bus

Figure 7.1 Block Diagram of DMAC
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7.1.3

Table 7.1 gives an overview of the DMAC functions.

Functional Overview

Table 7.1 DMAC Functional Overview
Address
Reg. Length
Destina-
Transfer Mode Activation Source tion
Short I/O mode e Compare match/input 24 8
address «  Transfers one byte or one word capture A interrupts from
mode per request 16-bit timer channels
« Increments or decrements the memory Oto2
address by 1 or 2 «  Transmit-data-empty
* Executes 1 to 65,536 transfers interrupt from SCI channel 0
*  Conversion-end interrupt 8 24
dle mode from A/D converter
e Transfers one byte or one word per . .
request Receive-data-full interrupt
e Holds the memory address fixed from SCI channel 0
* Executes 1 to 65,536 transfers e External request 24 8
Repeat mode
e 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
Full Normal mode e Auto-request 24 24
address «  Auto-request « External request
mode O Retains the transfer request
internally
O Executes a specified number(1 to
65,536) of transfers continuously
O Selection of burst mode or cycle-
steal mode
¢ External request
O Transfers one byte or one word
per request
O Executes 1 to 65,536 transfers
Block transfer e Compare match/ input 24 24

» Transfers one block of a specified size
per request

* Executes 1 to 65,536 transfers .

e Allows either the source or destination *
to be a fixed block area

e Block size can be 1 to 255 bytes or
words

capture A interrupts from
16-bit timer channels 0 to 2
External request
Conversion-end interrupt
from A/D converter
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7.1.4 Input/Output Pins
Table 7.2 lists the DMAC pins.

Table 7.2 DMAC Pins

Abbrevia-  Input/

Channel Name tion 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 DREQq 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.

7.1.5 Register Configuration

Table 7.3 lists the DMAC register
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Table 7.3 DMAC Registers

Channel Address™ Name Abbreviation R/W Initial Value

0 H'FFF20  Memory address register 0AR MAROAR R/W  Undetermined
H'FFF21 Memory address register OAE MAROAE R/W  Undetermined
H'FFF22  Memory address register 0AH MAROAH R/W  Undetermined
H'FFF23  Memory address register OAL MAROAL R/W  Undetermined
H'FFF26  1/O address register 0A IOAROA R/W  Undetermined

H'FFF24  Execute transfer count register 0AH ETCROAH R/W  Undetermined

H'FFF25  Execute transfer count register OAL ETCROAL R/W  Undetermined

H'FFF27  Data transfer control register 0A DTCROA R/W H'00

H'FFF28  Memory address register 0BR MAROBR R/W  Undetermined
H'FFF29  Memory address register 0BE MAROBE R/W  Undetermined
H'FFF2A  Memory address register 0BH MAROBH R/W  Undetermined
H'FFF2B  Memory address register 0BL MAROBL R/W  Undetermined
H'FFF2E  1/O address register 0B IOAROB R/W  Undetermined

H'FFF2C  Execute transfer count register 0BH ETCROBH R/W  Undetermined

H'FFF2D  Execute transfer count register 0BL ETCROBL R/W  Undetermined

H'FFF2F  Data transfer control register 0B DTCROB R/W H'00

1 H'FFF30  Memory address register 1AR MAR1AR R/W  Undetermined
H'FFF31 Memory address register 1AE MAR1AE R/W  Undetermined
H'FFF32  Memory address register 1AH MAR1AH R/W  Undetermined
H'FFF33  Memory address register 1AL MAR1AL R/W  Undetermined
H'FFF36  1/O address register 1A IOAR1A R/W  Undetermined

H'FFF34  Execute transfer count register 1AH ETCR1AH R/W  Undetermined

H'FFF35  Execute transfer count register 1AL  ETCR1AL R/W  Undetermined

H'FFF37  Data transfer control register 1A DTCR1A R/W H'00

H'FFF38  Memory address register 1BR MAR1BR R/W  Undetermined
H'FFF39  Memory address register 1BE MAR1BE R/W  Undetermined
H'FFF3A  Memory address register 1BH MAR1BH R/W  Undetermined
H'FFF3B  Memory address register 1BL MAR1BL R/W  Undetermined
H'FFF3E  1/O address register 1B IOAR1B R/W  Undetermined

H'FFF3C  Execute transfer count register 1BH ETCR1BH R/W  Undetermined

H'FFF3D  Execute transfer count register 1BL ETCR1BL R/W  Undetermined

H'FFF3F  Data transfer control register 1B DTCR1B R/W  H'00

Note: * The lower 20 bits of the address are indicated.
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7.2 Register Descriptions (1) (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 7.4.

Table 7.4  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

7.2.1 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 3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value Undetermined

Read/Write — — — — — — — — RIW RW R/W RW R/W RIW RW R/W RIW R/W RIW R/W RIW RW R/W RIW R/W RIW R/W RIW R/W 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
serial communication interface (SCI) channel 0 or by an A/D converter conversion-end interrupt,
and as a source address register otherwise.

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 7.3.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by a reset or in standby mode.
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7.2.2 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 5 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 destination address register if activation is by a receive-data-full interrupt from
serial communication interface (SCI) channel 0 or by an A/D converter conversion-end interrupt,
and as a source 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.

7.2.3 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 5 14 13 12 1 10 9 8 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 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.
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¢ 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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7.2.4 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 I/O mode or idle mode, DTE is cleared to 0  (Initial value)
when the specified number of transfers have been completed

1 Data transfer is enabled

If DTIE is set to 1, a CPU interrupt is requested when DTIE 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 (Initial value)

e [fDTSZ =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
« IfDTSZ =0, MAR is decremented by 1 after each transfer
e [fDTSZ =1, MAR is decremented by 2 after each transfer

MAR is not incremented or decremented in idle mode.

Bit 4—Repeat Enable (RPE): Sclects whether to transfer data in /O mode, idle mode, or repeat
mode.

Bit 4 Bit 3

RPE DTIE Description

0 0 I/O mode (Initial value)
I

1 0 Repeat mode
1 Idle mode

Operations in these modes are described in sections 7.4.2, I/O Mode, 7.4.3, Idle Mode, and 7.4.4,
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.

Bit 2 Bit 1 Bit 0
DTS2 DTS1 DTSO0 Description

0 0 0 Compare match/input capture A interrupt from 16-bit timer channel 0
(Initial value)

Compare match/input capture A interrupt from 16-bit timer channel 1

Compare match/input capture A interrupt from 16-bit timer channel 2

Conversion-end interrupt from A/D converter

Transmit-data-empty interrupt from SCI channel 0

Receive-data-full interrupt from SCI channel 0

-
o
O~ O|~|O| -

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)

Note: See section 7.3.4, Data Transfer Control Registers (DTCR).

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 7.4.9, Multiple-Channel Operation.

When a channel is enabled (DTE = 1), its selected DMAC activation source cannot generate a
CPU interrupt.
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7.3 Register Descriptions (2) (Full Address Mode)

In full address mode the A and B channels operate together. Full address mode is selected as
indicated in table 7.4.

7.3.1 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. (Write is invalid.)

Bit 3130 290 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 65 4 3 2 1 0

Initial value Undetermined

Read/Write — — — — — — — — RW RW RW RW RW RW RW RW RIW RIW R/W RIW RIW RIW R/IW RIW RIW R/IW R/IW RIW RIW RIW RIW RIW

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 7.3.4,
Data Transfer Control Registers (DTCR).

The MARs are not initialized by a reset or in standby mode.

7.3.2 I/O Address Registers (IOAR)

The I/O address registers (IOARs) are not used in full address mode.
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7.3.3 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 %5 14 13 12 1 10 9 8 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 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

e« ETCRB
Bit %5 14 13 12 1 10 9 8 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 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.
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7.3.4 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
DTSI1A 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
Enables or disables
data transfer

Data transfer size

Selects byte or
word size

Data transfer

interrupt enable
Enables or disables the
CPU interrupt at the end

of the transfer

Source address
increment/decrement

Data transfer
select 0A

Selects block
transfer mode

Data transfer select
2A and 1A

Source address increment/ These bits must both be

decrement enable setto 1
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 (Initial value)
of transfers have been completed)

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 Bit 4

SAID 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 [fDTSZ =1, MARA is incremented by 2 after each transfer

1 0 MARA is held fixed

MARA is decremented after each data transfer
« IfDTSZ = 0, MARA is decremented by 1 after each transfer
e 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 DTS1A 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 7.4.5, Normal Mode, and 7.4.6, Block
Transfer Mode.
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DTCRB

Bit 7 6 5 4 3 2 1 0

‘ DTME ‘ — ‘ DAID ‘ DAIDE ‘ T™MS ‘ 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 0B

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 7.6.6, 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 (Initial value)
occurs)

1 Data transfer is enabled
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Bit 6—Reserved: Although reserved, this bit can be written and read.

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 Bit 4

DAID DAIDE Description

0 0 MARB is held fixed (Initial value)
1 MARB is incremented after each data transfer

« IfDTSZ = 0, MARB is incremented by 1 after each data transfer
e IfDTSZ =1, MARB is incremented by 2 after each data transfer

1 0 MARB is held fixed

MARB is decremented after each data transfer
« IfDTSZ =0, MARB is decremented by 1 after each data transfer
e [fDTSZ =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 DTSOB 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

Bit2 Bit1 Bit0
DTS2B DTS1B DTSOB Description

0 0 0 Compare match/input capture A interrupt from 16-bit timer channel 0
(Initial value)

Compare match/input capture A interrupt from 16-bit timer channel 1

Compare match/input capture A interrupt from 16-bit timer channel 2

Conversion-end interrupt from A/D converter

Cannot be used

Cannot be used

Falling edge of DREQ

[N
o
_ O | O | O =

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 7.4.9,
Multiple-Channel Operation.
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7.4 Operation

7.4.1 Overview

Table 7.5 summarizes the DMAC modes.

Table 7.5 DMAC Modes

Transfer Mode

Activation

Notes

Short address 1/0O mode Compare match/input ¢ Up to four channels
mode Idle mode capture A interrupt from can operate independently
Repeat mode 16-bit timer channels 0 to 2
: ¢ Only the B channels

Transmlt.-data-empty support external requests

and receive-data-full

interrupts from SCI

channel 0

Conversion-end interrupt

from A/D converter

External request
Full address Normal mode Auto-request ¢« Aand B channels are
mode

External request

Block transfer
mode

Compare match/input
capture A interrupt from
16-bit timer channels 0 to 2

Conversion-end interrupt
from A/D converter

External request

paired; up to two channels
are available

Burst mode transfer or
cycle-steal mode transfer
can be selected for 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.
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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.

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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7.4.2 1/0 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/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 [OAR otherwise.

Table 7.6 indicates the register functions in I/O mode.

Table 7.6  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
; ; address address source start decremented
‘ MAR register register address once per
transfer
Source Destination Source or Held fixed
23 7 0 N
address address destination
‘ All 1s ‘ IOAR register register address
15 0 Transfer counter Number of Decremented
‘ ET‘CR ‘ transfers once per .
! 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.

Figure 7.2 illustrates how I/O mode operates.

RENESAS

Rev. 2.00, 09/03, page 211 of 890



Address T—m -«— |0AR
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 . N — 1)

Figure 7.2 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 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel 0,
conversion-end interrupts from the A/D converter, and external request signals.

For the detailed settings see section 7.2.4, Data Transfer Control Registers (DTCR).
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Figure 7.3 shows a sample setup procedure for I/O mode.

< 1/0 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 bit to 0 to select I/O mode.

* Select MAR increment or decrement with the
DTID bit.

Set source and 1
destination addresses

Pob

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
1/0O mode

Figure 7.3 1/O Mode Setup Procedure (Example)

7.4.3 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/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 7.7 indicates the register functions in idle mode.
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Table 7.7  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
; MAR ; address address source address
‘ register register
Source Destination Source or Held fixed
23 7 0 N
address address destination
‘ All 1s ‘ IOAR register register address
15 0 Transfer counter Number of Decremented
w transfers once per
ETPR 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 7.4 illustrates how idle mode operates.

\/\
MAR —»=
\/\

1 byte or word is
transferred per request

\_/\

\/\

-«+— |OAR

Figure 7.4 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 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel 0,
conversion-end interrupts from the A/D converter, and external request signals.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).

Figure 7.5 shows a sample setup procedure for idle mode.

(

Idle mode setup

)

Set source and
destination addresses

Set transfer count

Read DTCR

Set DTCR

¢

Idle mode

roN

. 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.
+ Select byte size or word size with the DTSZ bit.
» Set the DTE bit to 1 to enable the transfer.

Figure 7.5 Idle Mode Setup Procedure (Example)
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7.4.4 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 16-bit timer 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 ETCRH 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 7.8 indicates the register functions in repeat mode.

Table 7.8  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
23 0 address address source start decremented at
: ‘ register register address each transfer until
‘ 1 MAR ‘ ETCRH reaches
H'0000, then restored
to initial value
23 7 0 Source Destination Source or Held fixed
‘ All 1s ‘ IOAR ‘ address address  destination
register register address
Transfer counter Number of Decremented once
7 0 transfers per transfer until

H'0000 is reached,
then reloaded from
ETCRL

)

7 0 Initial transfer count Number of

Held fixed

ETCRL transfers
Legend

MAR: Memory address register
IOAR: /O address register
ETCR: Execute transfer count register
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In repeat mode ETCRH is used as the transfer counter while ETCRL holds the initial transfer
count. ETCRH is decremented by 1 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)P™P . 2PTSZ. 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 O,
if the CPU sets DTE to 1 again, transfers resume from the state at which DTE was cleared. No
CPU interrupt is requested.

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 7.6 illustrates how repeat mode operates.

Address T —m= -«— |0AR

1 byte or word is
transferred per request

Legend

L = initial setting of MAR

Address B —# N = initial setting of ETCRH and ETCRL
Address T=L

w Address B = L + (=1)PTID. (2DTSZ. N _ 1)

Figure 7.6 Operation in Repeat Mode
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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 16-bit
timer channels 0 to 2, transmit-data-empty and receive-data-full interrupts from SCI channel 0,
conversion-end interrupts from the A/D converter, and external request signals.

For the detailed settings see section 7.2.4, Data Transfer Control Registers (DTCR).

Figure 7.7 shows a sample setup procedure for repeat mode.

( Repeat mode

)

Set source and
destination addresses

Set transfer count

Read DTCR

Set DTCR

#

Repeat mode

Ll N

. 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 bit to 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 7.7 Repeat Mode Setup Procedure (Example)
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7.4.5 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 7.9 indicates the register functions in I/O mode.

Table 7.9  Register Functions in Normal Mode

Register Function Initial Setting Operation

23 0 Source address Source start Incremented or

‘ ' MARA | ‘ register address decremented once per
: : transfer, or held fixed

23 0 Destination Destination start Incremented or

‘ ' MARB | ‘ address register  address decremented once per
‘ ‘ transfer, or held fixed
15 0 Transfer counter Number of Decremented once per
‘ ETCRA ‘ transfers transfer

|

Legend

MARA: Memory address register A
MARB: Memory address register B
ETCRA: Execute transfer count register A

The source and destination addresses are both 24-bit addresses. MARA 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 to 1, a CPU interrupt is requested at this time. The maximum transfer
count is 65,536, obtained by setting ETCRA to H'0000.
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Figure 7.8 illustrates how normal mode operates.

Address Tp—» ~4—— Address Tg

Y Y

Address Bp—® -4—— Address Bg

\/\\/\

Legend

L, =initial setting of MARA

Lg = initial setting of MARB

N = initial setting of ETCRA

Ta =La

Bn =Lp+ SAIDE « (—1)SAID « (2DTSZ « N — 1)
Tg =Lg

Bg = Lg + DAIDE « (—1)PAID « (2DTSZ « N _ 1)

Figure 7.8 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 7.3.4, Data Transfer Control Registers (DTCR).
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Figure 7.9 shows a sample setup procedure for normal mode.

< Normal mode > 1. Set the initial source address in MARA.
2. Set the initial destination address in MARB.
3. Set the transfer count in ETCRA.
Set initial source address 1 4. Setthe DTCRB bits as follows.

¢ Clear the DTME bit to 0.
« Set the DAID and DAIDE bits to select whether
MARRB is incremented, decremented, or held fixed.
Set initial destination address | 2 « Select the DMAC activation source with bits
DTS2B to DTSOB.
5. 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 DTCRB (1) 4 » 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.

Set transfer count 3

Set DTCRA (1) 5

6. Read DTCRB with DTME cleared to 0.
7. Setthe DTME bitto 1 in DTCRB.
8. Read DTCRA with DTE cleared to 0.
Read DTCRB 6 9. Setthe DTE bit to 1 in DTCRA to enable the transfer.
Set DTCRB (2) 7
Read DTCRA 8
Set DTCRA (2) 9

l

Normal mode

Note: Carry out settings 1 to 9 with the DEND interrupt masked in the CPU.
If an NMI interrupt occurs during the setup procedure, it may clear the DTME bit to 0, in
which case the transfer will not start.

Figure 7.9 Normal Mode Setup Procedure (Example)

Rev. 2.00, 09/03, page 221 of 890
RENESAS




7.4.6 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 7.10 indicates the register functions in block transfer mode.

Table 7.10 Register Functions in Block Transfer Mode

Register Function Initial Setting Operation
23 0 Source address Source start Incremented or
‘ " MARA | ‘ register address decremented once per
‘ ‘ transfer, or held fixed
23 0 Destination Destination start Incremented or
‘ " MARB | ‘ address register address decremented once per
‘ ‘ transfer, or held fixed
7 0  Block size counter  Block size Decremented once per
ETCRAH transfer until H'00 is
reached, then reloaded
{} from ETCRL
7 o 0 Initial block size Block size Held fixed
ETCRAL
15 0 Block transfer Number of block Decremented once per
w 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 7.10 illustrates how block transfer mode operates. In this figure, bit TMS is cleared to 0,
meaning the block area is the destination.

Legend

N/_\

— Block 1 ]

— Block 2 ]

— Block N ]

L o = initial setting of MARA
L g = initial setting of MARB
M = initial setting of ETCRAH and ETCRAL
N = initial setting of ETCRB

TA=LA

~— Address Tg

—  Block area i)

-+—— Address By

J\

M bytes or words are
transferred per request

Ba =L+ SAIDE « (-1)SAP « (20782 . 1)

TB =LB

Bg = Lg+ DAIDE « (-1)PAD « (20TSZ « \p _ 1)

Figure 7.10 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 7.11 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 2, by an A/D converter conversion-end interrupt, and by external request signals.

For the detailed settings see section 7.3.4, Data Transfer Control Registers (DTCR).
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Start
(DTE =DTME = 1)
Transfer requested?
Yes

| Get bus |

F—

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

CCIear DTE to 0 and end transfer>

a. DTSZ=TMS =0
SAID =DAID =0
SAIDE = DAIDE =1

Start
(DTE = DTME = 1)

Transfer requested?
Yes

| Get bus |

F—

Read from MARA address

\
MARA = MARA + 1 |
\

Write to MARB address

| ETCRAH=ETCRAH-1 |

ETCRAH = H'00

| Release bus |

[
| ETCRAH = ETCRAL |

| ETCRB = ETCRB — 1 |

ETCRB = H'0000

CCIear DTE to 0 and end transfer>

b. DTSZ=TMS =0
SAID=0
SAIDE =1
DAIDE =0

Figure 7.11 Block Transfer Mode Flowcharts (Examples)
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Figure 7.12 shows a sample setup procedure for block transfer mode.

< Block transfer mode

Set source address

Set destination address

Set block transfer count

Set block size

Set DTCRB (1)

Set DTCRA (1)

Read DTCRB

Set DTCRB (2)

Read DTCRA

Set DTCRA (2)

'

Block transfer mode

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.

2 « Set the DAID and DAIDE bits to select whether
MARSB 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.

6. Setthe DTCRA bits as follows.

4 * 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 bit to enable or disable the
CPU interrupt at the end of the transfer.
« Set bits DTS2A to DTS0A all to 1 to select
6 block transfer mode.

Pob=

o

7. Read DTCRB with DTME cleared to 0.
8. Setthe DTME bitto 1in DTCRB.
9. Read DTCRA with DTE cleared to 0.

7 10. Set the DTE bit to 1 in DTCRA to enable

the transfer.

8

9

10

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 7.12 Block Transfer Mode Setup Procedure (Example)
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7.4.7 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 7.11.

Table 7.11 DMAC Activation Sources

Short Address Mode

Full Address Mode

Channels Channels
Activation Source 0A and 1A 0B and 1B Normal Block
Internal IMIAO @) @) X @)
interrupts IMIA1 o o < o
IMIA2 ¢) o) x o)
ADI o} o) X o)
TXIO ¢) o) X x
RXI0 o) o) x x
External Falling edge X @) o) o)
requests of DREQ
Low input at X @) @) X
DREQ
Auto-request X X ¢) x

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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7.4.8 DMAC Bus Cycle

Figure 7.13 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 (1 word transfer) ‘ CPU cycle
=‘=

Ty T Ty T Ty Ty T Ty T T3 Ty T T3 Ty T Ty 1o

' Source

| | | ' address ! Destination address ! !

Figure 7.13 DMA Transfer Bus Timing (Example)
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Figure 7.14 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

——

f ' Source fDestination
i address ;address !

S

i address ;address

f ' Source fDestination

I E E
|
—

Figure 7.14 Bus Timing of DMA Transfer Requested by Low DREQ Input
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Figure 7.15 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

Ty T Tq Tg T T4 T T4 Tp T T Ty T Ty Tp T4 Ty

i l iSource iDestinationi l l l l
| | iaddress iaddress | | | | |

= e e s

Figure 7.15 Burst DMA Bus Timing

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 7.16 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
= = =

Tp Ty Tp Ty To Tg T4 Tp Ty To Ty T Tg T4 To

JTUUUU UL
0

| S S S—
1 L
o |

' Minimum 4 states ' " Next sampling point

<=

!
Address X
}

Figure 7.16 Timing of DMAC Activation by Falling Edge of DREQ in Normal Mode

Rev. 2.00, 09/03, page 232 of 890
RENESAS




Figure 7.17 shows the timing when the DMAC is activated by level-sensitive low DREQ input in
normal mode.

CPU cycle DMAC cycle CPU cycle
o T ETE e -l

Top Tq T Ty To Tg Ty To T4 Tp T4 T T¢ To Ty

-

" Minimum 4 states © Next sampling point

Figure 7.17 Timing of DMAC Activation by Low DREQ Level in Normal Mode
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Figure 7.18 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

l———

Ty To Ty T T4 T Ty T Ty T, T4 T Tgq T4 T

DREQ L_I
e )

Next sampling

| Minimum 4 states

Figure 7.18 Timing of DMAC Activation by Falling Edge of DREQ in Block Transfer Mode
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7.4.9 Multiple-Channel Operation

The DMAC channel priority order is: channel 0 > channel 1 and channel A > channel B.

Table 7.12 shows the complete priority order.

Table 7.12 Channel Priority Order

Short Address Mode Full Address Mode Priority
Channel 0A Channel 0 High
Channel 0B

Channel 1A Channel 1 I
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.

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.

Once a transfer starts on one channel, requests to other channels are held pending until that
channel releases the bus.

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.

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 7.19 shows the timing when channel 0A is set up for I/O mode and channel 1 for burst
mode, and a transfer request for channel OA is received while channel 1 is active.
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Figure 7.19 Timing of Multiple-Channel Operations

7.4.10  External Bus Requests, DRAM Interface, and DMAC

During a DMAC transfer, if the bus right is requested by an external bus request signal (BREQ) or
by the DRAM interface (refresh cycle), 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 7.20 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

-

DMAC cycle (channel 0)

“A

[ [
Ty To Ty To Ty T Ty To Ty To Tgq T4 To T4 T T4 T

Tl = s s

Figure 7.20 Bus Timing of DRAM Interface, and DMAC
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7.4.11 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 7.21 shows the procedure for resuming a DMAC transfer in normal mode on channel 0
after the transfer was halted by NMI input.

Resuming DMAC 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.

Set DTME to 1 2

#

DMA transfer continues End

Figure 7.21 Procedure for Resuming a DMAC Transfer Halted by NMI (Example)

For information about NMI interrupts in block transfer mode, see section 7.6.6, NMI Interrupts
and Block Transfer Mode.
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7.4.12  Aborting a DMAC 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 7.22 shows the procedure for aborting a
DMAC transfer by software.

DMAC 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

|

DMAC transfer aborted

Figure 7.22 Procedure for Aborting a DMAC Transfer
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7.4.13  Exiting Full Address Mode

Figure 7.23 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 7.23 Procedure for Exiting Full Address Mode (Example)
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7.4.14 DMAC States in Reset State, Standby Modes, and Sleep Mode

When the chip is reset or enters software standby mode, the DMAC is initialized and halts.
DMAC operations continue in sleep mode. Figure 7.24 shows the timing of a cycle-steal transfer
in sleep mode.

Sleep mode
CPU cycle ' DMAC cycle ‘ DMAC cycle ‘
[ — :
T, Ty :T1 T, Ty T Tqg T T2 T4 T Ty

Address bus X X >\ A X >\

Figure 7.24 Timing of Cycle-Steal Transfer in Sleep Mode
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7.5 Interrupts
The DMAC generates only DMA-end interrupts. Table 7.13 lists the interrupts and their priority.

Table 7.13 DMAC Interrupts

Description
Interrupt Short Address Mode Full Address Mode Interrupt Priority
DENDOA End of transfer on channel OA  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 I
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 7.25 shows the DMA-end interrupt logic. An interrupt is requested whenever DTE = 0 and
DTIE = 1.

DTE

:OD—> DMA-end interrupt

DTIE

Figure 7.25 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.

Rev. 2.00, 09/03, page 241 of 890
RENESAS




7.6 Usage Notes

7.6.1 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).

7.6.2 DMAC Self-Access

The DMAC itself cannot be accessed during a DMAC cycle. DMAC registers cannot be specified
as source or destination addresses.

7.6.3 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.

7.6.4 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.
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7.6.5 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 7.26.

[ Enabling of DMAC )

Interrupt hand-
ling by CPU

Selected interrupt
requested?

No

L

Clear selected interrupt’s 2
enable bitto 0

Enable DMAC 3

Set selected interrupt’s 4
enable bit to 1

l

DMAC operates

. While the DTE bit is cleared to 0,

interrupt requests are sent to the
CPU.

. Clear the interrupt enable bit to 0

in the interrupt-generating on-chip
supporting module.

. Enable the DMAC.
. Enable the DMAC-activating

interrupt.

Figure 7.26 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 7.26 before and after setting the DTME bit

to 1.

RENESAS
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When 16-bit timer interrupt activates the DMAC, make sure the next interrupt does not occur
before the DMA transfer ends. If one 16-bit timer 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.

7.6.6 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.

e 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 7.6.5, 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.

7.6.7 Memory and I/O Address Register Values

Table 7.14 indicates the address ranges that can be specified in the memory and I/O address
registers (MAR and IOAR).

Table 7.14 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)

IOAR 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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7.6.8 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 7.27 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

Address bus :X X \ ><

! DTE bitis |
cleared |

Figure 7.27 Bus Timing at Abort of DMA Transfer in Cycle-Steal Mode

7.6.9 Transfer Requests by A/D Converter

When the A/D converter is set to scan mode and conversion is performed on more than one
channel, the A/D converter generates a transfer request when all conversions are completed. The
converted data is stored in the appropriate ADDR registers. Block transfer mode and full address
mode should therefore be used to transfer all the conversion results at one time.
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Section & 1/O Ports

8.1 Overview

The H8/3028 Group has 11 input/output ports (ports 1, 2, 3,4,5,6,7, 8,9, A, and B). Table 8.1
summarizes the port functions. The pins in each port are multiplexed as shown in table 8.1.

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
control register (PCR) for switching input pull-up 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, and 5 can drive LEDs (with 10-mA current sink). Pins P8, to P8, PA; to PA, have
Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, I/O Port Block Diagrams.
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Table 8.1

Port Functions

Expanded Modes

Single-Chip Modes

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 P1y/ Address output pins (A7 to Ag) Address output (A7 to Generic input/output
+ Can drive LEDs A;to Ay Ao) and generic input
DDR =0:
generic input
DDR = 1:
address output
Port 2 |+ 8-bit I/O port P2; to P2y/ Address output pins (Ass to Ag) Address output (A5 to Generic input/output
« Built-in input pull- Assto Ag Ag) and generic input
up transistors DDR =0:
« Can drive LEDs generic input
DDR = 1:
address output
Port 3 |+ 8-bit I/O port P3; to P3¢/ Data input/output (D5 to Dg) Generic input/output
Disto Dg
Port 4 |+ 8-bit I/O port P4; to P4,/ Data input/output (D7 to Do) and 8-bit generic input/output Generic input/output
* Built-in input pull- D7 to Do 8-bit bus mode: generic input/output
up transistors 16-bit bus mode: data input/output
Port 5 |+ 4-bit I/O port P53 to P5¢/ Address output (Ag to Asg) Address output (Ao to Generic input/output
+ Built-in input pull- | A19 ©0 Ave As) and 4-bit
up transistors generic input
. Can drive LEDs DDR = 0: generic input
DDR = 1: address output
Port 6 |+ 8-bit I/O port P6/p Clock output (¢p) and generic input
P6s/LWR Bus control signal output (LWR, HWR, RD, AS) Generic input/output
P6s/HWR
P6,/RD
P63/AS
P6,/BACK Bus control signal input/output (BACK, BREQ, WAIT) and 3-bit generic input/output
P6,/BREQ
P6o/WAIT
Port 7 |+ 8-bit I/O port P7:/AN7/DA; | Analog input (AN, ANg) to A/D converter, analog output (DA;, DA,) from D/A converter, and generic
P75/ANg/DA, |IMPUt
P75to P7o/ | Analog input (ANs to ANo) to A/D converter, and generic input
ANs to AN,
Port 8 |+ 5-bit I/O port P84/CS, DDR = 0: generic input DDR = 0 (reset value): | Generic input/output
« P8, to P8, have DDR = 1 (reset value): CS, output generic input
Schmitt inputs DDR = 1: CS; output
P84/IRQ4/ TRQ; input, CS; output, external trigger input (ADTRG) to A/D converter,  |IRQ; input, external
CSy/ADTRG |and generic input trigger input (ADTRG) to

DDR = 0 (after reset): generic input
DDR = 1: CS; output

A/D converter, and
generic input/output

P8,/IRQ./CS,
P8,/IRQ4/CS;

TRQ, and TRQ; input, CS, and CS; output, and generic input”

DDR = 0 (reset value): generic input
DDR = 1: CS; and CS; output

TRQ; and IRQ; input and
generic input/output

P8,/IRQy
RFSH

TRQy input, RFSH output, and generic input/output

TRQpinput and generic
input/output

Note: * P81 can be used as an output port by making a setting in DRCRA.
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Expanded Modes Single-Chip Modes
Port |Description Pins
Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
Port 9 |+ 6-bit I/O port P95/IRQs / Input and output (SCK4, SCK,, RxD+, RxDg, TxD4, TXDy) for serial communication interfaces 1 and 0
SCK; (SCI1/0), TRQs and IRQ, input, and 6-bit generic input/output
P9,/IRQ4/
SCK,
P93/RxD;
P9,/RxDq
P94/TxD4
P90/TxDg
Port A|+ 8-bit I/O port PA;/TP4/ Output (TP7) from pro- Address output Address output (Ay), | TPC output (TP7), 16-bit
« Schmitt inputs TIOCB,/Ay, | grammable timing (Az) TPC output (TP7), timer input or output‘
pattern controller (TPC), input or output (TIOCBy), and generic
input or output (TIOCB,) (TIOCB;) for 16-bit input/output
for 16-bit timer and timer, and generic
generic input/output input/output
PAs/TPs/ TPC output (TPg to TPy4), | TPC output (TPs to TP,),16-bit timer input and TPC output (TPg to TPy),
TIOCA,/Az; | 16-bit timer input and output (TIOCA,, TIOCB;,, TIOCA,), address 16-bit timer input and
output (TIOCA,, TIOCB;, | output (A3 to Azq), and generic input/output output (TIOCA,, TIOCB;,
PAs/TPs/ ) -
TIOCB/Agy lTIOCA1) , and generic TIOCA1) and generic
input/output input/output
PALTP,/
TIOCA4/Azs

PAS/TP,/ TPC output (TP3 to TPg), 16-bit timer input and output (TIOCB,, TIOCA,, TCLKD, TCLKC, TCLKB,
TIOCBy/ TCLKA), 8-bit timer input (TCLKD, TCLKC, TCLKB, TCLKA), output (TEND;, TEND,) from DMA
TCLKD controller (DMAC), and generic input/output

PALITP,/
TIOCA/
TCLKC

PA/TP4/
TCLKB/
TEND;
PAGTPy/
TCLKA/
TEND,

Port B |+ 8-bit I/O port PB7/TP4s/ TPC output (TP4s to TP43), SCI2 input and output (SCK;, RxD, TxD), TPC output (TP4sto
RXD, DRAM interface output (LCAS, UCAS), and generic input/output TP42), SCI2 input and
PBe/TP 14/ output (SCKy, Rx!)z,
TXD, TxDz), and generic
input/output

PBs/TP 43/
SCK3/LCAS

PB4/TP 1,/
UCAS

PB3/TP44/ TPC output (TP4 to TPg), 8-bit timer input and output (TMIO3, TMO,, TMIO4, | TPC output (TP;4 to
TMIOy/ TMOy), DMAC input (DREQ;, DREQy), CS; to CS, output, and generic TPg), 8-bit timer input
DREQ,/CS, |input/output and output (TMIO;,
PB,/TP/ TMO,, TMIO1, TMOy),
TMO,/CSs DMAC input (DREQ?,
DREQy), and generic
input/output

PB4/TPy/
TMIO/
DREQy/CSs

PBy/TPg/
TMO,/CS;
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8.2 Port 1

8.2.1 Overview

Port 1 is an 8-bit input/output port also used for address output, with the pin configuration shown
in figure 8.1. 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 mode 5 (expanded modes with on-chip ROM enabled), settings in the port 1 data direction
register (P1DDR) can designate pins for address bus output (A; to Ay) or generic input. In modes 6
and 7 (single-chip mode), port 1 is a generic input/output port.

When DRAM is connected to area 2, 3,4, 5, A; to A, output row and column addresses in read
and write cycles. For details see section 6.5, DRAM Interface.

Pins in port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
a darlington transistor pair.

Port1 pins Modes1to4 Mode5 Modes 6 and 7

- P1,/A; A< (output) P1; (input)/A; (output) P1; (input/output)
~— P1g/Ag Ag (output) P1g (input)/Ag (output) P14 (input/output)
= P15/A5 A5 (output) P15 (input)/As (output) P15 (input/output)
= P14/A,4 A4 (output) P14 (input)/A4 (output) P14 (input/output)
Port 1 ~— P13/A3 A3 (output) P13 (input)/A3 (output) P15 (input/output)
~— P1,/A, A, (output) P1, (input)/A, (output)  P1, (input/output)
~ P14/A A (output) P14 (input)/A4 (output) P14 (input/output)
~— P14/Aq Aj (output) P1g (input)/Ag (output) P14 (input/output)

Figure 8.1 Port 1 Pin Configuration
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8.2.2 Register Descriptions
Table 8.2 summarizes the registers of port 1.

Table 8.2  Port 1 Registers

Initial Value
Address® Name Abbreviation R/W Modes1to4 Modes5to7
H'EEO000 Port 1 data direction register P1DDR w H'FF H'00
H'FFFDO  Port 1 data register P1DR R/W H'00 H'00

Note: * Lower 20 bits of the address in advanced mode.

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‘ P1 5DDR‘ P14DDR‘ P13DDR‘P12DDR‘P1 1DDR‘P10DDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 |ReadWrite — — — — — — — —
Modes{lnitial value O 0 0 0 0 0 0 0
5107 |Read/Write W W W W W W W W

Port 1 data direction 7 to 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.
Port 1 functions as an address bus.

Mode 5 (Expanded Modes with On-Chip ROM Enabled): After a reset, port 1 functions as an
input port. 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.

Modes 6 and 7 (Single-Chip Mode): Port 1 functions as an input/output port. A pin in port 1
becomes an output port if the corresponding P1DDR bit is set to 1, and an input port if this bit is
cleared to 0.

In modes 1 to 4, PIDDR bits are always read as 1, and cannot be modified.

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 to H'00 in modes 5 to 7, by a reset and in
hardware standby mode. In software standby mode it retains its previous setting. Therefore, if a
transition is made to software standby mode while port 1 is functioning as an input/output port and
a P1DDR bit is set to 1, the corresponding pin maintains its output state.

Port 1 Data Register (P1DR): P1DR is an 8-bit readable/writable register that stores port 1
output data. When port 1 functions as an output port, the value of this register is output. When
this register is read, the pin logic level 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

‘ P17 ‘ P16 ‘ P15 ‘ P14 ‘ P13 ‘ P1, ‘ P14 ‘ P10 ‘
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 data 7 to 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.

Rev. 2.00, 09/03, page 252 of 890
RENESAS



8.3 Port 2

8.3.1 Overview

Port 2 is an 8-bit input/output port with the pin configuration shown in figure 8.2. 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 mode 5 (expanded modes with on-chip ROM enabled), settings in the
port 2 data direction register (P2DDR) can designate pins for address bus output (A5 to Ag) or
generic input. In modes 6 and 7 (single-chip mode), port 2 is a generic input/output port.

When DRAM is connected to areas 2 to 5, Ay, to Ag output row and column addresses in read and
write cycles. For details see section 6.5, DRAM Interface.

Port 2 has software-programmable built-in pull-up transistors.

Pins in port 2 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
a darlington transistor pair.

Port 2 pins Modes1to4 Mode 5 Modes 6 and 7

s P2;/A5 A45 (output) P2, (input)/A45 (output) P2 (input/output)
- P2g/A14 A44 (output) P2g (input)/A44 (output) P2g (input/output)
- P25/A3 A43 (output) P25 (input)/A43 (output) P25 (input/output)
= P24/A5 A45 (output) P2, (input)/A45 (output) P24 (input/output)
Port 2 > P23/A44 A44 (output) P25 (input)/A44 (output) P25 (input/output)
~— P2,/Aqg A4 (output) P2, (input)/A4q (output) P2, (input/output)
> P2,/Aq Ag (output) P2, (input)/Ag (output) P2, (input/output)
~— P2y/Ag Ag (output) P2, (input)/Ag (output) P2, (input/output)

Figure 8.2 Port 2 Pin Configuration
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8.3.2 Register Descriptions
Table 8.3 summarizes the registers of port 2.

Table 8.3  Port 2 Registers

Initial Value
Address® Name Abbreviation R/W Modes 1to4 Modes 5to 7
H'EEO001 Port 2 data direction register P2DDR W  HFF H'00
H'FFFD1  Port 2 data register P2DR R/W H'00 H'00
H'EEO3C  Port 2 input pull-up MOS control P2PCR R/W H'00 H'00

register

Note: * Lower 20 bits of the address in advanced mode.

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 O 0 0 0 0 0 0 0
5107 |Read/Write W W W W W W W W

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

Modes 1 to 4 (Expanded Modes with On-Chip ROM Disabled): P2DDR values are fixed at 1.
Port 2 functions as an address bus.

Mode 5 (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.

Modes 6 and 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 bits are always read as 1, and cannot be modified.

In modes 5 to 7, P2DDR is a write-only register. Its value cannot be read. All bits return 1 when
read.
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P2DDR is initialized to H'FF in modes 1 to 4, and to H'00 in modes 5 to 7, by a reset and in
hardware standby mode. In software standby mode it retains its previous setting. Therefore, if a
transition is made to software standby mode while port 2 is functioning as an input/output port and
a P2DDR bit is set to 1, the corresponding pin maintains its output state.

Port 2 Data Register (P2DR): P2DR is an 8-bit readable/writable register that stores output data
for Port 2. When port 2 functions 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 logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ P27 ‘ P2 ‘ P25 ‘ P24 ‘ P23 ‘ P2, ‘ P24 ‘ P2y ‘
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 data 7 to 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‘ PZGPCR‘ P25PCR‘ P24PCR‘ P23PCR‘P22PCR ‘ P21PCR‘ 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 7 to 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 in P2PCR is set to 1, the input pull-up transistor is turned on.

P2PCR 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 8.4  Input Pull-Up Transistor States (Port 2)

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 transistor is always off.
On/off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off.
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8.4 Port 3

8.4.1 Overview

Port 3 is an 8-bit input/output port with the pin configuration shown in figure 8.3. Port 3 is a data
bus in modes 1 to 5 (expanded modes) and a generic input/output port in modes 6 and 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

R —— P37/D15
i PSG/D14
. P35/D13
. P34/D12
Port 3
~—> P33/Dy4
- - P32/D10
~—> P3,/Dg

<= P3,/Dg

Modes 1 to 5

D45 (input/output)
D44 (input/output)
D43 (input/output)
D42 (input/output)
D44 (input/output)
D4o (input/output)
Dg (input/output)
Dg (input/output)

Modes 6 and 7

P37 (input/output)
P3¢ (input/output)
P35 (input/output)
P3, (input/output)
P33 (input/output)
P3, (input/output)
P34 (input/output)
P3¢ (input/output)

Figure 8.3 Port 3 Pin Configuration

8.4.2 Register Descriptions

Table 8.5 summarizes the registers of port 3.

Table 8.5  Port 3 Registers

Address™ Name Abbreviation R/W Initial Value
H'EE002 Port 3 data direction register P3DDR w H'00
H'FFFD2 Port 3 data register P3DR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.

Rev. 2.00, 09/03, page 257 of 890
RENESAS



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 ‘ P34 DDR‘ P3,DDR ‘
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 5 (Expanded Modes): Port 3 functions as a data bus, regardless of the PADDR
settings.

Modes 6 and 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. Therefore, if a transition is made to software standby mode while
port 3 is functioning as an input/output port and a P3DDR bit is set to 1, the corresponding pin
maintains its output state.

Port 3 Data Register (P3DR): P3DR is an 8-bit readable/writable register that stores output data
for port 3. When port 3 functions 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 logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ P3; ‘ P3g ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P34 ‘ P3g ‘
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 3 data7to 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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8.5 Port 4

8.5.1 Overview

Port 4 is an 8-bit input/output port with the pin configuration shown in figure 8.4. The pin
functions differ depending on the operating mode.

In modes 1 to 5 (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 modes 6 and 7 (single-chip

mode), port 4 is a generic input/output port.

Port 4 has software-programmable built-in pull-up transistors.

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

D P47/D7
I P46/D6
~—= P45/Ds
~——= P4,/D,
Port 4
> P43/D3
> P42/D2
<= P4,/D,

~—= P4,/D,

Modes 1to 5

P4, (input/output)/D7 (input/output)
P4¢ (input/output)/Dg (input/output)
P45 (input/output)/D5 (input/output)
P4, (input/output)/D4 (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)

Modes 6 and 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 8.4 Port 4 Pin Configuration
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8.5.2 Register Descriptions
Table 8.6 summarizes the registers of port 4.

Table 8.6  Port 4 Registers

Address™ Name Abbreviation R/W Initial Value
H'EE003 Port 4 data direction register P4DDR w H'00
H'FFFD3 Port 4 data register P4DR R/W H'00
H'EEOQO3E Port 4 input pull-up control register P4PCR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.

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‘ P45DDR‘ P45DDR‘ P44DDR‘ P43DDR‘P42DDR ‘ 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 5 (Expanded Modes): When all areas are designated as 8-bit-access areas by the bus
controller’s bus width control register (ABWCR), selecting 8-bit bus mode, port 4 functions as an
input/output port. In this case, a pin in port 4 becomes an output port if the corresponding P4ADDR
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 PADDR settings.

Modes 6 and 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.

ABWCR and P4DDR are not initialized in software standby mode. Therefore, if a transition is
made to software standby mode while port 4 is functioning as an input/output port and a PADDR
bit is set to 1, the corresponding pin maintains its output state.
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Port 4 Data Register (P4DR): P4DR is an 8-bit readable/writable register that stores output data
for port 4. When port 4 functions as an output port, the value of this register is output. When a bit
in P4ADDR is set to 1, if port 4 is read the value of the corresponding P4DR bit is returned. When a
bit in PADDR is cleared to 0, if port 4 is read the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0
‘ P4, ‘ P4g ‘ P45 ‘ P4, ‘ P44 ‘ 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
Port4 data7to 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
‘P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR‘P42PCR ‘ P41PCR‘ P40PCR‘

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 control 7 to 0
These bits control input pull-up transistors built into port 4

In modes 6 and 7 (single-chip mode), and in 8-bit bus mode in modes 1 to 5 (expanded modes),
when a PADDR bit is cleared to 0 (selecting generic input), if the corresponding P4PCR bit is set
to 1, the input pull-up 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 8.7 summarizes the states of the input pull-ups in each operating mode.

Table 8.7  Input Pull-Up Transistor States (Port 4)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1t05 8-bit bus mode  Off Off On/off On/off
16-bit bus mode Off Off
6and7 On/off On/off

Legend
Off:  The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if P4APCR = 1 and P4DDR = 0. Otherwise, it is off.
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8.6 Port5

8.6.1 Overview

Port 5 is a 4-bit input/output port with the pin configuration shown in figure 8.5. 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 (Ay to Ajg). In mode 5 (expanded modes with on-chip ROM enabled), settings in the port 5
data direction register (PSDDR) designate pins for address bus output (Ay to Aje) or generic
input. In modes 6, 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmable built-in pull-up 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 Modes 1 to 4 Mode 5 Modes 6 and 7
pins
~— P53/A1g  Ajg(output) P53 (input)/A4g (output) P55 (input/output)
~— P5,/A1g  Aqg(output) P55 (input)/Asg (output) P55 (input/output)
Portd ~— P5,/A4; A7 (output) P5, (input)/A47 (output) P54 (input/output)
= P5/A46 A46 (output) P5¢ (input)/A4g (output) P54 (input/output)

Figure 8.5 Port S Pin Configuration

8.6.2 Register Descriptions
Table 8.8 summarizes the registers of port 5.

Table 8.8  Port 5 Registers

Initial Value
Address™ Name Abbreviation R/W Modes 1to4 Modes 5to 7
H'EEO004 Port 5 data direction register P5DDR w H'FF H'FO
H'FFFD4 Port 5 data register P5DR R/W H'FO H'FO
H'EEQ3F Port 5 input pull-up control register P5PCR RW HFO H'FO

Note: * Lower 20 bits of the address in advanced mode.
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Port 5 Data Direction Register (PSDDR): PSDDR 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 are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
\ — \ — \ — \ — ‘P53DDR‘P52DDR‘P51DDR‘P50DDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 |Read/Write — — — — _ _ _ _
Modes{lnitial value 1 1 1 1 0 0 0 0
5107 |Readwrite — — — _ W W
Reser\led bits Port 5 data t‘iirection 3to0

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.
Port 5 functions as an address bus.

Modes 5 (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.

Mode 6 and 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 bits are always read as 1, and cannot be modified.

In modes 5 to 7, PSDDR is a write-only register. Its value cannot be read. All bits return 1 when
read.

P5SDDR is initialized to H'FF in modes 1 to 4, and to H'FO in modes 5 to 7, by a reset and in
hardware standby mode. In software standby mode it retains its previous setting. Therefore, if a
transition is made to software standby mode while port 5 is functioning as an input/output port and
a PSDDR bit is set to 1, the corresponding pin maintains its output state.
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Port 5 Data Register (PSDR): P5DR is an 8-bit readable/writable register that stores output data
for port 5. When port 5 functions 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 P5DR bit is returned. When a
bit in PSDDR is cleared to 0, if port 5 is read the corresponding pin logic level is read.

Bits 7 to 4 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
= = = — | Ps | P | Ps | Psy |
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.

Port 5 Input Pull-Up MOS Control Register (PSPCR): PSPCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistors in port 5.

Bits 7 to 4 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ P53PCR ‘ P5,PCR ‘ P54 PCR‘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 control 3to 0

These bits control input pull-up
transistors built into port 5

In modes 5 to 7, when a PSDDR bit is cleared to 0 (selecting generic input), if the corresponding
bit in PSPCR is set to 1, the input pull-up 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 8.9 summarizes the states of the input pull-ups in each mode.

Rev. 2.00, 09/03, page 265 of 890
RENESAS



Table 8.9  Input Pull-Up Transistor States (Port 5)

Mode Reset Hardware Standby Mode Software 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 transistor is always off.

On/off: The input pull-up transistor is on if PSPCR = 1 and P5DDR = 0. Otherwise, it is off.
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8.7 Port 6

8.7.1 Overview

Port 6 is an 8-bit input/output port that is also used for input and output of bus control signals
(LWR, HWR, RD, AS, BACK, BREQ, WAIT) and for clock () output.

In modes 1 to 5 (expanded modes), the pin functions are P6, (generic input)/@, LWR, HWR, RD,
AS, P6,/BACK, P6,/BREQ, and P6,/WAIT). See table 8.11 for the selection of the pin functions.
In modes 6 and 7 (single-chip modes), P6, functions as a generic input port or ¢ output, and P6, to
P6, function as generic input/output ports.

When DRAM is connected to areas 2 to 5, LWR, HWR, and RD also function as LCAS, UCAS,
and WE, respectively. For details see section 6.5, DRAM Interface.

Pins in port 6 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Port 6 pins Modes 1to 5 Mode 6 and 7
(expanded modes) (single-chip mode)
~— P6;/¢ P67 (input)/ ¢ (output) P67 (input) / ¢(output)
~— P64/LWR LWR (output) P86 (input/output)
~— P65/HWR HWR (output) P65 (input/output)
Port6 «— P6,/RD RD  (output) P86, (input/output)
- P64/AS AS  (output) P63 (input/output)

~— P6,/BACK P6, (input/output)/ BACK (output) P65 (input/output)
~— P6,/BREQ P64 (input/output)/ BREQ (input) P6 4 (input/output)
~— P6y/ WAIT P6¢ (input/output)/ WAIT (input) P6 o (input/output)

Figure 8.6 Port 6 Pin Configuration
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8.7.2 Register Descriptions
Table 8.10 summarizes the registers of port 6.

Table 8.10 Port 6 Registers

Address” Name Abbreviation R/W Initial Value
H'EE005 Port 6 data direction register P6DDR w H'80
H'FFFD5 Port 6 data register P6DR R/W H'80

Note: * Lower 20 bits of the address in advanced mode.

Port 6 Data Direction Register (P6DDR): PODDR is an 8-bit write-only register that can select
input or output for each pin in port 6.

Bit 7 is reserved. It is fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR‘P62DDR‘P61DDR‘P6ODDR‘
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 5 (Expanded Modes): P6; functions as the clock output pin (@) or an input port. P6;
is the clock output pin (@) if the PSTOP bit in MSTRCH is cleared to 0 (initial value), and an input
port if this bit is set to 1.

P6¢ to P6; function as bus control output pins (LWR, HWR, RD, and E), regardless of the
settings of bits P6,DDR to P6;DDR.

P6, to P6, function as bus control input/output pins (BACK, BREQ, and WAIT) or input/output
ports. For the method of selecting the pin functions, see table 8.11.

When P6, to P6, function as input/output ports, the pin becomes an output port if the
corresponding P6DDR bit is set to 1, and an input port if this bit is cleared to 0.
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Mode 6 and 7 (Single-Chip Mode): P6; functions as the clock output pin () or an input port.
P64 to P6, function as generic input/output ports. P6; is the clock output pin (@) if the PSTOP bit
in MSTCRH is cleared to 0 (initial value), and an input port if this bit is set to 1. A pin in port 6
becomes an output port if the corresponding bit of P6,DDR to P6,DDR is set to 1, and an input
port if this pin 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. Therefore, if a transition is made to software standby mode while
port 6 is functioning as an input/output port and a P6DDR bit is set to 1, the corresponding pin
maintains its output state.

Port 6 Data Register (P6DR): P6DR is an 8-bit readable/writable register that stores output data
for port 6. When port 6 functions as an output port, the value of this register is output. For bit 7, a
value of 1 is returned if the bit is read while the PSTOP bit in MSTCRH is cleared to 0, and the
P67 pin logic level is returned if the bit is read while the PSTOP bit is set to 1. Bit 7 cannot be
modified. For bits 6 to 0, the pin logic level is returned if the bit is read while the corresponding
bit in P6DDR is cleared to 0, and the P6DR value is returned if the bit is read while the
corresponding bit in PODDR is set to 1.

Bit 7 6 5 4 3 2 1 0

‘ P65 ‘ P6g ‘ P65 ‘ P64 ‘ P65 ‘ P6, ‘ P64 ‘ P6¢ ‘
Initial value 1 0 0 0 0 0 0 0
Read/Write R R/W R/W R/W R/W R/W R/W R/W

Port 6 data7to 0
These bits store data for port 6 pins

P6DR is initialized to H'80 by a reset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table 8.11 Port 6 Pin Functions in Modes 1 to 5

Pin

Pin Functions and Selection Method

P67/¢@

Bit PSTOP in MSTCRH selects the pin function.

PSTOP 0 1

Pin function @ output P67 input

Functions as LWR regardless of the setting of bit P6sDDR

P66DDR 0 1

Pin function LWR output™

Note: * If any of bits DRAS2 to DRASO in DRCRA is 1 and bit CSEL in DRCRB is
1, LWR output functions as LCAS.

Functions as HWR regardless of the setting of bit P6sDDR

P6sDDR 0 1

Pin function HWR output™

Note: * If any of bits DRAS2 to DRASO in DRCRA is 1 and bit CSEL in DRCRB is
1, HWR output functions as UCAS.

Functions as RD regardless of the setting of bit P64DDR

P64sDDR 0 1

Pin function RD output®

Note: * If any of bits DRAS2 to DRAS0 in DRCRA is 1, RD output functions as
WE.

Functions as AS regardless of the setting of bit P6:DDR

P6:DDR 0 1

Pin function

AS output

P62/BACK

Bit BRLE in BRCR and bit P6,DDR select the pin function as follows

BRLE 0 1

P6.DDR 0 1 —

Pin function P6, input P62 output BACK output

P64/BREQ

Bit BRLE in BRCR and bit P61DDR select the pin function as follows

BRLE 0 1
P6:DDR 0 1 —
Pin function P61 input P61 output BREQ input
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Pin Pin Functions and Selection Method

P6o/WAIT Bit WAITE in BCR and bit P6,DDR select the pin function as follows.
WAITE 0 1
P60,DDR 0 1 0*
Pin function P6, input P6, output WAIT input
Note: * Do not set bit P60DDR to 1.

8.8 Port 7

8.8.1 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 8.7
shows the pin configuration of port 7.

See section 15, A/D Converter, for details of the A/D converter analog input pins, and section 16,
D/A Converter, for details of the D/A converter analog output pins.

Port 7 pins

Port 7

+—— P75 (input)/AN 5 (input)
«—— P74 (input)/AN4 (input)
~——— P75 (input)/AN 3 (input)
—— P75 (input)/AN, (input)
—— P7, (input)/AN 4 (input)
~~—— P74 (input)/ANq (input)

~——— P7, (input)/AN; (input)/DA 4 (output)
~——> P74 (input)/ANg (input)/DA o (output)

Figure 8.7 Port 7 Pin Configuration
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8.8.2 Register Description

Table 8.12 summarizes the port 7 register. Port 7 is an input port, and port 7 has no data direction
register.

Table 8.12 Port 7 Data Register

Address™ Name Abbreviation R/W Initial Value

H'FFFD6 Port 7 data register P7DR R Undetermined

Note: * Lower 20 bits of the address in advanced mode.

Port 7 Data Register (P7DR)

Bit 7 6 5 4 3 2 1 0

‘ P7, ‘ P7¢ ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P74 ‘ P7q ‘
Initial value —* —* —* —* _* % % _ %
Read/Write R R R R R R R R

Note: * Determined by pins P77 to P7,.

When port 7 is read, the pin logic levels are always read. P7DR cannot be modified.
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8.9 Port 8

8.9.1 Overview

Port 8 is a 5-bit input/output port that is also used for CS; to CS, output, RESH output, IRQs to
IRQy input, and A/D converter ADTRG input. Figure 8.8 shows the pin configuration of port 8.

In modes 1 to 5 (expanded modes), port 8 can provide CS; to CS, output, RESH output, IRQ; to
IRQy input, and ADTRG input. See table 8.14 for the selection of pin functions in expanded
modes.

In modes 6 and 7 (single-chip modes), port 8 can provide IRQ; to IRQ, input and ADTRG input.
See table 8.15 for the selection of pin functions in single-chip mode.

See section 15, A/D Converter, for a description of the A/D converter's ADTRG input pin.

The IRQj; to IRQ, functions are selected by IER settings, regardless of whether the pin is used for
input or output. Caution is therefore required. For details see section 5.3.1, External Interrupts.

When DRAM is connected to areas 2 to 5, the CS; and CS, output pins function as RAS output
pins for each area. For details see section 6.5, DRAM Interface.

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.
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Port 8 pins

«—» P8,/CS,

~—= P83/CS,/IRQ3; / ADTRG
Port8 |+~ P8,/CS,/IRQ,
«—= P8,/CS;/IRQ;

~—= P8y/RFSH/IRQ,

(single-chip mode)

P8,/(input/output)

Pin functions in modes 1to 5
(expanded modes)

P8, (input)/ CS, (output)

P85 (input)/§1 (output)/ IRQ3 (input) / ADTRG (input)
P8, (input)/@z (output)/ﬁz (input)
P8, (input/output)/ CS3 (output)/IRQ;(input)

P8, (input/output)/ RFSH (output)/IRQ (input)

Pin functions in modes 6 and 7

P85/(input/output)/ IRQ5 (input) / ADTRG (input)

)
P8, /(input/output)/ @2
P8, /(input/output)/ IRQ 4
( )

P8¢/(input/output /@0 input

nput

input

(
(
(
(

)
)
)
)

Figure 8.8 Port 8 Pin Configuration
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8.9.2 Register Descriptions
Table 8.13 summarizes the registers of port 8.

Table 8.13 Port 8 Registers

Initial Value
Address™ Name Abbreviation @ R/W Modes 1 to 4 Modes 5to 7
H'EE007  Port 8 data direction P8DDR w H'FO H'EO
register
H'FFFD7  Port 8 data register P8DR R/W H'EO H'EO

Note: * Lower 20 bits of the address in advanced mode.

Port 8 Data Direction Register (PSDDR): PSDDR 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 are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘P84DDR‘P83DDR‘P82DDR‘P81DDR‘P80DDR‘
Modes | Initial value 1 1 1 1 0 0 0 0
Tto4d { Read/Write ~— — — W W W W W
Modes | Initial value 1 1 1 0 0 0 0 0
Sto7 { Read/Write ~— — — W W W W W
ReserLed bits Port 8 data di‘rection 4t00

These bits select input or
output for port 8 pins

Modes 1 to 5 (Expanded Modes): When bits in PEDDR bit are set to 1, P8, to P8, become ﬁo to
CS; output pins. When bits in PSDDR are cleared to 0, the corresponding pins become input ports.
However, P8; can also be used as an output port, depending on the setting of bits DRAS?2 to
DRASO in DRAM control register A (DRCRA). For details see section 6.5.2, DRAM Space and
RAS Output Pin Settings.

In modes 1 to 4 (expanded modes with on-chip ROM disabled), following a reset P8, functions as
the CS, output, while CS; to CS; are input ports. In mode 5 (expanded mode with on-chip ROM
enabled), following a reset CS, to CS; are all input ports.

When the refresh enable bit (RFSHE) in DRCRA is set to 1, P8, is used for RFSH output. When
RFSHE is cleared to 0, P§, becomes an input/output port according to the PSDDR setting. For
details see table 8.14.
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Modes 6 and 7 (Single-Chip Mode): Port 8 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 to H'EO in modes 5 to 7, by a reset and in
hardware standby mode. In software standby mode P8DDR retains its previous setting. Therefore,
if a transition is made to software standby mode while port 8 is functioning as an input/output port
and a PSDDR bit is set to 1, the corresponding pin maintains its output state.

Port 8 Data Register (P8DR): PSDR is an 8-bit readable/writable register that stores output data
for port 8. When port 8 functions as an output port, the value of this register is output. When a bit
in PSDDR s 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 logic level is read.

Bits 7 to 5 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ P84 ‘ P83 ‘ P8, ‘ P84 ‘ 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 8 data4to 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 8.14 Port 8 Pin Functions in Modes 1 to 5

Pin Pin Functions and Selection Method
P84/CSy Bit P84DDR selects the pin function as follows

P84;DDR 0 1

Pin function P8, input CSo output
P8:/CS:/IRQs/  Bit P83DDR selects the pin function as follows
ADTRG P8;DDR 0 1

Pin function P83 input CS; output

TRQs input
ADTRG input

P8,/CS,/IRQ:

The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, and bit
P8,DDR, select the pin function as follows.

DRAM interface
settings

(1) in table below

(2) in table below

P8,DDR 0 1 —
Pin function P8, input CS; output CS; output™
TRQs input
Note: * CS; is output as RAS.
DRAM interface
setting 1) (2)
DRAS2 0 1
DRAS1 0 1 0 1
DRASO 0 1 0 1 0 1 0 1
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Pin

Pin Functions and Selection Method

P81/CS3/IRQ4

The DRAM interface settings by bits DRAS2 to DRASO0 in DRCRA, and bit
P8,DDR, select the pin function as follows.

DRAM interface
settings

(1) in table below

(2) in table below

(3) in table below

P8:DDR 0 1 0 1 —

Pin function P8, CS, P8, P8, CS;
input output input output output
pin pin pin pin pin*

IRQ input pin

Note: * CSsis output as RAS;.

DRAM interface

setting (1 3) (2) 3) (2)

DRAS2 0 1

DRASH 0 1 0 ]

DRASO 0o | f 0 | f 0o | f 0o | f

P80/RFSH/IRQo

Bit RFSHE in DRCRA and bit P8,DDR select the pin function as follows.

RFSHE 0 1*

P80,DDR 0 1 —

Pin function P8, input P8, output RFSH output
TRQq input

Note: * If areas 2 to 5 are not designated as DRAM space, this bit should not be

setto 1.
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Table 8.15 Port 8 Pin Functions in Modes 6 and 7

Pin Pin Functions and Selection Method
P84 Bit P84DDR selects the pin function as follows
P84;DDR 0 1
Pin function P84 input P84 output
P83/IRQa/ Bit P83DDR selects the pin function as follows
ADTRG P8;DDR 0 1
Pin function P83 input P83 output
TRQs input
ADTRG input
P8,/IRQ. Bit P8,DDR selects the pin function as follows
P8,DDR 0 1
Pin function P82 input P82 output
IRQ; input
P84/RQ; Bit P8/DDR selects the pin function as follows
P8,DDR 0 1
Pin function P8+ input P84 output
IRQ; input
P80/IRQo Bit P8,DDR select the pin function as follows
P8,DDR 0 1
Pin function P8 input P8¢ output
TRQp input
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8.10 Port 9

8.10.1 Overview

Port 9 is a 6-bit input/output port that is also used for input and output (TxD,, TxD;, RxDy, RxDy,
SCK,, SCK) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQs
and IRQy input. See table 8.17 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. Caution is therefore required. For details see section 5.3.1, External Interrupts.

Port 9 has the same set of pin functions in all operating modes. Figure 8.9 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

= P9; (input/output)/SCK (input/output)/IRQ;5 (input)
«——» P9, (input/output)/SCKy (input/output)/IRQ, (input)
— P93 (input/output)/RxD4 (input)

Port 9
— P9, (input/output)/RxDg (input)
~—— P9, (input/output)/TxD4 (output)

~— P9, (input/output)/TxDg (output)

Figure 8.9 Port 9 Pin Configuration
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8.10.2  Register Descriptions
Table 8.16 summarizes the registers of port 9.

Table 8.16 Port 9 Registers

Address® Name Abbreviation R/W Initial Value
H'EE008 Port 9 data direction register PODDR w H'CO
H'FFFD8 Port 9 data register PODR R/W H'CO

Note: * Lower 20 bits of the address in advanced mode.

Port 9 Data Direction Register (P9DDR): 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 are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95DDR‘ P94DDR‘ P93DDR‘P92DDR ‘ P91DDR‘ P90DDR‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w w w w w w
Reserved bits Port 9 data direction 5to 0

These bits select input or
output for port 9 pins

When port 9 functions as an input/output 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 the method of
selecting the pin functions, see table 8.17.

PY9DDR is a write-only register. Its value cannot be read. All bits return 1 when read.

PI9DDR is initialized to H'CO by a reset and in hardware standby mode. In software standby mode
it retains its previous setting. Therefore, if a transition is made to software standby mode while
port 9 is functioning as an input/output port and a PODDR bit is set to 1, the corresponding pin
maintains its output state.
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Port 9 Data Register (P9DR): P9DR is an 8-bit readable/writable register that stores output data
for port 9. When port 9 functions as an output port, the value of this register is output. When a bit
in PO9DDR is set to 1, if port 9 is read the value of the corresponding P9DR bit is returned. When a
bit in P9DDR is cleared to 0, if port 9 is read the corresponding pin logic level is read.

Bits 7 and 6 are reserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ P95 ‘ P9, ‘ P93 ‘ P9, ‘ P94 ‘ 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 Port9data5to 0

These bits store data
for port 9 pins

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 8.17 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, and bit P9sDDR select the
pin function as follows

CKE1 1
C/A 0 1 —
CKEO 0 1 — —
P9sDDR 0 1 — — —
Pin function P95 P9s SCK; SCK;4 SCK;
input output output output input
IRQs input

P94/SCKo/IRQ4

Bit C/A in SMR of SCI0, bits CKEQ and CKE1 in SCR, and bit P94DDR select the
pin function as follows

CKE1 1
C/A 0 1 —
CKEO 0 1 — —
P9,DDR 0 1 — — —
Pin function P9, P94 SCKo SCKo SCKo
input output output output input
IRQq input
P93/RxD1 Bit RE in SCR of SCI1, bit SMIF in SCMR, and bit P93DDR select the pin function
as follows.
SMIF 0 1
RE 0 1 —
P9;DDR 0 1 — —
Pin function P93 input P93 output RxD+ input RxD+ input
P9,/RxDo 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 P9, input P9, output RxDg input RxDg input

RENESAS
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Pin

Pin Functions and Selection Method

P91/TXD1

Bit TE in SCR of SCI1, bit SMIF in SCMR, and bit P91DDR select the pin function

as follows.

SMIF

1

TE

1

P94 DDR

0

1

Pin function

P91 input

P9, output

TxD+ output

TxD; output™

Note: * Functions as the TxD1 output pin, but there are two states: one in which
the pin is driven, and another in which the pin is at high-impedance.

Pgo/TXDo

Bit TE in SCR of SCIO, bit SMIF in SCMR, and bit P9oDDR select the pin function

as follows.

SMIF 0 1

TE 1 —
P9,DDR 0 1 — —

Pin function P9, input P9y output TxDo output | TxDg output™

Note: * Functions as the TxDg output pin, but there are two states: one in which
the pin is driven, and another in which the pin is at highimpedance.
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8.11 Port A

8.11.1 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 timer, input
(TCLKD, TCLKC, TCLKB, TCLKA) to the 8-bit timer, output (TEND;, TEND,) from the DMA
controller (DMAC), and address output (A,; to Ayg). A reset or hardware standby transition leaves
port A as an input port, except that in modes 3 and 4, one pin is always used for A,, output. See
table 8.19 to 8.21 for the selection of pin functions.

Usage of pins for TPC, 16-bit timer, 8-bit timer, and DMAC input and output is described in the
sections on those modules. For output of address bits Ay; to A,y in modes 3, 4, and 5, see section
6.2.4, Bus Release Control Register (BRCR). Pins not assigned to any of these functions are
available for generic input/output. Figure 8.10 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.

Rev. 2.00, 09/03, page 285 of 890
RENESAS



Port A

Port A pins

PA;/TP; ITIOCB, /Ay,
PAg/TPg /TIOCA,/Ay1
PA/TP5 /TIOCB; /Ag,
PA4/TP, /TIOCA/Ags
PA3/TP; /TIOCB, /TCLKD
PA,/TP, /TIOCA,/TCLKC
PA,/TP, /TEND,/TCLKB
PAo/TP, /TEND/TCLKA

Pin functions in modes 1, 2, 6, and 7

PA 7 (input/output)/TP 7 (output)/TIOCB ,(input/output)

PA ¢ (input/output)/TP ¢ (output)/TIOCA ,(input/output)

PA 5 (input/output)/TP 5 (output)/TIOCB 4 (input/output)

PA 4 (input/output)/TP 4 (output)/TIOCA 4(input/output)

PA 5 (input/output)/TP 5 (output)/TIOCB q(input/output)/TCLKD (input)
PA 5 (input/output)/TP 5 (output)/TIOCA ((input/output)/ TCLKC (input)
PA 4 (input/output)/TP ; (output)/TEND 4 (output)/TCLKB (input)

PA ( (input/output)/TP ¢ (output)/ TEND g (output)/ TCLKA (input)

Pin functions in modes 3 and 4

Ay (output)

PA ¢ (input/output)/TP ¢ (output)/TIOCA ,(input/output)/A »4(output)
PA 5 (input/output)/TP 5 (output)/TIOCB 4
PA 4 (input/output)/TP 4 (output)/TIOCA 4(input/output)/A ,5(output)

( )
( ) input/output)/A >,(output)
( )
PA 3 (input/output)/TP 3 (output)/TIOCB ( (input/output)/TCLKD (input)
( )
( )
( )

(
(
(
(
PA , (input/output)/TP 5 (output)/TIOCA ((input/output)/ TCLKC (input)
PA 4 (input/output)/TP 1 (output)/TEND 4 (output)/TCLKB (input)

PA ¢ (input/output)/TP ¢ (output)/TEND  (output)/TCLKA (input)

Pin functions in mode 5

PA7 (input/output)/TP7 (output)/TIOCB; (input/output)/Ay (output)
PAg (input/output)/TPg (output)/TIOCA; (input/output)/A,4 (output)
PA5 (input/output)/TP5 (output)/TIOCB )

/TIOCA (input/output)/A,5 (output)

)
( ( )
( ( input/output)/A,, (output
PA 4 (input/output)/TP4 (output )
PA3 (input/output)/TP3 (output)/ TIOCBy (input/output)/ TCLKD (input)
PA, ( (

( (

( (

(
(
(
(
(
2 (input/output)/TP, (output)/TIOCA, (input/output)/TCLKC (input)

PA 4 (input/output)/TP4 (output)/TEND (output)/TCLKB (input)

)
)
)
)
)
)
)
PA (input/output)/ TP (output)/TENDy (output)/ TCLKA (input)

Figure 8.10 Port A Pin Configuration
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8.11.2  Register Descriptions
Table 8.18 summarizes the registers of port A.

Table 8.18 Port A Registers

Initial Value
Modes 1, 2, 5, 6,
Address® Name R/W and 7 Modes 3 and 4
H'EE009 Port A data direction PADDR W H'00 H'80
register
H'FFFD9  Port A data register PADR R/W H'00 H'00

Note: * Lower 20 bits of the address in advanced mode.

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‘ PAGDDR‘ PA5DDR‘ PA4DDR‘ PA3DDR‘PA2DDR‘ PA1DDR‘ PAODDR‘

Modes {Initialvalue 1 0 0 0 0 0 0 0
3and 4 | Read/Write — W W W w W W W
’;’!02"‘9; {Initialvalue 0 0 0 0 0 0 0 0
6 and 7 | Read/Write W w W W W W w W

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

The pin functions that can be selected for pins PA; to PA, differ between modes 1, 2, 6, and 7, and
modes 3 to 5. For the method of selecting the pin functions, see tables 8.19 and 8.20.

The pin functions that can be selected for pins PA; to PA, are the same in modes 1 to 7. For the
method of selecting the pin functions, see table 8.21.

When port A functions as an input/output port, a pin in port A becomes an output port if the
corresponding PADDR bit is set to 1, and an input port if this bit is cleared to 0. In modes 3 and 4,
PA,DDR is fixed at 1 and PA; functions as the A,y address output pin.

PADDR is a write-only register. Its value cannot be read. All bits return 1 when read.

Rev. 2.00, 09/03, page 287 of 890
RENESAS



PADDR is initialized to H'00 by a reset and in hardware standby mode in modes 1, 2, 5, 6, and 7.
It is initialized to H'80 by a reset and in hardware standby mode in modes 3 and 4. In software
standby mode it retains its previous setting. Therefore, if a transition is made to software standby
mode while port A is functioning as an input/output port and a PADDR bit is set to 1, the
corresponding pin maintains its output state.

Port A Data Register (PADR): PADR is an 8-bit readable/writable register that stores output
data for port A. When port A functions 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 logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ PA; ‘ PAg ‘ PA5 ‘ PA 4 ‘ PA 5 ‘ PA, ‘ PA 4 ‘ PAo ‘
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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Table 8.19 Port A Pin Functions (Modes 1, 2, 6, and 7)

Pin Pin Functions and Selection Method
PA./TP./ Bit PWM2 in TMDR, bits I0B2 to IOBO0 in TIOR2, bit NDER7 in NDERA, and bit
TIOCB: PA;DDR select the pin function as follows.
16-bit timer
channel 2 settings (1) in table below (2) in table below
PA;DDR — 0 1 1
NDER7 — — 0 1
Pin function TIOCB; output PA7 PA7 TP7
input output output
TIOCB; input®
Note: * TIOCB; input when I0B2 = 1 and PWM2 = 0.
16-bit timer
channel 2 settings (2) 1 (2)
10B2 0 1
10B1 0 1 —
I0B0O — —
PAs/TPe/ Bit PWM2 in TMDR, bits IOA2 to IOAO in TIOR2, bit NDERG6 in NDERA, and bit
TIOCA; PAsDDR select the pin function as follows.

16-bit timer

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

PAsDDR — 0 1 1

NDER6 — — 0 1

Pin function TIOCA; output PAs PAs TPs
input output output

TIOCA; input®

Note: * TIOCAz in

put when [OA2 = 1.

16-bit timer
channel 2 settings

) (1)

()

(1)

PWM2

0

1

I0A2

I0A1

IOAO
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Pin

Pin Functions and Selection Method

PAs/TPs/ Bit PWM1 in TMDR, bits IOB2 to IOBO0 in TIOR1, bit NDER5 in NDERA, and bit
TIOCB: PAsDDR select the pin function as follows.
16-bit timer
channel 1 settings (1) in table below (2) in table below
PAsDDR — 0 1 1
NDER5 — — 0 1
Pin function TIOCB; output PAs PAs TPs
input output output
TIOCB; input®
Note: * TIOCB; input when I0B2 = 1 and PWM1 = 0.
16-bit timer
channel 1 settings (2) (1 (2)
10B2 0 1
10B1 0 1 —
I0BO 1 — —
PA4TP4/ Bit PWM1 in TMDR, bits IOA2 to IOAO in TIOR1, bit NDER4 in NDERA, and bit
TIOCA PA4DDR select the pin function as follows.

16-bit timer

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

PA4sDDR — 0 1 1

NDER4 — — 0 1

Pin function TIOCA; output PA4 PA4 TP4
input output output

TIOCA; input®

Note: * TIOCA1in

put when IOA2 = 1.

16-bit timer
channel 1 settings

(2)

(1)

(2) (1)

PWM1

0

1

I0A2

I0A1

IOAQ
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Table 8.20 Port A Pin Functions (Modes 3, 4, and 5)

Pin Pin Functions and Selection Method
PA7/TP/ Modes 3 and 4: Always used as Az output.
TIOCB/ Az Pin function ‘Azo output

Mode 5:

Bit PWM2 in TMDR, bits IOB2 to IOBO0 in TIOR2, bit NDER7 in NDERA, bit A20E
in BRCR, and bit PA7DDR select the pin function as follows.

A20E 1 0
16-bit timer

channel 2 settings | (1) in table below (2) in table below —
PA;DDR — 0 1 1 —
NDER7 — — 0 1 —
Pin function TIOCB; output PA; PA; TP, Ao

input output output output
TIOCB; input®

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

16-bit timer (2) (1) (2)
channel 2 settings

10B2 0 1
I0B1 0 0 1 —
I0BO 0 1 — —
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Pin

Pin Functions and Selection Method

PAs/TPe/ Bit PWM2 in TMDR, bits IOA2 to IOAQ in TIOR2, bit NDERG6 in NDERA, bit A21E
TIOCAL/A21 in BRCR, and bit PAsDDR select the pin function as follows.
A21E 1 0
16-bit timer
channel 2 settings | (1) in table below (2) in table below —
PAsDDR — 0 1 1 —
NDER®6 — — 0 1 —
Pin function TIOCA; output PAs PAs TPs Ao
input output output output
TIOCA; input®
Note: * TIOCA; input when I0A2 = 1.
16-bit timer
channel 2 settings (2) ) (2) ()
PWM2 0 1
I0A2 1 —
I0A1 1 — —
IOAO — — —
PAs/TPs/ Bit PWM1 in TMDR, bits IOB2 to IOBO0 in TIOR1, bit NDER5 in NDERA, bit A22E
TIOCB1/A2 in BRCR, and bit PAsDDR select the pin function as follows.

A22E 1 0
16-bit timer

channel 1 settings | (1) in table below (2) in table below —
PAsDDR — 0 1 1 —
NDERS5 — — 0 1 —
Pin function TIOCB1 output PAs PAs TPs A2

input output output output
TIOCB; input®

Note: * TIOCB; in

put when IOB2 = 1 and PWM1 = 0.

16-bit timer
channel 1 settings

)

(1)

)

10B2

10B1

I0BO
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Pin Pin Functions and Selection Method

PA4TP4/ Bit PWM1 in TMDR, bits IOA2 to IOAQ in TIOR1, bit NDER4 in NDERA, bit A23E
TIOCA1/A23 in BRCR, and bit PAsDDR select the pin function as follows.
A23E 1 0
16-bit timer
channel 1 settings | (1) in table below (2) in table below —
PA4sDDR — 0 1 1 —
NDER4 — — 0 1 —
Pin function TIOCA output PA4 PA4 TP4 A2
input output output output
TIOCA; input®
Note: * TIOCA1 input when I0A2 = 1.
16-bit timer
channel 1 settings (2) 1) (2) (1)
PWMA1 0 1
I0A2 0 1 —
I0A1 0 0 1 — —
IOAO 0 1 — — —
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Table 8.21 Port A Pin Functions (Modes 1 to 7)

Pin

Pin Functions and Selection Method

PAs/TPs/
TIOCBo/
TCLKD

Bit PWMO in TMDR, bits IOB2 to IOBO in TIORO, bits TPSC2 to TPSCO in
16TCR2 to 16 TCRO of the 16-bit timer, bits CKS2 to CKSO0 in 8TCR2 of the 8-bit
timer, bit NDER3 in NDERA, and bit PA3DDR select the pin function as follows.

16-bit timer

channel 0 settings (1) in table below (2) in table below

PAsDDR — 0 1 1

NDER3 — — 0 1

Pin function TIOCBy PA3 PA3 TP3
output input output output

TIOCBy input™’

TCLKD input*?

Notes: 1. TIOCBg input when IOB2 = 1 and PWMO = 0.

2. TCLKD input when TPSC2 = TPSC1 = TPSCO = 1 in any of 16TCR2
to 16 TCRO, or bits CKS2 to CKSO0 in 8TCR2 are as shown in (3) in the
table below.

16-bit timer
channel 0 settings

(2)

(1)

(2)

10B2

1

I0B1

I0BO

8-bit timer
channel 2 settings

®)

CKS2

CKS1

CKS0
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Pin Functions and Selection Method

PA/TP,/
TIOCA/
TCLKC

Bit PWMO in TMDR, bits IOA2 to IOAO0 in TIORO, bits TPSC2 to TPSCO in
16TCR2 to 16 TCRO of the 16-bit timer, bits CKS2 to CKS0 in 8TCRO of the 8-bit
timer, bit NDER2 in NDERA, and bit PA;DDR select the pin function as follows.

16-bit timer

channel 0 settings (1) in table below (2) in table below

PA,DDR — 0 1 1

NDER2 — — 0 1

Pin function TIOCA, output PA, PA2 TP2
input output 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
16TCR2 to 16 TCRO, or bits CKS2 to CKSO0 in 8TCRO are as shown in

(3) in the table below.

16-bit timer
channel 0 settings | (2) (1)

(2) (1)

PWMO 0

1

I0A2

I0A1

IOAQ

8-bit timer
channel 0 settings 4)

®)

CKS2 0

CKS1 —

CKS0 — 0
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Pin Pin Functions and Selection Method
PA1/TP4/ Bit MDF in TMDR, bits TPSC2 to TPSCO in 16 TCR2 to 16 TCRO of the 16-bit
TCLKB/ timer, bits CKS2 to CKSO0 in 8TCR3 of the 8-bit timer, bit NDER1 in NDERA, and
TEND; bit PA1DDR select the pin function as follows.
PA1DDR 0 1 1
NDER1 — 0 1
Pin function PA+ input PA+ output TP+ output
TCLKB output™
TEND; output™
Notes: 1. TCLKB input when MDF = 1 in TMDR, or TPSC2 =1, TPSC1 =0, and
TPSCO = 1 in any of 16TCR2 to 16 TCRO, or bits CKS2 to CKSO0 in
8TCR3 are as shown in (1) in the table below.
2. When an external request is specified as a DMAC activation source,
TEND; output regardless of bits PA\DDR and NDER1.
8-bit timer
channel 3 settings (2) (1)
CKS2 0 1
CKS1 — 0 1
CKSO0 — 0 1 —
PAo/TPo/ Bit MDF in TMDR, bits TPSC2 to TPSCO in 16TCR2 to 16 TCRO of the 16-bit
TCLKA/ timer, bits CKS2 to CKS0 in 8TCR1 of the 8-bit timer, bit NDERO in NDERA, and
TENDo bit PAoDDR select the pin function as follows.

PA,DDR 0 1

NDERO — 0 1

Pin function PAo input PAo output TPo output
TCLKA output™
TEND, output™?

Notes: 1. TCLKA input when MDF = 1 in TMDR, or TPSC2 =1, TPSC1 =0 and
TPSCO0 = 0 in any of 16TCR2 to 16 TCRO, or bits CKS2 to CKS0 in
8TCRO are as shown in (1) in the table below.

2. When an external request is specified as a DMAC activation source,
TEND, output regardless of bits PAcDDR and NDERO.

8-bit timer

channel 1 settings (2) (1)

CKS2 0 1

CKS1 — 0 1
CKS0 — 0 1 —
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8.12 Port B

8.12.1 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 (TMIO;, TMO,, TMIO;, TMO,) by
the 8-bit timer, CS; to CS, output, input (DREQ;, DREQ) to the DMA controller (DMAC), input
and output (TxD,, RxD,, SCK5,) by serial communication interface channel 2 (SCI2), and output
(UCAS, LCAS) by the DRAM interface. See table 8.23 to 8.24 for the selection of pin functions.
A reset or hardware standby transition leaves port B as an input port.

For output of CS; to CS, in modes 1 to 5, see section 6.3.4, Chip Select Signals. When DRAM is
connected to areas 2, 3, 4, and 5, the CS, and CS; output pins become RAS output pins for these
areas. For details see section 6.5, DRAM Interface. Pins not assigned to any of these functions are
available for generic input/output. Figure 8.11 shows the pin configuration of port B.

When DRAM is connected to areas 2, 3, 4, and 5, the CS4 and CSs output pins become RAS
output pins for these areas. For details see section 6.5, DRAM Interface.

Pins in port B can drive one TTL load and a 30-pF capacitive load. They can also drive darlington
transistor pair.
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Port B

Port B pins

PB7/TP5/RxD,

PBg/TP 14 /TxD,

PB5/TP43/SCK,/LCAS

PB4/TP4, [UCAS

PB4/TP4; /TMIO,/DREQ,/CS,

PB,/TP4 /TMO,/CS;

PB4/TPg /TMIO,/DREQ,/CS,

PB,/TPg/TMO,/CS,

Pin functions in modes 1 to 5

PB7 (input/output)/TP 5 (output) /RxD, (input)

PBg (input/output)/TP 14 (output) /TxD, (output)

PB5 (input/output)/TP3 (output) /SCK, (input/output) /[LCAS (output)

PB, (input/output)/TP45 (output) /[UCAS (output)

PB; (input/output)/TP44 (output) /TMIO; (input/output) /DREQ, (input) CS, (output)
PB, (input/output)/TP4 (output) /TMO, (output) /CS; (output)

PB; (input/output)/TPg (output) /TMIO, (input/output) /DREQ, (input) /CS, (output)
PB, (input/output)/TPg (output) /TMO, (output) /CS; (output)

Pin functions in modes 6 and 7
PB7 (input/output)/TP 5 (output) /RxD, (input)
PBg (input/output)/TP 4 (output) /TxD, (output)
PBs (input/output)/TP 3 (output) /SCK, (input/output)
PB4 (input/output)/TP45 (output)
)

PB, (input/output)/TP 4 (output) /TMO, (output)
PB1 (input/output)/TPg (output) /TMIO, (input/output) /DREQ, (input)

( )
( )
( )
PB3 (input/output)/TP 44 (output) /TMIO; (input/output) /DREQ, (input)
( )
( )
PBg (input/output)/TPg (output) /TMO, (output)

Figure 8.11 Port B Pin Configuration
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8.12.2  Register Descriptions
Table 8.22 summarizes the registers of port B.

Table 8.22 Port B Registers

Address® Name Abbreviation R/W Initial Value
H'EEOOA Port B data direction register PBDDR w H'00
H'FFFDA Port B data register PBDR R/W H'00

Note: * Lower 20 bits of the address in advanced mode.

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‘ PBsDDR‘ PB4 DDR‘ PB3DDR‘PBZDDR‘ PB4 DDR‘ PBg 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 7 to 0
These bits select input or output for port B pins

The pin functions that can be selected for port B differ between modes 1 to 5, and modes 6 and 7.
For the method of selecting the pin functions, see tables 8.23 and 8.24.

When port B functions as an input/output port, a pin in port B becomes an output port if the
corresponding PBDDR bit is set to 1, and an input port 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. Therefore, if a transition is made to software standby mode while
port B is functioning as an input/output port and a PBDDR bit is set to 1, the corresponding pin
maintains its output state.
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Port B Data Register (PBDR): PBDR is an 8-bit readable/writable register that stores output data
for pins port B. When port B functions 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 logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ PB7 ‘ PBg ‘ PBs ‘ PB4 ‘ PB3 ‘ PB» ‘ PB4 ‘ PBo ‘
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 Bdata7to 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.

Rev. 2.00, 09/03, page 300 of 890
RENESAS



Table 8.23 Port B Pin Functions (Modes 1 to 5)

Pin Pin Functions and Selection Method

PB;/TP4s/RxD2  Bit RE in SCR of SCI2, bit SMIF in SCMR, bit NDER15 in NDERB, and bit
PB7DDR select the pin function as follows.
SMIF 0 1
RE 0 1 —
PB;DDR 0 1 1 — —
NDER15 — 0 1 — —
Pin function PB7 input | PB7 output | TP15 output | RxD2 input | RxD2 input

PBs/TP14/TxD,  Bit TE in SCR of SCI2, bit SMIF in SCMR, bit NDER14 in NDERB, and bit
PBsDDR select the pin function as follows.
SMIF 0 1
TE 0 1 —
PBsDDR 0 1 1 — —
NDER14 — 0 1 — —
Pin function PBg input | PBe output | TP14 output | TxD2 output TxD2

output™
Note: * Functions as the TxD» output pin, but there are two states: one in which
the pin is driven, and another in which the pin is at high-impedance.
PBs/TP13/SCKa/  Bit C/A in SMR of SCI2, bits CKEO and CKE1 in SCR, bit NDER13 in NDERB,
LCAS and bit PBsDDR select the pin function as follows.

CKE1 0 1
C/A 1 —
CKEO 0 1 — —
PBsDDR 0 1 1 — — —
NDER13 — 0 1 — — —
Pin function PBs input PBs TPq3 SCK> SCK; SCK>
output output output output input

LCAS output™

Note: * LCAS output depending on bits DRAS2 to DRAS0 in DRCRA and bit
CSEL in DRCRB, and regardless of bits C/A, CKEO and CKE1, NDER13,
and PBsDDR. For details, see section 6, Bus Controller.
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Pin Functions and Selection Method

PB4/TP12/ Bit NDER12 in NDERB and bit PB4DDR select the pin function as follows.
UCAS PB,DDR 0 1 1
NDER12 — 0 1
Pin function PB4 input PB. output TP12 output
UCAS output™
Note: * UCAS output depending on bits DRAS2 to DRASO in DRCRA and bit
CSEL in DRCRB, and regardless of bits NDER12 and PB4sDDR. For
details, see section 6, Bus Controller.
PBs/TP11/ The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, bits OIS3/2
TMIOs/ and OS1/0 in 8TCSR3, bits CCLR1 and CCLRO in 8TCR3, bit CS4E in CSCR, bit
DREQ+/CS4 NDER11 in NDERB, and bit PB3DDR select the pin function as follows.

DRAM interface (1) in table below (2)in
settings table
below
0IS3/2 and All 0 Not all 0 —
0S1/0
CS4E 0 1 — —
PB;DDR 0 1 1 — — —
NDER11 — 0 1 — — —
Pin function PBs PB3 TP11 §4 TM|O3 E4
input output | output | output | output | output™
TMIOs input™
DREQ; input™*

Notes: 1. TMIO;3 input when CCLR1 = CCLRO = 1.

2. When an external request is specified as a DMAC activation source,
DREQ; input regardless of bits OIS3 and OI1S2, OS1 and OS0, CCLR1
and CCLRO, CS4E, NDER11, and PB3;DDR.

3. CS,is output as RAS,.

DRAM interface (1) ) (1)
settings

DRAS?2 0 1

DRAS1 0 1 0 1
DRASO 0 1 0 1 0 1 0 1
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PB2/TP1o/ The DRAM interface settings by bits DRAS2 to DRASO in DRCRA, bits OIS3/2
TMO2/CSs and OS1/0 in 8TCSR2, bit CS5E in CSCR, bit NDER10 in NDERB, and bit
PB,DDR select the pin function as follows.
DRAM interface (1) in table below (2)in
settings table
below
0OIS3/2 and All O Not all 0 —
0S1/0
CS5E 0 1 — —
PB,DDR 0 1 1 — — —
NDER10 — 0 1 — — —
Pin function PB; PB; TP1o CSs TMIO; CSs
input output | output | output | output | output®
Note: * CSs is output as RASs.
DRAM interface (1) 2) (1)
settings
DRAS2 0 1
DRAS1 0 1 0 1
DRASO 0 | 1 0 | 1 o | 1 0o | 1
PB1/TPof Bits OIS3/2 and OS1/0 in 8TCSR1, bits CCLR1 and CCLRO in TCR1, bit CS6E in
T™MIO CSCR, bit NDER9 in NDERB, and bit PB1DDR select the pin function as follows.
DREQi/CSs  [0153/2 and All 0 Not all 0
0S1/0
CS6E 0 1 —
PB1DDR 0 1 1 — —
NDER9 — 0 1 — —
Pin function PB4 PB; TP CSe TMIO;
input output output output output
TMIO; input™'
DREQq input™
Notes: 1. TMIO; input when CCLR1 = CCLRO = 1.

2. When an external request is specified as a DMAC activation source,
DREQy input regardless of bits OIS3/2 and OS1/0, bits CCLR1/0, bit
CS6E, bit NDERY, and bit PB1DDR.

RENESAS

Rev. 2.00, 09/03, page 303 of 890




Pin

Pin Functions and Selection Method

PBo/TPs/
TMO/CS7

Bits OIS3/2 and OS1/0 in 8TCSRO, bit CS7E in CSCR, bit NDERS8 in NDERB, and
bit PBoDDR select the pin function as follows.

0OIS3/2 and AllO Not all 0

0S1/0

CS7E 0 1 —

PBo,DDR 0 1 1 — —

NDERS8 — 0 1 — —

Pin function PBo input | PBo output | TPg output | CS7 output TMOg
output
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Table 8.24 Port B Pin Functions (Modes 6 and 7)

Pin Pin Functions and Selection Method
PB7/TP1s/ Bit RE in SCR of SCI2, bit SMIF in SCMR, bit NDER15 in NDERB, and bit
RxD; PB;DDR select the pin function as follows.
SMIF 0 1
RE 0 1 —
PB;DDR 0 1 1 — —
NDER15 — 0 1 — —
Pin function PB7 input | PB7 output | TP15 output | RxD2 input | RxD2 input
PBs/TP14/ Bit TE in SCR of SCI2, bit SMIF in SCMR, bit NDER14 in NDERB, and bit
TxD> PBsDDR select the pin function as follows.
SMIF 0 1
TE 0 1 —
PBsDDR 0 1 1 — —
NDER14 — 0 1 — —
Pin function PBg input | PBe output | TP14 output | TxD2 output TxD2
output™
Note: * Functions as the TxD2 output pin, but there are two states: one in which
the pin is driven, and another in which the pin is at high-impedance.
PBs/TP13/ Bit C/A in SMR of SCI2, bits CKEQ and CKE1 in SCR, bit NDER13 in NDERB,
SCK:> and bit PBsDDR select the pin function as follows.
CKE1 0 1
C/A 0 1 —
CKEO 0 1 — —
PBsDDR 0 1 1 — — —
NDER13 — 0 1 — — —
Pin function PBs PBs TPq3 SCK> SCKa> SCK>
input output output output output input
PB4/TP12 Bit NDER12 in NDERB and bit PB4DDR select the pin function as follows.
PB4sDDR 0 1 1
NDER12 — 0 1
Pin function PB4 input PB4 output TP12 output

RENESAS
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PB3/TP11/ Bits OIS3/2 and OS1/0 in TCSR3, bits CCLR1 and CCLRO in TCR3, bit NDER11
TMIO3/ in NDERB, and bit PB3DDR select the pin function as follows.
DREQ: 0IS3/2 and Al 0 Not all 0
0S1/0
PBs:DDR 0 1 1 —
NDER11 — 0 1 —
Pin function PB3 input PB3; output TP41 output | TMIO3 output
TMIOs input™'
DREQ; input™
Notes: 1. TMIO3 input when CCLR1 = CCLRO = 1.
2. When an external request is specified as a DMAC activation source,
DREQ; input regardless of bits OIS3/2 and OS1/0, bit NDER11, and
bit PB3DDR.
PB2/TP1o/ Bits OIS3/2 and OS1/0 in TCSR2, bit NDER10 in NDERB, and bit PB.DDR select
TMO, the pin function as follows.
0IS3/2 and All O Not all 0
081/0
PB.DDR 0 1 1 —
NDER10 — 0 1 —
Pin function PB; input PB- output TP1o output | TMO; output
PB1/TPof Bits OIS3/2 and OS1/0 in TCSR1, bits CCLR1 and CCLRO in TCR1, bit NDERS in
TMIO4/ NDERB, and bit PB1DDR select the pin function as follows.
DREQo 0IS3/2 and Al 0 Not all 0
0S1/0
PB1DDR 0 1 1 —
NDER9 — 0 1 —
Pin function PB PB; TPy TMIO,
input output output output
TMIO; input™'
DREQy input™

Notes: 1. TMIO; input when CCLR1 = CCLRO = 1.
2. When an external request is specified as a DMAC activation source,
DREQy input regardless of bits OIS3/2 and OS1/0, bit NDER9, and bit
PB1DDR.
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PBo/TPg/ Bits OIS3/2 and OS1/0 in TCSRO, bit NDERS8 in NDERB, and bit PB,DDR select
TMOg the pin function as follows.
0IS3/2 and AllO Not all 0
0S1/0
PBo,DDR 0 1 1 —
NDERS — 0 1 —
Pin function PBo PBo TPs TMOo
input output output output
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Section 9 16-Bit Timer

9.1 Overview

The H8/3028 Group has built-in 16-bit timer module with three 16-bit counter channels.

9.1.1 Features
16-bit timer features are listed below.

¢ Capability to process up to 6 pulse outputs or 6 pulse inputs

¢ Six 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:
0 Waveform output by compare match
Selection of 0 output, 1 output, or toggle output (only 0 or 1 output in channel 2)
O Input capture function
Rising edge, falling edge, or both edges (selectable)
O Counter clearing function
Counters can be cleared by compare match or input capture
O Synchronization

Two or more timer counters (16TCNTs) can be preset simultaneously, or cleared
simultaneously by compare match or input capture. Counter synchronization enables
synchronous register input and output.

0 PWM mode

PWM output can be provided with an arbitrary duty cycle. With synchronization, up to
three-phase PWM output is possible

* Phase counting mode selectable in channel 2
Two-phase encoder output can be counted automatically.
* High-speed access via internal 16-bit bus
The 16TCNTs and GRs can be accessed at high speed via a 16-bit bus.
* Any initial timer output value can be set
* Nine interrupt sources

Each channel has two compare match/input capture interrupts and an overflow interrupt. All
interrupts can be requested independently.
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e Output triggering of programmable timing pattern controller (TPC)

Compare match/input capture signals from channels 0 to 2 can be used as TPC output triggers.

Table 9.1 summarizes the 16-bit timer functions.

Table 9.1

Item

16-bit timer Functions

Channel 0

Channel 1

Channel 2

Clock sources

Internal clocks: @, @2, ¢/4, @8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable

independently
General registers (output GRAO, GRBO GRA1, GRB1 GRA2, GRB2
compare/input
capture registers)
Input/output pins TIOCA,, TIOCB, TIOCA, TIOCB; TIOCA,, TIOCB;,

Counter clearing function

GRAO0/GRBO0 compare
match or input capture

GRA1/GRB1 compare
match or input capture

GRA2/GRB2 compare
match or input capture

Initial output value setting function  Available Available Available
Compare 0 Available Available Available
match output 1 Available Available Available
Toggle Available Available Not available
Input capture function Available Available Available
Synchronization Available Available Available
PWM mode Available Available Available
Phase counting mode Not available Not available Available

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

« Compare match/input
capture B2

* Overflow
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9.1.2 Block Diagrams

16-bit timer Block Diagram (Overall): Figure 9.1 is a block diagram of the 16-bit timer.

TCLKA to TCLKD IMIAO to IMIA2
— Clock selector | > IMIBO to IMIB2
b, /2, /4, §/8 P OVIO to OVI2
Control logic
TIOCAg to TIOCA; |
TIOCB,, to TIOCB,
<] TSTR K>
o~ - o < | TSNR >
© © ©
= = = < | TMDR > 2
b P e 3 a
o o o < | TolR ko € o
[} ) [} 9 °
El |E| |E o
= = = <_| TISRA K @ g
S S S @ g
2 £ e <1 misrB K> £
<__| TISRC >
Module data bus
Legend:

TSTR: Timer start register (8 bits)

TSNR: Timer synchro register (8 bits)

TMDR: Timer mode register (8 bits)

TOLR: Timer output level setting register (8 bits)
TISRA: Timer interrupt status register A (8 bits)
TISRB: Timer interrupt status register B (8 bits)
TISRC: Timer interrupt status register C (8 bits)

Figure 9.1 16-bit timer Block Diagram (Overall)
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Block Diagram of Channels 0 and 1: 16-bit timer channels 0 and 1 are functionally identical.
Both have the structure shown in figure 9.2.

TCLKA to TCLKD > ~— TIOCA,
Clock selector ~—= TIOCB,
0, 02, 04, 918
Control logic
— IMIAO
Comparator — IMIBO
— OVIO

0

16TCNT
GRA
GRB
16TCR
TIOR

Q

Module data bus

Legend:

16TCNT:  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)

Figure 9.2 Block Diagram of Channels 0 and 1
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Block Diagram of Channel 2: Figure 9.3 is a block diagram of channel 2

TCLKA to TCLKD 1 = TIOCA,
Clock selector = TIOCB,
o, 012, 04, 0/8 >
Control logic L IMIA2
Comparator — IMIB2
— OVI2

na- 0o

16TCNT2
GRA2
GRB2
16TCR2
TIOR2

Q

Module data bus

Legend:

16TCNT2: Timer counter 2 (16 bits)
GRA2, GRB2: General registers A2 and B2 (input capture/output compare registers)

(16 bits x 2)
TCR2: Timer control register 2 (8 bits)
TIOR2: Timer 1/O control register 2 (8 bits)

Figure 9.3 Block Diagram of Channel 2
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9.1.3 Pin Configuration

Table 9.2 summarizes the 16-bit timer pins.

Table 9.2  16-bit timer 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/ GRAO output compare or input capture pin
compare A0 output PWM output pin in PWM mode
Input capture/output TIOCBo  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 TIOCB;  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 TIOCBz  Input/ GRB2 output compare or input capture pin
compare B2 output
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9.1.4 Register Configuration
Table 9.3 summarizes the 16-bit timer registers.

Table 9.3  16-bit timer Registers

Abbre- Initial
Channel Address™ Name viation R/W Value
Common  H'FFF60 Timer start register TSTR R/W H'F8
H'FFF61 Timer synchro register TSNC R/W H'F8
H'FFF62 Timer mode register TMDR R/W H'98
H'FFF63 Timer output level setting register ~ TOLR w H'CO
H'FFF64 Timer interrupt status register A TISRA R/(W)*2 H'88
H'FFF65 Timer interrupt status register B TISRB R/(W)*  H'88
H'FFF66 Timer interrupt status register C TISRC R/(W)”‘2 H'88
0 H'FFF68 Timer control register 0 16TCRO R/W H'80
H'FFF69 Timer 1/O control register 0 TIORO R/W H'88
H'FFF6A Timer counter OH 16TCNTOH R/W H'00
H'FFF6B Timer counter OL 16TCNTOL R/W H'00
H'FFF6C General register AOH GRAOH R/W H'FF
H'FFF6D General register AOL GRAOL R/W HFF
H'FFF6E General register BOH GRBOH R/W H'FF
H'FFF6F General register BOL GRBOL R/W HFF
1 H'FFF70 Timer control register 1 16TCR1 R/W H'80
H'FFF71 Timer I/O control register 1 TIOR1 R/W H'88
H'FFF72 Timer counter 1H 16TCNT1H R/W H'00
H'FFF73 Timer counter 1L 16TCNTIL RW H'00
H'FFF74 General register AMH GRA1H R/W H'FF
H'FFF75 General register A1L GRA1L R/W H'FF
H'FFF76 General register B1H GRB1H R/W HFF
H'FFF77 General register B1L GRB1L R/W H'FF

Rev. 2.00, 09/03, page 315 of 890
RENESAS



Abbre- Initial

Channel  Address™ Name viation R/W Value

2 H'FFF78 Timer control register 2 16TCR2 R/W H'80
H'FFF79 Timer I/O control register 2 TIOR2 R/W H'88
H'FFF7A Timer counter 2H 16TCNT2H R/W H'00
H'FFF7B Timer counter 2L 16TCNT2L R/W H'00
H'FFF7C General register A2H GRA2H R/W HFF
H'FFF7D General register A2L GRA2L R/W H'FF
H'FFF7E General register B2H GRB2H R/W HFF
H'FFF7F General register B2L GRB2L R/W H'FF

Notes: 1. The lower 20 bits of the address in advanced mode are indicated.
2. Only 0 can be written in bits 3 to 0, to clear the flags.

9.2 Register Descriptions

9.2.1 Timer Start Register (TSTR)

TSTR is an 8-bit readable/writable register that starts and stops the timer counter (16TCNT) in
channels 0 to 2.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ STR2 ‘ STR1 ‘ STRO ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W
Reserved bits Counter start2to 0

These bits start and
stop 16TCNT2 to 16 TCNTO

TSTR is initialized to H'F8 by a reset and in standby mode.
Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 1.

Bit 2—Counter Start 2 (STR2): Starts and stops timer counter 2 (16TCNT2).

Bit 2

STR2 Description

0 16TCNT2 is halted (Initial value)
1 16TCNT2 is counting
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Bit 1—Counter Start 1 (STR1): Starts and stops timer counter 1 (16TCNT1).

Bit 1

STR1 Description

0 16TCNT1 is halted (Initial value)
1 16TCNT1 is counting

Bit 0—Counter Start 0 (STRO): Starts and stops timer counter 0 (16TCNTO).

Bit 0

STRO Description

0 16TCNTO is halted (Initial value)
1 16TCNTO is counting

9.2.2 Timer Synchro Register (TSNC)

TSNC is an 8-bit readable/writable register that selects whether channels 0 to 2 operate
independently or synchronously. Channels are synchronized by setting the corresponding bits to 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ SYNC2 ‘ SYNCH1 ‘ SYNCO ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W
Reserved bits Timer sync2to 0

These bits synchronize
channels 2to 0

TSNC is initialized to H'F8 by a reset and in standby mode.
Bits 7 to 3—Reserved: These bits cannot be modified and are always read as 1.

Bit 2—Timer Sync 2 (SYNC2): Selects whether channel 2 operates independently or
synchronously.

Bit 2

SYNC2 Description

0 Channel 2’s timer counter (16 TCNT2) operates independently (Initial value)
16TCNT2 is preset and cleared independently of other channels

1 Channel 2 operates synchronously

16TCNT2 can be synchronously preset and cleared
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Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or
synchronously.

Bit 1

SYNC1 Description

0 Channel 1’s timer counter (16 TCNT1) operates independently (Initial value)
16TCNT1 is preset and cleared independently of other channels

1 Channel 1 operates synchronously

16TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCO0): Selects whether channel 0 operates independently or
synchronously.

Bit 0

SYNCO Description

0 Channel 0’s timer counter (16 TCNTO) operates independently (Initial value)
16TCNTO is preset and cleared independently of other channels

1 Channel 0 operates synchronously

16TCNTO can be synchronously preset and cleared

9.2.3 Timer Mode Register (TMDR)

TMDR is an 8-bit readable/writable register that selects PWM mode for channels 0 to 2. 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 ‘ — ‘ — ‘ PWM2 ‘ PWM1 ‘ PWMO ‘
Initial value 1 0 0 1 1 0 0 0
Read/Write — R/W R/W — — R/W R/W R/W

PWM mode 2to 0

Reserved bit These bits select PWM
mode for channels 2 to 0

Flag direction
Selects the setting condition for the overflow
flag (OVF) in TISRC

Phase counting mode flag
Selects phase counting mode for channel 2

Reserved bit

TMDR is initialized to H'98 by a reset and in standby mode.
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Bit 7—Reserved: This bit cannot be modified and is 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

When MDF is set to 1 to select phase counting mode, l6TCNT2 operates as an up/down-counter
and pins TCLKA and TCLKB become counter clock input pins. 16TCNT2 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 1 High ! Low Low 1 High !
TCLKB pin Low 1 High ! 1 High ! Low

In phase counting mode, external clock edge selection by bits CKEG1 and CKEGO in 16TCR2
and counter clock selection by bits TPSC2 to TPSCO are invalid, and the above phase counting
mode operations take precedence.

The counter clearing condition selected by the CCLR1 and CCLRO bits in 16TCR2 and the
compare match/input capture settings and interrupt functions of TIOR2, TISRA, TISRB, TISRC
remain effective in phase counting mode.

Bit 5—Flag Direction (FDIR): Designates the setting condition for the OVF flag in TISRC. The
FDIR designation is valid in all modes in channel 2.

Bit 5

FDIR Description

0 OVF is set to 1 in TISRC when 16 TCNT2 overflows or underflows (Initial value)
1 OVF is set to 1 in TISRC when 16TCNT2 overflows

Bits 4 and 3—Reserved: These bits cannot be modified and are always read as 1.
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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

PWMA1 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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9.2.4 Timer Interrupt Status Register A (TISRA)

TISRA is an 8-bit readable/writable register that indicates GRA compare match or input capture
and enables or disables GRA compare match and input capture interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |IMIEA2 |IMIEA1 |IMIEAO| — | IMFA2 | IMFA1 | IMFAO |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/(W)* R/(W)* R/A(W)*

Input capture/compare match
flags A2 to A0

Status flags indicating GRA
compare match or input capture

Reserved bit

Input capture/compare match interrupt enable A2 to A0
These bits enable or disable interrupts by the IMFA flags

Reserved bit

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

TISRA is initialized to H'88 by a reset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Input Capture/Compare Match Interrupt Enable A2 (IMIEA2): Enables or disables
the interrupt requested by the IMFA2 when IMFA2 flag is set to 1.

Bit 6

IMIEA2 Description

0 IMIA2 interrupt requested by IMFAZ2 flag is disabled (Initial value)
1 IMIA2 interrupt requested by IMFAZ2 flag is enabled
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Bit S—Input Capture/Compare Match Interrupt Enable A1 (IMIEA1): Enables or disables
the interrupt requested by the IMFA1 flag when IMFAL is set to 1.

Bit 5

IMIEA1  Description

0 IMIA1 interrupt requested by IMFA1 flag is disabled (Initial value)
1 IMIA1 interrupt requested by IMFA1 flag is enabled

Bit 4—Input Capture/Compare Match Interrupt Enable A0 (IMIEAO0): Enables or disables
the interrupt requested by the IMFAOQ flag when IMFAO is set to 1.

Bit 4

IMIEAO  Description

0 IMIAO interrupt requested by IMFAO flag is disabled (Initial value)
1 IMIAO interrupt requested by IMFAO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—Input Capture/Compare Match Flag A2 (IMFA2): This status flag indicates GRA2
compare match or input capture events.

Bit 2
IMFA2 Description

0 [Clearing conditions] (Initial value)
* Read IMFA2 flag when IMFA2 =1, then write 0 in IMFA2 flag
+ DMAC is activated by an IMIA2 interrupt

1 [Setting conditions]
« 16TCNT2 = GRA2 when GRAZ2 functions as an output compare register

* 16TCNT2 value is transferred to GRA2 by an input capture signal when GRA2
functions as an input capture register
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Bit 1—Input Capture/Compare Match Flag A1 (IMFA1): This status flag indicates GRA1
compare match or input capture events.

Bit 1

IMFA1 Description

0 [Clearing conditions] (Initial value)
e Read IMFA1 flag when IMFA1 =1, then write 0 in IMFA1 flag
« DMAC is activated by an IMIA1 interrupt

1 [Setting conditions]

« 16TCNT1 = GRA1 when GRA1 functions as an output compare register

e 16TCNT1 value is transferred to GRA1 by an input capture signal when GRA1
functions as an input capture register

Bit 0—Input Capture/Compare Match Flag A0 (IMFAO): This status flag indicates GRAO
compare match or input capture events.

Bit 0

IMFAOQ Description

0 [Clearing conditions] (Initial value)
e Read IMFAO flag when IMFAQ =1, then write 0 in IMFAO flag
« DMAC is activated by an IMIAO interrupt

1 [Setting conditions]

e 16TCNTO = GRAO when GRAO functions as an output compare register

* 16TCNTO value is transferred to GRAO by an input capture signal when GRAO
functions as an input capture register
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9.2.5 Timer Interrupt Status Register B (TISRB)

TISRB is an 8-bit readable/writable register that indicates GRB compare match or input capture
and enables or disables GRB compare match and input capture interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |IMIEB2 |IMIEB1 | IMIEBO| — | IMFB2 | IMFB1 | IMFBO |

Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/(W)* RI(W)* R/I(W)*

Input capture/compare match
flags B2 to B0

Status flags indicating GRB
compare match or input capture

Reserved bit

Input capture/compare match interrupt enable B2 to BO
These bits enable or disable interrupts by the IMFB flags

Reserved bit

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

TISRB is initialized to H'88 by a reset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Input Capture/Compare Match Interrupt Enable B2 (IMIEB2): Enables or disables
the interrupt requested by the IMFB2 when IMFB2 flag is set to 1.

Bit 6

IMIEB2 Description

0 IMIB2 interrupt requested by IMFB2 flag is disabled (Initial value)
1 IMIB2 interrupt requested by IMFB2 flag is enabled

Rev. 2.00, 09/03, page 324 of 890
RENESAS



Bit S—Input Capture/Compare Match Interrupt Enable B1 (IMIEB1): Enables or disables
the interrupt requested by the IMFB1 when IMFBI flag is setto 1.

Bit 5

IMIEB1  Description

0 IMIB1 interrupt requested by IMFB1 flag is disabled (Initial value)
1 IMIB1 interrupt requested by IMFB1 flag is enabled

Bit 4—Input Capture/Compare Match Interrupt Enable BO (IMIEBO): Enables or disables
the interrupt requested by the IMFB0O when IMFBO flag is set to 1.

Bit 4

IMIEBO Description

0 IMIBO interrupt requested by IMFBO flag is disabled (Initial value)
1 IMIBO interrupt requested by IMFBO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—Input Capture/Compare Match Flag B2 (IMFB2): This status flag indicates GRB2
compare match or input capture events.

Bit 2

IMFB2 Description

0 [Clearing condition] (Initial value)
Read IMFB2 flag when IMFB2 =1, then write 0 in IMFB2 flag

1 [Setting conditions]

* 16TCNT2 = GRB2 when GRB2 functions as an output compare register

e 16TCNT2 value is transferred to GRB2 by an input capture signal when GRB2
functions as an input capture register
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Bit 1—Input Capture/Compare Match Flag B1 (IMFB1): This status flag indicates GRB1
compare match or input capture events.

Bit 1

IMFB1 Description

0 [Clearing condition] (Initial value)
Read IMFB1 flag when IMFB1 =1, then write 0 in IMFB1 flag

1 [Setting conditions]

e 16TCNT1 = GRB1 when GRB1 functions as an output compare register

* 16TCNT1 value is transferred to GRB1 by an input capture signal when GRB1
functions as an input capture register

Bit 0—Input Capture/Compare Match Flag B0 (IMFBO0): This status flag indicates GRBO
compare match or input capture events.

Bit 0

IMFBO Description

0 [Clearing condition] (Initial value)
Read IMFBO flag when IMFBO =1, then write 0 in IMFBO flag

1 [Setting conditions]

« 16TCNTO = GRBO when GRBO functions as an output compare register

* 16TCNTO value is transferred to GRBO by an input capture signal when GRBO
functions as an input capture register
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9.2.6 Timer Interrupt Status Register C (TISRC)

TISRC is an 8-bit readable/writable register that indicates 16TCNT overflow or underflow and
enables or disables overflow interrupt requests.

Bit 7 6 5 4 3 2 1 0
| — |OVIE2 | OVIE1 | OVIEO | — | OVF2 | OVF1 | OVFO0 |

Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/(W)* R/(W)* R/(W)*

Overflow flags 2 to 0
Status flags indicating
interrupts by OVF flags

Reserved bit

Overflow interrupt enable 2 to 0
These bits enable or disable interrupts by the OVF flags

Reserved bit

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

TISRC is initialized to H'88 by a reset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Overflow Interrupt Enable 2 (OVIE2): Enables or disables the interrupt requested by the
OVF2 when OVF2 flag is set to 1.

Bit 6

OVIE2 Description

0 OVI2 interrupt requested by OVF2 flag is disabled (Initial value)
1 OVI2 interrupt requested by OVF2 flag is enabled

Bit 5—Overflow Interrupt Enable 1 (OVIE1): Enables or disables the interrupt requested by the
OVF1 when OVF1 flag is set to 1.

Bit 5

OVIE1 Description

0 OV interrupt requested by OVF1 flag is disabled (Initial value)
1 OVI1 interrupt requested by OVF1 flag is enabled
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Bit 4—Overflow Interrupt Enable 0 (OVIE0): Enables or disables the interrupt requested by the
OVFO0 when OVFO flag is set to 1.

Bit 4

OVIEO Description

0 OVIO interrupt requested by OVFO flag is disabled (Initial value)
1 QVIO0 interrupt requested by OVFO flag is enabled

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bit 2—Overflow Flag 2 (OVF2): This status flag indicates 16TCNT2 overflow.

Bit 2

OVF2 Description

0 [Clearing condition] (Initial value)
Read OVF2 flag when OVF2 =1, then write 0 in OVF2 flag

1 [Setting condition]

16TCNT2 overflowed from H'FFFF to H'0000, or underflowed from H'0000 to H'FFFF

Note: 16TCNT underflow occurs when 16 TCNT operates as an up/down-counter. Underflow
occurs only when channel 2 operates in phase counting mode (MDF = 1 in TMDR).

Bit 1—Overflow Flag 1 (OVF1): This status flag indicates 16TCNT1 overflow.

Bit 1

OVF1 Description

0 [Clearing condition] (Initial value)
Read OVF1 flag when OVF1 =1, then write 0 in OVF1 flag

1 [Setting condition]

16TCNT1 overflowed from H'FFFF to H'0000

Bit 0—Overflow Flag 0 (OVFO0): This status flag indicates 16TCNTO overflow.

Bit 0

OVFO Description

0 [Clearing condition] (Initial value)
Read OVFO0 flag when OVFO =1, then write 0 in OVFO flag

1 [Setting condition]

16TCNTO overflowed from H'FFFF to H'0000
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9.2.7 Timer Counters (16TCNT)

16TCNT is a 16-bit counter. The 16-bit timer has three 16 TCNTSs, one for each channel.

Channel Abbreviation Function

0 16TCNTO Up-counter

1 16TCNT1

2 16TCNT2 Phase counting mode: up/down-counter

Other modes: up-counter

Bit 5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Initial value o o 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 16TCNT 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 16TCR.

16TCNTO and 16TCNT1 are up-counters. l6TCNT2 is an up/down-counter in phase counting
mode and an up-counter in other modes.

16TCNT can be cleared to H'0000 by compare match with GRA or GRB or by input capture to
GRA or GRB (counter clearing function).

When 16TCNT overflows (changes from H'FFFF to H'0000), the OVF flag is set to 1 in TISRC of
the corresponding channel.

When 16TCNT underflows (changes from H'0000 to H'FFFF), the OVF flag is set to 1 in TISRC
of the corresponding channel.

The 16TCNTs 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 16TCNT is initialized to H'0000 by a reset and in standby mode.
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9.2.8 General Registers (GRA, GRB)

The general registers are 16-bit registers. The 16-bit timer has 6 general registers, two in each
channel.

Channel Abbreviation Function

0 GRAO, GRBO Output compare/input capture register

1 GRA1, GRB1

2 GRA2, GRB2

Bit %5 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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 16TCNT value. When the two values match (compare match), the IMFA or IMFB flag is
set to 1 in TISRA/TISRB. Compare match output can be selected in TIOR.

When a general register is used as an input capture register, an external input capture signal are
detected and the current 16TCNT value is stored in the general register. The corresponding IMFA
or IMFB flag in TISRA/TISRB is set to 1 at the same time. The edges of the input capture signal
are selected in TIOR.

TIOR settings are ignored in 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 set as output compare registers (with no pin output) and initialized to H'FFFF
by a reset and in standby mode.
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9.2.9 Timer Control Registers (16TCR)

16TCR is an 8-bit register. The 16-bit timer has three 16TCRs, one in each channel.

Channel Abbreviation Function
0 16TCRO 16 TCR controls the timer counter. The 16 TCRs in all
1 16TCR1 channels are functionally identical. When phase counting
mode is selected in channel 2, the settings of bits CKEG1
2 16TCR2 and CKEGO and TPSC2 to TPSCO in 16TCR2 are ignored.
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 2 to 0
These bits select the timer
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 16TCR 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.

16TCR is initialized to H'80 by a reset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.
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Bits 6 and 5—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits select how 16TCNT is
cleared.

Bit 6 Bit 5

CCLR1 CCLRO Description

0 0 16TCNT is not cleared (Initial value)
1 16 TCNT is cleared by GRA compare match or input (:apture*1

1 0 16TCNT is cleared by GRB compare match or input capture*1
1 Synchronous clear: 16TCNT is cleared in synchronization with other

synchronized timers*2

Notes: 1. 16TCNT 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 and 0 (CKEG1, CKEGO0): These bits select external clock input
edges when an external clock source is used.

Bit 4 Bit 3

CKEG1 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 16TCR2 are ignored.
Phase counting takes precedence.

Bits 2 to 0—Timer Prescaler 2 to 0 (TPSC2 to TPSC0): These bits select the counter clock
source.

Bit 2 Bit 1 Bit 0
TPSC2 TPSC1 TPSCO Function

0 0 0 Internal clock: @ (Initial value)
1 Internal clock: @2
1 0 Internal clock: @/4
1 Internal clock: ¢/8
1 0 0 External clock A: TCLKA input
1 External clock B: TCLKB input
1 0 External clock C: TCLKC input
1 External clock D: TCLKD input
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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 TPSC?2 is set to 1 an external clock source is selected, and the timer counts
the 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 16TCR?2 are ignored. Phase counting takes precedence.

9.2.10  Timer I/O Control Register (TIOR)
TIOR is an 8-bit register. The 16-bit timer has three TIORs, one in each channel.

Channel Abbreviation Function

0 TIORO TIOR controls the general registers. Some functions differ in PWM
1 TIOR1 mode.
2 TIOR2
Bit 7 6 5 4 3 2 1 0
‘ — ‘ 10B2 ‘ 10B1 ‘ 10B0O ‘ — ‘ IOA2 ‘ I0A1 ‘ IOA0 ‘
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — R/W R/W R/W

1/0 control A2 to A0
These bits select GRA
functions

Reserved bit

1/0 control B2 to B0
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 TIORA and TIORB pins. If the
output compare function is selected, TIOR also selects the type of output. If input capture is
selected, TIOR also selects the edges of the input capture signal.

TIOR is initialized to H'88 by a reset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.
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Bits 6 to 4—I/O Control B2 to B0 (IOB2 to IOB0): These bits select the GRB function.

Bit 6 Bit 5 Bit 4
10B2 10B1 10B0 Function
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)*' *2
1 0 0 GRB is an input GRB captures rising edge of input
1 compare register GRB captures falling edge of input
1 0 GRB captures both edges of input
1
Notes: 1. After a reset, the output conforms to the TOLR setting until the first compare match.

Channel 2 output cannot be toggled by compare match. When this setting is made, 1
output is selected automatically.

Bit 3—Reserved: This bit cannot be modified and is always read as 1.

Bits 2 to 0—I/O Control A2 to A0 (IOA2 to IOAO0): These bits select the GRA function.

Bit 2 Bit 1 Bit 0
I0A2 I0A1 I0A0 Function
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)*' *2
1 0 0 GRA is an input GRA captures rising edge of input
1 compare register GRA captures falling edge of input
1 0 GRA captures both edges of input
1
Notes: 1. After a reset, the output conforms to the TOLR setting until the first compare match.

2.

Channel 2 output cannot be toggled by compare match. When this setting is made, 1
output is selected automatically.
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9.2.11 Timer Output Level Setting Register C (TOLR)

TOLR is an 8-bit write-only register that selects the timer output level for channels 0 to 2.

Bit 7 6 5 4 3 2 1 0

| — | — | TOB2 | TOA2 | TOB1 | TOA1 | TOBO | TOAO |
Initial value 1 1 0 0 0 0 0 0
Read/Write — — w w w w w w

Output level setting A2 to A0, B2 to B0
These bits set the levels of the timer outputs
(TIOCA; to TIOCA, and TIOCB, to TIOCB)

Reserved bits

A TOLR setting can only be made when the corresponding bit in TSTR is 0.

TOLR is a write-only register, and cannot be read. If it is read, all bits will return a value of 1.
TOLR is initialized to H'CO by a reset and in standby mode.

Bits 7 and 6—Reserved: These bits cannot be modified.

Bit 5—Output Level Setting B2 (TOB2): Sets the value of timer output TIOCB,.

Bit 5

TOB2 Description

0 TIOCB;,is 0 (Initial value)
1 TIOCBz is 1

Bit 4—Output Level Setting A2 (TOAZ2): Sets the value of timer output TIOCA,.

Bit 4

TOA2 Description

0 TIOCA,is O (Initial value)
1 TIOCAz is 1
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Bit 3—Output Level Setting B1 (TOB1): Sets the value of timer output TIOCB;.

Bit 3

TOB1 Description

0 TIOCB1is 0 (Initial value)
1 TIOCB is 1

Bit 2—Qutput Level Setting A1 (TOA1): Sets the value of timer output TIOCA,.

Bit 2

TOA1 Description

0 TIOCA1is 0 (Initial value)
1 TIOCA; is 1

Bit 1—OQutput Level Setting B0 (TOBO0): Sets the value of timer output TIOCB,,.

Bit 0

TOBO Description

0 TIOCBy is 0 (Initial value)
1 TIOCBy is 1

Bit 0—Qutput Level Setting A0 (TOAO0): Sets the value of timer output TIOCA,,.

Bit 0

TOAO0 Description

0 TIOCAp is O (Initial value)
1 TIOCAg is 1
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9.3 CPU Interface

9.3.1 16-Bit Accessible Registers

The timer counters (16 TCNTs), general registers A and B (GRAs and GRBs) 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 9.4 and 9.5 show examples of word read/write access to a timer counter (16TCNT).
Figures 9.6 to 9.9 show examples of byte read/write access to 16TCNTH and 16TCNTL.

On-chip data bus

H H

N

CPU L Bus interface

&

L

data bus

VANIVAN

> Module
>

v__ v

| 16TCNTH | 16TCNTL |

Figure 9.4 16TCNT Access Operation [CPU - 16TCNT (Word)]

On-chip data bus

H H >
<:> {} L Module

CPU L Bus interface > data bus

| 16TCNTH | 16TCNTL |

VANIVAN

Figure 9.5 Access to Timer Counter (CPU Reads 16TCNT, Word)
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On-chip data bus

H

N

CPU L

<

Bus interface

H

L data bus

VANIVAN

v

| 16TCNTH | 16TCNTL |

> Module
>

Figure 9.6 Access to Timer Counter H (CPU Writes to 16TCNTH, Upper Byte)

On-chip data bus

H

N

CPU L

<

Bus interface

H

Module

L data bus

VANV

>
>

Vv

| 16TCNTH | 16TCNTL |

Figure 9.7 Access to Timer Counter L. (CPU Writes to 16TCNTL, Lower Byte)

On-chip data bus

H

>

CPU L

>

Bus interface

H

£

L Module

VANIVAN

> data bus

1 &

| 16TCNTH | 16TCNTL |

Figure 9.8 Access to Timer Counter H (CPU Reads 16TCNTH, Upper Byte)
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On-chip data bus

H < H
<:> . Module
CPU L Bus interface < {} L > data bus

| £

| 16TCNTH | 16TCNTL |

Figure 9.9 Access to Timer Counter L (CPU Reads 16TCNTL, Lower Byte)

9.3.2 8-Bit Accessible Registers

The registers other than the timer counters and general registers are 8-bit registers. These registers
are linked to the CPU by an internal 8-bit data bus.

Figures 9.10 and 9.11 show examples of byte read and write access to a 16TCR.

If a word-size data transfer instruction is executed, two byte transfers are performed.

On-chip data bus

H H

>

CPU L

pe—

Module

> data bus

Bus interface

Figure 9.10 16TCR Access (CPU Writes to 16TCR)

On-chip data bus

H H

<:> {} L > Module

CPU L > data bus

Bus interface

VANIVAN

Figure 9.11 16TCR Access (CPU Reads 16TCR)
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9.4 Operation

9.4.1 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.
GRA and GRB 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.

Phase Counting Mode: The phase relationship between two clock signals input at TCLKA and
TCLKB is detected and 16TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and 16TCNT2 operates as an up/down-
counter.

94.2 Basic Functions

Counter Operation: When one of bits STRO to STR2 is set to 1 in the timer start register (TSTR),
the timer counter (16TCNT) in the corresponding channel starts counting. The counting can be
free-running or periodic.

¢ Sample setup procedure for counter

Figure 9.12 shows a sample procedure for setting up a counter.
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( Counter setup )

Select counter clock 1

- No
Count operation

Yes
( Free-running counting )
C Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure 9.12 Counter Setup Procedure (Example)

. Set bits TPSC2 to TPSCO in 16TCR to select the counter clock source. If an external clock

source is selected, set bits CKEG1 and CKEGO in 16TCR to select the desired edge(s) of the
external clock signal.

. For periodic counting, set CCLR1 and CCLRO in 16TCR to have 16TCNT cleared at GRA
compare match or GRB compare match.

. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

. Write the count period in GRA or GRB, whichever was selected in step 2.

. Setthe 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 (16TCNTSs) in 16-bit timer channels 0 to 2 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 TISRC.
After the overflow, the counter continues counting up from H'0000. Figure 9.13 illustrates
free-running counting.

16TCNT value

H'FFFF

H'0000 ‘ ‘ ’ ~ Time
STRO to | |
STR2 bit | |

OVF 5

Figure 9.13 Free-Running Counter Operation

When a channel is set to have its counter cleared by compare match, in that channel I6TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit
CCLRI1 or CCLRO in 16TCR 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 TISRA/TISRB and the counter is cleared to
H'0000. If the corresponding IMIEA or IMIEB bit is set to 1 in TISRA/TISRB, a CPU
interrupt is requested at this time. After the compare match, I6TCNT continues counting up
from H'0000. Figure 9.14 illustrates periodic counting.

16TCNT value Counter cleared by general

/ register compare match
GR

H'0000 ‘ ‘ ‘
STR bit | 1
IMF

Figure 9.14 Periodic Counter Operation
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¢ 16TCNT count timing
O Internal clock source
Bits TPSC2 to TPSCO in 16TCR select the system clock (@) or one of three internal clock

sources obtained by prescaling the system clock (¢/2, ¢4, @'8).
Figure 9.15 shows the timing.

6 InEpEuEREREEEREEEE

((
Internal 2
CIOCk ‘I \ (J() | | \
16TCNT input:,—\ (’—\—
clock

(
J
§
S X N+1

16TCNT N-1 X

Figure 9.15 Count Timing for Internal Clock Sources

0 External clock source

The external clock pin (TCLKA to TCLKD) can be selected by bits TPSC2 to TPSCO in
16TCR, and the detected edge 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 9.16 shows the timing when both edges are detected.

0 Tl LM I ri rerr
Bemal 1Y '2 '

L

16TCNT input 4
clock ( (

§
(J

16TCNT N1 X 2( N X :25—,\“1
) —

Figure 9.16 Count Timing for External Clock Sources (when Both Edges are Detected)
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Waveform Output by Compare Match: In 16-bit timer channels 0, 1 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.

e Sample setup procedure for waveform output by compare match

Figure 9.17 shows an example of the setup procedure for waveform output by compare match.

< Output setup >

Select waveform
output mode

Set output timing

Start counter

'

Waveform output

. 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
(TIOCA or TIOCB). An output compare pin outputs
the value set in TOLR until the first compare match
occurs.

. Set a value in GRA or GRB to designate the

compare match timing.

. Set the STR bit to 1 in TSTR to start the timer

counter.

Figure 9.17 Setup Procedure for Waveform Output by Compare Match (Example)
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Examples of waveform output

Figure 9.18 shows examples of 0 and 1 output. 16 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.

16TCNT value
|

HFFFF oo
GRB oo

GRA [

H'0000

TIOCB

_ ]
|

TIOCA

No change i No change 1 output

o No change o No change 0 output

Figure 9.18 0 and 1 Output (TOA =1, TOB =0)

Figure 9.19 shows examples of toggle output. 16TCNT operates as a periodic counter, cleared
by compare match B. Toggle output is selected for both compare match A and B.

16TCNT value .
‘ Counter cleared by compare match with GRB
GRB [ / **********************************
GRA [ o A
H'0000 | ~ Time
TIOCB 3 3 | Toggle
; ! ! : output
TIOCA | Toggle
output

Figure 9.19 Toggle Output (TOA =1, TOB =0)
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e Output compare output timing
The compare match signal is generated in the last state in which 16TCNT and the general
register match (when 16TCNT 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 16TCNT matches a general register, the compare
match signal is not generated until the next counter clock pulse.

Figure 9.20 shows the output compare timing.

o I I T e e
16TCNT input ,—l
clock e

16TCNT N X N+ 1
GR N

Compare

match signal

TIOCA, ><

TIOCB

Figure 9.20 Output Compare Output Timing

Input Capture Function: The 16TCNT value can be transferred to a general register when an
input edge is detected at an input capture input/output compare pin (TIOCA or TIOCB). Rising-
edge, falling-edge, or both-edge detection can be selected. The input capture function can be used
to measure pulse width or period.
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Sample setup procedure for input capture

Figure 9.21 shows a sample procedure for setting up input capture.

( 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
DDR bit to 0 before making these TIOR settings.

Select input-capture input 1

Start counter 2 2. Setthe STR bitto 1in TSTR to start the timer
l counter.

Input capture

Figure 9.21 Setup Procedure for Input Capture (Example)

Examples of input capture

Figure 9.22 illustrates input capture when the falling edge of TIOCB and both edges of TIOCA
are selected as capture edges. 16TCNT is cleared by input capture into GRB.

16TCNT value

GRA X HO0005 >< 10160 X
| Y

ere X X H0180

Figure 9.22 Input Capture (Example)

Rev. 2.00, 09/03, page 347 of 890
RENESAS




e Input capture signal timing

Input capture on the rising edge, falling edge, or both edges can be selected by settings in
TIOR. Figure 9.23 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.

' | L

Input-capture input

Input capture signal

16TCNT N

GRA, GRB >< N

Figure 9.23 Input Capture Signal Timing

9.4.3 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 16TCR 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 2).

Sample Setup Procedure for Synchronization: Figure 9.24 shows a sample procedure for
setting up synchronization.
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(Setup for synchronization)

Select synchronization | 1

( Synchronous preset ) < Synchronous clear )

Clearing

No

| Select counter clear source |3 | Select counter clear source |4

| 5 | Start counter | 5

synchronized to this
; channel?
| Write to 16TCNT | 2
Yes
| Start counter
Synchronous preset Counter clear

simultaneously written in 16 TCNT in the other channels.

l

Synchronous clear

. Set the SYNC bits to 1 in TSNC for the channels to be synchronized.

. When a value is written in 16TCNT in one of the synchronized channels, the same value is

. Set the CCLR1 or CCLRO bit in 16 TCR to have the counter cleared by compare match or input capture.
. Set the CCLR1 and CCLRO bits in 16 TCR to have the counter cleared synchronously.
. Set the STR bits in TSTR to 1 to start the synchronized counters.

Figure 9.24 Setup Procedure for Synchronization (Example)

Example of Synchronization: Figure 9.25 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 GRBO0. 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 9.4.4, PWM Mode.

RENESAS
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Value of 16TCNTO
to 16TCNT2

GRBO
GRB1
GRAO
GRB2
GRA1
GRA2
H'0000

TIOCA,

TIOCA,

TIOCA,

A

Cleared by compare match with GRBO

Figure 9.25 Synchronization (Example)

9.4.4 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 compare match 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 2).

Table 9.4 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 9.4 PWM Output Pins and Registers

Channel Output Pin 1 Output 0 Output
0 TIOCAo GRAO GRBO
1 TIOCA4 GRA1 GRB1
2 TIOCA: GRA2 GRB2
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Sample Setup Procedure for PWM Mode: Figure 9.26 shows a sample procedure for setting up
PWM mode.

-

PWM mode . Set bits TPSC2 to TPSCO0 in 16 TCR to
select the counter clock source. If an
‘ external clock source is selected, set

bits CKEG1 and CKEGO in 16 TCR to
Select counter clock 1 select the desired edge(s) of the

external clock signal.
| 2. Set bits CCLR1 and CCLRO in 16TCR
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.

Set GRA 3 4. Set the time at which the PWM

‘ waveform should go to 0 in GRB.

5. Set the PWM bit in TMDR to select

Set GRB 4 PWM mode. When PWM mode is
selected, regardless of the TIOR
\ contents, GRA and GRB become
output compare registers specifying
Select PWM mode 5 the times at which the PWM output
goes to 1 and 0. The TIOCA pin

| automatically becomes the PWM
output pin. The TIOCB pin conforms

Start counter 6 to the settings of bits IOB1 and IOB0
in TIOR. If TIOCB output is not
l desired, clear both I0OB1 and I0BO to 0.
PWM mode 6. Setthe STR bitto 1in TSTR to start

the timer counter.

Figure 9.26 Setup Procedure for PWM Mode (Example)

Rev. 2.00, 09/03, page 351 of 890
RENESAS




Examples of PWM Mode: Figure 9.27 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, 16TCNT is cleared by compare match with GRA or GRB. Synchronized

operation and free-running counting are also possible.

16TCNT value

GRA

GRB

H'0000

TIOCA

/ Counter cleared by compare match A

a. Counter cleared by GRA (TOA=1)

16TCNT value

GRB

GRA

H'0000

TIOCA

/ Counter cleared by compare match B

b. Counter cleared by GRB (TOA = 0)

Time

Figure 9.27 PWM Mode (Example 1)
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Figure 9.28 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%.

16TCNT value Counter cleared by compare match B
GRB | S S B
GRA | G |
H'0000 3 — K 4 Time
TIOCA : | B

Write to GRA Write to GRA
a. 0% duty cycle (TOA=0)

16TCNT value Counter cleared by compare match A
GRA | A
GRB [~
H'0000 j = o K Time
TIOCA | |

: o

Write to GRB Write to GRB

b. 100% duty cycle (TOA=1)

Figure 9.28 PWM Mode (Example 2)
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9.4.5 Phase Counting Mode

In phase counting mode the phase difference between two external clock inputs (at the TCLKA
and TCLKB pins) is detected, and 16TCNT2 counts up or down accordingly.

In phase counting mode, the TCLKA and TCLKB pins automatically function as external clock
input pins and 16TCNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO0, CKEG1, and CKEGO in 16TCR2. Settings of bits CCLR1, CCLRO in 16TCR2, and
settings in TIOR2, TISRA, TISRB, TISRC, setting of STR2 bit in TSTR, 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 9.29 shows a sample procedure for
setting up phase counting mode.

C Phase counting mode )

Select phase counting mode 1 1. Set the MDF bit in TMDR to 1 to select
phase counting mode.

2. Select the flag setting condition with
the FDIR bit in TMDR.

Select flag setting condition 2 3. Setthe STR2 bitto 1 in TSTR to start
the timer counter.

Start counter 3

'

Phase counting mode

Figure 9.29 Setup Procedure for Phase Counting Mode (Example)
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Example of Phase Counting Mode: Figure 9.30 shows an example of operations in phase
counting mode. Table 9.5 lists the up-counting and down-counting conditions for I6TCNT2.

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.

16TCNT2 value

Countinyw wig down

Tcike i f i } i 4 f
TCLKA f i } { i} 1 } P

Figure 9.30 Operation in Phase Counting Mode (Example)

Table 9.5  Up/Down Counting Conditions

Counting
Direction Up-Counting Down-Counting
TCLKB pin 1 High ! Low High ! Low 1
TCLKA pin Low ) High ! ! Low ) Hlgh
Phase Phase
difference difference ~ Pulse width Pulse width
[ ] - N—»: :4—»:
TCLKA ! ! ! :
TCLKB
3 | | | ‘ Phase difference and overlap: at least 1.5 states
! ! ! ‘ ‘ Pulse width: at least 2.5 states
Overlap Overlap u ' '

Figure 9.31 Phase Difference, Overlap, and Pulse Width in Phase Counting Mode
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9.4.6 16-Bit Timer Output Timing

The initial value of 16-bit timer output when a timer count operation begins can be specified
arbitrarily by making a setting in TOLR.

Figure 9.32 shows the timing for setting the initial value with TOLR.

Only write to TOLR when the corresponding bit in TSTR is cleared to 0.

Address bus >< TOLR address X
TOLR >< N

16-bit timer output pin >< N

Figure 9.32 Timing for Setting 16-Bit Timer Output Level by Writing to TOLR
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9.5 Interrupts

The 16-bit timer has two types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

9.5.1 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 16TCNT matches a general register (GR). The compare
match signal is generated in the last state in which the values match (when 16TCNT is updated
from the matching count to the next count). Therefore, when 16TCNT matches a general register,
the compare match signal is not generated until the next I6TCNT clock input. Figure 9.33 shows
the timing of the setting of IMFA and IMFB.

' i L

16TCNT input
clock

16TCNT N >< N+1

GR N

Compare
match signal

IMF

IMI

Figure 9.33 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 I6TCNT contents are simultaneously transferred to the corresponding
general register. Figure 9.34 shows the timing.

¢

Input capture

signal

IMF

16TCNT N

GR >< N
IMI

Figure 9.34 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 16TCNT overflows from
H'FFFF to H'0000 or underflows from H'0000 to H'FFFF. Figure 9.35 shows the timing.

v L

16TCNT ><

Overflow
signal

OVF

ovi

Figure 9.35 Timing of Setting of OVF

9.5.2 Timing of Clearing of Status Flags

If the CPU reads a status flag while it is set to 1, then writes 0 in the status flag, the status flag is
cleared. Figure 9.36 shows the timing.

TISR write cycle

T, T, T
e e

o
Address >< TISR address ><

IMF, OVF

Figure 9.36 Timing of Clearing of Status Flags
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9.5.3 Interrupt Sources

Each 16-bit timer 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 nine interrupt sources
of three kinds, all independently vectored. An interrupt is requested when the interrupt request flag
are setto 1.

The priority order of the channels can be modified in interrupt priority registers A (IPRA). For
details see section 5, Interrupt Controller.

Table 9.6 lists the interrupt sources.

Table 9.6  16-bit timer Interrupt Sources

Channel Interrupt Source Description Priority™
0 IMIAO Compare match/input capture A0 High
IMIBO Compare match/input capture BO 4
oVvIo Overflow 0
1 IMIA1 Compare match/input capture A1
IMIB1 Compare match/input capture B1
ovi1 Overflow 1
2 IMIA2 Compare match/input capture A2
IMIB2 Compare match/input capture B2 v
ovi2 Overflow 2 Low

Note: * The priority immediately after a reset is indicated. Inter-channel priorities can be changed
by settings in IPRA.
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9.6 Usage Notes

This section describes contention and other matters requiring special attention during 16-bit timer
operations.

Contention between 16 TCNT Write and Clear: If a counter clear signal occurs in the Tj state of
a 16TCNT write cycle, clearing of the counter takes priority and the write is not performed. See
figure 9.37.

16TCNT write cycle

Address bus X 16TCNT address ><

Internal write signal

Counter clear signal

16TCNT N >< H'0000

Figure 9.37 Contention between 16TCNT Write and Clear
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Contention between 16 TCNT Word Write and Increment: If an increment pulse occurs in the
T, state of a I6TCNT word write cycle, writing takes priority and 16TCNT is not incremented.
Figure 9.38 shows the timing in this case.

16TCNT word write cycle
Ty T LK

: N
Address bus X 16TCNT address ><

Internal write signal

16TCNT input clock

16TCNT N >< « M

16TCNT write data

Figure 9.38 Contention between 16 TCNT Word Write and Increment
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Contention between 16 TCNT Byte Write and Increment: If an increment pulse occurs in the
T, or T; state of a 16TCNT byte write cycle, writing takes priority and 16TCNT is not
incremented. The byte data for which a write was not performed is not incremented, and retains its
pre-write value. See figure 9.39, which shows an increment pulse occurring in the T, state of a
byte write to I6TCNTH.

16 TCNTH byte write cycle

T T, T3
>l >l -]

[
Address bus X 16TCNTH address ><

Internal write signal

16TCNT input clock

N >< M
16TCNTH y
16TCNT write data

16TCNTL X >< X+1 >< X

Figure 9.39 Contention between 16TCNT 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 9.40.

General register write cycle

Ty T, T3
>l >l -]

[
Address bus X GR address ><

Internal write signal

16TCNT N >< N+ 1

GR N >< /M

General register write data

Compare match signal ' .- Inhibited

Figure 9.40 Contention between General Register Write and Compare Match
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Contention between 16 TCNT Write and Overflow or Underflow: If an overflow occurs in the
T, state of a I6TCNT write cycle, writing takes priority and the counter is not incremented. OVF
is set to 1. The same holds for underflow. See figure 9.41.

16TCNT write cycle

Ty T, T5
e e e

|-
Address bus X 16TCNT address ><

Internal write signal

16TCNT input clock

Overflow signal

16TCNT H'FFFF >< « M

16TCNT write data
OVF

Figure 9.41 Contention between 16TCNT 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 9.42.

General register read cycle

T, T, T3
e e

=
Address bus X GR address ><

Internal read signal

Input capture signal

GR X >< M

Internal data bus 4< X >7

Figure 9.42 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 9.43.

¢ N

Input capture signal

Counter clear signal

16TCNT input clock

16TCNT N >< H0000

GR >< N

Figure 9.43 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 T state of a general register write cycle, input capture takes priority and the write to
the general register is not performed. See figure 9.44.

General register write cycle

T, T, Ty
e e

=
Address bus X GR address ><

Internal write signal

Input capture signal

16TCNT M

GR >< \M

Figure 9.44 Contention between General Register Write and Input Capture
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Note on Waveform Period Setting: When a counter is cleared by compare match, the counter is
cleared in the last state at which the 16TCNT 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:

b
N OES)

(f: counter frequency. @: system clock frequency. N: value set in general register.)

Note on Writes in Synchronized Operation: When channels are synchronized, if a I6TCNT
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 1 and 2 are synchronized

+ Byte write to channel 1 or byte write to channel 2

Write A to upper byte

erentt [ w | x| oeemelt o eronmi [ A [ x ]
6TCNT2 | Y |z | 16TCNT2| A | x|
Upper byte Lower byte Upper byte Lower byte
Pper byt 4 Write A to lower byte Pper byt 4

of channel 2
. 16TCNT1 | v | A |
16TCNT2| v | A |
Upper byte Lower byte

» Word write to channel 1 or word write to channel 2
16TCNT1 | W | x| _ 16TCNT1| A | B |
16TCNT2| v | z | WriteABwordto  16TCNT2| A | B |

channel 1 or 2

Upper byte Lower byte Upper byte Lower byte
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16-bit timer Operating Modes

Table 9.7 (a) 16-bit timer Operating Modes (Channel 0)

Register Settings

TSNC TMDR TIORO 16TCRO
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset  SYNCO=1 — — @) @) @) @) @)
PWM mode @) — — PWMO=1 — o* ) @)
Output compare A O — — PWMO=0 I0A2=0 @) @) @)
Other bits
unrestricted
Output compare B O — — @) @) I10B2=0 ¢ ¢
Other bits
unrestricted
Input capture A O — — PWMO=0 I0A2=1 ¢) ¢) ¢)
Other bits
unrestricted
Input capture B O — — PWMO=0 o© 10B2 =1 @) @)
Other bits
unrestricted
Counter By compare O — — @) @) @) CCLR1=0 ©
clearing match/input CCLRO =1
capture A
By compare O — — @) @) @) CCLR1=1 ©
match/input CCLRO =0
capture B
Syn- SYNCO=1 — — ) ) ¢} CCLR1=1 O
chronous CCLRO =1
clear

Legend: O Setting available (valid). — Setting does not affect this mode.

Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur
simultaneously, the compare match signal is inhibited.
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Table 9.7 (b) 16-bit timer Operating Modes (Channel 1)

Register Settings

TSNC TMDR TIOR1 16TCR1
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset  SYNC1=1 — — ¢) O @) @) @)
PWM mode 0 — —  PWM1=1 — o* o o
Output compare A ¢) — — PWM1=0 I0A2=0 O @) @)
Other bits
unrestricted
Output compare B ¢) — — O O 10B2=0 @) @)
Other bits
unrestricted
Input capture A @) — — PWM1=0 I0A2=1 @) @) @)
Other bits
unrestricted
Input capture B o — — PWM1=0 ©O 10B2 = 1 o o
Other bits
unrestricted
Counter By compare O — — @) O @) CCLR1=0 ©
clearing match/input CCLRO =1
capture A
By compare O — — @) O @) CCLR1=1 O
match/input CCLRO =0
capture B
Syn- SYNC1=1 — — o) ¢ o) CCLR1=1 O
chronous CCLRO =1
clear

Legend: O Setting available (valid). — Setting does not affect this mode.
Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B
occur simultaneously, the compare match signal is inhibited.
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Table 9.7 (¢) 16-bit timer Operating Modes (Channel 2)

Register Settings

TSNC TMDR TIOR2 16TCR2
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset  SYNC2=1 O — o o o o) @)
PWM mode o) o) — PWM2=1 — o* ) @)
Output compare A @) @) — PWM2=0 10A2=0 @) @) O
Other bits
unrestricted
Output compare B @) @) — @) @) 10B2=0 0) O
Other bits
unrestricted
Input capture A @) @) — PWM2=0 I0OA2=1 @) @) e}
Other bits
unrestricted
Input capture B @) @) — PWM2=0 O 10B2 =1 ¢) O
Other bits
unrestricted
Counter By compare O o) — ) o o CCLR1=0 O
clearing match/input CCLRO =1
capture A
By compare O @) — @) @) @) CCLR1=1 O
match/input CCLRO =0
capture B
Syn- SYNC2=1 O — o) o) o) CCLR1=1 O
chronous CCLRO =1
clear
Phase counting @) MDF=1 O ¢) ¢) ¢) @) —

mode

Legend: O Setting available (valid). — Setting does not affect this mode.
Note: * The input capture function cannot be used in PWM mode. If compare match A and compare match B occur
simultaneously, the compare match signal is inhibited.
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Section 10 8-Bit Timers

10.1 Overview

The H8/3028 Group has a built-in 8-bit timer module with four channels (TMRO, TMR1, TMR2,
and TMR3), based on 8-bit counters. Each channel has an 8-bit timer counter (§TCNT) and two
8-bit time constant registers (TCORA and TCORB) that are constantly compared with the STCNT
value to detect compare match events. The timers can be used as multifunctional timers in a
variety of applications, including the generation of a rectangular-wave output with an arbitrary
duty cycle.

10.1.1 Features
The features of the 8-bit timer module are listed below.

¢ Selection of four clock sources

The counters can be driven by one of three internal clock signals (¢/8, ¢/64, or ¢/8192) or an
external clock input (enabling use as an external event counter).

¢ Selection of three ways to clear the counters
The counters can be cleared on compare match A or B, or input capture B.
¢ Timer output controlled by two compare match signals

The timer output signal in each channel is controlled by two independent compare match
signals, enabling the timer to generate output waveforms with an arbitrary duty cycle or PWM
output.

e A/D converter can be activated by a compare match
* Two channels can be cascaded

O Channels 0 and 1 can be operated as the upper and lower halves of a 16-bit timer (16-bit
count mode).

0 Channels 2 and 3 can be operated as the upper and lower halves of a 16-bit timer (16-bit
count mode).

0 Channel 1 can count channel 0 compare match events (compare match count mode).
0 Channel 3 can count channel 2 compare match events (compare match count mode).
e Input capture function can be set

8-bit or 16-bit input capture operation is available.
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Twelve interrupt sources

There are twelve interrupt sources: four compare match sources, four compare match/input
capture sources, four overflow sources.

Two of the compare match sources and two of the combined compare match/input capture
sources each have an independent interrupt vector. The remaining compare match interrupts,
combined compare match/input capture interrupts, and overflow interrupts have one interrupt
vector for two sources.
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10.1.2  Block Diagram

The 8-bit timers are divided into two groups of two channels each: group 0 comprising channels 0
and 1, and group 1 comprising channels 2 and 3. Figure 10.1 shows a block diagram of 8-bit timer

group 0.

External clock
sources

Internal clock
sources

Internal bus

TCLKA /8
TCLKC 0/64
/8192
Clock 1
Clock 0
Clock select
| TCORAO H:l TCORAT K
Compare match A1
Compare match AQ IComparator A0 I:# Comparator A1 |
Overflow 1
rd g g
Overflowo | 8TcNT0 | sTeNT1 K
TMO, ~—
TMIO | ~=— Compare match B1
Control logic
Compare match BO|Comparator BO ':' Comparator B1 |
Input capture B1 m
| TcorBo || TcORB1 K
T > sTcsRo || sTCsR1 K
— | sTcRo || 8TCR1 K
|—> CMIAO
— CMIBO
— CMIA1/CMIB1
— OVI0/OVIM
Interrupt signals
Legend: preig

TCORA: Time constant register A
TCORB: Time constant register B
8TCNT: Timer counter

8TCSR: Timer control/status register
8TCR:  Timer control register

Figure 10.1 Block Diagram of 8-Bit Timer Unit (Two Channels: Group 0)
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10.1.3  Pin Configuration

Table 10.1 summarizes the input/output pins of the 8-bit timer module.

Table 10.1 8-Bit Timer Pins

Group Channel Name

Abbreviation 1/0

Function

0 0 Timer output TMOg Output Compare match output
Timer clock input TCLKC Input  Counter external clock input
1 Timer input/output  TMIO¢ 1/0 Compare match output/input
capture input
Timer clock input TCLKA Input  Counter external clock input
1 2 Timer output TMO, Output Compare match output
Timer clock input TCLKD Input  Counter external clock input
3 Timer input/output  TMIO3 1/0 Compare match output/input
capture input
Timer clock input TCLKB Input  Counter external clock input
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10.1.4  Register Configuration
Table 10.2 summarizes the registers of the 8-bit timer module.

Table 10.2 8-Bit Timer Registers

Channel Address®* Name Abbreviation R/W Initial value
0 H'FFF80 Timer control register 0 8TCRO R/W H'00
H'FFF82 Timer control/status register 0  8TCSRO R/(W)*  H00
H'FFF84 Time constant register AO TCORAOQ R/W H'FF
H'FFF86 Time constant register BO TCORBO R/W H'FF
H'FFF88 Timer counter 0 8TCNTO R/W H'00
1 H'FFF81 Timer control register 1 8TCR1 R/W H'00
H'FFF83 Timer control/status register 1 8TCSR1 R/(W)*  H00
H'FFF85 Time constant register A1 TCORA1 R/W H'FF
H'FFF87 Time constant register B1 TCORB1 R/W H'FF
H'FFF89 Timer counter 1 8TCNT1 R/W H'00
2 H'FFF90 Timer control register 2 8TCR2 R/W H'00
H'FFF92 Timer control/status register2 ~ 8TCSR2 R/(W)*2 H'10
H'FFF94 Time constant register A2 TCORA2 R/W H'FF
H'FFF96 Time constant register B2 TCORB2 R/W H'FF
H'FFF98 Timer counter 2 8TCNT2 R/W H'00
3 H'FFF91 Timer control register 3 8TCR3 R/W H'00
H'FFF93 Timer control/status register 3  8TCSR3 R/(W)”‘2 H'00
H'FFF95 Time constant register A3 TCORA3 R/W H'FF
H'FFF97 Time constant register B3 TCORB3 R/W H'FF
H'FFF99 Timer counter 3 8TCNT3 R/W H'00

Notes: 1. Indicates the lower 20 bits of the address in advanced mode.
2. Only 0 can be written to bits 7 to 5, to clear these flags.

Each pair of registers for channel 0 and channel 1 comprises a 16-bit register with the channel 0
register as the upper 8 bits and the channel 1 register as the lower 8 bits, so they can be accessed
together by word access.

Similarly, each pair of registers for channel 2 and channel 3 comprises a 16-bit register with the
channel 2 register as the upper 8 bits and the channel 3 register as the lower 8 bits, so they can be
accessed together by word access.
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10.2  Register Descriptions

10.2.1 Timer Counters (§TCNT)

8TCNTO 8TCNT1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value o o o o o0 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 RW R/W R/W R/W R/W

8TCNT2 8TCNT3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 0 o o0 o0 o O o0 o 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 R/W R/W R/W R/W R/W R/W R/W R/W

The timer counters (§TCNT) are 8-bit readable/writable up-counters that increment on pulses
generated from an internal or external clock source. The clock source is selected by clock select
bits 2 to 0 (CKS2 to CKSO0) in the timer control register (§TCR). The CPU can always read or
write to the timer counters.

The 8TCNTO and 8TCNT1 pair, and the STCNT2 and 8TCNT3 pair, can each be accessed as a
16-bit register by word access.

8TCNT can be cleared by an input capture signal or compare match signal. Counter clear bits 1
and 0 (CCLR1 and CCLRO) in 8TCR select the method of clearing.

When 8TCNT overflows from H'FF to H'00, the overflow flag (OVF) in the timer control/status
register (§TCSR) is setto 1.

Each 8TCNT is initialized to H'00 by a reset and in standby mode.
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10.2.2 Time Constant Registers A (TCORA)

TCORAO to TCORA3 are 8-bit readable/writable registers.

TCORAO TCORA1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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

TCORAZ2 TCORA3

B 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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

=

The TCORAO and TCORALI pair, and the TCORA2 and TCORA3 pair, can each be accessed as a
16-bit register by word access.

The TCORA value is constantly compared with the STCNT value. When a match is detected, the
corresponding compare match flag A (CMFA) is set to 1 in 8TCSR.

The timer output can be freely controlled by these compare match signals and the settings of
output select bits 1 and 0 (OS1, OS0) in 8TCSR.

Each TCORA register is initialized to H'FF by a reset and in standby mode.
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10.2.3 Time Constant Registers B (TCORB)

TCORBO TCORB1

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W R'W R/W R/W R/'W RIW R/W R/W R/W R/W

TCORB2 TCORB3

B 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initial value 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
Read/Write R/W R/W R/W R/W R/W R/W R/W RIW R/W R/W R/'W RIW R/W R/W R/W R/W

=

TCORBO to TCORB3 are 8-bit readable/writable registers. The TCORBO0 and TCORBI pair, and
the TCORB2 and TCORB3 pair, can each be accessed as a 16-bit register by word access.

The TCORB value is constantly compared with the 8TCNT value. When a match is detected, the
corresponding compare match flag B (CMFB) is set to 1 in STCSR*.

The timer output can be freely controlled by these compare match signals and the settings of
output/input capture edge select bits 3 and 2 (OIS3, OIS2) in STCSR.

When TCORB is used for input capture, it stores the STCNT value on detection of an external
input capture signal. At this time, the CMFB flag is set to 1 in the corresponding 8TCSR register.
The detected edge of the input capture signal is set in STCSR.

Each TCORB register is initialized to H'FF by a reset and in standby mode.

Note: * When channel 1 and channel 3 are designated for TCORB input capture, the CMFB flag is
not set by a channel 0 or channel 2 compare match B.
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10.2.4  Timer Control Register (§TCR)

Bit 7 6 5 4 3 2 1 0
CMIEB | CMIEA | OVIE | CCLR1 | CCLRO | CKS2 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
8TCR is an 8-bit readable/writable register that selects the STCNT input clock, gives the STCNT
clearing specification, and enables interrupt requests.
8TCR is initialized to H'00 by a reset and in standby mode.

For the timing, see section 10.4, Operation.

Bit 7—Compare Match Interrupt Enable B (CMIEB): Enables or disables the CMIB interrupt
request when the CMFB flag is set to 1 in STCSR.

Bit 7

CMIEB Description

0 CMIB interrupt requested by CMFB is disabled (Initial value)
1 CMIB interrupt requested by CMFB is enabled

Bit 6—Compare Match Interrupt Enable A (CMIEA): Enables or disables the CMIA interrupt
request when the CMFA flag is set to 1 in STCSR.

Bit 6

CMIEA Description

0 CMIA interrupt requested by CMFA is disabled (Initial value)
1 CMIA interrupt requested by CMFA is enabled

Bit 5—Timer Overflow Interrupt Enable (OVIE): Enables or disables the OVI interrupt
request when the OVF flag is set to 1 in 8TCSR.

Bit 5

OVIE Description

0 OVl interrupt requested by OVF is disabled (Initial value)
1 OVI interrupt requested by OVF is enabled
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Bits 4 and 3—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits specify the STCNT
clearing source. Compare match A or B, or input capture B, can be selected as the clearing source.

Bit 4 Bit 3

CCLR1 CCLRO Description

0 0 Clearing is disabled (Initial value)
1 Cleared by compare match A

1 0 Cleared by compare match B/input capture B
1 Cleared by input capture B

Note: When input capture B is set as the 8TCNT1 and 8TCNT3 counter clear source, 8TCNTO
and 8TCNT2 are not cleared by compare match B.

Bits 2 to 0—Clock Select 2 to 0 (CSK2 to CSKO0): These bits select whether the clock input to
8TCNT is an internal or external clock.

Three internal clocks can be selected, all divided from the system clock (@): ¢/8, ¢/64, and ¢/8192.
The rising edge of the selected internal clock triggers the count.

When use of an external clock is selected, three types of count can be selected: at the rising edge,
the falling edge, and both rising and falling edges.

When CKS2, CKS1, CKS0=1, 0, 0, channels 0 and 1 and channels 2 and 3 are cascaded.

The incrementing clock source is different when 8TCRO and 8TCR2 are set, and when 8TCR1 and
8TCR3 are set.
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Bit 2
CSK2

Bit 1
CSK1

Bit 0
CSKo0

Description

0

0

Clock input disabled (Initial value)

Internal clock, counted on falling edge of @/8

Internal clock, counted on falling edge of /64

Internal clock, counted on falling edge of ¢/8192

Ol = O =

Channel 0 (16-bit count mode): Count on 8TCNT1 overflow
signal™'

Channel 1 (compare match count mode): Count on 8TCNTO
compare match A*'

Chann(;.\l 2 (16-bit count mode): Count on 8TCNT3 overflow
signal®

Channel 3 (compare match count mode): Count on 8TCNT2
compare match A*?

1

External clock, counted on rising edge

0

External clock, counted on falling edge

1

External clock, counted on both rising and falling edges

Notes: 1. If the clock input of channel 0 is the 8TCNT1 overflow signal and that of channel 1 is the
8TCNTO compare match signal, no incrementing clock is generated. Do not use this

setting.
. If the clock input of channel 2 is the 8TCNT3 overflow signal and that of channel 3 is the

8TCNT2 compare match signal, no incrementing clock is generated. Do not use this

setting.
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10.2.5 Timer Control/Status Registers (§TCSR)

8TCSRO
Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF ADTE OIS3 0OIS2 0s1 0S0
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* R/(W)* R/AW)* RW RW  RW RW  RW

8TCSR2
Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF — OIS3 0OIS2 0s1 0S0
Initial value 0 0 0 1 0 0 0 0
Read/Write ~ R/(W)*  R/(W)* R/(W)* — R/W R/W R/W R/W

8TCSR1, 8TCSR3

Bit 7 6 5 4 3 2 1 0
| cmre | cMFA | ovF | 1cE | ois3 | ois2 | ost | oso
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: * Only O can be written to bits 7 to 5, to clear these flags.

The timer control/status registers STCSR are 8-bit registers that indicate compare match/input
capture and overflow statuses, and control compare match output/input capture edge selection.

8TCSR?2 is initialized to H'10, and 8TCSRO, STCSR1, and 8TCSR3 to H'00, by a reset and in
standby mode.
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Bit 7—Compare Match/Input Capture Flag B (CMFB): Status flag that indicates the
occurrence of a TCORB compare match or input capture.

Bit 7

CMFB Description

0 [Clearing condition] (Initial value)
Read CMFB when CMFB = 1, then write 0 in CMFB

1 [Setting conditions]

- 8TCNT =TCORB*

e The 8TCNT value is transferred to TCORB by an input capture signal when
TCORSB functions as an input capture register

Note: * When bit ICE is setto 1 in 8TCSR1 and 8TCSR3, the CMFB flag is not set when 8TCNTO =
TCORBO or 83TCNT2 = TCORB2.

Bit 6—Compare Match Flag A (CMFA): Status flag that indicates the occurrence of a TCORA
compare match.

Bit 6

CMFA Description

0 [Clearing condition] (Initial value)
Read CMFA when CMFA = 1, then write 0 in CMFA

1 [Setting condition]

8TCNT = TCORA

Bit 5—Timer Overflow Flag (OVF): Status flag that indicates that the STCNT has overflowed
from H'FF to H'00.

Bit 5

OVF Description

0 [Clearing condition] (Initial value)
Read OVF when OVF = 1, then write 0 in OVF

1 [Setting condition]

8TCNT overflows from H'FF to H'00
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Bit 4—A/D Trigger Enable (ADTE) (In 8TCSRO0): In combination with TRGE in the A/D
control register (ADCR), enables or disables A/D converter start requests by compare match A or
an external trigger.

Bit 4
TRGE® ADTE  Description
0 0 A/D converter start requests by compare match A or external trigger pin
(ADTRG) input are disabled (Initial value)
1 A/D converter start requests by compare match A or external trigger pin
(ADTRG) input are disabled
1 0 A/D converter start requests by external trigger pin (ADTRG) input are
enabled, and A/D converter start requests by compare match A are disabled
1 A/D converter start requests by compare match A are enabled, and A/D

converter start requests by external trigger pin (ADTRG) input are disabled

Note: * TRGE is bit 7 of the A/D control register (ADCR).

Bit 4—Reserved (In 8TCSR1): This bit is a reserved bit, but can be read and written.

Bit 4—Input Capture Enable (ICE) (In 8TCSR1 and 8TCSR3): Selects the function of
TCORBI1 and TCORB3.

Bit 4

ICE Description

0 TCORB1 and TCORB3 are compare match registers (Initial value)
1 TCORB1 and TCORB3 are input capture registers

When bit ICE is set to 1 in 8TCSR1 or 8TCSR3, the operation of the TCORA and TCORB
registers in channels O to 3 is as shown in the tables below.
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Table 10.3 Operation of Channels 0 and 1 when Bit ICE is Set to 1 in 8TCSR1 Register

Register Timer Output
Register Function Status Flag Change Capture Input Interrupt Request
TCORAO Compare match CMFA changed from 0 TMOg output CMIAO interrupt request
operation to 1 in 8TCSRO by controllable generated by compare
compare match match
TCORBO Compare match 'CMFB not changed No output from CMIBO interrupt request
operation from 0 to 1in 8TCSRO TMOg not generated by compare
by compare match match
TCORA1 Compare match CMFA changed from 0 TMIO+ is CMIA1 interrupt request
operation to 1in 8TCSR1 by dedicated input generated by compare
compare match capture pin match
TCORB1 Input capture CMFB changed from 0 TMIO; is CMIB1 interrupt request
operation to 1in 8TCSR1 by dedicated input generated by input
input capture capture pin capture

Table 10.4 Operation of Channels 2 and 3 when Bit ICE is Set to 1 in 8TCSR3 Register

Register Timer Output
Register Function Status Flag Change Capture Input Interrupt Request
TCORA2 Compare match CMFA changed from 0 TMO; output CMIAZ2 interrupt request
operation to 1in 8TCSR2 by controllable generated by compare
compare match match
TCORB2 Compare match | CMFB not changed No output from CMIB2 interrupt request
operation from 0 to 1in 8TCSR2 TMO: not generated by compare
by compare match match
TCORA3 Compare match CMFA changed from 0 TMIOs is CMIAS interrupt request
operation to 1 in 8TCSR3 by dedicated input generated by compare
compare match capture pin match
TCORB3 Input capture CMFB changed from 0 TMIO3 is CMIB3 interrupt request
operation to 1 in 8TCSR3 by dedicated input generated by input
input capture capture pin capture
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Bits 3 and 2—Output/Input Capture Edge Select B3 and B2 (OIS3, OIS2): In combination
with the ICE bit in 8TCSR1 (8TCSR3), these bits select the compare match B output level or the
input capture input detected edge.

The function of TCORB1 (TCORB3) depends on the setting of bit 4 of STCSR1 (§TCSR3).
ICE Bit in

8TCSR1 Bit3 Bit2
(8TCSR3) OIS3 O0IS2 Description

0 0 0 No change when compare match B occurs (Initial value)
1 0 is output when compare match B occurs
1 0 1 is output when compare match B occurs
1 Output is inverted when compare match B occurs (toggle output)
1 0 0 TCORSB input capture on rising edge
1 TCORSB input capture on falling edge
1 0 TCORSB input capture on both rising and falling edges
1

¢ When the compare match register function is used, the timer output priority order is: toggle
output > 1 output > 0 output.

e If compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

¢ When bits OIS3, OIS2, OS1, and OSO0 are all cleared to 0, timer output is disabled.

Bits 1 and 0—Output Select A1 and A0 (OS1, OS0): These bits select the compare match A
output level.

Bit 1 Bit 0

0s1 0Sso Description

0 0 No change when compare match A occurs (Initial value)
1 0 is output when compare match A occurs

1 0 1 is output when compare match A occurs
1 Output is inverted when compare match A occurs (toggle output)

e When the compare match register function is used, the timer output priority order is: toggle
output > 1 output > 0 output.

e Ifcompare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

*  When bits OIS3, OIS2, OS1, and OSO0 are all cleared to 0, timer output is disabled.
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10.3

10.3.1

CPU Interface

8-Bit Registers

8TCNT, TCORA, TCORB, 8TCR, and 8TCSR are 8-bit registers. These registers are connected
to the CPU by an internal 16-bit data bus and can be read and written a word at a time or a byte at

a time.

Figures 10.2 and 10.3 show the operation in word read and write accesses to STCNT.

Figures 10.4 to 10.7 show the operation in byte read and write accesses to STCNT0 and 8TCNT]1.

Internal data bus

H H
c L Bus < | | L > Module data bus
P interface
U N N
| 8TCNTO | 8TCNT1 |
Figure 10.2 8TCNT Access Operation (CPU Writes to STCNT, Word)
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Figure 10.3 8TCNT Access Operation (CPU Reads STCNT, Word)
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Figure 10.4 8TCNTO0 Access Operation (CPU Writes to STCNTO0, Upper Byte)
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Figure 10.5 8TCNT1 Access Operation (CPU Writes to STCNT1, Lower Byte)
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Figure 10.6 8TCNTO0 Access Operation (CPU Reads STCNTO0, Upper Byte)
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Figure 10.7 8TCNT1 Access Operation (CPU Reads STCNT1, Lower Byte)
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10.4  Operation

104.1 8TCNT Count Timing
8TCNT is incremented by input clock pulses (either internal or external).

Internal Clock: Three different internal clock signals (¢/8, /64, or ¢¥8192) divided from the
system clock (@) can be selected, by setting bits CKS2 to CKS0 in 8TCR. Figure 10.8 shows the
count timing.

o LI LM i rirmrororo

Internal clock _I

8TCNT input clock

8TCNT N1 X

X N+t

=z

Note: Even if the same internal clock is selected for the 16-bit timer and the 8-bit timer, the same operation
will not be performed since the incrementing edge is different in each case.

Figure 10.8 Count Timing for Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKSO0 in
8TCR: on the rising edge, the falling edge, and both rising and falling edges.

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 10.9 shows the timing for incrementation on both edges of the external clock signal.
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o 1M LM I rormr
External clock input —| I_

8TCNT input clock

8TCNT N-1 X N X N+1

Figure 10.9 Count Timing for External Clock Input (Both-Edge Detection)

104.2 Compare Match Timing

Timer Output Timing: When compare match A or B occurs, the timer output is as specified by
the OIS3, OIS2, OS1, and OSO0 bits in 8TCSR (unchanged, 0 output, 1 output, or toggle output).

Figure 10.10 shows the timing when the output is set to toggle on compare match A.

o LML L Lo
Compare match A 4,—| ,—\—

TN ™

Timer output |

Figure 10.10 Timing of Timer Output
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Clear by Compare Match: Depending on the setting of the CCLR1 and CCLRO bits in STCR,
8TCNT can be cleared when compare match A or B occurs, Figure 10.11 shows the timing of
this operation.

Compare match signal

8TCNT N X H'00

Figure 10.11 Timing of Clear by Compare Match

Clear by Input Capture: Depending on the setting of the CCLR1 and CCLRO bits in 8TCR,
8TCNT can be cleared when input capture B occurs. Figure 10.12 shows the timing of this
operation.

A S I B O

Input capture input |

Input capture signal

8TCNT N X H'00

Figure 10.12 Timing of Clear by Input Capture

10.4.3  Input Capture Signal Timing
Input capture on the rising edge, falling edge, or both edges can be selected by settings in STCSR.
Figure 10.13 shows the timing when the rising edge is selected.

The pulse width of the input capture input 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.
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Input capture input |

Input capture signal

8TCNT N

TCORB X N

Figure 10.13 Timing of Input Capture Input Signal

10.4.4  Timing of Status Flag Setting

Timing of CMFA/CMFB Flag Setting when Compare Match Occurs: The CMFA and CMFB
flags in 8TCSR are set to 1 by the compare match signal output when the TCORA or TCORB and
8TCNT values match. The compare match signal is generated in the last state of the match (when
the matched 8TCNT count value is updated). Therefore, after the TCNT and TCORA or
TCORB values match, the compare match signal is not generated until an incrementing clock
pulse signal is generated. Figure 10.14 shows the timing in this case.

LA I I O B

8TCNT N X N+1

TCOR N

Compare match signal

\

CMF |

Figure 10.14 CMF Flag Setting Timing when Compare Match Occurs

Timing of CMFB Flag Setting when Input Capture Occurs: On generation of an input capture
signal, the CMFB flag is set to 1 and at the same time the 8TCNT value is transferred to TCORB.
Figure 10.15 shows the timing in this case.
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8TCNT N

TCORB >< N

Input capture signal

CMFB |

Figure 10.15 CMFB Flag Setting Timing when Input Capture Occurs

Timing of Overflow Flag (OVF) Setting: The OVF flag in 8TCSR is set to 1 by the overflow
signal generated when 8TCNT overflows (from H'FF to H'00). Figure 10.16 shows the timing in
this case.

8TCNT H'FF X H'00

Overflow signal

OVF

Figure 10.16 Timing of OVF Setting

10.4.5 Operation with Cascaded Connection

If bits CKS2 to CKSO are set to (100) in either 8TCRO or STCR1, the 8-bit timers of channels 0
and 1 are cascaded. With this configuration, the two timers can be used as a single 16-bit timer
(16-bit timer mode), or channel 0 8-bit timer compare matches can be counted in channel 1
(compare match count mode). Similarly, if bits CKS2 to CKSO0 are set to (100) in either 8STCR2 or
8TCR3, the 8-bit timers of channels 2 and 3 are cascaded. With this configuration, the two timers
can be used as a single 16-bit timer (16-bit timer mode),or channel 2 8-bit timer compare matches
can be counted in channel 3 (compare match count mode). In this case, the timer operates as
below.
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16-Bit Count Mode

Channels 0 and 1:

When bits CKS2 to CKSO0 are set to (100) in 8TCRO, the timer functions as a single 16-bit
timer with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.

O Setting when Compare Match Occurs
¢ The CMFA or CMFB flag is set to 1 in STCSRO when a 16-bit compare match occurs.

e The CMFA or CMFB flag is set to 1 in 8TCSR1 when a lower 8-bit compare match
occurs.

e TMO, pin output control by bits OIS3, OIS2, OS1, and OS0 in 8TCSRO is in
accordance with the 16-bit compare match conditions.

¢ TMIO; pin output control by bits OIS3, OIS2, OS1, and OS0 in 8TCSR1 is in
accordance with the lower 8-bit compare match conditions.

O Setting when Input Capture Occurs

¢ The CMFB flag is set to 1 in 8TCSRO and 8TCSR1 when the ICE bitis 1 in TCSR1
and input capture occurs.

¢ TMIO; pin input capture input signal edge detection is selected by bits OIS3 and OIS2
in 8TCSRO.

O Counter Clear Specification

¢ If counter clear on compare match or input capture has been selected by the CCLR1
and CCLRO bits in 8TCRO, the 16-bit counter (both STCNTO and 8TCNT1) is cleared.

e The settings of the CCLR1 and CCLRO bits in 8TCR1 are ignored. The lower 8 bits
cannot be cleared independently.

O OVF Flag Operation

¢ The OVF flag is set to 1 in 8TCSRO when the 16-bit counter (§TCNTO and 8TCNT1)
overflows (from H'FFFF to H'0000).

e The OVF flagis set to 1 in 8TCSR1 when the 8-bit counter (§TCNT1) overflows (from
H'FF to H'00).
Channels 2 and 3:

When bits CKS2 to CKSO0 are set to (100) in 8TCR2, the timer functions as a single 16-bit
timer with channel 2 occupying the upper 8 bits and channel 3 occupying the lower 8 bits.

O Setting when Compare Match Occurs
e The CMFA or CMFB flag is set to 1 in 8TCSR2 when a 16-bit compare match occurs.

e The CMFA or CMFB flag is set to 1 in 8TCSR3 when a lower 8-bit compare match
occurs.

¢ TMO, pin output control by bits OIS3, OIS2, OS1, and OS0 in 8TCSR2 is in
accordance with the 16-bit compare match conditions.

e TMIOs; pin output control by bits OIS3, OIS2, OS1, and OS0 in 8TCSR3 is in
accordance with the lower 8-bit compare match conditions.
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O Setting when Input Capture Occurs

¢ The CMFB flag is set to 1 in 8STCSR2 and 8TCSR3 when the ICE bit is 1 in TCSR3
and input capture occurs.

¢ TMIOs; pin input capture input signal edge detection is selected by bits OIS3 and OIS2
in 8TCSR2.

O Counter Clear Specification

¢ Ifcounter clear on compare match has been selected by the CCLR1 and CCLRO bits in
8TCR2, the 16-bit counter (both 8TCNT?2 and 8TCNT3) is cleared.

e The settings of the CCLR1 and CCLRO bits in 8TCR3 are ignored. The lower 8 bits
cannot be cleared independently.

0 OVF Flag Operation
¢ The OVF flag is set to 1 in 8TCSR2 when the 16-bit counter (§TCNT2 and 8TCNT?3)
overflows (from H'FFFF to H'0000).
e The OVF flagis set to 1 in 8TCSR3 when the 8-bit counter (§TCNT3) overflows (from
H'FF to H'00).

Compare Match Count Mode

Channels 0 and 1:

When bits CKS2 to CKSO0 are set to (100) in 8TCR1, 8TCNT1 counts channel 0 compare
match A events.

CMF flag setting, interrupt generation, TMO pin output, counter clearing, and so on, is in
accordance with the settings for each channel.

Note: When bit ICE =1 in §TCSR1, the compare match register function of TCORBO in
channel 0 cannot be used.

Channels 2 and 3:

When bits CKS2 to CKSO0 are set to (100) in 8TCR3, STCNT3 counts channel 2 compare
match A events.

CMF flag setting, interrupt generation, TMO pin output, counter clearing, and so on, is in

accordance with the settings for each channel.

Note: When bit ICE =1 in 8TCSR3, the compare match register function of TCORB2 in
channel 2 cannot be used.

Caution

Do not set 16-bit counter mode and compare match count mode simultaneously within the same
group, as the 8TCNT input clock will not be generated and the counters will not operate.
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10.4.6  Input Capture Setting

The 8TCNT value can be transferred to TCORB on detection of an input edge on the input
capture/output compare pin (TMIO; or TMIOs). Rising edge, falling edge, or both edge detection
can be selected. In 16-bit count mode, 16-bit input capture can be used.

Setting Input Capture Operation in 8-Bit Timer Mode (Normal Operation)

e Channel 1:
0 Set TCORBI as an 8-bit input capture register with the ICE bit in STCSRI1.

O Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMIO;) with bits OIS3 and OIS2 in 8TCSRI.

O Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.
e Channel 3:
O Set TCORB3 as an 8-bit input capture register with the ICE bit in §TCSR3.

O Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMIOj3) with bits OIS3 and OIS2 in 8TCSR3.

O Select the input clock with bits CKS2 to CKS0 in 8TCR3, and start the STCNT count.

Note: When TCORBI in channel 1 is used for input capture, TCORBO in channel 0 cannot be
used as a compare match register.
Similarly, when TCORB3 in channel 3 is used for input capture, TCORB2 in channel 2
cannot be used as a compare match register.

Setting Input Capture Operation in 16-Bit Count Mode

¢ Channels 0 and 1:

O In 16-bit count mode, TCORBO and TCORBI function as a 16-bit input capture register
when the ICE bit is set to 1 in STCSRI.

O Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMIO,) with bits OIS3 and OIS2 in 8TCSRO. (In 16-bit count mode, the settings of
bits OIS3 and OIS2 in 8TCSR1 are ignored.)

O Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.
e Channels 2 and 3:

O In 16-bit count mode, TCORB2 and TCORB3 function as a 16-bit input capture register
when the ICE bit is set to 1 in STCSR3.

O Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMIO3) with bits OIS3 and OIS2 in 8TCSR2. (In 16-bit count mode, the settings of
bits OIS3 and OIS2 in 8TCSR3 are ignored.)

O Select the input clock with bits CKS2 to CKS0 in 8TCR3, and start the STCNT count.
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10.5  Interrupt

10.5.1 Interrupt Sources

The 8-bit timer unit can generate three types of interrupt: compare match A and B (CMIA and
CMIB) and overflow (TOVI). Table 10.5 shows the interrupt sources and their priority order.
Each interrupt source is enabled or disabled by the corresponding interrupt enable bit in STCR. A
separate interrupt request signal is sent to the interrupt controller by each interrupt source.

Table 10.5 Types of 8-Bit Timer Interrupt Sources and Priority Order

Interrupt Source Description Priority
CMIA Interrupt by CMFA High
CMIB Interrupt by CMFB i
TOVI Interrupt by OVF Low

For compare match interrupts CMIA1/CMIB1 and CMIA3/CMIB3 and the overflow interrupts
(TOVIO/TOVI1 and TOVI2/TOVI3), one vector is shared by two interrupts.

Table 10.6 lists the interrupt sources.

Table 10.6 8-Bit Timer Interrupt Sources

Channel Interrupt Source Description
0 CMIAOQ TCORAO compare match
CMIBO TCORBO compare match/input capture
1 CMIA1/CMIB1 TCORA1 compare match, or TCORB1 compare match/input
capture
0,1 TOVIO/TOVIM Counter 0 or counter 1 overflow
CMIA2 TCORAZ2 compare match
CMIB2 TCORB2 compare match/input capture
3 CMIA3/CMIB3 TCORAS3 compare match, or TCORB3 compare match/input
capture
2,3 TOVI2/TOVI3 Counter 2 or counter 3 overflow
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10.5.2  A/D Converter Activation
The A/D converter can only be activated by channel 0 compare match A.

If the ADTE bit setting is 1 when the CMFA flag in STCSRO is set to 1 by generation of channel 0
compare match A, an A/D conversion start request will be issued to the A/D converter. If the
TRGE bit in ADCR is 1 at this time, the A/D converter will be started. If the ADTE bit in
8TCSRO is 1, A/D converter external trigger pin (ADTRG) input is disabled.

10.6  8-Bit Timer Application Example

Figure 10.17 shows how the 8-bit timer module can be used to output pulses with any desired duty
cycle. The settings for this example are as follows:

¢ Clear the CCLRI1 bit to 0 and set the CCLRO bit to 1 in 8TCR so that STCNT is cleared by a
TCORA compare match.

¢ Set bits OIS3, OIS2, OS1, and OS0 to (0110) in 8TCSR so that 1 is output on a TCORA
compare match and 0 is output on a TCORB compare match.

The above settings enable a waveform with the cycle determined by TCORA and the pulse width
detected by TCORB to be output without software intervention.

Figure 10.17 Example of Pulse Output
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10.7  Usage Notes

Note that the following kinds of contention can occur in 8-bit timer operation.

10.7.1  Contention between STCNT Write and Clear

If a timer counter clear signal occurs in the T; state of a STCNT write cycle, clearing of the
counter takes priority and the write is not performed. Figure 10.18 shows the timing in this case.

8TCNT write cycle
T1 T2 T3

D D
¢ I I O I

Address bus >< 8TCNT address ><

Internal write signal | |

Counter clear signal

8TCNT N >< H'00

Figure 10.18 Contention between STCNT Write and Clear
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10.7.2  Contention between STCNT Write and Increment

If an increment pulse occurs in the T; state of a STCNT write cycle, writing takes priority and
8TCNT is not incremented. Figure 10.19 shows the timing in this case.

8TCNT write cycle
T1 T2 T3

Address bus >< 8 TCNT address ><

Internal write signal | |

8TCNT input clock

8TCNT N >< P M

8TCNT write data

Figure 10.19 Contention between STCNT Write and Increment
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10.7.3  Contention between TCOR Write and Compare Match

If a compare match occurs in the T; state of a TCOR write cycle, writing takes priority and the
compare match signal is inhibited. Figure 10.20 shows the timing in this case.

TCOR write cycle
T1 T2 T3

N I S N

Address bus >< TCOR address ><

Internal write signal |

8TCNT N >< N+1
TCOR N >< - M
TCOR write data

o | = Inhibited

Compare match signal

Figure 10.20 Contention between TCOR Write and Compare Match
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10.7.4  Contention between TCOR Read and Input Capture

If an input capture signal occurs in the T; state of a TCOR read cycle, the value before input
capture is read. Figure 10.21 shows the timing in this case.

TCORB read cycle
T1 T2 T3

Address bus >< TCORB address ><

Internal read signal |
Input capture signal

TCORB N >< M

Internal data bus < N >—

Figure 10.21 Contention between TCOR Read and Input Capture
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10.7.5 Contention between Counter Clearing by Input Capture and Counter Increment

If an input capture signal and counter increment signal occur simultaneously, counter clearing by
the input capture signal takes priority and the counter is not incremented. The value before the
counter is cleared is transferred to TCORB. Figure 10.22 shows the timing in this case.

Input capture signal
Counter clear signal
8TCNT internal clock

8TCNT N >< H'00

TCORB X >< N

Figure 10.22 Contention between Counter Clearing by Input Capture and Counter
Increment

Rev. 2.00, 09/03, page 405 of 890
RENESAS




10.7.6  Contention between TCOR Write and Input Capture

If an input capture signal occurs in the T; state of a TCOR write cycle, input capture takes priority
and the write to TCOR is not performed. Figure 10.23 shows the timing in this case.

TCOR write cycle
T1 T2 T3

Address bus >< TCOR address ><

Internal write signal | |

Input capture signal

8TCNT M

TCOR X >< M

Figure 10.23 Contention between TCOR Write and Input Capture
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10.7.7  Contention between STCNT Byte Write and Increment in 16-Bit Count Mode

(Cascaded Connection)

If an increment pulse occurs in the T; state of an STCNT byte write cycle in 16-bit count mode,
the counter write takes priority and the byte data for which the write was performed is not
incremented. The byte data for which a write was not performed is incremented. Figure 10.24
shows the timing when an increment pulse occurs in the T, state of a byte write to 8TCNT (upper
byte). If an increment pulse occurs in the T, state, on the other hand, the increment takes priority.

8TCNT (upper byte) byte write cycle

Address bus >< 8TCNTH address ><

Internal write signal | |

8TCNT input clock

8TCNT (upper byte) N >< N+1 ><8TCNT write data

8TCNT (lower byte) X >< X+1

Figure 10.24 Contention between STCNT Byte Write and Increment in 16-Bit Count Mode
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10.7.8 Contention between Compare Matches A and B

If compare matches A and B occur at the same time, the 8-bit timer operates according to the
relative priority of the output states set for compare match A and compare match B, as shown in
table 10.7.

Table 10.7 Timer Output Priority Order

Output Setting Priority
Toggle output High

1 output I

0 output

No change Low

10.7.9  8TCNT Operation and Internal Clock Source Switchover

Switching internal clock sources may cause STCNT to increment, depending on the switchover
timing. Table 10.8 shows the relation between the time of the switchover (by writing to bits CKS1
and CKSO0) and the operation of STCNT.

The 8TCNT input clock is generated from the internal clock source by detecting the rising edge of
the internal clock. If a switchover is made from a low clock source to a high clock source, as in
case no. 3 in table 10.8, the switchover will be regarded as a falling edge, a STCNT clock pulse
will be generated, and STCNT will be incremented.

8TCNT may also be incremented when switching between internal and external clocks.
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Table 10.8 Internal Clock Switchover and STCNT Operation

No.

CKS1 and CKSO0 Write
Timing

8TCNT Operation

1

High — high switchover™’

Old clock
source

New clock
source

8TCNT clock

8TCNT N X

N+1 X

2

High — low switchover*?

Old clock
sour(c:;:C —l_l | |

New clock
source

8TCNT clock

8TCNT N X w1 X w2 X

3

Low — high switchover™

Old clock !
SOUF(;;)C —|_| | : | | |

New clock
source

8TCNT clock

8TCNT N X N+t X N+2 X

CKS bits rewritten
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CKS1 and CKS0 Write

No. Timing 8TCNT Operation

4 Low — low switchover™ ‘
Old clock
source —l | | | | | |
New clock
source

8TCNT clock

8TCNT N X na X w2 X

CKS bits rewritten

Notes: 1. Including switchovers from the high level to the halted state, and from the halted state
to the high level.

2. Including switchover from the halted state to the low level.
Including switchover from the low level to the halted state.
4. The switchover is regarded as a rising edge, causing 8TCNT to increment.

w

Rev. 2.00, 09/03, page 410 of 890
RENESAS



Section 11 Programmable Timing Pattern Controller (TPC)

11.1 Overview

The H8/3028 Group has a built-in programmable timing pattern controller (TPC) that provides
pulse outputs by using the 16-bit timer as a time base. The TPC pulse outputs are divided into 4-
bit groups (groups 3 to 0) that can operate simultaneously and independently.

11.1.1  Features
TPC features are listed below.

e 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 three
16-bit timer channels.

¢ Non-overlap mode
A non-overlap margin can be provided between pulse outputs.
e 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.

16-bit timer compare match signals

Ll

Control logic

PADDR

PBDDR

NDERA

NDERB

TPMR

TPCR

TP 5 ~—
TPy ~—
TP13 ]
TP12 ——
TP =
TP1o
TPg ]
Tpg -

Pulse output
pins, group 3

Pulse output
pins, group 2

TP, =
TPg =+
TP5 ]
TP4 ]
TP;
TP,
TPy =

Pulse output
pins, group 1

Pulse output
pins, group 0

TPy 1

PBDR

Legend

TPMR: TPC output mode register
TPCR: TPC output control register
NDERB: Next data enable register B
NDERA: Next data enable register A
PBDDR: Port B data direction register
PADDR: Port A data direction register

PADR

NDRB: Next data register B
NDRA: Next data register A
PBDR: Port B data register
PADR: Port A data register

fffff NDRB -~~~

Internal
data bus
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11.1.3  TPC Pins

Table 11.1 summarizes the TPC output pins.

Table 11.1 TPC Pins

Name Symbol 110 Function

TPC output 0 TPo Output Group 0 pulse output
TPC output 1 TP Output

TPC output 2 TP2 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 TP7 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 TPq3 Output

TPC output 14 TP14 Output

TPC output 15 TP1s Output
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11.1.4  Registers
Table 11.2 summarizes the TPC registers.

Table 11.2 TPC Registers

Address™ Name Abbreviation R/W Function
H'EE009 Port A data direction register PADDR w H'00
H'FFFD9 Port A data register PADR R/(W)*? H'00
H'EEOOA Port B data direction register PBDDR w H'00
H'FFFDA Port B data register PBDR R/(W)*? H'00
H'FFFAO TPC output mode register TPMR R/W H'FO
H'FFFA1 TPC output control register TPCR R/W H'FF
H'FFFA2 Next data enable register B NDERB R/W H'00
H'FFFA3 Next data enable register A NDERA R/W H'00
H'FFFA5/ Next data register A NDRA R/W H'00
HFFFA7™*

H'FFFA4/ Next data register B NDRB R/W H'00
H'FFFA6™

Notes: 1. Lower 20 bits of the address in advanced mode.

2. Bits used for TPC output cannot be written.

3. The NDRA address is H'FFFA5 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'FFFA7 for group 0 and H'FFFAS for group 1. Similarly, the address
of NDRB is H'FFFA4 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'FFFAG for group 2 and H'FFFA4 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

‘ PA7DDR‘ PA6DDR‘ PA5DDR‘ PA4DDR‘ PA3;DDR ‘ PA,DDR ‘ PA1DDR‘ PAODDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port A data direction7to 0

These bits select input or
output for port A pins

Port A is multiplexed with pins TP; to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PADDR, see section 8.11, 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 ‘ PA5 ‘ PA4 ‘ PA3 ‘ PA, ‘ PA4 ‘ 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 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 8.11, 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

‘ PB7DDR‘ PB6DDR‘ PB5DDR‘ PB4DDR‘ PB3;DDR ‘ PB,DDR ‘ PB1DDR‘ PBODDR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w w w w w w w w

Port B direction 7 to 0

These bits select input or
output for port B pins

Port B is multiplexed with pins TP;5 to TPy. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PBDDR, see section 8.12, 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
‘ PB7 ‘ PBg ‘ PBs ‘ PB4 ‘ PBj ‘ PB, ‘ PB ‘ PByg ‘
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)*
|
PortB 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 8.12, 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 0 (pins TP to TPy). During TPC output, when an 16-bit timer 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 HFFFAS. The upper 4 bits belong to group
1 and the lower 4 bits to group 0. Address HFFFA?7 consists entirely of reserved bits that cannot

be modified and always read 1.

Address HFFFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR?7 ‘ NDR6 ‘ 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 3 to 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 H'FFFA7
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 HFFFAS
and the address of the lower 4 bits (group 0) is HFFFA7. Bits 3 to 0 of address HFFFAS and bits

7 to 4 of address H'FFFA7 are reserved bits that cannot be modified and always read 1.

Address H'FFFAS5
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 H'FFFA7
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR3 ‘ NDR2 ‘ NDRA1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
|

Reserved bits
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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 16-bit timer 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 HFFFA4. The upper 4 bits belong to group
3 and the lower 4 bits to group 2. Address HFFFAG consists entirely of reserved bits that cannot

be modified and always read 1.

Address HFFFA4
Bit 7 6 5 4 3 2 1 0
‘ NDR15 ‘ NDR14‘ NDR13‘ NDR12‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
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 H'FFFA6
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 HFFFA4
and the address of the lower 4 bits (group 2) is HFFFAG6. Bits 3 to 0 of address HFFFA4 and bits

7 to 4 of address H'FFFAG are reserved bits that cannot be modified and always read 1.

Address H'FFFA4
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

These bits store the next output

data for TPC output group 3

Reserved bits

Address H'FFFA6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘NDR1O ‘ NDR9 ‘ NDR8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
|

Reserved bits
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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 ‘ NDER6‘ NDER5 ‘ NDER4 ‘ NDERS3 ‘ NDER2 ‘ NDER1 ‘NDEROO‘
Initial value 0 0 0 0 0 0 0 R/W
Read/Write R/W R/W R/W R/W R/W R/W R/W

Next data enable 7 to 0

These bits enable or disable
TPC output groups 1 and 0

If a bit is enabled for TPC output by NDERA, then when the 16-bit timer 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 7to 0

NDER?7 to NDERO Description

0 TPC outputs TP7 to TP, are disabled (Initial value)
(NDR7 to NDRGO are not transferred to PA7 to PA)

1 TPC outputs TP7 to TPy are enabled

(NDR7 to NDRQO are transferred to PA7 to PAy)
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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
(TP,5 to TPg) on a bit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDER15‘ NDER14‘ NDER13‘ NDER12‘ NDER11 ‘NDER10‘ 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 15 to 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 16-bit timer 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 (NDER15 to NDERS): These bits enable or disable TPC
output groups 3 and 2 (TP;5 to TPg) on a bit-by-bit basis.

Bits 7to 0

NDER15 to NDERS Description

0 TPC outputs TP1s5 to TPg are disabled (Initial value)
(NDR15 to NDRS8 are not transferred to PB7 to PBg)

1 TPC outputs TP15 to TPs are enabled

(NDR15 to NDRS8 are transferred to PB7 to PBy)
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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
‘GSCMS‘I ‘ G3CMSO‘ G2CMS1 ‘ G2CMSO‘ G1CMS1 ‘G1CMSO ‘ GOCMS1 ‘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 Group 2 compare

TPC output group 3 ~ Match select 1 and 0

(TP45to TP15) These bits select
the compare match
event that triggers ~ Group 1 compare
TPC output group 2  match select 1 and 0
(TP44 to TPg) These bits select

the compare match
event that triggers Group 0 compare

TPC output group 1 Match select 1 and 0
(TP7 to TPy) These bits select
the compare match
event that triggers
TPC output group 0
(TP3 to Tpo)

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 (TPs to TPy,).

Bit 7 Bit 6
G3CMS1 G3CMS0 Description
0 0 TPC output group 3 (TP1s5 to TP12) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 3 (TP1s5 to TP12) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 3 (TP1s5 to TP12) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 3 (TP15 to TP12) is triggered by (Initial value)

compare match in 16-bit timer channel 2
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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 TPyg).

Bit 5 Bit 4
G2CMS1 G2CMSO0 Description
0 0 TPC output group 2 (TP14 to TPg) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 2 (TP11 to TPg) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 2 (TP11 to TPg) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 2 (TP44 to TPs) is triggered by (Initial value)

compare match in 16-bit timer channel 2

Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CMS1, G1ICMSO0): These bits
select the compare match event that triggers TPC output group 1 (TP, to TP,).

Bit 3 Bit 2
G1CMS1 G1I1CMS0 Description
0 0 TPC output group 1 (TP7 to TP4) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 1 (TP7 to TP4) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 1 (TP7 to TP4) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 1 (TP7 to TP4) is triggered by (Initial value)

compare match in 16-bit timer channel 2

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 Bit 0
GOCMS1 GOCMSO0 Description
0 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 0 (TP3 to TPy) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 0 (TP3 to TPy) is triggered by (Initial value)

compare match in 16-bit timer channel 2
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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

. — | — | — | — |e3nov|e2n0v | GINOV | 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 (TP;4 to TPg)

Group 1 non-overlap
Selects non-overlapping TPC
output for group 1 (TP to TP )

Group 0 non-overlap
Selects non-overlapping TPC
output for group 0 (TP; to TP,)

The output trigger period of a non-overlapping TPC output waveform is set in general register B
(GRB) in the 16-bit timer 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: These bits cannot be modified and are 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 (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 3 (independent 1 and 0 output at
compare match A and B in the selected 16-bit timer 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 (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 2 (independent 1 and 0 output at

compare match A and B in the selected 16-bit timer channel)

Bit 1—Group 1 Non-Overlap (GINOYV): Selects normal or non-overlapping TPC output for
group 1 (TP, to TP,).

Bit 1

G1NOV Description

0 Normal TPC output in group 1 (output values change at (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 1 (independent 1 and 0 output at

compare match A and B in the selected 16-bit timer 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 (Initial value)
compare match A in the selected 16-bit timer channel)

1 Non-overlapping TPC output in group 0 (independent 1 and 0 output at

compare match A and B in the selected 16-bit timer 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
Q Q
Output trigger signal
C
» Internal
Q DR Dj= Q NDR D~""" yatabus
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)

TPC pulse output

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.
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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
TPgto TP4s5 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.

Set GRA value 2 2. Set the TPC output trigger period.
16-bit timer ‘ 3. Select the counter clock source with bits
setup : - TPSC2 to TPSCO in TCR. Select the counter
Select counting operation 3 clear source with bits CCLR1 and CCLRO.
‘ 4. Enable the IMFA interrupt in TIER.
Select interrupt request 4 The DMAC can also be set up to transfer
‘ data to the next data register.
5. Set the initial output values in the DR bits
Set initial output data 5 of the input/output port pins to be used for
\ TPC output.
Select port output 6 6. Set the DDR bits of the input/output port
[ pins to be used for TPC output to 1.
Port and Enable TPC output 7 7. Set the NDER bits of the pins to be used for
TPC setup ‘ TPC output to 1.
- 8. Select the 16-bit timer compare match event
Select TPC output trigger 8 to be used as the TPC output trigger in TPCR.
‘ 9. Set the next TPC output values in the NDR bits.
Set next TPC output data 9 10. Setthe STR bitto 1in TSTR to start the
timer counter.
16-bit timer ‘ 11. At each IMFA interrupt, set the next output
Start counter 10 values in the NDR bits.
setup |
No

Normal TPC output

Select GR functions

Compare match?

Yes

Set next TPC output data

1

Set TIOR to make GRA an output compare
register (with output inhibited).

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

H'0000

NDRB 80 ><CO><4?><60 ><3:0>< ><18><08><88>< ><co 4Q

1 \ \ v \
|
|

v‘ w = Time

PBOR 00 mmmmmmmmmmm

TPy5 :

TPy4

TPy

TPy

TP, ! !

« The 16-bit timer 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 G2CMSO are set in
TPCR to select compare match in the 16-bit timer channel set up in step 1 as the output trigger.

Output data H'80 is written in NDRB.

*  The timer counter in this 16-bit timer 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'C0) 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)

Rev. 2.00, 09/03, page 430 of 890
RENESAS




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).
o | Set GR values | 2 2. Set the TPC output trigger period in GRB
16-bit timer ‘ and the non-overlap margin in GRA.
setup B - 3. Select the counter clock source with bits
| Select counting operation | 3 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 TISRA.
‘ The DMAC can also be set up to transfer
— data to the next data register.
| Set initial output data | 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. Set the DDR bits of the input/output port pins
| Enable TPC transfer | 7 to be used for TPC output to 1.
Port and ‘ 7. Set the NDER bits of the pins to be used for
TPC setup | TPC output to 1. »
In TPCR, select the 16-bit timer 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 bit to 1 in TSTR to start the timer
counter.
Start counter 11 12. At each IMFA interrupt, write the next output
value in the NDR bits.

Select TPC transfer trigger | 8 8

Set next TPC output data 10

16-bit timer
setup

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 ”_i_b"\]:l_ ”””””””””””””””””””””””””””””””””
GRA X N % T N~ N N S~
H0000 —— \ T T Time
NORB 95 X 65 (X 50 X s X 95 X 65 X

LS I O O O
L]
L
-

TPy

TP, __l

The 16-bit timer channel to be used as the output trigger 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 TISRA to enable
IMFA interrupts.

H'FF is written in PBDDR and NDERB, and bits G3CMS1, G3CMS0, G2CMS1, and G2CMSO0 are set in
TPCR to select compare match in the 16-bit timer channel set up in step 1 as the output trigger. Bits
G3NOV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is written in
NDRB.

The timer counter in this 16-bit timer channel is started. When compare match B occurs, outputs change
from 1 to 0. When compare match A occurs, outputs change from 0 to 1 (the change from 0 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 16-bit timer input capture as well as by compare match. If GRA
functions as an input capture register in the 16-bit timer channel selected in TPCR, TPC output
will be triggered by the input capture signal. Figure 11.8 shows the timing.

TIOC pin \\

Input capture
signal

NDR N

\
DR M ><\‘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 16-bit timer, DMAC, address bus, and other pin functions. When
16-bit timer, 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
Cc
Q DR Dj= ‘ Q NDR D~—

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 | | >< | | ><
DR >< ><

NDR write

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 H8/3028 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 H8/3028 Group 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.

» Itis possible to reset the entire H8/3028 Group using the reset signal generated by the
watchdog timer and simultaneously output the reset signal to an external device.*
The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire H8/3028 Group internally.
At the same time, a reset signal is output by pin RESO to an external device, making it
possible to reset the entire system.

Note: * In the F-ZTAT mask ROM version, the RESO pin is for FWE input only. Consequently, it
is not possible to output reset signals to an external device from the F-ZTAT version.
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12.1.2  Block Diagram

Figure 12.1 shows a block diagram of the WDT.

Overflow

TCNT Internal
data b
Interrupt signal <+——— Interrupt I\QN(-:‘r?[g/ %
(interval timer) | control _ control
TCSR
I F
Internal clock sources

-~ 42

RSTCSR

| ¢/32

- (/64
Reset - ¢

(internal, external)

Reset control Clock

- /128

Clock
selector l«——— $/256

- /512

. /2048

Legend

TCNT:  Timer counter

TCSR:  Timer control/status register
RSTCSR: Reset control/status register

Note: * Open-drain output pin

Figure 12.1 WDT Block Diagram

12.1.3  Pin Arrangement

The pins*' used by the watchdog timer are listed in table 12.1.

Table 12.1
Name Abbreviation /10 Function
Reset output RESO Output™ Outputs watchdog timer reset signal to

external device

Notes: 1. Not available on flash memory version.
2. Open drain output pin.
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12.1.4  Register Configuration
Table 12.2 summarizes the WDT registers.

Table 12.2 WDT Registers

Address™
Write™? Read Name Abbreviation R/W Initial Value
HFFF8C H'FFF8C Timer control/status register TCSR R/(W)*  H18
H'FFF8D  Timer counter TCNT R/W H'00
H'FFF8E H'FFF8F Reset control/status register RSTCSR R/(W)*3 H'3F

Notes: 1. Lower 20 bits of the address in advanced mode.
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

Note: TCNT is write-protected by a password. For details see section 12.2.4, Notes on Register
Access.

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.
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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.

Bit 7 6 5 4 3 2 1 0
\ OVF \ wwﬁ\ TME \ _ \ — \ CKS2 \ CKS1 \ CKS0 \
Initial value 0 0 0 1 1 0 0 0
Read/Write R/(W)* R/W R/W — — R/W R/W R/W
|
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

Notes: TCSR is write-protected by a password. For details see section 12.2.4, Notes on Register
Access.

* 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)
1 [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.

Bit6

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/IT = 1, clear
the software standby bit (SSBY) to 0 in SYSCR before setting TME. When setting SSBY to 1,
TME should be cleared to 0.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT is counting

Bits 4 and 3—Reserved: These bits cannot be modified and are 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 Bit 1 Bit 0
CKS2 CKs1 CKS0 Description

0 0 0 @2 (Initial value)
1 ¢/32
1 0 ®/64
1 ©/128
1 0 0 ¢ /256
1 ©/512
1 0 ¢ /2048
1 ©/4096

Rev. 2.00, 09/03, page 441 of 890
RENESAS



12.2.3  Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-bit readable and writable register used to monitor when a reset signal has been
generated by watchdog timer overflow, and to control external output of the reset signal.

Bit 7 6 5 4 3 2 1 0
WRST |RsTOE| — | — | — | — | — | — |
Initial value 0 0 1 1 1 1 1 1

Read/Write RI(W)* R/W — — — —

Reserved bits

Reset output enable
Enables or disables output of the reset signal
to an external device

Watchdog timer reset
Indicates that a reset signal has been generated

Notes: The procedure for writing to RSTCSR differs from that for other registers in order to
prevent its contents from being overwritten accidentally. For details see section 12.2.4,
Notes on Register Access.

* Only 0 can be written to bit 7, to clear the flag.

Bits 7 and 6 are initialized by input of a reset signal to 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 H8/3028
Group chip internally. At the same time, if the RSTOE bit is set to 1, the reset signal is output
from the RESO pin as low-level output to an external device, making it possible to reset the entire
system. Note that the flash memory version is not equipped with a RESO pin.

Bit 7
WRST Description

0 [Clearing conditions] (Initial value)
¢ Reset signal at RES pin.

¢ Read WRST flag when WRST = 1, then write 0 to 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 output of the reset signal from the
RESO pin when TCNT overflow generates a reset signal during watchdog timer operation. Note
that the flash memory version is not equipped with a RESO pin.

Bit 6

RSTOE Description

0 External output of reset signal disabled.
1 External output of reset signal enabled.

Bits 5 to 0—Reserved: These bits are reserved. They cannot be written to and are always read
as .

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'FFF8C* | H'5A ‘ Write data ‘
TCSR write 15 8 7 0
Address H'FFF8C* | H'A5 ‘ Write data ‘

Note: * Lower 20 bits of the address in advanced mode.

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 data (H'00) in the lower byte is written to RSTCSR, clearing the WRST bit 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'FFF8E* | H'A5 ‘ H'00 ‘
Writing to RSTOE bit 15 8 7 0
Address  H'FFF8E* | H'5A ‘ Write data ‘

Note: * Lower 20 bits of the address in advanced mode.

Figure 12.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: These registers are read like other registers. Reading
TCNT, TCSR, and RSTCSR: These registers are read like other registers. Byte transfer
instructions can be used. The read addresses are HFFF8C for TCSR, H'FFF8D for TCNT, and
H'FFF8F for RSTCSR, as listed in table 12.3.

Table 12.3 Read Addresses of TCNT, TCSR, and RSTCSR

Address™ Register
H'FFF8C TCSR
H'FFF8D TCNT
H'FFF8F RSTCSR

Note: * Lower 20 bits of the address in advanced mode.
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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
WT/IT and TME bits in TCSR to 1. 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 H8/3028 Group is internally reset for a duration of 518
states.

It is possible to output the reset signal generated by the WDT to an external device from the RESO
pin and thereby reset the external system. The external reset signal is output for a duration of 132
states. External output of the reset signal is enabled or disabled using the RSTOE bit in RSTCSR.
Note, however, that the flash memory version is not equipped with a RESO pin.

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
H'FF  mmmmmmmmmm e
TCNT count TME set to 1
value
HoO W @ ——f A

Start H'00 written Reset H'00 written
in TCNT in TCNT

Internal
reset signal
518 states

RESD N
-

132 states

Figure 12.4 Operation in Watchdog Timer Mode
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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
WTI/T 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.

HFF ---------==-----mmm -
TCNT
count value
H'00 (-
y y y A A
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. 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

\

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 H8/3028 Group 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.

4> | N

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.

CPU: TCNT write cycle
T4 T2 T3

b ] L

TCNT

Internal write
signal

TCNT input
clock

TCNT N M

A

k-

Counter write data

Figure 12.8 Contention between TCNT Write and Count up

Changing CKS2 to CKS0 Bit: Halt TCNT by clearing the TME bit to 0 in TCSR before
changing the values of bits CKS2 to CKS0.
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Section 13 Serial Communication Interface

13.1 Overview

The H8/3028 Group has a serial communication interface (SCI) with three independent channels.
All three channels have identical functions. The SCI can communicate in both asynchronous and
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 20.6, Module Standby Function.

The SCI also has a smart card interface function conforming to the ISO/IEC 7816-3 (Identification
Card) standard. This function supports serial communication with a smart card. Switching
between the normal serial communication interface and the smart card interface is carried out by
means of a register setting.

13.1.1 Features
SCI features are listed below.

¢ Selection of synchronous or asynchronous mode for serial communication
Asynchronous mode

Serial data communication is synchronized one channel 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 communication.
It can also communicate with two or more other processors using the multiprocessor
communication function. There are twelve selectable serial data transfer formats.

O Data length: 7 or 8 bits

O Stop bit length: 1 or 2 bits

O Parity: even/odd/none

0 Multiprocessor bit: lor0

O Receive error detection: parity, overrun, and framing errors

0 Break detection: by reading the RxD level directly when a framing error occurs

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 a single serial data communication format.
O Data length: 8 bits
O Receive error detection: overrun errors
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¢ 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.

* The following settings can be made for the serial data to be transferred:
O LSB-first or MSB-first transfer
0 Inversion of data logic level

e Built-in baud rate generator with selectable bit rates

e 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.

Features of the smart card interface are listed below.

¢ Asynchronous communication
O Data length: 8 bits
O Parity bits generated and checked
O Error signal output in receive mode (parity error)
O Error signal detect and automatic data retransmit in transmit mode
O Supports both direct convention and inverse convention
¢ Built-in baud rate generator with selectable bit rates
e Three types of interrupts
Transmit-data-empty, receive-data-full, and transmit/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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13.1.2  Block Diagram

Figure 13.1 shows a block diagram of the SCI.

[0]
(&}
£
Module data bus £ <> Internal data bus
m
RDR | TDR | SSR BRR L
[ ] SCR
i U _— -
ReD—=> | RSR | [] TsR Baudrate |, 44
] SCMR generator
Transmit/receive . /16
<D control la— ¢/64
Parity generate | 4 1 Clock A
Parity check
SCK—e External clock
» 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
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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 1/10

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 SClp transmit data output

1 Serial clock pin SCK;4 Input/output SCl4 clock input/output
Receive data pin RxD1 Input SCl4 receive data input
Transmit data pin TxD1 Output SCl transmit data output

2 Serial clock pin SCK:> Input/output SCl; clock input/output
Receive data pin RxD2 Input SCl, receive data input
Transmit data pin TxD> Output SCI; transmit data output
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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, control the transmitter and receiver
sections, and specify switching between the serial communication interface and smart card
interface.

Table 13.2 SCI Registers

Channel Address™  Name Abbreviation R/W Initial Value
0 H'FFFBO Serial mode register SMR R/W H'00
H'FFFB1 Bit rate register BRR R/W H'FF
H'FFFB2 Serial control register SCR R/W H'00
HFFFB3 Transmit data register TDR R/W H'FF
HFFFB4 Serial status register SSR R/(W)*2 H'84
H'FFFB5 Receive data register RDR R H'00
HFFFB6 Smart card mode register SCMR R/W H'F2
1 H'FFFB8 Serial mode register SMR R/W H'00
H'FFFB9 Bit rate register BRR R/W H'FF
H'FFFBA Serial control register SCR R/W H'00
HFFFBB Transmit data register TDR R/W H'FF
HFFFBC Serial status register SSR R/(W)*? H'84
HFFFBD Receive data register RDR R H'00
H'FFFBE Smart card mode register SCMR R/W H'F2
2 HFFFCO Serial mode register SMR R/W H'00
HFFFC1 Bit rate register BRR R/W HFF
HFFFC2 Serial control register SCR R/W H'00
HFFFC3 Transmit data register TDR R/W H'FF
H'FFFC4 Serial status register SSR R/(W)** H'84
HFFFC5 Receive data register RDR R H'00
H'FFFC6 Smart card mode register SCMR R/W H'F2

Notes: 1. Indicates the lower 20 bits of the address in advanced mode.
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 one byte of data 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 R R R R R R R

When the SCI has received one byte of serial data, it transfers the received data from RSR into
RDR for storage, completing the receive operation. 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 to 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's serial communication format and selects the clock
source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0

| C/A | CHR | PE | O/E | STOP | MP | CKS1 | CKS0 |
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

L Clock select 1/0
These bits select the
baud rate generator's
clock source

L Multiprocessor mode
Selects the multiprocessor
function

L Stop bit length
Selects the stop bit length

L Parity mode
Selects even or odd parity

L Parity enable
Enables or disables the addition of a parity bit

— Character length
Selects character length in asynchronous mode

L. 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)/GSM Mode (GM): The function of this bit differs for the
normal serial communication interface and for the smart card interface. Its function is switched
with the SMIF bit in SCMR.
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For serial communication interface (SMIF bit in SCMR cleared to 0): Selects whether the SCI
operates in asynchronous or synchronous mode.

Bit 7

C/IA Description

0 Asynchronous mode (Initial value)
1 Synchronous mode

For smart card interface (SMIF bit in SCMR set to 1): Selects GSM mode for the smart card
interface.

Bit 7

GM Description

0 The TEND flag is set 12.5 etu after the start bit (Initial value)
1 The TEND flag is set 11.0 etu after the start bit

Note: etu (Elementary time unit: the time for transfer of one bit)

Bit 6—Character Length (CHR): Selects 7-bit or 8-bits 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) of 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 bit setting.

Bit 5

PE Description

0 Parity bit not added or checked (Initial value)
1 Parity bit added and checked®

Note: * When PE bit is set to 1, an even or odd parity bit is added to transmit data according to the
even or odd parity mode selection 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.
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Bit 4—Parity Mode (O/E): Selects even or odd parity. The O/E bit setting is only valid when the
PE bit is set to 1, enabling parity bit addition and checking, in asynchronous mode. The O/E bit
setting is ignored in synchronous mode, or when parity addition 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.

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 mod no stop bit is added, so the STOP bit
setting is ignored.

Bit 3

STOP Description

0 1 stop bit™’ (Initial value)
1 2 stop bits*?

Notes: 1. One stop bit (with value 1) is added to the end of each transmitted character.
2. Two stop bits (with value 1) are added to 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
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Bits 1 and 0—Clock Select 1 and 0 (CKS1/0): These bits select the clock source for 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 Bit 0

CKS1 CKSO0 Description

0 0 (0} (Initial value)
0 1 @4

1 0 @16

1 1 @64
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13.2.6  Serial Control Register (SCR)

SCR register enables or disables 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 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

L Transmit interrupt enable

I: 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)

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
(TXI) 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 in SSR is set to 1 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 the flag 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 flag is fixed at 1 in SSR.
2. In the enabled state, serial transmission starts when the TDRE flag 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 bit setting is valid only in asynchronous mode, and only if the MP bit is set to 1 in
SMR. The MPIE bit 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 TIE and RIE bits in SCR are set to 1), and allows the
FER and ORER flags to be set.

Bit 2—Transmit-End interrupt Enable (TEIE): Enables or disables the transmit-end interrupt
(TEJ) requested if TDR does not contain valid 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: * TEIl 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): The function of these bits differs for the normal
serial communication interface and for the smart card interface. Their function is switched with
the SMIF bit in SCMR.

For serial communication interface (SMIF bit in SCMR cleared to 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 CKEOQ bits . For further details on selection of the SCI clock source, see table 13.9 in
section 13.3, Operation.

Bit1 Bit0

CKE1 CKEO Description

0 0 Asynchronous mode Internal clock, SCK pin available for generic input/output*1
Synchronous mode Internal clock, SCK pin used for serial clock output”‘1

0 1 Asynchronous mode Internal clock, SCK pin used for clock output*2
Synchronous mode Internal clock, SCK pin used for serial clock output

1 0 Asynchronous mode  External clock, SCK pin used for clock input*3
Synchronous mode External clock, SCK pin used for serial clock input

1 1 Asynchronous mode  External clock, SCK pin used for clock input*3

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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For smart card interface (SMIF bit in SCMR set to 1): These bits, together with the GM bit in
SMR, determine whether the SCK pin is used for generic input/output or as the serial clock output

pin.

SMR Bit 1 Bit 0

GM CKE1 CKEO Description

0 0 0 SCK pin available for generic input/output (Initial value)
0 0 1 SCK pin used for clock output

1 0 0 SCK pin output fixed low

1 0 1 SCK pin used for clock output

1 1 0 SCK pin output fixed high

1 1 1 SCK pin used for clock output
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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 the
operating status of the SCI.

Bit 7 6 5 4 3 2 1 0

| TDRE | RDRF | ORER |FER/ERS' PER | TEND | MPB | MPBT |

Initial value 1 0 0 0 0 1 0 0
Read/Write RI(W)T RI(W)YT RI(W)T RiW)™' R/(W)™! R R R/W

Multiprocessor bit
transfer

Value of multiprocessor
bit to be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

L Transmit end ™
Status flag indicating end of
transmission

L Parity error
Status flag indicating detection
of a receive parity error

— Framing error (FER)/Error signal status (ERS)"?
Status flag indicating detection of a receive framing
error, or flag indicating detection of an error signal

— 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

Notes: 1. Only 0 can be written, to clear the flag.
2. Function differs between the normal serial communication interface and the smart card interface.

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.

SSR is initialized to H'84 by a reset and in standby mode.

Rev. 2.00, 09/03, page 465 of 890
RENESAS



Bit 7—Transmit Data Register Empty (TDRE): Indicates that the SCI has loaded transmit data
from TDR into TSR and the next serial data can be written in TDR.

Bit 7
TDRE Description
0 TDR contains valid transmit data
[Clearing conditions]
* Read TDRE when TDRE = 1, then write 0 in TDRE
e The DMAC writes data in TDR
1 TDR does not contain valid transmit data (Initial value)

[Setting conditions]

* The chip is reset or enters standby mode

e The TE bitin 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]
e The chip is reset or enters standby mode
* Read RDRF when RDRF = 1, then write 0 in RDRF
e The DMAC reads data from RDR
1 RDR contains new receive data

[Setting condition]

Serial data is received normally and transferred from RSR to RDR

Note: The RDR contents and the 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 will occur and the
receive data will be lost.
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Bit 5—Overrun Error (ORER): Indicates that data reception ended abnormally due to an
overrun error.

Bit 5

ORER Description

0 Receiving is in progress or has ended normally*1 (Initial value)
[Clearing conditions]
* The chip is reset or enters standby mode
« Read ORER when ORER = 1, then write 0 in ORER

1 A receive overrun error occurred™?

[Setting condition]
Reception of the next serial data ends when RDRF = 1
Notes: 1. Clearing the RE bit to 0 in SCR does not affect the ORER flag, which retains its
previous value.

2. RDR continues to hold the receive data prior to 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)/Error Signal Status (ERS): The function of this bit differs for the
normal serial communication interface and for the smart card interface. Its function is switched
with the SMIF bit in SCMR.

For serial communication interface (SMIF bit in SCMR cleared to 0): 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)
[Clearing conditions]
« The chip is reset or enters standby mode
* Read FER when FER =1, then write 0 in FER

1 A receive framing error occurred*?

[Setting condition]
The stop bit at the end of the 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
setto 1. In synchronous mode, serial transmitting is also disabled.
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For smart card interface (SMIF bit in SCMR set to 1): Indicates the status of the error signal
sent back from the receiving side during transmission. Framing errors are not detected in smart
card interface mode.

Bit 4
ERS Description
0 Normal reception, no error signal® (Initial value)

[Clearing conditions]
* The chip is reset or enters standby mode
« Read ERS when ERS = 1, then write 0 in ERS

1 An error signal has been sent from the receiving side indicating detection of a
parity error

[Setting condition]
The error signal is low when sampled

Note: * Clearing the TE bit to 0 in SCR does not affect the ERS flag, which retains its previous
value.

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*' (Initial value)
[Clearing conditions]
* The chip is reset or enters standby mode
* Read PER when PER = 1, then write 0 in PER

1 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 RDRF flag. Serial receiving cannot continue while the PER flag is setto 1. In
synchronous mode, serial transmitting is also disabled.

Bit 2—Transmit End (TEND): The function of this bit differs for the normal serial
communication interface and for the smart card interface. Its function is switched with the SMIF
bit in SCMR.
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For serial communication interface (SMIF bit in SCMR cleared to 0): Indicates that when the
last bit of a serial character was transmitted TDR did not contain valid 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]
* Read TDRE when TDRE = 1, then write 0 in TDRE
*  The DMAC writes data in TDR

End of transmission (Initial value)
[Setting conditions]

* The chip is reset or enters standby mode

e The TE bitin SCRis cleared to 0

« TDRE is 1 when the last bit of a 1-byte serial transmit character is
transmitted

For smart card interface (SMIF bit in SCMR set to 1): Indicates that when the last bit of a
serial character was transmitted TDR did not contain valid 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]

* Read TDRE when TDRE = 1, then write 0 in TDRE
e The DMAC writes data in TDR

End of transmission (Initial value)
[Setting conditions]

* The chip is reset or enters standby mode

e The TE bit is cleared to 0 in SCR and the FER/ERS bit is also cleared to 0

e« TDRE is 1 and FER/ERS is 0 (normal transmission) 2.5 etu (when GM = 0)
or 1.0 etu (when GM = 1) after a 1-byte serial character is transmitted

Note:

etu (Elementary time unit: the time for transfer of one bit)
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Bit 1—Multiprocessor bit (MPB): Stores the value of the multiprocessor bit in the 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 in SCR 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 in selected for transmitting in asynchronous mode.

The MPBT bit setting is ignored in synchronous mode, when a multiprocessor format is not
selected, or when the SCI cannot transmit.

Bit 1

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 CKSO0 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 RW RW RW 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. Each SCI channel has independent baud rate generator control, so different values can be
set in the three 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)
Bit Rate 2.097152 2.4576 3
(bit/s) n N Error(%) n N Error(%) n N Error(%) n N Error(%)
110 1 141 0.03 1 148 -0.04 1 174 -0.26 1 212 0.03
150 1 103 0.16 1 108 0.21 1 127 0.00 1 155 0.16
300 0 207 0.16 0 217 0.21 0 255 0.00 1 77 0.16
600 0 103 0.16 0 108 0.21 0 127 0.00 0 155 0.16
1200 0 51 0.16 0 54 -0.70 0 63 0.00 0 77 0.16
2400 0 25 0.16 0 26 1.14 0 31 0.00 0 38 0.16
4800 0 12 0.16 0 13 -2.48 0 15 0.00 0 19 -234
9600 0 6 -6.99 0 6 -248 0 7 0.0 0 9 -234
19200 0 2 8.51 0o 2 13.78 0 3 0.00 0 4 -234
31250 0o 1 0.00 o 1 4.86 0o 1 22.88 0 2 0.00
38400 0o 1 -18.62 0o 1 -14.67 0o 1 0.00 — - —

¢ (MHz)
Bit Rate 3.6864 4 4.9152 5
(bit/s) n N Error(%) n N Error(%) n N Error(%) n N Error (%)
110 2 64 0.70 2 70 0.03 2 86 0.31 2 88 -0.25
150 1 191 0.00 1 207 0.16 1 255 0.00 2 64 0.16
300 1 95 0.00 1 103 0.16 1 127 0.00 1 129 0.16
600 0 191 0.00 0 207 0.16 0 255 0.00 1 64 0.16
1200 0 95 0.00 0 103 0.16 0 127 0.00 0 129 0.16
2400 0 47 0.00 0 51 0.16 0 63 0.00 0 64 0.16
4800 0 23 0.00 0 25 0.16 0 31 0.00 0 32 -1.36
9600 0 11 0.00 0 12 0.16 0 15 0.00 0 15 1.73
19200 0 5 0.00 0 -6.99 0 0.00 0 1.73
31250 —_ - — 0 0.00 0 -1.70 0 0.00
38400 0 2 0.00 0 8.51 0 0.00 0 1.73
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@ (MHz)

Bit Rate 6 6.144 7.3728 8
(bit/s) n N Error(%) n N Error(%) n N Error(%) n N Error (%)
110 2 106 -0.44 2 108 0.08 2 130 -0.07 2 141 0.03
150 2 77 0.16 2 79 0.00 2 95 0.00 2 103 0.16
300 1 155 0.16 1 159 0.00 1 191 0.00 1 207 0.16
600 1 77 0.16 1 79 0.00 1 95 0.00 1 103 0.16
1200 0 155 0.16 0 159 0.00 0 191 0.00 0 207 0.16
2400 0 77 0.16 0 79 0.00 0 95 0.00 0 103 0.16
4800 0 38 0.16 0 39 0.00 0 47 0.00 0 51 0.16
9600 0 19 -234 0 19 0.00 0 23 0.00 0 25 0.16
19200 0 —2.34 0 0.00 0 11 0.00 0 12 0.16
31250 0 0.00 0 240 0 6 533 0 7 0.00
38400 0 —2.34 0 0.00 0 5 0.00 0 6 -6.99
@ (MHz)
Bit Rate 9.8304 10 12 12.288
(bit/s) n N Error(%) n N Error(%) n N Error(%) n N Error (%)
110 2 174 -0.26 2 177 -0.25 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 -1.36 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 0 9 0.00 0 11 0.00 0 11 240
38400 0 7 0.00 0 7 173 0 9 -234 0 9 0.00
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@ (MHz)

Bit 13 14 14.7456 16 18 20

Rate Error Error Error Error Error Error

(bit's) n N (%) nN (%) nN (%) nN (%) nN (%) nN (%)

110 2 230 -0.08 2 248 -0.17 3 64 070 3 70 003 3 79 -0.12 3 88 -0.25

150 2 168 0.16 2 181 016 2 191 0.00 2 207 0.16 2 233 0.16 3 64 0.16

300 2 84 -043 2 90 0.16 2 95 0.00 2 103 0.16 2 116 0.16 2 129 0.16

600 1 168 0.16 1 181 0.16 1 191 0.00 1 207 0.16 1 233 0.16 2 64 0.16

1200 18 -043 1 90 0.16 1 95 0.00 1 103 016 1 116 0.16 1 129 0.16

2400 0 168 0.16 0 181 0.16 0 191 0.00 0 207 0.16 0 233 0.16 1 64 0.16

4800 0 8 -043 09 016 0 9 000 O 103 016 0 116 0.16 0 129 0.16

9600 04 076 045 -093 0 47 000 O 51 016 0 58 -069 0 64 0.16

19200 0 20 0.76 0 22 -093 0 23 000 0 25 016 0 28 1.02 0 32 -1.36

31250 0 12 000 O0 13 0.00 O 14 -1.70 0 15 0.00 0 17 0.00 0 19 0.00

38400 0 10 -3.82 0 10 357 0 11 000 O 12 016 O 14 -234 0 15 1.73
@ (MHz)

Bit 25

Rate Error

(bit/'s) n N (%)

110 3 110 -0.02

150 3 80 047

300 2 162 -0.15

600 2 80 047

1200 1 162 -0.15

2400 1 80 047

4800 0 162 -0.15

9600 0 80 047

19200 0 40 -0.76

31250 0 24 0.00

38400 0 19 1.73
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Table 13.4 Examples of Bit Rates and BRR Settings in Synchronous Mode

@ (MHz)

Bit

Rate 2 4 8 10 13 16 18 20 25
(bit’'s) n N n N n N n N n N n N n N n N n N
10 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 3 155 — —
1k 1 124 1 249 2 124 — — 2 202 2 249 3 69 3 77 3 97
25k 0 199 1 99 1 199 1 249 2 80 2 99 2 112 2 124 2 155
5k 0 99 0 199 1 99 1 124 1 162 1 199 1 224 1 249 2 77
10k 0 49 0 99 0 199 0 249 1 8 1 99 1 112 1 124 1 155
25% 0 19 0 39 0 79 0 99 0 129 0 159 0 179 0 199 0 249
50k 0 9 0 19 0 39 0 49 0 64 0 79 0 8 0 99 0 124
100k 0 4 0 9 0 19 0 24 — — 0 39 0 44 0 49 0 62
250k 0 1 0 3 0o 7 0 0 12 0 1 0 17 0 19 0 24
500k 0 0 0 1 0 3 0 4 — — 0 7 0o 8 0 9 — —
1M 0 0* 0 1 — — — — 0 3 0 4 0 4 — —
2M 0o 0 — — — — 0 1 S —
2.5M — — 0 0 - = - = - = = = = —
4M 0o 0 — - — - — —

Note: Settings with an error of 1% or less are recommended.

Legend

Blank : No setting available

— Setting possible, but error occurs

* Continuous transmission/reception not possible
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The BRR setting is calculated as follows:

Asynchronous mode:

Nz — . 108—1
64 x 22-1x B

Synchronous mode:

N = 6 x 108 -1
8 x22-1x B

B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
@ System clock frequency (MHz)
n: Baud rate generator clock source (n=0, 1, 2, 3)
(For the clock sources and values of n, see the following table.)

SMR Settings

n Clock Source CKS1 CKSO0
0 [0) 0 0
1 @4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is calculated as follows:

108
Error (%) = { b —1} x 100

(N + 1) x B x 64 x 2201
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Table 13.5 shows the maximum bit rates in asynchronous mode for various system clock
frequencies. Table 13.6 and 13.7 shows the maximum bit rates with external clock input.

Table 13.5 Maximum Bit Rates for Various Frequencies (Asynchronous Mode)

Settings
@ (MHz) Maximum Bit Rate (bit/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
20 625000 0 0
25 781250 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 (bit/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
20 5.0000 312500
25 6.2500 390625

RENESAS
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Table 13.7 Maximum Bit Rates with External Clock Input (Synchronous Mode)

¢ (MHz) External Input Clock (MHz) Maximum Bit Rate (bit/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
20 3.3333 3333333.3
25 4.1667 4166666.7
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13.3  Operation

13.3.1 Overview

The SCI can carry out serial communication in two modes: asynchronous mode in which
synchronization is achieved character by character, and synchronous mode in which
synchronization is achieved with clock pulses. A smart card interface is also supported as a serial
communication function for an IC card interface.

Selection of asynchronous or synchronous mode and the transmission format for the normal serial
communication interface is made 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.

For details of the procedures for switching between LSB-first and MSB-first mode and inverting
the data logic level, see section 14.2.1, Smart Card Mode Register (SCMR).

For selection of the smart card interface format, see section 14.3.3, Data Format.
Asynchronous Mode

e Data length is selectable: 7 or 8 bits

» Parity and multiprocessor bits are selectable, and so is the stop bit length (1 or 2 bits). These
selections determine the communication format and character length.

* In receiving, it is possible to detect framing errors, parity errors, overrun errors, and the break
state.

¢ 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

¢ The communication format has a fixed 8-bit data length.
* In receiving, it is possible to detect overrun errors.
* Aninternal or external clock can be selected as the SCI clock source.
0 When an internal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output 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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Smart Card Interface

* One frame consists of 8-bit data 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 he 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 level is output for 1 etu, beginning
10.5 etu after the start bit..

* In transmitting, if an error signal is received, the same data is automatically transmitted again
after at least 2 etu.

¢ Only asynchronous communication is supported. There is no synchronous communication
function.

For details of smart card interface operation, see section 14, Smart Card Interface.

Table 13.8 SMR Settings and Serial Communication Formats

SMR Settings SCI Communication Format
Multi-
pro-
Bit7 Bit6 Bit2 Bit5 Bit3 Data cessor Parity Stop Bit
C/A° CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asyn- 8-bitdata Absent Absent 1 bit
1 chronous 2 bits
mode
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 Asyn- 8-bitdata Present Absent 1 bit
_ 1 chronous 2 bits
mode (multi- ——
1 — 0 processor 7-bit data 1 bit
_ 1 format) 2 bits
1 — — — — Synchronous 8-bitdata  Absent None
mode
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Table 13.9 SMR and SCR Settings and SCI Clock Source Selection

SMR SCR Setting SCI Transmit/Receive clock
Bit7 Bit1 Bit0
C/A CKE1 CKEO Mode Clock Source SCK Pin Function
0 0 0 Asynchronous Internal SCI does not use the SCK pin
1 mode Outputs clock with frequency matching the
bit rate
1 0 External Inputs clock with frequency 16 times the bit
1 rate
1 0 0 Synchronous  Internal Outputs the serial clock
1 mode
1 0 External Inputs the serial clock

13.3.2  Operation in Asynchronous Mode

In asynchronous mode, each transmitted or received character begins with a start bit and ends with
one or two stop bits. 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 the 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 one or two stop bits (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.
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Idle (mark) state

1 (LSB) (MSB) 1
Serial 0 DO D1 D2 D3 D4 D5 D6 D7 0/1 1 1
data

Start Parity .

) ) Stop bit(s
bit Transmit or receive data bit P bit(s)
bt 7 or 8 bits " 1bit, 1 or2bits
or
One unit of data (character or frame) none

Figure 13.2 Data Format in Asynchronous Communication
(Example: 8-Bit Data with Parity and 2 Stop Bits)

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.
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Table 13.10 Serial Communication Formats (Asynchronous Mode)

SMR Settings Serial Communication Format and Frame Length
CHR PE MP STOP I1|2|3|4|5|6|7|8|9|10|11|12I
0 0 0 0 S 8-bit data STOP
0 0 0 1 S 8-bit data STOP| STOP
0 1 0 0 S 8-bit data P |sToP
0 1 0 1 S 8-bit data P |sTop|sTOP
1 0 0 0 S 7-bit data STOP
1 0 0 1 S 7-bit data sToP| STOP
1 1 0 0 S 7-bit data P [sTop
1 1 0 1 S 7-bit data P STOPlSTOP
0 — 1 0 S 8-bit data MPB |sTOP
0 —_ 1 1 S 8-bit data MPB STOPlSTOP
1 — 1 0 S 7-bit data MPB |STOP
1 _ 1 1 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. For details of SCI clock source selection, see
table 13.9.

When an external clock is input at the SCK pin, it must have a frequency 16 times the desired bit
rate.

When the SCI is operated 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 shown in figure 13.3
so that the rising edge of the clock occurs at the center of each transmit data bit.

LUy

0 DO| D1 | D2 | D3 | D4 | D5 | D6 | D7 | 0/1 1 1

| 1frame _

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 data, 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, or
RDR, which retain their previous contents.

When an external clock is used the clock should not be stopped during initialization or subsequent
operation, since operation will be unreliable in this case.

Rev. 2.00, 09/03, page 484 of 890
RENESAS




Figure 13.4 shows a sample flowchart for initializing the SCI.

( Start of initialization )
Clear TE and RE bits
to0in SCR
Set CKE1 and CKEO bits in SCR (1) Set the clock source in SCR. Clear the
(leaving TE and RE bits (1) RIE, TIE, TEIE, MPIE, TE, and RE bits to
cleared to 0) 0. If clock output is selected in
[ asynchronous mode, clock output starts
L immediately after the setting is made in
Select communication format ) SCR
in SMR '
| (2) Select the communication format in SMR.
| Set value in BRR |(3)
Wait . . )
< (3)  Write the value corresponding to the bit
rate in BRR.
— No This step is not necessary when an
1-bit interval elapsed? external clock is used.
Yes (4)  Wait for at least the interval required to
Set TE or RE bitto 1 in SCR 4) transmit or receive one bit, then set the

TE or RE bitto 1 in SCR. Set the RIE,
TIE, TEIE, and MPIE bits as necessary.
Setting the TE or RE bit enables the SCI
to use the TxD or RxD pin.

Set the RIE, TIE, TEIE, and
MPIE bits

<End of initialization>

Note: In simultaneous transmitting and receiving, the TE and RE bits should be cleared to
0 or set to 1 simultaneously.

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.

| Initialize

C Start transmitting )

<

|  Read TDREflagin SSR |

No
TDRE =1

Yes

Write transmit data in TDR
and clear TDRE flag to 0 in SSR

All data transmitted?
Y

es

k\/
P
o

<

|  Read TENDflagin SSR |

Clear DR bit to 0 and set
DDR bit to 1

Clear TE bitto 0 in SCR

| /
<End>

(1M

1

@)

(4)

SCl initialization:
the transmit data output function of the TxD pin is
selected automatically.

SCI status check and transmit data write:

read SSR and check that the TDRE flag is set to 1,
then write transmit data in TDR and clear the TDRE
flag to 0.

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, then
clear the TE bit to 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:

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.

After loading the data from TDR to 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:

O Start bit: One 0 bit is output.

0 Transmit data: 7 or 8 bits are output, LSB first.

O 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.

O Stop bit(s): One or two 1 bits (stop bits) are output.

0 Mark state: Output of 1 bits continues until the start bit of the next transmit data.

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.

Data Parity Stop Start Data Parity Stop

1 Startbit bit  bit _bit bt bt 1
0 DO D1 D7 | 01 1 0 DO | D1 D7 | 01 1
 § Idle state
(mark state)
TDRE "
A
TEND . (¢
A 1 frame
TXlinterrupt  TXI interrupt handler TXI interrupt TEl interrupt
request writes data in TDR and request request
clears TDRE flag to 0

Figure 13.6 Example of SCI Transmit Operation in Asynchronous Mode
(8-Bit Data with Parity and One 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) SClinitialization:
the receive data input function of the RxD
pin is selected automatically.

Start receiving
=| (2)(3) Receive error handling and break detection:
if a receive error occurs, read the ORER
Read ORER, PER, and FER : I . . ’
ea flags‘ in SSI:n @) PER, and FER flags in SSR to identify the
error. After executing the necessary error

handling, clear the ORER, PER, and FER
flags all to 0. Receiving cannot resume if
any of these flags remains set to 1. When a

PER v FER v OPER = 1
(3) framing error occurs, the RxD pin can be

- read to detect the break state.
Error handling

(continued on next page)

No

| Read RDREF flag in SSR |(4) (4)  SCI status check and receive data read:
read SSR, check that the RDRF flag is set

No to 1, then read receive data from RDR and
clear the RDRF flag to 0. Notification that
the RDREF flag has changed from 0 to 1 can

Yes also be given by the RXI interrupt.
Read receive data from RDR. and (5) To continue receiving serial data:
clear RDRF flag to 0 in SSR check the RDRF flag, read RDR, and clear

the RDRF flag to 0 before the stop bit of the
current frame is received. When the DMAC
is activated by a receive-data-full interrupt

No o request (RXI) to read RDR, the RDRF flag
All data received? () is cleared automatically.

Yes

| ClearREbitto0in SCR |

<End>

Figure 13.7 Sample Flowchart for Receiving Serial Data (1)
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)

( Error handling )

No

Yes

Overrun error handling

Y
Framing error handling Clear RE bit to 0 in SCR

!

No
PER =1

Yes

Parity error handling

Clear ORER, PER, and FER flags
to0in SSR

<End>

Figure 13.7 Sample Flowchart for Receiving Serial Data (2)
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In receiving, the SCI operates as follows:

¢ The SCI monitors the communication line. When it detects a start bit (0 bit), the SCI
synchronizes internally and starts receiving.

* Receive data is stored in RSR in order from LSB to MSB.
e The parity bit and stop bit are received.
After receiving these bits, the SCI carries out the following checks:

O Parity check: The number of 1s in the receive data must match the even or odd parity
setting of in the O/E bit in SMR.

O Stop bit check: The stop bit value must be 1. If there are two stop bits, only the first is
checked.

O Status check: The RDRF flag must be 0, indicating that the receive data can be transferred
from RSR into RDR.

If these all checks 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 shown in table 13.11.

Note: * 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
(RXT) 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 while Receive data is not transferred
RDREF flag is still setto 1 in SSR  from RSR to RDR
Framing error FER Stop bitis 0 Receive data is transferred from
RSR to RDR
Parity error PER Parity of received data differs from Receive data is transferred from

even/odd parity setting in SMR RSR to RDR
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Figure 13.8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Stop Parity Stop
T it Data bit  bit bit Data i " pit it 1
R )
0 DO D1 D7 | 01 1 0 DO D1 D7 | 0/1 1
{§ { § Idle (mark) state
RDRF ‘. c
FER { ¢ {§
RXI request RXI interrupt handler
reads data in RDR and Framing error,
1 frame clears RDRF flag to 0 ERI request

Y

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 stars 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. 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.

Rev. 2.00, 09/03, page 491 of 890
RENESAS




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) |
|: :l: ‘I
ID-sending cycle: Data-sending cycle:
receiving processor address  data sent to receiving processor
specified by ID
Legend

MPB : Multiprocessor bit

Figure 13.9 Example of Communication among Processors using Multiprocessor Format
(Sending Data H'AA to Receiving Processor A)

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.
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| Initialize |
[
( Start transmitting >
< (2)
| Read TDRE flagin SSR | [(2)
TDRE = Ng )
Yes

Write transmit data in TDR
and set MPBT bit in SSR

|
| Clear TDRE flag to 0 |

All data transmitted? No 3)

4)

Output break signal?

Yes

|Clear DR bit to 0 and set DDR to 1|

|  Clear TEbitto0inSCR |

v
<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 1 in SSR. Finally, clear the TDRE
flag to 0.

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,
then clear the TE bit to 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:

e 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.

e After loading the data from TDR to 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:

O Start bit: One 0 bit is output.

0 Transmit data: 7 or 8 bits are output, LSB first.

0 Multiprocessor bit: One multiprocessor bit (MPBT value) is output.

O Stop bit(s): One or two 1 bits (stop bits) are output.

O Mark state: Output of 1 bits continues until the start bit of the next transmit data.

¢ 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 bitis setto 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-

S_tart Data processor S_tOP S_tart Data processor S'tOP
1 bit bit bit bit bit bit
0 DO | D1 D7 | 0/1 1 0 DO | D1 D7 | 011 | 1
§ § Idle (mark)
state

TDRE v
TEND B ..

TXI interrupt TXI interrupt handler TXI interrupt ]

request writes data in TDR and request

clears TDRE flag to 0 TEl interrupt
|t - request

1 frame

Figure 13.11 Example of SCI Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)

Receiving Multiprocessor Serial Data: Figure 13.12 shows a sample flowchart for receiving
multiprocessor serial data and indicates the procedure to follow.
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|(1)

] Initialize
Start receiving

| SetMPIEbitto 1in SCR

l

Read ORER and FER flags
in SSR

FER v ORER = 1 Y

No
Read RDRF flag in SSR

|

|2)

|3)

Read RDRF flag in SSR

|
L
Yes

Read ORER and FER flags
in SSR

(1)

)

@)

(4)

®)

FER v ORER = 1 ———'8
No

| Read RDRF flagin SSR |

——

Yes
] Read receive data from RDR

Finished receiving?

Yes
| Clear RE bitto 0in SCR

i

<End>

y

¥ (5)

Error handling

‘ (continued on next page)

SCl initialization:
the receive data input function of the
RxD pin is selected automatically.

ID receive cycle:
set the MPIE bitto 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 it 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 RDRF flag to 0.

SCI status check and data receiving:
read SSR, check that the RDRF flag
is set to 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.

Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (1)
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(5)

( Error handling )

No OREF\>

Yes

No Y

| Clear RE bitto 0 in SCR

| Framing error handling |

P

Clear ORER, PER, and FER
flags to 0 in SSR

A
<End>

Figure 13.12 Sample Flowchart for Receiving Multiprocessor Serial Data (2)
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Figure 13.13 shows an example of SCI receive operation using a multiprocessor format.

Start Stop  Start Stop

1 bit Data (ID1) MPB pit bit Data (data1) MPB  pjt 1
o [ bo 1 b7 0 ”
Lo [OoTor L Jor [+ T+ 1o [m0 o LI T 0T g0 mmaro
state
MPIE v
RDRF | |
§ - A )
RDR value >< D1
MPB detection  RXl interrupt RXl interrupt handler reads  Not own ID, so MPIE ~ No RXIl interrupt
MPIE =0 request RDR data and clears bit is set to 1 again request, RDR not
(multiprocessor RDREF flag to 0 updated
interrupt)
a. Own ID does not match data
Start Stop  Start Stop
1 bit Data (ID2) MPB it pit  Data (data1) MPB it 1
[ o |oo]or [ [o7] 1+ [+ ] ofpofo1]’]or] o]+
55 5§ Idle (mark)
state
MPIE

|
RDRF ) / /|_/| |__|_

RDR value D1 X D2 X | pataz

MPB detection  RXI interrupt RXI interrupt handler Own ID, so receiving MPIE bit is set to

MPIE =0 request reads RDR data and continues, with data 1 again
(multiprocessor  clears RDRF flag to 0 received by RXI
interrupt) 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 the 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 transfer data
* - - *
Serial clock | | | | | | | | | | | | | | |
LSB MSB
Serialldata 4 X Bit0 X Bit1 X Bit 2 X Bit 3X Bit 4 X Bit 5 X Bit6 X Bit 7 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 transferred 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 means of the C/A bit in SMR and the CKE1 and CKEO bits in SCR.
See table 13.9 for details of SCI clock source selection.

When the SCI operates on an internal clock, it outputs the clock source 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. If receiving in single-character units is
required, an external clock should be selected.
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Transmitting and Receiving Data

SCI Initialization (Synchronous Mode): Before transmitting or receiving data, 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. Note that clearing RE to 0, however, does not initialize the RDRF, PER, and ORE flags, or
RDR, which retain their previous contents.

Figure 13.15 shows a sample flowchart for initializing the SCI.

C Start of initialization )

| Clear TE and RE bits to 0 in SCR |

Set RIE, TIE, TEIE, MPIE, CKE1,
and CKEO bits in SCR (leaving | (1)
TE and RE bits cleared to 0)

Select communication format 2)

in SMR

| Set valule in BRR | 3)
< Nait

@aw
Yes

Set TE or RE bitto 1 in SCR
Set RIE, TIE, TEIE, and MPIE | (4)
bits as necessary

i

<Start transmitting or receiving>

(1M

)
©)

(4)

Set the clock source in SCR. Clear the RIE,
TIE, TEIE, MPIE, TE, and RE bits to 0.*

Select the communication format in SMR.

Write the value corresponding to the bit rate in
BRR.

This step is not necessary when an external
clock is used.

Wait for at least the interval required to transmit
or receive one bit, then set the TE or RE bit to
1in SCR.* Set the RIE, TIE, TEIE, and MPIE
bits as necessary. Setting the TE or RE bit
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.

| Initialize )

Start transmitting

1

|  Read TDREflaginSSR | |(2)

TDRE =1

Yes

Write transmit data in TDR
and clear TDRE flag to 0 in SSR

All data transmitted? (3)

i

Yes

-l
«

|  Read TENDflagin SSR |

o

Yes

| Clear TEbitto0in SCR |

i

<End>

(1)

©)

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 and clear the
TDRE flag to 0.

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.

Figure 13.16 Sample Flowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows.

e 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.

e After loading the data from TDR to 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 n order from LSB (bit 0) to MSB (bit 7).

¢ 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 (bit
7), holds the TxD pin in the MSB state. If the TEIE bit is set to 1 in SCR, a transmit-end
interrupt (TEI) is requested at this time

e 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.

Serial clock

Transmit direction

| L L

Serial data

TDRE

TEND

A

X Bit7 XBito X Bit1 )c

TXl interrupt
request

TXI interrupt handler
writes data in TDR
and clears TDRE
flagto O

TXl interrupt
request

1 frame

A

TEl interrupt
request

Figure 13.17 Example of SCI Transmit Operation

RENESAS

Rev. 2.00, 09/03, page 501 of 890




Receiving Serial Data (Synchronous Mode): Figure 13.18 shows a sample flowchart for
receiving serial data and indicates the procedure to follow. When switching from asynchronous 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) SCl initialization: the receive data

input function of the RxD pin is
Start receiving selected automatically.

.
-

(2)(3) Receive error handling: if a receive

| Read ORER flag in SSR | ) error occurs, read the QRER flag in
SSR, then after executing the

necessary error handling, clear the

ORER flag to 0. Neither transmitting

nor receiving can resume while the

ORER flag remains set to 1.

Yes

)

Error handling (4) SClI status check and receive data
read: read SSR, check that the RDRF
flag is set to 1, then read receive data

| Read RDRF flag in SSR | @) from RPR gnd clear the RDREF flag to

0. Notification that the RDRF flag

has changed from 0 to 1 can also be

N given by the RXI interrupt.

(5) To continue receiving serial data:

(continued on next page)

Yes check the RDRF flag, read RDR, and
- clear the RDREF flag to 0 before the
Read receive data from MSB (bit 7) of the current frame is

RDR, and clear RDRF

received. When the DMAC is
flag to 0 in SSR V !

activated by a receive-data-full
interrupt request (RXI) to read RDR,
the RDREF flag is cleared
automatically.

|  ClearREbitto0in SCR |

<End>

Figure 13.18 Sample Flowchart for Serial Receiving (1)
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©)

Error handling

| Overrun error handling |

| Clear ORERflagto 0in SSR |

l

<End>

Figure 13.18 Sample Flowchart for Serial Receiving (2)
In receiving, the SCI operates as follows:

¢ The SCI synchronizes with serial clock input or output and synchronizes internally.

* 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 checks fails (receive error), the SCI operates as shown in table
13.11.
When a receive error has been identified in the error check, subsequent transmit and receive
operations are disabled.

e When the RDRF flag is set to 1, if the RIE bit is set to 1 in SCR, a receive-data-full interrupt
(RXT) is requested. If the ORER flag is set to 1 and the RIE bit in SCR is also setto 1, a
receive-error interrupt (ERI) is requested.
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Figure 13.19 shows an example of SCI receive operation.

Serial clock |_| |_| LJ | | | | | | | I_fj I_l I_I_
Serialdata X Bit7 X Bit0 X: X Bit7 X Bito X Bit1 X:
RDRF | » | "

ORER / [

/ 3) )
RXI interrupt RXI interrupt handler RXI interrupt Overrun error,
request reads data in RDR and request ERI interrupt
clears RDREF flag to 0 request
1 frame -

Figure 13.19 Example of SCI Receive Operation
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Transmitting and Receiving Data Simultaneously (Synchronous Mode): Figure 13.20 shows a
sample flowchart for transmitting and receiving serial data simultaneously and indicates the
procedure to follow.

’ Initialize ‘ 1) (1) SClinitialization: the transmit data output function of the
TxD pin and the read data input function of the RxD pin
are selected, enabling simultaneous transmitting and

(Start of transmitting and receiving)

‘ receiving.
- (2) SCI status check and transmit data write: read SSR, check
[ Read TDREflaginSSR | () that the TDRE flag is 1, then write transmit data in TDR

and clear the TDRE flag to 0.

N Notification that the TDRE flag has changed from 0 to 1
can also be given by the TXI interrupt.

Yes (3) Receive error handling: if a receive error occurs, read the
- - - ORER flag in SSR, then after executing the necessary
Write transm|tfdata |n0TDI§Sa1nd error handling, clear the ORER flag to 0.

clear TDRE flag to 0 in SSR 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
Read ORER flag in SSR ‘ 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.

©)

Error handling

Read RDRF flagin SSR | (4)

(5) To continue transmitting and receiving serial data: check
the RDREF flag, read RDR, and clear the RDRF flag to 0
before the MSB (bit 7) of the current frame is received.
Also check that the TDRE flag is set to 1, indicating that
data can be written, write data in TDR, then clear the
TDRE flag to 0 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,

No RDRF =1 the TDRE flag is checked and cleared automatically.
When the DMAC is activated by a receive-data-full
Yes interrupt request (RXI) to read RDR, the RDRF flag is

_ cleared automatically.
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 |

<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 simultaneously.

Figure 13.20 Sample Flowchart for Simultaneous Serial Transmitting and Receiving
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13.4  SCI Interrupts

The SCI has four interrupt request sources: the transmit-end interrupt (TEI), receive-error interrupt
(ERI), receive-data-full interrupt (RXI), and transmit-data-empty interrupt (TXI). Table 13.12 lists
the interrupt sources and indicates their priority. These interrupts can be enabled or disabled by the
TIE, RIE, and TEIE bits in SCR. Each interrupt request is sent separately to the interrupt
controller.

A TXI interrupt is requested when the TDRE flag is set to 1 in SSR. A TEI interrupt is requested
when the TEND flag is set to 1 in SSR. A TXI interrupt request can activate the DMAC to transfer
data. Data transfer by the DMAC automatically clears the TDRE flag to 0. A TEI interrupt request
cannot activate the DMAC.

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 FER flag is set to 1 in SSR. An RXI interrupt can activate the
DMAC to transfer data. Data transfer by the DMAC automatically clears the RDRF flag to 0. An
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 Source Description Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)

TXI Transmit data register empty (TDRE) ¢

TEI Transmit end (TEND) Low

13.5  Usage Notes

13.5.1 Notes on Use of SCI
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 to 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.
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Simultaneous Multiple Receive Errors: Table 13.13 shows the state of the 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

SSR Status Flags Receive Data
Transfer

RDRF ORER FER PER RSR _. RDR Receive Errors
1 1 0 0 X Overrun error
0 0 1 0 o Framing error
0 0 0 1 O Parity error
1 1 1 0 X Overrun error + framing error
1 1 0 1 X Overrun error + parity error
0 0 1 1 Framing error + parity error
1 1 1 1 X Overrun error + framing error + parity

error

Notes: ¢ :Receive data is transferred from RSR to RDR.
x :Receive data is not transferred from RSR to RDR.

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: The input/output condition and level of the TxD pin 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 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 input/output 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
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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 15/ 0 7 150
Internalbaseclockm||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

Receive data :
(RxD) _.'l i

| sttt | | D B

Synchronization

sampling timing -| | : ' : '

Data sampling
timing

Figure 13.21 Receive Data Sampling Timing in Asynchronous Mode

The receive margin in asynchronous mode can therefore be expressed as shown in equation (1).

Ip-05]| (

1+F) | x 100%

M=|(05- ——)—(L-05)F-
2N

Receive margin (%)

Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (L =0to 1.0)

Frame length (L =9 to 12)

Absolute deviation of clock frequency

From equation (1), if F =0 and D = 0.5, the receive margin is 46.875%, as given by equation (2).

D=05F=0
1
= (0.5- 100%
M= (05- 5 e )< 100%
=46.875% (2)

This is a theoretical value. A reasonable margin to allow in system designs is 20% to 30%.
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Restrictions on Use of DMAC:

When an external clock source is used for the serial clock, after the DMAC updates TDR,
allow an inversion of at least five system clock (@) cycles before input of the serial clock to
start transmitting. If the serial clock is input within four states of the TDR update, a
malfunction may occur. (See figure 13.22.)

To have the DMAC read RDR, be sure to select the corresponding SCI receive-data-full
interrupt (RXI) as the activation source with bits DTS2 to DTS0 in DTCR.

SCK

>§<DOXD1XD2XD3XD4XD5XD6XD7><

Note: In operation with an external clock source, be sure that t >4 states.

Figure 13.22 Example of Synchronous Transmission Using DMAC
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Switching from SCK Pin Function to Port Pin Function:

¢ Problem in Operation: When switching the SCK pin function to the output port function (high-
level output) by making the following settings while DDR =1, DR =1, C/A =1, CKEl =0,
CKEO =0, and TE = 1 (synchronous mode), low-level output occurs for one half-cycle.

1. End of serial data transmission

2. TEbit=0

3. C/A bit =0 ... switchover to port output

4. Occurrence of low-level output (see figure 13.23)

i Half-cycle low-level output

T
SCK/port | | | I_l
1. End of transmission , 4. Low-level output

Data Bite X Bit7 5 )

2.TE=0 |
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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e Sample Procedure for Avoiding 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.

WithDDR=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/A bit =0 ... switchover to port output
5.CKEIl bit=0
E High-level output TE
: Ve
SCK/port | | |
1. End of transmission :
Data Bit6 X Bit7 5
2.TE=0 :
TE | :
C/A 4.C/A=0
3. CKE1= 1 :
CKE1 ; 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 Overview

An IC card (smart card) interface conforming to the ISO/IEC 7816-3 (Identification Card)
standard is supported as an extension of the serial communication interface (SCI) functions.

Switchover between the normal serial communication interface and the smart card interface is
controlled by a register setting.

14.1.1  Features
Features of the smart card interface supported by the H8/3028 Group are listed below.

e Asynchronous communication

Data length: 8 bits

Parity bit generation and checking

Transmission of error signal (parity error) in receive mode

Error signal detection and automatic data retransmission in transmit mode

O 0Ooo0ood

Direct convention and inverse convention both supported
e Built-in baud rate generator allows any bit rate to be selected
¢ Three interrupt sources
O There are three interrupt sources—transmit-data-empty, receive-data-full, and
transmit/receive error—that can issue requests independently.
0 The transmit-data-empty interrupt and receive-data-full interrupt can activate the DMA
controller (DMAC) to execute data transfer.
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14.1.2  Block Diagram

Figure 14.1 shows a block diagram of the smart card interface.

Module data bus

Bus interface

U0 |

ROR | | TR | SCMR | BRR L

¥ U3 SSR "

rRO=[ [ RsR | [] TSR SCR Baud rate |« ¢/4
A SMR generator /16
Transmission/
reception - §/64
TxD ~= “control
Parity generation T Clock
Parity check
SCK—e External clock
= TXI
Legend » RXI
SCMR: Smart card mode register » ERI

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

Internal
data bus

Figure 14.1 Block Diagram of Smart Card Interface

14.1.3  Pin Configuration
Table 14.1 shows the smart card interface pins.

Table 14.1 Smart Card Interface Pins

Pin Name Abbreviation 110 Function

Serial clock pin SCK I/0 Clock input/output
Receive data pin RxD Input Receive data input
Transmit data pin TxD Output Transmit data output
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14.1.4  Register Configuration

The smart card interface has the internal registers listed in table 14.2. The BRR, TDR, and RDR
registers have their normal serial communication interface functions, as described in section 13,
Serial Communication Interface.

Table 14.2 Smart Card Interface Registers

Channel Address™ Name Abbreviation R/W Initial Value
0 H'FFFBO  Serial mode register SMR R/W H'00
H'FFFB1 Bit rate register BRR R/W H'FF
H'FFFB2  Serial control register SCR R/W H'00
H'FFFB3 Transmit data register TDR R/W H'FF
H'FFFB4  Serial status register SSR R/(W)*? H'84
H'FFFB5 Receive data register RDR R H'00
H'FFFB6  Smart card mode register SCMR R/W H'F2
1 H'FFFB8 Serial mode register SMR R/W H'00
H'FFFB9 Bit rate register BRR R/W H'FF
H'FFFBA  Serial control register SCR R/W H'00
H'FFFBB  Transmit data register TDR R/W H'FF
HFFFBC  Serial status register SSR R/(W)*? H'84
H'FFFBD  Receive data register RDR R H'00
H'FFFBE  Smart card mode register SCMR R/W H'F2
2 H'FFFCO  Serial mode register SMR R/W H'00
H'FFFC1 Bit rate register BRR R/W HFF
H'FFFC2  Serial control register SCR R/W H'00
HFFFC3  Transmit data register TDR R/W H'FF
H'FFFC4 Serial status register SSR R/(W)*2 H'84
H'FFFC5  Receive data register RDR R H'00
H'FFFC6  Smart card mode register SCMR R/W H'F2

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written in bits 7 to 3, to clear the 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
| — | — | — | — | SDIR | SINV | — | SMIF |
Initial value 1 1 1 1 0 0 1 0
Read/Write — — — — R/W R/W — R/W
Reserved bits Reserved bit

Smart card interface
mode select

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)
Receive data is stored LSB-first in RDR

1 TDR contents are transmitted MSB-first

Receive data is stored MSB-first in RDR
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Bit 2—Smart Card Data Invert (SINV): Specifies inversion of the data logic level. This
function is used in combination with the SDIR bit to communicate with inverse-convention
cards.*” The SINV bit 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)
Receive data is stored unmodified in RDR

1 Inverted TDR contents are transmitted

Receive 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

Notes: 1. The function for switching between LSB-first and MSB-first mode can also be used
with the normal serial communication interface. Note that when the communication
format data length is set to 7 bits and MSB-first mode is selected for the serial data to
be transferred, bit 0 of TDR is not transmitted, and only bits 7 to 1 of the received data
are valid.

2. The data logic level inversion function can also be used with the normal serial
communication interface. Note that, when inverting the serial data to be transferred,
parity transmission and parity checking is based on the number of high-level periods at
the serial data I/O pin, and not on the register value.

14.2.2  Serial Status Register (SSR)

The function of SSR bit 4 is modified in smart card interface mode. This change also causes a
modification to the setting conditions for bit 2 (TEND).
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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/A(W)* R/(W)* R/(W)* R R R/W

Transmit end
Status flag indicating end
of transmission

Error signal status (ERS)
Status flag indicating that an error
signal has been received

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

Bits 7 to 5: These bits operate as in normal serial communication. For details see section 13.2.7,
Serial Status Register (SSR).

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 detection framing errors.

Bit 4

ERS Description

0 Indicates normal transmission, with no error signal returned (Initial value)
[Clearing conditions]
The chip is reset, or enters standby mode or module stop 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 13.2.7,
Serial Status Register (SSR). The setting conditions for transmit end (TEND), however, are
modified as follows.
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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 or DTC writes data in TDR.

1 End of transmission
[Setting conditions] (Initial value)
e 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: etu (Elementary time unit: the time for transfer of one bit)

14.2.3  Serial Mode Register (SMR)

The function of SMR bit 7 is modified in smart card interface mode. This change also causes a
modification to the function of bits 1 and 0 in the serial control register (SCR).

Bit 7 6 5 4 3 2 1 0
GM CHR PE 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/