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Notice

All information included in this document is current as of the date this document is issued. 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 attention 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.

You 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. You 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 losses incurred 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. You 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 development 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 errors in 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. You must check the quality grade of each Renesas Electronics product before using it in a particular
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 be in 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 healthcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.
You should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especially 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 physical 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 a result 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 sales 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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Keep safety first in your circuit designs!

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

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

Notes regarding these materials

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

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

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

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

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

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

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

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

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

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

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

The H8/3024 Group is a high-performance single-chip microcomputer that integrates peripheral
functions necessary for system configuration with an H8/300H CPU featuring a 32-bit internal
architecture asits core.

The on-chip peripheral functionsinclude ROM, RAM, 16-hit timers, 8-bit timers, a programmable
timing pattern controller (TPC), awatchdog timer (WDT), a serial communication interface (SCI),
aD/A converter, an A/D converter, and /O ports, providing an ideal configuration as a
microcomputer for embedding in sophisticated control systems. Flash memory (F-ZTAT ™) and
mask ROM are available as on-chip ROM, enabling usersto respond quickly and flexibly to
changing application specifications and the demands of the transition from initial to full-fledged
volume production.

Note: * F-ZTAT isatrademark of Renesas Technology Corp.

Intended Readership: This manual isintended for users undertaking the design of an application
system using the H8/3024 Group. Readers using this manual require a basic
knowledge of electrical circuits, logic circuits, and microcomputers.

Purpose: The purpose of this manual is to give users an understanding of the hardware
functions and electrical characteristics of the H8/3024 Group. Details of
execution instructions can be found in the H8/300H Series Programming
Manual, which should be read in conjunction with the present manual.

Using this Manual:

» For an overall understanding of the H8/3024 Group’s functions

Follow the Table of Contents. This manual is broadly divided into sections on the CPU, system
control functions, peripheral functions, and electrical characteristics.

» For adetailed understanding of CPU functions
Refer to the separate publication H8/300H Series Programming Manual.
Note on bit notation: Bitsare shown in high-to-low order from Ieft to right.
» For adetailed understanding of aregister when its name is known

The addresses, bits, and initial values of the registers are summarized in appendix B, Internal
I/O Registers.

Related Material: The latest information is available at our Web Site. Please make sure that you
have the most up-to-date information available.
(http://www.renesas.com/eng/)
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User's Manuals on the H8/3024:

Manual Title

Document No.

H8/3024 Hardware Manual
H8/300H Series Programming Manual

This manual
ADE-602-053

Users manuals for development tools:

Manual Title

Document No.

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

REJ10B0058-0100H

H8S, H8/300 Series Simulator/Debugger User’'s Manual ADE-702-037
High-Performance Embedded Workshop User’'s Manual ADE-702-201
H8S, H8/300 Series High-Performance Embedded Workshop, ADE-702-231

High-Performance Debugging Interface User's Manual

Application Note:

Manual Title

Document No.

H8/300H for CPU Application Note

ADE-502-033

H8/300H On-Chip Supporting Modules Application Note

REJO5B0522-0300

H8/300H Technical Q&A

REJ05B0521-0200
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Comparison of H8/3024 Group Product Specifications

There are four members of the H8/3024 Group: the H8/3024F-ZTAT and H8/3026F-ZTAT (all
with on-chip flash memory), and the H8/3024 mask ROM version and H8/3026 mask ROM

version.

The specifications of these products are compared below.

H8/3024 Mask ROM | H8/3026 Mask ROM
H8/3024F-ZTAT H8/3026F-ZTAT Version Version
Product On-chip single-power-supply flash memory Mask ROM version
specifications
Product code HD64F3024 ‘ HD64F3026 HD6433024 ‘ HD6433026

Pin arrange- See figures 1.2 and 1.3, Pin Arrangement, in section 1

ment

RAM size 4 kbytes 8 kbytes 4 kbytes 8 kbytes
ROM size 128 kbytes 256 kbytes 128 kbytes 256 kbytes
Address Address update mode 1 or 2 selectable

OUtpL_’t See 6.3.5, Address Output Method, in section 6

functions

Flash memory

See section 18, Flash | See section 17, Flash — —

Memory Memory

Electrical See section 21, Electrical Characteristics

characteristics

(operating

frequency)
2to 25 MHz

Registers See table B.1, Comparison of H8/3024 Group Internal I/O Register Specifications,
in appendix B

See appendix B.2, See appendix B.1, See appendix B.2, See appendix B.1,
Address List Address List Address List Address List
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Main Revisions for This Edition

Item Page Revision (See Manual for Details)
All O All references to Hitachi, Hitachi, Ltd., Hitachi Semiconductors, and
other Hitachi brand names changed to Renesas Technology Corp.
Designation for categories changed from “series” to “group”
7.12.2 Register 203, 204 Description amended
Descriptions PB3/TP/TMIOSCS,
Table 7.23 Port B Bits OIS3/2 and OS1/0 in 8TCSR3, bit CS4E in CSCR, bit
Pin Functions NDER11 in NDERB, and bit PB;DDR select the pin function as
(Modes 1to 5) follows.
PB1/TPo/TMIO1/CSe
Bits OI1S3/2 and OS1/0 in 8TCSR1, bit CS6E in CSCR, bit
NDER9 in NDERB, and bit PB;DDR select the pin function as
follows.
Table 7.24 PortB 205,206 PB3/TP11/TMIO;
Pin Functions Bits OIS3/2 and OS1/0 in 8TCSR3, bit NDER11 in NDERB,
(Modes 6 and 7) and bit PBsDDR select the pin function as follows.
PB./TPy/TMIO,
Bits OI1S3/2 and OS1/0 in 8TCSR1, bit NDER9 in NDERB,
and bit PB;DDR select the pin function as follows.
18.5.1 Boot Mode 548 Description amended
After the transfer is completed, control branches to the start
address (H'FFF520) of the programming control program area and
the programming control program execution state is entered (flash
memory programming/erasing can be performed).
21.2.6 Flash 629, 630 Table amended and note added
Memory Item Symbol Min  Typ Max  Unit Notes
Characteristics Programming time** ** ** to — 10 200 ms/
128 bytes
Table 21.19 Flash Erase time** *3+° te — 100 1200 ms/block
Memory Reprogramming count Nwee ~ 100%° 10,000%" | — Times
Characteristics Data retention period U 1044 — — Years

Notes: 6. Minimum number of times at which all characteristics are
guaranteed after reprogramming. (Reprogramming count
from 1 to minimum value is guaranteed.)

7. Reference characteristics at 25°C. (This is an indication
that reprogramming operations can normally be
performed up to this figure.)

8. Data retention characteristics when reprogramming is
performed correctly within the specification values,
including the minimum data retention period.
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Section 1 Overview

Section 1l Overview

11 Overview

The H8/3024 Group is a series of microcontrollers (MCUs) that integrate system supporting
functions together with an H8/300H CPU core having an original Renesas Technology
architecture.

The H8/300H CPU has a 32-bit internal architecture with sixteen 16-bit general registers, and a
concise, optimized instruction set designed for speed. It can address a 16-Mbyte linear address
space. Itsinstruction 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), awatchdog timer (WDT), aserial communication
interface (SCI), an A/D converter, aD/A converter, 1/0O ports, and other facilities.

The four members of the H8/3024 Group are the H8/3024F-ZTAT, H8/3026F-ZTAT, H8/3024
(mask ROM version), and H8/3026 (mask ROM version).

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 its mask ROM versions, the H8/3024 Group has F-ZTAT ™" versions with on-chip
flash memory that allows programsto be freely rewritten by the user. This version enables usersto
respond quickly and flexibly to changing application specifications, growing production volumes,
and other conditions.

Table 1.1 summarizes the features of the H8/3024 Group.

Note: * F-ZTAT™ (Flexible ZTAT) isatrademark of Renesas Technology Corp.
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Section 1 Overview

Tablell Features
Feature Description
CPU Upward-compatible with the H8/300 CPU at the object-code level
General-register machine
e Sixteen 16-bit general registers
(also usable as sixteen 8-bit registers plus eight 16-bit registers, or as eight
32-bit registers)
High-speed operation
Maximum Add/ Multiply/
clock rate subtract divide
H8/3024F-ZTAT 25 MHz 80 ns 560 ns
H8/3026F-ZTAT
H8/3024 (mask ROM version)
H8/3026 (mask ROM version)
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)
e Bit accumulator function
Bit manipulation instructions with register-indirect specification of bit positions
Memory ROM RAM
H8/3024F-ZTAT 128 kbytes 4 kbytes
H8/3024 (mask ROM version)
H8/3026F-ZTAT 256 kbytes 8 kbytes
H8/3026 (mask ROM version)
Interrupt « Seven external interrupt pins: NMI, TRQq to TRQs
controller

e 27 internal interrupts
* Three selectable interrupt priority levels
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Section 1 Overview

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
Bus arbitration function

Two address update modes

16-bit timer, e Three 16-bit timer channels, capable of processing up to six pulse outputs or
3 channels six pulse inputs
e 16-hit timer counter (channels 0 to 2)
« Two multiplexed output compare/input capture pins (channels 0 to 2)
e Operation can be synchronized (channels 0 to 2)
*  PWM mode available (channels 0 to 2)
« Phase counting mode available (channel 2)
8-bit timer, » 8-bit up-counter (external event count capability)
4 channels

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

Watchdog < Internal reset signal can be generated by overflow
tlirr(:ﬁ;s]\ﬁ]vel?T), « Reset signal can be output externally (not available in on-chip flash memory
versions)
e Usable as an interval timer
Serial » Selection of asynchronous or synchronous mode

communication
interface (SCI),
2 channels

Full duplex: can transmit and receive simultaneously
On-chip baud-rate generator

Smart card interface functions added
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Feature

Description

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

D/A converter

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

I/0 ports 70 input/output pins
e 9input-only pins
Operating Seven MCU operating modes
modes Address Address Initial Bus Max. Bus
Mode Space Pins Width Width
Mode 1 1 Mbyte A to Ag 8 bits 16 bits
Mode 2 1 Mbyte Aig to Ao 16 bits 16 bits
Mode 3 16 Mbytes Azs to Ao 8 bits 16 bits
Mode 4 16 Mbytes Az to Ag 16 bits 16 bits
Mode 5 16 Mbytes Azs to Ao 8 bits 16 bits
Mode 6 64 kbytes — — —
Mode 7 1 Mbyte — — —
e On-chip ROM is disabled in modes 1 to 4
« In the versions with on-chip flash memory, an on-board programming mode
is supported that allows flash memory to be programmed in modes 5 and 7.
Power-down * Sleep mode
state

Software standby mode

Hardware standby mode

Module standby function

Programmable system clock frequency division

Other features

On-chip clock pulse generator
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Feature

Product lineup

Description
Product Type Model Package (Package Code)
H8/3024F-ZTAT 3.3V operation  HD64F3024F 100-pin QFP (FP-100B)
HDB4F3024TE  100-pin TQFP (TFP-100B)
HDB4F3024FP  100-pin QFP (FP-100A)
H8/3026F-ZTAT 3.3V operation  HDG4F3026F 100-pin QFP (FP-100B)
HD64F3026TE  100-pin TQFP (TFP-100B)
HDB4F3026FP  100-pin QFP (FP-100A)
H8/3024 mask 3.3V operation  HD6433024F 100-pin QFP (FP-100B)
ROM version HD6433024TE 100-pin TQFP (TFP-100B)
HD6433024FP 100-pin QFP (FP-100A)
H8/3026 mask 3.3 V operation HD6433026F 100-pin QFP (FP-100B)
ROM version HD6433026TE 100-pin TQFP (TFP-100B)
HD6433026FP 100-pin QFP (FP-100A)
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Section 1 Overview

12 Block Diagram

Figure 1.1 shows an internal block diagram.
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Note: * Functions as RESO in the mask ROM versions, and as FWE in the on-chip flash memory versions.

Figure1.1 Block Diagram
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Section 1 Overview

1.3 Pin Description

131 Pin Arrangement

The pin arrangement of the H8/3024 Group is shown in figures 1.2 to 1.5. Differencesin the
H8/3024 Group pin arrangements are shown in table 1.2. Except for the differences shown in table
1.2, the pin arrangements are the same.

Tablel.2 Comparison of H8/3024 Group Pin Arrangements

Pin H8/3024 Mask HB8/3026 Mask
Package Number  H8/3024F-ZTAT HB8/3026F-ZTAT ROM Version ROM Version
FP-100B 10 FWE FWE RESO RESO
(TFP-100B)
FP-100A 12 FWE FWE RESO RESO
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Note: * Functions as the RESO pin in the mask ROM version, and as the FWE pin in the F-ZTAT version.

Figure 1.2 Pin Arrangement of H8/3024F-ZTAT, H8/3026F-ZTAT,
H8/3024 M ask ROM Version, and H8/3026 Mask ROM Version
(FP-100B or TFP-100B Package, Top View)
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P8,/IRQ,/CS, =91 40 9 P1,/A,
P83/IRQ3/CS,/ADTRG | 92 39 P1,/A;
P8,/CS, 93 38 P1y/Ag
Vgs =94 37 Ve
PA/TP,/TCLKA 95 36 [ D15/P37
PA,/TP,/TCLKB & 96 351 D;4/P3g
PALITP,/TIOCA(/TCLKC T 97 341 Dy3/P35
PAS/TP,4/TIOCB,/TCLKD = 98 33[Dy,/P3,
PA,/TP,/TIOCA/A,; = 99 321D, /P3,
PAS/TPS/TIOCB,/A,, = 100 313D,,/P3,
O NMTOHLOMNOVDDOANMITLONWODO
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Note: * Functions as the RESO pin in the mask ROM version, and as the FWE pin in the F-ZTAT version.

Figure 1.3 Pin Arrangement of H8/3024F-ZTAT, H8/3026F-ZTAT,
H8/3024 M ask ROM Version, and H8/3026 Mask ROM Version
(FP-100A Package, Top View)
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Section 1 Overview

1.3.2 Pin Functions

Table 1.3 summarizes the pin functions.

Table1.3 Pin Functions

Type Symbol

Pin No.

FP-100B

TFP-100B FP-100A 1/O

Name and Function

Power Vee 1, 35, 3, 37, Input  Power: For connection to the power supply.
68 70 Connect all Vcc pins to the system power
supply.

Vss 11, 22, 13,24, Input Ground: For connection to ground (0 V).

44, 57, 46, 59, Connect all Vss pins to the 0-V system power
65, 92 67, 94 supply.
Clock XTAL 67 69 Input  For connection to a crystal resonator.
For examples of crystal resonator and
external clock input, see section 19, Clock
Pulse Generator.

EXTAL 66 68 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 63 Output System clock: Supplies the system clock to
external devices.

Operating MD; to 75t073 77to75 Input Mode 2 to mode O: For setting the operating

mode MDo
control

mode, as follows. Inputs at these pins must
not be changed during operation.

MD, MD; MDy Operating Mode

Setting prohibited

Mode 1

Mode 2

Mode 3

Mode 4

Mode 5

Mode 6

PRPRPPOOCOO
P PO ORI, OO
PIOFRP O O PFR| O

Mode 7
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Section 1 Overview

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/O Name and Function
System RES 63 65 Input  Reset input: When driven low, this pin resets
control the chip. This pin must be driven low at
power-up.

RESO 10 12 Output Reset output (On-chip mask ROM
versions): Outputs the reset signal generated
by the watchdog timer to external devices

FWE 10 12 Input  Write enable signal (On-chip flash memory
versions): Flash memory programming
control signal

STBY 62 64 Input  Standby: When driven low, this pin forces
a transition to hardware standby mode

BREQ 59 61 Input  Bus request: Used by an external bus
master to request the bus right

BACK 60 62 Output Bus request acknowledge: Indicates that
the bus has been granted to an external bus
master

Interrupts  NMI 64 66 Input  Nonmaskable interrupt: Requests a
nonmaskable interrupt

IRQsto 17, 16, 19,18, Input Interrupt request 5to 0: Maskable interrupt

IRQo 90to 87 921to 89 request pins

Address  Axzto Ag 97 to 100, 99, 100, Output Address bus: Outputs address signals
bus 56 to 45, 1,2,

43t036 581047,

45to 38

Databus DjistoDo 34t023, 36to25, Input/ Data bus: Bidirectional data bus

21t018 231to 20 output
Bus §7 to 2t05, 41t0 7,90 Output Chip select: Select signals for areas 7 to 0
control CSo 88t091 to93

AS 69 71 Output Address strobe: Goes low to indicate valid
address output on the address bus

RD 70 72 Output Read: Goes low to indicate reading from the
external address space

HWR 71 73 Output High write: Goes low to indicate writing to the
external address space; indicates valid data
on the upper data bus (Dis to Dsg).

LWR 72 74 Output Low write: Goes low to indicate writing to the

external address space; indicates valid data
on the lower data bus (D7 to Do).
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Section 1 Overview

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/O Name and Function
Bus WAIT 58 60 Input  Wait: Requests insertion of wait states in bus
control cycles during access to the external address
space
16-bit TCLKDto 961093 98t095 Input Clock input D to A: External clock inputs
timer TCLKA
TIOCA, to 99, 97,95 1, 99, 97 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, 2,100, Input/ Input capture/output compare B2to BO:
TIOCBy, 96 98 output GRB2 to GRBO output compare or input
capture
8-bit timer TMOy, 2,4 4,6 Output Compare match output: Compare match
TMO, output pins
TMIO;, 3,5 57 Input/ Input capture input/compare match
TMIO; output output: Input capture input or compare match
output pins
TCLKDto 96t093 981t095 Input Counter external clock input: These pins
TCLKA input an external clock to the counters.
Program- TPjs5to 9to 2, 11to 4, Output TPC output 15 to 0: Pulse output
mable TPo 100t0 93 2,1,
timing 100 to
pattern 95
controller
(TPC)
Serial TxDy, 13,12 15, 14 Output Transmit data (channels 0, 1): SCI data
communi- TxDg output
_catlon RxD1, 15, 14 17,16 Input Receive data (channels 0, 1): SCI data input
interface
RxDog
(SCI)
SCKy, 17, 16 19, 18 Input/  Serial clock (channels 0, 1): SCI clock
SCKop output input/output
A/D AN to 85t0 78 87t080 Input Analog 7to 0: Analog input pins
converter ANp
ADTRG 90 92 Input  A/D conversion external trigger input:

External trigger input for starting A/D
conversion
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Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/O Name and Function
D/A DAi, DA, 85, 84 87,86  Output Analog output: Analog output from the
converter D/A converter
Analog AVcc 76 78 Input  Power supply pin for the A/D and D/A
power converters. Connect to the system power
supply supply when not using the A/D and D/A
converters.
Analog AVss 86 88 Input  Ground pin for the A/D and D/A converters.
power Connect to system ground (0 V).
supply VRer 77 79 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.
/O ports P1l;to P1p43t036 45t038 Input/ Port 1: Eight input/output pins. The direction
output of each pin can be selected in the port 1 data
direction register (P1DDR).
P2;t0 P2, 52t045 54t047 Input/ Port 2: Eight input/output pins. The direction
output of each pin can be selected in the port 2 data
direction register (P2DDR).
P3;t0 P3p 34t0 27 361029 Input/ Port 3: Eight input/output pins. The direction
output of each pin can be selected in the port 3 data
direction register (P3DDR).
P4;to P4¢ 26 t0 23, 28to 25, Input/ Port 4: Eight input/output pins. The direction
21t018 23to 20 output of each pin can be selected in the port 4 data
direction register (P4DDR).
P5;to P5, 56 to 53 58 to 55 Input/ Port 5: Four input/output pins. The direction
output of each pin can be selected in the port 5 data
direction register (P5DDR).
P67 to P6, 61, 63, Input/  Port 6: Eight input/output pins. The direction
721069, 74to 71, output of each pin can be selected in the port 6 data
60to 58 62 to 60 direction register (P6DDR).
P7;t0 P7, 85t0 78 87t080 Input Port 7: Eight input pins
P8,t0 P8y, 91t0 87 931089 Input/ Port 8: Five input/output pins. The direction of
output each pin can be selected in the port 8 data
direction register (P8DDR).
P9sto P9y 17t0 12 19to 14 Input/ Port 9: Six input/output pins. The direction of
output each pin can be selected in the port 9 data

direction register (PO9DDR).
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Section 1 Overview

Pin No.
FP-100B
Type Symbol TFP-100B FP-100A 1/O Name and Function
/0 ports PA7to PA;100t0 93 2,1, Input/  Port A: Eight input/output pins. The direction

100 to 95 output of each pin can be selected in the port A data
direction register (PADDR).

PB; to PBy9to 2 11to4 Input/ Port B: Eight input/output pins. The direction
output of each pin can be selected in the port B data
direction register (PBDDR).
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133 Pin Assignmentsin Each Mode
Table 1.4 lists the pin assignments in each mode.

Tablel4 Pin Assignmentsin Each Mode (FP-100B or TFP-100B, FP-100A)

Pin No. Pin Name

FP-100B

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

1 3 Vce Vce Vee Vee Vce Vce Vce

2 4 PBo/TPs/  PBo/TPs/  PBo/TPs/  PBo/TPs/  PBo/TPs/  PBo/TPs/  PBo/TPg/
TMO,/CS; TMOL/CS; TMOG/CS; TMOL/CS; TMO/CS; TMO, TMO,

3 5 PBJTPy/  PBJTPy/  PBiTPy/  PBJTPy/  PBiTPy/  PBi/TPy/  PBy/TPo
TMIO,/CSs TMIO;/CSs TMIOY/CS; TMIO,/CSs TMIO:/CSs TMIO, TMIO,

4 6 PBo/TPi/ PBofTPiw/ PBy/TPi/ PBy/TPi/ PBy/TPi/ PB/TPi/  PBo/TPy/
TMO,/CSs TMO,/CSs TMO,/CSs TMO,/CSs TMO,/CSs TMO, T™MO,

5 7 PBy/TPyy/ PBi/TPy/ PBy/TPy/ PBy/TPy/ PBy/TPu/ PBsy/TPy/ PBi/TPy/
TMIOS/CS, TMIOS/CS, TMIOS/CS, TMIOS/CS, TMIO/CS, TMIO, TMIO;

6 8 PB4TP;, PB4TPi, PB4TPy, PB4JTP;; PB4TPi, PBJ/TPy,  PB4TPy

7 9 PBs/TP;3  PBs/TPis  PBs/TPis  PBs/TP;3  PBs/TPis  PBs/TPy;  PBs/TPys

8 10 PBe/TP1s PBg/TP1; PBe/TPu  PBe/TPy;  PBe/TPi,  PBe/TPy  PBe/TPy

9 11 PB//TP;s  PBy/TP;s PB/TPis  PBy/TP;s  PB:/TPis  PB//TPis  PBy/TPys

10 12 RESO/ RESO/ RESO/ RESO/ RESO/ RESO/ RESO/
FWE™? FWE™? FWE™? FWE™? FWE™? FWE™? FWE™?

11 13 Vss Vss Vss Vss Vss Vss Vss

12 14 P9/TXDy  P9/TXDy  P9y/TXxDy  P9e/TxDy  P9/TXDy  P9y/TxDy  P9o/TXDy

13 15 P9y/TXD;  P9/TXD; P9y/TxD; P9/TxD; P9 /TXD; P9y/TxD;  P9y/TxD,

14 16 P9,/RXDy, P9, /RXDy P9/RXD, P9,/RxDy P9,/RXDy P9/RxD,  P9,/RxDq

15 17 P9y/RXD; P9y /RxD; P9y/RXD; P9y/RxD; P9y /RxD; P9y/RXD;  P9s/RXDy

16 18 P9,/SCKy/ P9, /SCKy/ P9, /SCKol P9, ISCKy/ P9, ISCKyl P9, ISCKyl P9, ISCKyf
IRQ, RQ, RQ, RQ, IRQ, IRQ, IRQ,

17 19 P95 /SCKy/ P95 /SCKy/ P95 /SCKy/ P95 /SCKy/ P9s/SCKy/ P9s/SCKy/ P9s/SCKy/
IRQs IRQs IRQs IRQs IRQs IRQs IRQs

18 20 P4o/Do™t  P4giDo™®  P4o/Do™t P4g/De*? P4giDe"t P4 P4,

19 21 P4y/D;* P4/D*? P4yD"t P4YD? P4/Dt P4,y P4,

20 22 P4,/D,"t  P4,/D,"?  P4,iD,"' P4,/D,*?  P4,/D,"' P4, P4,

21 23 P4y/Ds™' P4g/Ds™®  P4s/Ds™t P44/Ds? P4siDs"t P4 P4,

22 24 Vss Vss Vss Vss Vss Vss Vss

23 25 P4,/Dst P4,JD, P4,D,St P4JDS? P4JDST P4, P4,
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Pin No. Pin Name

FP-100B

TFP-100B FP-100A Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
24 26 P4s/Ds™"  P4s/Ds*”  P4siDs™t  P4s/Ds”’  P4s/Ds™t Pés P4s
25 27 P4e/Ds™!  P4eiDs™®  P4e/Dg™t  P4g/Ds?  P4elDe™t P4 P4,
26 28 P4,/iD;"Y  P4;D;**  P4,D;"*  P4,D;?  P4D;"t P4, P4,
27 29 Ds Ds Ds Ds Ds P3, P3,
28 30 Do Do Do Do Do P3, P3,
29 31 D1o Dio Do Do Do P3; P3;
30 32 Dy D Dy Dy Dy P3; P3;
31 33 D1, D1, D1, D1, D1, P3, P3,
32 34 Dis Dis Dis Dis Dis P35 P35
33 35 Dy D1 Dy Dy Dua P3s P3s
34 36 D1s Dis Dys Dys Dis P3; P3;
35 37 Vee Vee Vee Vee Vee Vee Vee
36 38 Ao Ao Ao Ao P1o/Ao P1, P1,
37 39 Ay Ay A A P1./A P1, P1,
38 40 A, A, A, A, PL,/A, P1, P1,
39 41 As As As As P1y/As P1, Pl,
40 42 A A A, A, PLi/A, P1, P1,
41 43 As As As As P1s/As P1s Pls
42 44 As As As As P1e/As Pls Ple
43 45 A; A A A P1//A; P1; P1,
44 46 VSS VSS VSS VSS VSS VSS VSS
45 47 As As As As P2/Ag P2, P20
46 48 Ao Ao Ag Ag P2.1/Aq P2, P2,
47 49 Aso Aso Aso Aso P2,/A10 P2, P2,
48 50 Ay Aw Au Au P24/Ay P2, P2,
49 51 A A A A P24/As, P2, P2,
50 52 Ais Az Az Az P25/A13 P25 P25
51 53 Au A ' ' P26/Aa P2, P26
52 54 Ass Ass Ass Ass P27/Ass P2; P2,
53 55 Ass Ass Ase Ase P50/Ass P5, P50
54 56 Az Ay Ay Az P5,/A:7 P5, P5,
55 57 Asg Aus Agg Agg P5,/Ass P5, P5,
56 58 Aso Aso Asg A P53/A1e P5; P5;
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Pin No. Pin Name
FP-100B
TFP-100B FP-100A Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
57 59 Vss Vss Vss Vss Vss Vss Vss
58 60 P6,/WAIT P6,/WAIT P6/WAIT P6,/WAIT P6/WAIT P6, P6,
59 61 P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P6,/BREQ P86, P6;
60 62 P6,/BACK P6,/BACK P6,/BACK P6,/BACK P6,/BACK P6, P6,
61 63 (0] (0} (0] (0] P6:/¢ P6;/¢@ P6/¢
62 64 STBY STBY STBY STBY STBY STBY STBY
63 65 RES RES RES RES RES RES RES
64 66 NMI NMI NMI NMI NMI NMI NMI
65 67 Vss Vss Vss Vss Vss Vss Vss
66 68 EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL EXTAL
67 69 XTAL XTAL XTAL XTAL XTAL XTAL XTAL
68 70 Vee Ve Vee Vee Vee Vee Vee
69 71 AS AS AS AS AS P63 P63
70 72 RD RD RD RD RD P6, P6,
71 73 HWR HWR HWR HWR HWR P65 P65
72 74 LWR LWR LWR LWR LWR P6; P6
73 75 MDy MD, MD, MD, MD, MDy MD,
74 76 MD, MD, MD, MD, MD, MD, MD,
75 77 MD, MD, MD, MD, MD, MD, MD,
76 78 AVcce AVce AVce AVce AVcce AVcce AVce
e 79 Vree Vrer VRer VRer Vree Vree Vrer
78 80 P70/ANy  P75/AN,  P7JAN,  P70/AN,  P7o/AN,  P74ANg  P70/AN,
79 81 P7.AN;  P74/AN;  P7J/AN;  P7)AN;  P7/AN;  P7/AN;  P7./AN;
80 82 P7.AN,  P7JAN,  P7.JAN;  P7JAN,  P7.AN;  PT7JAN;  P7,/AN,
81 83 P74/ANs  P7s/AN;  P7s/ANs  P73/AN;  P7s/AN;  P7s/AN;  P73/AN;
82 84 P74JAN,  P7,JAN,  PT7JAN,  P7JAN,  P7JAN,  PT7JAN,  P7,AN,
83 85 P7s/ANs  P7s/ANs  P7s/ANs  P75/ANs  P75/ANs  P7s/ANs  P75/ANs
84 86 P76/ANg/DA, P75/AN/DA; P76/ANg/DAg P76/ AN/DA; P76/ANs/DAG P76/ ANg/DA, P76/ AN/DA,
85 87 P72/AN7/DA; P7:/AN/DA; P7:/AN7/IDA; P77/AN7/DA; P7,/AN7/DA, P77/AN:/DA; P77/AN-/DA;
86 88 AVss AVss AVss AVss AVsgs AVss AVss
87 89 P8/IRQ, P8y/IRQ, P8y/IRQ, P8/IRQ, P8,/IRQ P8y/IRQ, P8y/IRQ,
88 9% P8,/IRQ,/ P8/IRQ/ P8/IRQ/ P8/IRQ/ P8/IRQ/ P8/IRQ; P8/IRQ

CS; CS; CS; CS; CS;
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Pin No. Pin Name
FP-100B
TFP-100B FP-100A Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
89 91 P8,/IRQ, P8,/IRQ. P8,/IRQ) P8,/IRQ, P8/IRQ)/ P8,/IRQ, P8,/IRQ;
CS, CS, CS, CS, CS,
90 92 P8y/IRQs/ P8,/IRQy/ P8y/IRQ/ P8yIRQy/ P8yIRQy P8y/IRQy/ P8y/IRQy/
CSy/ CSy/ Csy/ Csy/ CSy/ ADTRG ADTRG
ADTRG ADTRG ADTRG ADTRG ADTRG
91 93 P8,JCS, P8/CS, P8,JCS, P8,JCS, P8,/CS, P8, P8,
92 94 Vss Vss Vss Vss Vss Vss Vss
93 95 PA/TPy/ PA/TP,/ PA/TP/ PA/TP/ PA/TP/ PA/TPy/ PA/TP,/
TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA TCLKA
94 96 PA/TP,/ PA/TP,/ PA/TP; PA/TP,/ PA/TPy/ PA/TP,/ PA/TP,/
TCLKB TCLKB ITCLKB  TCLKB TCLKB TCLKB TCLKB
95 97 PAYJTPy  PASTPs  PAJTP)  PASJTPs  PAJTP)  PAJTP.  PALTP,/
TIOCA./ TIOCA/ TIOCA,/ TIOCA,/ TIOCA./ TIOCA./ TIOCA/
TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC TCLKC
96 98 PAS/TP3/ PAS/TPS/ PAS/TPS/ PAS/TP3/ PAS/TP3/ PAS/TP3/ PAS/TP,/
TIOCBy/ TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/ TIOCB,/
TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD TCLKD
97 99 PAJTP4  PAJTPJ  PAJTP4  PAJTPJ  PAJTPs  PAJTP)  PALTPY/
TIOCA; TIOCA, TIOCA/Az; TIOCA/Az; TIOCAL/Az; TIOCA; TIOCA,
98 100 PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/ PAs/TPs/
TIOCB; TIOCB; TIOCB,/A;; TIOCB,/A;; TIOCB;/A;, TIOCB; TIOCB;
99 1 PAs/TPg/ PAG/TPs/ PAG/TPg/ PAG/TPg/ PAG/TPg/ PAs/TPg/ PAG/TPg/
TIOCA; TIOCA; TIOCA,/A;; TIOCA,/A;; TIOCA,/A;; TIOCA, TIOCA;
100 2 PAZITP:l  PAJTP.  Ag Az PA/TP;  PAJTPs  PAJTP/
TIOCB, TIOCB, TIOCB,/Az TIOCB; TIOCB,
Notes: 1. In modes 1, 3, and 5 the P4, to P4 functions of pins P44/Do to P4;/D; are selected after
a reset, but they can be changed by software.
2. In modes 2 and 4 the Dg to D7 functions of pins P4o/Do to P4+/D; are selected after a
reset, but they can be changed by software.
3. Functions as RESO in the mask ROM versions, and as FWE in the on-chip flash
memory versions. Functions as the programming control signal in modes 5 and 7.
14 Caution on Crystal Resonator Connection

The H8/3024 Group support an operating frequency of up to 25 MHz. If acrystal resonator with a
frequency higher than 20 MHz is connected, attention must be paid to circuit constants such as
external load capacitance values. For details see section 19.2.1, Connecting a Crystal Resonator.
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Section2 CPU

2.1 Overview

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

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

» Upward compatibility with H8/300 CPU
Can execute H8/300 Series object programs
» Genera-register architecture
Sixteen 16-hit general registers (also usable as sixteen 8-bit registers or eight 32-hit registers)
e 64 basicinstructions
0 8/16/32-hit arithmetic and logic instructions
O Multiply and divide instructions
O Powerful bit-manipulation instructions
» Eight addressing modes
Register direct [Rn]
Register indirect [ @ERN]
Register indirect with displacement [ @(d: 16, ERn) or @(d:24, ERn)]
Register indirect with post-increment or pre-decrement [ @ERN+ or @—ERnN]
Absolute address [ @aa:8, @aa: 16, or @aa:24]
Immediate [#xx:8, #xx:16, or #xx:32]
Program-counter relative [@(d:8, PC) or @(d:16, PC)]
Memory indirect [ @@aa:8]
» 16-Mbyte linear address space
» High-speed operation
O All frequently-used instructions execute in two to four states

Oo0oooood

0 Maximum clock frequency: 25 MHz

O 8/16/32-hit register-register add/subtract: 80 ns@25 MHz
O 8 x 8-hit register-register multiply: 560 ns@25 MHz
0 16 + 8-bit register-register divide: 560 ns@25 MHz
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0 16 x 16-bit register-register multiply: 0.88 ps@25 MHz
0 32+ 16-hit register-register divide: 0.88 us@25 MHz
» Two CPU operating modes
0 Normal mode
0 Advanced mode
* Low-power mode
Transition to power-down state by SLEEP instruction

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

* More general registers
Eight 16-bit registers have been added.
» Expanded address space
0 Advanced mode supports a maximum 16-Mbyte address space.
0 Normal mode supports the same 64-kbyte address space as the H8/300 CPU.
» Enhanced addressing
The addressing modes have been enhanced to make effective use of the 16-Mbyte address
Space.
» Enhanced instructions
O Datatransfer, arithmetic, and logic instructions can operate on 32-hit data.
0 Signed multiply/divide instructions and other instructions have been added.

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
and data areas combined

Advanced mode

Figure2.1 CPU Operating M odes
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2.3 Address Space

Figure 2.2 shows a simple memory map for the H8/3024 Group. The H8/300H CPU can address a
linear address space with a maximum size of 64 kbytes in normal mode, and 16 Mbytesin
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 hits 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

Figure2.2 Memory Map
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24 Register Configuration

24.1 Overview

The H8/300H CPU hasthe internal registers shown in figure 2.3. There are two types of registers:
generd 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 E5S R5H R5L
ER6 E6 R6H R6L
ER7 E7 (SP) R7H R7L

Control Registers (CR)
23 0
PC | |

76543210
ccr | 1|ullH|u|N|z|vC]

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

osNzZzCZXT

Figure2.3 CPU Registers
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242 General Registers

The H8/300H CPU has eight 32-hit general registers. These general registers are al functionally
alike and can be used without distinction between data registers and address registers. When a
general register isused as a dataregister, 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 ERY7).

The ER registers divide into 16-bit general registers designated by the letters E (EO to E7) and R
(RO to R7). Theseregisters 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). Theseregisters are functionally equivalent, providing a maximum sixteen 8-bit
registers.

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

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

E registers
— (extended registers)
EO to E7

ER registers RH registers
ERO to ER7 ROH to R7H

R registers
RO to R7

RL registers
ROL to R7L

Figure2.4 Usage of General Registers

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.

Rev. 2.00 Sep 20, 2005 page 23 of 800
REJ09B0260-0200
RENESAS




Section 2 CPU

Free area

SP (ER7)—

Stack area

/\/

Figure25 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 instructionsis 2 bytes (one word), so the least significant PC bit isignored. When an
instruction is fetched, the least significant PC bit is regarded as 0.

Condition Code Register (CCR)

This 8-bit register containsinternal CPU status information, including the interrupt mask bit (1)
and half-carry (H), negative (N), zero (Z), overflow (V), and carry (C) flags.

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

Bit 6—User Bit or Interrupt Mask Bit (Ul): 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, thisflag isset to 1 if thereisacarry or borrow at bit 3, and cleared to O
otherwise. When the ADD.W, SUB.W, CMP.W, or NEG.W instruction is executed, the H flag is
setto 1if thereisacarry or borrow at bit 11, and cleared to O otherwise. When the ADD.L,
SUB.L, CMP.L, or NEG.L instruction is executed, the H flag is set to 1 if thereisacarry or
borrow at bit 27, and cleared to O 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): Storesthe value of the most significant bit of data, regarded as the
sign hit.
Bit 2—Zero Flag (Z): Set to 1 to indicate zero data, and cleared to O to indicate non-zero data.

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

Bit 0—Carry Flag (C): Set to 1 when acarry is generated by execution of an operation, and
cleared to O otherwise. Used by:

e Addinstructions, to indicate a carry
e 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 | and
Ul bits, see section 5, Interrupt Controller.

244 Initial CPU Register Values

In reset exception handling, PC isinitialized to a value loaded from the vector table, and the | bit
in CCRis set to 1. The other CCR hits 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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25 Data For mats

The H8/300H CPU can process 1-hit, 4-bit (BCD), 8-bit (byte), 16-bit (word), and 32-bit
(longword) data. Bit-manipulation instructions operate on 1-bit data by accessing bit n (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.

251 General Register Data Formats

Figures 2.6 and 2.7 show the dataformats in general registers.

Data Type

1-bit data

1-bit data

4-bit BCD data

4-bit BCD data

Byte data

Byte data

Legend:

RnH: General register RH
RnL: General register RL

General

Register

RnH

RnL

RnH

RnL

RnH

RnL

Data Format

7 0

7 43 0

Upper digit Don't care :
i

________________ 7 43 0

: Don't care Upper digit
1

MSB LSB

Figure2.6 General Register Data Formats

Rev. 2.00 Sep 20, 2005 page 26 of 800

REJ09B0260-0200

RENESAS




Section2 CPU

General
Data Type Register  Data Format
15 0
Word data Rn | S
MSB LSB
Word data En | L |
MSB LSB
Longword data ERn | L
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

252 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 a an odd address, no address error occurs but the least
significant bit of the addressis regarded as 0, so the access starts a the preceding address. This
also appliesto instruction fetches.
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Data Type Address Data Format
7 0
1-bit data Address L 7]e6|s]al3|2]1]0
Byte data Address L MSB: ‘ ‘ ‘ ‘ ‘ :LSB
Word data Address 2M MSB: L ‘ ‘ ‘ ‘
Address 2M + 1 | - | | | :LSB
Address 2N MSB: L
Longword data Address 2N + 1 S
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

26.1 Instruction Set Overview
The H8/300H CPU has 64 types of instructions, which are classified in table 2.1.

Table2.1 Instruction Classification

Function Instruction Types

Data transfer MOV, PUSH*!, POP**, MOVTPE"?, MOVFPE*? 5

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

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

Bit manipulation BSET, BCLR, BNOT, BTST, BAND, BIAND, BOR, BIOR, BXOR, 14
BIXOR, BLD, BILD, BST, BIST

Branch Bcc*?, IMP, BSR, JSR, RTS 5

System control TRAPA, RTE, SLEEP, LDC, STC, ANDC, ORC, XORC, NOP 9

Block data transfer EEPMOV 1

Total 64 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 H8/3024 Group.
3. Bccis a generic branching instruction.
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26.2

Instructions and Addressing M odes

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

Table2.2

Instructions and Addressing M odes

Function

Instruction

Addressing Modes

#XX

Rn

@ERN

@(d: 16, ERN)

@(d:24, ERn)

@ERN+/@-ERn

@aa:16

@aa:24

@(d:8, PC)

@ (d:16, PC)

@@aa:8

Data
transfer

MOV

BWL

BWL

BWL

B

=
=

B!

=
=2

W | @aa:8

Z
=

B!

=

B!

=

POP, PUSH
MOVFPE,

MOVTPE

Arithmetic
operations

ADD, CMP

BWL

BWL

SuB

WL

BWL

ADDX, SUBX
ADDS, SUBS

INC, DEC

BWL

DAA, DAS
MULXU,

BW

MULXS,

DIVXU,

DIVXS

NEG
EXTU, EXTS

BWL

Logic
operations

AND, OR, XOR

BWL

NOT

Shift instructions

BWL
BWL

Bit manipulation

Branch

System
control

Bcc, BSR

JMP, JSR

RTS
TRAPA

RTE

SLEEP
LDC

o000

STC

ANDC, ORC,
XORC

NOP

Block data transfer

BW

Note: B: Byte
W: Word
L: Longword
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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”

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

(EASs) Source operand

CCR Condition code register

N N (negative) flag of CCR

Z Z (zero) flag of CCR

\% V (overflow) flag of CCR
C C (carry) flag of CCR

PC Program counter

SP Stack pointer

#IMM Immediate data

disp Displacement

+ Addition

- Subtraction

X Multiplication

= Division

O AND logical

ad OR logical

ad Exclusive OR logical

- Move

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

Note: * General registers include 8-bit registers (ROH to R7H, ROL to R7L), 16-bit registers (RO to
R7, EO to E7), and 32-bit data or address registers (ERO to ER7).
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Table2.3 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 Wi/L 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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Table2.4 Arithmetic Operation I nstructions

Instruction Size® Function

ADD,SUB B/W/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 hits — 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.
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Instruction Size*

Function

DIVXU B/W

Rd +Rs - Rd

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

DIVXS B/W

Rd +Rs - Rd

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

CMP B/W/L Rd-Rs, Rd - #MM
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.

EXTS WIL 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 WIL Rd (zero extension) — Rd

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

Note: * Size refers to the operand size.

B: Byte
W: Word
L: Longword
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Table25 Logic Operation Instructions

Instruction Size® Function

AND B/W/L RdORs - Rd, Rd O#IMM - Rd

Performs a logical AND operation on a general register and another general
register or immediate data.

OR B/W/L RdORs - Rd, Rd O#IMM - Rd

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

XOR B/W/L RdORs - Rd,Rd O#MM - 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

Table2.6  Shift Instructions

Instruction Size®  Function

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

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

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

ROTR

Rotates general register contents.

ROTXL, B/W/L Rd (rotate) -~ Rd

ROTXR 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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Table2.7

Instruction Size®

Bit Manipulation Instructions

Function

BSET

BCLR

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.

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

BTST

= (<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.

= (<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.

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

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.

Rev. 2.00 Sep 20, 2005 page 36 of 800

REJ09B0260-0200

RENESAS



Section 2 CPU

Instruction Size*

Function

BOR

B

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

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

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

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.

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

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.

BLD

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

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

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

BILD

BST

BIST

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

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

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

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

Note: * Size refers to the operand size.

B: Byte
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Table2.8 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 cOoz=0
BLS Low or same chz=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 ZONNOV)=0
BLE Less or equal ZONDOV)=1
JMP — Branches unconditionally to a specified address
BSR — Branches to a subroutine at a specified address
JSR — Branches to a subroutine at a specified address
RTS — Returns from a subroutine
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Table2.9 System Control I nstructions

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 BW  CCR - (EAd)

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

access.
ANDC B CCR O#IMM - CCR

Logically ANDs the condition code register with immediate data.
ORC B CCR O#IMM - CCR

Logically ORs the condition code register with immediate data.
XORC B CCR O #IMM - CCR

Logically exclusive-ORs the condition code register with immediate data.
NOP — PC+2 - PC

Only increments the program counter.

Note: * Size refers to the operand size.
B: Byte
W: Word
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Table2.10 Block Transfer Instruction

Instruction Size Function

EEPMOV.B — if R4L # 0 then
repeat @ER5+ -~ @ERG6+, R4AL -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 ER5, to the
location starting at the address indicated by ER6. At the end of the transfer,
the next instruction is executed.

2.6.4 Basic I nstruction Formats

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

Operation Field: Indicates the function of theinstruction, 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: Specifiesageneral 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 adisplacement. A 24-bit address or displacement is treated as 32-bit data in which the
first 8 bits are 0 (H'00).

Condition Field: Specifiesthe branching condition of Bcc instructions.

Figure 2.9 shows examples of instruction formats.
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Operation field only

| op | NOP, RTS, etc.

Operation field and register fields

| op ‘ m ‘ rm | ADD.B Rn, Rm, etc.

Operation field, register fields, and effective address extension

op ‘ rn ‘ rm

EA (disp)

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

Operation field, effective address extension, and condition field

op cc ‘ EA (disp) BRA d:8

Figure2.9 Instruction Formats

265 Notes on Use of Bit Manipulation I nstructions

The BSET, BCLR, BNOT, BST, and BIST instructions read a byte of data, modify abit 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 O in the port 4 data direction register (P4DDR) under
the following conditions.

P47, P4g:  Input pins
P4z —P4q:  Output pins

The intended purpose of this BCLR instruction isto switch P4 from output to input.
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Before Execution of BCLR Instruction

P4, P4g P45 P4, P4, P4, P4, P4,
Input/output  Input Input Output  Output  Output Output  Output  Output
DDR 0 0 1 1 1 1 1 1

Execution of BCLR Instruction
BCLR #0, PADDR ; Execute BCLR instruction on DDR
After Execution of BCLR Instruction

P4, P4 P4 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
PADDR isawrite-only register, it isread as H'FF, even though its true valueis H'3F.

Next the CPU clears bit 0 of the read data, changing the value to H'FE.
Finally, the CPU writesthis value (H'FE) back to PADDR to complete the BCLR instruction.

As aresult, P4oDDR is cleared to 0, making P4q an input pin. In addition, P47;DDR and P4gDDR
are set to 1, making P47 and P4g output pins.

The BCLR instruction can be used to clear flags in the on-chip registersto 0. In the case of the

IRQ statusregister (I1SR), for example, aflag must be read as a condition for clearing it, but when

using the BCLR instruction, if it is known that aflag has been set to 1 in an interrupt-handling
routine, for instance, it is not necessary to read the flag ahead of time.
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2.7 Addressing Modes and Effective Address Calculation

271 Addressing M odes

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.

Table2.11 AddressingM odes

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

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

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

3 Register Indirect with Displacement—@(d: 16, ERn) or @(d:24, ERn): A 16-bit or 24-hit
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 amemory 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 @-ERnN:

* 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
Thevalue 1, 2, or 4 is subtracted from an address register (ERn) specified by the register field
in the instruction code, and the lower 24 hits 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 amemory operand. The absolute address may be 8 bits long (@aa:8), 16 bits long
(@aa:16), or 24 bitslong (@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 asign extension. A
24-bit absolute address can access the entire address space. Table 2.12 indicates the accessible
address ranges.

Table2.12 Absolute Address Access Ranges

Absolute
Address 1-Mbyte Modes 16-Mbyte Modes
8 bits (@aa:8) H'FFFOO0 to H'FFFFF H'FFFFOO0 to H'FFFFFF
(1048320 to 1048575) (16776960 to 16777215)
16 bits (@aa:16) H'00000 to H'07FFF, H'000000 to H'007FFF,
H'F8000 to H'FFFFF H'FF8000 to H'FFFFFF
(0 to 32767, 1015808 to 1048575) (0 to 32767, 16744448 to 16777215)
24 bits (@aa:24) H'00000 to H'FFFFF H'000000 to H'FFFFFF
(0 to 1048575) (0to 16777215)

6 Immediate—#xx:8, #xx: 16, or #xx:32: The instruction code contains 8-hit (#xx:8), 16-bit
(#xx:16), or 32-hit (#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): Thismodeisused 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 IMP and JSR instructions. The
instruction code contains an 8-hit absolute address specifying a memory operand. This memory
operand contains a branch address. The memory operand is accessed by longword access. Thefirst
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 aso the exception vector area.
For further details see section 5, Interrupt Controller.

/—\/

Specified by @aa:8 — Reserved

Figure2.10 Memory-Indirect Branch Address Specification

When aword-size or longword-size memory operand is specified, or when abranch addressis
specified, if the specified memory address is odd, the least significant bit isregarded 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-hit effective address.
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Table2.13 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-rel eased 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 ‘

Figure2.11 Processing States

282 Program Execution State

In this state the CPU executes program instructions in normal segquence.
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283 Exception-Handling State

The exception-handling state is atransient state that occurs when the CPU alters the normal
program flow due to areset, 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 ingtructions. 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.

Table2.14 Exception Handling Typesand Priority

Priority  Type of Exception  Detection Timing Start of Exception Handling
High Reset Synchronized with clock  Exception handling starts
4 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
exception handling® of the current instruction or current
exception-handling sequence
Trap instruction When TRAPA instruction  Exception handling starts when a trap
is executed (TRAPA) instruction is executed

Low

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

Figure2.12 Classification of Exception Sources
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Bus request

End of bus release

Program execution state>
SLEEP

instruction

with SSBY =0

End of bus
release

Bus
request

|

Y Exception Y !
handling source !

Bus-released state Sleep mode !
End of Interrupf source ‘ SLEEP instruction !
ExcerIJ_tlon i with SSBY =1 !

andling NMI, IRQo, IRQy, | 1

. . or IRQ interrupt ! |
Exception-handling state )= ; KSoftware standby mode :

ES = "High" :

. STBY="High", RES ="Low" .
C Reset state*? >< 9 1 KHardware standby mode 3

AN

Power-down state

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

Figure2.13 State Transitions

284 Exception Handling Operation

Reset Exception Handling: Reset exception handling has the highest priority. Thereset stateis
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 NM1, are disabled during the reset exception-handling sequence and immediately after it
ends.

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

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

¥/\ ¥/\

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

| B | address

¥/\ ¥/\

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

Legend:
CCR: Condition code register
SP:  Stack pointer

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

Figure2.14 Stack Structure after Exception Handling

2.85 Bus-Released State

In this state the busiis released to a bus master other than the CPU, in response to a bus request.
The bus masters other than the CPU is 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 6.6,
Bus Arbiter.
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2.8.6 Reset State

When the RES input goes low al current processing stops and the CPU entersthe reset state. The |
bit in the condition code register is set to 1 by areset. 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 awatchdog timer overflow. For details see section 11,
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 M ode: A transition to sleep mode is made if the SLEEP instruction is executed while the
SSBY hit is cleared to 0 in the system control register (SY SCR). CPU operations stop
immediately after execution of the SLEEP instruction, but the contents of CPU registers are
retained.

Softwar e Standby Mode: A transition to software standby mode is made if the SLEEP
instruction is executed while the SSBY bit isset to 1in 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 aspecified voltage is supplied the contents of CPU registers and on-chip RAM are retained.
The 1/O ports also remain in their existing states.

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

For further information see section 20, Power-Down State.
2.9 Basic Operational Timing

291 Overview

The H8/300H CPU operates according to the system clock (@). The interval from one rise of the
system clock to the next riseisreferred to asa“ 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.
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29.2 On-Chip Memory Access Timing

On-chip memory is accessed in two states. The data busis 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. All H8/3024 Group models have afunction for changing the method of outputting
addresses from the address pins. For details see section 6.3.5, Address Output Method.

Bus cycle

|
|
|

-— T, state #Tz state —»

: W e W

Internal address bus >< Address ><

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

Internal write signal \—/7

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

Figure2.15 On-Chip Memory Access Cycle

: N U S

Address bus >< Add‘ress ><

S, RD, HWR

=
By

High imbedance

Dy5 to Do ‘

Figure2.16 Pin Statesduring On-Chip Memory Access (Address Update M ode 1)
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293 On-Chip Supporting Module Access Timing

The on-chip supporting modules are accessed in three states. The data busis 8 or 16 bitswide,
depending on the internal 1/0 register being accessed. Figure 2.17 shows the on-chip supporting
module access timing. Figure 2.18 indicates the pin states.

! Bus cycle

-«+— T, state —»r=<—T,sState —»— T3 State —»

Address bus

N

Internal read signal

Address ‘

Read
access
_ Internal write signal ‘\ ‘ /
Write | |
access 1
Internal data bus Write data >—

Internal data bus :/\ ( Road dat:a

Address bus >< Address X

S, RD, HWR,

'_
v

High

High impedance

D;5 to Dg

Figure2.18 Pin States during Accessto On-Chip Supporting Modules
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294 Accessto External Address Space

The external address spaceis divided into eight areas (areas 0 to 7). Bus-controller settings
determine whether each areais accessed via an 8-bit or 16-bit data bus, and whether it is accessed
in two or three states. For details see section 6, Bus Controller.
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Section3 MCU Operating Modes

31 Overview

311 Operating M ode Selection

The H8/3024 Group has seven operating modes (modes 1 to 7) that are selected by the mode pins
(MD;to MDy) asindicated in table 3.1. The input at these pins determines the size of the address
space and the initial bus mode.

Table3.1 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 Setting prohibited Setting Setting Setting

prohibited prohibited prohibited
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 mode — Enabled  Enabled

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 bitin 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 busis either 8 or 16 hits wide depending on ABWCR settings. 8-bit bus mode is used only if
8-bit accessis selected for all areas. For details see section 6, Bus Controller.

Modes 1 to 4 are externally expanded modes that enable accessto 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 in which the chip operates using only the on-chip ROM,
RAM, and I/O registers. All ports are available in these modes. Mode 6 supports a maximum
address space of 64 kbytes. Mode 7 supports a maximum address space of 1 Mbyte.

The H8/3024 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. Set the
reset state before changing the inputs at these pins.

312 Register Configuration

The H8/3024 Group has a mode control register (MDCR) that indicates the inputs a the mode
pins (MD, to MDy), and a system control register (SY SCR). Table 3.2 summarizes these registers.

Table3.2 Regigers

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
H8/3024 Group.

Bit 7 6 5 4 3 2 1 0
" — [ — ] — 1 — ] = [wos2|wpst woso
Initial value 1 1 0 0 0 —* —* —*
Read/Write — — — — — R R R
Reserved bits Mode select 2to 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.

Bits2to 0—Mode Select 2t0 0 (MDS2 to MDS0): These bitsindicate the logic levels at pins
MD, to MDy (the current operating mode). MDS2 to MDS0 correspond to MD, to MDy. MDS2 to
MDSO0 are read-only bits. The mode pin (MD, to MDy) levels are latched into these bits when
MDCR isread.

Note: The versions with on-chip flash memory have a boot mode in which flash memory can be
programmed. In boot mode, the MDS2 bit value isthe inverse of the level at the MD, pin.
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33 System Control Register (SYSCR)

SYSCR isan 8-bit register that controls the operation of the H8/3024 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 2to 0
These bits select the waiting time at
recovery from software standby mode

Software standby
Enables transition to software standby mode

Bit 7—Softwar e Standby (SSBY): Enables transition to software standby mode. (For further
information about software standby mode see section 20, Power-Down State.)

When software standby mode is exited by an external interrupt, and a transition is made to normal
operation, 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 2to 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

R R RrlRr|lo|lo|lo
R ROl O|rRr|kFL|lO
Rl ol Rr|oOo|rRr Ok

lllegal setting

Bit 3—User Bit Enable (UE): Selects whether to use the Ul bit in the condition code register asa
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—NM | 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—Softwar e Standby OutpﬂPo_rt Enable (SSOE): Specifies whether the address bus and

bus control signals (CS, to CS;, AS, RD, HWR, LWR) 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 hit 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

34.1 Mode 1

Ports 1, 2, and 5 function as address pins A1g to Ao, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 8 hits, with 8-bit accessto all areas. If at least
one areais designated for 16-bit access in ABWCR, the bus mode switchesto 16 bits.

34.2 Mode 2

Ports 1, 2, and 5 function as address pins A9 to Ao, permitting access to a maximum 1-Mbyte
address space. The initial bus mode after areset is 16 bits, with 16-bit accessto al areas. If all
areas are designated for 8-bit access in ABWCR, the bus mode switches to 8 bits.
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34.3 Mode 3

Ports 1, 2, and 5 and part of port A function as address pins A,z to Ay, permitting accessto a
maximum 16-Mbyte address space. The initial bus mode after areset is 8 bits, with 8-bit accessto
al aress. If at least one areais designated for 16-bit access in ABWCR, the bus mode switches to
16 hits. A3 to A, are valid when O iswritten in bits 7 to 5 of the bus release control register
(BRCR). (Inthis mode Ay is always used for address output.)

344 Mode 4

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

8 hits. A3 to A, arevalid when O iswritten in bits 7 to 5 of BRCR. (In this mode Ay is dways
used for address output.)

345 Mode5

Ports 1, 2, and 5 and part of port A can function as address pins Ay to A, permitting accessto a
maximum 16-Mbyte address space, but following areset they are input ports. To use ports 1, 2,
and 5 as an address bus, the corresponding bits in their data direction registers (P1DDR, P2DDR,
and PSDDR) must be set to 1, setting ports 1, 2, and 5 to output mode. For Ay to Ay output, write
0in bits 7 to 4 of BRCR. The versions with on-chip flash memory support an on-board
programming mode in which the flash memory can be programmed. The initial bus mode after a
reset is 8 bits, with 8-bit accessto all areas. If at least one areais designated for 16-bit accessin
ABWCR, the bus mode switches to 16 hits.

3.4.6 Mode 6

This mode operates using the on-chip ROM, RAM, and registers. All 1/0 ports are available.
Mode 6 supports a maximum address space of 64 kbytes.

34.7 Mode7

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

The versions with on-chip flash memory support an on-board programming mode in which the
flash memory can be programmed.
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35

Pin Functionsin Each Operating Mode

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

Table3.3 Pin Functionsin Each Mode
Port Mode 1 Mode 2 Mode 3 Mode 4 Mode 5 Mode 6 Mode 7
Portl As;toA, A;s to Ag Asto A, Asto A P1;to P1,"? P1;to P1, P1;to Pl
Port 2 A15 to Ag A15 to Ag A15 to Ag A]_5 to Aa P27 to PZO*Z P27 to PZO P27 to PZO
Port 3 D5 to Dg D5 to Dg D15 to Dg D5 to Dg D5 to Dg P3;to P3y P3;to P3y
Port4  P4;to P4,™" D;toDo™*  P4;to P4,*! D; to D,** P4, to P4,™" P4;to P4, P4, to P4,
Port 5 A to Ass A to Ass Ao 10 Ass Ao to Ass P53 to P50*2 P5; to P5q P53 to P5q
Port A PA;to PA, PA;to PA; PAgto PA, Ax™> PAgto PA, Ax™ PA;to PA™ PA;to PA, PA;to PA,
Notes: 1. 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 D; to Dy in 16-bit bus mode.
2. Initial state. These pins become address output pins when the corresponding bits in the
data direction registers (P1DDR, P2DDR, P5DDR) are set to 1.
3. Initial state. Ay is always an address output pin. PAg to PA4 are switched over to Az to
A1 output by writing 0 in bits 7 to 5 of BRCR.
4. |Initial state. PA; to PA, are switched over to Az to Az output by writing 0 in bits 7 to 4

of BRCR.
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3.6 Memory Map in Each Operating Mode

Figures 3.1 to 3.2 show memory maps of the H8/3024 Group. In the expanded modes, the address
spaceis divided into eight areas.

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

The address locations of the on-chip RAM and 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.

36.1 Comparison of H8/3024 Group Memory M aps

In the H8/3024 Group, the address maps vary according to the size of the on-chip ROM and RAM.
Theinternal I/O register spaceisthe samein all models. Table 3.4 shows the various address maps
in mode 5.

Table3.4 AddressMapsin Mode5

H8/3024 Mask H8/3026 Mask
H8/3024F-ZTAT  H8/3026F-ZTAT ROM Version ROM Version

On-chip  Size 128 kbytes 256 kbytes 128 kbytes 256 kbytes
ROM Address  H'000000 to H'000000 to H'000000 to H'000000 to
area H'O1FFFF H'03FFFF H'O1FFFF H'03FFFF
On-chip  Size 4 kbytes 8 kbytes 4 kbytes 8 kbytes
RAM Address  H'FFEF20 to HFFDF20to  H'FFEF20 to H'FFDF20 to
area H'FFFF1F H'FFFF1F H'FFFF1F H'FFFF1F

3.6.2 Reserved Areas

The H8/3024 Group memory map includes reserved areas to which access (reading or writing) is
prohibited. Normal operation cannot be guaranteed if the following reserved areas are accessed.

Reserved Areain Internal 1/0O Register Space: The H8/3024 Group internal /O register space
includes areserved areato which access is prohibited. For details see Appendix B, Internal 1/0
Registers.
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Modes 3 and 4

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

Modes 1 and 2
(1-Mbyte expanded modes with
on-chip ROM disabled)
H00000 0o area |1 2 H'000000
cn |2
L 0 =1
£90 1|35
. YT |28 .,
H'000FF ==========-1 £3 | 8 &| HO000FF
2 (=8
S |25
58|98
HO7TFFF| | - =Sy | HOO7FFF
HIFFFF| | Area0
H'20000 H'1FFFFF
HaFrFF| | Areal | 4200000
H'40000
HsFFFF| | Areaz
H'60000 | External address Area 3 H'3FFFFF
H7FFFF| ___ s space __|TTTTT H'400000
H'80000
HOFFFF| .| Aread
H'A0000 H'5FFFFF
e | AreaS | H600000
H'C0000
HDFFFFl | Areab |
HEO000 Area? 1660000
H'EE000
Internal I/O
H'EEOEE registers (1) H'OFEEEE
External address H'A00000
space
H'F8000 [~-=------=-t-----4 -
HFEFIE . |8 | Fcoooos
On-chipRAM"| & | &
CFEOO F-----------1 —] o
H'FFF00 £ |5 | HDFFFFF
HEFF1F g |S |HE00000
HFFF20 Internal I/O e % H'EEE000
registers (2) 2 |2
H'FFFE9 & |
H'FFFEA Esgemal S |S | HFEEOFF
aadaress e ©
. —
HFFFFFL__Space R A H'FF8000
H'FFEF1F
H'FFEF20
H'FFFFO0
H'FFFF1F
H'FFFF20
H'FFFFEQ
H'FFFFEA
H'FFFFFF

Vector area

External
address

Internal I/O
registers (1)

External address

Internal I/O
registers (2)

External
address
space

Memory-indirect
branch addresses

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

Figure3.1 Memory Map of H8/3024F-ZTAT and H8/3024 Mask ROM Version

in Each Operating Mode
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Mode 5 Mode 6 Mode 7
(16-Mbyte expanded mode with (single-chip normal mode) . Mode
on-chip ROM enabled) (single-chip advanced mode)
H'000000 e ' 1 '00000 —— Ti i
Vector area =8 o H0000 Vector area ] H00000 Vector area =81
O 0 - o 0 S =3
£312 29 £32
H'0000FF | ___________] Y835 28| HOoOFF[___________| 183 HO00FF | ___________| 183582
1% %3 s . i |Sq
. 55|58 OnchipROM | §%§ On-chipROM | Sc |= 0
On-chip ROM ES |03 £5 55|68
s5,7° S5 s5,7°
HOO7FFF | o oL "% __ HO7FFF | oo _____1_T"2°Y __
H'O1FFFF .
H020000 meao | HEOOO :
H'1FFFFF H'1FFFF
H'200000 [ """ TTTTT LT Internal I/O
H3FFFFF| | Areal registers (1)
H'400000 H'EOFF
HSFFFFF| | Areaz
H'600000 | External address
H7FFFFF| ___space | Area3 2
H'800000 HEF
HOFFFFF| .| Aread "
H'A00000 On-chip RAM 2
HBFFFFFL___________| Areas . P 2
H'C00000 Area6 | o [TTTTTTTTTT TS H'EE000
H'DFFFFF _______________________ H'EE1FE @ Imemal 10
H'E00000 Area 7 H'FF20 e registers (1)
Internal I/O = H'EEOFF
HEFEQ registers (2) 2
I Q
HFEEO00[ | ernal 10 s H'F8000 -~
registers (1 2 )
HFEEOFF| |2 nd HFFFF ... Y @ HFEF20 3
. Exterg;laiteidress On-chip RAM § g
H'FF8000 | ___sSpace | HEFFOO bo-ccooaaao- T8 S
H'FFEFLF HFFF1F 3 |2
H'FFEF20 ; * HFFF2 s |2
. (.)P.‘ih_l? RAM| g 14 0 Internal 1/0 P 2
H'FFFFO0 a § registers (2) 2 <
HFFFFLF 3 I3 HFFFE9 2 |5
HFFFF201  nternal 110 g |8 P 3
HEFEFEQ registers (2) % 5 . S
HFFFFEA 2 |3 HFFFFF Y Y.
External © |
address 3 =
space S ®
HFFFFFFL 1Y Y- _

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

Figure3.1 Memory Map of H8/3024F-ZTAT and H8/3024 Mask ROM Version
in Each Operating M ode (cont)
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Modes 3 and 4

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

Modes 1 and 2
(1-Mbyte expanded modes with
on-chip ROM disabled)
H00000 [~y -~ s H'000000
cn |2
L 0 =1
£20 1|5
. YT |28 .,
H'000FF | -=--=--=---1 £3 | 2| HO00OFF
2 (=8
S |25
55|98
HO7TFFF| | - =Sy | HOO7FFF
HIFFFF| | Area0
H'20000 H'1FFFFF
H3FFFE| | Areal | 4200000
H'40000
HSFFFF| | Areaz
H'60000 | External address Area 3 H'3FFFFF
H7FFFF | __ _ s space __|TTTTT H'400000
H'80000
HOFFFF| .. .1 Aread
H'A0000 H'5FFFFF
HBFFFF| .| AreaS | H600000
H'C0000
HDFFFF|___________| Areaé |
H'EE000
Internal I/O
H'EEOEE registers (1) H'OFEEEE
External address H'A00000
space
H'F8000 [ ==~ -=--====f-----4-
HEDFLE . |8 | Fcoooos
On-chipRAM" | & | &
CEEOQ F-----------1 —] o
H'FFF0D g |5 | HDFFFFF
H'EEF1F g g H'E00000
HFFF20 | nternal 110 e % H'FEE000
registers (2) 2 |2
H'FFFE9 & |
H'FFFEA Eggemal S |Z | HFEEOFF
addaress o ©
. —
HFFFFF[___Space R A H'FF8000
H'FFDF1F
H'FFDF20
H'FFFF00
H'FFFF1F
H'FFFF20
H'FFFFEQ
H'FFFFEA
H'FFFFFF

Vector area

External
address

Internal I/O
registers (1)

External address

Internal I/O
registers (2)

External
address
space

Memory-indirect
branch addresses

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

Figure3.2 Memory Map of H8/3026F-ZTAT and H8/3026 Mask ROM Version

in Each Operating Mode
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Mode 5 Mode 6 Mode 7
(16-Mbyte expanded mode with (single-chip normal mode) . Mode
on-chip ROM enabled) (single-chip advanced mode)
H'000000 e ' 1 '00000 —— Ti i
Vector area - H0000 Vector area ] H00000 Vector area -
o |8 SR7] o |2
245 24 243
H'0000FF | ___ . ______| 185 8¢ HOOFF|_ ... _| 185 H'O00FF | _ ... __] 185|823
$8 |84 3 $8 88
On-chipROM | §5 |5& 55 On-chipROM | §%5 [5&
(flash memory)| 55 |48 On-chipROM | E g (flashmemory)| §§ 4%
S5 (flash memory)| =35 =35
HOO7FFF | o oL "% __ HO7FFF | oo ____1_T"2°Y __
H'03FFFF .
H040000 aeao | HEOOD :
H'LFFFFF H'3FFFF
H'200000 [ """ TTTTT LT Internal 1/0
H3FFFFF| | Areal registers (1)
H'400000 H'EOFF
HSFFFFF| | Areaz
H'600000 | External address
H7FFFFF| ___space | Area3 0
H'800000 HE7
HOFFFFF| .| Aread "
H'A00000 On-chip RAM 2
HBFFFFFL___________| Areas . P 2
H'C00000 Area6 | o [TTTTTTTTTT TS H'EE000
H'DFFFFF _______________________ H'EF1E @ Internal /O
H'E00000 Area 7 H'FF20 e registers (1)
Internal 1/O = H'EEOEF
HEFEQ registers (2) 2
I Q
HFEEOO0[ | ernal 110 s H'F8000 -~
registers (1 2 ]
HFEEOFF| |2 nd HFFFF ... Y @ HEDF20 3
. Extergalaiteidress On-chip RAM 8 o
H'FF8000 | ___* pace Lo HFFFOO | - === ===~ -1 w8 |3
H'FFDF1F HFFF1F 3 |2
H'FFDF20 : * HFFF2 s |2
. (.)P.‘ih_l? RAM| g 14 0 Internal /0 P 2
H'FFFFO0 & § registers(2) 2 <
HFFFF1F g |5 HFFFE9 2 |5
HFFFF201  Internal 110 g |8 P 3
HFFFFEQ| 9SS @ |12 15 H'FFFFF @
HFFFFEA 2 13! At Y
External © |
address 3 =
space S ®
HFFFFFFL 1Y Y- _

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

Figure3.2 Memory Map of H8/3026F-ZTAT and H8/3026 Mask ROM Version
in Each Operating M ode (cont)
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Section 4 Exception Handling

41 Overview

411 Exception Handling Typesand Priority

Astable 4.1 indicates, exception handling may be caused by areset, interrupt, or trap instruction.
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 al timesin the program execution state.

Table4.1 Exception Typesand Priority

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

412 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 CCRinterrupt mask bit is set to 1.

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

Note: For areset exception, steps 2 and 3 above are carried out.
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413 Exception Vector Table

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

* Reset
External interrupts: NMI, IRQ, to IRQg

Exception
sources . Interrupts

Internal interrupts: 27 interrupts from on-chip

« Trap instruction supporting modules

Figure4.1 Exception Sources
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Table4.2 Exception Vector Table

Exception Source

Vector Number

Vector Address™

1

Advanced Mode

Normal Mode

Reset 0 H'0000 to H'0003 H'0000 to H'0001
Reserved for system use 1 H'0004 to H'0007 H'0002 to H'0003
2 H'0008 to H'000B H'0004 to H'0005
3 H'000C to H'000F H'0006 to H'0007
4 H'0010 to H'0013 H'0008 to H'0009
5 H'0014 to H'0017 H'000A to H'000B
6 H'0018 to H'001B H'000C to H'000D
External interrupt (NMI) 7 H'001C to H'001F H'0O00E to H'000F
Trap instruction (4 sources) 8 H'0020 to H'0023 H'0010 to H'0011
9 H'0024 to H'0027 H'0012 to H'0013
10 H'0028 to H'002B H'0014 to H'0015
11 H'002C to H'002F H'0016 to H'0017
External interrupt IRQq 12 H'0030 to H'0033 H'0018 to H'0019
External interrupt IRQ; 13 H'0034 to H'0037 H'001A to H'001B
External interrupt IRQ, 14 H'0038 to H'003B H'001C to H'001D
External interrupt IRQ3 15 H'003C to H'003F H'001E to H'001F
External interrupt IRQ, 16 H'0040 to H'0043 H'0020 to H'0021
External interrupt IRQs 17 H'0044 to H'0047 H'0022 to H'0023
Reserved for system use 18 H'0048 to H'004B H'0024 to H'0025
19 H'004C to H'004F H'0026 to H'0027
Internal interrupts*2 20 H'0050 to H'0053 H'0028 to H'0029
to to to
63 H'00FC to H'00FF 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 Exception Handling Vector
Table.
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4.2 Reset

421 Overview

A reset isthe highest-priority exception. When the RES pin goes low, all processing halts and the
chip entersthereset state. A reset initializesthe 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 11,
Watchdog Timer.

422 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. In the versions
with on-chip flash memory, 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 pinsin 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.

e Theinternal state of the CPU and the registers of the on-chip supporting modules are
initialized, and the | bitissetto 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 addressindicated in
the vector address.

Figure 4.2 shows the reset sequence in modes 1 and 3. Figure 4.3 shows the reset sequencein
modes 2 and 4. Figure 4.4 shows the reset sequence in mode 6.
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Figure4.2 Reset Sequence (Modes1and 3)
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Internal

Vector fetch processing Prefetch of first

program instruction

RES 3

Address bus >< @ X @ | (5) ><
RD 1 [ [ [
HWR, LWR ; High ; ; ; ;
Dys to Dy § @ > @ > ©® >

(1), (3) Address of reset exception handling 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.

Figure4.3 Reset Sequence (M odes2 and 4)
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Prefetch of
Internal first program
! Vector fetch | processing | instruction | :

- -t

RES

Internal 1 1 ‘ ‘
atidross bus X w X_@ X

Internal w w ; /_\ /_

read signal

Internal
write signal ! !

Internal : : !
data bus | (2) | ‘ 3) ‘ ‘
(16 bits wide) w w | | ‘

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

Figure4.4 Reset Sequence (M ode 6)

4.2.3 Interrupts after Reset

If aninterrupt is accepted after areset but before the stack pointer (SP) isinitialized, 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 areset exception handling. Thefirst instruction of
the program is always executed immediately after the reset state ends. Thisinstruction should
initialize the stack pointer (example: MOV .L #xx:32, SP).

4.3 Interrupts

Interrupt exception handling can be requested by seven external sources (NMI, IRQo to IRQs), and
27 internal sources in the on-chip supporting modules. Figure 4.5 classifies the interrupt sources
and indicates the number of interrupts of each type.
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The on-chip supporting modules that can request interrupts are the watchdog timer (WDT), 16-bit
timer, 8-bit timer, serial communication interface (SCI), and A/D converter. Each interrupt source
has a separate vector address.

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

For details on interrupts see section 5, Interrupt Controller.

. NMI (1)
External interrupts { IRQ, t0 IRQ; (6)

Interrupts
WDT* (1)
) 16-bit timer (9)
Internal interrupts 8-bit timer (8)
SCI (8)
A/D converter (1)

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

Figure4.5 Interrupt Sourcesand Number of Interrupts

Note: * In the versions with on-chip flash memory, NMI input is sometimes disabled. For details
see 17.9, NMI Input Disabling Conditions.

44 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 (SY SCR), the exception handling sequence setsthe | bit to 1
in CCR. If the UE bit is 0, the | and Ul hitsare both set to 1 in CCR. The TRAPA instruction
fetches a start address from a vector table entry corresponding to a vector number from O to 3,
which is specified in the instruction code.
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45 Stack Status after Exception Handling

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

\/\J\

SP-4 SP (ER7) - CCR

SP-3 SP+1 CCR*

SP-2 SP+2 PCy

SP-1 SP+3 PC_

SP (ER7) ~ Stack area SP+4 Even address

\/\\/\

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

a. Normal mode

\/\J\

SP-4 SP (ER7) - CCR
SP-3 SP+1 PCE
SP-2 SP+2 PCy
SP-1 SP+3 PC |
SP (ER7) ~ Stack area SP+4 Even address

\/\\/\

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

b. Advanced mode

Legend

PCg: Bits 23 to 16 of program counter (PC)
PC,;: Bits 15 to 8 of program counter (PC)
PC,: Bits 7 to 0 of program counter (PC)
CCR: Condition code register

SP:  Stack pointer

Notes: * Ignored at return.
1. PCindicates the address of the first instruction that will be executed after return.
2. Registers must be saved in word or longword size at even addresses.

Figure4.6 Stack after Completion of Exception Handling
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4.6 Notes on Stack Usage

When accessing word data or longword data, the H8/3024 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 aways be kept even.

Use the following instructions to save registers:

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

Use the following instructions to restore registers:

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

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.
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Sp—*>

SP —*

CCR

PC

f

SP —*™ R1L

HFFFEFA

PC

HFFFEFB
HFFFEFC
HFFFEFD

HFFFEFE
HFFFEFF

TRAPA instruction executed

_—

MOV. B R1L, @-ER7

_—

SP set to H'FFFEFF

Legend

CCR:

PC:
RI1L:
SP:

Note:

Condition code register

Program counter
General register R1L
Stack pointer

Data saved above SP

The diagram illustrates modes 3 to 5.

CCR conte

nts lost

Figure4.7 Operation when SP Valueis Odd

RENESAS

Rev. 2.00 Sep 20, 2005 page 81 of 800

REJ09B0260-0200




Section 4 Exception Handling

Rev. 2.00 Sep 20, 2005 page 82 of 800
REJ09B0260-0200
RENESAS



Section 5 Interrupt Controller

Section 5 Interrupt Controller

51 Overview

511 Features
The interrupt controller has the following features:

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

» Three-level enabling/disabling by the | and Ul bitsin the CPU’ s condition code register (CCR)
and the UE bit in the system control register (SY SCR)

e Seven externa interrupt pins
NM I has the highest priority and is always accepted®; either therising or falling edge can be
selected. For each of IRQq to IRQs, sensing of the falling edge or level sensing can be selected
independently.

Note: * In the versions with on-chip flash memory, NMI input is sometimes disabled. For details
see 17.9, NMI Input Disabling Conditions.
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51.2 Block Diagram

Figure 5.1 shows a block diagram of the interrupt controller.

CPU

ul

liIscR| | IER | | IPRA,IPRB |
NMI |
input
Y Y
: »| [RQ input -
IRQ input section ISR
Interrupt
OVF | Priority request
TME decision logic
. Vector
I> > number
TEI : _
TEIE i ?
Interrupt controller ( L—
UE
Legend: SYSCR
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

Figure5.1 Interrupt Controller Block Diagram
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513 Pin Configuration
Table 5.1 lists the interrupt pins.

Table5.1 Interrupt Pins

Name Abbreviation 110 Function

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

External interrupt request 5t0o 0 IRQs to IRQg Input  Maskable interrupts, falling edge or
level sensing selectable

Note: * In the versions with on-chip flash memory, NMI input is sometimes disabled. For details see
17.9, NMI Input Disabling Conditions.

514 Register Configuration

Table 5.2 lists the registers of the interrupt controller.

Table5.2 Interrupt Controller Registers

Address**  Name Abbreviation R/W Initial Value
H'EEO12 System control register SYSCR R/W H'09
H'EE014 IRQ sense control register ISCR R/W H'00
H'EEO15 IRQ enable register IER R/W H'00
H'EEO16 IRQ status register ISR R/(W)*2 H'00
H'EEO18 Interrupt priority register A IPRA R/W H'00
H'EEO19 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

521 System Control Register (SYSCR)

SYSCR is an 8-bit readable/writable register that controls software standby mode, selectsthe
action of the Ul 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).
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SYSCRisinitialized to H'09 by areset and in hardware standby mode. It isnot initialized in

software standby mode.

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): Selects whether to use the Ul bit in CCR as a user bit or an

interrupt mask bit.

Bit 3

UE Description

0 Ul bitin CCR is used as interrupt mask bit

1 Ul bit in CCR is used as user bit (Initial value)
Bit 2—NM | Edge Select (NMIEG): Selectsthe 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

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

IPRA and IPRB are 8-bit readable/writable registersthat 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 ‘ IPRA5S ‘ IPRA4 ‘ IPRA3 ‘ IPRA2 ‘ IPRAL ‘ IPRAO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Priority
level AO
Selects the
priority level
of 16-bit timer
channel 2
interrupt
requests
Priority level Al
Selects the priority level
of 16-bit timer channel 1
interrupt requests

Priority level A2

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

Priority level A3
Selects the priority level of WDT,
and A/D converter interrupt requests

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

Priority level A5
Selects the priority level of IRQ2 and IRQ3 interrupt requests

Priority level A6
Selects the priority level of IRQ1 interrupt requests

Priority level A7
Selects the priority level of IRQ interrupt requests

IPRA isinitialized to H'00 by areset and in hardware standby mode.
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Bit 7—Priority Level A7 (IPRA7Y): Selectsthe priority level of IRQ interrupt requests.

Bit 7

IPRA7 Description

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

Bit 6—Priority Level A6 (IPRAB6): Selectsthe priority level of IRQ; interrupt requests.

Bit 6

IPRAG Description

0 IRQ; interrupt requests have priority level O (low priority) (Initial value)
1 IRQ: interrupt requests have priority level 1 (high priority)

Bit 5—Priority Level A5 (IPRAB): Selectsthe priority level of IRQ, and IRQ;z interrupt requests.

Bit 5

IPRAS Description

0 IRQ2 and IRQs interrupt requests have priority level O (low priority) (Initial value)
1 IRQ2 and IRQs interrupt requests have priority level 1 (high priority)

Bit 4—Priority Level A4 (IPRA4): Selectsthe priority level of IRQ, and IRQs interrupt requests.

Bit 4

IPRA4 Description

0 IRQ4 and IRQs interrupt requests have priority level 0 (low priority) (Initial value)
1 IRQ4 and IRQs interrupt requests have priority level 1 (high priority)

Bit 3—Priority Level A3 (IPRA3): Selectsthe priority level of WDT, and A/D converter
interrupt requests.

Bit 3
IPRA3 Description
0 WDT, and A/D converter interrupt requests have priority level O (low priority)
(Initial value)
1 WDT, and A/D converter interrupt requests have priority level 1 (high priority)
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Bit 2—Priority Level A2 (IPRA2): Selectsthe priority level of 16-bit timer channel O interrupt
requests.

Bit 2

IPRA2 Description

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

Bit 1—Priority Level A1 (IPRA1): Selectsthe 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 O (low priority) (Initial value)
1 16-bit timer channel 1 interrupt requests have priority level 1 (high priority)

Bit 0—Priority Level A0 (IPRAOQ): Selectsthe 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 O (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 ‘ — ‘ — ‘ IPRB3 ‘ IPRB2 ‘ — ‘ — ‘
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 B2
Selects the priority level of
SCI channel 1 interrupt requests

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

Reserved bit

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

Bit 7—Priority Level B7 (IPRB7): Selectsthe priority level of 8-bit timer channel 0, 1 interrupt
requests.

Bit 7
IPRB7 Description
0 8-bit timer channel 0 and 1 interrupt requests have priority level O (low priority)
(Initial value)
1 8-bit timer channel 0 and 1 interrupt requests have priority level 1 (high priority)
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Bit 6—Priority Level B6 (IPRB6): Selectsthe priority level of 8-bit timer channel 2, 3 interrupt
requests.

Bit 6
IPRB6 Description
0 8-bit timer channel 2 and 3 interrupt requests have priority level O (low priority)
(Initial value)
1 8-bit timer channel 2 and 3 interrupt requests have priority level 1 (high priority)

Bits 5 and 4—Reserved: This bit can be written and read, but it does not affect interrupt priority.

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

Bit 3

IPRB3 Description

0 SCI0 channel 0 interrupt requests have priority level O (low priority) (Initial value)
1 SCI0 channel 0 interrupt requests have priority level 1 (high priority)

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

Bit 2

IPRB2 Description

0 SCI1 channel 1 interrupt requests have priority level O (low priority) (Initial value)
1 SCI1 channel 1 interrupt requests have priority level 1 (high priority)

Bits 1 and 0—Reserved: This bit can be written and read, but it does not affect interrupt priority.
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523 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
\ — \ — \ IRQS5F \ IRQ4F \ IRQ3F \ IRQ2F \ IRQ1F \ IRQOF \
Initial value 0 0 0 0 0 0 0 0
Read/Write — — RI(W)*  RIW)*  RIW)"  RIMW)" R/(W)* RI(W)
Reserved bits IRQ5 to IRQ, flags

These bits indicate IRQ5 to IRQ, flag
interrupt request status

Note: * Only 0 can be written, to clear flags.

ISR isinitialized to H'00 by areset and in hardware standby mode.
Bits 7 and 6—Reserved: These bits can not be modified and are always read as 0.

Bits5to 0—IRQs to IRQo Flags (IRQ5F to IRQOF): These bits indicate the status of |RQs to
IRQq 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 IRQnN input is low.
IRQNSC =1 and IRQn input changes from high to low.

Note: n=51t00
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524 IRQ Enable Register (IER)

IER is an 8-bit readable/writable register that enables or disables |RQs to IRQg 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 IRQ5 to IRQ, enable

These bits enable or disable IRQ 5 to IRQ interrupts

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

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

Bits5to 0—IRQsto |RQy Enable (IRQ5E to IRQOE): These bits enable or disable
IRQs to IRQy interrupts.

Bits 5to 0

IRQ5E to IRQOE Description

0 IRQs to IRQ interrupts are disabled (Initial value)
1 IRQs to IRQy interrupts are enabled
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525 IRQ Sense Control Register (1SCR)

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

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ IRQSSC‘ IRQ4SC‘ IRQ3SC ‘ IRQZSC‘ IRQ1SC ‘ IRQOSC ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Reserved bits IRQ5 to IRQ, sense control

These bits select level sensing or falling-edge
sensing for IRQ 5 to IRQ g interrupts

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

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

Bits5to 0—IRQs to IRQ Sense Control (IRQ5SC to |RQOSC): These bits select whether
interrupts |RQs to IRQ, are requested by level sensing of pins IRQs to IRQy, or by falling-edge
sensing.

Bits 5t0 0

IRQ5SC to IRQOSC Description

0 Interrupts are requested when IRQs to IRQg inputs are low (Initial value)
1 Interrupts are requested by falling-edge input at IRQs to IRQy
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5.3 Interrupt Sour ces

The interrupt sources include external interrupts (NMI, IRQo to IRQs) and 27 internal interrupts.

531 External Interrupts

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

NMI: NMI isthe highest-priority interrupt and is always accepted, regardless of the states of the

| and Ul bitsin CCR". The NMIEG bit in SY SCR selects whether an interrupt is requested by the
rising or falling edge of the input a the NMI pin. NMI interrupt exception handling has vector
number 7.

Note: * In the versions with on-chip flash memory, NMI input is sometimes disabled. For details
see 17.9, NMI Input Disabling Conditions.

IRQo to IRQs Interrupts: These interrupts are requested by input signals at pins IRQo to IRQs.
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.

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

» The status of IRQ to IRQs interrupt requestsisindicated in ISR. The ISR flags can be cleared
to 0 by software.

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

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

Note: n=51t00

Figure5.2 Block Diagram of InterruptsRQgto IRQs
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Figure 5.3 shows the timing of the setting of the interrupt flags (IRQnF).

IRQN
input pin

IRQNF

Note: n=51t00

Figure5.3 Timing of Setting of IRQnF

Interrupts IRQg 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 hit to 0 and do not use the pin for chip select output, SCI input/output, or A/D
external trigger input.

53.2 Internal Interrupts
Twenty-Seven internal interrupts are requested from the on-chip supporting modules.

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

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

533 Interrupt Exception Handling Vector Table

Table 5.3 lists the interrupt exception handling 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 isthe default order shown in table 5.3.
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Tableb5.3

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'O00F — High
IRQ, pins 12 H'0030 to H'0033 H'0018 to H0019 IPRA7 A
IRQ, 13 H'0034 to HO037 H'001A to H'001B IPRA6
IRQ, 14 H'0038 to H'003B H'001C to H'001D IPRA5S
IRQ, 15 H'003C to H'003F H'0O01E to H'001F
IRQ, 16 H'0040 to H'0043 H'0020 to H'0021 IPRA4
IRQ; 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
Reserved — 21 H'0054 to H'0057 H'002A to H'002B
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 (overflow 0) 26 H'0068 to H'006B H'0034 to H'0035
Reserved — 27 H'006C to H'006F H'0036 to H'0037
IMIAL 16-bit timer 28 H'0070 to H'0073 H'0038 to H'0039 IPRA1
(compare match/ channel 1
inputcapture Al)
IMIB1 29 H'0074 to H'0077 H'003A to H'003B
(compare match/
input capture B1)
OVI1 (overflow 1) 30 H'0078 to H'007B H'003C to H'003D Y
Reserved — 31 H'007C to H'007F H'003E to H'003F Low
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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 IPRAQO 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)
OVI2 (overflow 2) 34 H'0088 to H'008B H'0044 to H'0045
Reserved — 35 H'008C to H'008F H'0046 to H'0047
CMIAO 8-bit timer 36 H'0090 to H'0093 H'0048 to H'0049 IPRB7
(compare match  channel 0/1
A0)
CMIBO 37 H'0094 to H'0097 H'004A to H'004B
(compare match
BO)
CMIA1/CMIB1 38 H'0098 to H'009B H'004C to H'004D
(compare match
Al1/B1)
TOVIO/TOVIL 39 H'009C to H'009F H'004E to H'004F
(overflow 0/1)
CMIA2 8-bit timer 40 H'00A0 to H'00A3 H'0050 to H'0051 IPRB6
(compare match  channel 2/3
A2)
CMIB2 41 H'00A4 to H'0O0A7 H'0052 to H'0053
(compare 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'O0AF H'0056 to H'0057
(overflow 2/3)
Reserved — 44 H'00BO to H'00B3 H'0058 to H'0059 —
45 H'00B4 to H'00B7 H'005A to H'005B
46 H'00B8 to H'00BB H'005C to H'005D
47 H'00BC to H'00BF H'005E to H'005F
48 H'00CO0 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 Y
51 H'00CC to H'00CF H'0066 to H'0067 Low
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Vector Address™

Vector
Interrupt Source Number Advanced Mode Normal Mode IPR Priority
ERIO 52 H'00DO0 to H'00D3 H'0068 to H'0069 IPRB3 High
(receive error 0) A
RXIO (receive 53 H'00D4 to H'00D7 H'006A to H'006B
data full 0)
TXIO (transmit 54 H'00D8 to H'00DB H'006C to H'006D
data empty 0)
TEIO 55 H'00DC to H'0ODF H'006E to H'006F
(transmit end 0)
ERI1 56 H'00EO to H'0O0E3 H'0070 to H'0071 IPRB2
(receive error 1)
RXI1 (receive 57 H'00E4 to H'O0OE7 H'0072 to H'0073
data full 1)
TXI1 (transmit 58 H'00ES8 to H'0O0EB H'0074 to H'0075
data empty 1)
TEI1 (transmit 59 H'00EC to H'O0OEF H'0076 to H'0077
end 1)
Reserved 60 H'00F0 to H'00OF3 H'0078 to H'0079 —
61 H'00F4 to H'00F7 H'007A to H'007B
62 H'00F8 to H'00FB H'007C to H'007D
63 H'00FC to HOOFF H'007E to H'007F Y
Low

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

541 Interrupt Handling Process

The H8/3024 Group handles interrupts differently depending on the setting of the UE bit. When
UE =1, interrupts are controlled by the | bit. When UE = O, interrupts are controlled by the | 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
reguests are ignored when the enable bits are cleared to 0.

Note: * In the versions with on-chip flash memory, NMI input is sometimes disabled. For details
see 17.9, NMI Input Disabling Conditions.

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

SYSCR CCR

UE | ul Description

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

Program execution state

Y

No
Interrupt requested?

Yes

Priority level 1?

Yes
Yes @ N o

Yes
Yes
No
1=0
_| Yes

Y
| Save PC and CCR |
Y
| |
Y

| Read vector address |

v

Branch to interrupt
service routine

Figure5.4 ProcessUptoInterrupt Acceptancewhen UE =1
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If an interrupt condition occurs and the corresponding interrupt enable bit isset 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 | PR setting are requested simultaneously, the interrupt
controller follows the priority order shown in table 5.3.

The interrupt controller checksthe hit. If thel bit is cleared to O, the selected interrupt request
isaccepted. If thel bitissetto 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 thel hitisset 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: Thel and Ul bitsin the CPU’s CCR and the I PR bits enable three-level masking of
IRQo to IRQs interrupts and interrupts from the on-chip supporting modules.

Interrupt requests with priority level 0 are masked when the | bit isset to 1, and are unmasked
when thel bitiscleared to O.

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

For example, if the interrupt enable bits of al 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. If I =0, dl interrupts are unmasked (priority order: NMI > IRQ, > IRQ; > IRQ ...).
b. If 1 =1and Ul =0, only NMI, IRQ,, and IRQ; are unmasked.

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

Figure 5.5 shows the transitions among the above states.
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<0
a. Allinterrupts are - L1 Ul<0 b. Only NMI, IRQ,, and
unmasked ! - IRQ3 are unmasked

Exception handling,
orl «1,Ul «1

Ul -0
Exception handling,
orUl <1

c. All interrupts are
masked except NMI

Figure5.5 Interrupt Masking State Transitions (Example)
Figure 5.6 is aflowchart showing how interrupts are accepted when UE = 0.

« If aninterrupt condition occurs and the corresponding interrupt enable bit isset 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.

» Theinterrupt controller checksthel bit. If thel bit is cleared to O, the selected interrupt request
is accepted regardless of its IPR setting, and regardless of the Ul bit. If the | bit isset to 1 and
the Ul bit is cleared to 0, only interrupts with priority level 1 are accepted; interrupt requests
with priority level 0 are held pending. If the | bit and Ul bit are both set to 1, 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.

* Ininterrupt 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.

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

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

Program execution state

5

/

No
Interrupt requested?

No

| Save PC and CCR |
v

I <1,Ul <1 |
v

| Read vector address |

v

Branch to interrupt
service routine

Figure5.6 ProcessUp toInterrupt Acceptance when UE =0

Rev. 2.00 Sep 20, 2005 page 104 of 800
REJ09B0260-0200
RENESAS




Interrupt Controller

Section 5

Interrupt Exception Handling Sequence

542

Figure 5.7 shows the interrupt exception handling sequence in mode 2 when the program code and

stack arein an external memory area accessed in two states via a 16-bit bus.
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Figure5.7 Interrupt Exception Handling Sequence
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Interrupt Controller

543 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.

Table5.5 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"t 2"t 2+t 2"t 2"t
decision
2 Maximum number 1to23 1to 27 1to 31** 1to 23 1 to 25™*
of states until end of
current instruction
3 Saving PC and CCR 4 8 12** 4 64
to stack
4 Vector fetch 4 8 12** 4 6*4
5 Instruction fetch*? 4 8 12*4 4 6**
6 Internal processing*3 4 4 4 4 4
Total 19to 41 31to 57 4310 73 19to 41 2510 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.

Internal processing after the interrupt is accepted and internal processing after vector

fetch.

The number of states increases if wait states are inserted in external memory access.
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55 Usage Notes

551 Contention between Interrupt and Interrupt-Disabling I nstruction

When an ingtruction 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 whileaBCLR,
MOQV, or other instruction is being executed to clear itsinterrupt enable bit to 0, at the instant
when execution of the instruction ends the interrupt is still enabled, so itsinterrupt exception
handling is carried out. If ahigher-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 appliesto the clearing of an interrupt flag to O.

Figure 5.8 shows an example in which an IMIEA bit is cleared to O 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

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

Thistype of contention will not occur if the interrupt is masked when the interrupt enable bit or
flagiscleared to 0.
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55.2 Instructionsthat I nhibit 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 Interruptsduring EEPM OV Instruction Execution
The EEPMOV.B and EEPMOV.W instructions differ in their reaction to interrupt requests.

When the EEPMOV .B instruction is executing atransfer, 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 NM1 are
not accepted until the transfer is completed. If NMI is requested, NMI exception handling starts at
atransfer 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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6.1

Section 6 Bus Controller

Overview

The H8/3024 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 memoriesto be connected easily.

The bus controller also has a bus arbitration function that controls the operation of the internal bus
masters—the CPU can release the busto an external device.

6.1.1

Features

The features of the bus controller are listed below.

* Manages external address space in area units

d

O

Manages the external space as eight areas (0 to 7) of 128 kbytesin 1M-byte modes, or 2
Mbytesin 16-Mbyte modes
Bus specifications can be set independently for each area

* Basic businterface

u
g
g
g

O

Chip select (CS, to CS;) can be output for areas 0to 7

8-hit 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

Pin wait insertion capability is provided

» ldlecycleinsertion

u
g

Anidle cycle can be inserted in case of an external read cycle between different areas

Anidle cycle can be inserted when an external read cycleisimmediately followed by an
external write cycle

« Bus arhitration function

ad

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

¢ Other features

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 K
[Internal address busy| Area CSCR
decoder -
Chip select ADRCR
control signals
Bus control
circuit
Wait state
— controller
WAIT RN
WCRH
T
WCRL B
- Internal signals -----, : L
: ] i BRCR
1 CPU bus request signal h
I | .
' CPU bus acknowledge signal |«——|  Bus arbiter
Lol |
|—> BACK
Legend: BREQ
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
ADRCR: Address control register
BCR: Bus control register

Internal data bus

---Internal signals ---,

I . |
—>1 Bus mode control S|gnal:

1 Bus size control signal |
|

I
—1 Access state control signal!

L1 Wait request signal !
S

Figure6.1 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.

Table6.1 BusController Pins

Name Abbreviation I/0 Function

Chipselect0to7  CSyto CS; 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 (D35 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
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6.14 Register Configuration
Table 6.2 summarizes the bus controller’ sregisters.

Table6.2 BusController Registers

Address™* Name Abbreviation R/W Initial Value
H'EE020 Bus width control register ABWCR R/W H'FF*?
H'EEO21 Access state control register ASTCR R/W H'FF
H'EEO22 Wait control register H WCRH R/W H'FF
H'EEO023 Wait control register L WCRL R/W H'FF
H'EEO13 Bus release control register BRCR R/W H'FE*®
H'EEO1F Chip select control register CSCR R/W H'OF
H'EEO1E Address control register ADRCR R/W H'FF
H'EE024 Bus control register BCR R/W H'C6

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.

6.2 Register Descriptions

6.2.1 BusWidth 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 ‘ ABWS ‘ ABW4 ‘ ABW3 ‘ ABW?2 ‘ ABW1 ‘ ABWO
'l’foge; 6‘{Initial value 1 1 1 1 1 1 1 1
and 7 Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Modes {Initial value 0 0 0 0 0 0 0 0
2and4 | poadwrite RW ~ RW RW  RW RW RW  RW  RW

When ABWCR contains H'FF (selecting 8-bit access for all areas), the chip operatesin 8-bit bus
mode: the upper data bus (D15 to Dg) isvalid, 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 (D5 to
D). Inmodes1, 3,5, 6, and 7, ABWCR isinitialized to H'FF by areset and in hardware standby
mode. In modes 2 and 4, ABWCR isinitialized to H'00 by areset and in hardware standby mode.
It is not initialized in software standby mode.
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Bits 7 to 0—Area 7 to 0 BusWidth Control (ABW7to ABWO): These hits select 8-bit access
or 16-hit access for the corresponding areas.

Bits 7to 0

ABW?7 to ABWO Description

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

ABWCR specifies the data bus width of external memory areas. The data bus width of on-chip
memory and registersis fixed, and does not depend on ABWCR settings. These settings are
therefore invalid in the single-chip modes (modes 6 and 7).

6.2.2 Access State Control Register (ASTCR)

ASTCR is an 8-bit readable/writable register that selects whether each areais 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

ASTCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 0—Area 7to 0 Access State Control (AST7to ASTO0): These bits select whether the
corresponding areais accessed in two or three states.

Bits 7to 0

AST7 to ASTO Description

0 Areas 7 to 0 are accessed in two states

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

ASTCR specifies the number of statesin which external areas are accessed. On-chip memory and
registers are accessed in afixed number of statesthat does not depend on ASTCR settings. These
settings are therefore meaningless in the single-chip modes (modes 6 and 7).
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6.2.3 Wait Control RegistersH 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 afixed number of states that does not depend on
WCRH/WCRL settings.

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

WCRH

Bit 7 6 5 4 3 2 1 0
w71 W70 w61l W60 W51 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

Bits7 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
tol.

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)

Rev. 2.00 Sep 20, 2005 page 114 of 800
REJ09B0260-0200
RENESAS



Section 6 Bus Controller

Bits5 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
tol.

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 hits select the number of
program wait states when area 5 in external space is accessed while the AST5 bit in ASTCR is set
to 1.

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)

Bits1 and 0—Area 4 Wait Control 1 and 0 (W41, W40): These bits select the number of
program wait states when area4 in external space is accessed while the AST4 bit in ASTCR is set
tol.

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)
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WCRL

Bit 7 6 5 4 3 2 1 0
w31l W30 w21 W20 wil 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 hits 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)

Bits5 and 4—Area 2 Wait Control 1 and 0 (W21, W20): These hits select the number of
program wait states when area 2 in external space is accessed while the AST2 bit in ASTCR is set
tol.

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)
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Bits3 and 2—Area 1 Wait Control 1 and 0 (W11, W10): These hits select the number of
program wait states when area 1 in external space is accessed whilethe AST1 bit in ASTCR is set
tol.

Bit 3 Bit 2
w11l 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)

Bits1 and 0—Area 0 Wait Control 1 and 0 (W01, W00): These hits 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 W00 Description
0 0 Program wait not inserted when external space area 0 is accessed
1 1 program wait state inserted when external space area 0O 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 BusRelease Control Register (BRCR)

BRCR is an 8-hit readable/writable register that enables address output on bus lines A,z to A, and

enables or disables release of the bus to an external device.

Bit 7 6 5 4 2 0
‘ A23E ‘ A22E ‘ A21E ‘ A20E ‘ ‘ — ‘ ‘ BRLE ‘

Modes .
1.2 6, Initial value 1 1 1 1 1 0
and 7 Read/Write — — — — — R/W
Modes | Initial value 1 1 1 0 1 0
3and 4 | Read/Write R/W R/W RIW — — RIW

Initial value 1 1 1 1 1 0
Mode 5 .

Read/Write R/W R/W R/W R/W — R/W

Address 23 to 20 enable
These bits enable PA; to PA, to be
used for A,; to A,, address output

Reserved bits

Bus release enable ——!

Enables or disables release
of the bus to an external device

BRCRisinitialized to H'FE in modes 1, 2, 5, 6, and 7, and to H'EE in modes 3 and 4, by areset
and in hardware standby mode. It is not initialized in software standby mode.

Bit 7—Address 23 Enable (A23E): Enables PA, to be used asthe As 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 A3 address output pin

1 PA, is an input/output pin (Initial value)
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Bit 6—Address 22 Enable (A22E): Enables PAs to be used asthe Ao, address output pin.
Writing O in this bit enables A5, output from PAs. In modes other than 3, 4, and 5, this bit cannot
be modified and PAs 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)

Bit 5—Address 21 Enable (A21E): Enables PA; to be used asthe A,; address output pin.
Writing O 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 O in this bit enables A,y output from PA;. Thisbit can only be modified in mode 5.

Bit 4

A20E Description

0 PA; is the Ay address output pin (Initial value when in mode 3 or 4)
1 PA; 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 alwaysread as 1.

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

Bit O
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
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6.2.5 Bus Control Register (BCR)

Bit 7 6 5 4 3 2 1 0
ICIS1 ICISO — — — — RDEA WAITE

Initial value 1 1 0* 0* o* 1 1 0

Read/Write R/W R/W — — — — R/W R/W

Note: * 1 must not be written in bits 5 to 3.

BCR is an 8-hit readable/writable register that enables or disables idle cycle insertion, selects the
areadivision unit, and enables or disables WAIT pin input.

BCRisinitialized to H'C6 by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bit 7—Ildle Cycle Insertion 1 (1CI S1): Selects whether oneidle cycle state is to be inserted
between bus cycles in case of consecutive external read cyclesfor 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 CycleInsertion O (1CI S0): Selects whether one idle cycle stateis 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)

Bits5to 3—Reserved (must not be set to 1): These bits can be read and written, but must not be
set to 1. Normal operation cannot be guaranteed if 1 iswritten in these bits.

Bit 2—Reserved: Read-only bit, alwaysread as 1.
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Bit 1—Area Division Unit Sdlect (RDEA): Selects the memory map area division units. This bit
isvalidin modes 3, 4, and 5, and isinvalid in modes 1, 2, 6, and 7.

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
(19.75 kbytes)*
Area 3: 2 Mbytes Area 7: 22 bytes
1 Areas 0 to 7 are the same size (2 Mbytes) (Initial value)

Note: * Division in the H8/3024F-ZTAT and H8/3024 mask ROM version.

Bit 0—WAIT 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
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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
(@7 to @4) .

If output of achip select signal CS; to CS, is enabled by a setting in this register, the

corresponding pin functions 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

CS7E CS6E CS5E CS4E — — — —

Initial value 0 0 0 0 1 1 1 1
Read/Write R/W R/W R/W R/W — — — —
Chip select 7 to 4 enable Reserved bits

These bits enable or disable
chip select signal output

CSCRiisinitialized to H'OF by areset and in hardware standby mode. It isnot 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 alwaysread as 1.
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6.2.7 Address Control Register (ADRCR)

ADRCR is an 8-hit 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
— — — — — — — ADRCTL
Initial value 1 1 1 1 1 1 1 1
Read/Write — — — — — — — R/W
Reserved bits Address control

Selects address
update mode 1 or
address update
mode 2

ADRCR isinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.

Bits 7 to 1—Reserved: Read-only bits, alwaysread as 1.

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 AreaDivision

The external address spaceisdivided into areas 0 to 7. Each area hasa size of 128 kbytesin 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'SFFFF H'SFFFFF
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'OFFFF H'OFFFFF
H'A0000 H'A00000

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 Area 7 (128 Mbytes) H'E00000 Area 7 (2 Mbytes)
H'FFFFF H'FFFFFF

(a) 1-Mbyte modes (modes 1 and 2) (b) 16-Mbyte modes (modes 3 to 5)

Figure6.2 Access AreaMap for Each Operating Mode

Chip select signals (CS, to CS-) can be output for areas 0to 7. The bus specifications for each
areaare 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 3
Area 0 Area 0 B
2 Mbytes 2 Mbytes S
H'1FFFFF o
H'200000 0
Area 1 Area 1 %
2 Mbytes 2 Mbytes =
H'3FFFFF b
H'400000 0
Area 2 2
2 Mbytes Area 2 =
y rea ~
H'5FFFFF 8 Mbytes v
H'600000 2
Area 3 2
2 Mbytes =
H7FFFFF o
H'800000 2
Area 4 <
2 Mbytes §
H'OFFFFF ~
H'A00000 0
Area 5 %
2 Mbytes =
H'BFFFFF o
H'C00000 "
Area 6 Area 3 ’g
2 Mbytes 2 Mbytes 2
H'DFFFFF, o
H'E00000 Area 7 Area 4
1.93 Mbytes 1.93 Mbytes
H'FEE000
Internal I/O registers (1) Internal I/O registers (1)
H'FEEOFF
H'FEE100
Reserved 39.75 kbytes
i —
HFF8000 Areas
HFF8FFF| 4 kbytes
H'FF9000
Area 7 Area 6 2
67.5 kbytes 23.75 kbytes g
=
2 o~
H'FFEF1F 02
= ©O
H'FFEF20 5«
23
oo
<5
On-chip RAM On-chip RAM k]
4 kbytes 4 kbytes®
HFFFEFF|_ _ _ _ _ _ e e e ] P R
H'FFFFO0 T
@
H'FFFF1F £
HFFFF20 ) ) L
Internal I/O registers (2) Internal I/O registers (2) ° 9
H'FFFFE9 é g
HFFFFEA Area7 Area 7 B
p— 22 bytes 22 bytes 1

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

(A) Memory map when RDEA =1

(b) Memory map when RDEA =0

Figure6.3 Memory Map in 16-Mbyte Mode

(H8/3024F-ZTAT, H8/3024 Mask ROM Verion) (1)
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H'000000 3
Area 0 Area 0 B
2 Mbytes 2 Mbytes S
H'1FFFFF o
H'200000 ®
Area 1 Area 1 %
2 Mbytes 2 Mbytes =
H'3FFFFF b
H'400000 2
Area 2 _‘%
2 Mbytes Area 2 =
. rea ~
H'5FFFFF 8 Mbytes -
H'600000 2
Area 3 2
2 Mbytes =
H7FFFFF o
H'800000 @
Area 4 s
2 Mbytes §
H'9FFFFF ~
H'A00000 0
Area 5 %
2 Mbytes =
H'BFFFFF o
H'C00000 »
Area 6 Area 3 ’g
2 Mbytes 2 Mbytes 2
H'DFFFFF, o
H'E00000 Area 7 Area 4
1.93 Mbytes 1.93 Mbytes
H'FEE000
Internal I/O registers (1) Internal I/O registers (1)
H'FEEOFF
H'FEE100
Reserved 39.75 kbytes
i —
H'FF8000 Area 5
HFF8FFF| 4 kbytes
H'FF9000
Area 7 Area 6 ]
63.5 kbytes 19.75 kbytes %
=
2 o~
H'FFDF1F 02
= ©
H'FFDF20 2
24
oo
<5
On-chip RAM On-chip RAM k]
8 kbytes 8 kbytes®
HFFFEFF|_ _ _ _ _ _ e e e ] P O
H'FFFFO0 T
%)
H'FFFF1F ° 2
HFFFF20 Internal I/O registers (2) Internal I/O registers (2) % 2
H'FFFFE9 § g
HFFFFEA Area7 Area 7 B
p— 22 bytes 22 bytes 1

(A) Memory map when RDEA =1

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

(b) Memory map when RDEA =0

Figure6.3 Memory Map in 16-Mbyte Mode

(H8/3026F-ZTAT, H8/3026 Mask ROM Verion) (2)
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6.3.2 Bus Specifications

The external space bus specifications consist of three elements. bus width, number of access
states, and 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.

BusWidth: A buswidth of 8 or 16 bits can be selected with ABWCR. An areafor which an 8-bit
busis selected functions as an 8-bit access space, and an area for which a 16-bit busis selected
functions as al6-bit access space.

If all areas are designated for 8-bit access, 8-bit bus modeis set; if any areais 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 areafor
which two-state access is selected functions as a two-state access space, and an areafor which
three-state access is selected functions as a three-state access space.

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 statesto be inserted automatically is selected with WCRH and WCRL.
From O to 3 program wait states can be selected.

Table 6.3 shows the bus specifications for each basic bus interface area.
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Table6.3 Bus Specificationsfor Each Area (Basic Bus Interface)

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

ABWn ASTn Wnl 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 — — 8 0

0 0 0

1 1

1 0 2

1 3

Note: n=0to7

6.3.3 Memory Interfaces

Asits memory interface, the H8/3024 Group has only a basic bus interface that allows direct
connection of ROM, SRAM, and so on. It is not possible to select a DRAM interface that allows
direct connection of DRAM, or aburst ROM interface that allows direct connection of burst
ROM.
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6.3.4 Chip Select Signals

For each of areas 0 to 7, the H8/3024 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 aCSn signal.

Output of CSyto CS3: 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, areset leaves pin CS, in the output state and
pins CS; to CS; in the input state. To output chip select signals CS; to CSs, the corresponding
DDR bits must be set to 1. In the expanded modes with on-chip ROM enabled, areset leaves pins
CS, to CSzintheinput state. To output chip select signals CS, to CSs, the corresponding DDR
bits must be set to 1. For details, see section 7, 1/0 Ports.

Output of CS,to CS;: Output of CS4to CS; isenabled or disabled in the chip select control
Egi ster ESCR). A reset leaves pins CS, to CS; inthe input state. To output chip select signals
CS,to CS5, the corresponding CSCR bits must be set to 1. For details, see section 7, 1/0 Ports.

o | L

Address bus >< External address in area n ><

Sn

Figure6.4 CSn Signal Output Timing(n=0to07)

When the on-chip ROM, on-chip RAM, and internal 1/O 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 H8/3024 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 updating is
restricted to external space accesses (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 bus
(Address update X X
mode 1)

Address bus
(Address update
mode 2)

RD o I

Figure6.5 Sample Address Output in Each Address Update M ode
(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. 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 hit in
ADRCR. Theinitial value of ADRCR is the address update mode 1 setting, providing
compatibility with the previous H8/300H Series.
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6.4 Basic BusInterface

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
(seetable 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 (D45 to Dg) or lower data bus (D to Do) is used according to the bus specifications
for the area being accessed (8-hit access area or 16-bit access ared) and the data size.

8-Bit Access Areas. Figure 6.6 illustrates data alignment control for 8-bit access space. With 8-
bit access space, the upper data bus (D5 to Dg) is always used for accesses. The amount of data
that can be accessed at onetime is one byte: aword access is performed as two byte accesses, and
alongword access, as four byte accesses.

Upper data bus Lower data bus
ID15 D&l_D7

Byte size |

Word size 1st bus cycle |

| 2nd bus cycle |

[ 1st bus cycle

L dsi
ongword size 2nd bus cycle

3rd bus cycle

| 4th bus cycle

Figure6.6 Access Sizesand Data Alignment Control (8-Bit Access Area)
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16-Bit Access Areas. Figure 6.7 illustrates data alignment control for 16-bit access areas. With
16-hit access areas, the upper data bus (D5 to Dg) and lower data bus (D5 to Do) are used for
accesses. The amount of data that can be accessed at onetime 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 busis used is determined by whether the addressis
even or odd. The upper data busis used for an even address, and the lower data bus for an odd
address.

Upper data bus Lower data bus
IDlS DSIDJ _____________ DQI
Byte size « Even address | : : : : : : : |
Byte size ¢ Odd address | L , ) |
Word size | — T | — T |

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

2nd bus cycle |

Figure6.7 Access Sizesand 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 aread, the RD signal is valid for both the upper and the lower half of the data bus.

In awrite, the HWR signal isvalid for the upper half of the data bus, and the LWR signal for the
lower half.
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Table6.4 DataBusesUsed and Valid Strobes

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

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

Theinitial state of each areais basic bus interface, three-state access space. The initial bus width
is selected according to the operating mode.

Area 0: Area 0 includes on-chip ROM, and in ROM-disabled expansion mode, all of areaOis
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.

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

Areas1to6: Inexternal expansion mode, areas 1 to 6 are entirely external space.
When area 1 to 6 external space is accessed, the CS; to CSg pin signal's respectively can be output.
Thesizeof areas 1t0 6 is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3to 5.

Area 7. Area7 includesthe on-chip RAM and registers. In external expansion mode, the space
excluding the on-chip RAM and registersis external space. The on-chip RAM is enabled when
the RAME bit in the system control register (SY SCR) is set to 1; when the RAME hit 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.

Thesize of area 7 is 128 kbytesin modes 1 and 2, and 2 Mbytesin modes 3to 5.
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6.4.5 Basic Bus Control Signal Timing

8-Bit, Three-State-Access Areas. Figure 6.8 shows the timing of bus control signals for an 8-bit,
three-state-access area. The upper data bus (D35 to Dg) is used in accessesto these areas. The
LWR pinisaways high. Wait states can be inserted.

Buscycle — &

T1 i T2 | T3

LI I

1
1
Address bus X Exte'rnal address in area n
1
1

|“>_<“ “

Sn

:

Read access { Disto Dsg

}

1
HWR
LWR High

Write access

TT]

Undetermined data
i

| D7tobe ———

I
I
1
1
i
Disto Dg —— ! Valid
I
I
1
|
i

Note: n=71t00

Figure6.8 BusControl Signal Timing for 8-Bit, Three-State-Access Area
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8-Bit, Two-State-Access Areas. Figure 6.9 shows the timing of bus control signals for an 8-hit,
two-state-access area. The upper data bus (D15 to Dg) is used in accessesto these areas. The LWR
pinisalwayshigh. Wait states cannot be inserted.

I I
«—— Buscycle ————
I I

! T1 i T2 !
0 [ ] L |
I I
| ! |
Address bus X External address in area n EX
I I
I I

=
] |

1

1

1

1

i

1

1

1

1

1

1

1

1

1

1

i

:

1

; Invalid

:

HWR | i |

1

1

1

1

1

1

|

|

i
d

i

Read access { Disto Dg

D7to Do

CWR High

Write access

1T

I
|
T
I
I
|
Disto Dg _i_<
|
D7to Do —i—( Undetermined data

Valid

Note: n=71t00

Figure6.9 BusControl Signal Timingfor 8-Bit, Two-State-Access Area
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16-Bit, Three-State-Access Areas. Figures 6.10 to 6.12 show the timing of bus control signals
for a 16-hit, three-state-access area. In these areas, the upper data bus (D15 to Dg) isused in
accesses to even addresses and the lower data bus (D- to Dy) in accesses to odd addresses. Wait
states can beinserted.

I
e———— Buscycle ——»

T1 : T2 | T3

LI I

1
1
1
|
Address bus '>< Even external address in area n
1
1

|“>_<“_“_

Valid

Read access { Disto Dg

D7to Do Invalid

ik
il

HWR

CWR High

I
I
1
1
|
Disto Dg —'_< , Valid
I
I
1
I
i

Write access

Undetermined data
i

| broDe ——

TT]

Note: n=71t00

Figure6.10 Bus Control Signal Timing for 16-Bit, Three-State-Access Area (1)
(Byte Accessto Even Address)
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Address bus

Read access { Disto Dg

D7to Do

HWR

T2

e————— Buscycle ——»

T3 \

L

1
1
Odd e)&ternal address in'area n

| ﬂ n

LWR
Write access

Disto Dg

D7 to Do

Note: n=71t00

——

Undetermined data

[

Valid

[

Figure6.11 BusControl Signal Timing for 16-Bit, Three-State-Access Area (2)
(Byte Accessto Odd Address)
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I I
«——— Buscycle ——»

|
T2 | T3

o _| I_, I I

Address bus

1

1

1

1
External address in area n EX

1

1

Read access { Disto Dg

M]JJLJ

i
|
|
1
|
1
1
1
1
1
i !
1
|
|
1
|
1
1
|
i

D7to Do

I

HWR | i

. |

! |

LWR | |

1

Write access 1 !
Disto Ds \ Valid —

! 1

! 1
| D7to Do : Valid ) S—

H [}

I '

Note: n=71t00

Figure6.12 BusControl Signal Timing for 16-Bit, Three-State-Access Area (3)
(Word Access)
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16-Bit, Two-State-Access Areas. Figures 6.13 to 6.15 show the timing of bus control signals for
a 16-bit, two-state-access area. In these areas, the upper data bus (D15 to Dg) is used in accessesto
even addresses and the lower data bus (D7 to Dy) in accessesto odd addresses. Wait states cannot
be inserted.

I I
«——— Buscycle ———
I

1

! T1 | T2 !

¢ [ | I I

1 1

| ! |

Address bus 1XEven external address in area nEX

1 1

1 1

o] |

Read access { Disto Ds

Write access

D15 to D8 _'_<
I
I
1
I

D7to Do —‘—( Undetermined data

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
:
AWR | i |
1
1
1
1
1
1
1
|
|
d
i

Note: n=71t00

Figure6.13 BusControl Signal Timing for 16-Bit, Two-State-Access Area (1)
(Byte Accessto Even Address)
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I
«——— Buscycle ———
I I

! T1 | T2 !
o [ L 1]
1 1
| ! |
Address bus 1X Odd external address in area n EX
1
1

Read access { Disto Dg

1
1
1
1
i
1
1
1
1
1
1
1
:
E Invalid
1
1
1
1
1
1
:
1
1
1
1
1

I e

Disto Dg —-—( Undetermined data >—
| i
I

D7to Do —:—( i Valid
| T
. I

Write access

1
!
HWR High i
|
|
LWR |
|
1

i

Note: n=71t00

Figure6.14 BusControl Signal Timing for 16-Bit, Two-State-Access Area (2)
(Byte Accessto Odd Address)
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¢

Address bus

Read access ¢ Disto Dg

I
«——— Buscycle ———»
I I

! T1 , T2

[ |

1
1
1 1
1 1
! External address in area n EX
1 1
1 1

| - .
S
; I

1

Write access
Disto Dg

D7 to Do

Note: n=71t00

I
1
I
I
1
1
I
I
1
1
I
I
: 1
! valid !
i
I
I
1
1
I
I
1
I
I
I
1
|

—1
; (

Figure6.15 BusControl Signal Timing for 16-Bit, Two-State-Access Area (3)

6.4.6 Wait Control

(Word Access)

When accessing external space, the H8/3024 Group can extend the bus cycle by inserting wait
states (T,,). There aretwo ways of inserting wait states: program wait insertion and pin wait

insertion using the WAIT pin.

Program Wait I nsertion: From 0 to 3 wait states can be inserted automatically between the T,
state and T3 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 isfirst inserted. If the
WAIT pinislow at thefalling edge of gpinthelast T, or Ty, state, another Ty, stateisinserted. If
the WAIT pinis held low, Ty states are inserted until it goes high.

Thisisuseful when inserting four or more Ty states, or when changing the number of Ty states

for different external devices.

The WAITE bit setting appliesto all aress.

Figure 6.16 shows an example of the timing for insertion of one program wait state in 3-state

space.

Al

—

Address bus

AS
RD

Read access
Data bus
HWR, LWR

Write access
Data bus

Inserted

by program wait Inserted by WAIT pin
T1 | T2 | Tw | Tw | Tw | T3 .
I I I I I 1

Read data

Write data

INEEL
JLULLL

Note: ¥ indicates the timing of WAIT pin sampling.

Figure6.16 Example of Wait State Insertion Timing
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6.5 Idle Cycle

651 Operation

When the H8/3024 Group chip accesses external space, it can insert a 1-state idle cycle (T;)
between bus cycles in the following cases. when read accesses between different areas occur
consecutively, and when awrite cycle occurs immediately after aread cycle. By inserting anidle
cycleit ispossible, for example, to avoid data collisions between ROM, which has a long output
floating time, and high-speed memory, 1/O interfaces, and so on.

Theinitial value of the ICIS1 and ICISO bitsin BCR is 1, so that idle cycle insertion is performed
in theinitial state. If there are no data collisions, the | CI S bits can be cleared.

Consecutive Reads between Different Areas. |If consecutive reads between different areas occur
whilethe ICISL bitissetto 1in BCR, an idle cycleisinserted at the start of the second read cycle.

Figure 6.17 shows an example of the operation in this case. In thisexample, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B is aread cycle from SRAM,
each being located in a different area. In (a), anidle cycle is not inserted, and a collision occursin
bus cycle B between the read datafrom ROM and that from SRAM. In (b), anidle cycleis
inserted, and a data collision is prevented.

. Bus cycle A. Bus cyclle B . Bus cycle A IBus cycle B .
\ T1 T2 T3, T1_To, \T1 T2 T3, Ti T1 T2,
o FLrrfrr o FLrrLfrrir

Address bus j
1

Ix Ix: Addressbusj Ix
I w1

1
pata bus J——(" Y patabus J—— )}
1 [ 1 1 1 1
S Data collision

Long buffer-off time
(a) Idle cycle not inserted (b) Idle cycle inserted

(
r

Figure6.17 Example of Idle Cycle Operation (ICIS1=1)
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Write after Read: If an external write occurs after an external read whilethe ICISO bit issetto 1
in BCR, anidlecycleisinserted at the start of the write cycle.

Figure 6.18 shows an example of the operation in this case. In thisexample, buscycle A isaread
cycle from ROM with along output floating time, and bus cycle B is a CPU write cycle.

In (a), anidle cycle is not inserted, and a collision occurs in bus cycle B between the read data
from ROM and the CPU write data. 1n (b), anidle cycleisinserted, and adatacollision is
prevented.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
: T1 _To T3: T1 Tz: ] T1 _To T3: Ti T1 Tz:
o LML o LMLy
Address bus j IK IX: Address bus j IX IK:
I I I I I I
HWR : T T

: gl AWR — I

Data bus C N Databus _}——— I »
1 [ 1 1 1 1
1
~— Data collision

Long buffer-off time

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.18 Example of Idle Cycle Operation (ICIS0 = 1)
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Usage Note: When non-insertion of an idle cycle is specified, the rise (negation) of RD and fall
(assertion) of CS,, may occur simultaneously. Figure 6.19 shows an example of the operation in
this case.

If consecutive readsto a different external area occur while the ICIS1 bit in BCR iscleared to O, or
if an external read is followed by awrite cycle for adifferent external areawhile the ICISO bit is
cleared to 0, negation of RD in the first read cycle and assertion of CS,, in the following bus cycle
will occur simultaneously. Depending on the output delay time of each signal, therefore, it is
possible that the RD low output in the previous read cycle and the CS,, low output in the following
bus cycle will overlap.

Aslong asRD and CS,, do not change simultaneously, or if there is no problem even if they do,
non-insertion of an idle cycle can be specified.

Bus cycle A Bus cycle B Bus cycle A Bus cycle B
1 T1 T2 T3, T1_To v T1 Tp T3, Ti T1 T2,

o L o LMLl

Address bus :.k :K :[ Address bus :.k :X :[
| il | | |

Simultaneous change of RD and
CSn: possibility of mutual overlap

(a) Idle cycle not inserted (b) Idle cycle inserted

Figure6.19 Example of Idle Cycle Operation
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6.5.2 Pin Statesin Idle Cycle
Table 6.5 shows the pin states in an idle cycle.

Table6.5 Pin Statesin Idle Cycle

Pins Pin State

Azz to Ao Next cycle address value
Disto Do High-impedance

CSn High

AS High

RD High

HWR High

LWR High

6.6 Bus Arbiter

The bus controller has a built-in bus arbiter that arbitrates between different bus masters. The bus
master can be either the CPU or an external bus master. When a bus master has the bus right it can
carry out read and write operations. 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) Externa bus master > CPU (Low)

The bus arbiter samples the bus request signals and determines priority at all times, but it does not
aways 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 busto a higher-priority bus master.

Rev. 2.00 Sep 20, 2005 page 146 of 800
REJ09B0260-0200
RENESAS



Section 6 Bus Controller

6.6.1 Operation

CPU: The CPU isthe lowest-priority bus master. If an external bus master requests the bus while
the CPU hasthe busright, the bus arbiter transfers the bus right to the bus master that requested it.
The busright istransferred at the following times:

« Thebusright istransferred at the boundary of abuscycle. If word datais accessed by two
consecutive byte accesses, however, the bus right is not transferred between the two byte
accesses.

« If another bus master requests the bus while the CPU is performing internal operations, such as
executing a multiply or divide instruction, the busright is transferred immediately. The CPU
continues its internal operations.

« If another bus master requests the bus while the CPU isin sleep mode, the busright is
transferred immediately.

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 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 busiis released to an external bus
master, the H8/3024 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 inthe low output state.

The bus arbiter samplesthe BREQ pin at the rise of the system clock (¢). If BREQ islow, 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 isdriven high to end the
bus-release cycle.

Figure 6.20 shows the timing when the busright is requested by an external bus master during a
read cycle in atwo-state access area. There isaminimum interval of three states from when the
BREQ signal goeslow until the busis released.
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CPU cycles | External bus released , CPU cycles
I |

High-impedance

|

1 1
Address bus ! Address i) : \ ! :\_
1 | I 1 i 1
! . 1 High-impedance i
Databus —————__ ——r——————
1 1 1 1 1 1
1 1 1 1
— L L ,  High-impedance !
AS . ' o - J
: |_| : : 1 1 1
1 1 1 1 1 1
! ! . High-impedance |
v I [ i o
: i : o 5 i
HWR, LWR , ! \_Highimpedance
| | | |
BREQ —\ . i i |
I I I / :
1 1 1 1
BACK : : \ 1
| \ |
1 1

Minimum 3 cycles

A --b-------}--

~

[F\PR S -

v
—
> - -
2

() @) (©)

—~
—~

Figure6.20 Example of External BusMaster Operation

When making atransition to software standby mode, if there is contention with a bus request from
an external bus master, the BACK and strobe states may be indefinite when the transition is made.

When using software standby mode, clear the BRLE bit to 0 in BRCR before executing the
SLEEP instruction.
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6.7 Register and Pin Input Timing

6.7.1 Register Write Timing

ABWCR, ASTCR, WCRH, and WCRL Write Timing: Datawritten to ABWCR, ASTCR,
WCRH, and WCRL takes effect starting from the next bus cycle. Figure 6.21 shows the timing
when an instruction fetched from area O changes area 0 from three-state access to two-state access.

T1 T2 T3 T1 T2 T3 T1 T2
1 1 1 1
1 1 1 1

Address bus 11X EX ASTCR address EX EX
| |

[ E——

" 3-state accessto area 0 ° 2-state access to area 0

Figure6.21 ASTCR Write Timing

DDR and CSCR Write Timing: Datawritten 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 T state of
the DDR write cycle. Figure 6.22 shows the timing when the CS; pin is changed from generic
input to CS; outpui.

T1 T2 T3
¢ [ 1 1 [ L
1 1 1
| ! ;
Address bus EX P8DDR addressi EX
1 1 1
s : / \_
1 1

High-impedance

Figure6.22 DDR Write Timing

Rev. 2.00 Sep 20, 2005 page 149 of 800
REJ09B0260-0200

RENESAS



Section 6 Bus Controller

BRCR Write Timing: Datawritten to BRCR to switch between Az, Az, Az, OF Ay output and
generic input or output takes effect starting from the T state of the BRCR write cycle. Figure
6.23 shows the timing when a pin is changed from generic input to Azs, Az, Az, OF Ay output.

T1 T2 T3
v o L L1 L1 L
1 1 1
Address bus ix BRCR address i EX

1 1 1
1 1 1

PA7 to PA 5 /

(Aza? ttg Azo; High-impedance | i\_

6.7.2

Figure6.23 BRCR Write Timing

BREQ Pin Input Timing

After driving the BREQ pin low, hold it low until BACK goeslow. |If BREQ returnsto 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 1/O Ports

7.1 Overview

The H8/3024 Group has 10 input/output ports (ports 1, 2, 3,4, 5, 6, 8,9, A, and B) and one input-
only port (port 7). Table 7.1 summarizes the port functions. The pinsin each port are multiplexed
asshown intable 7.1.

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 adarlington
pair. Ports 1, 2, and 5 can drive LEDs (with 10-mA current sink). Pins P8, to P8y, PA7 to PA, have
Schmitt-trigger input circuits.

For block diagrams of the ports see appendix C, I/O Port Block Diagrams.
Table7.1 Port Functions

o ) Expanded Modes Single-Chip
Port | Description Pins Modes
Mode 1 ’Mode 2 ‘Mode 3 ‘Mode 4 Mode 5 Mode 6 |Mode 7
Port 1 |+ 8-bit I/0 P1;to P1y/ |Address output pins (A;to Ag) Address output |Generic input/
port Az t0 Ay (A7 to Ag) and  |output
« Can drive generic input
LEDs DDR = 0:
generic input
DDR = 1:
address output
Port 2 |+ 8-bit I/10 P2;to P2,/ |Address output pins (A;s to Ag) Address output |Generic input/
port Ass to Ag (A5 to Ag) and  |output
« Built-in generic input
input DDR = 0:
pull-up generic input
transistors DDR = 1:
« Can drive address output
LEDs
Port 3 |+ 8-bit I/10 P3;to P3y/ |Data input/output (D35 to Dg) Generic input/
port Dss to Dg output
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o ) Expanded Modes Single-Chip
Port | Description Pins Modes
Mode 1 ’Mode 2 ‘Mode 3 ‘Mode 4 ’ Mode 5 Mode 6 [Mode 7
Port 4 |+ 8-bit 1/0 P4, to P4y/ |Data input/output (D; to Do) and 8-bit generic Generic input/
port D7 to Do input/output output
* Built-in 8-bit bus mode: generic input/output
input 16-bit bus mode: data input/output
pull-up
transistors
Port 5 |+ 4-bit 1/0 P5; to P5y/ |Address output (A to Asg) Address output |Generic input/
port Agg 10 Agg (Ago to Age) and |output
« Built-in f‘.-bit generic
input input
pull-up DDR = 0:
transistors generic input
» Can drive DDR = 1:
LEDs address output
Port 6 |+ 8-bit I/O P6./¢@ Clock output (¢) and generic input
port P6;/[LWR Bus control signal output (LWR, HWR, RD, AS) Generic input/
P6s/HWR output
P6,/RD
P63/AS
P6,/BACK |Bus control signal input/output (BACK, BREQ, WAIT) | Generic input/
P6,/BREQ and 3-bit generic input/output output
P6o/WAIT
Port 7 |+ 8-bit I/0 P7,/AN,/ Analog input (AN, ANg) to A/D converter, analog output (DA;, DAy) from
port DA, D/A converter, and generic input
P7¢/ANg/
DAo
P75 to P7,/ |Analog input (ANs to ANp) to A/D converter, and generic input
ANs to ANg
Port 8 | 5-bit I/O P8,/CS, DDR = 0: generic input DDR = 0 (after |Generic input/
port DDR = 1 (reset value): CS, output reset): generic  output
* P8, t0 P8y input o
have DDR = 1: CS,
Schmitt output
inputs P8:/IRQs/  |IRQs input, CS; output, external trigger input (ADTRG) | IRQ; input,
CS,/ADTRG |to A/D converter, and generic input external trigger
DDR = 0 (after reset): generic input input (ADTRG) to
-1.05 A/D converter,
DDR = 1: GS, output and generic
input/output
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o ) Expanded Modes Single-Chip
Port | Description Pins Modes
Mode 1 ’Mode 2 ‘Mode 3 ‘Mode 4 ’ Mode 5 Mode 6 |Mode 7
Port 8 | 5-bit I/O P8,IRQ,/  |IRQ; and IRQ, input, CS; and CS; output, and generic |IRQ; and IRQ,
port CS, input input and generic
*+ P8,to P8, |P8)/IRQ)/  DDR =0 (after reset): generic input input/output
have CSs DDR = 1: CS; and CS; output
Schmitt — — o
inputs P8,/IRQy IRQo input, and generic input/output
Port 9 |+ 6-bit I/0 P9s/IRQs/ |Input and output (SCK;, SCKy, RxD3, RXDg, TXD;, TxDy) for serial
port SCK; communication interfaces 1 and 0 (SCI1/0), IRQs and IRQq input, and 6-bit
P9./IRQ, / generic input/output
SCKo
P93/RXxD;
P92/RXDD
F’91/TXD1
F’90/TXD0
Port A |+ 8-bit I/0 PAITP,/ Output (TP;) from |Address output Address output | TPC output (TP-),
port TIOCB,/A;, |pro-grammable (Az), TPC 16-bit timer input
« Schmitt timing pattern _output (TPy), or output
inputs controller (TPC), input or output |(TIOCB;), and
input or output (TIOCBy) for generic
(TIOCBy) for 16-bit 16-bit timer, input/output
timer and generic and generic
input/ input/output
output
PAG/TPe/ TPC output (TPs | TPC output (TPs to TP,),16-bit TPC output (TPs
TIOCA,/A,; |to TPy), 16-bit timer input and output (TIOCA., to TP,), 16-bit
PAS/TPs/ timer input and TIOCB;,, TIOCA,), address output |timer input and
TIOCB,/As output (TIOCA,, |(Az; to Az;), and generic input/ output (TIOCA,,
TIOCBy, TIOCA;), output TIOCBy, TIOCA,)
PAJTP./ and generic and generic
TIOCAw/Az input/output input/output
PAS/TP3/ TPC output (TP;3 to TPy), 16-bit timer input and output (TIOCB,, TIOCA,,
TIOCBo/ TCLKD, TCLKC, TCLKB, TCLKA), 8-bit timer input (TCLKD, TCLKC,
TCLKD TCLKB, TCLKA), and generic input/output
PALITP,/
TIOCAY/
TCLKC
PAJ/TP,/
TCLKB
PAG/TPy/
TCLKA
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o ) Expanded Modes Single-Chip
Port | Description Pins Modes
Mode 1 ’Mode 2 ‘Mode 3 ‘Mode 4 ’ Mode 5 Mode 6 [Mode 7
Port B |+ 8-bit I/0 PB//TPys TPC output (TP;5 to TP3,) and generic input/output
port PBo/TP14
PBs/TP;3
PB,/TP;,
PBs/TPy/ | TPC output (TP to TPg), 8-bit timer input and output | TPC output (TP,
TMIOS/CS, | (TMIO;, TMO,, TMIO;, TMOy), CS; to CS, output, and  |to TPg), 8-bit timer
PB,/TPso/ generic input/output input and output
TMO,/CS; (TMIO3, TMO,
TMIO;, TMOy),
.Il?slllgljgcl—s and generic
vee input/output
PBo/TPg/
TMO,/CS;

Legend:

SCI0: Serial communication interface channel O
16TIM: 16-bit timer

SCI1: Serial communication interface channel 1
8TIM: 8-bit timer

TPC: Programmable timing pattern controller
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7.2 Port 1

721 Overview

Port 1 is an 8-bit input/output port also used for address output, with the pin configuration shown
in figure 7.1. The pin functions differ according to the operating mode. In modes 1 to 4 (expanded
modes with on-chip ROM disabled), they are address bus output pins (A7 to Ao).

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 (A7 to Ag) or generic input. In modes 6
and 7 (single-chip mode), port 1 is a generic input/output port.

Pinsin port 1 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
adarlington transistor pair.

Port 1 pins Modes1to4 Modeb5 Modes 6 and 7
- P1,/A; A~ (output) P1; (input)/A; (output) P1; (input/output)
~— Plg/Ag Ag (output) Plg (input)/Ag (output) Plg (input/output)
~— Plg/Ag A5 (output) P15 (input)/As (output) Pl (input/output)
- P1,/A, A, (output) P1, (input)/A, (output) P14 (input/output)
Port1 = P13/A; A3 (output) P15 (input)/A; (output) P13 (input/output)
< P1,/A, A, (output) P1, (input)/A, (output) P1, (input/output)
> P1,/A, A (output) P1, (input)/A; (output) P1, (input/output)
~— P1y/Ag A, (output) P1y (input)/Ag (output) P1, (input/output)

Figure7.1 Port 1 Pin Configuration
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7.2.2 Register Descriptions
Table 7.2 summarizes the registers of port 1.

Table7.2 Port 1Registers

Initial Value
Address® Name Abbreviation R/W Modes 1to4 Modes5to7
H'EE000 Port 1 data direction register P1DDR w H'FF H'00
H'FFFDO  Port 1 data register P1DR R/W  H00 H'00

Note: * Lower 20 bits of the address in advanced mode.

Port 1 Data Direction Register (P1LDDR): P1DDR is an 8-hit 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‘ PlgDDR‘ P15DDR‘ P14DDR‘ P13DDR \ P1,DDR \ P11DDR‘ PloDDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 | Readwrite — — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0 0
5107 | Read/Mrrite W W W W W W W W

Port 1 data direction 7to 0
These bits select input or
output for port 1 pins

* Modes 1to 4 (Expanded Modes with On-Chip ROM Disabled)
P1DDR values are fixed at 1. Port 1 functions as an address bus.
* Mode5 (Expanded Modes with On-Chip ROM Enabled)

After areset, port 1 functions as an input port. A pin in port 1 becomes an address output pin if
the corresponding PLDDR bit isset 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 pinin port 1 becomes an output port if the
corresponding PLDDR hit is set to 1, and an input port if thisbit is cleared to 0.

In modes 1 to 4, PIDDR bits are always read as 1, and cannot be modified.

In modes5to 7, PIDDR is awrite-only register. Its value cannot be read. All bits return 1 when
read.
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P1DDR isinitialized to H'FF in modes 1 to 4, and to H'00 in modes 5 to 7, by areset and in
hardware standby mode. In sofware 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
aP1DDR hit is set to 1, the corresponding pin maintains its output state.

Port 1 Data Register (P1DR): P1DR isan 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 isread, the pin logic level isread for bitsfor which the PLDDR setting is 0, and the
P1DR valueisread for bits for which the PADDR setting is 1.

Bit 7 6 5 4 3 2 1 0

‘ P1; ‘ Plg ‘ Pls ‘ P14 ‘ P13 ‘ P1, ‘ P1, ‘ Plg ‘
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 O
These bits store data for port 1 pins

P1DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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7.3 Port 2

7.3.1 Overview

Port 2 is an 8-bit input/output port which also has an address output function. It’s pin
configuration is shown in figure 7.2. 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 (A5 to Ag). In mode 5 (expanded modes with on-chip ROM enabled), settingsin 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.

Port 2 has software-programmable built-in pull-up transistors.

Pinsin port 2 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or

adarlington transistor pair.

Port 2

Port 2 pins

P2,/A5
P2g/A14
P2:/A15
P2,4/A1,
P23/A
P2,/A10
P2,/Ag

P2,/Ag

Modes 1to 4

A1s (output)
A1, (output)
A1z (output)
A4, (output)
Aq; (output)
Aqg (output)
Ag (output)

Ag (output)

Mode 5

P2, (input)/A;5 (output)
P24 (input)/A4 (output)
P25 (input)/A13 (output)
P2, (input)/A1, (output)
P23 (input)/A; (output)
P2, (input)/A1g (output)
P2, (input)/Ag (output)

P2, (input)/Ag (output)

Modes 6 and 7

P2, (input/output)
P24 (input/output)
P25 (input/output)
P2, (input/output)
P23 (input/output)
P2, (input/output)
P2, (input/output)

P2, (input/output)

Figure7.2 Port 2 Pin Configuration
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732 Register Descriptions
Table 7.3 summarizes the registers of port 2.

Table7.3 Port 2Registers

Initial Value
Address® Name Abbreviation R/W  Modes1to4 Modes5to7
H'EEO01 Port 2 data direction register P2DDR W H'FF H'00
H'FFFD1 Port 2 data register P2DR R/W  H'00 H'00
H'EEO3C Port 2 input pull-up MOS P2PCR R/W  H'00 H'00

control 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 pinin port 2.

Bit 7 6 5 4 3 2 1 0
‘P27DDR‘ P26DDR‘ P25DDR‘ P24DDR‘ P23DDR ‘ P2,DDR ‘ P21DDR‘ P20DDR‘
Modes{lnitial value 1 1 1 1 1 1 1 1
1104 |Read/Write — — — — — — — —
Modes{lnitial value 0 0 0 0 0 0 0 0
5107 |Read/Mrite W W W W W W W W

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

* Modes1to 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 areset, port 2 isan input port. A pinin port 2 becomes an address output pin if the
corresponding P2DDR bit is set to 1, and a generic input port if thisbit 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 hit is set to 1, and an input port if this bit iscleared to O.

In modes 1 to 4, P2DDR bits are always read as 1, and cannot be modified.
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In modes5to 7, P2DDR is awrite-only register. Its value cannot be read. All bits return 1 when
read.

P2DDR isinitialized to H'FF in modes 1 to 4, and to H'00 in modes 5 to 7, by areset 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
aP2DDR hit is set to 1, the corresponding pin maintains its output state.

Port 2 Data Register (P2DR): P2DR is an 8-hit readable/writable register that stores output data
for Port 2. When port 2 functions as an output port, the value of thisregister is output. When a bit
in P2DDRissetto 1, if port 2 isread the value of the corresponding P2DR bit is returned. When a
bit in P2DDR iscleared to O, if port 2 is read the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0
P2, | P2 | P2s | P2, | P2; | P2, | P2 | P2 |

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 O
These bits store data for port 2 pins

P2DR isinitialized to H'00 by areset 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 transistorsin port 2.

Bit 7 6 5 4 3 2 1 0

‘ P27PCR‘ P25PCR‘ P25PCR‘ P24PCR‘ P23PCR ‘ P2,PCR ‘ 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 7to 0
These bits control input pull-up
transistors built into port 2

In modes 5to 7, when aP2DDR bit is cleared to O (selecting generic input), if the corresponding
bit in P2PCR is set to 1, the input pull-up transistor isturned on.

P2PCR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table 7.4 summarizes the states of the input pull-ups in each mode.

Table7.4 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.
Onl/off: The input pull-up transistor is on if P2PCR = 1 and P2DDR = 0. Otherwise, it is off.
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7.4 Port 3

7.4.1 Overview

Port 3 is an 8-bit input/output port which also functions as a data bus. It’s pin configuration is

shown in figure 7.3. Port 3 isadata busin modes 1 to 5 (expanded modes) and a generic
input/output port in modes 6 and 7 (single-chip mode).

Pinsin port 3 can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington transistor pair.

Port 3 pins

- P37/D15
- P36/D14
= P3g/Dq3
> P34/D12
Port 3
I P33/D11
~— P3,/Dqq
R P31/D9

i P30/D8

Modes 1to 5

D15 (input/output)
D14 (input/output)
D;3 (input/output)
D1, (input/output)
Dy, (input/output)
Do (input/output)
Dg (input/output)

Dg (input/output)

Modes 6 and 7

P3- (input/output)
P3¢ (input/output)
P35 (input/output)
P3, (input/output)
P35 (input/output)
P3, (input/output)
P3; (input/output)

P3, (input/output)

Figure 7.3 Port 3 Pin Configuration

7.4.2 Register Descriptions

Table 7.5 summarizes the registers of port 3.

Table7.5 Port 3Registers

Address”® Name Abbreviation R/W Initial Value
H'EEO02 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.
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Port 3 Data Direction Register (P3DDR): P3DDR is an 8-bit write-only register that can select
input or output for each pinin port 3.

Bit 7 6 5 4 3 2 1 0

‘ P3,DDR ‘ P36DDR‘ P35DDR‘ P34DDR‘ P33DDR ‘ P3,DDR ‘ P3,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

* Modes1to5 (Expanded Modes)
Port 3 functions as a data bus, regardless of the P3BDDR settings.
e 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 hit is set to 1, and an input port if thisbit is cleared to 0.

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

P3DDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retainsits previous setting. Therefore, if atransition is made to software standby mode while
port 3 isfunctioning as an input/output port and a P3DDR hit is set to 1, the corresponding pin
maintains its output state.

Port 3 Data Register (P3DR): P3DR is an 8-hit readable/writable register that stores output data
for port 3. When port 3 functions as an output port, the value of thisregister is output. When a bit
in P3DDRissetto 1, if port 3 isread the value of the corresponding P3DR hit is returned. When a
bit in P3DDR iscleared to O, if port 3 is read the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ P35 ‘ P3¢ ‘ P35 ‘ P34 ‘ P33 ‘ P3, ‘ P31 ‘ 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 data 7 to O
These bits store data for port 3 pins

P3DR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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75 Port 4

75.1 Overview

Port 4 is an 8-bit input/output port which also functions as a data bus. It’s pin configuration is
shown in figure 7.4. 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 0to 7 al as 8-hit-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 0to 7 is designated as a 16-bit-access area, the chip

operatesin 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.

Pinsin port 4 can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington transistor pair.

Port 4 pins

- P47 /D7
D P46/D6
I P45/D5
Port 4
I P43/D3
= P42 /D2
> P41/Dl

= P40/D0

Modes 1to 5

P4 (input/output)/D5 (input/output)
P4 (input/output)/Dg (input/output)
P45 (input/output)/Ds (input/output)
P4, (input/output)/D, (input/output)
P45 (input/output)/D3 (input/output)
P4, (input/output)/D, (input/output)
P4, (input/output)/D, (input/output)

P4, (input/output)/Dq (input/output)

Modes 6 and 7

P4 (input/output)
P4 (input/output)
P45 (input/output)
P4, (input/output)
P4 (input/output)
P4, (input/output)
P4, (input/output)

P4, (input/output)

Figure7.4 Port 4 Pin Configuration
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752 Register Descriptions
Table 7.6 summarizes the registers of port 4.

Table7.6 Port 4 Registers

Address” Name Abbreviation R/W Initial Value

H'EEO03 Port 4 data direction register PADDR w H'00

H'FFFD3 Port 4 data register P4DR R/W H'00

H'EEO3E Port 4 input pull-up MOS control P4PCR R/W H'00
register

Note: * Lower 20 bits of the address in advanced mode.

Port 4 Data Direction Register (PADDR): PADDR 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 0
‘P47DDR‘ P46DDR‘ P45DDR‘ P44DDR‘ P4;DDR ‘ P4,DDR ‘ P41DDR‘ P40DDR‘

Initial value 0 0 0 0 0 0

Read/Write W w W W W w

Port 4 data direction 7to 0

These bits select input or output for port 4 pins

e Modes1to 5 (Expanded Modes)

When al 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, apinin port 4 becomes an output port if the corresponding PADDR bit isset to 1, and an
input port if thisbit is cleared to O.

When at least one areais designated as a 16-bit-access area, selecting 16-bit bus mode, 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 iscleared to 0.

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

PADDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retains its previous setting.
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ABWCR and P4DDR are not initialized in software standby mode. Therefore, if atransition 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.

Port 4 Data Register (P4DR): PADR is an 8-hit readable/writable register that stores output data
for port 4. When port 4 functions as an output port, the value of thisregister is output. When a bit
in PADDRissetto 1, if port 4 isread the value of the corresponding PADR bit is returned. When a
bit in PADDR iscleared to O, if port 4 is read the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ P45 ‘ P4g ‘ P45 ‘ P4, ‘ P4 ‘ P4, ‘ P4, ‘ P4, ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Port 4 data 7 to O
These bits store data for port 4 pins

PADR isinitialized to H'00 by areset 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 transistorsin port 4.

Bit 7 6 5 4 3 2 1 0

‘ P47PCR‘ P46PCR‘ P45PCR‘ P44PCR‘ P43PCR ‘ P4,PCR ‘ P41PCR‘P40PCR‘
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

Port 4 input pull-up MOS 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 O (selecting generic input), if the corresponding PAPCR hit is set
to 1, theinput pull-up transistor is turned on.

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

Table 7.7 summarizes the states of the input pull-up MOS in each operating mode.
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Table7.7 Input Pull-Up Transistor States (Port 4)

Hardware Software
Mode Reset Standby Mode Standby Mode Other Modes
1to5 8-bit bus mode Off Off Onl/off On/off
16-bit bus mode Off Off
6and 7 On/off On/off

Legend:
Off:  The input pull-up transistor is always off.
On/off: The input pull-up transistor is on if PAPCR = 1 and P4ADDR = 0. Otherwise, it is off.

7.6 Port 5

7.6.1 Overview

Port 5 is a4-hit input/output port which also has an address output function. It's pin configuration
isshown in figure 7.5. 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 (A to Ase). In mode 5 (expanded modes with on-chip ROM enabled), settingsin the port 5
datadirection register (P5DDR) designate pins for address bus output (A9 to As) OF generic
input. In modes 6 and 7 (single-chip mode), port 5 is a generic input/output port.

Port 5 has software-programmabl e built-in pull-up transistors.

Pinsin port 5 can drive one TTL load and a 90-pF capacitive load. They can also drive an LED or
adarlington transistor pair.

Port 5 Modes 1to 4 Mode 5 Modes 6 and 7
pins
~— P53/A;9  Ajg (output) P53 (input)/A,g (output) P53 (input/output)
~— P5,/A13  Ajg (output) P5, (input)/A;g (output) P55 (input/output)
Ports ~— P5./A; A7 (output) P5 (input)/A;7 (output) P54 (input/output)
= P53/A1g  Aqg (Output) P5; (input)/A.g (output) P54 (input/output)

Figure 7.5 Port 5Pin Configuration
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7.6.2 Register Descriptions
Table 7.8 summarizes the registers of port 5.

Table7.8 Port 5Registers

Initial Value
Address® Name Abbreviation R/W  Modes 1to 4 Modes5to7
H'EE004  Port 5 data direction register P5DDR w H'FF H'FO
H'FFFD4  Port 5 data register P5DR R/W  HFO H'FO
H'EEO3F  Port 5 input pull-up MOS P5PCR RW  HFO H'FO

control register

Note: * Lower 20 bits of the address in advanced mode.

Port 5 Data Direction Register (P5DDR): PSDDR is an 8-bit write-only register that can select
input or output for each pin in port 5.

Bits 7 to 4 arereserved. They are fixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘PSgDDR‘PSZDDR‘P51DDR‘P50DDR‘
Modes/| Initial value 1 1 1 1 1 1 1 1
lto4 {ReadANrite — — — — — — — —
Modes{lnitial value 1 1 1 1 0 0 0 0
5107 | Read/Write — — — — w w
Reserved bit‘s Port 5 data (‘iirection 3to0

These bits select input or
output for port 5 pins

* Modes1to 4 (Expanded Modes with On-Chip ROM Disabled)
P5DDR values are fixed at 1. Port 5 functions as an address bus output.
* Mode 5 (Expanded Modes with On-Chip ROM Enabled)

Following areset, port 5isan input port. A pinin port 5 becomes an address output pin if the
corresponding PSDDR bit is set to 1, and an input port if this bit iscleared to 0.

* Modes 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 hit is set to 1, and an input port if this bit iscleared to O.

In modes 1 to 4, PSDDR bits are always read as 1, and cannot be modified.
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In modes5to 7, PSDDR is awrite-only register. Its value cannot be read. All bits return 1 when
read.

P5DDR isinitialized to H'FF in modes 1 to 4, and to H'FO in modes 5to 7, by areset 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
aP5DDR hit is set to 1, the corresponding pin maintains its output state.

Port 5 Data Register (P5DR): P5SDR is an 8-hit readable/writable register that stores output data
for port 5. When port 5 functions as an output port, the value of thisregister is output. When a bit
in PSDDRissetto 1, if port 5 isread the value of the corresponding PSDR hit is returned. When a
bit in PSDDR iscleared to O, if port 5 is read the corresponding pin logic level is read.

Bits 7 to 4 are reserved. They are fixed a 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
- | — | — | — | P | Ps, | P5; | Psp |
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port5data3to 0

These bits store data
for port 5 pins

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

Port 5 Input Pull-Up MOS Control Register (P5PCR): P5SPCR is an 8-bit readable/writable
register that controls the MOS input pull-up transistorsin port 5.

Bits 7 to 4 arereserved. They arefixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1
‘ — ‘ — ‘ — ‘ — ‘ P53PCR ‘ P5,PCR ‘ P5,PCR ‘ P59PCR ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Port 5 input pull-up MOS control 3to 0

These bits control input pull-up
transistors built into port 5
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In modes 5to 7, when aPSDDR bit is cleared to O (selecting generic input), if the corresponding
bit in PSPCR is set to 1, the input pull-up transistor isturned on.

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

Table 7.9 summarizes the states of the input pull-ups in each mode.

Table7.9 Input Pull-Up Transistor States (Port 5)

Mode Reset Hardware Standby Mode Software Standby Mode Other Modes

Off Off Off Off

Off Off Onl/off On/off

~NOoO g~ WDN PR

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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7.7 Port 6

771 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.

The port 6 pin configuration is shown in figure 7.6.

See table 7.11 for the selection of the pin functions.

Pinsin port 6 can drive one TTL load and a 90-pF capacitive load. They can also drive a

darlington transistor pair.

Port 6 pins

~— P6,/0
~— P64/LWR
~— P65/HWR
Port6 «— P6,/RD
> P65/AS
~— P6,/BACK
~— P6,/BREQ
~— P6,/ WAIT

Modes 1to 5
(expanded modes)

P6- (input)/ @ (output)

LWR (output)

HWR (output)

RD  (output)

AS  (output)

P6, (input/output) BACK (output)
P6; (input/output)/ BREQ (input)
P6, (input/output)/ WAIT (input)

Modes 6 and 7
(single-chip mode)

P6- (input) / @(output)
P6¢ (input/output)
P65 (input/output)
P6, (input/output)
P6 5 (input/output)
P6, (input/output)
P64 (input/output)
P6 ¢ (input/output)

Figure7.6 Port 6 Pin Configuration
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7.7.2 Register Descriptions
Table 7.10 summarizes the registers of port 6.

Table7.10 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): P6DDR is an 8-bit write-only register that can select

input or output for each pinin port 6.

Bit 7 isreserved. It isfixed at 1, and cannot be modified.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ P66DDR‘ P65DDR‘ P64DDR‘ P63DDR‘P62DDR ‘ P61DDR‘P60DDR‘
Initial value 1 0 0 0 0 0 0 0
Read/Write — w w W W w W W
Reserved bit Port 6 data direction 6to O

These bits select input or output for port 6 pins

* Modes1to5 (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 O (initial value), and an input port if this bit is set to 1.

P65 to P6; function as bus control output pins (LWR, HWR, RD, and AS), 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, seetable 7.11.

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 iscleared to 0.
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* Modes 6 and 7 (Single-Chip Mode)
P6- functions as the clock output pin (¢p) or an input port. P6g to P6, function as generic
input/output ports. P67 isthe clock output pin (@) if the PSTOP bit in MSTCRH is cleared to O
(initial value), and an input port if this bit isset to 1. A pinin 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 thispinis cleared
toO.
P6DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.
P6DDR isinitialized to H'80 by areset and in hardware standby mode. In software standby
mode it retains its previous setting. Therefore, if atransition is made to software standby mode
while port 6 is functioning as an input/output port and a PBDDR bit is set to 1, the
corresponding pin maintains its output state.

Port 6 Data Register (P6DR): P6DR is an 8-hit readable/writable register that stores output data
for port 6. When port 6 functions as an output port, the value of thisregister is output. For bit 7, a
value of 1isreturned if the bit is read while the PSTOP bit in MSTCRH is cleared to 0, and the
P67 pin logic level isreturned if the bit isread while the PSTOP bit is set to 1. Bit 7 cannot be
modified. For bits 6 to 0, the pin logic level isreturned if the bit is read while the corresponding
bit in P6DDR is cleared to 0, and the P6DR value isreturned if the bit is read while the
corresponding bit in PBDDR is set to 1.

Bit 7 6 5 4 3 2 1 0

‘ P6-, ‘ P6g ‘ P65 ‘ P64 ‘ P63 ‘ 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 data 7 to O
These bits store data for port 6 pins

PEDR isinitialized to H'80 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table7.11 Port 6 Pin Functionsin Modes1to5

Pin Pin Functions and Selection Method
P6-/¢ Bit PSTOP in MSTCRH selects the pin function.
PSTOP 0 1
Pin function ¢ output P67 input
LWR Functions as LWR regardless of the setting of bit P66DDR
P6,DDR 0 1
Pin function LWR output
HWR Functions as HWR regardless of the setting of bit P6sDDR
P6sDDR 0 1
Pin function HWR output
RD Functions as RD regardless of the setting of bit P6,DDR
P6,DDR 0 1
Pin function RD output
AS Functions as AS regardless of the setting of bit P6;DDR
P63;DDR 0 1
Pin function AS output
P6,/BACK Bit BRLE in BRCR and bit P6,DDR select the pin function as follows.
BRLE 0 1
P6,DDR 0 1 —
Pin function P6; input P6, output BACK output
P6,/BREQ 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 P6, 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
P6,DDR 0 1 0"
Pin function P6¢ input P6, output WAIT input

Note: * Do not set bit P60DDR to 1.

7.8 Port 7

7.8.1 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 7.7
shows the pin configuration of port 7.

See section 14, A/D Converter, for details of the A/D converter analog input pins, and section 15,
D/A Converter, for details of the D/A converter analog output pins.

Port 7 pins

~——= P75 (input)/AN - (input)/DA 1 (output)
— P7¢ (input)/ANg (input)/DA o (output)
+—— P75 (input)/AN;5 (input)

~—— P74 (input)/AN 4 (input)

Port 7
+——— P75 (input)/AN 3 (input)
—— P75 (input)/AN, (input)
—— P74 (input)/AN ; (input)

~—— P74 (input)/AN (input)

Figure 7.7 Port 7 Pin Configuration
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7.8.2 Register Description

Table 7.12 summarizes the port 7 register. Port 7 isan input port, and port 7 has no data direction
register.

Table7.12 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; ‘ P7g ‘ P75 ‘ P74 ‘ P73 ‘ P7, ‘ P7, ‘ P7q ‘
Initial value —* —* —* —* —* —* —* —*
Read/Write R R R R R R R R

Note: * Determined by pins P7; to P7.

When port 7 isread, the pin logic levels are aways read. P7DR cannot be modified.

79 Port 8

7.9.1 Overview

Port 8 is a5-hit input/output port that is also used for CS; to CS, output, IRQ; to IRQ, input, and
A/D converter ADTRG input. Figure 7.8 shows the pin configuration of port 8.

In modes 1 to 5 (expanded modes), port 8 can provide CS; to CS, output, IRQs to IRQ, input, and
ADTRG input. Seetable 7.14 for the selection of pin functionsin expanded modes.

In modes 6 and 7 (single-chip modes), port 8 can provide IRQ; to IRQ, input and ADTRG inpt.
Seetable 7.15 for the selection of pin functionsin single-chip mode.

See section 14, A/D Converter, for adescription of the A/D converter’s ADTRG input pin.

The IRQ; to IRQ, functions are selected by |ER settings, regardless of whether the pin is used for
input or output. Caution istherefore required. For details see section 5.3.1, Externa Interrupts.
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Pinsin port 8 can drive one TTL load and a 90-pF capacitive load. They can also drive a
darlington transistor pair.

Pins P8, to P8, have Schmitt-trigger inputs.

Port 8 pins Pin functions in modes 1to 5
(expanded modes)

e P8,/CS, P8, (input)/ CS, (output)

e P83/CS;/IRQs /ADTRG P85 (input)/CS; (output)/ IRQ5 (input) / ADTRG (input)

Port8 = P8,/CS,/IRQ, P8, (input)/ CS, (output)/ IRQ, (input)
l«—» P8,/CS3/IRQ, P8, (input)/ CS3 (output)/ IRQ; (input)
a—— PSOI@O P8g (input/output)/@o (input)

Pin functions in modes 6 and 7
(single-chip mode)

P8,/(input/output)

P8;/(input/output)/ IRQ5 (input) / ADTRG (input)
P8,/(input/output)/ @2 (input)
P8, /(input/output)/ IRQ; (input)
P8, /(input/output)/ IRQ (input)

Figure 7.8 Port 8 Pin Configuration

7.9.2 Register Descriptions
Table 7.13 summarizes the registers of port 8.

Table7.13 Port 8 Registers

Initial Value
Address® Name Abbreviation R/W Modes 1to 4 Modes 5to 7
H'EEOO07 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.
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Port 8 Data Direction Register (PS8DDR): PS8DDR is an 8-hit write-only register that can select
input or output for each pinin port 8.

Bits 7 to 5 are reserved. They are fixed a 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
1t04 | Read/Write — — — W W W W W
Modes{ Initial value 1 1 1 0 0 0 0 0
S107 | Read/Write — — — W W W W W
Reser\‘/ed bits Port 8 data di‘rection 4t00

These bits select input or
output for port 8 pins

e Modes1to 5 (Expanded Modes)
When bitsin PSDDR bit are set to 1, P8, to P8, become CS, to CS; output pins. When bitsin
PB8DDR are cleared to 0, the corresponding pins become input ports.
In modes 1 to 4 (expanded modes with on-chip ROM disabled), following a reset P8, functions
asthe CS, output, while CS; to CS; are input ports. In mode 5 (expanded mode with on-chip
ROM enabled), following a reset CS, to CS3 are all input ports.

* 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 PBDDR bit is set to 1, and an input port if this bit iscleared to 0.

P8DDR isawrite-only register. Its value cannot be read. All bits return 1 when read.

P8DDR isinitialized to H'FO in modes 1 to 4, and to H'EO in modes 5to 7, by areset and in
hardware standby mode. In software standby mode PSDDR retains its previous setting. Therefore,
if atransition is made to software standby mode while port 8 is functioning as an input/output port
and aP8DDR hit is set to 1, the corresponding pin maintains its output state.

Rev. 2.00 Sep 20, 2005 page 178 of 800
REJ09B0260-0200
RENESAS



Section 7 1/O Ports

Port 8 Data Register (P8DR): P8DR is an 8-hit readable/writable register that stores output data
for port 8. When port 8 functions as an output port, the value of thisregister is output. When a bit
in PBDDRissetto 1, if port 8 isread the value of the corresponding P8DR bit isreturned. When
abitin PBDDRiscleared to O, if port 8 is read the corresponding pin logic leve 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 ‘ P8g ‘
Initial value 1 1 1 0 0 0 0 0
Read/Write — — — R/W R/W R/W R/W R/W
Reserved bits Port 8data4to 0

These bits store data
for port 8 pins

P8DR isinitialized to H'EO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table7.14 Port 8 Pin Functionsin Modes1to5

Pin Pin Functions and Selection Method
P84/CSo Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input CS, output
P83/CS1/IRQ3/ Bit P8;DDR selects the pin function as follows
ADTRG P8:DDR 0 1
Pin function P8 input CS; output
TRQs input
ADTRG input
P8,/CS,/IRQ; Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input CS, output
IRQ2 input
P8,/CS3/IRQ; Bit P8;DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P81 input CS:; output
IRQ; input
P8./IRQy Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output

TRQy input
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Table7.15 Port 8 Pin Functionsin Modes6 and 7
Pin Pin Functions and Selection Method
P8, Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
P83/IRQs/ADTRG Bit P8;DDR selects the pin function as follows.
P8;DDR 0 1
Pin function P8; input P83 output
IRQs input
ADTRG input
P8,/IRQ> Bit P8,DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
IRQ; input
P8./IRQ, Bit P8;DDR selects the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output
IRQ; input
P84/IRQq Bit P8,DDR select the pin function as follows.
P8,DDR 0 1
Pin function P8, input P8, output

TRQy input
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710 Port9

7.10.1 Overview

Port 9 isa 6-hit input/output port that is also used for input and output (TXDg, TXD1, RXDg, RXD;,
SCKo, SCK ) by serial communication interface channels 0 and 1 (SCI0 and SCI1), and for IRQs
and IRQ, input. Seetable 7.17 for the selection of pin functions.

The IRQs and IRQ, functions are selected by |ER settings, regardless of whether the pin is used
for input or output. Caution is therefore required. For details see section 5.3.1, Externa Interrupts.

Port 9 has the same set of pin functionsin all operating modes. Figure 7.9 shows the pin
configuration of port 9.

Pinsin 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)/IRQs (input)
<= P9, (input/output)/SCK (input/output)/IRQ, (input)
~— P9, (input/output)/RxD; (input)

Port 9
~—> P9, (input/output)/RxDq (input)
~—— P9, (input/output)/TxD1 (output)

~—— P9, (input/output)/TxDq (output)

Figure7.9 Port 9 Pin Configuration
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7.10.2 Register Descriptions
Table 7.16 summarizes the registers of port 9.

Table7.16 Port 9 Registers

Address” Name Abbreviation R/W Initial Value
H'EEO08 Port 9 data direction register PODDR W H'CO
H'FFFD8 Port 9 data register P9DR R/W H'CO

Note: * Lower 20 bits of the address in advanced mode.

Port 9 Data Direction Register (PODDR): PODDR 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‘ P93;DDR ‘ P9,DDR ‘ 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 PODDR 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 7.17.

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

PODDR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode
it retains its previous setting. Therefore, if atransition is made to software standby mode while
port 9 is functioning as an input/output port and a PODDR hit is set to 1, the corresponding pin
maintains its output state.
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Port 9 Data Register (PODR): PODR is an 8-hit readable/writable register that stores output data
for port 9. When port 9 functions as an output port, the value of thisregister is output. When a bit
in PODDRisset to 1, if port 9 isread the value of the corresponding PODR bit is returned. When a
bit in PODDR iscleared to O, 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, ‘ P9, ‘ P9g ‘
Initial value 1 1 0 0 0 0 0 0
Read/Write — — R/W R/W R/W R/W R/W R/W
Reserved bits Port 9data5to 0

These bits store data
for port 9 pins

PODR isinitialized to H'CO by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table7.17 Port 9 Pin Functions

Pin

Pin Functions and Selection Method

P9s/SCK4/IRQs

Bit C/A in SMR of SCI1, bits CKEQ and CKE1 in SCR, and bit P9sDDR
select the pin function as follows.

CKE1 0 1
C/IA 0 1 —
CKEO 0 1 — —
P9sDDR 0 1 — — —
Pin function P9s P9s SCK; SCK; SCK;
input output output output input
IRQs input

P9,/SCK/TRQ,4

Bit C/A in SMR of SCI0, bits CKEQ and CKE1 in SCR, and bit P9,DDR
select the pin function as follows.

CKE1l 0 1
C/A 0 1 —
CKEO 0 1 — —
P9,DDR 0 1 — — —
Pin function P9, P9, SCKo SCKo SCKo
input output output output input
IRQ input

P93/RxD1 Bit RE in SCR of SCI1, 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 | RxD; input | RxD; input

1/0O Ports
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Pin Pin Functions and Selection Method
P9,/RxDo Bit RE in SCR of SCIO0, bit SMIF in SCMR, and bit P9,DDR select the pin
function as follows.
SMIF 0 1
RE 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output | RxDg input | RxDg input
P9,/TxD; Bit TE in SCR of SCI1, bit SMIF in SCMR, and bit P9;DDR select the pin
function as follows.
SMIF 0 1
TE 1 —
P9, DDR 0 1 — —
Pin function P9; input P9, output | TxD; output | TxD; 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.
P9¢/TxDo Bit TE in SCR of SCI0, bit SMIF in SCMR, and bit P9,DDR select the pin

function as follows.

SMIF 0 1
TE 1 —
P9,DDR 0 1 — —
Pin function P9, input P9, output | TxDo output | TxDo 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 high-

impedance.
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7.11 Port A

7.11.1 Overview

Port A is an 8-bit input/output port that isalso used for output (TP, to TPy) from the
programmabl e timing pattern controller (TPC), input and output (TIOCB,, TIOCA,, TIOCB;,
TIOCA4, TIOCBy, TIOCA,, TCLKD, TCLKC, TCLKB, TCLKA) by the 16-bit timer, clock input
(TCLKD, TCLKC, TCLKB, TCLKA) to the 8-hit timer, and address output (A3 to Ax). A reset
or hardware standby transition leaves port A as an input port, except that in modes 3 and 4, one
pinis always used for A, output. See table 7.19 to 7.21 for the selection of pin functions.

Usage of pinsfor TPC, 16-bit timer, and 8-bit timer input and output is described in the sections
on those modules. For output of address bits Ay to Ay 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 7.10 shows the pin configuration of port A.

Pinsin port A can drive one TTL load and a 30-pF capacitive load. They can also drive a
darlington transistor pair. Port A has Schmitt-trigger inputs.
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Port A

Port A pins

PA /TP, [TIOCB, /A 50
PAG/TPg ITIOCA, /A5,
PA5/TPg ITIOCB, /A 5,
PA4/TP, ITIOCA /A3
PA,/TP; ITIOCB, /TCLKD
PA,/TP, ITIOCA/TCLKC
PA,/TP; ITCLKB

PAo /TPy /TCLKA

Pin functions in modes 1,2,6 and 7

PA - (input/output)/TP; (output)/TIOCB, (input/output)

PA¢ (input/output)/TPg (output)/TIOCA, (input/output)

PA5 (input/output)/TP5 (output)/TIOCB, (input/output)

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

PA 3 (input/output)/TP3 (output)/TIOCB, (input/output)/TCLKD (input)
PA 5 (input/output)/TP, (output)/TIOCA, (input/output)/ TCLKC (input)
PA { (input/output)/TP, (output)/TCLKB (input)

PA (input/output)/TPq (output)/TCLKA (input)

Pin functions in modes 3 and 4

Ay (output)

PA ¢ (input/output)/TPg (output)/ TIOCA, (input/output)/A ,1 (output)
PA 5 (input/output)/TPsg (output)/ TIOCB; (input/output)/A 5 (output)
PA 4 (input/output)/TP,4 (output)/ TIOCA (input/output)/A ,3(output)
PA 3 (input/output)/TP3 (output)/TIOCB, (input/output)/TCLKD (input)
PA ;, (input/output)/TP, (output)/TIOCA (input/output)/ TCLKC (input)
PA 1 (input/output)/TPy (output)/ TCLKB (input)

PA (input/output)/TPq (output)/ TCLKA (input)

Pin functions in mode 5

PA (input/output)/TP; (output)/TIOCB, (input/output)/A o (output)
PA§ (input/output)/TPg (output)/TIOCA; (input/output)/A,, (output)
PA 5 (input/output)/TPg (output)/TIOCB; (input/output)/A,, (output)
PA 4 (input/output)/TP, (output)/TIOCA; (input/output)/A,5 (output)
PA 3 (input/output)/TP3 (output)/TIOCBy, (input/output)/TCLKD (input)
PA, (input/output)/TP, (output)/TIOCA, (input/output)/TCLKC (input)
PA ;1 (input/output)/TP; (output)/TCLKB (input)

PA (input/output)/TPq (output)/ TCLKA (input)

Figure7.10 Port A Pin Configuration
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7.11.2 Register Descriptions
Table 7.18 summarizes the registers of port A.

Table7.18 Port A Registers

Initial Value
Address® Name R/W Modes 1,2,5,6 and 7 Modes 3, 4
H'EEO009 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 pinin 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 \ PA,DDR \ PAlDDR‘ PAoDDR \
Modes {lnitial value 1 0 0 0 0 0 0 0
3and 4| Read/Write — W W W W W W W
g/jozd’e;{lnitial value 0O 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 O
These bits select input or output for port A pins

The pin functionsthat 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, seetables 7.19 and 7.20.

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, seetable 7.21.

When port A functions as an input/output port, apin in port A becomes an output port if the
corresponding PADDR bit is set to 1, and an input port if thisbit is cleared to 0. In modes 3 and 4,
PA/DDR isfixed a 1 and PA; functions as the Ay, address output pin.

PADDR is awrite-only register. Its value cannot be read. All bits return 1 when read.
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PADDR isinitialized to H'00 by areset and in hardware standby modein modes 1, 2, 5, 6, and 7.
Itisinitialized to H'80 by areset and in hardware standby mode in modes 3 and 4. In software
standby mode it retains its previous setting. Therefore, if atransition is made to software standby
mode while port A is functioning as an input/output port and a PADDR bit isset 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
datafor port A. When port A functions as an output port, the value of thisregister is output. When
abitin PADDRIisset to 1, if port A isread the value of the corresponding PADR bit is returned.
When abit in PADDR iscleared to O, if port A is read the corresponding pin logic level is read.

Bit 7 6 5 4 3 2 1 0

‘ PA7 ‘ PAg ‘ PA5 ‘ PA4 ‘ PA3 ‘ PA> ‘ PA, ‘ 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 isinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table7.19 Port A Pin Functions(Modes 1, 2, 6, and 7)

Pin Pin Functions and Selection Method
PAZITP,/ Bit PWM2 in TMDR, bits IOB2 to IOBO0 in TIOR2, bit NDER7 in NDERA, and bit
TIOCB; PA7DDR 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 PA; PA; TP,
input output output
TIOCB; input*
Note: * TIOCB; input when IOB2 =1 and PWM2 = 0.
16-bit timer
channel 2 settings (2) (1) (2)
10B2 0 1
10B1 0 0 1 —
10B0O 0 1 — —
PAs/TPg/ Bit PWM2 in TMDR, bits IOA2 to IOAQ in TIOR2, bit NDER6 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 PAg PAg TPe
input output output

TIOCA; input”

Note: * TIOCA; input when IOA2 = 1.

16-bit timer

channel 2 settings @) 1) 2) 1)
PWM2 0 1
I0A2 0 1 —
I0Al 0 0 1 — —
I0A0 0 1 — — —
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Pin Pin Functions and Selection Method

PAs/TPs/ Bit PWML1 in TMDR, bits I0B2 to IOBO0 in TIOR1, bit NDERS5 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 IOB2 =1 and PWML1 = 0.

16-bit timer

channel 1 settings 2) (1) (2)
10B2 0 1
I0B1 0 0 1 —
[0]=14) 0 1 — —

PALJTPA/ Bit PWML1 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

PA;DDR — 0 1 1

NDER4 — — 0 1

Pin function TIOCA; output PA, PA, TPy
input output output

TIOCA, input*

Note: * TIOCA, input when IOA2 = 1.

16-bit timer

channel 1 settings 2) Q) (2) 1)
PWM1 0 1
I0A2 0 1 —
I0A1 0 0 1 — —
I0A0 0 1 — — —
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Table7.20 Port A Pin Functions (Modes3to 5)

Pin Pin Functions and Selection Method
PAZITP,/ Modes 3 and 4: Always used as Ay output.
TIOCB2/ Az i function ‘ Ay output

Mode 5: Bit PWM2 in TMDR, bits IOB2 to IOBO in TIOR2, bit NDER7 in NDERA, bit
A20E in BRCR, and bit PA;DDR 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, Azo

input output output output
TIOCB; input*

Note: * TIOCB; input when |OB2 = 1 and PWM2 = 0.

16-hit timer channel 2 settings (2) (1) (2)
10B2 0 1

10B1 0 0 1 —
I0BO 0 1 — —
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Pin Pin Functions and Selection Method
PAs/TP¢/ Bit PWM2 in TMDR, bits IOA2 to IOAO in TIOR2, bit NDERG6 in NDERA, bit A21E in

TIOCA,/A21 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 —

NDER6 — — 0 1 —

Pin function TIOCA; output PAg PAg TPe Aoy
input output output output

TIOCA; input*

Note: * TIOCA; input when IOA2 = 1.

16-bit timer channel 2 settings 2) (1) 2) (1)

PWM2 0 1

I0A2 1 —

I0A1 1 — —

I0A0 — — —

PAs/TPs/

Bit PWML1 in TMDR, bits IOB2 to IOBO in TIOR1, bit NDER5 in NDERA, bit A22E in
TIOCB1/A2; BRCR, and bit PAsDDR select the pin function as follows.

A22E 1 0

16-hit timer

channel 1 settings| (1) in table below (2) in table below —

PAsDDR — 0 1 1 —

NDERS5 — — 0 1 —

Pin function TIOCB; output PAs PAs TPs Az
input output output output

TIOCB; input*

Note: * TIOCB; input when IOB2 =1 and PWML1 = 0.

16-bit timer

channel 1 settings 2) Q) (2)

10B2 0 1

10B1 0 1 —

I0BO — —

Rev. 2.00 Sep 20, 2005 page 194 of 800
REJ09B0260-0200

RENESAS




Section 7

1/0O Ports

Pin

Pin Functions and Selection Method

PALJTPY/

Bit PWML1 in TMDR, bits IOA2 to IOAO in TIOR1, bit NDER4 in NDERA, bit A23E in
TIOCA1/A2;3 BRCR, and bit PA,DDR select the pin function as follows.

A23E 1 0

16-bit timer

channel 1 settings| (1) in table below (2) in table below —

PA,DDR — 0 1 1 —

NDER4 — — 0 1 —

Pin function TIOCA; output PA4 PAs TP4 Az
input output output output

TIOCA; input*

Note: * TIOCA, input when IOA2 = 1.

16-bit timer

channel 1 settings 2) (1) 2) (2)

PWM1 0 1

I0A2 1 —

I0Al 1 — —

I0A0 — — —
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Table7.21 Port A Pin Functions(Modes1to7)

Pin Pin Functions and Selection Method

PAs/TP3/ Bit PWMO in TMDR, bits IOB2 to IOBO in TIORO, bits TPSC2 to TPSCO0 in 16 TCR2 to
TIOCBY/ 16 TCRO of the 16-bit timer, bits CKS2 to CKS0 in 8TCR2 of the 8-bit timer, bit
TCLKD 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. TIOCByg input when IOB2 =1 and PWMO = 0.

2. TCLKD input when TPSC2 = TPSC1 = TPSCO =1 in any of 16 TCR2 to
16TCRO, or bits CKS2 to CKSO0 in 8TCR2 are as shown in (3) in the table

below.

16-bit timer
channel 0 settings

)

1)

)

10B2

1

I0B1

I0BO

8-bit timer
channel 2 settings

(4) ’

©)

CKS2

CKs1

CKSO
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Pin Pin Functions and Selection Method
PALITP,/ Bit PWMO in TMDR, bits IOA2 to IOAO in TIORO, bits TPSC2 to TPSCO0 in 16TCR2 to
TIOCAY/ 16 TCRO of the 16-bit timer, bits CKS2 to CKSO0 in 8TCRO of the 8-bit timer, bit
TCLKC 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, PA, TP,
input output output
TIOCA, input**
TCLKC input*?
Notes: 1. TIOCAg 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 0O settings

PWMO

)

)
0

()

@)
1

I0A2

I0A1

IOAO

8-bit timer
channel 0 settings

(4)

©)

CKS2

CKs1

CKSO
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Pin Pin Functions and Selection Method
PAJ/TP,/ Bit MDF in TMDR, bits TPSC2 to TPSCO in 16 TCR2 to 16TCRO of the 16-bit timer,
TCLKB bits CKS2 to CKS0 in 8TCRS3 of the 8-bit timer, bit NDER1 in NDERA, and bit
PA;:DDR select the pin function as follows.
PA;DDR 0 1 1
NDER1 — 0 1
Pin function PA; input PA; output TP, output
TCLKB input*
Note: * CLKB input when MDF =1 in TMDR, or TPSC2 =1, TPSC1 =0, and
TPSCO = 1 in any of 16 TCR2 to 16 TCRO, or bits CKS2 to CKS0 in 8TCR3 are
as shown in (1) in the table below.
8-bit timer
channel 3 settings (2) 1)
CKS2 0 1
CKs1 — 0 1
CKSO — 0 ‘ 1 —
PA/TPy/ Bit MDF in TMDR, bits TPSC2 to TPSCO in 16TCR2 to 16TCRO of the 16-bit timer,
TCLKA bits CKS2 to CKS0 in 8TCR1 of the 8-bit timer, bit NDERO in NDERA, and bit

PA.DDR select the pin function as follows.

PA,DDR 0 1

NDERO — 0 1

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

Note: * TCLKA inp

ut when MDF =1 in TMDR, or TPSC2 =1 and TPSC1 =0, and

TPSCO =0 in any of 16 TCR2 to 16 TCRO, or bits CKS2 to CKS0 in 8TCR1 are
as shown in (1) in the table below.

8-bit timer

channel 1 settings (2) 1)

CKS2 0 1

CKs1 — 0 1

CKSO0 — 0 1 —
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Section 7 1/O Ports

7.12 Port B

7.12.1 Overview

Port B is an 8-hit input/output port that is also used for output (TPy5 to TPg) from the
programmabl e timing pattern controller (TPC), input/output (TMIOs, TMO,, TMIO,, TMOy) by
the 8-bit timer, and CS; to CS, output. See tables 7.23 and 7.24 for the selection of pin functions.
A reset or hardware standby transition leaves port B as an input/output port.

For output of CS; to CS4in modes 1 to 5, see section 6.3.4, Chip Select Signals. Pins not assigned
to any of these functions are available for generic input/output. Figure 7.11 shows the pin
configuration of port B.

Pinsin port B can drive one TTL load and a 30-pF capacitive load. They can also drive darlington
transistor pair.
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Section 7 1/O Ports

Port B

Port B pins

PB//TP5

PBg/TP14

PBs/TP13

PB,/TP1,

PB3/TP1 /TMIO,/CS,
PB,/TP1o /TMO,/CS;
PB4/TPg /TMIO,/CS;
PBy/TPg/TMO,/CS;

Pin functions in modes 1to 5

PB- (input/output)/TP45 (output)

PBg (input/output)/TP14 (output)

PBs (input/output)/TP43 (output)

PB, (input/output)/TP4, (output)

PBj (input/output)/TP4; (output) /TMIO, (input/output) /CS, (output)
PB, (input/output)/TP4q (output) /TMO, (output) /CS; (output)

PB; (input/output)/TPg (output) /TMIO; (input/output) /CS, (output)
PB, (input/output)/TPg (output) /TMO, (output) /CS, (output)

Pin functions in modes 6 and 7

PB- (input/output)/TP45 (output)

PBg (input/output)/TP14 (output)

PBg (input/output)/TP43 (output)

PB4 (input/output)/TP4, (output)

PB3 (input/output)/TP4; (output) /TMIO; (input/output)
PB, (input/output)/TP1g (output) /TMO, (output)

PB; (input/output)/TPg (output) /TMIO, (input/output)
PBy (input/output)/TPg (output) /TMO, (output)

Figure7.11 Port B Pin Configuration
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Section 7 1/O Ports

7.12.2 Register Descriptions
Table 7.22 summarizes the registers of port B.

Table7.22 Port B Registers

Address” Name Abbreviation R/W Initial Value
H'EEOOQA 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‘ PBs DDR‘ PB4DDR‘ PBj DDR‘PBZ DDR ‘ PB; DDR‘PBO DDR‘

Initial value 0 0 0 0 0 0 0 0

Read/Write w w w w w w w w

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

The pin functions that can be selected for port B differ between modes 1to 5, and modes 6 and 7.
For the method of selecting the pin functions, seetables 7.23 and 7.24.

When port B functions as an input/output port, apin 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 isawrite-only register. Its value cannot be read. All bits return 1 when read.

PBDDR isinitialized to H'00 by areset and in hardware standby mode. In software standby mode
it retains its previous setting. Therefore, if atransition 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
abitin PBDDRissetto 1, if port B isread the value of the corresponding PBDR hit is returned.
When abit in PBDDR iscleared to O, if port B is read the corresponding pin logic level isread.

Bit 7 6 5 4 3 2 1 0

‘ PB~; ‘ 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 B data7to 0
These bits store data for port B pins

PBDRisinitialized to H'00 by areset and in hardware standby mode. In software standby mode it
retains its previous setting.
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Table7.23 Port B Pin Functions (Modes 1to 5)
Pin Pin Functions and Selection Method
PB//TP1s Bit NDER15 in NDERB and bit PB;DDR select the pin function as follows.
PB;DDR 0 1 1
NDER15 — 0 1
Pin function PB- input PB- output TP15 output
PBg/TP14 Bit NDER14 in NDERB and bit PBsDDR select the pin function as follows.
PBsDDR 0 1 1
NDER14 — 0 1
Pin function PBs input PBs output TP14 output
PBs/TP;3 Bit NDER13 in NDERB and bit PBsDDR select the pin function as follows.
PBsDDR 0 1 1
NDER13 — 0 1
Pin function PBs input PBs output TP13 output
PB4/TP;, Bit NDER12 in NDERB and bit PB,DDR select the pin function as follows.
PB4DDR 0 1 1
NDER12 — 0 1
Pin function PB, input PB4 output TP12 output
PBs/TP1/  Bits OIS3/2 and OS1/0 in 8TCSR3, bit CS4E in CSCR, bit NDER11 in NDERB, and
TMIO3/CS, bit PB3DDR select the pin function as follows.

0IS3/2 and AllO Not all 0
0Ss1/0
CS4E 0 1 —
PBsDDR 0 1 — —
NDER11 — 0 1 — —
Pin function PBs; PBs; TPy CS, TMIO; output

input output output output

TMIO; input®

Note: * TMIOg3 input when bit ICE = 1 in 8TCSR3.
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Pin Pin Functions and Selection Method
PBZ/TPl_o/ Bits OI1S3/2 and OS1/0 in 8STCSR2, bit CS5E in CSCR, bit NDER10 in NDERB, and
TMO,/CSs  bit PB,DDR select the pin function as follows.
0OIS3/2 and All 0 Not all 0
0S1/0
CS5E 1 —
PB,DDR 0 1 — —
NDER10 — 0 1 — —
Pin function PB; PB; TP1o CSs TMIO,
input output output output output
PB1/TPo/ Bits OIS3/2 and OS1/0 in 8TCSR1, bit CS6E in CSCR, bit NDER9 in NDERB, and bit
TMIO,/CSs PB;DDR select the pin function as follows.
0IS3/2 and All O Not all 0
0S1/0
CS6E 1 —
PB.DDR 0 1 — —
NDER9 — 0 1 — —
Pin function PB; PB; TPy CSs TMIO;
input output output output output
TMIO; input®
Note: * TMIO; input when bit ICE = 1 in 8TCSR1.
PBo/TFi Bits OIS3/2 and OS1/0 in 8STCSRO, bit CS7E in CSCR, bit NDERS8 in NDERB, and bit
TMOo/CS; PBoDDR select the pin function as follows.
0IS3/2 and AllO Not all 0
0S1/0
CS7E 0 1 —
PBoDDR 0 1 — —
NDERS8 — 0 1 — —
Pin function PBo PBo TPsg CS, TMOp
input output output output output

Rev. 2.00 Sep 20, 2005 page 204 of 800
REJ09B0260-0200
RENESAS



Section 7 1/O Ports

Table7.24 Port B Pin Functions (Modes 6 and 7)

Pin Pin Functions and Selection Method
PB//TP1s Bit NDER15 in NDERB and bit PB;DDR select the pin function as follows.
PB;DDR 0 1 1
NDER15 — 0 1
Pin function PB- input PB- output TP15 output
PBg/TP14 Bit NDER14 in NDERB and bit PBsDDR select the pin function as follows.
PBsDDR 0 1 1
NDER14 — 0 1
Pin function PBs input PBs output TP14 output
PBs/TP;3 Bit NDER13 in NDERB and bit PBsDDR select the pin function as follows.
PBsDDR 0 1 1
NDER13 — 0 1
Pin function PBs input PBs output TP13 output
PB4/TP;, Bit NDER12 in NDERB and bit PB,DDR select the pin function as follows.
PB4DDR 0 1 1
NDER12 — 0 1
Pin function PB, input PB4 output TP12 output
PB3/TP1i/  Bits OIS3/2 and OS1/0 in 8TCSRS3, bit NDER11 in NDERB, and bit PB3;DDR select
TMIO3 the pin function as follows.

0IS3/2 and All 0 Not all 0

0S1/0

PBs;DDR 0 1 1 —

NDER11 — 0 1 —

Pin function PB; input PB; output TP11 output TMIO3 output
TMIO; input”

Note: * TMIO3 input when bit ICE = 1 in 8TCSR3.
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Pin Pin Functions and Selection Method
PB,/TP1o/  Bits OIS3/2 and OS1/0 in 8TCSR2, bit NDER10 in NDERB, and bit PB,DDR select
TMO;, the pin function as follows.
0OIS3/2 and AllO Not all 0
0S1/0
PB,DDR 0 1 1 —
NDER10 — 0 1 —
Pin function PB, input PB; output TP10 output TMO; output
PB./TPy/ Bits OI1S3/2 and OS1/0 in 8TCSR1, bit NDER9 in NDERB, and bit PB;DDR select the
TMIO; pin function as follows.
0OIS3/2 and AllO Not all 0
0S1/0
PB,;DDR 0 1 1 —
NDER9 — 0 1 —
Pin function PB; PB; TPy TMIO,
input output output output
TMIO; input”
Note: * TMIO; input when bit ICE = 1 in 8TCSR1.
PB./TPg/ Bits OIS3/2 and OS1/0 in 8TCSRO, bit NDERS8 in NDERB, and bit PB,DDR select the
TMOq pin function as follows.

QIS3/2 and All 0 Not all 0

0S1/0

PB.DDR 0 1 1 —

NDERS8 — 0 1 —

Pin function PBo PBo TPg TMOg
input output output output
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Section 8 16-Bit Timer

8.1 Overview

The H8/3024 Group has built-in 16-bit timer module with three 16-bit counter channels.

811 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 al channels:
0 Waveform output by compare match
Selection of 0 output, 1 output, or toggle output (only O 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 moretimer counters (L6TCNTS) 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 viainternal 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
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Section 8 16-Bit Timer

* Nineinterrupt sources

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

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 8.1 summarizes the 16-bit timer functions.

Table8.1

16-bit timer Functions

ltem

Channel 0

Channel 1

Channel 2

Clock sources

Internal clocks: @, @/2, /4, ¢/8
External clocks: TCLKA, TCLKB, TCLKC, TCLKD, selectable

independently

General registers (output
compare/input capture
registers)

GRAO, GRBO

GRA1, GRB1

GRA2, GRB2

Input/output pins

TIOCA,, TIOCBg

TIOCA;, TIOCB;

TIOCA,, TIOCB;

Counter clearing function

GRAO/GRBO
compare match or
input capture

GRA1/GRB1
compare match or
input capture

GRA2/GRB2
compare match or
input capture

Initial output value setting Available Available Available
function

Compare match |0 Available Available Available
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 Al

« Compare match/
input capture B1

» Overflow

Three sources

« Compare match/
input capture A2

« Compare match/
input capture B2

* Overflow
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Section 8 16-Bit Timer

8.1.2 Block Diagrams

16-bit timer Block Diagram (Overall): Figure 8.1 isablock diagram of the 16-hit timer.

TCLKAto TCLKD > IMIAO to IMIA2
Clock selector > IMIBO to IMIB2
0, 92, g4, '8 > OVI0 to OVI2
Control logic
TIOCA to TIOCA;
TIOCB, to TIOCB,
0 <[ Tsm ko
~ o o <] TSNR K >
© © ©
= = = <__| TMDR K> g
] @ ] @ 2
5 5 5 5 5
o = o <_] TOLR K_ > & @
£ £ £ o
= 8= £ =3
= = Z | TISRA [ A o 5
< < 2 m =
3 S S <] TISRB K__> o
6 <_| TISRC K>
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)

Figure8.1 16-bit timer Block Diagram (Overall)

Rev. 2.00 Sep 20, 2005 page 209 of 800

RENESAS

REJ09B0260-0200




Section 8 16-Bit Timer

Block Diagram of Channels0 and 1: 16-bit timer channels 0 and 1 are functionally identical.
Both have the structure shown in figure 8.2.

TCLKA to TCLKD > = TIOCAq
Clock selector < TIOCBy
O @2, @4, @8 > _
Control logic
— IMIAO
Comparator — IMIBO
— OVIO
= o
pd
ol ||| & o5
S (O] O 8 [

Q

Module data bus

Legend:

16TCNT:  Timer counter (16 hits)

GRA, GRB: General registers A and B (input capture/output compare registers) (16 bits * 2)
TCR: Timer control register (8 bits)

TIOR: Timer 1/O control register (8 bits)

Figure8.2 Block Diagram of ChannelsOand 1
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Block Diagram of Channel 2: Figure 8.3 is ablock diagram of channel 2

TCLKA to TCLKD > ~— TIOCA,
Clock selector = TIOCB,
002, ¢4 @8 > _
Control logic IMIA2
Comparator — IMIB2
— OVI2
N
- AN
z| |23 o &
Ol|lx||x =l Q
© o (O] © ~

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)

Figure8.3 Block Diagram of Channd 2
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813 Pin Configuration

Table 8.2 summarizes the 16-bit timer pins.

Table8.2 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 AO output PWM output pin in PWM mode
Input capture/output TIOCBy  Input/ GRBO output compare or input capture pin
compare BO output

1 Input capture/output  TIOCA;  Input/ GRA1 output compare or input capture pin
compare Al 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/ GRAZ2 output compare or input capture pin
compare A2 output PWM output pin in PWM mode
Input capture/output TIOCB,  Input/ GRB2 output compare or input capture pin
compare B2 output
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814 Register Configuration
Table 8.3 summarizes the 16-bit timer registers.

Table83 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 RI(W)*?  H'88
H'FFF65 Timer interrupt status register B TISRB RI(W)*?  H'88
H'FFF66 Timer interrupt status register C TISRC R/ON)*2 H'88
0 H'FFF68 Timer control register 0 16TCRO R/W H'80
H'FFF69 Timer I/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 H'FF
H'FFF6E General register BOH GRBOH R/W H'FF
H'FFF6F General register BOL GRBOL R/W H'FF
1 H'FFF70 Timer control register 1 16TCR1 R/W H'80
H'FFF71 Timer 1/O control register 1 TIOR1 R/W H'88
H'FFF72 Timer counter 1H 16TCNTIH R/W H'00
H'FFF73 Timer counter 1L 16TCNTIL R/W H'00
H'FFF74 General register A1H GRA1H R/W H'FF
H'FFF75 General register A1L GRALL R/W H'FF
H'FFF76 General register B1H GRB1H R/W H'FF
H'FFF77 General register B1L GRBI1L R/W H'FF
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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 H'FF
H'FFF7D General register A2L GRA2L R/W H'FF
H'FFF7E General register B2H GRB2H R/W H'FF
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.

8.2 Register Descriptions

8.2.1 Timer Start Register (TSTR)

TSTRisan 8-hit readable/writable register that starts and stops the timer counter (16TCNT) in
channels0to 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 start 2to 0

These bits start and
stop 16TCNT2 to 16 TCNTO

TSTRisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reser ved: These bits cannot be modified and are alwaysread as 1.
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Bit 2—Counter Start 2 (STR2): Starts and stopstimer counter 2 (16TCNT?2).

Bit 2

STR2 Description

0 16TCNT2 is halted (Initial value)
1 16TCNT2 is counting

Bit —Counter Start 1 (STR1): Starts and stopstimer counter 1 (16TCNT1).

Bit 1

STR1 Description

0 16TCNT1 is halted (Initial value)
1 16TCNT1 is counting

Bit 0—Counter Start 0 (STRO0): Starts and stops timer counter 0 (16TCNTO).

Bit 0

STRO Description

0 16TCNTO is halted (Initial value)
1 16TCNTO is counting

8.2.2 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 bitsto 1.

Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ — ‘ SYNC2 ‘ SYNC1 ‘ SYNCO ‘
Initial value 1 1 1 1 1 0 0 0
Read/Write — — — — — R/W R/W R/W
Reserved bits Timer sync 2to 0

These bits synchronize
channels 2to 0

TSNCisinitialized to H'F8 by areset and in standby mode.

Bits 7 to 3—Reser ved: These bits cannot be modified and are alwaysread as 1.
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Bit 2—Timer Sync 2 (SYNC?2): Selects whether channel 2 operates independently or

synchronously.

Bit 2

SYNC2  Description

0 Channel 2’s timer counter (L6TCNT2) operates independently (Initial value)

16TCNT?2 is preset and cleared independently of other channels

Channel 2 operates synchronously
16TCNT2 can be synchronously preset and cleared

Bit 1—Timer Sync 1 (SYNC1): Selects whether channel 1 operates independently or

synchronously.

Bit 1

SYNC1 Description

0 Channel 1's timer counter (L6TCNT1) operates independently (Initial value)

16TCNT1 is preset and cleared independently of other channels

Channel 1 operates synchronously
16TCNT1 can be synchronously preset and cleared

Bit 0—Timer Sync 0 (SYNCQO): Selects whether channel 0 operates independently or

synchronougly.

Bit O

SYNCO Description

0 Channel 0’s timer counter (L6TCNTO) operates independently (Initial value)

16TCNTO is preset and cleared independently of other channels

Channel 0 operates synchronously
16TCNTO can be synchronously preset and cleared
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823 Timer Mode Register (TMDR)

TMDR is an 8-hit readable/writable register that selects PWM mode for channels0to 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 modes 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

TMDRisinitialized to H'98 by areset and in standby mode.
Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bit 6—Phase Counting Mode Flag (M DF): 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, 16TCNT2 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 I High M Low Low I High ¥
TCLKB pin Low I High 1 I High 1 Low
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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 bitsin 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 isvalid in al modesin channel 2.

Bit 5

FDIR Description

0 OVF is setto 1 in TISRC when 16 TCNT2 overflows or underflows (Initial value)
1 OVF is setto 1 in TISRC when 16TCNT2 overflows

Bits4 and 3—Reserved: These hits cannot be modified and are always read as 1.

Bit 2—PWM Mode 2 (PWM 2): 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 PWM2 is set to 1 to select PWM mode, pin TIOCA, becomes a PWM output pin. The
output goesto 1 a compare match with GRA2, and to 0 at compare match with GRB2.

Bit —PWM Mode 1 (PWM1): Selects whether channel 1 operates normally or in PWM mode.

Bit 1

PWM1 Description

0 Channel 1 operates normally (Initial value)
1 Channel 1 operates in PWM mode

When bit PWM1 is set to 1 to select PWM mode, pin TIOCA; becomes a PWM output pin. The
output goesto 1 a compare match with GRA1, and to 0 at compare match with GRB1.

Rev. 2.00 Sep 20, 2005 page 218 of 800
REJ09B0260-0200
RENESAS



Section 8 16-Bit Timer

Bit 0—PWM Mode 0 (PWMO0): 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 goesto 1 a compare match with GRAO, and to 0 at compare match with GRBO.

824 Timer Interrupt Status Register A (TISRA)

TISRA isan 8-hit 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 | IMFAL | IMFAQ |

Initial value 1 0 0 0 1 0 0 0
Read/Write =~ — RIW RIW RIW — RI(W)" RIW)" R/(W)*

Input capture/compare match
flags A2 to AO

Status flags indicating GRA
compare match or input capture

Reserved bit

Input capture/compare match interrupt enable A2 to AO
These bits enable or disable interrupts by the IMFA flags

Reserved bit

Note: * Only 0 can be written, to clear the flag.

TISRA isinitialized to H'88 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.
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Bit 6—Input Capture/CompareMatch Interrupt Enable A2 (IMIEAZ2): 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 IMFA2 flag is disabled (Initial value)
1 IMIA2 interrupt requested by IMFA2 flag is enabled

Bit 5—Input Capture/Compare Match Interrupt Enable A1 (IMIEA1L): Enables or disables
the interrupt requested by the IMFA1 flag when IMFALl isset to 1.

Bit 5

IMIEA1  Description

0 IMIAL interrupt requested by IMFA1 flag is disabled (Initial value)
1 IMIAL interrupt requested by IMFA1 flag is enabled

Bit 4—Input Capture/CompareMatch Interrupt Enable AO (IMIEAOQ): Enables or disables
the interrupt requested by the IMFAO flag when IMFAQ 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 (IMFAZ2): This status flag indicates GRA2
compare match or input capture events.

Bit 2

IMFA2 Description

0 [Clearing condition] (Initial value)
Read IMFA2 flag when IMFA2 =1, then write 0 in IMFA2 flag

1 [Setting conditions]

e 16TCNT2 = GRA2 when GRAZ2 functions as an output compare register

e 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 (IMFAZL): This statusflag indicates GRA1
compare match or input capture events.

Bit 1

IMFA1 Description

0 [Clearing condition] (Initial value)
Read IMFA1 flag when IMFAL =1, then write 0 in IMFAL flag

1 [Setting conditions]

e 16TCNT1 = GRA1 when GRAL functions as an output compare register

e 16TCNT1 value is transferred to GRAL by an input capture signal when GRA1
functions as an input capture register

Bit 0—Input Capture/Compare Match Flag A0 (IMFAOQ): This status flag indicates GRAO
compare match or input capture events.

Bit O

IMFAO Description

0 [Clearing condition] (Initial value)
Read IMFAO flag when IMFAO =1, then write 0 in IMFAO flag

1 [Setting conditions]

« 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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825 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
| — |IMIEBZ | IMIEB1 | IMIEBO| — | IMFB2 | IMFB1 | IMEBO |
Initial value 1 0 0 0 1 0 0 0
Read/Write — R/W R/W R/W — RI(W)*  RI(W)*  RI(W)*

Input capture/compare match
flags B2 to BO

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 isinitialized to H'88 by areset 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
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Bit 5—Input Capture/Compare Match Interrupt Enable B1 (IMIEB1): Enables or disables
the interrupt requested by the IMFB1 when IMFB1 flagis set to 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 IMFBO 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]
e 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 IMFBL flag

1 [Setting conditions]

¢ 16TCNT1 = GRB1 when GRBL1 functions as an output compare register

e 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 BO (IM FBO): This status flag indicates GRBO
compare match or input capture events.

Bit O

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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8.2.6 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 ~ — RIW RW  RW —  RIW)" R/(W)* RI(W)*

Overflow flags 2to 0
Status flags indicating
interrupts by OVF flags

Reserved bit

Overflow interrupt enable 2to 0
These bits enable or disable interrupts by the OVF flags

Reserved bit

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

TISRC isinitialized to H'88 by areset 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 QVI2 interrupt requested by OVF2 flag is enabled
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Bit 5—Overflow Interrupt Enable 1 (OVIE1L): Enables or disablesthe interrupt requested by the
OVF1 when OVF1 flagisset to 1.

Bit 5

OVIE1 Description

0 OVI1 interrupt requested by OVF1 flag is disabled (Initial value)
1 OVI1 interrupt requested by OVF1 flag is enabled

Bit 4—Overflow Interrupt Enable 0 (OVIEOQ): Enables or disablesthe interrupt requested by the
OVFO when OVFOflagisset to 1.

Bit 4

OVIEO Description

0 OVIO interrupt requested by OVFO flag is disabled (Initial value)
1 OVIO0 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 16TCNT operates as an up/down-counter. Underflow
occurs only when channel 2 operates in phase counting mode (MDF = 1 in TMDR).

Bit —Overflow Flag 1 (OVF1): This status flag indicates 16 TCNT 1 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
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Bit 0—Overflow Flag 0 (OVF0): This status flag indicates 16TCNTO overflow.

Bit O

OVFO Description

0 [Clearing condition] (Initial value)
Read OVFO flag when OVFO =1, then write 0 in OVFO flag

1 [Setting condition]

16TCNTO overflowed from H'FFFF to H'0000

8.2.7 Timer Counters(16TCNT)

16TCNT is a16-bit counter. The 16-bit timer hasthree 16 TCNTS, 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 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value o o o o o o0 o o o o0 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. 16TCNT2 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 flagissetto 1in TISRC of
the corresponding channel.

When 16TCNT underflows (changes from H'0000 to H'FFFF), the OVF flagissetto 1in TISRC
of the corresponding channel.
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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 isinitialized to H'0000 by areset and in standby mode.

8.2.8

General Registers (GRA, GRB)

The general registers are 16-hit 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 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Initial value 1171 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 isa 16-bit readable/writable register that can function as either an output
compare register or an input capture register. The function is selected by settingsin TIOR.

When a genera 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 flagis
set to 1in TISRA/TISRB. Compare match output can be selected in TIOR.

When a genera register is used as an input capture register, an externa 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 signa
areselected 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 areset and in standby mode.
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8.2.9 Timer Control Registers (16TCR)

16TCR isan 8-hit register. The 16-bit timer hasthree 16 TCRs, one in each channel.

Channel Abbreviation Function
0 16TCRO 16TCR controls the timer counter. The 16TCRs 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 2to 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-hit readable/writable register that selectsthe timer counter clock source,
selects the edge or edges of external clock sources, and selects how the counter is cleared.

16TCRisinitialized to H'80 by areset and in standby mode.

Bit 7—Reserved: This bit cannot be modified and is always read as 1.

Bits6 and 5—Counter Clear 1 and 0 (CCLR1, CCLRO0): These bits select how 16TCNT is

cleared.
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Bit 6 Bit 5

CCLR1 CCLRO Description

0 0 16TCNT is not cleared (Initial value)
1 16TCNT is cleared by GRA compare match or input capture*1

1 0 16TCNT is cleared by GRB compare match or input capture*:L
1 Synchronous clear: 16 TCNT is cleared in synchronization with other

synchronized timers*?

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.

Bits4 and 3—Clock Edge 1 and 0 (CKEG1, CKEGO0): These bits select external clock input
edges when an external clock sourceis 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.

Bits2to O—Timer Prescaler 2to 0 (TPSC2 to TPSCO): 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 TPSC2 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
TPSCO0 in 16TCR2 are ignored. Phase counting takes precedence.

8.2.10 Timer I/O Control Register (TIOR)
TIOR is an 8-hit register. The 16-bit timer hasthree 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 ‘ I0B1 ‘ 10B0O ‘ — ‘ I0A2 ‘ I0A1 ‘ I0A0 ‘
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 AO
These bits select GRA
functions

Reserved bit

I/0O control B2 to BO
These bits select GRB functions

Reserved bit

Each TIOR is an 8-hit readable/writable register that selects the output compare or 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 captureis
selected, TIOR also selects the edges of the input capture signal.

TIOR isinitialized to H'88 by areset 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 B2to B0 (10B2to 10B0): These bits select the GRB function.

Bit 6 Bit 5 Bit 4

I0B2 10B1 I0OBO 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  gpg 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.

2. 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.
Bits2to 0—I/O Control A2to A0 (I0A2to IOAO0): These bits select the GRA function.

Bit 2 Bit 1 Bit 0

IOA2 I0AL IOA0 Function
0 0 0 GRAis 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  gpa 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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8211 Timer Output Leve 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 |TOBl |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 BO
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 TSTRis 0.

TOLR isawrite-only register, and cannot be read. If it isread, all bitswill return avalue of 1.
TOLR isinitialized to H'CO by areset and in standby mode.

Bits 7 and 6—Reserved: These bits cannot be modified.

Bit 5—Output Level Setting B2 (TOB2): Setsthe value of timer output TIOCB,.

Bit 5

TOB2 Description

0 TIOCB,is 0 (Initial value)
1 TIOCB; is 1

Bit 4—Output Level Setting A2 (TOA2): Setsthe value of timer output TIOCA,.

Bit 4

TOA2 Description

0 TIOCA;is O (Initial value)
1 TIOCA;is 1
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Bit 3—Output Level Setting B1 (TOB1): Setsthe value of timer output TIOCB;.

Bit 3

TOB1 Description

0 TIOCB;is 0 (Initial value)
1 TIOCB; is 1

Bit 2—Output Level Setting A1 (TOAL): Setsthe value of timer output TIOCA;.

Bit 2

TOA1 Description

0 TIOCA;is O (Initial value)
1 TIOCA; is 1

Bit 1—Output L evel Setting BO (TOBO): Setsthe value of timer output TIOCB,.

Bit 0

TOBO Description

0 TIOCBy is O (Initial value)
1 TIOCBy is 1

Bit 0—Output L evel Setting A0 (TOAOQ): Setsthe value of timer output TIOCA,.

Bit 0

TOAO Description

0 TIOCA,is O (Initial value)
1 TIOCAo is 1
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8.3 CPU Interface

831 16-Bit Accessible Registers

Thetimer counters (16TCNTS), general registers A and B (GRAs and GRBs) are 16-hit registers,
and are linked to the CPU by an internal 16-bit data bus. These registers can be written or read a
word at atime, or abyte a atime.

Figures 8.4 and 8.5 show examples of word read/write accessto atimer counter (16TCNT).
Figures 8.6 to 8.9 show examples of byte read/write accessto 16TCNTH and 16TCNTL.

On-chip data bus

H H

= >

CPU L Bus interface L Module

T < T3 >

| 16TCNTH | 16TCNTL |

VAN

Figure8.4 16TCNT AccessOperation [CPU - 16TCNT (Word)]

On-chip data bus

H H
CPU L Bus interface {} L

N
| 16TCNTH | 16TCNTL |

Module
data bus

H A

>
>

Figure8.5 Accessto Timer Counter (CPU Reads 16TCNT, Word)

Rev. 2.00 Sep 20, 2005 page 235 of 800
REJ09B0260-0200
RENESAS



Section 8 16-Bit Timer

On-chip data bus

H H

=

CPU L Bus interface L

R - Y

| 16TCNTH | 16TCNTL |

VAN

> Module
> data bus

Figure8.6 Accessto Timer Counter H (CPU Writesto 16TCNTH, Upper Byte)

On-chip data bus

H H

>

CPU L Bus interface

<

Module

L data bus

VANIVAN

>
>

VAR '/

| 16TCNTH | 16TCNTL |

Figure8.7 Accessto Timer Counter L (CPU Writesto 1I6TCNTL, Lower Byte)

On-chip data bus

H H

N

CPU L Bus interface {} L Module

E 5

| 16TCNTH | 16TCNTL |

VAN

/\

Figure8.8 Accessto Timer Counter H (CPU Reads 16TCNTH, Upper Byte)
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On-chip data bus

H

N

CPU L Bus interface

>

H

/\

7 :

Module

VAN

&

| 16TCNTH | 16TCNTL |

> data bus

Figure8.9 Accessto Timer Counter L (CPU Reads 16TCNTL, Lower Byte)

8.3.2 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 8.10 and 8.11 show examples of byte read and write accessto a 16TCR.

If aword-size datatransfer instruction is executed, two byte transfers are performed.

On-chip data bus

H

>

CPU L Bus interface

<

H

L

Module
data bus

VANV N

>
>

Figure8.10 16TCR Access(CPU Writesto 16TCR)
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On-chip data bus

H H

N

CPU L Bus interface {} L

>

VAN

data bus

> Module
>

/\

Figure8.11 16TCR Access(CPU Reads16TCR)
84 Operation

84.1 Overview
A summary of operations in the various modes s given below.

Normal Operation: Each channel has atimer 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 Oper ation: Thetimer 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 countersin the other channels aswell. The timer counters can also be cleared synchronously
if so designated by the CCLR1 and CCLRO bitsin the TCRs.

PWM Mode: A PWM waveform is output from the TIOCA pin. The output goesto 1 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 M ode: The phase relationship between two clock signalsinput at TCLKA and
TCLKB isdetected and 16TCNT2 counts up or down accordingly. When phase counting mode is
selected TCLKA and TCLKB become clock input pins and 16 TCNT2 operates as an up/down-
counter.
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84.2 Basic Functions

Counter Operation: When one of bits STRO to STR2 isset to 1 in thetimer start register (TSTR),
the timer counter (16TCNT) in the corresponding channel starts counting. The counting can be
free-running or periodic.

e Sample setup procedure for counter
Figure 8.12 shows a sample procedure for setting up a counter.

( Counter setup )

Select counter clock 1

No

Count operation

Yes ) -
( Free-running counting )
< Periodic counting )

Select counter clear source 2

Select output compare

register function 3
Set period 4
Start counter 5 Start counter 5
Periodic counter Free-running counter

Figure8.12 Counter Setup Procedure (Example)
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1. Set bits TPSC2 to TPSCO in 16T CR 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.

2. For periodic counting, set CCLR1 and CCLRO in 16TCR to have 16TCNT cleared at GRA
compare match or GRB compare match.

3. Set TIOR to select the output compare function of GRA or GRB, whichever was selected in
step 2.

4. Write the count period in GRA or GRB, whichever was selected in step 2.

5. Setthe STR bitto 1in TSTR to start the timer counter.

* Free-running and periodic counter operation
A reset leaves the counters (16TCNTS) 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 flagissetto 1in TISRC.
After the overflow, the counter continues counting up from H'0000. Figure 8.13 illustrates
free-running counting.

16TCNT value

STRO to ! !
STR2 bit | 1
OVF

Figure8.13 Free-Running Counter Operation

When achannel is set to have its counter cleared by compare match, in that channel 16TCNT
operates as a periodic counter. Select the output compare function of GRA or GRB, set bit
CCLR1 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 flagisset to 1 in TISRA/TISRB and the counter is cleared to
H'0000. If the corresponding IMIEA or IMIEB bitissetto 1in TISRA/TISRB, aCPU
interrupt is requested at thistime. After the compare match, 16TCNT continues counting up
from H'0000. Figure 8.14 illustrates periodic counting.
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16TCNT value Counter cleared by general

/ register compare match
GR

H'0000 ; ‘ :
STR bit | |
IMF 5

Figure8.14 Periodic Counter Operation

* 16TCNT count timing
0O 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 8.15 shows the timing.

: InEpEuEREREEEnEEEE

((
Internal )
clock ‘| A 06 | |
16TCNT inputi,—\ (’—\—
clock

4
J
§
g X N+1

16TCNT N-1 >< N

Figure8.15 Count Timingfor Internal Clock Sources

O 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 8.16 shows the timing when both edges are detected.
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0 InEnEnEuEnEnEnEEEE

E | ((

cl)c()tce;ri]r?put 2 ( | 2 ” I_

16TCNT i t

clock Inpu (J(J r)

16TCNT N-1 X E N X E N+1
J )]

Figure8.16 Count Timingfor External Clock Sources (when Both Edges are Detected)

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 pinto go to 0, go to 1, or toggle. In channel 2 the output
canonlygotoOorgotol.

» Sample setup procedure for waveform output by compare match
Figure 8.17 shows an example of the setup procedure for waveform output by compare match.

( Output setup ) 1. Select the compare match output mode (0, 1, or
toggle) in TIOR. When a waveform output mode
‘ is selected, the pin switches from its generic input/
output function to the output compare function

Select waveform

output mode 1 (TIOCA or TIOCB). An output compare pin outputs
the value set in TOLR until the first compare match
occurs.
Set output timing 2 2. Set a value in GRA or GRB to designate the

compare match timing.

Start counter 3 3. Setthe STR bitto 1 in TSTR to start the timer
i counter.

Waveform output

Figure8.17 Setup Procedurefor Waveform Output by Compare M atch (Example)
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Examples of waveform output

Figure 8.18 shows examples of 0 and 1 output. 16TCNT operates as afree-running counter, O
output is selected for compare match A, and 1 output is selected for compare match B. When
the pinisaready at the selected output level, the pin level does not change.

16TCNT value
i
HIFFFF oo g o

T R e T o

GRA [ SR

H'0000 : : : : : : = Time

TIOCB ! ' No change ' No change 1 output

TIOCA e No change o No change 0 output

Figure8.18 0Oand 1 Output (TOA=1,TOB=0)

Figure 8.19 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 [ i i St Hae i~ i
H'0000 | | : -~ Time
TIOCB ! ] | Toggle
1 | | ‘ output
TIOCA | Toggle
\ output

Figure8.19 Toggle Output (TOA =1, TOB=0)

Rev. 2.00 Sep 20, 2005 page 243 of 800
REJ09B0260-0200

RENESAS




Section 8 16-Bit Timer

* 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 8.20 shows the output compare timing.

0 S e A
16TCNT i
clock nput

16TCNT N X N+1
GR N

Compare ,—l

match signal

TIOCA, ><

TIOCB

Figure8.20 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 8.21 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 1 in TSTR to start the timer
l counter.

Input capture

Figure8.21 Setup Procedurefor Input Capture (Example)

Examples of input capture
Figure 8.22 illustrates input capture when the falling edge of TIOCB and both edges of TIOCA
are selected as capture edges. 16TCNT iscleared by input capture into GRB.

16TCNT value

H'0005
H'0000

TIOCB

TIOCA

GRA X HO0005 >< 0160 X
o

GRB >< X H'0180

Figure8.22 Input Capture (Example)
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* Input capture signal timing
Input capture on the rising edge, falling edge, or both edges can be selected by settingsin
TIOR. Figure 8.23 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.

0 | L

Input-capture input

Input capture signal

16TCNT N

GRA, GRB >< N

Figure8.23 Input Capture Signal Timing

84.3 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 16T CR settings, two
or more timer counters can also be cleared simultaneously (synchronous clear). Synchronization
enables additional general registersto be associated with a single time base. Synchronization can
be selected for al channels (0 to 2).
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Sample Setup Procedure for Synchronization: Figure 8.24 shows a sample procedure for
setting up synchronization.

(Setup for synchronization)

| Select synchronization | 1

( Synchronous preset ) ( Synchronous clear )

Clearing

No

synchronized to this
. channel?
Write to 16 TCNT 2
Yes
| Select counter clear source |3 | Select counter clear source |4
| Start counter | 5 | Start counter | 5
Synchronous preset Counter clear Synchronous clear

1. Setthe SYNC bits to 1 in TSNC for the channels to be synchronized.

2. When a value is written in 16 TCNT in one of the synchronized channels, the same value is
simultaneously written in 16TCNT in the other channels.

3. Setthe CCLR1 or CCLRO bit in 16TCR to have the counter cleared by compare match or input capture.
4. Setthe CCLR1 and CCLRO bits in 16TCR to have the counter cleared synchronously.

5. Setthe STR bits in TSTR to 1 to start the synchronized counters.

Figure8.24 Setup Procedurefor Synchronization (Example)
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Example of Synchronization: Figure 8.25 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 GRBO. Channels 1 and 2 are set for synchronous counter clearing. The
timer countersin 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 8.4.4, PWM Mode.

Value of 16 TCNTO
to 16 TCNT2

A

Cleared by compare match with GRBO

GRBO

GRB1

GRAO

GRB2

GRA1

GRA2
H'0000

TIOCA

TIOCA,;

TIOCA,

Figure8.25 Synchronization (Example)

8.4.4 PWM Mode

In PWM mode GRA and GRB are paired and a PWM waveform is output from the TIOCA pin.
GRA specifiesthe time at which the PWM output changesto 1. GRB specifies the time at which
the PWM output changesto 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 8.4 summarizes the PWM output pins and corresponding registers. If the same valueis set
in GRA and GRB, the output does not change when compare match occurs.
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Table84 PWM Output Pinsand Registers

Channel Output Pin 1 Output 0 Output
0 TIOCAo GRAO GRBO
1 TIOCA, GRA1 GRB1
2 TIOCA; GRA2 GRB2

Sample Setup Procedure for PWM Mode: Figure 8.26 shows a sample procedure for setting up
PWM mode.

[EnY

[ PWM mode ] . 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 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 I0BO
in TIOR. If TIOCB output is not
i desired, clear both I0B1 and I0BO to O.
PWM mode 6. Set the STR bitto 1in TSTR to start

the timer counter.

Figure8.26 Setup Procedurefor PWM Mode (Example)
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Examples of PWM M ode: Figure 8.27 shows examples of operation in PWM mode. In PWM
mode TIOCA becomes an output pin. The output goesto 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

Time

a. Counter cleared by GRA (TOA = 1)

16TCNT value

GRB

GRA

H'0000

TIOCA

/ Counter cleared by compare match B

Time

b. Counter cleared by GRB (TOA =0)

Figure8.27 PWM Mode (Example 1)

Rev. 2.00 Sep 20, 2005 page 250 of 800
REJ09B0260-0200

RENESAS




Section 8 16-Bit Timer

Figure 8.28 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 cycleis 0%. If the counter is cleared by compare match with GRA, and GRB is set to a

higher value than GRA, the duty cycleis 100%.

16TCNT value

GRB

GRA

H'0000

TIOCA

Counter cleared by compare match B

|

Write to GRA

16TCNT value

GRA

GRB

H'0000

TIOCA

Time

|

Write to GRA

a. 0% duty cycle (TOA =0)

Counter cleared by compare match A

i

Write to GRB

|

Write to GRB

b. 100% duty cycle (TOA =1)

Figure8.28 PWM Mode (Example 2)
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8.4.5 Phase Counting M ode

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 pinsand 16T CNT2 becomes an up/down-counter, regardless of the settings of bits TPSC2 to
TPSCO0, CKEGL, and CKEGO in 16TCR2. Settings of bits CCLR1, CCLRO in 16TCR2, and
settingsin 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 8.29 shows a sample procedure for
setting up phase counting mode.

( 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

Figure8.29 Setup Procedurefor Phase Counting M ode (Example)
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Example of Phase Counting Mode: Figure 8.30 shows an example of operationsin phase
counting mode. Table 8.5 lists the up-counting and down-counting conditions for 16TCNT2.

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

Countinyr &untiig down

Tcke 4 1 i 1 4 1 } 1 f
TCLKA R A R T T T R S B

Figure8.30 Operation in Phase Counting Mode (Example)

Table85 Up/Down Counting Conditions

Counting Direction Up-Counting Down-Counting

TCLKB pin I High M Low High M Low I
TCLKA pin Low I High 1 1 Low I High
Phase Phase
difference difference , Pulse width Pulse width
- -~ - :4—»‘
TCLKA | | | |
TCLKB i
: : : : : Phase difference and overlap: at least 1.5 states
[ BEm— ] e B— ] .
‘ ‘ ‘ ‘ Pulse width: at least 2.5 states
Overlap Overlap

Figure8.31 Phase Difference, Overlap, and Pulse Width in Phase Counting M ode
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8.4.6 16-Bit Timer Output Timing

Theinitial value of 16-bit timer output when atimer count operation begins can be specified
arbitrarily by making a setting in TOLR.

Figure 8.32 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 ><
TOLR >< N

16-bit timer output pin >< N

Figure8.32 Timingfor Setting 16-Bit Timer Output Level by Writingto TOLR
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85 Interrupts

The 16-bit timer has two types of interrupts: input capture/compare match interrupts, and overflow
interrupts.

85.1 Setting of Status Flags

Timing of Setting of IMFA and IMFB at Compare Match: IMFA and IMFB aresetto 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 16TCNT clock input. Figure 8.33 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

Figure8.33 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 16TCNT contents are simultaneously transferred to the corresponding
general register. Figure 8.34 shows the timing.

o | L

Input capture

signal

IMF

16TCNT N

GR >< N
IMI

Figure8.34 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 8.35 shows the timing.

o] L

16TCNT ><

Overflow
signal

OVF

ovi

Figure8.35 Timing of Setting of OVF

8.5.2 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 statusflag is
cleared. Figure 8.36 shows the timing.

TISR write cycle

T, T, T3
|<—>|<—>|<—>|

o L
Address >< TISR address ><

IMF, OVF

Figure8.36 Timing of Clearing of Status Flags
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85.3  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

areset to 1.

The priority order of the channels can be modified in interrupt priority registers A (IPRA). For
details see section 5, Interrupt Controller.

Table 8.6 lists the interrupt sources.

Table8.6 16-bit timer Interrupt Sources

Channel Interrupt Source Description Priority*
0 IMIAO Compare match/input capture A0 High
IMIBO Compare match/input capture BO A
ovIo Overflow 0
1 IMIAL Compare match/input capture Al
IMIB1 Compare match/input capture B1
ovii 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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8.6 Usage Notes

This section describes contention and other matters requiring special attention during 16-bit timer
operations.

Contention between 16TCNT Writeand Clear: If acounter clear signal occursin the T; state of
a16TCNT write cycle, clearing of the counter takes priority and the write is not performed. See
figure 8.37.

16TCNT write cycle
Ty T2 T3

0 N
Address bus X 16TCNT address ><

Internal write signal

Counter clear signal

16TCNT N >< H'0000

Figure 8.37 Contention between 16TCNT Write and Clear
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Contention between 16 TCNT Word Write and I ncrement: If an increment pulse occursin the
Ts state of a 16TCNT word write cycle, writing takes priority and 16TCNT is not incremented.
Figure 8.38 shows thetiming in this case.

16TCNT word write cycle
Ty T2 T3

: N
Address bus X 16TCNT address ><

Internal write signal

16TCNT input clock

16TCNT N >< P M

16TCNT write data

Figure 8.38 Contention between 16TCNT Word Write and | ncrement
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Contention between 16TCNT Byte Write and I ncrement: If an increment pulse occursin the
T, or Tz state of a16TCNT byte write cycle, writing takes priority and 16TCNT is not
incremented. The byte datafor which awrite was not performed is not incremented, and retains its
pre-write value. See figure 8.39, which shows an increment pulse occurring in the T, state of a
byte writeto 16TCNTH.

16TCNTH byte write cycle
Ty T2 T3

' N
Address bus X 16TCNTH address ><

Internal write signal

16TCNT input clock

16TCNTH N >< M
6TC P
16TCNT write data

16TCNTL X >< X+1 >< X

Figure8.39 Contention between 16TCNT Byte Write and I ncrement
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Contention between General Register Writeand Compare Match: If acompare match occurs
in the T; state of a general register write cycle, writing takes priority and the compare match signal
isinhibited. See figure 8.40.

General register write cycle

Address bus X GR address ><

Internal write signal

16TCNT N >< N+1

GR N >< /M

General register write data

____________

Compare match signal --—— |nhibited

Figure8.40 Contention between General Register Write and Compare Match
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Contention between 16TCNT Write and Overflow or Underflow: If an overflow occursin the
T, state of a16TCNT write cycle, writing takes priority and the counter is not incremented. OVF
is set to 1.The same holds for underflow. See figure 8.41.

Address bus

Internal write signal

16TCNT input clock

Overflow signal

16TCNT

OVF

16TCNT write cycle

Ty T, T3
X 16TCNT address ><
H'FFFF >< « M

16TCNT write data

Figure8.41 Contention between 16TCNT Write and Overflow
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Section 8 16-Bit Timer

Contention between General Register Read and I nput Capture: If aninput capture signal
occurs during the T; state of a general register read cycle, the value before input capture is read.
Seefigure 8.42.

General register read cycle

Ty T, T3

' N
Address bus X GR address ><

Internal read signal

Input capture signal

GR X >< M
Internal data bus 4< X >7

Figure8.42 Contention between General Register Read and I nput Capture
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Section 8 16-Bit Timer

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 istransferred to the general register. See figure 8.43.

m N

Input capture signal

Counter clear signal

16TCNT input clock

16TCNT N >< H'0000

GR >< N

Figure8.43 Contention between Counter Clearing by Input Capture and Counter
I ncrement
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Contention between General Register Writeand Input Capture: If an input capture signa
occurs inthe T state of a general register write cycle, input capture takes priority and the write to
the general register is not performed. See figure 8.44.

General register write cycle

T, T, T3

0 N
Address bus X GR address ><

Internal write signal

Input capture signal

16TCNT M

GR >< \M

Figure8.44 Contention between General Register Writeand Input Capture
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Section 8 16-Bit Timer

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, a the time
when this value would normally be updated to the next count. The actual counter frequency is
therefore given by the following formula:

__9
f= (N+1)

(f: counter frequency. @: system clock frequency. N: value set in general register.)

Note on Writesin Synchronized Operation: When channels are synchronized, if a16TCNT
value is modified by byte write access, al 16 bits of al 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

wetentL | w | x| ofchanneld 16TCNTL| A | x|
16TCNT2 | Y |z | 16TeNT2 | A | x|
Upper byte Lower byte Write A to lower byte Upper byte Lower byte

of channel 2
—,  aetenti| Y | A |
16TCNT2 | Y | A |

Upper byte Lower byte

* Word write to channel 1 or word write to channel 2

16TCNTL | W | x| 16TCNTL| 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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Section 8 16-Bit Timer

16-bit timer Operating M odes

Table8.7 (a) 16-bit timer Operating M odes (Channel Q)

Register Settings

TSNC TMDR TIORO 16TCRO
Synchro- Clear Clock
Operating Mode nization MDF FDIR PWM I0A 10B Select Select
Synchronous preset SYNCO=1 — — O O 0] @) @)
PWM mode ® — —  PWMO=1 — * 0 0
Output compare A O — — PWMO=0 10A2=0 O O O
Other bits
unrestricted
Output compare B ¢) — — O O I0B2=0 O O
Other bits
unrestricted
Input capture A 0] — — PWMO=0 I0A2=1 0] @) @)
Other bits
unrestricted
Input capture B @) — — PWMO=0 © 10B2=1 0] @)
Other bits
unrestricted
Counter By compare O — —_ @) O @) CCLR1=0 ©
clearing match/input CCLRO=1
capture A
By compare O — — 0) O 0) CCLR1=1 O
match/input CCLRO =0
capture B
Syn- SYNCO=1 — — 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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Section 8 16-Bit Timer

Table8.7 (b) 16-bit timer Operating M odes (Channdl 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 o — —  PWM1=1 — o~ o o)
Output compare A O — — PWM1=0 I0A2=0 ©O @) @)
Other bits
unrestricted
Output compare B e} — — O O I0OB2=0 © @)
Other bits
unrestricted
Input capture A O — — PWM1=0 I0A2=1 O @) @)
Other bits
unrestricted
Input capture B O — — PWM1=0 O I0B2=1 O o
Other bits
unrestricted
Counter By compare © — — @) @) O CCLR1=0 ©O
clearing match/input CCLRO=1
capture A
By compare © — — O O o CCLR1=1 O
match/input CCLRO=0
capture B
Syn- SYNC1=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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Table8.7 (c) 16-bit timer Operating M odes (Channdl 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} @) ) e)
PWM mode O O — PWM2=1 — o* O O
Output compare A O — PWM2=0 I0A2=0 O O @)
Other bits
unrestricted
Output compare B @) @) — O O I0B2=0 O ¢)
Other bits
unrestricted
Input capture A 0] 0] — PWM2=0 I0A2=1 O @) ©)
Other bits
unrestricted
Input capture B O O — PWM2=0 O I0B2=1 O O
Other bits
unrestricted
Counter By compare O @) — O @) O CCLR1=0 ©
clearing match/input CCLRO=1
capture A
By compare O @) — O @) O CCLR1=1 ©
match/input CCLRO =0
capture B
Syn- SYNC2=1 O — © o o CCLR1=1 ©
chronous CCLRO=1
clear
Phase counting o) MDF=1 O ¢ 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 9 8-Bit Timers

Section 9 8-Bit Timers

9.1 Overview

The H8/3024 Group has a built-in 8-bit timer module with four channels (TMRO, TMR1, TMR2,
and TMR3), based on 8-hit counters. Each channel has an 8-bit timer counter (8TCNT) 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 timersin a
variety of applications, including the generation of arectangular-wave output with an arbitrary
duty cycle.

911 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

Thetimer 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
outpuit.

« A/D converter can be activated by a compare match
» Two channels can be cascaded

0 Channels0 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).

O Channel 3 can count channel 2 compare match events (compare match count mode).
» Input capture function can be set

8-hit or 16-bit input capture operation is available.
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Section 9 8-Bit Timers

« Twelveinterrupt 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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Section 9 8-Bit Timers

9.1.2 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 9.1 shows a block diagram of 8-bit timer
group O.

External clock Internal clock
sources sources
TCLKA o8
TCLKC —— @64
©8192
Clock 1
Clock 0
Clock select
| TcoRrAO H:| TCORAL K
Compare match A1

Compare match AO | Comparator AO t::l Comparator Al |

Overflow 1
rd Vg V4
Overflow 0 8TCNTO | 8TeNTL K
[%2]
>
Qo
TMO, ~— I
TMIO; ~—» Compare match B1 g
Control logic
Compare match BO|comparator BO ':' Comparator Bl|
Input capture B1 m
| TcomrBo [ TcorBl K
—— > sicsro || sTcsR1 K
| scro | s8TcR1I K
I—’ CMIAO
—— CMIBO
——— CMIA1/CMIB1
— OVIO/OVI1
Interrupt signals
Legend:

TCORA: Time constant register A
TCORB: Time constant register B
8TCNT: Timer counter

8TCSR: Timer control/status register
8TCR:  Timer control register

Figure9.1 Block Diagram of 8-Bit Timer Unit (Two Channels. Group 0)
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913 Pin Configuration
Table 9.1 summarizes the input/output pins of the 8-bit timer module.

Table9.1 8-Bit Timer Pins

Group Channel Name Abbreviation /O Function
0 0 Timer output TMOqg 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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914 Register Configuration
Table 9.2 summarizes the registers of the 8-bit timer module.

Table9.2 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/I(W)*2 H'00
H'FFF84 Time constant register AO TCORAO 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/I(W)*2 H'00
H'FFF85 Time constant register A1 TCORAL 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 register 2 8TCSR2 R/I(W)*? 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 hits, so they can be accessed
together by word access.

Similarly, each pair of registersfor channel 2 and channel 3 comprises a 16-bit register with the
channel 2 register asthe upper 8 bits and the channel 3 register asthe lower 8 bits, so they can be
accessed together by word access.
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9.2 Register Descriptions

9.21 Timer Counters(8TCNT)

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 o o o0 o o o o0 o o o o0 o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

8TCNT2 8TCNT3

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Initialvalue 0 ©0 0 O O0 O0 O O O O O O o0 o0 o0 o
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Thetimer counters (BTCNT) are 8-bit readable/writable up-counters that increment on pulses
generated from an internal or external clock source. The clock sourceis selected by clock select
bits 2 to 0 (CKS2 to CKS0) in the timer control register (8TCR). The CPU can always read or
write to the timer counters.

The 8TCNTO and 8TCNTL1 pair, and the STCNT2 and 8TCNT3 pair, can each be accessed asa
16-hit 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 (8TCSR) issetto 1.

Each 8TCNT isinitialized to H'00 by areset and in standby mode.
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9.2.2 Time Congtant Registers A (TCORA)

TCORAOQ to TCORAZ3 are 8-hit readable/writable registers.

TCORAO TCORAL

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

TCORA2 TCORAS

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

The TCORAO and TCORAL1 pair, and the TCORAZ2 and TCORA3 pair, can each be accessed asa
16-hit register by word access.

The TCORA value is constantly compared with the STCNT value. When amatch is detected, the
corresponding compare match flag A (CMFA) issetto 1in 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 isinitialized to H'FF by areset and in standby mode.
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9.2.3 Time Constant RegistersB (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
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

TCORB2 TCORB3

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
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

TCORBO to TCORB3 are 8-bit readable/writable registers. The TCORBO0 and TCORBL1 pair, and
the TCORB2 and TCORB3 pair, can each be accessed as a 16-hit register by word access.

The TCORB valueis constantly compared with the STCNT value. When amatch is detected, the
corresponding compare match flag B (CMFB) is set to 1in 8TCSR”.

Thetimer output can be freely controlled by these compare match signals and the settings of
output/input capture edge select bits 3and 2 (OIS3, OIS2) in 8TCSR.

When TCORSB is used for input capture, it storesthe STCNT value on detection of an external
input capture signal. At thistime, the CMFB flagis set to 1 in the corresponding 8TCSR register.
The detected edge of the input capture signal is set in STCSR.

Each TCORB register isinitialized to H'FF by areset and in standby mode.

Note: * When channel 1 and channel 3 are designated for TCORB input capture, the CMFB flagis
not set by a channel 0 or channel 2 compare match B.
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9.24 Timer Control Register (8TCR)

Bit 7 6 5 4 3 2 1 0
| CMIEB | CMIEA| OVIE | CCLR1 | CCLRO | CKS2 | CKS1 | CKSO ‘
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 isan 8-hit readable/writable register that selectsthe STCNT input clock, gives the STCNT
clearing specification, and enables interrupt requests.

8TCRisinitialized to H'00 by areset and in standby mode.

For the timing, see section 9.4, Operation.

Bit 7—Compare Match Interrupt Enable B (CMIEB): Enables or disables the CMIB interrupt
request when the CMFB flagissetto 1in 8TCSR.

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 disablesthe CMIA interrupt
request when the CMFA flagissetto 1in 8TCSR.

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 disablesthe OVI interrupt
request when the OVFflagissetto 1in 8TCSR.

Bit 5

OVIE Description

0 OVI interrupt requested by OVF is disabled (Initial value)
1 OVI interrupt requested by OVF is enabled
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Bits4 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, STCNTO
and 8TCNT?2 are not cleared by compare match B.

Bits2to 0—Clock Select 2t0 0 (CSK2to CSK0): These bits select whether the clock input to
8TCNT isaninternal or external clock.

Threeinternal clocks can be selected, al 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 8T CRO and 8T CR2 are set, and when 8TCR1 and
8TCR3 are et.
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Bit 2
CSK2

Bit 1
CSK1

Bit 0
CSKO

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

Ok, Ok

1

Channel 0 (16-bit count mode): Count on 8TCNT1 overflow
signal**

Channel 1 (compare match count mode): Count on 8TCNTO
compare match A**

Channel 2 (16-bit count mode): Count on 8TCNT3 overflow
signal*?

Channel 3 (compare match count mode): Count on 8TCNT2
compare match A*?

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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9.25 Timer Control/Status Registers (8TCSR)

8TCSRO
Bit 7 6 5 4 3 2 1 0
CMFB | CMFA OVF ADTE OIS3 01582 OSs1 (ON1{0]
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* R/(W)* R/(W)* R/W RIW RIW RIW RIW

8TCSR2
Bit 7 6 5 4 3 2 1 0
CMFB | CMFA | OVF — 0IS3 | 0Is2 0s1 0S0
Initial value 0 0 0 1 0 0 0 0
Read/Write  R/(W)* R/(W)* R/(W)* — RIW RIW RIW RIW

8TCSR1, 8TCSR3

Bit 7 6 5 4 3 2 1 0
CMFB CMFA OVF ICE 0OIS3 0ols2 0OSs1 0Sso
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* R/(W)* R/W)" R/W RIW RIW RIW RIW
Note: * Only O can be written to bits 7 to 5, to clear these flags.

Thetimer control/status registers 8T CSR are 8-bit registers that indicate compare match/input
capture and overflow statuses, and control compare match output/input capture edge selection.

8TCSR2 isinitialized to H'10, and 8TCSRO, 8TCSR1, and 8TCSR3 to H'00, by areset and in
standby mode.
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Bit 7—Compare M atch/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 set to 1 in 8TCSR1 and 8TCSR3, the CMFB flag is not set when 8TCNTO =
TCORBO or 8TCNT2 = 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): Thisbit isareserved bit, but can be read and written.

Bit 4—Input Capture Enable (ICE) (In 8TCSR1 and 8TCSR3): Selects the function of
TCORB1 and TCORB3.

Bit 4

ICE Description

0 TCORBL1 and TCORBS3 are compare match registers (Initial value)
1 TCORBL1 and TCORB3 are input capture registers

When bit ICE issetto 1in 8TCSR1 or 8TCSR3, the operation of the TCORA and TCORB
registersin channels O to 3 is as shown in the tables below.
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Table9.3 Operation of Channels0and 1 when Bit ICE is Set to 1in 8TCSR1 Register

Register Timer Output
Register Function Status Flag Change  Capture Input Interrupt Request
TCORAO Compare match CMFA changed from 0 TMOy output CMIAQO interrupt request
operation to 1in 8TCSRO hy controllable generated by compare
compare match match
TCORBO Compare match CMFB not changed No output from CMIBO interrupt request
operation from0to 1in 8TCSRO TMO, not generated by compare
by compare match match
TCORA1 Compare match CMFA changed from0 TMIO; is CMIAL interrupt request
operation to 1in 8TCSR1 by dedicated input generated by compare
compare match capture pin match
TCORBL1 Input capture CMFB changed from 0 TMIO; is CMIBL1 interrupt request
operation to 1in 8TCSR1 by dedicated input generated by input
input capture capture pin capture

Table9.4 Operation of Channels 2 and 3 when Bit ICE is Set to 1in 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 from0to 1in 8TCSR2 TMO; not generated by compare
by compare match match
TCORA3 Compare match CMFA changed from0 TMIO;3is CMIA3 interrupt request
operation to 1in 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 1in 8TCSR3 by dedicated input generated by input
input capture capture pin capture

Bits 3 and 2—Output/Input Capture Edge Select B3 and B2 (OI S3, OI S2): In combination
with the ICE bit in 8TCSR1 (8T CSR3), these hits select the compare match B output level or the
input capture input detected edge.

The function of TCORB1 (TCORB?3) depends on the setting of bit 4 of 8TCSR1 (8T CSR3).
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ICE Bit in
8TCSR1  Bit3
(8TCSR3) OIS3

Bit 2
OIS2  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 TCORB 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 > O outpui.

» If compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

e When bits OIS3, OI1S2, OS1, and OS0 are al cleared to O, timer output is disabled.

Bits1 and 0—Output Select A1 and A0 (OS1, OS0): These bits select the compare match A

output level.

Bit 1 Bit 0

0s1 (O1{0] 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)

* When the compare match register function is used, the timer output priority order is: toggle
output > 1 output > O outpui.

» |If compare match A and B occur simultaneously, the output changes in accordance with the
higher-priority compare match.

e When bits OIS3, OI1S2, OS], and OS0 are al cleared to O, timer output is disabled.
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9.3 CPU Interface

931  8-Bit Registers

8TCNT, TCORA, TCORB, 8TCR, and 8TCSR are 8-hit registers. These registers are connected
to the CPU by aninternal 16-bit data bus and can be read and written aword at atime or a byte at
atime.

Figures 9.2 and 9.3 show the operation in word read and write accesses to 8TCNT.

Figures 9.4 to 9.7 show the operation in byte read and write accessesto 8TCNTO and STCNTL.

Internal data bus

&= < =
Bus | | Module data bus

C
P <L:> interface < L>
U

| 8STCNTO | 8TCNT1 |

Figure9.2 8TCNT Access Operation (CPU Writesto STCNT, Word)

Internal data bus

H H
Bus < >
L i terface < ZON L > Module data bus

| 8STCNTO | 8TCNT1 |

C
p
U

Figure9.3 8TCNT Access Operation (CPU Reads8TCNT, Word)
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Internal data bus

H < H >
<ﬁ Bus | | Module data bus

C
P L interface L
o—> e

|STCNTHO[8TCNTL1]

Figure9.4 8TCNTO Access Operation (CPU Writesto 8TCNTO, Upper Byte)

Internal data bus

) ¢ =
Bus | | Module data bus

C
P L interface L
o—> e

|STCNTHO[8TCNTL1|

Figure9.5 8TCNT1 Access Operation (CPU Writesto 8TCNTL, Lower Byte)

Internal data bus

H H
c ) < >
E L ililtJ:rface < AN L > Module data bus
L 4>

| 8TCNTO | 8TCNT1 |

Figure9.6 8TCNTO Access Operation (CPU Reads 8TCNTO, Upper Byte)

Internal data bus

H H
cmm) | .. (< D
E L interface < 2\ L > Module data bus
[ £

| BTCNTO | 8TCNT1 |

Figure9.7 8TCNT1 Access Operation (CPU Reads8TCNT1, Lower Byte)
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94 Operation

94.1 8TCNT Count Timing
8TCNT isincremented by input clock pulses (either internal or external).

Internal Clock: Three different internal clock signals (¢/8, ¢/64, or (¢/8192) divided from the
system clock (¢p) can be selected, by setting bits CKS2 to CKS0 in 8TCR. Figure 9.8 shows the
count timing.

o LT LML LI LI

(
Internal clock ~| | ) |

8TCNT input clock

(( ((
)) ))

((
)
8TCNT N1 X N | X N

(
)
(
)

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.

Figure9.8 Count Timing for Internal Clock Input

External Clock: Three incrementation methods can be selected by setting bits CKS2 to CKS0 in
8TCR: on therising 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 9.9 shows the timing for incrementation on both edges of the external clock signal.
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o LML LML L
External clock input —| |_

((
| ))

8TCNT input clock

8TCNT N-1 X

N X

N+1

Figure9.9 Count Timing for External Clock I nput (Both-Edge Detection)

9.4.2 CompareMatch Timing

Timer Output Timing: When compare match A or B occurs, the timer output is as specified by
the OIS3, OIS2, OS1, and OS0 bitsin 8TCSR (unchanged, 0 output, 1 output, or toggle output).

Figure 9.10 shows the timing when the output is set to toggle on compare match A.

o LTI 1L L rrouri
Compare match A 4,—| ,—\—

TN ™

Timer output |

Figure9.10 Timing of Timer Output
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Clear by Compare Match: Depending on the setting of the CCLR1 and CCLRO bitsin 8TCR,
8TCNT can be cleared when compare match A or B occurs, Figure 9.11 shows the timing of this
operation.

Compare match signal

8TCNT N X H'00

Figure9.11 Timing of Clear by Compare Match

Clear by Input Capture: Depending on the setting of the CCLR1 and CCLRO hitsin 8TCR,
8TCNT can be cleared when input capture B occurs. Figure 9.12 shows the timing of this
operation.

o | L L L4 L 4 11

Input capture input |

Input capture signal

8TCNT N X Hoo

Figure9.12 Timing of Clear by Input Capture

9.4.3 Input Capture Signal Timing
Input capture on the rising edge, falling edge, or both edges can be selected by settingsin 8TCSR.
Figure 9.13 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 asingle
edgeis selected, and at least 2.5 system clocks when both edges are selected.
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2 I B I I O I

Input capture input |

Input capture signal

8TCNT N

TCORB X N

Figure9.13 Timing of Input Capture Input Signal

94.4 Timing of Status Flag Setting

Timing of CMFA/CMFB Flag Setting when Compare Match Occurs. The CMFA and CMFB
flagsin 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 STCNT and TCORA or
TCORB values match, the compare match signal is not generated until an incrementing clock
pulse signal is generated. Figure 9.14 shows thetiming in this case.

2 I A I

8TCNT N X N+1

TCOR N

Compare match signal

\

CMF |

Figure9.14 CMF Flag Setting Timing when Compare Match Occurs
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Timing of CM FB Flag Setting when I nput Capture Occurs. On generation of an input capture
signal, the CMFB flag is set to 1 and a the same time the 8TCNT valueistransferred to TCORB.

Figure 9.15 shows the timing in this case.

L2 [ A B B

8TCNT N

TCORB

Input capture signal

CMFB |

Figure9.15 CMFB Flag Setting Timing when Input Capture Occurs

Timing of Overflow Flag (OVF) Setting: The OVFflagin 8TCSR is set to 1 by the overflow
signal generated when 8TCNT overflows (from H'FF to H'00). Figure 9.16 shows thetimingin
this case.

8TCNT HFE X H'00

Overflow signal

OVF

Figure9.16 Timing of OVF Setting
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9.4.5 Operation with Cascaded Connection

If bits CKS2 to CKS0 are set to (100) in either 8TCRO or 8TCRL, the 8-hit 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 CK S0 are set to (100) in either 8TCR2 or
8TCRS, the 8-hit timers of channels 2 and 3 are cascaded. With this configuration, the two timers
can be used as a single 16-hit 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.

16-Bit Count Mode

e ChannelsOand 1:
When bits CKS2 to CKS0 are set to (100) in 8TCRO, the timer functions as a single 16-hit
timer with channel 0 occupying the upper 8 bits and channel 1 occupying the lower 8 bits.
0 Setting when Compare Match Occurs
e The CMFA or CMFB flagis set to 1 in 8TCSRO when a 16-bit compare match occurs.
e TheCMFA or CMFB flagisset to 1 in 8TCSR1 when alower 8-bit compare match
OCCUI'S.
e TMQ pin output control by bits OIS3, OIS2, OS], and O in 8TCSRO isin
accordance with the 16-bit compare match conditions.
e TMIO; pin output control by bits OIS3, OIS2, OS1, and OS0 in 8TCSR1 isin
accordance with the lower 8-bit compare match conditions.
0 Setting when Input Capture Occurs
* TheCMFB flagisset to 1in 8TCSRO and 8TCSR1 when the ICE bitis1in TCSR1
and input capture occurs.

e TMIO; pininput capture input signal edge detection is selected by bits OIS3 and Ol S2
in 8TCSRO.

O Counter Clear Specification
» |If counter clear on compare match or input capture has been selected by the CCLR1
and CCLRO bitsin 8TCRO0, the 16-bit counter (both STCNTO and 8TCNTL) is cleared.
» The settings of the CCLR1 and CCLRO bitsin 8TCR1 areignored. The lower 8 bits
cannot be cleared independently.
O OVF Hag Operation
* TheOVFflagissetto1lin 8TCSRO when the 16-bit counter (STCNTO and 8TCNT1)
overflows (from H'FFFF to H'0000).

« TheOVFflagissetto1in 8TCSR1 when the 8-bit counter (8TCNT1) overflows (from
H'FF to H'00).
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Channels 2 and 3:

When bits CKS2 to CKS0 are set to (100) in 8TCR2, the timer functions as a single 16-hit
timer with channel 2 occupying the upper 8 bits and channel 3 occupying the lower 8 bits.
0 Setting when Compare Match Occurs

The CMFA or CMFB flagis set to 1 in 8TCSR2 when a 16-bit compare match occurs.
The CMFA or CMFB flagis set to 1 in 8TCSR3 when alower 8-bit compare match
occurs.

TMO; pin output control by bits OIS3, OIS2, OS], and OS0 in STCSR2 isin
accordance with the 16-bit compare match conditions.

TMIO; pin output control by bits OIS3, OIS2, OS1, and OS0 in 8TCSR3isin
accordance with the lower 8-bit compare match conditions.

0 Setting when Input Capture Occurs

The CMFB flagis set to 1 in 8TCSR2 and 8TCSR3 when the ICE bitis1in TCSR3
and input capture occurs.

TMIO; pin input capture input signal edge detection is selected by bits OIS3 and OIS2
in 8BTCSR2.

O Counter Clear Specification

If counter clear on compare match has been selected by the CCLR1 and CCLRO hitsin
8TCR?2, the 16-bit counter (both STCNT2 and 8TCNT3) is cleared.

The settings of the CCLR1 and CCLRO bitsin 8TCR3 areignored. The lower 8 bits
cannot be cleared independently.

O OVF Hag Operation

The OVFflagis set to 1 in 8TCSR2 when the 16-bit counter (8TCNT2 and 8TCNT3)
overflows (from H'FFFF to H'0000).

The OVFflagis set to 1 in 8TCSR3 when the 8-bit counter (8TCNT3) overflows (from
H'FF to H'00).
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Compare Match Count Mode

e ChannelsOand 1:

When bits CKS2 to CKS0 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, isin
accordance with the settings for each channel.

Note:  When bit ICE = 1 in 8TCSRL1, the compare match register function of TCORBO in
channel 0 cannot be used.

e Channels2 and 3:

When bits CKS2 to CKS0 are set to (100) in 8TCR3, 8TCNT3 counts channel 2 compare
match A events.

CMF flag setting, interrupt generation, TMO pin output, counter clearing, and so on, isin
accordance with the settings for each channel.

Note:  When bit ICE = 1 in 8TCSRS3, 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, asthe 8TCNT input clock will not be generated and the counters will not operate.

9.4.6 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 TMIO3). Rising edge, falling edge, or both edge detection
can be selected. In 16-bit count mode, 16-bit input capture can be used.
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Setting Input Capture Operation in 8-Bit Timer Mode (Normal Oper ation)

Channdl 1.
0 Set TCORBL1 as an 8-bit input capture register with the ICE bit in STCSR1.

d

ad

Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI10O;,) with bits O1S3 and OIS2 in 8TCSR1.
Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.

Channel 3:

g
g

O

Set TCORB3 as an 8-bit input capture register with the ICE bit in STCSR3.

Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI1Q3) with bits OIS3 and OIS2 in 8TCSR3.

Select the input clock with bits CKS2 to CKS0 in 8TCRS, and start the STCNT count.

Note: When TCORBL1 in channel 1 isused for input capture, TCORBO in channel 0 cannot be

used as a compare match register.
Similarly, when TCORB3 in channel 3 isused for input capture, TCORB2 in channel 2
cannot be used as acompare match register.

Setting Input Capture Operation in 16-Bit Count M ode

Channels 0 and 1:

d

d

ad

In 16-bit count mode, TCORBO and TCORBL1 function as a 16-bit input capture register
when the ICE bitisset to 1in 8TCSRL.

Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI10O,) with bits OIS3 and OIS2 in 8TCSRO. (In 16-hit count mode, the settings of
bits OIS3 and OIS2 in 8TCSR1 areignored.)

Select the input clock with bits CKS2 to CKS0 in 8TCR1, and start the STCNT count.

Channels 2 and 3:

d

ad

In 16-bit count mode, TCORB2 and TCORB3 function as a 16-bit input capture register
when the ICE bit isset to 1 in 8TCSR3.

Select rising edge, falling edge, or both edges as the input edge(s) for the input capture
signal (TMI1O;) with bits OIS3 and OIS2 in 8TCSR2. (In 16-bit count mode, the settings of
bits OIS3 and OIS2 in 8TCSR3 are ignored.)

Select the input clock with bits CKS2 to CKS0 in 8TCRS3, and start the STCNT count.

Rev. 2.00 Sep 20, 2005 page 297 of 800
REJ09B0260-0200
RENESAS



Section 9 8-Bit Timers

9.5 Interrupt

95.1 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 9.5 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.

Table9.5 Typesof 8Bit Timer Interrupt Sourcesand Priority Order

Interrupt Source Description Priority
CMIA Interrupt by CMFA High
CMIB Interrupt by CMFB $
TOVI Interrupt by OVF Low

For compare match interrupts CMIA1L/CMIB1 and CMIA3/CMIB3 andg the overflow interrupts
(TOVIO/ITOVI1and TOVI2/ITOVI3), one vector is shared by two interrupts.

Table 9.6 lists the interrupt sources.

Table9.6 8-Bit Timer Interrupt Sources

Channel Interrupt Source Description
0 CMIAO TCORAO compare match
CMIBO TCORBO compare match/input capture
1 CMIA1/CMIB1 TCORA1 compare match, or TCORB1 compare match/input
capture
0,1 TOVIO/TOVIL Counter 0 or counter 1 overflow
CMIA2 TCORAZ2 compare match
CMIB2 TCORB2 compare match/input capture
3 CMIA3/CMIB3 TCORA3 compare match, or TCORB3 compare match/input
capture
2,3 TOVI2/TOVI3 Counter 2 or counter 3 overflow

Rev. 2.00 Sep 20, 2005 page 298 of 800
REJ09B0260-0200
RENESAS



Section 9 8-Bit Timers

9.5.2 A/D Converter Activation
The A/D converter can only be activated by channel 0 compare match A.

If the ADTE hit setting is 1 when the CMFA flag in 8TCSRO 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 bitin ADCR is 1 at thistime, the A/D converter will be started. If the ADTE bit in
8TCSR0is 1, A/D converter external trigger pin (ADTRG) input is disabled.

9.6 8-Bit Timer Application Example

Figure 9.17 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 CCLR1 bit to 0 and set the CCLRO bit to 1 in 8TCR so that STCNT is cleared by a
TCORA compare match.

e 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.

T™MO |I | |I | |I | |I I

Figure9.17 Example of Pulse Output

Rev. 2.00 Sep 20, 2005 page 299 of 800
REJ09B0260-0200
RENESAS



Section 9 8-Bit Timers

9.7 Usage Notes

Note that the following kinds of contention can occur in 8-bit timer operation.

97.1 Contention between 8TCNT Write and Clear

If atimer counter clear signal occursin the Ts state of a 8TCNT write cycle, clearing of the
counter takes priority and the write is not performed. Figure 9.18 shows the timing in this case.

8TCNT write cycle
T1 T2 T3

Address bus >< 8TCNT address ><

Internal write signal |

Counter clear signal

8TCNT N >< H'00

Figure9.18 Contention between STCNT Write and Clear
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9.7.2 Contention between 8TCNT Write and Increment

If an increment pulse occursin the T3 state of a8TCNT write cycle, writing takes priority and
8TCNT isnot incremented. Figure 9.19 shows the timing in this case.

8TCNT write cycle
T1 T2 T3

e I T O

Address bus >< 8 TCNT address ><

Internal write signal | |

8TCNT input clock

8TCNT N >< v M

8TCNT write data

Figure9.19 Contention between 8TCNT Writeand I ncrement
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9.7.3 Contention between TCOR Writeand Compare Match

If acompare match occurs in the T; state of a TCOR write cycle, writing takes priority and the
compare match signal isinhibited. Figure 9.20 shows the timing in this case.

TCOR write cycle
T1 T2 T3

o | L0 L LI L

Address bus >< TCOR address ><

Internal write signal |

8TCNT N >< N+1

TCOR N >< P M

TCOR write data

«——— Inhibited
Compare match signal 1 i

Figure9.20 Contention between TCOR Writeand Compare Match
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9.74 Contention between TCOR Read and I nput Capture

If an input capture signal occurs in the T; state of a TCOR read cycle, the value before input
captureisread. Figure 9.21 shows thetiming in this case.

TCORSB read cycle
T1 T2 T3

Address bus >< TCORB address ><

Internal read signal |
Input capture signal

TCORB N >< M

Internal data bus < N >—

Figure9.21 Contention between TCOR Read and I nput Capture
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9.7.5 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 istransferred to TCORB. Figure 9.22 shows the timing in this case.

T1 T2 T3

Input capture signal
Counter clear signal
8TCNT internal clock

8TCNT N >< H'00

TCORB X >< N

Figure9.22 Contention between Counter Clearing by Input Capture and Counter
Increment
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9.7.6 Contention between TCOR Writeand Input Capture

If an input capture signal occurs in the T; state of a TCOR write cycle, input capture takes priority
and the writeto TCOR is not performed. Figure 9.23 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

Figure9.23 Contention between TCOR Writeand Input Capture
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9.7.7 Contention between 8TCNT Byte Write and I ncrement in 16-Bit Count M ode
(Cascaded Connection)

If an increment pulse occurs in the T state of an 8TCNT 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 awrite was not performed is incremented. Figure 9.24
shows the timing when an increment pulse occursin the T, state of a byte writeto STCNT (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
T1 T2 T3

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

Figure9.24 Contention between STCNT Byte Write and I ncrement in 16-Bit Count M ode
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9.7.8 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
Table9.7.

Table9.7 Timer Output Priority Order

Output Setting Priority
Toggle output High

1 output

0 output I

No change Low

9.7.9 8TCNT Operation and Internal Clock Source Switchover

Switching internal clock sources may cause 8TCNT to increment, depending on the switchover
timing. Table 9.8 shows the relation between the time of the switchover (by writing to bits CKS1
and CKS0) and the operation of 8TCNT.

The 8TCNT input clock is generated from the internal clock source by detecting the rising edge of
the internal clock. If aswitchover is made from alow clock sourceto ahigh clock source, asin
case No. 3in Table 9.8, the switchover will be regarded as afalling edge, a8TCNT clock pulse
will be generated, and 8TCNT will be incremented.

8TCNT may also be incremented when switching between internal and external clocks.
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Table9.8 Internal Clock Switchover and 8TCNT Operation

CKS1 and CKSO Write
No. Timing 8TCNT Operation

1 High - high switchover®

1 ]
Id clock ‘
ouce LT LT L1

New clock
source

8TCNT clock

8TCNT N ><

N+1 X

CKS bits rewritten

2 High — low switchover*? old clock

source —l | | |

New clock
source

8TCNT clock

8TCNT N X o~ X

N2 X

CKS bits rewritten

3 Low — high switchover*?

Id clock
e I

New clock
source

(T

NS

8TCNT clock

8TCNT N X w1 X N+2 X

CKS bits rewritten
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CKS1 and CKSO Write
No. Timing 8TCNT Operation

. *4
4 Low — low switchover old clock

source —|_| | | |

New clock
source

8TCNT clock

8TCNT N X o~ 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
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Section 10 Programmable Timing Pattern Controller (TPC)

10.1 Overview

The H8/3024 Group has a built-in programmable timing pattern controller (TPC) that provides
pulse outputs by using the 16-bit timer as atime base. The TPC pulse outputs are divided into 4-
bit groups (group 3 to group 0) that can operate simultaneously and independently.

10.1.1 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.

e 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.
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10.1.2 Block Diagram

Figure 10.1 shows a block diagram of the TPC.

16-bit timer compare match signals

i i i i PADDR PBDDR

Control logic NDERA NDERB
TPMR TPCR

TP15 Internal
TP14 - Pulse output | ———— — — data bus
TP13 -«—{ pins, group 3 [ >——— — —
TP12 .
TP, ~—| T PBDR | [ NDRB ----
TP1o <+— Pulseoutput | — ] — —
TPg --— pins, group 2 | >——— — —
TPg ]
TP7 i
TPg =+ Pulse output | ———— ] —
TP = pins,group 1 [S——— — —
TPp~~—"™ | | papp | L
TP, < PADR NDRA
TP, =+ Pulse output —] — —
TP, = pins,group 0 | — —
TPO ]

Legend:

TPMR: TPC output mode register
TPCR: TPC output control register
NDERB: Next data enable register B
NDERA: Next data enable register A
PBDDR: Port B data direction register
PADDR: Port A data direction register
NDRB: Next data register B

NDRA: Next data register A

PBDR: Port B data register

PADR: Port A data register

Figure10.1 TPC Block Diagram
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10.2.3  Pin Configuration
Table 10.1 summarizes the TPC output pins.

Table10.1 TPC Pins

Name Symbol /0 Function

TPC output 0 TPo Output Group 0 pulse output
TPC output 1 TP, Output

TPC output 2 TP, Output

TPC output 3 TP3 Output

TPC output 4 TP4 Output Group 1 pulse output
TPC output 5 TPs Output

TPC output 6 TPe Output

TPC output 7 TP, Output

TPC output 8 TPg Output Group 2 pulse output
TPC output 9 TPy Output

TPC output 10 TP1o Output

TPC output 11 TP11 Output

TPC output 12 TP1; Output Group 3 pulse output
TPC output 13 TP13 Output

TPC output 14 TP14 Output

TPC output 15 TP1s Output
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10.1.4 Register Configuration
Table 10.2 summarizes the TPC registers.

Table10.2 TPC Registers

Address™* Name Abbreviation R/W Initial Value
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)*2 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'FFFAS5/ Next data register A NDRA R/W H'00
H'FFFA7*®

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'FFFAY 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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10.2 Register Descriptions

10.2.1 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‘ PA3DDR ‘ PA,DDR ‘ PA,DDR ‘ PAoDDR ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write w W W w w W w w

Port A data direction 7to O

These bits select input or
output for port A pins

Port A is multiplexed with pins TP, to TP,. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PADDR, see section 7.11, Port A.

10.2.2 Port A Data Register (PADR)

PADR is an 8-hit readable/writable register that stores TPC output datafor groups 0 and 1, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PA; ‘ PAg ‘ PAg ‘ PA 4 ‘ PA3 ‘ PA, ‘ PA1 ‘ 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 7.11, Port A.
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10.2.3 Port B Data Direction Register (PBDDR)

PBDDR is an 8-bit write-only register that selects input or output for each pinin port B.

Bit 7 6 5 4 3 2 1 0

‘ PB, DDR‘ PBg DDR‘ PBsg DDR‘ PB4DDR‘ PB3DDR ‘ PB,DDR ‘ PB, 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 7to O
These bits select input or
output for port B pins

Port B is multiplexed with pins TP;5 to TPs. Bits corresponding to pins used for TPC output must
be set to 1. For further information about PBDDR, see section 7.12, Port B.
10.24  Port B Data Register (PBDR)

PBDR is an 8-hit readable/writable register that stores TPC output datafor groups 2 and 3, when
these TPC output groups are used.

Bit 7 6 5 4 3 2 1 0
‘ PB~ ‘ PBg ‘ PBg ‘ PB4 ‘ PB3 ‘ PB» ‘ PB1 ‘ PBg ‘
Initial value 0 0 0 0 0 0 0 0

Read/Write  R/(W)* R/(W)* R/(W)" R/(MW)* R/(MW)" RI(MW* RI(W)* R/(W)"

Port B data7to 0
These bits store output data
for TPC output groups 2 and 3

Note: * Bits selected for TPC output by NDERB settings become read-only bits.

For further information about PBDR, see section 7.12, Port B.
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1025 Next Data Register A (NDRA)

NDRA is an 8-bit readable/writable register that storesthe 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 bitsin 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 isinitialized to H'00 by areset and in hardware standby mode. It is hot initialized in
software standby mode.

Same Trigger for TPC Output Groups0and 1: If TPC output groups 0 and 1 are triggered by

the same compare match event, the NDRA address is H'FFFAS. The upper 4 bits belong to group
1 and the lower 4 bitsto group 0. Address H'FFFA7 consists entirely of reserved bits that cannot

be modified and always read 1.

Address H'FFFAS
Bit 7 6 5 4 3 2 1 0
‘ NDR7 ‘ 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 3to O
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 Triggersfor TPC Output Groups0and 1: If TPC output groups 0 and 1 aretriggered
by different compare match events, the address of the upper 4 bits of NDRA (group 1) is H'FFFAS5
and the address of the lower 4 bits (group 0) isH'FFFA7. Bits 3 to 0 of address H'FFFAS5 and bits
7 to 4 of address H'FFFA7 are reserved bits that cannot be modified and always read 1.

Address H'FFFA5
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 ‘ NDR1 ‘ NDRO ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 3to O

These bits store the next output
data for TPC output group O

Rev. 2.00 Sep 20, 2005 page 318 of 800
REJ09B0260-0200
RENESAS



Section 10 Programmable Timing Pattern Controller (TPC)

1026  Next Data Register B (NDRB)

NDRB is an 8-hit readabl e/writable register that stores the next output data for TPC output groups
3 and 2 (pins TPys5 to TPg). During TPC output, when an 16-bit timer compare match event
specified in TPCR occurs, NDRB contents are transferred to the corresponding bitsin 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 isinitialized to H'00 by areset 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 H'FFFA4. The upper 4 bits belong to group
3 and the lower 4 bitsto group 2. Address H'FFFAG consists entirely of 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 ‘ 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'FFFAG6
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 Triggersfor 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 H'FFFA4
and the address of the lower 4 bits (group 2) isH'FFFAB. Bits 3 to 0 of address H'FFFA4 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 15to 12 Reserved bits
These bits store the next output
data for TPC output group 3
Address H'FFFAG6
Bit 7 6 5 4 3 2 1 0
‘ — ‘ — ‘ — ‘ — ‘ NDR11 ‘ NDR10 ‘ NDR9 ‘ NDR8 ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W
Reserved bits Next data 11 to 8

These bits store the next output
data for TPC output group 2
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10.2.7 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 abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0

‘ NDER7 ‘ NDERG‘ NDER5 ‘ NDER4 ‘ NDER3 ‘ NDER2 ‘ NDER1 ‘ NDERO ‘
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

Next data enable 7to 0
These bits enable or disable
TPC output groups 1 and 0

If abit 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 isinitialized to H'00 by areset 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 O (TP; to TP) on a bit-by-bit basis.

Bits 7to 0

NDER7 to NDERO Description

0 TPC outputs TP to TP, are disabled (Initial value)
(NDR7 to NDRO are not transferred to PA7 to PAo)

1 TPC outputs TP to TPg are enabled

(NDR7 to NDRO are transferred to PA7 to PAy)
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10.28 Next Data Enable Register B (NDERB)

NDERSB is an 8-bit readable/writable register that enables or disables TPC output groups 3 and 2
(TPys to TPg) on abit-by-bit basis.

Bit 7 6 5 4 3 2 1 0
‘NDERlS‘ NDER14‘ NDER13‘ NDERlZ‘ NDERll‘NDERlO‘ NDER9 ‘ NDERS8 ‘

Initial value 0 0 0 0 0 0 0 0

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

Next data enable 15to 8
These bits enable or disable
TPC output groups 3 and 2

If abit 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 isinitialized to H'00 by areset and in hardware standby mode. It is not initialized in
software standby mode.

Bits 7 to 0—Next Data Enable 15to 8 (NDER15 to NDERS): These bits enable or disable TPC
output groups 3 and 2 (TPys5 to TPg) on a bit-by-bit basis.

Bits 7to 0

NDER15 to NDERS8 Description

0 TPC outputs TP;s to TPg are disabled (Initial value)
(NDR15 to NDRS8 are not transferred to PB; to PBy)

1 TPC outputs TP;5 to TPg are enabled

(NDR15 to NDR8 are transferred to PB; to PBy)
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10.29 TPC Output Control Register (TPCR)

TPCR is an 8-hit readable/writable register that selects output trigger signals for TPC outputson a
group-by-group basis.

Bit 7 6 5 4 3 2 1 0
‘GSCMSl‘ G3CMSO‘ GZCMSl‘ GZCMSO‘GlCMSl‘GlCMSO ‘ GOCMSl‘GOCMSO‘

Initial value 1 1 1 1 1 1 1 1

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

Group 3 compare
match select 1 and 0
These bits select
the compare match Group 2 compare
event that triggers ~ match select 1 and 0
TPC output group 3 These bits select
(TPlS to TPlZ) the compare match Group 1 compare
event that triggers match select 1 and 0
TPC output group 2 These bits select
(TP11to TPg) the compare match
event that triggers
TPC output group 1
(TP7 to TP4)

Group 0 compare
match select 1 and 0
These bits select

the compare match
event that triggers
TPC output group 0
(TP3 to Tpo)

TPCRisinitialized to H'FF by areset and in hardware standby mode. It isnot initialized in
software standby mode.
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Bits 7 and 6—Group 3 Compare Match Select 1 and 0 (G3CM S1, G3CM S0): These bits
select the compare match event that triggers TPC output group 3 (TPys to TPy,).

Bit 7 Bit 6
G3CMS1 G3CMSO Description
0 0 TPC output group 3 (TP3s to TP1y) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 3 (TP3s to TP1y) is triggered by compare match in 16-bit
timer channel 1
1 0 TPC output group 3 (TP1s to TP1y) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 3 (TP1s to TP1p) is triggered by (Initial value)

compare match in 16-bit timer channel 2

Bits5 and 4—Group 2 Compare Match Select 1 and 0 (G2CM S1, G2CM S0): These bits
select the compare match event that triggers TPC output group 2 (TPy; to TPg).

Bit 5 Bit 4
G2CMS1 G2CMSO Description
0 0 TPC output group 2 (TP 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 (TP1; to TPg) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 2 (TP11 to TPg) is triggered by (Initial value)

compare match in 16-bit timer channel 2
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Bits 3 and 2—Group 1 Compare Match Select 1 and 0 (G1CM S1, G1CM S0): These bits
select the compare match event that triggers TPC output group 1 (TP; to TPRy).

Bit 3 Bit 2
GI1CMS1 G1CMSO Description
0 0 TPC output group 1 (TP; to TP,) is triggered by compare match in 16-bit
timer channel 0
1 TPC output group 1 (TP; to TP,) is triggered by compare match in 16-hit
timer channel 1
1 0 TPC output group 1 (TP; to TP,) is triggered by compare match in 16-bit
timer channel 2
1 TPC output group 1 (TP7 to TP,) is triggered by (Initial value)

compare match in 16-bit timer channel 2

Bits 1 and 0—Group 0 CompareMatch Select 1 and 0 (GOCM S1, GOCM S0): These bits
select the compare match event that triggers TPC output group 0 (TPs to TP).

Bit 1 Bit 0
GOCMS1 GOCMSO Description
0 0 TPC output group 0 (TP3 to TPy) is triggered by compare match in 16-hit
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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10.2.10 TPC Output Mode Register (TPMR)

TPMR is an 8-hit readable/writable register that selects normal or non-overlapping TPC output for
each group.

Bit 7 6 5 4 3 2 1 0

‘ — ‘ — ‘ — ‘ — ‘ G3NOV ‘ G2NoVv ‘ G1NOV ‘ GONOV ‘
Initial value 1 1 1 1 0 0 0 0
Read/Write — — — — R/W R/W R/W R/W

Reserved bits

Group 3 non-overlap
Selects non-overlapping TPC
output for group 3 (TP;5 to TP;5)

Group 2 non-overlap
Selects non-overlapping TPC
output for group 2 (TPy; 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-hit timer channel selected for output triggering. The non-overlap marginisset in
generd register A (GRA). The output values change at compare match A and B.

For details see section 10.3.4, Non-Overlapping TPC Output.

TPMR isinitialized to H'FO by areset 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 (G3NOV): Selectsnormal or non-overlapping TPC output for
group 3 (TPysto TPyy).

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-hit timer channel)

Bit 2—Group 2 Non-Overlap (G2NOV): Selectsnormal or non-overlapping TPC output for
group 2 (TPy; to TRg).

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 O output at

compare match A and B in the selected 16-bit timer channel)

Bit 1—Group 1 Non-Overlap (GINOV): Selectsnormal or non-overlapping TPC output for
group 1 (TP;to TRy).

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 (GONOV): Selects normal or hon-overlapping TPC output for
group O (TPsto 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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10.3  Operation

10.3.1 Overview

When corresponding bitsin 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 10.2 illustrates the TPC output operation. Table 10.3 summarizes the TPC operating
conditions.

DDR NDER

Output trigger signal

Internal
data bus

Q DR D

[

Q NDR Df~—

TPC output pin

Figure 10.2 TPC Output Operation

Table10.3 TPC Operating Conditions

NDER DDR Pin Function

0 0 Generic input port

Generic output port

1 0 Generic input port (but the DR bit is a read-only bit, and when compare
match occurs, the NDR bit value is transferred to the DR bit)

1 TPC pulse output

Sequential output of up to 16-bit patterns is possible by writing new output datato NDRA and
NDRB before the next compare match. For information on non-overlapping operation, see
section 10.3.4, Non-Overlapping TPC Outpuit.
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10.3.2 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 10.3 shows the timing of these operations
for the case of normal output in groups 2 and 3, triggered by compare match A.

TCNT >< N >< N+1 ><

GRA N

Compare
match A signal

NDRB n
PBDR m >< N n
TPy to TPy m >< n

Figure 10.3 Timing of Transfer of Next Data Register Contents and Output (Example)
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10.3.3

Normal TPC Output

Sample Setup Procedure for Normal TPC Output: Figure 10.4 shows a sample procedure for
setting up normal TPC output.

Normal TPC output

Select GR functions 1 1. SetTIOR to make GRA an output compare
[ register (with output inhibited).
Set GRA value 2 i i
16-bit timer ‘ 2. Setthe TPC output trigger period.
setup 3. Select the counter clock source with bits
Select counting operation 3 ' .
‘ gop TPSC2 to TPSCO in TCR. Select the
- counter clear source with bits CCLR1 and
Select interrupt request 4 CCLRO.
‘ 4. Enable the IMFA interrupt in TISRA.
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
Select port output 6 TPC output.
\
Port and Enable TPC output 7 6. S.et the DDR bits of the input/output port
TPC setup ‘ pins to be used for TPC output to 1.
Select TPC output trigger 8 7. Set the NDER bits of the pins to be used
[ for TPC output to 1.
Set next TPC output data 9 8. Select the 16-bit timer compare match
| event to be used as the TPC output trigger
P in TPCR.
16t'b't timer Start counter 10
Setup | 9. Set the next TPC output values in the NDR
- bits.
c tch? 10. Setthe STR bitto 1in TSTR to start the
ompare match timer counter.
Yes .
11. At each IMFA interrupt, set the next output

Set next TPC output data

11

values in the NDR bits.

Figure 10.4 Setup Procedurefor Normal TPC Output (Example)
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Example of Normal TPC Output (Example of Five-Phase Pulse Output): Figure 10.5 shows
an example in which the TPC is used for cyclic five-phase pulse output.

TCNT value Compare match

TCNT
GRA [~~~ ‘ ( fffffffffffffffffffffffffffffffffffffffffffffffffffffffffffffff
NDRB 60 EEEEEEE@EE 4

PBEDR 00 mmm@mmm&@mm
TPis : ‘ l_

| |
I I
—_—

TPy

|
|
|
|
|
|
T
|
I
|
|
I
|

_

|

|

TPy3

TPy,

TPy, |

1. 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 TISRA to enable the compare match A interrupt.

2. H'F8is 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.
Output data H'80 is written in NDRB.

3. 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.

4. 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.

Figure 10.5 Normal TPC Output Example (Five-Phase Pulse Output)
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10.3.4  Non-Overlapping TPC Output

Sample Setup Procedure for Non-Overlapping TPC Output: Figure 10.6 shows a sample
procedure for setting up non-overlapping TPC output.

Non-overlapping
TPC output

| Select GR functions | 1 1. SetTIOR to make GRA and GRB output

| compare registers (with output inhibited).
16-bit timer | Set GR values | 2 2. Setthe TPC output trigger period in GRB
setup ‘ and the non-overlap margin in GRA.
Select counting operation 3
| ‘ gop | 3. Select the counter clock source with bits
- TPSC2 to TPSCO in TCR. Select the counter
~ | Select interrupt requests | 4 clear source with bits CCLR1 and CCLRO.
‘ 4. Enable the IMFA interrupt in TISRA.
| Set initial output data | 5 o ) )
‘ 5. Set the initial output values in the DR bits
| S TPC | 6 of the input/output port pins to be used for
etup ‘ output TPC output.
| Enable TPC transfer | 7 6. Set the DDR bits of the input/output port pins
Port and ‘ to be used for TPC output to 1.
TPC setup | Select TPC transfer trigger | 8 7. Setthe NDER bits of the pins to be used for
[ TPC output to 1.
| Select non-overlapping groups | 9 8. InTPCR, select the 16-bit timer compare
\ match event to be used as the TPC output
L Set next TPC output data 10 trigger.
9. InTPMR, select the groups that will operate
16.bit 1 in non-overlap mode.
-bit timer
setup Start countter 1 10. Set the next TPC output values in the NDR

bits.

s

11. Set the STR bitto 1 in TSTR to start the timer
counter.

No
Compare match A?

Yes 12. At each IMFA interrupt, write the next output
value in the NDR bits.

Set next TPC output data 12

Figure 10.6 Setup Procedurefor Non-Overlapping TPC Output (Example)
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Example of Non-Overlapping TPC Output (Example of Four-Phase Complementary Non-
Overlapping Output): Figure 10.7 shows an example of the use of TPC output for four-phase
complementary non-overlapping pulse output.

TCNT value

GRB ’:I_’CN_I: ”””””””””””””””””””””””””””””””
GRA |77~ N N N N N 2
HO000 1 A o A Time
NDRE 935 X 6 X s X s X & X

PEDR (95 op) 05 a1 59 X0 50 K14k 95 08X 5 X

‘4—" Non- overlap margin

Y E— —

TPlS 3

TPys

TPy3

|
T

TPy,

TPy,

TPyg

—

TPy

TPg

1. 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.

2. 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
G3NOQV and G2NOV are set to 1 in TPMR to select non-overlapping output. Output data H'95 is written in
NDRB.

3. 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.

4. Four-phase complementary non-overlapping pulse output can be obtained by writing H'59, H'56, H'95...
at successive IMFA interrupts.

Figure 10.7 Non-Overlapping TPC Output Example (Four-Phase Complementary
Non-Overlapping Pulse Output)
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10.3.5 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 10.8 shows the timing.

TIOC pin \

Input capture
signal

NDR N

\

DR M ><\‘N

Figure 10.8 TPC Output Triggering by Input Capture (Example)
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104  Usage Notes

10.4.1 Operation of TPC Output Pins

TP, to TPy5 are multiplexed with 16-bit timer, address bus, and other pin functions. When 16-bit
timer, or address bus output is enabled, the corresponding pins cannot be used for TPC output. The
datatransfer 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.

10.4.2 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 valueis 1.

Figure 10.9 illustrates the non-overlapping TPC output operation.

DDR NDER
Q Q
Compare match A
Compare match B
C
Q DR Dj ‘ Q NDR D~

TPC output pin

Figure 10.9 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 datain
NDR. The next data must be written before the next compare match B occurs.

Figure 10.10 shows the timing relationships.

Compare
match A

Compare
match B

! ! NDR write ! ! NDR write
NDR >< ><

- X X

0 output 0/1 output 0 output 0/1 output
Write to NDR Write to NDR
in this interval in this interval

Do not write Do not write
to NDR in this to NDR in this
interval interval

Figure 10.10 Non-Overlapping Operation and NDR Write Timing
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Section 11 Watchdog Timer

11.1 Overview

The H8/3024 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 awatchdog timer, it generates areset signa for the H8/3024 chip if a system
crash alows the timer counter (TCNT) to overflow before being rewritten. In interval timer
operation, an interval timer interrupt isrequested at each TCNT overflow.

11.1.1 Features

WDT features are listed below.

Selection of eight counter clock sources

@2, 0/32, /64, ©/128, @ /256, @/512, ¢/2048, or ¢ /4096

Interval timer option

Timer counter overflow generates areset signal or interrupt.

Thereset signal is generated in watchdog timer operation. An interval timer interrupt is
generated in interval timer operation.

Watchdog timer reset signal resets the entire H8/3024 internally, and can also be output
externaly.

The reset signal generated by timer counter overflow during watchdog timer operation resets
the entire H8/3024 internally. An external reset signal can be output from the RESO pin to
reset other system devices simultaneously. In the versions with on-chip flash memory, the
RESO pin functions as the FWE pin, and therefore there is no function for outputting a reset
signal externally.
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11.1.2  Block Diagram

Figure 11.1 shows a block diagram of the WDT.

Overflow Int |
TCNT nternal
4> Read/ data bus

Interrupt signal <+—————————| write K >

(interval timer) | control B control
I
Internal clock sources

Interrupt

2
RSTCSR v
@32
@64
(internal, external) Clock @128
selector @256
Legend: ¥512
TCNT:  Timer counter ®2048
TCSR: Timer control/status register @/4096
RSTCSR: Reset control/status register
Figure11.1 WDT Block Diagram
11.1.3  Pin Configuration
Table 11.1 describes the WDT output pin®.
Note: * Not present in the versions with on-chip flash memory.
Table11.1 WDT Pin
Name Abbreviation I/0 Function
Reset output RESO Output” External output of the watchdog timer reset signal

Note: * Open-drain output.
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11.1.4 Register Configuration
Table 11.2 summarizesthe WDT registers.

Tablel11.2 WDT Registers

Address**
Write*? Read Name Abbreviation R/W Initial Value
H'FFF8C HFFF8C Timer control/status register TCSR R/(W)*3 H'18
H'FFF8D  Timer counter TCNT R/W H'00
H'FFFBE H'FFF8F Reset control/status register RSTCSR R/ON)*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 hit 7, to clear the flag.

11.2  Register Descriptions

11.21 Timer Counter (TCNT)

TCNT is an 8-hit 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: The method for writing to TCNT is different from that for general registers to prevent
inadvertent overwriting. For details see section 11.2.4, Notes on Register Access.

Whenthe TME bitissetto 1in 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 bitisset to 1in TCSR. TCNT isinitialized to H'00 by areset and when
the TME bit is cleared to O.
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11.2.2 Timer Control/Status Register (TCSR)

TCSR is an 8-hit readable and writable register. Its functionsinclude selecting the timer mode and
clock source.

Bit 7 6 5 4 3 2 1 0
‘ OVF ‘ WT/W‘ TME ‘ — ‘ — ‘ CKS2 ‘ CKS1 ‘ CKS0 ‘
Initial value 0 0 0 1 1 0 0 0
Read/Write RI(W)* RIW R/W — — R/W RIW RIW
Clock select

These bits select the
TCNT clock source

Reserved bits

Timer enable
Selects whether TCNT runs or halts

Timer mode select
Selects the mode

Overflow flag
Status flag indicating overflow

Notes: The method for writing to TCSR is different from that for general registers to prevent
inadvertent overwriting. For details see section 11.2.4, Notes on Register Access.

* Only 0 can be written, to clear the flag.

Bits 7 to 5 areinitialized to 0 by areset and in standby mode. Bits2 to O areinitializedto O by a
reset. In software standby mode bits 2 to 0 are not initialized, but retain their previous values.
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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 O in OVF (Initial value)
1 [Setting condition]

Set when TCNT changes from H'FF to H'00

Bit 6—Timer Mode Select (WT/IT): Selects whether to use the WDT as awatchdog timer or
interval timer. If used as an interval timer, the WDT generates an interval timer interrupt request
when TCNT overflows. If used as awatchdog 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 0in SY SCR before setting TME. When setting SSBY to 1,
TME should be cleared to O.

Bit 5

TME Description

0 TCNT is initialized to H'00 and halted (Initial value)
1 TCNT is counting

Bits4 and 3—Reserved: These bits cannot be modified and are always read as 1.
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Bits2to 0—Clock Select 2to 0 (CK S2to CKS0): These hits 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 CKSO 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

11.2.3 Reset Control/Status Register (RSTCSR)

RSTCSR is an 8-hit readable and writable register that indicates when areset signal has been
generated by watchdog timer overflow, and controls 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 ~ R/(W)*  R/W — — — — — _

Reserved bits

Reset output enable
Enables or disables external output of the reset signal

Watchdog timer reset
Indicates that a reset signal has been generated

Notes: The method for writing to RSTCSR is different from that for general registers to prevent
inadvertent overwriting. For details see section 11.2.4, Notes on Register Access.

* Only 0 can be written in bit 7, to clear the flag.

Bits 7 and 6 are initialized by input of areset signal at the RES pin. They are not initialized by
reset signals generated by watchdog timer overflow.
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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 H8/3024 chip
internally. If bit RSTOE isset to 1, thisreset signal is also output (low) at the RESO pinto
initialize external system devices. Note that there isno RESO pin in the versions with on-chip
flash memory.

Bit 7
WRST  Description
0 [Clearing conditions]
+ Reset signal at RES pin.
¢ Read WRST when WRST =1, then write 0 in WRST. (Initial value)
1 [Setting condition]

Set when TCNT overflow generates a reset signal during watchdog timer operation

Bit 6—Reset Output Enable (RSTOE): Enables or disables external output at the RESO pin of
the reset signal generated if TCNT overflows during watchdog timer operation. Note that thereis
no RESO pin in the versions with on-chip flash memory.

Bit 6

RSTOE Description

0 Reset signal is not output externally (Initial value)
1 Reset signal is output externally

Bits 5 to 0—Reserved: These bits cannot be modified and are always read as 1.
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11.24  Noteson Register Access

The watchdog timer’s TCNT, TCSR, and RSTCSR registers differ from other registersin 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 aword transfer instruction.
They cannot be written by byte instructions. Figure 11.2 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'5A (password for
TCNT) or H'A5 (password for TCSR). This transfers the write data from the lower byteto 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.

Figure11.2 Format of Data Written to TCNT and TCSR
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Writing to RSTCSR: RSTCSR must be written by aword transfer instruction. It cannot be
written by byte transfer instructions. Figure 11.3 shows the format of data written to RSTCSR. To
write 0 in the WRST bit, the write data must have H'A5 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 hitto 0. To
write to the RSTOE hit, the upper byte must contain H'5A and the lower byte must contain the
write data. Writing this word transfers a write data value into the RSTOE hit.

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.

Figure11.3 Format of Data Written to RSTCSR

Reading TCNT, TCSR, and RSTCSR: For reads of TCNT, TCSR, and RSTCSR, address
H'FFF8C is assigned to TCSR, address H'FFF8D to TCNT, and address H'FFF8F to RSTCSR.
Theseregisters are therefore read like other registers. Byte transfer instructions can be used for
reading. Table11.3 liststhe read addresses of TCNT, TCSR, and RSTCSR.

Table11.3 Read Addressesof 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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11.3  Operation

Operations when the WDT is used as a watchdog timer and as an interval timer are described
below.

11.31 Watchdog Timer Operation

Figure 11.4 illustrates watchdog timer operation. To usethe WDT as awatchdog timer, set the
WT/IT and TME bitsto 1 in TCSR. Software must prevent TCNT overflow by rewriting the
TCNT value (normally by writing H'00) before overflow occurs. If TCNT failsto be rewritten and
overflows due to a system crash etc., the H8/3024 is internally reset for aduration of 518 states.

The watchdog reset signal can be externally output from the RESO pin to reset external system
devices. Thereset signal is output externally for 132 states. External output can be enabled or
disabled by the RSTOE hit in RSTCSR. Note that there is no RESO pin in the versions with on-
chip flash memory.

A watchdog reset has the same vector as areset generated by input at the RES pin. Software can
distinguish aRES reset from a watchdog reset by checking the WRST bit in RSTCSR.

If aRES reset and awatchdog reset occur simultaneously, the RES reset takes priority.

WDT overflow
HIFF  cmmmm oo e
TCNT count TME setto 1
value
H'00
Start H'00 written Reset H'00 written
in TCNT in TCNT

Irr(;tseertn glgnal
B

518 states

RSO |
-

132 states

Figure11.4 Operation in Watchdog Timer Mode
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11.3.2 Interval Timer Operation

Figure 11.5illustrates interval timer operation. To usethe WDT as an interval timer, clear bit
WTI/IT to 0 and set bit TME to 1 in TCSR. An interval timer interrupt request is generated at each
TCNT overflow. Thisfunction can be used to generate interval timer interrupts at regular
intervals.

HFF -----mmmmmmmmmmmmo-
TCNT
count value
H'00 ——o------------1
WT/IT=0 Interval Interval Interval Interval
TME=1 timer timer timer timer
interrupt interrupt interrupt interrupt

Figure11.5 Interval Timer Operation

11.3.3 Timing of Setting of Overflow Flag (OVF)

Figure 11.6 shows the timing of setting of the OVF flag. The OVF flag is set to 1 when TCNT
overflows. At the same time, areset 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

\

Figure11.6 Timing of Setting of OVF

OVF
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11.3.4  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 11.7 shows the timing of setting of WRST and the internal reset timing. The WRST hit 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 H8/3024 chip. This internal reset signal clears OVF to O, but the WRST hit
remains set to 1. The reset routine must therefore clear the WRST bit.

; | N

TCNT H'FF >< H'00

Overflow signal

OVF

WDT internal
reset

WRST

Figure11.7 Timing of Setting of WRST Bit and I nternal Reset

Rev. 2.00 Sep 20, 2005 page 348 of 800
REJ09B0260-0200
RENESAS




Section 11 Watchdog Timer

11.4  Interrupts

During interval timer operation, an overflow generates an interval timer interrupt (WOV1). The
interval timer interrupt is requested whenever the OVF flagissetto 1in TCSR.

115 Usage Notes

Contention between TCNT Writeand Increment: If atimer counter clock pulse is generated
during the T3 state of awrite cycleto TCNT, the write takes priority and the timer count is not
incremented. See figure 11.8.

CPU: TCNT write cycle
T1 T2 T3

0 | L

TCNT

Internal write
signal

TCNT input
clock

TCNT N M

A

k-

Counter write data

Figure11.8 Contention between TCNT Writeand Count up

Changing CK S2 to CK S0 Bit: Halt TCNT by clearing the TME bit to 0in TCSR before
changing the values of bits CKS2 to CKSD.
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Section 12 Serial Communication Interface

121  Overview

The H8/3024 Group has a serial communication interface (SCI) with two independent channels.
The two channels have identical functions. The SCI can communicate in both asynchronous and
synchronous mode. It aso 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 asmart card interface function conforming to the |SO/IEC 7816-3 (I dentification
Card) standard. Thisfunction supports serial communication with asmart card. Switching
between the normal serial communication interface and the smart card interface is carried out by
means of aregister setting.

12.1.1 Features
SCI features are listed below.

e Sdlection of synchronous or asynchronous mode for serial communication
Asynchronous mode

Serial data communication is synchronized one character at atime. 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 datatransfer formats.

O Datalength: 7 or 8 hits

0 Stop bit length: 1 or 2 bits

O Parity: even/odd/none

O Multiprocessor hit: lorO

0 Receiveeror detection: parity, overrun, and framing errors

0 Break detection: by reading the RxD level directly when aframing error occurs
Synchronous mode

Serial data communication is synchronized with aclock signal. The SCI can communicate
with other chips having a synchronous communication function.
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Thereisasingle serial data communication format.
0 Datalength: 8 hits
0 Receive error detection: overrun errors

* Full-duplex communication

The transmitting and receiving sections are independent, so the SCI can transmit and receive
simultaneously. The transmitting and receiving sections are both double-buffered, so serial
data can be transmitted and received continuously.

» Thefollowing settings can be made for the serial data to be transferred:
O LSB-first or MSB-first transfer
O Inversion of datalogic level

« Built-in baud rate generator with selectable bit rates

» Selectable transmit/receive clock sources: internal clock from baud rate generator, or external
clock from the SCK pin

» Four types of interrupts

Transmit-data-empty, transmit-end, receive-data-full, and receive-error interrupts are requested
independently.

Features of the smart card interface are listed below.

« Asynchronous communication
0 Datalength: 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
» Threetypesof interrupts

Transmit-data-empty, receive-data-full, and transmit/receive-error interrupts are requested
independently.
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12.1.2  Block Diagram

Figure 12.1 shows a block diagram of the SCI.

Q
o
g
Module data bus £ <> Intemal data bus
@
RDR | [ ™rR ] SSR BRR L
[T
(] § U -
RD—= | RSR | [] TSR Baudrate |, @4
SCMR generator
Transmit/receive ~— @/16
TXD control la— @64
Parity generate | 4 t Clock
SCK~ Parity check 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
SSR:  Serial status register
BRR:  Bit rate register

SCMR: Smart card mode register

Figure12.1 SCI Block Diagram
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12.1.3  Pin Configuration

The SCI has serial pins for each channel aslisted in table 12.1.

Table12.1 SCI Pins

Channel Name

Abbreviation 110

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; Input/output SCl; clock input/output
Receive data pin RxD4 Input SCl; receive data input
Transmit data pin TxD1 Output SCI; transmit data output
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12.1.4 Register Configuration

The SCI hasinternal registers as listed in table 12.2. 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.

Table12.2 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
H'FFFB3 Transmit data register TDR R/W H'FF
H'FFFB4 Serial status register SSR R/(W)*2 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
H'FFFBC Serial status register SSR RI(W)*? H®84
H'FFFBD Receive data register RDR R H'00
H'FFFBE 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.

Rev. 2.00 Sep 20, 2005 page 355 of 800
REJ09B0260-0200
RENESAS



Section 12 Serial Communication Interface

12.2  Register Descriptions

12.21  Receive Shift Register (RSR)

RSR isthe register that receives serial data.

Bit 7 6 5 4 3 2 1 0

Read/Write — — — — — — — —

The SCI loads serial datainput at the RxD pininto RSR in the order received, LSB (bit 0) first,
thereby converting the datato parallel data. When one byte of data has been received, it is
automatically transferred to RDR. The CPU cannot read or write RSR directly.

12.2.2 Receive Data Register (RDR)

RDR istheregister that storesreceived 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 datafrom 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.

RDRisaread-only register. Its contents cannot be modified by the CPU. RDR isinitialized to
H'00 by areset and in standby mode.
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12.2.3  Transmit Shift Register (TSR)

TSR istheregister that transmits seria 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 O) first. After transmitting one data byte, the SCI automatically loads the next transmit
datafrom TDR into TSR and startstransmitting it. If the TDRE flagisset to 1in SSR, however,
the SCI does not load the TDR contentsinto TSR. The CPU cannot read or write RSR directly.

12.2.4  Transmit Data Register (TDR)

TDRisan 8-hit register that stores datafor serial transmission.

Bit 7 6 5 4 3 2 1 0
Initial value 1 1 1 1 1 1 1 1
Read/Write RIW RIW RIW RIW RIW RIW RIW RIW

When the SCI detectsthat TSR is empty, it moves transmit datawrittenin TDR from TDR into
TSR and starts serial transmission. Continuous serial transmission is possible by writing the next
transmit datain TDR during serial transmission from TSR.

The CPU can always read and write TDR. TDR isinitialized to H'FF by areset and in standby
mode.

Rev. 2.00 Sep 20, 2005 page 357 of 800
REJ09B0260-0200

RENESAS



Section 12 Serial Communication Interface

1225 Serial Mode Register (SMR)

SMRisan 8-bit register that specifiesthe SCl's serial communication format and selects the clock
source for the baud rate generator.

Bit 7 6 5 4 3 2 1 0

| CIA | CHR | PE | O/E | STOP| MP | CKSl| CKSO|
Initial value 0 0 0 0 0 0 0 0
Read/Write RIW RIW RIW RIW RIW RIW RIW R/IW

L Clock select 1/0
These bits select the
baud rate generator's
clock source

L Multiprocessor mode
Selects the multiprocessor
function

- Stop bit length
Selects the stop bit length

L Parity mode
Selects even or odd parity

L Parity enable
Selects whether a parity bit is added

— Character length
Selects character length in asynchronous mode

- Communication mode
Selects asynchronous or synchronous mode

The CPU can aways read and write SMR. SMRisinitialized to H'00 by areset and in standby
mode.

Bit 7—Communication M ode (C/A)/GSM Mode (GM): The function of this bit differsfor the
normal serial communication interface and for the smart card interface. Itsfunction 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

e 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 (time required to transmit 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. 1n 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): Specifies whether even parity or odd parity is used for parity addition
and checking. 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.

Bit4

O/E Description

0 Even parity*1 (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 bitsin 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 thefirst stop bit is checked, regardless of the STOP bit setting. |f the second
stop bitis 1, it istreated as astop hit. |f the second stop bit is 0, it istreated asthe start bit of the
next incoming character.
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Bit 2—M ultiprocessor M ode (M P): 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 isignored in synchronous mode.

For further information on the multiprocessor communication function, see section 12.3.3,
Multiprocessor Communication.

Bit 2

MP Description

0 Multiprocessor function disabled (Initial value)
1 Multiprocessor format selected

Bits1 and 0—Clock Select 1 and 0 (CK S1, CK S0): These bits select the clock source for the on-
chip baud rate generator. Four clock sources can be selected by the CKS1 and CKS0 bits: ¢, ¢/4,
@16, and @/'64.

For the relationship between the clock source, bit rate register setting, and baud rate, see section
12.2.8, 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

12.2.6  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.
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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

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 (Rxl) and
receive-error interrupts (ERI)

L Transmit interrupt enable
Enables or disables transmit-data-empty interrupts (TxI)

The CPU can aways read and write SCR. SCRisinitialized to H'00 by areset and in standby
mode.

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 dueto transfer of serial transmit datafrom
TDRto 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 O.
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Bit 6—Receive Interrupt Enable (RIE): Enablesor disables the receive-data-full interrupt (RXI)
requested when the RDRF flag in SSR is set to 1 due to transfer of serial receive datafrom 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 O.

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. Inthe 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.

Bit 4—Receive Enable (RE): Enables or disablesthe 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. Inthe 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.
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Bit 3—M ultiprocessor Interrupt Enable (MPIE): Enables or disables multiprocessor interrupts.
The MPIE bit setting is valid only in asynchronous mode, and only if the MP bitissetto 1in
SMR. The MPIE hit setting isignored in synchronous mode or when the MP bit is cleared to O.

Bit 3

MPIE Description

0 Multiprocessor interrupts are disabled (normal receive operation) (Initial value)
[Clearing conditions]
e 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
(TEI) requested if TDR does not contain valid transmit data when the M SB 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: * TEI 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.

Bits1 and 0—Clock Enable 1 and 0 (CKE1, CK EQ): The function of these bits differsfor the
normal serial communication interface and for the smart card interface. Their function is switched
with the SMIF bit in SCMR.
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» 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 CKEL and CKEQ, the SCK pin can be used for generic
input/output, serial clock output, or serial clock input.
The CKEO setting is valid only in asynchronous mode, and only when the SCI isinternally
clocked (CKEL = 0). The CKEOQ setting isignored in synchronous mode, or when an external
clock sourceis selected (CKEL = 1). Select the SCI operating mode in SMR before setting the
CKE1 and CKEO bits. For further details on selection of the SCI clock source, seetable 12.9
in section 12.3, Operation.

Bitl1 BitO
CKE1 CKEO Description
0 0 Asynchronous mode  Internal clock, SCK pin available for generic
input/output**
Synchronous mode Internal clock, SCK pin used for serial clock output*1
0 1 Asynchronous mode  Internal clock, SCK pin used for clock output™?
Synchronous mode Internal clock, SCK pin used for serial clock output
1 0 Asynchronous mode  External clock, SCK pin used for clock input*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.

» 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 CKE1l 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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12.2.7 Serial Status Register (SSR)

SSRisan 8-hit 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)*! R/(W)*! RI(W)*L RI(W)*T R/(W)*? R R RIW

Multiprocessor bit transfer
Value of multiprocessor bit
to be transmitted

Multiprocessor bit
Stores the received
multiprocessor bit value

L Transmit end*?2
Status flag indicating end of transmission

— 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.

SSRisinitialized to H'84 by areset and in standby mode.
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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 condition]
Read TDRE when TDRE = 1, then write 0 in TDRE
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 O

« TDR contents are loaded into TSR, so new data can be written in TDR

Bit 6—Receive Data Register Full (RDRF): Indicates that RDR contains new receive data.

Bit 6

RDRF Description

0 RDR does not contain new receive data (Initial value)
[Clearing conditions]
« The chip is reset or enters standby mode
¢ Read RDRF when RDRF = 1, then write 0 in RDRF

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): Indicatesthat 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 bitto 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. Itsfunction 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 data reception ended abnormally due to aframing 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 for a value of 1, and is
found to be 0.*?

Notes: 1. Clearing the RE bitto 0 in SCR does not affect the FER flag, which retains its previous

. When the stop bit length is 2 bits, only the first bit is checked for a value of 1. The
second stop hit is not checked. When a framing error occurs the SCI transfers the
receive data into RDR but does not set the RDRF flag. Serial receiving cannot continue
while the FER flag is set to 1. In synchronous mode, serial transmitting is also disabled.

e 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]
e 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.
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Bit 3—Parity Error (PER): Indicatesthat reception of data with parity added 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 bitto 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 differsfor the normal serial
communication interface and for the smart card interface. Its function is switched with the SMIF
bit in SCMR.

e For Serial Communication Interface (SMIF Bit in SCMR Cleared to 0)
Indicates that when the last bit of aserial character was transmitted TDR did not contain valid
transmit data, so transmission has ended. The TEND flag is aread-only bit and cannot be
written.

Bit 2
TEND Description
0 Transmission is in progress
[Clearing condition]
Read TDRE when TDRE = 1, then write 0 in TDRE
1 End of transmission (Initial value)

[Setting conditions]
e The chip is reset or enters standby mode
e The TE bitin SCR is cleared to 0

« TDRE is 1 when the last bit of a 1-byte serial transmit character is
transmitted
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» For Smart Card Interface (SMIF Bit in SCMR Set to 1)
Indicates that when the last bit of aserial character was transmitted TDR did not contain valid
transmit data, so transmission has ended. The TEND flag is aread-only bit and cannot be
written.

Bit 2
TEND Description
0 Transmission is in progress
[Clearing condition]
Read TDRE when TDRE = 1, then write 0 in TDRE
1 End of transmission (Initial value)

[Setting conditions]
* The chip is reset or enters standby mode
e The TE bitis cleared to 0 in SCR and the FER/ERS bit is also cleared to O

e TDRE s 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 (time required to transmit one bit)

Bit 1—M ultiprocessor bit (MPB): Stores the value of the multiprocessor bit in the receive data
when a multiprocessor format is used in asynchronous mode. MPB is aread-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—M ultiprocessor 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 isignored in synchronous mode, when a multiprocessor format is not
selected, or when the SCI cannot transmit.
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Bit 0

MPBT Description

0 Multiprocessor bit value in transmit data is O (Initial value)
1 Multiprocessor bit value in transmit data is 1

12.2.8 Bit Rate Register (BRR)

BRR is an 8-bit register that setsthe serial transmit/receive bit rate in accordance with the baud
rate generator operating clock selected by bits CKS0 and CKS1in SMR.

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

BRR can be read or written to by the CPU at al times.
BRRisinitialized to H'FF by areset and in standby mode.

As baud rate generator control is performed independently for each channel, different values can
be set for each channel.

Table 12.3 shows examples of BRR settings in asynchronous mode. Table 12.4 shows examples
of BRR settings in synchronous mode.
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Table12.3 Examplesof Bit Ratesand BRR Settingsin Asynchronous M ode

®(MHz)
Bit Rate 2 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 26 114 0 31 0.00 0O 38 0.16
4800 0 12 0.16 0 13 -2.48 0 15 0.00 0 19 -234
9600 0 6 -6.99 0 6 -2.48 0o 7 0.00 0 -2.34
19200 0 2 8.51 0o 2 13.78 0 3 0.00 0 4 -234
31250 0 1 0.00 0 1 4.86 0 1 22.88 0 2 0.00
38400 0 1 -18.62 0 1 -14.67 0 1 0.00 —_ - =

®(MHz)
Bit Rate 3.6864 4 49152 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 86 031 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 15 173
19200 0 5 0.00 0 -6.99 0 0.00 0 1.73
31250 @— — — 0 0.00 0O 4 -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 0.6
19200 O -2.34 0 0.00 0 11 o0.00 0 12 0.16
31250 O 0.00 0 2.40 0 5.33 0 0.00
38400 O -2.34 0 0.00 0 0.00 0 -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 O -1.70 0 0.00 0 11 0.00 0 11 240
38400 0 7 0.00 0 1.73 0 9 -2.34 0 9 0.00
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®(MHz)

Bit Rate 13 14 14.7456 16
(bit/s) n N Error (%) n N Error (%) n N Error (%) n N Error (%)
110 2 230 -0.08 2 248 -0.17 3 64 0.70 3 70 0.03
150 2 168 0.16 2 181 0.16 2 191 0.00 2 207 0.16
300 2 84 -043 2 90 0.16 2 95 0.00 2 103 0.16
600 1 168 0.16 1 181 0.16 1 191 0.00 1 207 0.16
1200 1 84 -043 1 90 0.16 1 95 0.00 1 103 0.16
2400 0 168 0.16 0 181 0.16 0 191 0.00 0 207 0.16
4800 0 84 -043 0 90 0.6 0 95 0.00 0 103 0.16
9600 0 41 0.76 0 45 -0.93 0 47 0.00 0 51 0.16
19200 0 20 0.76 0 22 -093 0 23 0.00 0 25 0.16
31250 0 12 0.00 0 13 0.00 0 14 -1.70 0 15 0.00
38400 O 10 -3.82 0 10 357 0 11 0.00 0 12 0.16

®(MH2)
Bit Rate 18 20 25
(bit/s) n N Error (%) n N Error (%) n N Error (%)
110 3 79 -0.12 3 88 -0.25 3 110 -0.02
150 2 233 0.16 3 64 0.16 3 80 -047
300 2 116 0.16 2 129 0.16 2 162 0.15
600 1 233 0.16 2 64 0.16 2 80 -047
1200 1 116 0.16 1 129 0.16 1 162 0.15
2400 0 233 0.16 1 64 0.16 1 80 -047
4800 0 116 0.16 0 129 0.16 0 162 0.15
9600 0 58 -0.69 0 64 0.16 0 80 -047
19200 0 28 1.02 0 32 -1.36 0 40 -0.76
31250 0 17 0.00 0 19 0.00 0 24 0.00
38400 0 14 -2.34 0 15 1.73 0 19 173
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Table12.4 Examplesof Bit Ratesand BRR Settingsin Synchronous M ode

_ @(MHz)
glette 2 4 8 10 13 16 18 20 25
(bit/sYy n N n N n N n N n N n N n N n N n N
110 3 70 — — — — — — — - - - - - — — — —
250 2 124 2 249 3 124 — — 3 202 3 249 — — — — — —
500 1 249 2 124 2 249 — — 3 101 3 124 3 140 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 1991 99 1 124 1 162 1 199 1 224 1 249 2 77
10k 0 49 0 99 0 199 0 2491 80 1 99 1 112 1 124 1 155
25k 0 19 0 39 0 79 0 99 0O 129 0 159 0O 179 0 199 0 249
50k 0 9 0 19 0O 39 0O 49 0 64 0 79 0 89 0 99 0 124
100k 0 4 0 9 O 19 0 24 — — 0 39 0 44 0 49 0 662
250k 0 1 0 3 o 7 0 0 12 0 15 0 17 0O 19 0 24
500k 0 0 0 1 0 3 0O — — 0 0o 8 0 9 — —
M o 00 0 1 — — — — 0 0 0 - —
2M o 0 — — — — 0 - - - - - —
2.5M — — 0 0 - — - — - — - — — —
4M 0 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:

_ he 6_

T e4ax22-1xp <1071
Synchronous mode:

_ b 6_

= e x22ixp x10°-1
B: Bit rate (bit/s)
N: BRR setting for baud rate generator (0 < N < 255)
¢@. System clock frequency (MHz)
n: Baud rate generator input clock (n=0, 1, 2, 3)

(For the clock sources and values of n, see the following table.)

SMR Settings

n Clock Source CKSs1 CKSO0
0 (0] 0 0
1 o4 0 1
2 @16 1 0
3 @64 1 1

The bit rate error in asynchronous mode is calculated as follows:

@ x10°
(N +1) x B x64 x 221

Error (%) = {

- 1} x 100
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Table 12.5 shows the maximum bit rates in asynchronous mode for various system clock
frequencies. Tables 12.6 and 12.7 show the maximum bit rates with external clock input.

Table12.5 Maximum Bit Ratesfor Various Frequencies (Asynchronous M ode)

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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Table12.6 Maximum Bit Rateswith External Clock Input (Asynchronous M ode)

@(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
49152 1.2288 76800
5 1.2500 78125
6 1.5000 93750
6.144 1.5360 96000
7.3728 1.8432 115200
8 2.0000 125000
9.8304 2.4576 153600
10 2.5000 156250
12 3.0000 187500
12.288 3.0720 192000
14 3.5000 218750
14.7456 3.6864 230400
16 4.0000 250000
17.2032 4.3008 268800
18 4.5000 281250
20 5.0000 312500
25 6.2500 390625
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Table12.7 Maximum Bit Rateswith External Clock I nput (Synchronous M ode)

@(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

12.3  Operation

12.3.1 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 |C 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 12.8. The SCI clock sourceis
selected by the C/A bit in SMR and the CKE1 and CKEO bitsin SCR, as shown in table 12.9.

For details of the procedures for switching between LSB-first and M SB-first mode and inverting
the data logic level, see section 13.2.1, Smart Card Mode Register (SCMR).

For selection of the smart card interface format, see section 13.3.3, Data Format.
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Asynchronous M ode

» Datalength is selectable: 7 or 8 hits

» 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.

» Inreceiving, it is possible to detect framing errors, parity errors, overrun errors, and the break
State.

« Aninterna or external clock can be selected as the SCI clock source.

0 When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output a seria clock signal with afrequency matching the bit rate.

O 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 M ode

e The communication format has a fixed 8-bit data length.
* Inreceiving, it is possible to detect overrun errors.
* Aninternal or external clock can be selected as the SCI clock source.

O When aninternal clock is selected, the SCI operates using the on-chip baud rate generator,
and can output aserial clock signal to external devices.

0 When an external clock is selected, the SCI operates on the input seria clock. The on-chip
baud rate generator is not used.

Smart Card Interface

» Oneframe consists of 8-bit data and a parity bit.

e Intransmitting, 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 isthetime
required to transmit one hit.)

* Inreceiving, if aparity error is detected, alow error signal level is output for 1 etu, beginning
10.5 etu after the start bit..

* Intransmitting, if an error signal is received, the same data is automatically transmitted again
after at least 2 etu.

*  Only asynchronous communication is supported. Thereisno synchronous communication
function.

For details of smart card interface operation, see section 13, Smart Card Interface.
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Table12.8 SMR Settingsand Serial Communication Formats

SMR Settings

SCI Communication Format

Multi-
pro- Stop
Bit7 Bit6 Bit2 Bit5 Bit3 Data cessor Parity Bit
C/A° CHR MP PE STOP Mode Length Bit Bit Length
0 0 0 0 0 Asynchronous  8-bitdata Absent Absent 1 bit
1 mode 2 bits
1 0 Present 1 bit
1 2 bits
1 0 0 7-bit data Absent 1 bit
1 2 bits
1 0 Present 1 bit
1 2 bits
0 1 — 0 Asynchronous  8-bitdata Present Absent 1 bit
_ 1 mode (multi- 2 bits
processor
— 1 2 bits
1 — — — — Synchronous 8-bit data Absent None
mode

Table12.9 SMR and SCR Settingsand SCI Clock Source Selection

SMR  SCR Setting

SCI Transmit/Receive clock

Bit7 Bitl BItO

C/IA 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
1 the bit rate
1 0 0 Synchronous  Internal Outputs the serial clock

mode

External

[y
R=

Inputs the serial clock
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12.3.2  Operation in Asynchronous M ode

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 atime.

The transmitting and receiving sections of the SCI are independent, so full-duplex communication
ispossible. Thetransmitter 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 12.2 shows the general format of asynchronous serial communication. In asynchronous
serial communication the communication lineis 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 hits (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 afrequency 16 times the bit rate.
Receive datais latched at the center of each bit.

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)
1 bit 7 or 8 bits 1 bit, 1 or 2 bits
or
One unit of data (character or frame) none

Figure12.2 Data Format in Asynchronous Communication
(Example: 8-Bit Data with Parity and 2 Stop Bits)

Communication Formats

Table 12.10 shows the 12 communication formats that can be selected in asynchronous mode. The
format is selected by settingsin SMR.
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Table 12.10 Serial Communication Formats (Asynchr onous M ode)

SMR Settings Serial Communication Format and Frame Length
CHR PE MP STOP (1 |3|4|5|6|7|8|9|10|11|12|
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 | sToP|sToP
0 — 1 0 S 8-bit data MPB |sToP
0 — 1 1 S 8-bit data MPB STOP|STOP
1 — 1 0 S 7-bit data MPB | STOP
1 — 1 1 S 7-bit data MPB STOPlSTOP
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 asthe SCI transmit/receive clock. The clock source is selected by the
C/A bit in SMR and bits CKE1 and CKEQ in SCR. For details of SCI clock source selection, see
table 12.9.

When an external clock isinput 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 phaseis aligned as shown in figure 12.3
so that the rising edge of the clock occurs at the center of each transmit data bit.

Ly yyry ey

0 DO| D1 | D2 | D3 | D4 | D5 | D6 | D7 | O/1 1 1

1 frame

-

A

Figure 12.3 Phase Reationship between Output Clock and Serial Data
(Asynchronous M ode)

Transmitting and Receiving Data

SCI Initialization (Asynchronous M ode): Before transmitting or receiving data, clear the TE and
RE bitsto 0 in SCR, then initialize the SCI asfollows.

When changing the communication mode or format, always clear the TE and RE bitsto 0 before
following the procedure given below. Clearing TE to 0 setsthe 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.
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Figure 12.4 shows a sample flowchart for initializing the SCI.

(_ Startofinitialization )

Clear TE and RE bits
to 0in SCR

Set CKE1 and CKEO bits in SCR
(leaving TE and RE bits (1)
cleared to 0)

Select communication format @)
in SMR
I

Set value in BRR

|(3)

Wait

No

1-bit interval elapsed?

Set TE or RE bitto 1 in SCR 4)
Set the RIE, TIE, TEIE, and
MPIE bits

<End of initialization>

@

@

©)

4

Set the clock source in SCR. Clear the
RIE, TIE, TEIE, MPIE, TE, and RE bits to
0. If clock output is selected in
asynchronous mode, clock output starts
immediately after the setting is made in
SCR.

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 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.

Figure12.4 SampleFlowchart for SCI Initialization
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Transmitting Serial Data (Asynchronous Mode): Figure 12.5 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

| Initialize | W (1) SCl initialization:
| the transmit data output function of
— the TxD pin is selected automatically.
( Start transmitting ) After the TE bit is set to 1, one frame
« of 1s is output, then transmission is
- possible.
| Read TDRE flag in SSR | (2
(2) SCI status check and transmit data
No write:
TDRE=1 read SSR and check that the TDRE
flag is set to 1, then write transmit data
Yes in TDR and clear the TDRE flag to 0.

Write transmit data in TDR

: 3 i itti i :
and clear TDRE flag to 0 in SSR (3) 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

N TDRE flag to 0.
All data transmitted?
Y (4)

1

— es (3) To output a break signal at the end of
serial transmission:
| Read TEND flag in SSR | S(_et the DDR bit to 1 and cIe_ar the_DR
bit to 0, then clear the TE bitto 0 in
SCR.

Clear DR bit to 0 and set
DDR bitto 1

Clear TE bitto 0 in SCR

<

4
<End>

Figure125 SampleFlowchart for Transmitting Serial Data
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In transmitting serial data, the SCI operates as follows:

* The SCI monitorsthe 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 datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit isset to 1 in SCR, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

O Start bit: One 0 hit 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 aparity bit nor a multiprocessor bit is output can
also be selected.

O Stop bit(s): One or two 1 bits (stop bits) are outpui.

0 Mark gtate: 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 flagis 0, the SCI
loads new datafrom TDR into TSR, outputs the stop bit, then begins serial transmission of the
next frame. If the TDRE flagis 1, the SCI setsthe TEND flag to 1 in SSR, outputs the stop
bit, then continues output of 1 bitsin the mark state. 1f the TEIE bitissetto 1in SCR, a
transmit-end interrupt (TEI) isrequested at thistime.

Figure 12.6 shows an example of SCI transmit operation in asynchronous mode.

Data Parity Stop Start Data Parity Stop

1  Starthit bit bit  bit bit bit 1
) ) I I
0 DO D1 D7 | 0/1 1 0 DO | D1 D7 | 0/1 1
{ § Idle state
(mark state)
TDRE v
TEND . (¢
B 1 frame .
TXl interrupt  TXI interrupt handler TXI interrupt TEl interrupt
request writes data in TDR and request request

clears TDRE flag to O

Figure 126 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 12.7 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.

;I (2)(3) Receive error handling and break detection:
if a receive error occurs, read the ORER,
Read ORER, PER, and FER  |(2) PER, and FER flags in SSR to identify the
flags in SSR 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 setto 1. When a
framing error occurs, the RxD pin can be
read to detect the break state.

PER OFER OOPER =1
@)

Error handling

(continued on next page)

- (4) SCI status check and receive data read:
Read RDRF flagin SR |(4) read SSR, check that the RDRF flag is set

to 1, then read receive data from RDR and
No clear the RDRF flag to 0. Notification that
RDRF =1 the RDRF flag has changed from 0 to 1 can
also be given by the RXI interrupt.
Yes

(5) To continue receiving serial data:

Read receive data from RDR, and check the RDRF flag, read RDR, and clear
clear RDRF flag to 0 in SSR the RDRF flag to 0 before the stop bit of the
current frame is received.

No
Yes

| Clear RE bit to 0 in SCR |

<End>

Figure 12.7 SampleFlowchart for Receiving Serial Data
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No

@)

Error handling )

Yes

Overrun error handling

Break?

Yes

Framing error handling

\

No

PER=1

Yes

Clear RE bit

to 0in SCR

Parity error handling

Clear ORER, PER, and FER flags

to 0in SSR

<End>

Figure12.7 Sample Flowchart for Receiving Serial Data (cont)
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In receiving, the SCI operates asfollows:

» The SCI monitors the communication line. When it detects a start bit (O bit), the SCI
synchronizesinternally and starts receiving.

* Receive datais 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 1sin 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 thefirst is

checked.

0 Statuscheck: The RDRF flag must be O, 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 datais stored in RDR. If
one of the checks fails (receive error™), the SCI operates as shown in table 12.11.

Note: * When areceive error occurs, further receiving is disabled. In receiving, the RDRF flag
isnot setto 1. Besureto clear the error flagsto 0.

* Whenthe RDRFflagissetto 1, if the RIE bit is set to 1 in SCR, areceive-data-full interrupt
(RX1) isrequested. If the ORER, PER, or FER flagis set to 1 and the RIE bit in SCRis also
set to 1, areceive-error interrupt (ERI) is requested.

Table12.11 Receive Error Conditions

Receive Error Abbreviation

Condition

Data Transfer

Overrun error  ORER Receiving of next data ends Receive data is not transferred
while RDRF flag is still setto 1~ from RSR to RDR
in SSR
Framing error FER Stop bitis 0 Receive data is transferred
from RSR to RDR
Parity error PER Parity of received data differs Receive data is transferred

from even/odd parity setting in
SMR

from RSR to RDR
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Figure 12.8 shows an example of SCI receive operation in asynchronous mode.

Start Parity Stop Start Parity Stop
bit Data bit  bit bt Data bit bt 1
0 DO D1 D7 | 0/1 1 0 DO | D1 D7 | 0/1 1
{§ { § Idle (mark) state
RDRF P .
FER ‘e
T )
RXlinterrupt|  RXI interrupt handler
request| reads data in RDR and Framing error,
1 frame clears RDRF flag to 0 ERI interrupt
- - request

Figure 12.8 Example of SCI Receive Operation
(8-Bit Data with Parity and One Stop Bit)

12.3.3  Multiprocessor Communication

The multiprocessor communication function enables several processors to share asingle serial
communication line. The processors communicate in asynchronous mode using aformat with an
additional multiprocessor bit (multiprocessor format).

I'n multiprocessor communication, each receiving processor is addressed by an ID. A seria
communication cycle consists of an ID-sending cycle that identifies the receiving processor, and a
data-sending cycle. The multiprocessor bit distinguishes ID-sending cycles from data-sending
cycles.

The transmitting processor starts by sending the ID of the receiving processor with which it wants
to communicate as data with the multiprocessor bit set to 1. Next the transmitting processor sends
transmit data with the multiprocessor bit cleared to 0.

Receiving processors skip incoming data until they receive data with the multiprocessor bit set to
1. When they receive data with the multiprocessor bit set to 1, receiving processors compare the
datawith 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 datain this way.

Figure 12.9 shows an example of communication among different processors using a
multiprocessor format.
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Communication Formats

Four formats are available. Parity bit settings are ignored when a multiprocessor format is
selected. For details see table 12.10.

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 = Oi‘
[ - L -
ID-sending cycle: Data-sending cycle:
receiving processor address  data sent to receiving processor
specified by ID
Legend

MPB: Multiprocessor bit

Figure 129 Example of Communication among Processor s using M ultiprocessor For mat
(Sending Data H' AA to Receiving Processor A)

Transmitting and Receiving Data

Transmitting M ultiprocessor Serial Data: Figure 12.10 shows a sample flowchart for
transmitting multiprocessor serial data and indicates the procedure to follow.
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| Initialize | @
[
( Start transmitting )
|  Read TDREflaginSSR | |(2)
TDRE = 1 Ng
Yes

Write transmit data in TDR
and set MPBT bit in SSR

I
| Clear TDRE flag to 0 |

Output break signal? (4)

Yes

|Clear DR bit to 0 and set DDR to 1|

| Clear TEbittoOiINnSCR |

v
<End>

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, check that the TDRE flag is
1, then write transmit data in TDR.
Also set the MPBT flagto O or 1 in
SSR. Finally, clear the TDRE flag to O.

To continue transmitting serial data:
after checking that the TDRE flag is 1,
indicating that data can be written,
write data in TDR, then clear the TDRE
flag to 0.

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 bitto 0 in
SCR.

Figure 12.10 Sample Flowchart for Transmitting Multiprocessor Serial Data

Rev. 2.00 Sep 20, 2005 page 394 of 800
REJ09B0260-0200

RENESAS




Section 12 Serial Communication Interface

In transmitting serial data, the SCI operates as follows:

The SCI monitorsthe 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 datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit isset to 1 in SCR, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.

Serial transmit datais transmitted in the following order from the TxD pin:

0 Start bit: One 0 bit is output.

0 Transmit data: 7 or 8 bits are output, LSB first.

O Multiprocessor bit: One multiprocessor bit (MPBT value) is outpui.

O Stop bit(s): One or two 1 bits (stop bits) are outpui.

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 flagis 0, the SCI
loads new datafrom TDR into TSR, outputs the stop bit, then begins serial transmission of the
next frame. If the TDRE flagis 1, the SCI setsthe TEND flag to 1 in SSR, outputs the stop
bit, then continues output of 1 bitsin the mark state. 1f the TEIE bitissetto 1in SCR, a
transmit-end interrupt (TEI) is requested at thistime.

Figure 12.11 shows an example of SCI transmit operation using a multiprocessor format.

TEND

Multi- Multi-

Start Data processor S‘top Start Data processor Sf“’p
1 bit bit  bit bit bit  bit
0 DO | D1 D7 10/1 ]| 1 0 DO | D1 D7 |0/1] 1
{ § Idle (mark)
state
TDRE v
4§ ’
TXI interrupt  TXI interrupt handler TXI interrupt
request writes data in TDR and request
clears TDRE flag to 0 TEl interrupt
e - request

1 frame

Figure12.11 Exampleof SCI Transmit Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)

Receiving M ultiprocessor Serial Data: Figure 12.12 shows a sample flowchart for receiving
multiprocessor serial data and indicates the procedure to follow.
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| Initialize | (1) SCl initialization:

the receive data input function of the
Start receiving

RxD pin is selected automatically.

(2) 1D receive cycle:
[ SetMPIEbitto1inSCR | (2) set the MPIE bit to 1 in SCR.

| (3) SCI status check and ID check:
Read ORER and FER flags read SSR, check that the RDRF flag
in SSR 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
FER JORER=1 —
No
Read RDRF flag in SSR |(3) (4) SCI status check and data receiving:

the MPIE bit to 1 again and clear the
read SSR, check that the RDRF flag
is set to 1, then read data from RDR.

(5) Receive error handling and break
detection:

clear the RDRF flag to 0.

RDREF flag to 0. If the ID matches,
if a receive error occurs, read the

Read RDRF flag in SSR 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

Read ORER and FER flags 1. Wh_en a framing error occurs, the
in SSR RxD pin can be read to detect the
break state.
FER OORER =1 >
Read RDRF flag in SSR 4)

*

Read receive data from RDR

— LS
Finished receiving? v (5

Error handling

[ ClearREbitto0inSCR | (continued on next page)

<End>

Figure12.12 Sample Flowchart for Receiving M ultiprocessor Serial Data
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®)

(" Error handling )

No ORER = 1

Yes

| Overrun error handling |

No FER>

Yes

Yes

Break?

\

No
| Clear RE bitto 0in SCR

| Framing error handling |

|

Clear ORER, PER, and FER
flags to 0 in SSR

\
<End>

Figure12.12 Sample Flowchart for Receiving M ultiprocessor Serial Data (cont)
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Figure 12.13 shows an example of SCI receive operation using a multiprocessor format.

Start Stop  Start Stop
1 bit Data (ID1) MPB it bit Data (datal) MPB it 1
o | po 1 b7 0 ”
Lo [oTos [ Tor[x + o [ooloi 1010 1% (g0 mam
state
MPIE | | Y
RDRF / | | N
/ ' ; / ) A
RDR value X D1
; RXI interrupt request RXI interrupt handler reads  Not own ID, so MPIE ~ No RXI interrupt
MPB detection - : L )
_ (multiprocessor interrupt) RDR data and clears bit is set to 1 again request, RDR not
MPIE=0
RDRF flag to O updated
a. Own ID does not match data
Start Stop  Start Stop
1 bit Data (ID2) MPB  pit pit  Data (data2) MPB it 1
[ofpo]oe [ fo7] 1 1] olpofoe] [o7] o ]2
35 §§ Idle (mark)
state
MPIE |
3
RDRF | | | |
RDR value IDr" X ID2 X | pata2
: RXI interrupt request RXI interrupt handler Own ID, so receiving MPIE bit is set to
MPB d_etectlon (multiprocessor interrupt)  reads RDR data and continues, with data 1 again
MPIE =0 clears RDRF flag to 0 received by RXI

interrupt handler

b. Own ID matches data

Figure 12.13 Example of SCI Receive Operation
(8-Bit Data with Multiprocessor Bit and One Stop Bit)
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12.3.4  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 isin progress.

Figure 12.14 shows the general format in synchronous serial communication.

B One unit (character or frame) of transfer data
x| A
Serial clock | | | | | | | | | | | | | | |
LSB MSB
Serialdata 4 X Bit0 X Bit1 X Bit2 X Bit 3X Bit 4 X Bit 5 X Bit6 X Bit 7 X 4
I |
Don't care Don't care

Note: * High except in continuous transmitting or receiving

Figure 12.14 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. Datais guaranteed valid at therise 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 datalength is fixed at 8 bits. No parity bit or multiprocessor bit can be added.

Rev. 2.00 Sep 20, 2005 page 399 of 800
REJ09B0260-0200

RENESAS




Section 12 Serial Communication Interface

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 bitsin SCR.
Seetable 12.9 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 remainsin the high state. If receiving in single-character unitsis
required, an external clock should be selected.

Transmitting and Receiving Data

SCI Initialization (Synchronous M ode): Before transmitting or receiving data, clear the TE and
RE bitsto 0 in SCR, then initialize the SCI asfollows.

When changing the communication mode or format, always clear the TE and RE bitsto 0 before
following the procedure given below. Clearing TE to 0 setsthe 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.

Figure 12.15 shows a sample flowchart for initializing the SCI.

Rev. 2.00 Sep 20, 2005 page 400 of 800
REJ09B0260-0200
RENESAS



Section 12 Serial Communication Interface

( Start of initialization )

| Clear TE and RE bits to 0 in SCR |

Set RIE, TIE, MPIE, CKE1 and
CKEQO bits in SCR (leaving TE and | (1)
RE bits cleared to 0)

Select communication format ?)
in SMR

Set value in BRR | 3)
. Wait

-«

1-bit interval elapsed?

Set TE or RE bitto 1 in SCR
Set RIE, TIE, TEIE, and MPIE | (4)
bits as necessary

l

<Start transmitting or receiving>

@)

@)
@)

(4)

Set the clock source in SCR. Clear the
RIE, TIE, TEIE, MPIE, TE, and RE bits to
0.*

Set 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 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.

Note: * In simultaneous transmitting and receiving, the TE and RE bits should be cleared to 0

or set to 1 simultaneously.

Figure 12.15 Sample Flowchart for SCI Initialization
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Transmitting Serial Data (Synchronous M ode): Figure 12.16 shows a sample flowchart for
transmitting serial data and indicates the procedure to follow.

| Initialize |
(Start transmitting )
-

| Read TDRE flagin SSR | [(2)

TDRE = 1 No

Yes

Write transmit data in TDR
and clear TDRE flag to 0 in SSR

All data transmitted? No (3)

i
|

Yes

-l
«

|  Read TENDflagin SSR |

TEND =1 No

Yes

Clear TE bitto 0 in SCR

l

<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 O.

To continue transmitting serial data:
after checking that the TDRE flag is 1,
indicating that data can be written,
write data in TDR, then clear the TDRE
flag to 0.

Figure12.16 SampleFlowchart for Serial Transmitting
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In transmitting serial data, the SCI operates as follows.

* The SCI monitorsthe 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 datafrom TDR to TSR, the SCI setsthe TDRE flag to 1 and starts
transmitting. If the TIE bit isset to 1 in SCR, the SCI requests a transmit-data-empty interrupt
(TXI) at thistime.
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. Datais output
fromthe TxD pin in 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 flagis0, the
SCI loads datafrom TDR into TSR and begins serial transmission of the next frame. If the
TDRE flagis 1, the SCI setsthe TEND flag to 1 in SSR, and after transmitting the M SB, holds
the TxD pininthe MSB state. If the TEIE bit is set to 1 in SCR, atransmit-end interrupt (TEI)
isrequested at thistime.

« After theend of seria transmission, the SCK pin is held in aconstant state.

Figure 12.17 shows an example of SCI transmit operation.

Serial clock

Transmit direction

- LT U

I W I A

Serial data

X Bito X Bit 1 X: X Bit7

X Bito X Bit1 )C

TDRE

'}
TEND

(¢

TXI interrupt
request

TXI interrupt handler TXI interrupt
writes data in TDR request

and clears TDRE

flag to O

|

TEl interrupt
request

1 frame

Figure 12.17 Example of SCI

Transmit Operation

Receiving Serial Data (Synchronous M ode): Figure 12.18 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 O. If the FER or
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PER flag is set to 1 the RDRF flag will not be set and both transmitting and receiving will be

disabled.
| Initialize | @
| Read ORI;R flaginSSR | (2)
Yes

ORER=1
®)

Error handling

(continued on next page)

| @

No

|  Read RDRF flag in SSR

e

Yes

Read receive data from
RDR, and clear RDRF
flag to O in SSR

No

Finished receiving?

©)

Clear RE bitto 0 in SCR |

<End>

SCl initialization: the receive data
input function of the RxD pin is
selected automatically.

@

(2)(3) Receive error handling: if a receive
error occurs, read the ORER flag in
SSR, then after executing the
necessary error handling, clear the
ORER flag to 0. Neither transmitting
nor receiving can resume while the
ORER flag remains set to 1.

SCI status check and receive data
read: read SSR, check that the RDRF
flag is set to 1, then read receive data
from RDR and clear the RDRF flag to
0. Notification that the RDRF flag
has changed from 0 to 1 can also be
given by the RXI interrupt.

(4)

To continue receiving serial data:
check the RDRF flag, read RDR, and
clear the RDRF flag to 0 before the
MSB (bit 7) of the current frame is
received.

®)

Figure 12.18 Sample Flowchart for Serial Receiving
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®)

Error handling

‘ Overrun error handling |

‘ Clear ORER flag to 0 in SSR |

l

<End>

Figure 12.18 Sample Flowchart for Serial Receiving (cont)

In receiving, the SCI operates as follows:

The SCI synchronizes with serial clock input or output and synchronizesinternally.

Receive datais stored in RSR in order from LSB to MSB.

After receiving the data, the SCI checks that the RDRF flag is 0, so that receive data can be
transferred from RSR to RDR. If this check passes, the RDRF flag is set to 1 and the received
datais stored in RDR. If the checksfails (receive error), the SCI operates as shown in table
12.11.

When areceive error has been identified in the error check, subsequent transmit and receive
operations are disabled.

When the RDRF flag is set to 1, if the RIE bit isset to 1 in SCR, areceive-data-full interrupt
(RX1) isrequested. If the ORER flagis set to 1 and the RIE bit in SCRisalso setto 1, a
receive-error interrupt (ERI) is requested.
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Figure 12.19 shows an example of SCI receive operation.

Serial clock |_| |_| LJ | | | | | | | I_H_I I_l I_I_
serialdata X Bit7 X Bit0 X: X Bit7 X Bito X Bit1 X:
RDRF | w | "

ORER / [

/ ) R
RXI interrupt RXI interrupt handler RXl interrupt Overrun error,
request reads data in RDR and request ERI interrupt
clears RDRF flag to 0 request
1 frame

Figure 12.19 Exampleof SCI Receive Operation
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Transmitting and Receiving Data Simultaneously (Synchronous M ode): Figure 12.20 shows a

sample flowchart for transmitting and receiving serial data simultaneously and indicates the
procedure to follow.

| Initialize | @) (1) SCl initialization: the transmit data output function of
the TxD pin and the read data input function of the
TxD pin are selected, enabling simultaneous
transmitting and receiving.

(Start of transmitting and receiving)

Vl

| p fag i | (2) SCI status check and transmit data write: read SSR,
Read TDRE flag in SSR 2 check that the TDRE flag is 1, then write transmit
data in TDR and clear the TDRE flag to 0.

Notification that the TDRE flag has changed from 0
N 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
Write transmit data in TDR and necessary error handling, clear the ORER flag to 0.
clear TDRE flag to 0 in SSR Neither transmitting nor receiving can resume while

o the ORER flag remains set to 1.

(4) SCI status check and receive data read: read SSR,
check that the RDRF flag is 1, then read receive
data from RDR and clear the RDRF flag to 0.
Notification that the RDRF flag has changed from 0
to 1 can also be given by the RXI interrupt.

Read ORER flagin SSR |

?3) (5) To continue transmitting and receiving serial data:

- check the RDRF flag, read RDR, and clear the
RDREF flag to 0 before the MSB (bit 7) of the current
frame is received. Also check that the TDRE flag is
Read RDRF flag in SSR | (4) 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.

No RDRF = 1

Yes

Read receive data from RDR, and
clear RDRF flag to 0 in SSR

End of transmitting
and receiving?

®)

Yes
Clear TE and RE bits to 0 in SCR |

<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 12.20 Sample Flowchart for Smultaneous Serial Transmitting and Receiving
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124  SCI Interrupts

The SCI has four interrupt request sources. transmit-end interrupt (TEI), receive-error (ERI),
receive-data-full (RXI), and transmit-data-empty interrupt (TXI1). Table 12.12 liststhe interrupt
sources and indicates their priority. These interrupts can be enabled or disabled by the TIE, RIE,
and TEIE bitsin SCR. Each interrupt request is sent separately to the interrupt controller.

A TXI interrupt is requested when the TDRE flag issetto 1 in SSR. A TEI interrupt is requested
when the TEND flag isset to 1in SSR.

An RXI interrupt is requested when the RDRF flagis setto 1 in SSR. An ERI interrupt is
requested when the ORER, PER, or FER flagissetto 1 in SSR.

Table12.12 SCI Interrupt Sources

Interrupt Source Description Priority
ERI Receive error (ORER, FER, or PER) High
RXI Receive data register full (RDRF)

I Transmit data register empty (TDRE) I

TEI Transmit end (TEND) Low
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125 Usage Notes

1251 Noteson Use of SCI
Note the following points when using the SCI.

TDR Writeand TDRE Flag: The TDRE flag in SSR is a status flag indicating the loading of
transmit datafrom TDR to TSR. The SCI setsthe TDRE flag to 1 when it transfers data from
TDRto TSR.

Data can be written into TDR regardless of the state of the TDRE flag. If new datais writtenin
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 datain TDR, be sure to check that the TDRE
flagissetto 1.

Simultaneous M ultiple Receive Errors: Table 12.13 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 datais lost.

Table 12.13 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 0 Framing error

0 0 0 1 0 Parity error

1 1 1 0 X Overrun error +
framing error

1 1 0 1 X Overrun error +
parity error

0 0 1 1 0 Framing error +
parity error

1 1 1 1 X Overrun error +

framing error +
parity error

Notes: O : Receive data is transferred from RSR to RDR.
x: Receive data is not transferred from RSR to RDR.
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Break Detection and Processing: Break signals can be detected by reading the RxD pin directly
when aframing error (FER) is detected. In the break state the input from the RxD pin consists of
al Os, sothe FER flagis set and the parity error flag (PER) may also be set. In the break state the
SCI receiver continuesto operate, so if the FER flag is cleared to O 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 hits. Thisfeature can be used to send a break signal.

After the serial transmitter isinitialized, the DR value substitutes for the mark state until the TE
bit isset to 1 (the TxD pin function is not selected until the TE bit isset 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 hit to O, then clear the TE bit to 0.
When the TE bit is cleared to O the transmitter is initialized, regardless of its current state, so the
TxD pin becomes an input/output outputting the value O.

Receive Error Flags and Transmitter Operation (Synchronous M ode Only): When areceive
error flag (ORER, PER, or FER) is set to 1 the SCI will not start transmitting, even if the TDRE
flagisclearedto 0. Besureto clear the receive error flags to O when starting to transmit. Note
that clearing the RE bit to O does not clear the receive error flagsto O.

Receive Data Sampling Timing in Asynchronous M ode and Receive M ar gin: In asynchronous
mode the SCI operates on a base clock with 16 times the bit rate frequency. In receiving, the SCI
synchronizes internally with the fall of the start bit, which it samples on the base clock. Receive
datais latched at the rising edge of the eighth base clock pulse. Seefigure 12.21.

» 16 clocks o
8 clocks )

0 7| 15 0 7 150
Internalbaseclockm ||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||
Receive data ” ' ' ' ' '
(RXD) —-|- + Start bit .- | Do v |Dl
Synchronization : i "
sampling timing ' ' ¥
Data sampling n n
timing

Figure 12.21 Receive Data Sampling Timing in Asynchronous M ode

Rev. 2.00 Sep 20, 2005 page 410 of 800
REJ09B0260-0200
RENESAS



Section 12 Serial Communication Interface

The receive margin in asynchronous mode can therefore be expressed as shown in equation (1).

Ip-05|

M=[05- —1)—(L-05)F- w+F)| x100% . ... 1)
2N

. Receive margin (%)
Ratio of clock frequency to bit rate (N = 16)
Clock duty cycle (D = 0to 1.0)
Framelength (L = 9to 12)
Absolute deviation of clock frequency

nroz<L

From equation (1), if F=0and D = 0.5, the receive margin is 46.875%, as given by equation (2).

WhenD =0.5and F=0:

1
M= (0.5 ) x 100%
2x16

=46.875% )

Thisisatheoretical value. A reasonable margin to allow in system designs is 20% to 30%.

Restrictions on Use of an External Clock Source:

When an external clock sourceis used for the serial clock, after updates TDR, allow an
inversion of at least five system clock (¢p) 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. (Seefigure 12.22)

SRR N I I I O O O I i B A

)g(DoXmXD2XD3XD4XD5XD6XD7><

Note: In operation with an external clock source, be sure that t >4 states.

Figure 12.22 Example of Synchronous Transmission
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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 settingswhile DDR =1, DR =1, C/A =1, CKE1 =0,
CKEO =0, and TE = 1 (synchronous mode), low-level output occurs for one half-cycle.

End of serial data transmission

TEbit=0

C/A bit = 0 ... switchover to port output

Occurrence of low-level output (seefigure 12.23)

> w NP

Half-cycle low-level output

SCK/port | | |
1. End of transmission 4. Low-level output

Data Bit 6 X Bit 7

2.TE=0 E
TE '
C/A 3.C/A=0
CKE1 '
CKEO

Figure 12.23 Operation when Switching from SCK Pin Function to Port Pin Function
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» Sample Procedure for Avoiding Low-Level Output: As this sample procedure temporarily
placesthe 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, CKE1 =0, CKEO =0, and TE = 1, make the following
settings in the order shown.

End of serial data transmission

TEbit=0

CKElbit=1

C/A bit = 0 ... switchover to port output

CKElbit=0

g s~ w DN

i~
SCK/port J |_| &)

High-level outputTE

1. End of transmission

Data Bit 6 X Bit 7

2.TE=0 i
TE I

C/IA 4.C/IA=0

3.CKE1=1 |
CKE1 ' 5.CKE1=0

CKEO

Figure 12.24 Operation when Switching from SCK Pin Function to Port Pin Function
(Example of Preventing Low-L evel Output)
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Section 13 Smart Card Interface

13.1 Overview

The SCI supports an |C card (smart card) interface handling | SO/IEC7816-3 (Identification Card)
character transmission as aserial communication interface expansion function.

Switchover between the normal serial communication interface and the smart card interfaceis
controlled by aregister setting.

13.1.1 Features
Features of the smart card interface supported by the H8/3024 Group are listed below.

*  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
Direct convention and inverse convention both supported

» Built-in baud rate generator allows any bit rate to be selected

e Threeinterrupt sources

O Thereare three interrupt sources—transmit-data-empty, receive-data-full, and
transmit/receive error—that can issue requests independently.

O0oo0ood
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13.1.2 Block Diagram

Figure 13.1 shows a block diagram of the smart card interface.

(0]
Q
8
Module data bus 5
o
3
m
| RDR | | TDR | SCMR BRR L
RxD *| | RSR | | | TSR Baud rate  |«— @4
A SMR generator 16
Transmission/ n
reception - (/64
TXD = ; control
Parity generation TM
Parity check
SCK = External clock
= TXI
Legend -~ RXI|
» ERI

SCMR: Smart card mode register
RSR: Receive shift register
RDR: Receive data register
TSR:  Transmit shift register
TDR: Transmit data register
SMR: Serial mode register
SCR: Serial control register
SSR:  Serial status register
BRR: Bit rate register

Internal
data bus

Figure13.1 Block Diagram of Smart Card Interface
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13.1.3 Pin Configuration

Table 13.1 shows the smart card interface pins.

Table13.1 Smart Card Interface Pins

Pin Name Abbreviation I/0 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

13.1.4 Register Configuration

The smart card interface has the internal registerslisted in table 13.2. The BRR, TDR, and RDR
registers have their normal serial communication interface functions, as described in section 12,
Serial Communication Interface.

Table13.2 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 RI(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
H'FFFBC Serial status register SSR R/(\N)*2 H'84
H'FFFBD Receive data register RDR R H'00
H'FFFBE 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.

Rev. 2.00 Sep 20, 2005 page 417 of 800

RENESAS

REJ09B0260-0200



Section 13 Smart Card Interface

13.2 Register Descriptions

This section describes the new or modified registers and bit functionsin the smart card interface.

1321 Smart Card Mode Register (SCMR)

SCMR is an 8-hit 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

SCMRisinitialized to H'F2 by areset and in standby mode.

Bits 7 to 4—Reser ved: Read-only bits, alwaysread as 1.

Bit 3—Smart Card Data Transfer Direction (SDIR): Selectsthe serial/parallel conversion

format.**

Bit 3

SDIR Description

0 TDR contents are transmitted LSB-first (Initial value)

Receive data is stored LSB-firstin RDR

1 TDR contents are transmitted MSB-first
Receive data is stored MSB-firstin RDR
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Bit 2—Smart Card Data Invert (SINV): Specifiesinversion of the datalogic level. This
function is used in combination with the SDIR hit to communicate with inverse-convention
cards.*? The SINV bit does not affect the logic level of the parity bit. For parity settings, see
section 13.3.4, 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, aways read as 1.

Bit 0—Smart Card Interface M ode Select (SMIF): Enablesthe 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. Thefunction for switching between LSB-first and M SB-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 M SB-first mode is selected for the serial datato
be transferred, bit 0 of TDR is not transmitted, and only bits 7 to 1 of the received data
arevalid.

2. Thedatalogic 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 1/0 pin, and not on the register value.
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1322 Serial StatusRegister (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).

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)" RI(W)"  R/(W)* R/(W)* RIW)" R R RIW

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 asin normal serial communication. For details see section 12.2.7,
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.
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Bits 3 to 0: These bits operate asin normal serial communication. For details see section 12.2.7,
Serial Status Register (SSR). The setting conditions for transmit end (TEND), however, are
modified asfollows.

Bit 2
TEND Description
0 Transmission is in progress
[Clearing condition]
Software reads TDRE while it is set to 1, then writes 0 in the TDRE flag.
1 End of transmission

[Setting conditions] (Initial value)
e The chipis reset or enters standby mode.
¢ The TE bit and FER/ERS bit are both cleared to 0 in SCR.

e TDREis 1 and FER/ERS is 0 at a time 2.5 etu after the last bit of a 1-byte serial
character is transmitted (normal transmission).

Note: An etu (elementary time unit) is the time needed to transmit one bit.

13.2.3 Serial Mode Register (SMR)

The function of SMR hit 7 is modified in smart card interface mode. This change also causes a
modification to the function of bits 1 and O 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/W R/W R/W

Bit 7—GSM Mode (GM): With the normal smart card interface, this bit is cleared to 0. Setting
this bit to 1 selects GSM mode, an additional mode for controlling the timing for setting the
TEND flag that indicates completion of transmission, and the type of clock output used. The
details of the additional clock output control mode are specified by the CKEL and CKEOQ bitsin
the seria control register (SCR).
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Bit 7
GM Description
0 Normal smart card interface mode operation
« The TEND flag is set 12.5 etu after the beginning of the start bit.
¢ Clock output on/off control only. (Initial value)
1 GSM mode smart card interface mode operation

< The TEND flag is set 11.0 etu after the beginning of the start bit.
* Clock output on/off and fixed-high/fixed-low control.

Bits 6 to 0: These bits operate asin normal serial communication. For details see section 12.2.5,
Serial Mode Register (SMR).

13.24  Serial Control Register (SCR)

The function of SCR bits 1 and 0 is modified in smart card interface mode.

Bit 7 6 5 4 3 2 1 0
| TIE | RIE | TE | RE | MPIE | TEIE | CKE1l | CKEO ‘
Initial value 0 0 0 0 0 0 0 0

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

Bits 7 to 2: These bits operate asin normal serial communication. For details see section 12.2.6,
Serial Control Register (SCR).

Bits1 and 0—Clock Enable 1 and 0 (CKE1, CK EQ): These bits select the SCI clock source and
enable or disable clock output from the SCK pin. In smart card interface mode, it is possible to
specify afixed high level or fixed low level for the clock output, in addition to the usual switching
between enabling and disabling of the clock output.

Bit 7 Bit 1 Bit 0
GM CKE1l CKEO Description
0 0 0 Internal clock/SCK pin is I/O port (Initial value)
1 Internal clock/SCK pin is clock output
1 0 Internal clock/SCK pin is fixed at low output
1 Internal clock/SCK pin is clock output
1 0 Internal clock/SCK pin is fixed at high output
1 Internal clock/SCK pin is clock output
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13.3 Operation

13.3.1 Overview
The main features of the smart card interface are as follows.

« Oneframe consists of 8-hit data plus a parity bit.

e Intransmission, aguard time of at least 2 etu (elementary time units: the time for transfer of
one hit) is provided between the end of the parity bit and the start of the next frame.

« |If aparity error is detected during reception, alow error signal level is output for 1 etu period
10.5 etu after the start bit.

* If an error signal is detected during transmission, the same data is transmitted automatically
after the elapse of 2 etu or longer.

*  Only asynchronous communication is supported; there is no synchronous communication
function.

13.3.2 Pin Connections

Figure 13.2 shows a pin connection diagram for the smart card interface.

In communication with asmart card, since both transmission and reception are carried out on a
single data transmission line, the TxD pin and RxD pin should both be connected to thisline. The
datatransmission line should be pulled up to V¢ with aresistor.

When the smart card uses the clock generated on the smart card interface, the SCK pin output is
input to the CLK pin of the smart card. If the smart card uses an internal clock, this connection is
unnecessary.

The reset signal should be output from one of the H8/3024 Group’s generic ports.

In addition to these pin connections. power and ground connections will normally also be
necessary.

Rev. 2.00 Sep 20, 2005 page 423 of 800
REJ09B0260-0200

RENESAS



Section 13 Smart Card Interface

H8/3024 Group
chip

Vee
TxD %
RxD Data line
SCK
Clock line
Px (port)
Reset line

Card-processing device

110

CLK

RST

Smart card

Figure13.2 Smart Card Interface Connection Diagram

Note: Setting both TE and RE to 1 without connecting a smart card enables closed

transmission/reception, allowing self-diagnosis to be carried out.

13.3.3 DataFormat

Figure 13.3 shows the smart card interface data format. In reception in this mode, a parity check is
carried out on each frame, and if an error is detected an error signal is sent back to the transmitting
device to request retransmission of the data. In transmission, the error signal is sampled and the

same data is retransmitted.

Rev. 2.00 Sep 20, 2005 page 424 of 800

REJ09B0260-0200

RENESAS




Section 13 Smart Card Interface

No parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp

Output from transmitting device

Parity error

Ds | DO | D1 | D2 | D3 | D4 | D5 | D6 | D7 | Dp DE

Qutput from transmitting device

|

Output from
receiving
Legend device
Ds: Start bit
DO to D7: Data bits
Dp: Parity bit
DE: Error signal

Figure 13.3 Smart Card Interface Data Format

The operating sequence is as follows.

1

When the datalineis not in use it is in the high-impedance state, and is fixed high with a pull-
up resistor.

The transmitting device starts transfer of one frame of data. The data frame starts with a start
bit (Ds, low-level), followed by 8 data bits (DO to D7) and a parity bit (Dp).

With the smart card interface, the data line then returns to the high-impedance state. The data
lineis pulled high with a pull-up resistor.

The receiving device carries out a parity check. If thereisno parity error and the datais
received normally, the receiving device waits for reception of the next data. If a parity error
occurs, however, the receiving device outputs an error signal (DE, low-level) to request
retransmission of the data. After outputting the error signal for the prescribed length of time,
the receiving device placesthe signal line in the high-impedance state again. The signa lineis
pulled high again by a pull-up resistor.

If the transmitting device does not receive an error signal, it proceeds to transmit the next data
frame. If it receives an error signal, however, it returns to step 2 and transmits the same data

again.
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13.34 Register Settings

Table 13.3 shows a bit map of the registers used in the smart card interface. Bitsindicated as O or
1 must be set to the value shown. The setting of other bitsis described in this section.

Table13.3 Smart Card Interface Register Settings

Bit

Register Address*! Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
SMR H'FFFBO GM 0 1 O/E 1 0 CKS1 CKSO0
BRR HFFFB1 BRR7 BRR6 BRR5 BRR4 BRR3 BRR2 BRR1 BRRO
SCR HFFFB2 TIE RIE TE RE 0 0 CKE1*? CKEO
TDR HFFFB3 TDR7 TDR6 TDR5 TDR4 TDR3 TDR2 TDR1 TDRO
SSR HFFFB4 TDRE RDRF ORER ERS PER TEND O 0

RDR HFFFBS RDR7 RDR6 RDR5 RDR4 RDR3 RDR2 RDR1 RDRO
SCMR H'FFFB6 — — — — SDIR SINV — SMIF

Notes: — Unused bit.
1. Lower 20 bits of the address in advanced mode.
2. When GM is cleared to 0 in SMR, the CKEL1 bit must also be cleared to 0.

Serial Mode Register (SMR) Settings: Clear the GM bit to 0 when using the normal smart card
interface mode, or set to 1 when using GSM mode. Clear the O/E bit to 0 if the smart card is of the
direct convention type, or set to 1 if of the inverse convention type.

Bits CKS1 and CK S0 select the clock source of the built-in baud rate generator. See section
13.3.5, Clock.

Bit Rate Register (BRR) Settings: BRR is used to set the bit rate. See section 13.3.5, Clock, for
the method of calculating the value to be set.

Serial Control Register (SCR) Settings: The TIE, RIE, TE, and RE bits have their normal serial
communication functions. See section 12, Serial Communication Interface, for details. The CKEL
and CKEO bits specify clock output. To disable clock output, clear these bitsto 00; to enable clock
output, set these bitsto 01. Clock output is performed when the GM bit isset to 1 in SMR. Clock
output can also befixed low or high.

Smart Card Mode Register (SCMR) Settings. Clear both the SDIR bit and SINV hit cleared to
0 if the smart card is of the direct convention type, and set both to 1 if of the inverse convention
type. To usethe smart card interface, set the SMIF bit to 1.
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The register settings and examples of starting character waveforms are shown below for two smart
cards, one following the direct convention and one the inverse convention.

1. Direct Convention (SDIR = SINV = O/E = 0)

@ A 2z zZ A Z Z Z A A Z (2 State

Ds | DO D1 | D2 | D3 D4 D5 | D6 D7 | Dp

With the direct convention type, the logic 1 level correspondsto state Z and the logic O level to
state A, and transfer is performed in LSB-first order. In the example above, the first character
datais H'3B. The parity bit is 1, following the even parity rule designated for smart cards.

2. Inverse Convention (SDIR=SINV = O/E = 1)

@ A zZ zZ A A A A A A Z (2 State

Ds | D7 D6 | D5 D4 D3 D2 D1 DO | Dp

With the inverse convention type, the logic 1 level correspondsto state A and the logic O level
to state Z, and transfer is performed in M SB-first order. In the example above, the first
character datais H'3F. The parity bit is 0, corresponding to state Z, following the even parity
rule designated for smart cards.

In the H8/3024 Group, inversion specified by the SINV bit applies only to the data bits, D7 to
DO. For parity bit inversion, the O/E bit in SMR must be set to odd parity mode. This applies
to both transmission and reception.
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13.3.5 Clock

Only aninternal clock generated by the on-chip baud rate generator can be used as the
transmit/receive clock for the smart card interface. The hit rate is set with the bit rate register
(BRR) and the CKS1 and CK S0 hits in the serial mode register (SMR). The equation for
calculating the bit rate is shown below. Table 13.5 shows some sample bit rates.

If clock output is selected with CKEQ set to 1, aclock with a frequency of 372 timesthe bit rateis
output from the SCK pin.

¢ 6
B = x 10
1488 x 221 x (N + 1)

where, N: BRR setting (0< N < 255)
B: Bit rate (bit/s)
¢. Operating frequency (MHz)
n: Seetable 13.4

Table13.4 n-Valuesof CKS1 and CK SO Settings

n CKS1 CKSO
0 0 0
1 1
2 1 0
3 1

Note: If the gear function is used to divide the clock frequency, use the divided frequency to
calculate the bit rate. The equation above applies directly to 1/1 frequency division.

Table13.5 Bit Rates (bits/s) for VariousBRR Settings (When n = 0)

@(MHz)
N 7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00 25.00
0 9600.0 13440.9 14400.0 17473.1 19200.0 21505.4 24193.5 33602.2
1 4800.0 6720.4 7200.0 8736.6 9600.0 10752.7 12096.8 16801.1
2 3200.0 4480.3 4800.0 5824.4 6400.0 7168.5 8064.5 11200.7

Note: Bit rates are rounded off to two decimal places.
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The following eguation calculates the hit rate register (BRR) setting from the operating frequency
and bit rate. N isan integer from 0 to 255, specifying the value with the smaller error.

N = ¢ x108-1
1488 x 22n-1 x B

Table13.6 BRR Settingsfor Typical Bit Rates (bits/s) (When n =0)

@(MHz)
7.1424 10.00 10.7136 13.00 14.2848 16.00 18.00 25.0
bit/s N Error N Error N Error N Error N Error N Error N Error N Error

9600 O 0.00 1 30 1 25 1 899 1 000 1 1201 2 1599 3 1249

Table13.7 Maximum Bit Ratesfor Various Frequencies(Smart Card I nterface M ode)

@(MHz) Maximum Bit Rate (bits/s) N n
7.1424 9600 0 0
10.00 13441 0 0
10.7136 14400 0 0
13.00 17473 0 0
14.2848 19200 0 0
16.00 21505 0 0
18.00 24194 0 0
20.00 26882 0 0
25.00 33602 0 0

The bit rate error is given by the following equation:

Error (%) = hd x 106 -1 | x 100
1488 x 22™1 x B x (N + 1)
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13.3.6  Transmitting and Receiving Data

Initialization: Before transmitting or receiving data, the smart card interface must be initialized as
described below. Initialization is also necessary when switching from transmit mode to receive
mode, or vice versa

1. Clear the TE and RE hitsto O in the serial control register (SCR).
2. Clear error flags ERS, PER, and ORER to 0 in the seria status register (SSR).

3. Set the parity bit (O/E) and baud rate generator select bits (CKS1 and CKS0) in the serial
mode register (SMR). Clear the C/A, CHR, and MP bitsto 0, and set the STOP and PE bits to
1

4., Setthe SMIF, SDIR, and SINV bits in the smart card mode register (SCMR).

When the SMIF bit is set to 1, the TxD pin and RxD pin are both switched from port to SCI
pin functions and go to the high-impedance state.

5. Set avalue corresponding to the desired bit rate in the bit rate register (BRR).

6. Set the CKEO bit in SCR. Clear the TIE, RIE, TE, RE, MPIE, TEIE, and CKE1 bitsto 0. If the
CKEO bit isset to 1, the clock is output from the SCK pin.

7. Wait at least one bit interval, then set the TIE, RIE, TE, and RE bitsin SCR. Do not set the TE
bit and RE bit at the same time, except for self-diagnosis.

Transmitting Serial Data: As datatransmission in smart card mode involves error signal
sampling and retransmission processing, the processing procedure is different from that for the
normal SCI. Figure 13.5 shows a sample transmission processing flowchart.

Perform smart card interface mode initialization as described in Initialization above.
Check that the ERS error flag is cleared to 0 in SSR.
Repeat steps 2 and 3 until it can be confirmed that the TEND flagissetto 1in SSR.

Write the transmit datain TDR, clear the TDRE flag to 0, and perform the transmit operation.
The TEND flag iscleared to O.

5. To continue transmitting data, go back to step 2.
6. Toend transmission, clear the TE bit to 0.

> w DN

The above processing may include interrupt handling.

If transmission ends and the TEND flag is set to 1 while the TIE bit is set to 1 and interrupt
requests are enabled, atransmit-data-empty interrupt (TXI) will be requested. If an error occursin
transmission and the ERSflag is set to 1 while the RIE bit is set to 1 and interrupt requests are
enabled, atransmit/receive-error interrupt (ERI) will be requested.
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Thetiming of TEND flag setting depends on the GM hit in SMR.

Figure 13.4 shows timing of TEND flag setting.

For details, see Interrupt Operationsin this section.

Serial data

(1) GM=0
TEND

(2 GM=1
TEND

Ds

Dp

......

Guard time

-
|

12.5 etu

11.0 etu

Figure13.4 Timing of TEND Flag Setting
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( Start )

| Initialization |

( Start transmitting )

-
-

No

FER/ERS = 0?

<—< Error handling

Write transmit data in TDR,
and clear TDRE flag
to 0in SSR

Error handling

| Clear TE bit to 0 |

|
( End >

Figure 13.5 Sample Transmission Processing Flowchart
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TDR TSR
(shift register)

1. Data write | Data 1

Data remains in TDR
Data 1

I—» I/O signal

output

-
2. Transfer from TDR to TSR | Data 1 |—>| Data 1
-

3. Serial data output | Data 1

In case of normal transmission: TEND flag is set

In case of transmit error: ERS flag is set
Steps 2 and 3 above are repeated until the
TEND flag is set.

Note: When the ERS flag is set, it should be cleared until transfer of the last bit (D7 in LSB-first
transmission, DO in MSB-first transmission) of the retransmit data to be transmitted next has
been completed.

Figure 13.6 Relation Between Transmit Operation and Internal Registers

/O data Ds | Da| Db | Dc|Dd |[De| Df | Dg|Dh |Dp| ! DE! !

Guard time -

-,

TXI (TEND 12.5 etu !
interrupt) - = When GM =0
- 11.0 etu >I|_f When GM = 1.

Figure 13.7 Timing of TEND Flag Setting

Receiving Serial Data: Data reception in smart card mode uses the same processing procedure as
for the normal SCI. Figure 13.8 shows a sample reception processing flowchart.

1. Perform smart card interface mode initialization as described in Initialization above.

2. Check that the ORER flag and PER flag are cleared to 0 in SSR. If either is set, perform the
appropriate receive error handling, then clear both the ORER and the PER flag to O.

3. Repeat steps 2 and 3 until it can be confirmed that the RDRF flag is set to 1.
4. Read the receive datafrom RDR.
5. To continue receiving data, clear the RDRF flag to 0 and go back to step 2.
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6. Toend reception, clear the RE bit to O.

< Start >

| Initialization

< Start receiving >

ORER =0 No
and PER =0?

Yes
<—< Error handling >

No
RDRF = 1?

Read RDR and clear
RDRF flag to 0 in SSR

All data received?

| Clear RE bitto 0 |

Figure 13.8 Sample Reception Processing Flowchart
The above procedure may include interrupt handling.

If reception ends and the RDRF flag is set to 1 while the RIE hit is set to 1 and interrupt requests
are enabled, areceive-data-full interrupt (RXI1) will be requested. If an error occurs in reception
and either the ORER flag or the PER flag is set to 1, atransmit/receive-error interrupt (ERI) will
be requested.

For details, see Interrupt Operationsin this section.

If aparity error occurs during reception and the PER flag is set to 1, the received datais
transferred to RDR, so the erroneous data can be read.
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Switching M odes: When switching from receive mode to transmit mode, first confirm that the
receive operation has been completed, then start from initialization, clearing RE to 0 and setting
TEto 1. The RDRF, PER, or ORER flag can be used to check that the receive operation has been
completed.

When switching from transmit mode to receive mode, first confirm that the transmit operation has
been completed, then start from initialization, clearing TE to 0 and setting RE to 1. The TEND
flag can be used to check that the transmit operation has been completed.

Fixing Clock Output: When the GM bit isset to 1 in SMR, clock output can be fixed by means
of the CKE1 and CKEQ bitsin SCR. The minimum clock pulse width can be set to the specified
width in this case.

Figure 13.9 shows the timing for fixing clock output. In this example, GM = 1, CKE1 = 0, and the
CKEQO bit is controlled.

Specified pulse Specified pulse
width width

CKEL1 value

SCK 4,7 ' ( —\
! T

SCR write SCR write
(CKEO = 0) (CKEO=1)

Figure13.9 Timingfor Fixing Cock Output

Interrupt Operations: The smart card interface has three interrupt sources. transmit-data-empty
(TXI1), transmit/receive-error (ERI), and receive-data-full (RXI). The transmit-end interrupt
request (TEI) isnot available in smart card mode.

A TXI interrupt is requested when the TEND flag is set to 1in SSR. An RXI interrupt is requested
when the RDRF flagis set to 1 in SSR. An ERI interrupt is requested when the ORER, PER, or
ERSflagisset to 1in SSR. These relationships are shown in table 13.8.
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Table13.8 Smart Card Interface M ode Operating States and Interrupt Sour ces

Operating State Flag Enable Bit Interrupt Source
Transmit Mode Normal operation TEND TIE TXI

Error ERS RIE ERI
Receive Mode Normal operation RDRF RIE RXI

Error PER, ORER RIE ERI

Examples of Operation in GSM Mode: When switching between smart card interface mode and
software standby mode, use the following procedures to maintain the clock duty cycle.

1

1.
2.

3.

Switching from smart card interface mode to software standby mode

Set the P9, dataregister (DR) and data direction register (DDR) to the values for the fixed
output state in software standby mode.

Write O in the TE and RE bitsin the seria control register (SCR) to stop transmit/receive
operations. At the same time, set the CKEL bit to the value for the fixed output state in
software standby mode.

Write 0 in the CKEOQ bit in SCR to stop the clock.

Wait for one seria clock cycle. During this period, the duty cycleis preserved and clock output
isfixed at the specified level.

Write H'00 in the serial mode register (SMR) and smart card mode register (SCMR).
Make the transition to the software standby state.

Returning from software standby mode to smart card interface mode
Clear the software standby state.

Set the CKEL hit in SCR to the value for the fixed output state at the start of software standby
(the current P9, pin state).

Set smart card interface mode and output the clock. Clock signal generation is started with the
normal duty cycle.

Software
Normal operation standby Normal operation
123 4 56 1 203

Figure 13.10 Procedurefor Stopping and Restarting the Clock
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Use the following procedure to secure the clock duty cycle after powering on.

1. Theinitial stateis port input and high-impedance. Use pull-up or pull-down resistorsto fix the
potential.

2. Fix at the output specified by the CKEL bit in SCR.

3. Set SMR and SCMR, and switch to smart card interface mode operation.

4. Setthe CKEObitto 1in SCR to start clock output.

134  Usage Notes
The following points should be noted when using the SCI as a smart card interface.

Receive Data Sampling Timing and ReceiveMargin in Smart Card Interface Mode: In smart
card interface mode, the SCI operates on a base clock with afrequency of 372 times the transfer
rate. In reception, the SCI synchronizes internally with the fall of the start bit, which it samples on
the base clock. Recelve datais latched at the rising edge of the 186th base clock pulse. The timing
is shown in figure 13.11.

372 clocks

186 clocks
(-

0 185

s [TV UU T DU UL U UL DU

(
]
(
]

3710 185 371 0

Receive data

Start bit
(RXD) art bi

(s
R

Synchronization M

sampling timing ! ( po .
T B

Data sampling

timing ( (
) ]

DO D1

~—
~

= =
= A
— —

—
~
—
~
—
~

(( ((
)] )]

Figure13.11 Receive Data Sampling Timingin Smart Card Interface Mode
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The receive margin can therefore be expressed as follows.

Receive margin in smart card interface mode:

Io-os] 1L +F)| x100%
N

M=[(05- —1)—(L-05)F-
2N

Receive margin (%)

Ratio of clock frequency to bit rate (N = 372)
Clock duty cycle (L =0to 1.0)

Frame length (L =10)

Absolute deviation of clock frequency

nroz<g

From the above equation, if F =0 and D = 0.5, the receive margin is asfollows.

WhenD =0.5and F=0:

M= (0.5 — 1/2 x 372) x 100%
= 49.866%
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Retransmission: Retransmission is performed by the SCI in receive mode and transmit mode as
described below.

* Retransmission when SCI isin Receive Mode
Figure 13.12 illustrates retransmission when the SCI isin receive mode.

1. If an error isfound when the received parity bit is checked, the PER bit is automatically set to
1. If the RIE bit in SCR is set to the enable state, an ERI interrupt is requested. The PER bit
should be cleared to 0 in SSR before the next parity bit sampling timing.

2. The RDRF bit in SSR is not set for the frame in which the error has occurred.

3. If an error isfound when the received parity bit is checked, the PER bit isnot setto 1 in SSR.

4. If no error is found when the received parity bit is checked, the receive operation is assumed to
have been completed normally, and the RDRF bit is automatically set to 1 in SSR. If the RIE
bit in SCR is set to the enable state, an RXI interrupt is requested.

5. When anormal frameisreceived, the data pin is held in three-state at the error signal
transmission timing.

%7 Frame n 4>‘<7 Retransmitted frame —+— Frame n+1

-IDs|D0|D1|D2|D3|D4|D5|D6|D7|Dp|—|%—|DS|DO|D1|D2|D3|D4|D5|D6|D7|Dp|@|Ds|DO|D1|D2|D3|D4|

RDRF

Az b

PER

L A3

Figure 13.12 Retransmission in SCI Receive M ode
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* Retransmission when SCI isin Transmit Mode
Figure 13.13 illustrates retransmission when the SCI isin transmit mode.

6. If anerror signal is sent back from the receiving device after transmission of one frameis
completed, the ERS bit issetto 1in SSR. If the RIE hit in SCR is set to the enable state, an
ERI interrupt is requested. The ERS bit should be cleared to 0 in SSR before the next parity bit
sampling timing.

7. The TEND bit in SSR is not set for the frame for which the error signal was received.

8. If an error signal is not sent back from the receiving device, the ERSflag is not set in SSR.

9. If an error signal is not sent back from the receiving device, transmission of one frame,
including retransmission, is assumed to have been completed, and the TEND bitissetto 1in
SSR. If the TIE bit in SCR is set to the enable state, a TX| interrupt is requested.

‘<7 Frame n 4>%7 Retransmitted frame ——» Frame n+1

-IDs|D0|D1|D2|D3|D4|D5|D6|D7|Dp|—|_5—|Ds|DO|D1|D2|D3|D4|D5|D6|D7|Dp (OE) Ds|Do|p1|p2|p3|p4

| TorRE L]

*Transfer from TDR to TSR *Transfer from TDR to TSR * Transfer from TDR to TSR
TEND :

iy A9
ERS

A 16) kg

Figure 13.13 Retransmission in SCI Transmit Mode

The smart card interface installed in the H8/3024 Group supports an |C card (smart card) interface
with provision for | SO/IEC7816-3 T=0 (character transmission). Therefore, block transfer
operations are not supported (error signal transmission, detection, and automatic data
retransmission are not performed).
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Section 14 A/D Converter

141 Overview

The H8/3024 Group includes a 10-bit successive-approximations A/D converter with a selection
of up to eight analog input channels.

When the A/D converter is not used, it can be halted independently to conserve power. For details
see section 20.6, Module Standby Function.

The H8/3024 Group supports 70/134-state conversion as a high-speed conversion mode. Note that
it differsin this respect from the H8/3048 Group, which supports 134/266-state conversion.

14.1.1 Features
A/D converter features are listed bel ow.

e 10-bit resolution
» Eight input channels
» Selectable analog conversion voltage range

The analog voltage conversion range can be programmed by input of an analog reference
voltage at the Vrer pin.

» High-speed conversion

Conversion time: minimum 5.36 pis per channel
» Two conversion modes

Single mode: A/D conversion of one channel

Scan mode: continuous A/D conversion on one to four channels
» Four 16-bit dataregisters

A/D conversion results are transferred for storage into data registers corresponding to the
channels.

» Sample-and-hold function
* Three conversion start sources

The A/D converter can be activated by software, an external trigger, or an 8-bit timer compare
match.

* A/D interrupt requested at end of conversion
At the end of A/D conversion, an A/D end interrupt (ADI) can be requested.
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14.1.2 Block Diagram

Figure 14.1 shows a block diagram of the A/D converter.

Internal
Module data bus data bus
8
NNNN 00|
Q
£
2]
— >
L @
%]
AVee — k=)
0 ®
sel |glelglel |5l —
REF™] 8% 1alalala 0|2
SE | <|<|< <
AVgg —* ”8
Q.
Q.
©
AN —»
+
AN; = >
LS _
AN, —» | c -~ @4
Analog | ! 1 Comparator
AN3 multi- | ¥; Control circuit
AN == plexer Sample-and-
ANg—™ hold circuit ~— @8
ANGH
AN74>
? A
I ADI
ADTRG interrupt signal

Compare match A0 —

8-bit timer 8TCSRO

Legend:
ADCR:

ADCSR:
ADDRA:
ADDRB:
ADDRC:
ADDRD:

PP

ADTE

A/D control register
A/D control/status register
A/D data register A
A/D data register B
A/D data register C
A/D data register D

Figure14.1 A/D Converter Block Diagram
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14.1.3 Pin Configuration

Table 14.1 summarizes the A/D converter’ s input pins. The eight analog input pins are divided
into two groups: group 0 (AN to AN3), and group 1 (AN4 to AN;). AV and AV ss are the power
supply for the analog circuits in the A/D converter. Vger isthe A/D conversion reference voltage.

Table14.1 A/D Converter Pins

Abbrevi-
Pin Name ation /10 Function
Analog power supply pin AVcc Input  Analog power supply
Analog ground pin AVss Input  Analog ground and reference voltage
Reference voltage pin VRer Input  Analog reference voltage
Analog input pin 0 ANp Input  Group 0 analog inputs
Analog input pin 1 AN, Input
Analog input pin 2 AN Input
Analog input pin 3 AN3 Input
Analog input pin 4 ANy Input  Group 1 analog inputs
Analog input pin 5 ANs Input
Analog input pin 6 AN Input
Analog input pin 7 ANy Input

A/D external trigger input pin  ADTRG  Input  External trigger input for starting A/D conversion
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1414 Register Configuration
Table 14.2 summarizes the A/D converter’ s registers.

Table14.2 A/D Converter Registers

Address™** Name Abbreviation R/W Initial Value
H'FFFEO A/D data register AH ADDRAH R H'00
H'FFFE1 A/D data register A L ADDRAL R H'00
H'FFFE2 A/D data register B H ADDRBH R H'00
H'FFFE3 A/D data register B L ADDRBL R H'00
H'FFFE4 A/D data register C H ADDRCH R H'00
H'FFFES A/D data register C L ADDRCL R H'00
H'FFFE6 A/D data register D H ADDRDH R H'00
H'FFFE7 A/D data register D L ADDRDL R H'00
H'FFFE8 A/D control/status register ADCSR R/(W)*2 H'00
H'FFFE9 A/D control register ADCR R/W H'7E

Notes: 1. Lower 20 bits of the address in advanced mode.
2. Only 0 can be written in bit 7, to clear the flag.
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14.2 Register Descriptions

1421 A/D Data RegistersA to D (ADDRA to ADDRD)

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O
ADDRnN ‘ADQ‘ADS‘AD7‘AD6‘AD5‘AD4‘AD3‘ADZ‘ADl‘ADO‘ — ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value o o o o o o o o o o o o o o o o

ReadWritet R R R R R R R R R R R R R R R R
(n=AtoD) ‘ ‘

A/D conversion data Reserved bits
10-bit data giving an
A/D conversion result

The four A/D dataregisters (ADDRA to ADDRD) are 16-bit read-only registersthat store the
results of A/D conversion.

An A/D conversion produces 10-bit data, which istransferred for storage into the A/D data
register corresponding to the selected channel. The upper 8 bits of the result are stored in the upper
byte of the A/D dataregister. The lower 2 bits are stored in the lower byte. Bits5 to 0 of an A/D
dataregister are reserved bitsthat are ways read as 0. Table 14.3 indicates the pairings of analog
input channels and A/D data registers.

The CPU can aways read and write the A/D dataregisters. The upper byte can beread directly,
but the lower byte is read through atemporary register (TEMP). For details see section 14.3, CPU
Interface.

The A/D dataregisters areinitialized to H'0000 by areset and in standby mode.

Table14.3 Analog Input Channelsand A/D Data Registers (ADDRA to ADDRD)

Analog Input Channel

Group O Group 1 A/D Data Register
ANop ANy ADDRA
ANy ANs ADDRB
AN> ANeg ADDRC
AN3 AN ADDRD
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14.2.2 A/D Control/Status Register (ADCSR)

Bit 7 6 5 4 3 2 1 0
‘ ADF ‘ ADIE ‘ ADST ‘ SCAN ‘ CKS ‘ CH2 ‘ CH1 ‘ CHO ‘
Initial value 0 0 0 0 0 0 0 0

ReadWritt  R/(W)* RW RW RW RW  RW RW  R/W

Channel select 2to 0
These bits select analog
input channels

Clock select
Selects the A/D conversion time

Scan mode
Selects single mode or scan mode

A/D start
Starts or stops A/D conversion

A/D interrupt enable
Enables and disables A/D end interrupts

A/D end flag
Indicates end of A/D conversion

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

ADCSR is an 8-hit readable/writable register that selects the mode and controls the A/D converter.
ADCSR isinitialized to H'00 by areset and in standby mode.

Bit 7—A/D End Flag (ADF): Indicates the end of A/D conversion.

Bit 7

ADF Description

0 [Clearing condition] (Initial value)
Read ADF when ADF =1, then write 0 in ADF.

1 [Setting conditions]

» Single mode: A/D conversion ends

* Scan mode: A/D conversion ends in all selected channels
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Bit 6—A/D Interrupt Enable (ADIE): Enables or disables the interrupt (ADI) requested at the
end of A/D conversion.

Bit 6

ADIE Description

0 A/D end interrupt request (ADI) is disabled (Initial value)
1 A/D end interrupt request (ADI) is enabled

Bit 5—A/D Start (ADST): Starts or stops A/D conversion. The ADST bit remains set to 1 during
A/D conversion. It can also be set to 1 by external trigger input at the ADTRG pin, or by an 8-bit
timer compare match.

Bit 5

ADST Description

0 A/D conversion is stopped (Initial value)
1 Single mode: A/D conversion starts; ADST is automatically cleared to O when

conversion ends.

Scan mode: A/D conversion starts and continues, cycling among the selected
channels, until ADST is cleared to 0 by software, by a reset, or by a transition to
standby mode.

Bit 4—Scan Mode (SCAN): Selects single mode or scan mode. For further information on
operation in these modes, see section 14.4, Operation. Clear the ADST bit to 0 before switching
the conversion mode.

Bit 4

SCAN Description

0 Single mode (Initial value)
1 Scan mode

Bit 3—Clock Select (CKS): Selectsthe A/D conversion time. Clear the ADST bit to O before
switching the conversion time.

Bit 3

CKS Description

0 Conversion time = 134 states (maximum) (Initial value)
1 Conversion time = 70 states (maximum)
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Bits 2 to 0—Channel Select 2t0 0 (CH2to CHO): These hits and the SCAN bit select the analog
input channels. Clear the ADST bit to O before changing the channel selection.

Group
Selection Channel Selection Description
CH2 CH1 CHO Single Mode Scan Mode
0 0 0 ANy (Initial value) ANp
1 AN; AN, AN;
1 0 AN, AN to AN,
1 ANj3 ANo to ANs
1 0 0 ANy ANy
1 ANs ANy, ANs
1 0 ANg ANy to ANg
1 ANj7 AN, to ANy
14.2.3 A/D Control Register (ADCR)
Bit 7 6 5 4 3 2 1 0
B e e = = =
Initial value 0 1 1 1 1 1 1 0
Read/Write R/W — — — — — — R/W

Reserved bits

Trigger enable
Enables or disables starting of A/D conversion
by an external trigger or 8-bit timer compare match

ADCR is an 8-hit readable/writable register that enables or disables starting of A/D conversion by
external trigger input or an 8-bit timer compare match signal. ADCR isinitialized to H'7E by a
reset and in standby mode.
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Bit 7—Trigger Enable (TRGE): Enables or disables starting of A/D conversion by an external
trigger or 8-bit timer compare match.

Bit 7

TRGE Description

0 Starting of A/D conversion by an external trigger or 8-bit timer compare match is
disabled (Initial value)

1 A/D conversion is started at the falling edge of the external trigger signal (ADTRG) or

by an 8-bit timer compare match

External trigger pin and 8-bit timer selection is performed by the 8-bit timer. For details, see
section 9, 8-Bit Timers.

Bits 6 to 1—Reserved: These bits cannot be modified and are alwaysread as 1.

Bit 0—Reserved: This bit can be read or written, but must not be set to 1.

14.3 CPU Interface

ADDRA to ADDRD are 16-bit registers, but they are connected to the CPU by an 8-bit data bus.
Therefore, although the upper byte can be be accessed directly by the CPU, the lower byteisread
through an 8-bit temporary register (TEMP).

An A/D dataregister isread asfollows. When the upper byteis read, the upper-byte valueis
transferred directly to the CPU and the lower-byte value is transferred into TEMP. Next, when the
lower byteisread, the TEMP contents are transferred to the CPU.

When reading an A/D data register, always read the upper byte before the lower byte. It is possible
to read only the upper byte, but if only the lower byte isread, incorrect data may be obtained.

Figure 14.2 shows the data flow for accessto an A/D dataregister.
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Upper-byte read

Module data bus

CPU :
(HAA) Bus interface
TEMP
(H'40)
ADDRNH ADDRNL
(H'AA) (H'40)
(n=Ato D)

Lower-byte read

Module data bus

CPU .
(H'40) Bus interface _I
TEMP
(H'40)
ADDRnNH ADDRNL
(HAA) (H'40)
(n=Ato D)

Figure14.2 A/D Data Register Access Operation (Reading H'AA40)
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144  Operation

The A/D converter operates by successive approximations with 10-bit resolution. It hastwo
operating modes: single mode and scan mode.

1441 SingleMode (SCAN =0)

Single mode should be selected when only one A/D conversion on one channel is required. A/D
conversion starts when the ADST hit is set to 1 by software, or by external trigger input. The
ADST hit remains set to 1 during A/D conversion and is automatically cleared to O when
conversion ends.

When conversion endsthe ADF flag is set to 1. If the ADIE bit isalso set to 1, an ADI interrupt is
requested at thistime. To clear the ADF flag to O, first read ADCSR, then write 0 in ADF.

When the mode or analog input channel must be switched during analog conversion, to prevent
incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After making
the necessary changes, set the ADST bit to 1 to start A/D conversion again. The ADST bit can be
set at the same time as the mode or channel is changed.

Typical operations when channel 1 (AN;) is selected in single mode are described next.
Figure 14.3 shows a timing diagram for this example.

1. Single mode is selected (SCAN = 0), input channel AN; is selected (CH2=CH1 =0,
CHO = 1), the A/D interrupt is enabled (ADIE = 1), and A/D conversion is started
(ADST =1).
2. When A/D conversion is completed, the result istransferred into ADDRB. At the sametime
the ADF flag is set to 1, the ADST bit is cleared to O, and the A/D converter becomesidle.
Since ADF =1 and ADIE = 1, an ADI interrupt is requested.
The A/D interrupt handling routine starts.
The routine reads ADCSR, then writes 0 in the ADF flag.
The routine reads and processes the conversion result (ADDRB).

Execution of the A/D interrupt handling routine ends. After that, if the ADST bit issetto 1,
A/D conversion starts again and steps 2 to 7 are repeated.

N o g~ W
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Figure 14.3 Example of A/D Converter Operation (Single M ode, Channel 1 Selected)
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1442 Scan Mode (SCAN = 1)

Scan mode is useful for monitoring analog inputs in a group of one or more channels. When the
ADST bit is set to 1 by software or external trigger input, A/D conversion starts on the first
channel in the group (ANy when CH2 = 0, AN, when CH2 = 1). When two or more channels are
selected, after conversion of thefirst channel ends, conversion of the second channel (AN; or
AN;) startsimmediately. A/D conversion continues cyclically on the selected channels until the
ADST bit is cleared to 0. The conversion results are transferred for storage into the A/D data
registers corresponding to the channels.

When the mode or analog input channel selection must be changed during analog conversion, to
prevent incorrect operation, first clear the ADST bit to 0in ADCSR to halt A/D conversion. After
making the necessary changes, set the ADST bit to 1. A/D conversion will start again from the
first channel in the group. The ADST bit can be set at the same time as the mode or channel
selection is changed.

Typical operations when three channelsin group 0 (AN, to AN,) are selected in scan mode are
described next. Figure 14.4 shows atiming diagram for this example.

1. Scan modeis selected (SCAN = 1), scan group O is selected (CH2 = 0), analog input channels
ANp to AN, are selected (CH1 = 1, CHO = 0), and A/D conversion is started (ADST = 1).

2. When A/D conversion of the first channel (ANy) is completed, the result istransferred into
ADDRA. Next, conversion of the second channel (AN;) starts automatically.

3. Conversion proceeds in the same way through the third channel (ANy).

4. When conversion of all selected channels (ANg to AN,) is completed, the ADFflag issetto 1
and conversion of the first channel (ANp) starts again. If the ADIE bit isset to 1, an ADI
interrupt is requested when A/D conversion ends.

5. Steps2to 4 arerepeated as long as the ADST bit remains set to 1. When the ADST bit is
cleared to 0, A/D conversion stops. After that, if the ADST bit is set to 1, A/D conversion
starts again from the first channel (AN).
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Figure 14.4 Example of A/D Converter Operation (Scan M ode,

Channels ANy to AN, Selected)
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1443 Input Sampling and A/D Conversion Time

The A/D converter has a built-in sample-and-hold circuit. The A/D converter samples the analog
input at atimetp after the ADST bit is set to 1, then starts conversion. Figure 14.5 shows the A/D
conversion timing. Table 14.4 indicates the A/D conversion time.

Asindicated in figure 14.5, the A/D conversion time includes tp and the input sampling time. The
length of tp varies depending on the timing of the write accessto ADCSR. The total conversion
time therefore varies within the ranges indicated in table 14.4.

In scan mode, the values given in table 14.4 apply to the first conversion. In the second and

subsequent conversions the conversion time is fixed at 128 states when CKS = 0 or 66 states when
CKS=1

@

. il

Address bus I
Write signal

Input sampling
timing

ADF

A
Y
A
Y

tD tSF’L

tconv

Legend:

(1):  ADCSR write cycle
(2): ADCSR address

tp: Synchronization delay
tgp : Input sampling time
tcony : A/D conversion time

Figure145 A/D Conversion Timing
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Table14.4 A/D Conversion Time (Sngle Mode)

CKS =0 CKS=1
Symbol Min Typ Max Min Typ Max
Synchronization delay to 6 — 9 4 — 5
Input sampling time tspL — 31 — — 15 —
A/D conversion time tconv 131 — 134 69 — 70

Note: Values in the table are numbers of states.

14.4.4 External Trigger Input Timing

A/D conversion can be externally triggered When the TRGE bit is set to 1 in ADCR and the 8-bit
timer's ADTE hit is cleared to 0, external trigger input is enabled at the ADTRG pin. A high-to-
low transition at the ADTRG pin setsthe ADST hitto 1in ADCSR, starting A/D conversion.
Other operations, in both single and scan modes, are the same as if the ADST bit had been setto 1
by software. Figure 14.6 shows the timing.

ADTRG

Internal trigger
signal

ADST

A/D conversion

Figure14.6 External Trigger Input Timing

145 Interrupts

The A/D converter generates an interrupt (ADI) at the end of A/D conversion. The ADI interrupt
request can be enabled or disabled by the ADIE bit in ADCSR.
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146  Usage Notes

When using the A/D converter, note the following points:

1

Analog Input Voltage Range

During A/D conversion, the voltages input to the analog input pins AN, should be in the range
AVss< AN € Vger.

Relationships of AVcc and AVssto Ve and Vs

AVC(;, AVss, Vcc, and VSS should be related as follows: AVSS = VSS AVCC and AVSS must not
be left open, even if the A/D converter is not used.

V rer Programming Range
The reference voltage input at the Vger pin should be in the range Vger < AVcc.

Note on Board Design

In board layout, separate the digital circuits from the analog circuits as much as possible.
Particularly avoid layouts in which the signal lines of digital circuits cross or closely approach
the signal lines of analog circuits. Induction and other effects may cause the analog circuits to
operate incorrectly, or may adversely affect the accuracy of A/D conversion.

The analog input signals (AN to AN5), analog reference voltage (Vgrer), and analog supply
voltage (AVcc) must be separated from digital circuits by the analog ground (AVss). The
analog ground (AV ss) should be connected to a stable digital ground (Vss) a one point on the
board.

Note on Noise

To prevent damage from surges and other abnormal voltages at the analog input pins (AN, to
AN>) and analog reference voltage pin (Vrer), cOnnect a protection circuit like the onein
figure 14.7 between AV ¢ and AV ss. The bypass capacitors connected to AV cc and Vger and
the filter capacitors connected to AN to AN, must be connected to AV ss. If filter capacitors
like the onesin figure 14.7 are connected, the voltage values input to the analog input pins
(ANp to AN;) will be smoothed, which may giverise to error. Error can also occur if A/D
conversion is frequently performed in scan mode so that the current that charges and
discharges the capacitor in the sample-and-hold circuit of the A/D converter becomes greater
than that input to the analog input pins viainput impedance (Rin). The circuit constants should
therefore be selected carefully.
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/\/

O [ AVcc
O * T [ VRer

*1 *1J ANO to AN7
O T AVss
Notes: 1.

10 pF 0.01 uF

2. Rin:input impedance

Figure 14.7 Example of Analog Input Protection Circuit

Table14.5 Analog | nput Pin Ratings

Item Min Max Unit
Analog input capacitance — 20 pF
Allowable signal-source impedance — 10" kQ

Note: * When conversion time = 134 states, Vcc = 4.0 V10 5.5V, and ¢ < 13 MHz. For details, see
section 21, Electrical Characteristics.

10 kQ

ANg to ANy O—\/\/\/‘T> To A/D converter
l 20 pF

Figure 14.8 Analog | nput Pin Equivalent Cir cuit

Note: Numeric values are approximate, except in table 14.5
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. A/D Conversion Accuracy Definitions
A/D conversion accuracy in the H8/3024 Group is defined asfollows:

Resolution
Digital output code length of A/D converter
Offset error

Deviation from ideal A/D conversion characteristic of analog input voltage required to
raise digital output from minimum voltage value 0000000000 to 0000000001 (figure
14.10)

Full-scale error

Deviation from ideal A/D conversion characteristic of analog input voltage required to
raise digital output from 1111111110to 1111111111 (figure 14.10)

Quantization error

Intrinsic error of the A/D converter; 1/2 LSB (figure 14.9)

Nonlinearity error

Deviation from ideal A/D conversion characteristic in range from zero voltsto full scale,
exclusive of offset error, full-scale error, and quantization error.

Absolute accuracy

Deviation of digital value from analog input value, including offset error, full-scale error,
quantization error, and nonlinearity error.
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Digital
output
Ideal A/D conversion —
111 characteristic
110
101
100 -
011 -
010 - L Quantization error
001
000 | | | | | | |
1/8 2/8 3/8 4/8 5/8 6/8 7/8 FS
Analog input
voltage

Figure14.9 A/D Converter Accuracy Definitions (1)

Full-scale
Digital error
output l

Ideal A/D
conversion
characteristic

A Nonlinearity
error

—=—— Actual A/D conversion
characteristic

FS

L

Analog input

Offset error voltage

Figure 14.10 A/D Converter Accuracy Definitions (2)
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7. Allowable Signal-Source Impedance

The analog inputs of the H8/3024 Group are designed to assure accurate conversion of input
signals with a signal-source impedance not exceeding 10 kQ. The reason for thisrating is that
it enables the input capacitor in the sample-and-hold circuit in the A/D converter to charge
within the sampling time. If the sensor output impedance exceeds 10 kQ, charging may be
inadequate and the accuracy of A/D conversion cannot be guaranteed.

If alarge external capacitor is provided in single mode, then the internal 10-kQ input
resistance becomes the only significant load on the input. In this case the impedance of the
signal sourceis not a problem.

A large external capacitor, however, acts as alow-pass filter. This may make it impossible to
track analog signals with high dv/dt (e.g. avariation of 5 mV/ps) (figure 14.11). To convert
high-speed analog signals or to use scan mode, insert alow-impedance buffer.

8. Effect on Absolute Accuracy

Attaching an external capacitor creates a coupling with ground, so if there is noise on the
ground line, it may degrade absolute accuracy. The capacitor must be connected to an
electrically stable ground, such as AVss.

If afilter circuit is used, be careful of interference with digital signals on the same board, and
make sure the circuit does not act as an antenna

H8/3024 Group - —
Equivalent circuit of
. A/D converter
Sensor output impedance
S Up to 10 kQ 10 kQ
ensor
input VYV i l L
T owenass 2T ' Cin =
 Low-pass : 20 pF
Hfilter ; 15pF
'Cupto0.1 pF !

Figure 14.11 Analog Input Circuit (Example)
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Section 15 D/A Converter

151 Overview

The H8/3024 Group includes a D/A converter with two channels.

15.1.1 Features
D/A converter features are listed below.

» Eight-bit resolution

« Two output channels

e Conversion time: maximum 10 ps (with 20-pF capacitive |oad)
e Output voltage: 0V to Vger

» D/A outputs can be sustained in software standby mode
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15.1.2 Block Diagram

Figure 15.1 shows a block diagram of the D/A converter.

Internal

Module data bus data bus

00 0 0

Bus interface

—

VRer

DA, =—| 8-bitD/A

DADRO
DADR1
DACR
DASTCR

DA; =

| U

Control circuit

LN
S

Legend:

DACR: D/A control register
DADRO: D/A data register 0

DADR1: D/A data register 1
DASTCR: D/A standby control register

Figure15.1 D/A Converter Block Diagram
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15.1.3  Pin Configuration
Table 15.1 summarizes the D/A converter's input and output pins.

Table15.1 D/A Converter Pins

Pin Name Abbreviation 1/0O Function

Analog power supply pin AVss Input Analog power supply and reference voltage
Analog ground pin AVss Input Analog ground and reference voltage
Analog output pin 0 DAo Output  Analog output, channel O

Analog output pin 1 DA; Output  Analog output, channel 1

Reference voltage input pin  Vgee Input Analog reference voltage

15.1.4 Register Configuration
Table 15.2 summarizes the D/A converter's registers.

Table15.2 D/A Converter Registers

Address” Name Abbreviation  R/W Initial Value
H'FFFOC D/A data register 0 DADRO R/W H'00
H'FFFOD D/A data register 1 DADR1 R/W H'00
H'FFFOE D/A control register DACR R/W H'1F
H'EEO1A D/A standby control register DASTCR R/W H'FE

Note: * Lower 20 bits of the address in advanced mode.

Rev. 2.00 Sep 20, 2005 page 465 of 800
REJ09B0260-0200
RENESAS



Section 15 D/A Converter

152 Register Descriptions

1521 D/A Data Registers0and 1 (DADRO, DADR1)

Bit 7 6 5 4 3 2 1 0
Initial value 0 0 0 0 0 0 0 0
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W

The D/A dataregisters (DADRO and DADRY) are 8-bit readable/writable registers that store the
datato be converted. When analog output is enabled, the D/A data register values are constantly
converted and output at the analog output pins.

The D/A dataregisters are initialized to H'00 by areset and in standby mode.

When the DASTE hit is set to 1 in the D/A standby control register (DASTCR), the D/A registers
arenot initialized in software standby mode.

15.2.2 D/A Control Register (DACR)

Bit 7 6 5 4 3 2 1 0
‘ DAOE1 ‘ DAOEO‘ DAE ‘ — ‘ — ‘ — ‘ — ‘ — ‘
Initial value 0 0 0 1 1 1 1 1
Read/Write R/W R/W R/W — — — — _
——— DIJA enable

Controls D/A conversion

D/A output enable 0
Controls D/A conversion and analog output

D/A output enable 1
Controls D/A conversion and analog output

DACR is an 8-bit readable/writable register that controls the operation of the D/A converter.
DACR isinitialized to H'1F by areset and in standby mode.

When the DASTE hit is set to 1 in the D/A standby control register (DASTCR), the D/A registers
arenot initialized in software standby mode.
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Bit 7—D/A Output Enable 1 (DAOEL): Controls D/A conversion and analog output.

Bit 7

DAOE1 Description

0 DA; analog output is disabled

1 Channel-1 D/A conversion and DA; analog output are enabled

Bit 6—D/A Output Enable 0 (DAOEDQ): Controls D/A conversion and analog output.

Bit 6

DAOEO Description

0 DA, analog output is disabled

1 Channel-0 D/A conversion and DA, analog output are enabled

Bit 5—D/A Enable (DAE): Controls D/A conversion, together with bits DAOEO and DAOEL1.
When the DAE bit is cleared to 0, analog conversion is controlled independently in channels O
and 1. When the DAE hit is set to 1, analog conversion is controlled together in channels 0 and 1.
Output of the conversion resultsis always controlled independently by DAOEQO and DAOEL.

Bit 7 Bit 6 Bit 5
DAOE1 DAOEO DAE Description

0 0 — D/A conversion is disabled in channels 0 and 1

0 1 0 D/A conversion is enabled in channel 0
D/A conversion is disabled in channel 1

0 1 1 D/A conversion is enabled in channels 0 and 1
0 0 D/A conversion is disabled in channel 0
D/A conversion is enabled in channel 1

1 0 1 D/A conversion is enabled in channels 0 and 1

1 1 — D/A conversion is enabled in channels 0 and 1

When the DAE bit is set to 1, even if bits DAOEO and DAOEL in DACR and the ADST bit in
ADCSR are cleared to 0, the same current is drawn from the analog power supply as during A/D
and D/A conversion.

Bits4 to 0—Reserved: These bits cannot be modified and are alwaysread as 1.
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15.2.3 D/A Standby Control Register (DASTCR)

DASTCR is an 8-bit readable/writable register that enables or disables D/A output in software
standby mode.

Bit 7 6 5 4 3 2 1 0
- - -1 =] = = | — [oastE

Initial value 1 1 1 1 1 1 1 0

Read/Write — — — — — — — R/W

Reserved bits ‘
D/A standby enable
Enables or disables D/A output
in software standby mode

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

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

Bit 0—D/A Standby Enable (DASTE): Enables or disables D/A output in software standby
mode.

Bit 0

DASTE Description

0 D/A output is disabled in software standby mode (Initial value)
1 D/A output is enabled in software standby mode

15.3 Operation

The D/A converter has two built-in D/A conversion circuits that can perform conversion
independently.

D/A conversion is performed constantly while enabled in DACR. If the DADRO or DADRL1 value
is modified, conversion of the new data begins immediately. The conversion results are output
when bits DAOEO and DAOEL are set to 1.
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An example of D/A conversion on channel 0 is given next. Timing isindicated in figure 15.2.

1. Datato be converted iswritten in DADRO.

2. Bit DAOEQissetto 1in DACR. D/A conversion starts and DA, becomes an output pin. The
converted result is output after the conversion time.

. DADR
The output valueis 25cgntents x VREF

Output of this conversion result continues until the valuein DADRO is modified or the
DAOEQ bit iscleared to 0.

3. If the DADRO value is modified, conversion starts immediately, and the result is output after
the conversion time.

4. When the DAOEQ bit is cleared to 0, DAO becomes an input pin.

DADRO DACR DADRO DACR
write cycle write cycle write cycle write cycle

- UL

DADRO >< Conversion data 1 Conversion data 2

DAOEO
. Conversion
DAo — Conversion “T-.._ | result2 —
High-impedance state result 1 —
tbconv tpconv

Legend:
tpcony: D/A conversion time

Figure 15.2 Example of D/A Converter Operation
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154  D/A Output Control
In the H8/3024 Group, D/A converter output can be enabled or disabled in software standby mode.

When the DASTE hit isset to 1 in DASTCR, D/A converter output is enabled in software standby
mode. The D/A converter registersretain the values they held prior to the transition to software
standby mode.

When D/A output is enabled in software standby mode, the reference supply current is the same as
during normal operation.
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Section 16 RAM

16.1 Overview

The H8/3024 Group has high-speed static RAM on-chip. The RAM is connected to the CPU by a
16-bit data bus. The CPU accesses both byte data and word data in two states, making the RAM
useful for rapid data transfer.

The on-chip RAM can be enabled or disabled with the RAM enable bit (RAME) in the system
control register (SY SCR). When the on-chip RAM is disabled, that areais assigned to external
space in the expanded modes. The on-chip RAM specifications for the product lineup are shown
intable 16.1.

Table16.1 HB8/3024 Group On-Chip RAM Specifications

H8/3024 Mask H8/3026 Mask
H8/3024F-ZTAT ROM Version  HB8/3026F-ZTAT ROM Version
RAM size 4 kbytes 4 kbytes 8 kbytes 8 kbytes
Address Modes 1, 2,7 H'FEF20 H'FEF20 H'FDF20 H'FDF20
assignment to to to to
H'FFF1F H'FFF1F H'FFF1F H'FFF1F
Modes 3, 4,5 H'FFEF20 H'FFEF20 H'FFDF20 H'FFDF20
to to to to
H'FFFF1F H'FFFF1F H'FFFF1F H'FFFF1F
Mode 6 H'FE20 H'FE20 H'FD20 H'FD20
to to to to
H'FF1F H'FF1F H'FF1F H'FF1F

Rev. 2.00 Sep 20, 2005 page 471 of 800
REJ09B0260-0200

RENESAS



Section 16 RAM

16.1.1  Block Diagram

Figure 16.1 shows a block diagram of the on-chip RAM.

Internal data bus (upper 8 bits)

N

A

Internal data bus (lower 8 bits)

T

SYSCR

Bus interface
H'FEF20* H'FEF21*
H'FEF22* H'FEF23*
- On-chip RAM
H'FFF1E" H'FFFL1F*
Even addresses Odd addresses

Legend:
SYSCR: System control register

Note: * This example is of the H8/3024 mask ROM version operating in mode 7. The lower 20 bits

of the address are shown.

Figure16.1 RAM Block Diagram

16.1.2 Register Configuration

The on-chip RAM is controlled by SY SCR. Table 16.2 gives the address and initial value of

SYSCR.

Table16.2 System Control Register

Address® Name Abbreviation

R/W

Initial Value

H'EEO12 System control register SYSCR

R/W

H'09

Note: * Lower 20 bits of the address in advanced mode.
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16.2 System Control Register (SYSCR)

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 bit
Enables or
disables
on-chip RAM

Software standby
output port enable

NMI edge select
User bit enable

Standby timer select 2to 0
Software standby

One function of SYSCR isto enable or disable access to the on-chip RAM. The on-chip RAM is
enabled or disabled by the RAME bit in SY SCR. For details about the other bits, see section 3.3,
System Control Register (SY SCR).

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

Bit O

RAME Description

0 On-chip RAM is disabled

1 On-chip RAM is enabled (Initial value)
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16.3 Operation

When the RAME bit is set to 1, the on-chip RAM is enabled. Accessesto the addresses shown in
table 16.1 are directed to the on-chip RAM. In modes 1 to 5 (expanded modes), when the RAME
bit is cleared to 0, the off-chip address space is accessed. In mode 6, 7 (single-chip mode), when
the RAME bit is cleared to O, the on-chip RAM is hot accessed: read access always resultsin H'FF
data, and write access is ignored.

Since the on-chip RAM is connected to the CPU by an internal 16-bit data bus, it can be written
and read by word access. It can also be written and read by byte access. Byte datais accessed in
two states using the upper 8 bits of the data bus. Word data starting at an even addressis accessed
in two statesusing all 16 hits of the data bus.
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Section 17 Flash Memory
[H8/3026F-ZTAT Version]

17.1  Overview

The H8/3026F-ZTAT version has 256 kbytes of on-chip flash memory. The flash memory is
connected to the CPU by a 16-bit data bus. The CPU accesses both byte data and word data in two

states, enabling rapid data transfer.

The on-chip ROM is enabled and disabled by setting the mode pins (MD; to MDy) as shown in

table 17.1.

The on-chip flash memory product (H8/3026F-ZTAT version) can be erased and programmed on-
board, aswell as with a specia-purpose PROM programmer.

Table17.1 Operating Modes and ROM

Mode Pins
Mode MD2 MD1 MDO On-Chip ROM
Mode 1 (expanded 1-Mbyte mode with on-chip ROM 0 0 1 Disabled (external
disabled) address area)
Mode 2 (expanded 1-Mbyte mode with on-chip ROM 0 1 0
disabled)
Mode 3 (expanded 16-Mbyte mode with on-chip ROM 0 1 1
disabled)
Mode 4 (expanded 16-Mbyte mode with on-chip ROM 1 0 0
disabled)
Mode 5 (expanded 16-Mbyte mode with on-chip ROM 1 0 1 Enabled
enabled)
Mode 6 (single-chip normal mode) 1 1 0
Mode 7 (single-chip advanced mode) 1
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17.2 Features

The H8/3026F-ZTAT version has 256 kbytes of on-chip flash memory.

The features of the flash memory are summarized below.

Four flash memory operating modes

O Program mode

0 Erase mode

0 Program-verify mode

0 Erase-verify mode

Programming/erase methods

The flash memory is programmed 128 bytes at atime. Erasing is performed in block units. To
erase the entire flash memory, each block must be erased in turn. In block erasing, 4-kbyte, 32-
kbyte, and 64-kbyte blocks can be set arbitrarily.

Programming/erase times

The flash memory programming time is 10 ms (typ.) for simultaneous 128-byte programming,
equivalent approximately to 80 us (typ.) per byte, and the erase time is 100 ms (typ.) per block.
Reprogramming capability

The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/verified on-board:

0 Boot mode

O User program mode

Automatic hit rate adjustment

For datatransfer in boot mode, the H8/3026F-ZTAT version chip’s bit rate can be
automatically adjusted to match the transfer bit rate of the host.

Flash memory emulation in RAM

Flash memory programming can be emulated in real time by overlapping a part of RAM onto
flash memory.

Protect modes

There are three protect modes—hardware, software, and error—which allow protected status
to be designated for flash memory program/erase/verify operations

PROM mode

Flash memory can be programmed/erased in PROM mode, using a PROM programmer, as
well as in on-board programming mode.
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17.21  Block Diagram

A

Internal address bus

Internal data bus (16 bits)

2 [Fmcr1 O
k)
3 C> FLMCR2 . | |Operating FWE pin
S Bus interface/controller - - -
= C> EBR1 mode Mode pins
< > RAMCR
Flash memory
(256 kbytes)
Legend

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR1: Erase block register 1

EBR2: Erase block register 2

RAMCR: RAM control register

Figure17.1 Block Diagram of Flash Memory
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17.2.2  Pin Configuration
The flash memory is controlled by means of the pins shown in table 17.2.

Tablel7.2 Flash Memory Pins

Pin Name Abbreviation  1/O Function

Reset RES Input Reset

Flash write enable FWE Input Flash program/erase protection by hardware

Mode 2 MD, Input Sets H8/3026F-ZTAT version operating
mode

Mode 1 MD, Input Sets H8/3026F-ZTAT version operating
mode

Mode 0 MDg Input Sets H8/3026F-ZTAT version operating
mode

Transmit data TxD1 Output Serial transmit data output

Receive data RxD; Input Serial receive data input

17.2.3 Register Configuration
The registers used to control the on-chip flash memory when enabled are shown in table 17.3.

Table17.3 Flash Memory Registers

Register Name Abbreviation R/W Initial Value ~ Address™!
Flash memory control register 1 FLMCR1 R/W H'00*? H'EEO30
Flash memory control register 2 FLMCR2 R H'00 H'EEO31
Erase block register 1 EBR1 R/W H'00 H'EE032
Erase block register 2 EBR2 R/W H'00 H'EEO33
RAM control register RAMCR R/W H'FO H'EEOQO77

Notes: FLMCR1, FLMCR2, EBR1, EBR2, and RAMCR are 8-bit registers, and should be
accessed by byte access. These registers are used only in the versions with on-chip flash
memory, and are not provided in the versions with on-chip mask ROM. Reading the
corresponding addresses in a mask ROM version will always return 1s, and writes to these
addresses are invalid.

1. Lower 16 bits of address in advanced mode.

2. When a high level is input to the FWE pin, the initial value is H'80.
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17.3 Register Descriptions

17.3.1 Flash Memory Control Register 1 (FLM CR1)

Bit 7 6 5 4 3 2 1 0

\ FWE \ SWE \ ESU \ PSU \ EV \ PV \ E \ P \
Initial value —* 0 0 0 0 0 0 0
Read/Write R R/W R/W R/W R/W R/W R/W R/W

Note: * Determined by the state of the FWE pin.

FLMCRL1 is an 8-hit register used for flash memory operating mode control.

Program-verify mode or erase-verify mode for addresses H'00000 to H'3FFFF is entered by setting
the SWE bit when FWE = 1, then setting the PV or EV bit. Program mode for addresses H'00000
to H'3FFFF is entered by setting the SWE bit when FWE = 1, then setting the PSU bit, and finally
setting the P bit. Erase mode for addresses H'00000 to H'3FFFF is entered by setting the SWE bit
when FWE = 1, then setting the ESU bit, and finally setting the E bit. FLMCRL1 isinitialized by a
reset, and in hardware standby mode and software standby mode. Itsinitial value is H'80 when a
high level isinput to the FWE pin, and H'00 when alow level isinput. In mode 6 the FWE pin
must be fixed low since flash memory on-board programming modes are not supported. When the
on-chip flash memory is disabled, aread accessto this register will return H'00, and writes are
invalid.

When setting bits 6 to 0 in this register, one bit must be set one a atime. Writes to the SWE bit in
FLMCRL are enabled only when FWE = 1; writes to bits ESU, PSU, EV, and PV only when FWE
=1 and SWE = 1; writesto the E bit only when FWE = 1, SWE = 1, and ESU = 1; and writesto
the P bit only when FWE =1, SWE = 1, and PSU = 1.

Notes: 1. The programming and erase flowcharts must be followed when setting the bitsin this
register to prevent erroneous programming or erasing.
2. Transitions are made to program mode, erase mode, program-verify mode, and erase-
verify mode according to the settings in this register. When reading flash memory as
normal on-chip ROM, bits 6 to 0 in thisregister must be cleared.

Rev. 2.00 Sep 20, 2005 page 479 of 800
REJ09B0260-0200

RENESAS



Section 17 Flash Memory [H8/3026F-ZTAT Version]

Bit 7—Flash Write Enable (FWE): Sets hardware protection against flash memory
programming/erasing.

Bit 7

FWE Description

0 When a low level is input to the FWE pin (hardware-protected state)
1 When a high level is input to the FWE pin

Bit 6—Software Write Enable (SWE): Enables or disables flash memory programming and
erasing. (This bit should be set when setting bits 5 to 0, EBR1 bits 7 to 0, and EBR2 bits3t0 0.)

Bit 6

SWE Description

0 Programming/erasing disabled (Initial value)
1 Programming/erasing enabled

[Setting condition]
When FWE =1

Note: Do not execute a SLEEP instruction while the SWE bit is set to 1.

Bit 5—Erase Setup (ESU): Prepares for atransition to erase mode. Set this bit to 1 before setting
the E bit to 1 in FLMCRL (do not set the SWE, PSU, EV, PV, E, or P bit at the same time).

Bit 5

ESU Description

0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When FWE =1 and SWE =1
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Bit 4—Program Setup (PSU): Prepares for atransition to program mode. Set this bit to 1 before
setting the P bit to 1 in FLMCR1 (do not set the SWE, ESU, EV, PV, E, or P hit at the same time).

Bit 4

PSU Description

0 Program setup cleared (Initial value)
1 Program setup

[Setting condition]
When FWE =1 and SWE =1

Bit 3—Erase-Verify M ode (EV): Selects erase-verify mode transition or clearing. (Do not set the
SWE, ESU, PSU, PV, E, or P hit a the sametime.)

Bit 3

EV Description

0 Erase-verify mode cleared (Initial value)
1 Transition to erase-verify mode

[Setting condition]
When FWE =1 and SWE =1

Bit 2—Program-Verify M ode (PV): Selects program-verify mode transition or clearing. (Do not
set the SWE, ESU, PSU, EV, E, or P bit at the sametime.)

Bit 2
PV Description
0 Program-verify mode cleared (Initial value)

Transition to program-verify mode
[Setting condition]
When FWE =1 and SWE =1
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Bit 1—Erase Mode (E): Selects erase mode transition or clearing. (Do not set the SWE, ESU,
PSU, EV, PV, or P hit at the sametime.)

Bit 1

E Description

0 Erase mode cleared (Initial value)
1 Transition to erase mode

[Setting condition]
When FWE =1, SWE=1,and ESU =1

Note: Do not access the flash memory while the E bit is set.

Bit 0—Program (P): Selects program mode transition or clearing. (Do not set the SWE, ESU,
PSU, EV, PV, or E hit at the same time.)

Bit 0

P Description

0 Program mode cleared (Initial value)
1 Transition to program mode

[Setting condition]
When FWE=1,SWE=1,and PSU =1

Note: Do not access the flash memory while the P bit is set.

17.3.2 Flash Memory Control Register 2 (FLM CR2)

Bit 7 6 5 4 3 2 1 0

L T T T e T T
Initial value 0 0 0 0 0 0 0 0
Read/Write R R

FLMCR2 is an 8-hit register used for flash memory operating mode control. FLMCR2 is
initialized to H'00 by areset, and in hardware standby mode and software standby mode. When
the on-chip flash memory is disabled, aread will return H'0O.

Note: FLMCR2 isaread-only register, and should not be written to.
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Bit 7—Flash Memory Error (FLER): Indicatesthat an error has occurred during an operation on
flash memory (programming or erasing). When FLER is set to 1, flash memory goesto the error-
protection state.

Bit 7
FLER Description
0 Flash memory is operating normally
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]
Reset (RES pin or WDT reset) or hardware standby mode (Initial value)
1 An error occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection) is enabled

[Setting conditions]

* When flash memory is read during programming/erasing (including a vector read
or instruction fetch, but excluding a read of the RAM area overlapping flash
memory space)

* Immediately after the start of exception handling during programming/erasing
(excluding reset, illegal instruction, trap instruction, and division-by-zero exception
handling)

e When a SLEEP instruction (including software standby) is executed during
programming/erasing

« When the bus is released during programming/erasing

Bits 6 to 0—Reserved: These bits are always read as 0.

17.3.3 EraseBlock Register 1 (EBR1)

Bit 7 6 5 4 3 2 1 0
‘ EB7 ‘ EB6 ‘ EB5 ‘ EB4 ‘ EB3 ‘ EB2 ‘ EB1 ‘ EBO ‘
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

EBR1 is an 8-hit register that specifies the flash memory erase area block by block. EBR1 is
initialized to H'00 by areset, in hardware standby mode and software standby mode, when alow
level isinput to the FWE pin, and when a high level isinput to the FWE pin and the SWE hit in
FLMCRL1 is not set. When abit in EBR1 is set to 1, the corresponding block can be erased. Other
blocks are erase-protected. Only one bit can be set in EBR1 and EBR2 together; do not set two or
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more bits at the same time. When the on-chip flash memory is disabled, aread accessto this
register will return H'00, and erasing is disabled.

The flash memory block configuration is shown in table 17.4. To erase the entire flash memory,
each block must be erased in turn.

Asthe H8/3026F-ZTAT version does not support on-board programming modes in mode 6, EBR1
register bits cannot be set to 1 in this mode.

17.3.4 EraseBlock Register 2 (EBR2)

Bit 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ EB11 \ EB10 \ EB9 \ EBS \
Initial value 0 0 0 0 0 0 0 0
Read/Write R R R R R/W R/W R/W R/W

EBR2 is an 8-bit register that specifies the flash memory erase area block by block. EBR2 is
initialized to H'00 by areset, in hardware standby mode and software standby mode, and when a
low level isinput to the FWE pin. When a high level isinput to the FWE pin and the SWE bit in
FLMCRL1isnot set, it isinitialized to bit 0. When a bit in EBR2 is set to 1, the corresponding
block can be erased. Other blocks are erase-protected. Only one bit can be set in EBR1 and EBR2
together; do not set two or more bits at the same time. When the on-chip flash memory is disabled,
aread will return H'00, and erasing is disabled.

The flash memory block configuration is shown in table 17.4. To erase the entire flash memory,
each block must be erased in turn.

Asthe H8/3026F-ZTAT version does not support on-board programming modes in mode 6, EBR2
register bits cannot be set to 1 in this mode.

Note: Bits 7 to 4 inthisregister are read-only. These bits must not be set to 1. If bits 7to 4 are
set when an EBRY/EBR2 hit is set, EBRIY/EBR2 will be initialized to H'00.
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Table17.4 Flash Memory Erase Blocks

Block (Size) Addresses

EBO (4 kbytes) H'000000 to H'000FFF
EB1 (4 kbytes) H'001000 to H'001FFF
EB2 (4 kbytes) H'002000 to H'002FFF
EB3 (4 kbytes) H'003000 to H'003FFF
EB4 (4 kbytes) H'004000 to H'004FFF
EBS5 (4 kbytes) H'005000 to H'005FFF
EB6 (4 kbytes) H'006000 to H'006FFF
EB7 (4 kbytes) H'007000 to H'007FFF
EB8 (32 kbytes) H'008000 to H'OOFFFF
EB9 (64 kbytes) H'010000 to H'O1FFFF
EB10 (64 kbytes) H'020000 to H'02FFFF
EB11 (64 kbytes) H'030000 to H'03FFFF

17.35 RAM Control Register (RAMCR)

Bit 7 6 5 4 3 2 1 0

\ — \ — \ — \ — \ RAMS \ RAM2 \ RAM1 \ RAMO \
Initial value 1 1 1 1 0 0 0 0
Read/Write R R R R R/W R/W R/W R/W

RAMCR specifies the area of flash memory to be overlapped with part of RAM when emulating
realtime flash memory programming. RAMCR isinitialized to H'00 by areset and in hardware
standby mode. RAMCR settings should be made in user mode or user program mode.

Flash memory areadivisions are shown in table 17.5. To ensure correct operation of the emulation
function, the ROM for which RAM emulation is performed should not be accessed immediately
after this register has been modified. Normal execution of an access immediately after register
modification is not guaranteed.

Bits 7 to 4—Reserved: These bits cannot be modified and are always read as 1.
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Bit 3—RAM Select (RAMS): Specifies selection or non-selection of flash memory emulation in
RAM. When RAMS = 1, al flash memory blocks are program/erase-protected.

Bit 3
RAMS Description
0 Emulation not selected
Program/erase-protection of all flash memory blocks is disabled (Initial value)
1 Emulation selected

Program/erase-protection of all flash memory blocks is enabled

Bits 2 to 0—Flash Memory Area Selection (RAM 2 to RAMO0): These hits are used together
with bit 3 to select the flash memory area to be overlapped with RAM. (Seetable 17.5.)

Tablel17.5 Flash Memory Area Divisions

RAM Area Block Name RAMS RAM2 RAM1  RAMO
H'FFE000 to H'FFEFFF 4-kbyte RAM area 0 * * *
H'000000 to H'000FFF EBO (4 kbytes) 1 0 0 0
H'001000 to H'001FFF EB1 (4 kbytes) 1 0 0 1
H'002000 to H'002FFF EB2 (4 kbytes) 1 0 1 0
H'003000 to H'003FFF EB3 (4 kbytes) 1 0 1 1
H'004000 to H'004FFF EB4 (4 kbytes) 1 1 0 0
H'005000 to H'005FFF EB5 (4 kbytes) 1 1 0 1
H'006000 to H'006FFF EB6 (4 kbytes) 1 1 1 0
H'007000 to H'007FFF EB7 (4 kbytes) 1 1 1 1
*: Don'’t care

Note: Flash memory emulation by RAM is not supported in mode 6 (single-chip normal mode);
therefore, although these bits can be written, they should not be set to 1.
When performing flash memory emulation by RAM, the RAME bit in SYSCR must be set to
1.
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174  Overview of Operation

17.41 Mode Transtions

When the mode pins and the FWE pin are set in the reset state and a reset-start is executed, the
H8/3026F-ZTAT version enters one of the operating modes shown in figure 17.2. In user mode,
flash memory can be read but not programmed or erased.

Flash memory can be programmed and erased in boot mode, user program mode, and PROM
mode.

Boot mode and user program mode cannot be used in the H8/3026F-ZTAT version's mode 6
(normal mode with on-chip ROM enabled).
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«3 Reset state

*1

User mode
with on-chip ROM
enabled

*5

‘, PROM mode
™~

User program
mode

Boot mode

On-board programming mode

Notes: Only make a transition between user mode and user program mode when the CPU is not
accessing the flash memory.
1. RAM emulation possible
2. The H8/3026F-ZTAT is placed in PROM mode by means of a dedicated PROM writer.
3. MD,, MD;, MD, = (1, 0, 1) (1, 1, 0) (1, 1, 1)

FWE =0

4. MD,, MD;, MD, = (1, 0, 1) (1, 1, 1)
FWE =1

5. MD,, MD;, MD, (0, 0, 1) (0, 1, 1)
FWE =1

Figure17.2 Flash Memory Related State Transitions

State transitions between the normal and user modes and on-board programming mode are
performed by changing the FWE pin level from high to low or from low to high. To prevent
misoperation (erroneous programming or erasing) in these cases, the hitsin the flash memory
control register (FLMCRZL) should be cleared to 0 before making such atransition. After the bits
are cleared, await time is necessary. Normal operation is not guaranteed if thiswait timeis
insufficient.
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17.42 On-Board Programming Modes
Example of Boot M ode Oper ation
1. Initial state 2. Programming control program transfer
The old program version or data remains When boot mode is entered, the boot program
written in the flash memory. The user should in the H8/3026F-ZTAT version (originally
prepare the programming control program and incorporated in the chip) is started and the
new application program beforehand in the programming control program in the host is
host. transferred to RAM via SCI communication.
The boot program required for flash memory
erasing is automatically transferred to the RAM
boot program area.
Host Host
_Programming control o !
program i
New application )
program program
H8/3026F-ZTAT version H8/3026F-ZTAT version
| \ ]
K Boot program N sC R\ Boot program N SC
Flash memory RAM Flash memory RAM ‘
Boot program area
Application Application
(old version) (old version)
3. Flash memory initialization Writing new application program

The erase program in the boot program area

(in RAM) is executed, and the flash memory is

initialized (to H'FF). In boot mode, total flash

memory erasure is performed, without regard
Host

New application
program

H8/3026F-ZTAT version

Boot program SCl

Flash memory RAM

Boot program area

Flash memory Programming control
prewrite-erase program

The programming control program transferred
from the host to RAM is executed, and the new
application program in the host is written into
the flash memory.

Host

H8/3026F-ZTAT version

]
Boot program SC

Flash memory RAM

Boot program area

New application rogramming control \
program NN\ program

Program execution state
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Example of User Program Mode Operation

1.

Initial state

The FWE assessment program that confirms
that user program mode has been entered, and
the program that will transfer the programming/
erase control program from flash memory to
on-chip RAM should be written into the flash
memory by the user beforehand. The
programming/erase control program should be
prepared in the host or in the flash memory.

Host
Programming/erase
control program
New application )
program

H8/3026F-ZTAT version

Boot program SCl

Flash memory RAM

FWE assessment program
Transfer program

Application program
(old version)

Flash memory initialization

The programming/erase program in RAM is
executed, and the flash memory is initialized (to
H'FF). Erasing can be performed in block units,
but not in byte units.

Host

New application )
program

H8/3026F-ZTAT version

SclI
Boot program

Flash memory RAM

FWE assessment program

Transfer program

Programming/erase ]
k control program

Flash memory
erase

Programming/erase control program transfer
When user program mode is entered, user
software recognizes this fact, executes the
transfer program in the flash memory, and
transfers the programming/erase control
program to RAM.

New application )
program
H8/3026F-ZTAT version

ScClI
Boot program

Flash memory RAM

FWE assessment progiam
A
A Transfer program

Programming/erase
control program

Application program
(old version)

Writing new application program

Next, the new application program in the host is
written into the erased flash memory blocks.

Do not write to unerased blocks.

Host

H8/3026F-ZTAT version

Scl
Boot program /
RAM

Flash memory

FWE assessment program

Transfer program

Programming/erase \]
s control program

New application
program

Program execution state
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17.43 Flash Memory Emulation in RAM

In the H8/3026F-ZTAT version, flash memory programming can be emulated in real time by
overlapping the flash memory with part of RAM (“overlap RAM"). When the emulation block set
in RAMCR is accessed while the emulation function is being executed, data written in the overlap
RAM isread.

Emulation should be performed in user mode or user program mode.

Flash memory RAM

Emulation block

Overlap RAM
(Emulation is performed on data written
in RAM)

Application program

Execution state

Figure 17.3 Reading Overlap RAM Datain User Mode/User Program M ode

When overlap RAM datais confirmed, clear the RAM S bit to cancel RAM overlap, and actually
perform writes to the flash memory in user program mode.

When the programming control program istransferred to RAM in on-board programming mode,
ensure that the transfer destination and the overlap RAM do not overlap, as thiswill cause datain
the overlap RAM to be rewritten.
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SCI
Flash memory RAM
Program data
L Overlap RAM
Application program (program data)
Programming control program
Execution state

Figure17.4 Writing Overlap RAM Datain User Program Mode

17.4.4  Block Configuration

The flash memory in the H8/3026F-ZTAT version is divided into three 64-kbyte blocks, one 32-
kbyte block, and eight 4-kbyte blocks. Erasing can be carried out in block units.

Address H'00000 -
———4 kbytes x 8 ——
32 kbytes
64 kbytes
256 kbytes
64 kbytes
64 kbytes
Address H3FFFF Y-
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175 On-Board Programming Mode

When pins are set to on-board programming mode and a reset-start is executed, the chip entersthe
on-board programming state in which on-chip flash memory programming, erasing, and verifying
can be carried out. There are two operating modes in this mode—boot mode and user program
mode. The pin settings for entering each mode are shown in table 17.6. For adiagram of the
transitions to the various flash memory modes, see figure 17.2.

Boot mode and user program mode cannot be used in the H8/3026F-ZTAT version’s mode 6 (on-
chip ROM enabled).

Table17.6 On-Board Programming M ode Settings

Mode FWE MD; MD; MDg

Boot mode Mode 5 1** 0*? 0 1
Mode 7 0*? 1 1

User program mode Mode 5 1 0 1
Mode7 1 1 1

Notes: 1. For the High level input timing, see items 6 and 7 of Notes on Using the Boot Mode.
2. In boot mode, the MD; setting should be the inverse of the input.
In the boot mode in the H8/3026F-ZTAT version, the levels of the mode pins (MD; to
MDy) are reflected in mode select bits 2 to 0 (MDS2 to MDSO0) in the mode control
register (MDCR).
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1751 Boot Mode

When boot mode s used, aflash memory programming control program must be prepared
beforehand in the host, and SCI channel 1, which isto be used, must be set to asynchronous mode.

When areset-gtart is executed after setting the H8/3026F-ZTAT version’s pins to boot mode, the
boot program aready incorporated in the MCU is activated, and the programming control program
prepared beforehand in the host is transmitted sequentially to the H8/3026F-ZTAT version, using
the SCI. In the H8/3026F-ZTAT version, the programming control program received viathe SCI
is written into the programming control program areain on-chip RAM. After the transfer is
completed, control branches to the start address (H'FFE720) of the programming control program
area and the programming control program execution state is entered (flash memory
programming/erasing can be performed).

Figure 17.5 shows a system configuration diagram when using boot mode, and figure 17.6 shows
the boot program mode execution procedure.

H8/3026F-ZTAT version

Flash memory

Host Reception of programming data

RxD1

Transmission of verify data SCi1 On-chip RAM
~ TxD1

Figure17.5 System Configuration When Using Boot M ode
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| Set pins to boot program mode and execute reset-start |
I
Host transfers data (H'00) continuously at prescribed bit rate |

H8/3026F-ZTAT version measure low period of H'00 data
transmitted by host
|

H8/3026F-ZTAT version calculate bit rate and sets value
in bit rate register

|
After bit rate adjustment, H8/3026F-ZTAT version transmit one
H'00 data byte to host to indicate end of adjustment

Host confirms normal reception of bit rate adjustment end
indication (H'00), and transmits one H'55 data byte

[
After receiving H'55, H8/3026F-ZTAT version transmit one H'AA
byte to host

[

Host transmits number of programming control program bytes (N),
upper byte followed by lower byte

[
H8/3026F-ZTAT version transmit received number of bytes to
host as verify data (echo-back)

n=1

Host transmits programming control program sequentially in byte
units
[
H8/3026F-ZTAT version transmit received programming control
program to host as verify data (echo-back) IIH'E

Transfer received programming control program to on-chip RAM |

No

End of transmission

[
Check flash memory data, and if data has already been written,
erase all blocks

After confirming that all flash memory data has been erased,
H8/3026F-ZTAT version transmit one H'AA byte to host
I

Execute programming control program transferred to on-chip
RAM

Note: If a memory cell does not operate normally and cannot be erased, one H'FF byte is transmitted as an erase error
indication, and the erase operation and subsequent operations are halted.

Figure17.6 Boot Mode Execution Procedure
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Automatic SCI Bit Rate Adjustment:

Start Stop
bit DO D1 D2 D3 D4 D5 D6 D7 bit
- Low period (9 bits) measured (H'00 data) B} T—|igh peric;i

(1 or more bits)

When boot modeis initiated, the H8/3026F-ZTAT version measure the low period of the
asynchronous SCI communication data (H'00) transmitted continuously from the host. The SCI
transmit/receive format should be set as 8-bit data, 1 stop bit, no parity. The H8/3026F-ZTAT
version calculate the bit rate of the transmission from the host from the measured low period, and
transmits one H'00 byte to the host to indicate the end of bit rate adjustment. The host should
confirm that this adjustment end indication (H'00) has been received normally, and transmit one
H'55 byte to the H8/3026F-ZTAT version. If reception cannot be performed normally, initiate boot
mode again (reset), and repeat the above operations. Depending on the host’ s transmission bit rate
and the H8/3026F-ZTAT version’s system clock freguency, there will be a discrepancy between
the bit rates of the host and the H8/3026F-ZTAT version. To ensure correct SCI operation, the
host’ s transfer bit rate should be set to 4800, 9600, or 19,200 bps*.

Table 17.7 shows typical host transfer bit rates and system clock frequencies for which automatic
adjustment of the H8/3026F-ZTAT version bit rate is possible. The boot program should be
executed within this system clock range.

Tablel17.7 System Clock Frequenciesfor which Automatic Adjustment of H8/3026F-ZTAT
Version Bit Rateis Possible

Host Bit Rate System Clock Frequency for which Automatic Adjustment of
(bps) H8/3026F-ZTAT Version Bit Rate is Possible (MHz)

19,200 16 to 25

9,600 8t0 25

4,800 4to0 25

Note: * Only use a setting of 4800, 9600, or 19200 bpsfor the host’s bit rate. No other settings can
be used.
Although the H8/3026F-ZTAT version may aso perform automatic bit rate adjustment
with bit rate and system clock combinations other than those shown in table 17.7, a degree
of error will arise between the bit rates of the host and the H8/3026F-ZTAT version, and
subsequent transfer will not be performed normally. Therefore, only a combination of bit
rate and system clock frequency within one of the ranges shown in table 17.7 can be used
for boot mode execution.
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On-Chip RAM AreaDivisonsin Boot Mode: In boot mode, the RAM areaiis divided into an
area used by the boot program and an areato which the user program is transferred viathe SCI, as
shown in figure 17.7. The boot program area becomes available when a transition is made to the
execution state for the user program transferred to RAM.

H'FFDF20
Boot program
area
H'FFE71F
H'FFE720
User program
transfer area
H'FFFF1F

Note: The boot program area cannot be used until a transition is made to the execution state

for the user program transferred to RAM. Note also that the boot program remains in
this area in RAM even after control branches to the user program.

Figure17.7 RAM Areasin Boot Mode

Notes on Use of Boot M ode:

1

When the H8/3026F-ZTAT version chip comes out of reset in boot mode, it measures the low
period of the input at the SCI’s RxD; pin. Thereset should end with RxD; high. After the reset
ends, it takes about 100 states for the chip to get ready to measure the low period of the RxD;
input.

In boot mode, if any data has been programmed into the flash memory (if al dataisnot 1), all
flash memory blocks are erased. Boot mode is for use when user program mode is unavailable,
such asthefirst time on-board programming is performed, or if the program activated in user
program mode is accidentally erased.

I nterrupts cannot be used while the flash memory is being programmed or erased.

The RxD; and TxD; lines should be pulled up on the board.

Before branching to the user program the H8/3026F-ZTAT version terminates transmit and
receive operations by the on-chip SCI (channel 1) (by clearing the RE and TE bitsto 0 in the
serial control register (SCR)), but the adjusted bit rate value remains set in the bit rate register
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(BRR). The transmit data output pin, TxD;, goes to the high-level output state (P9;DDR = 1in
PODDR, P9;DR =1 in PODR).

The contents of the CPU’s internal general registers are undefined at thistime, so these
registers must be initialized immediately after branching to the user program. In particular,
since the stack pointer (SP) is used implicitly in subroutine calls, etc., a stack area must be
specified for use by the user program.

Theinitial values of other on-chip registers are not changed.

6. Boot mode can be entered by setting pins MDg to MD, and FWE in accordance with the mode
setting conditions shown in table 17.6, and then executing a reset-start.

a. When switching from boot mode to normal mode, the boot mode state within the chip must
first be cleared by reset input viathe RES pin**. The RES pin must be held low for at least
20 system clock cycles.*®

b. Do not change the input levels of the mode pins (MD, to MDg) or the FWE pin in boot
mode. To change the mode, the RES pin must first be driven low to set the reset state. Also,
if awatchdog timer reset occurs in the boot mode state, the MCU’ s internal state will not
be cleared, and the on-chip boot program will be restarted regardless of the mode pin
States.

¢. The FWE pin must not be driven low while the boot program is running or flash memory is
being programmed or erased*?.

7. 1If the mode pin input levels are changed (for example, from low to high) during areset, the
state of ports with multiplexed address functions and bus control output signals (CSn, AS, RD,
LWR, HWR) may aso change according to the change in the MCU'’ s operating mode.
Therefore, care must be taken to make pin settings to prevent these pins from being used
directly as output signal pins during areset, or to prevent collision with signals outside the
MCU.

H8/3026F-ZTAT

version

CSn External

memory,
etc.

MD?2 |«

MD1 < System

MDO : control

FWE unit

RES &
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Notes. 1. Mode pin and FWE pin input must satisfy the mode programming setup time (typs)
with respect to the reset release timing.
2. For further information on FWE application and disconnection, see section 17.11,
Flash Memory Programming and Erasing Precautions.
3. Seesection 4.2.2, Reset Sequence, and section 17.11, Flash Memory Programming and
Erasing Precautions. The H8/3026FZTAT version requires a minimum of 20 system
clock cyclesfor areset during operation.

17.5.2  User Program Mode

When set to user program mode, the H8/3026F-ZTAT version can program and erase its flash
memory by executing a user program/erase control program. Therefore, on-board reprogramming
of the on-chip flash memory can be carried out by providing on-board means of FWE control and
supply of programming data, and storing a program/erase control program in part of the program
area as necessary.

To select user program mode, select a mode that enables the on-chip ROM (mode 5 or 7), and
apply a high level to the FWE pin. In this mode, on-chip supporting modules other than flash
memory operate as they normally would in modes 5 and 7.

Flash memory programming/erasing should not be carried out in mode 6. When mode 6 is set, the
FWE pin must be driven low.

The flash memory itself cannot be read while being programmed or erased, so the program that
performs programming should be placed in external memory or transferred to RAM and executed
there.

Figure 17.8 shows the execution procedure when user program mode is entered during program
execution in RAM. It isalso possible to start from user program mode in a reset-start.
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Write FWE assessment program and transfer
program (and programming/erase control
program if necessary) beforehand

MD,—MDg = 101 or 111
Reset-start

!

Transfer programming/erase control
program to RAM

!

Branch to programming/erase control
program in RAM area

!

FWE = high
(user program mode)

!

Execute programming/erase control
program in RAM
(flash memory rewriting)

!

Clear SWE bit, then release FWE
(user program mode clearing)

!

Branch to application program
in flash memory

Notes: 1. Do not apply a constant high level to the FWE pin. A high level should be applied to the
FWE pin only when programming or erasing flash memory (including execution of flash
memory emulation by RAM). Also, while a high level is applied to the FWE pin, the
watchdog timer should be activated to prevent overprogramming or overerasing due to
program runaway, etc.

2. For further information on FWE application and disconnection, see section 17.11, Flash
Memory Programming and Erasing Precautions.

3. In order to execute a normal read of flash memory in user program mode, the
programming/erase program must not be executing. It is thus necessary to ensure that
bits 6 to 0 in FLMCRL1 are cleared to 0.

Figure17.8 Example of User Program Mode Execution Procedure
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176  Flash Memory Programming/Erasing

A software method, using the CPU, is employed to program and erase flash memory in the on-
board programming modes. There are four flash memory operating modes: program mode, erase
mode, program-verify mode, and erase-verify mode. Transitions to these modes for addresses
H'000000 to H'03FFFF are made by setting the PSU, ESU, P, E, PV, and EV bitsin FLMCR1.

The flash memory cannot be read while being programmed or erased. Therefore, the program
(user program) that controls flash memory programming/erasing should be located and executed in
on-chip RAM or external memory.

See section 17.11, Flash Memory Programming and Erasing Precautions, for pointsto be noted
when programming or erasing the flash memory. In the following operation descriptions, wait
times after setting or clearing individual bitsin FLMCR1 are given as parameters; for details of
the wait times, see section 21.2.6, Flash Memory Characteristics.

Notes: 1. Operation is not guaranteed if setting/resetting of the SWE, ESU, PSU, EV, PV, E, and
P bitsin FLMCRL is executed by a program in flash memory.
2. When programming or erasing, set FWE to 1 (programming/erasing will not be
executed if FWE = 0).
3. Programming must be executed in the erased state. Do not perform additional
programming on addresses that have already been programmed.
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*3

E=1
— -
Erase setup Erase mode
state -~
E=0

*1

FWE=1l TFWE=O

Erase-verify

On-board
programming mode
Software programming
disable state

Software
programming
enable

P=1
Program e
setup state —— Program mode
P=0

Program-verify
mode

Notes: In order to perform a normal read of flash memory, SWE must be cleared to 0. Also note that verify-reads
can be performed during the programming/erasing process.

1. O :Normalmode (O : On-board programming mode

2. Do not make a state transition by setting or clearing multiple bits simultaneously.

3. After a transition from erase mode to the erase setup state, do not enter erase mode without passing
through the software programming enable state.

4. After a transition from program mode to the program setup state, do not enter program mode without
passing through the software programming enable state.

Figure17.9 FLMCR1Bit Settingsand State Transtions
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17.6.1 Program Mode

When writing data or programs to flash memory, the program/program-verify flowchart shown in
figure 17.10 should be followed. Performing programming operations according to this flowchart
will enable data or programs to be written to flash memory without subjecting the device to
voltage stress or sacrificing program data reliability. Programming should be carried out 128 bytes
a atime.

The wait times after bits are set or cleared in the flash memory control register 1 (FLMCR1) and
the maximum number of programming operations (N) are shown in table 21.19 in section 21.2.6,
Flash Memory Characteristics.

Following the elapse of (tsswe) LS OF more after the SWE bit isset to 1 in FLMCR1, 128-byte data
is written consecutively to the write addresses. The lower 8 bits of the first address written to must
be H'00 and H'80, 128 consecutive byte data transfers are performed. The program address and
program data are latched in the flash memory. A 128-byte datatransfer must be performed even if
writing fewer than 128 bytes; in this case, H'FF data must be written to the extra addresses.

Next, the watchdog timer (WDT) is set to prevent overprogramming due to program runaway, €tc.
Set avalue greater than (tes + te + te + tepsy) MS @sthe WDT overflow period. Preparation for
entering program mode (program setup) is performed next by setting the PSU bit in FLMCR1.
The operating mode is then switched to program mode by setting the P bit in FLMCR1 after the
elapse of at least (tgs) MS. Thetime during which the P bit is set is the flash memory
programming time. Make a program setting so that the time for one programming operation is
within the range of (ts) MS.

The wait time after P bit setting must be changed according to the degree of progress through the
programming operation. For details see “Notes on Program/Program-V erify Mode.”

17.6.2 Program-Verify Mode

In program-verify mode, the data written in program mode is read to check whether it has been
correctly written in the flash memory.

After the elapse of the given programming time, clear the P bit in FLMCR1, then wait for at least
(tp) s before clearing the PSU bit to exit program mode. After exiting program mode, the
watchdog timer setting is also cleared. The operating mode is then switched to program-verify
mode by setting the PV bit in FLMCRL. Before reading in program-verify mode, a dummy write
of H'FF data should be made to the addresses to be read. The dummy write should be executed
after the elapse of (tsy) Hs or more. When the flash memory isread in this state (verify datais read
in 16-bit units), the data at the latched addressis read. Wait at least (tg,,) s after the dummy write
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before performing this read operation. Next, the originally written data is compared with the verify
data, and reprogram data is computed (see figure 17.10) and transferred to RAM. After
verification of 128 bytes of data has been completed, exit program-verify mode, wait for at least
(tepv) Us, then clear the SWE bit in FLMCRL. If reprogramming is necessary, set program mode
again, and repeat the program/program-verify sequence as before. The maximum number of
repetitions of the program/program-verify sequenceisindicated by the maximum programming
count (N). Leave await time of at least (tesve) MS fter clearing SWE.

Notes on Program/Program-Verify Procedure

1. The program/program-verify procedure for the H8/3026F-ZTAT version uses a 128-byte-unit
programming algorithm.
In order to perform 128-byte-unit programming, the lower 8 bits of the write start address must
be H'00 or H'80.

2. When performing continuous writing of 128-byte data to flash memory, byte-unit transfer
should be used.

128-byte datatransfer is necessary even when writing fewer than 128 bytes of data. Write
H'FF data to the extra addresses.

3. Verify dataisread in word units.

4. Thewrite pulseis applied and a flash memory write executed while the P bit in FLMCR1 is
set. In the H8/3026F-ZTAT version, write pulses should be applied asfollows in the
program/program-verify procedure to prevent voltage stress on the device and loss of write
datareliability.

a. After write pulse application, perform a verify-read in program-verify mode and apply a
write pulse again for any bits read as 1 (reprogramming processing). When al the O-write
bits in the 128-byte write data are read as 0 in the verify-read operation, the
program/program-verify procedure is completed. In the H8/3026F-ZTAT version, the
number of loops in reprogramming processing is guaranteed not to exceed the maximum
value of the maximum programming count (N).

b. After write pulse application, a verify-read is performed in program-verify mode, and
programming is judged to have been completed for bitsread as 0. The following processing
is necessary for programmed bits.
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When programming is completed at an early stage in the program/program-verify
procedure:

If programming is completed in the 1st to 6th reprogramming processing loop, additional
programming should be performed on the relevant bits. Additional programming should
only be performed on bits which first return 0 in a verify-read in certain reprogramming
processing.

When programming is completed at alate stage in the program/program-verify procedure:

If programming is completed in the 7th or later reprogramming processing loop, additional
programming is not necessary for the relevant bits.

If programming of other bitsisincomplete in the 128 bytes, reprogramming processing
should be executed. If abit for which programming has been judged to be completed is
read as 1 in a subsequent verify-read, awrite pulse should again be applied to that bit.

5. The period for which the P bit in FLMCRL1 is set (the write pulse width) should be changed

according to the degree of progress through the program/program-verify procedure. For

detailed wait time specifications, see section 21.2.6, Flash Memory Characteristics.

Item Symbol Item Symbol

Wait time after tsp When reprogramming loop count (n) is 1 to 6 tsp30

P bit setting When reprogramming loop count (n) is 7 or more tsp200
In case of additional programming processing® tsp10

Note: * Additional programming processing is necessary only when the reprogramming loop count

(n)is 1to 6.

6. The program/program-verify flowchart for the H8/3026F-ZTAT version is shown in figure
17.10.
To cover the points noted above, bits on which reprogramming processing is to be executed,
and bits on which additional programming is to be executed, must be determined as shown
below.

Since reprogram data and additional -programming data vary according to the progress of the

programming procedure, it is recommended that the following data storage areas (128 bytes
each) be provided in RAM.
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Reprogram Data Computation Table

Result of Verify-Read

after Write Pulse X)

(D) Application (V) Result of Operation Comments

0 0 1 Programming completed: reprogramming
processing not to be executed

0 1 0 Programming incomplete: reprogramming
processing to be executed

1 0 1 O

1 1 1 Still in erased state: no action

Legend:

(D): Source data of bits on which programming is executed
(X): Source data of bits on which reprogramming is executed

Additional-Programming Data Computation Table

Result of Verify-Read

after Write Pulse )

(X") Application (V) Result of Operation Comments

0 O 0 Programming by write pulse application
judged to be completed: additional
programming processing to be executed

0 1 1 Programming by write pulse application
incomplete: additional programming
processing not to be executed

1 0 1 Programming already completed: additional
programming processing not to be executed

1 1 1 Still in erased state: no action

Legend:

(Y): Data of bits on which additional programming is executed
(X"): Data of bits on which reprogramming is executed in a certain reprogramming loop

7. Itisnecessary to execute additional programming processing during the course of the
H8/3026F-ZTAT version program/program-verify procedure. However, once 128-byte-unit
programming is finished, additional programming should not be carried out on the same
address area. When executing reprogramming, an erase must be executed first. Note that
normal operation of reads, etc., is not guaranteed if additional programming is performed on
addresses for which a program/program-verify operation has finished.

Rev. 2.00 Sep 20, 2005 page 506 of 800
REJ09B0260-0200
RENESAS



Section 17 Flash Memory [H8/3026F-ZTAT Version]

Write pulse application subroutine

Sub-Routine Write Pulse

| WDT enable |

[ Set PSU bit in FLMCRL |

[ Wait (tspsu) HS ]+7
1

[ Set P bit in FLMCRL

[ Wait (tsp) s |*s+7

[ Clear P bit in FLMCRL

[ Wait (tp) Us |7
1

[ Clear PSU bit in FLMCRL |

| Wait (tepsu) HS | *7

[ Disable WDT |
i

Note 6: Write Pulse Width

Number of Writes (n)| ~ Write Time (tsp) ps
1 30
2 30
3 30
4 30
5 30
6 30
7 200
8 200
9 200
10 200
11 200
12 200
13 200
998 200
999 200
1000 200

Note: Use a 10 ps write pulse for additional programming.

RAM

Program data storage
area (128 bytes)

Reprogram data storage
area (128 bytes)

‘Additional-programming
data storage area
(128 bytes)

Notes: 1. Data transfer is performed by byte transfer. The lower 8 bits of the first address written to must be [
H00 or H'80. A 128-byte data transfer must be performed even if writing fewer than 128 bytes;

in this case, H'FF data must be written to the extra addresses.

| Start of programming

| Programming halted

Increm

Start of

START

Perform programming in the erased state.
Do not perform additional programming
on previously programmed addresses.

[ Set SWE bit in FLMCRL |
T

[ Walt (ssue) s [

Store 128-byte program data in program
data area and reprogram data area

]
| ]

¥

[ m=0 ]

¥
Consecutively write 128-byte data in reprogram
data area in RAM to flash memory

*1

Sub-Routine-Call
I Wiite pulse

[ Set PV bitin FLMCRL |
1]

[ Wait (tsp) ps |
[ HFF dummy write to verify address |

[ Wait (l: i) 1S |+7
[ Read verify data ]+2

it address

Write data =
verify data?

[__Aditional data ion_|
i

Transfer additional-programming data to
additional-programming data area

[ Reprogram data computation ] *3

128-byte
data verification completed?

[ Clear PV bitin FLMCR1 |
1]

[ Walt (topy) 1S

Consecutively write 128-byte data in additional-
programming data area in RAM to flash memory

Sub-Routine-Call
[[write Pulse (Additional programming) [|

[ see Note 6 for pulse width

[ Transfer reprogram data to reprogram data area__| *4

Reprogram

OK
[ Clear SWE bitin FLMCR1 ] |

oK
Clear SWE bitin FLMCR1 |

Wa (teswe) IS ]

Wail (tcswe) HS ]+

End of programming

Programming failure

2. Verify data s read in 16-bit (word) units.
3. Reprogram data is determined by the operation shown in the table below (comparison between the data.
stored in the program data area and the verify data). Bits for which the reprogram data s 0 are programmed in the next reprogramming loop.
Therefore, even bits for which programming has been completed will be subjected to programming once again if the result of the subsequent verify operation is NG.
4. A 128-byte area for storing program data, a 128-byte area for storing reprogram data, and a 128-byte area for storing additional-programming data must be provided in RAM.
The contents of the reprogram data area and additional-programming data area are modified as programming proceeds.
5. Awrite pulse of 30 s or 200 s is applied according to the progress of the programming operation. See Note 6 for details of the pulse widths.
When witing of additional-programming data is executed, a 10 s write pulse should be applied. Reprogram data X' means reprogram data when the write pulse is applied.
7. The wait times and value of N are shown in section 21.2.6, Flash Memory Characteristics.

Reprogram Data Computation Table

Additional-Programming Data Computation Table

Orlglr;aDI)Da!a \/enf()\//)Data Reprogr;m Data Comments Reprog:;:r Data Venf()\//)Data N AddlslonaDl-a'a w Comments
0 0 1 Programming completed 0 0 0 Additional programming to be executed
0 1 0 Programming incomplete; reprogram 0 1 1 Additional programming not to be executed
1 0 1 1 0 1 Additional programming not to be executed
1 1 1 Still in erased state; no action 1 1 1 Additional programming not to be executed

Figure 17.10 Program/Program-Verify Flowchart (128-Byte Programming)
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17.6.3 Erase Mode

When erasing flash memory, the single-block erase flowchart shown in figure 17.11 should be
followed.

The wait times after bitsare set or cleared in the flash memory control register 1 (FLMCR1) and
the maximum number of erase operations (N) are shown in table 21.19 in section 21.2.6, Flash
Memory Characteristics.

To erase flash memory contents, make a 1-bit setting for the flash memory areato be erased in
erase block register 1 and 2 (EBRL, EBR2) at least (tsye) US after setting the SWE bitto 1in
FLMCRL1. Next, the watchdog timer (WDT) is set to prevent overerasing due to program
runaway, etc. Set avalue greater than (ts) MS+ (teesy + tee + teesy) US @ the WDT overflow period.
Preparation for entering erase mode (erase setup) is performed next by setting the ESU bit in
FLMCRL1. The operating mode is then switched to erase mode by setting the E bit in FLMCR1
after the elapse of at least (tss,) 1S, Thetime during which the E bit is set is the flash memory
erasetime. Ensure that the erase time does not exceed (ts) ms.

Note: With flash memory erasing, preprogramming (setting all memory datain the memory to
be erased to al 0) is not necessary before starting the erase procedure.
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17.64 Erase-Verify Mode

In erase-verify mode, datais read after memory has been erased to check whether it has been
correctly erased.

After the elapse of the fixed erase time, clear the E bit in FLMCRL, then wait for at least (te) US
before clearing the ESU hit to exit erase mode. After exiting erase mode, the watchdog timer
setting is also cleared. The operating mode is then switched to erase-verify mode by setting the
EV bitin FLMCR1. Before reading in erase-verify mode, a dummy write of H'FF data should be
made to the addresses to be read. The dummy write should be executed after the elapse of (ts) US
or more. When the flash memory isread in this state (verify dataisread in 16-bit units), the data at
the latched addressisread. Wait at least (ts,r) Us after the dummy write before performing this
read operation. If the read data has been erased (all 1), adummy write is performed to the next
address, and erase-verify is performed. If the read data is unerased, set erase mode again, and
repesat the erase/erase-verify sequence as before. The maximum number of repetitions of the
erase/erase-verify sequence isindicated by the maximum erase count (N). When verification is
completed, exit erase-verify mode, and wait for at least (tee) US. If erasure has been completed on
all the erase blocks, clear the SWE hit in FLMCR1, and leave await time of at least (tesye) US.

If erasing multiple blocks, set asingle bit in EBRI/EBR2 for the next block to be erased, and
repeat the erase/erase-verify sequence as before.
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Notes:

OAWNP

s

Perform erasing in block units.

Set SWE bit in FLMCR1
L]

| Wait (tsswe) HS | *5
| n=1 |
¥
[ Set EBR1 or EBR2 | +3.+a
;
Enable WDT
3

Set ESU bit in FLMCR1

¥
Wait (tsesu) HS
¥

Set E bit in FLMCR1

Start of erase

¥

Wait (tge) ms

|
|
| s
|
|

*5

Clear E bitin FLMCR1

End of erase

[)

*5

Wait (tce) US
Y

Clear ESU bit in FLMCR1

)

Wait (teesu) HS

*5

¥

Disable WDT

[)

Set EV bit in FLMCR1

)

Wait (tsey) HS

I

|Set block start address as verify addressl
]

¥

| H'FF dummy write to verify address |
¥

Wait (tsevr) HS

| s

L]

Read verify data

| -2

Increment |
address

Verify data = all 1s?

No

Clear EV bit in FLMCR1

Clear EV bit in FLMCR1

Wait (tcey) HS

Wait (tcev) HS

Clear SWE bit in FLMCR1

Clear SWE bit in FLMCR1

Wait (teswe) HS

Wait (teswe) US

End of erasing

. Prewriting (setting erase block data to all 0s) is not necessary.
. Verify data is read in 16-bit (word) units.

. Make only a single-bit specification in the erase block registers (EBR1 and EBR2). Two or more bits must not be set simultaneously.
. Erasing is performed in block units. To erase multiple blocks, each block must be erased in turn.
. The wait times and the value of N are shown in section 21.2.6, Flash Memory Characteristics.

Re-erase

Figure17.11 Erase/Erase-Verify Flowchart (Single-Block Erasing)
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17.7  Flash Memory Protection

There are three kinds of flash memory program/erase protection: hardware, software, and error
protection.

17.7.1 HardwareProtection

Hardware protection refers to a state in which programming/erasing of flash memory isforcibly
disabled or aborted. In this state, the settings in flash memory control register 1 (FLMCR1) and
erase block registers 1 and 2 (EBR1, EBR?2) arereset. In the error protection state, the FLMCR1,
EBR1, and EBR2 settings are retained; the P bit and E bit can be set, but atransition is not made
to program mode or erase mode. (See table 17.8.)

Table17.8 Hardware Protection

Function

Item Description Program Erase Verify
FWE pin « When alow level is input to the FWE pin, Not Not Not
protection  FLMCR1, EBR1, and EBR2 are initialized, and ~ Possible”" possible** possible

the program/erase-protected state is entered.
Reset/ * Inareset (including a WDT overflow reset) Not Not Not
standby and in standby mode, FLMCR1, FLMCR2, possible  possible** possible
protection EBR1, and EBR2 are initialized, and the

program/erase-protected state is entered.

« In areset via the RES pin, the reset state is not

entered unless the RES pin is held low until

oscillation stabilizes after powering on. In the

case of a reset during operation, hold the RES

pin low for the RES pulse width specified in the

AC Characteristics section.**
Error * When a microcomputer operation error (error Not Not Possible
protection generation (FLER = 1)) was detected while possible  possible*® **

flash memory was being programmed/erased,

error protection is enabled. At this time, the

FLMCR1, EBR1, and EBR?2 settings are held,

but programming/erasing is aborted at the time

the error was generated. Error protection is

released only by a reset via the RES pin or a

WDT reset, or in the hardware standby mode.
Notes: 1. The RAM area that overlapped flash memory is deleted.
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2. ltis possible to perform a program-verify operation on the 128 bytes being
programmed, or an erase-verify operation on the block being erased.

3. All blocks are unerasable and block-by-block specification is not possible.

4. See section 4.2.2, Reset Sequence, and section 17.11, Flash Memory Programming
and Erasing Precautions. The H8/3026F-ZTAT version requires a minimum of 20

system clock cycles for a reset during operation.

17.7.2  Softwar e Protection

Software protection can be implemented by setting the erase block register 1 (EBR1), erase block
register 2 (EBR2), and the RAM S hit in the RAM control register (RAMCR). With software
protection, setting the P or E bit in the flash memory control register 1 (FLMCR1) does not cause

atransition to program mode or erase mode. (Seetable 17.9.)

Table17.9 Software Protection

Functions

Item Description Program Erase Verify
Block » Erase protection can be set for individual — Not Possible
protection blocks by settings in erase block register 1 possible

(EBR1) and erase block register 2 (EBR2)*%

However, programming protection is

disabled.

e Setting EBR1 and EBR2 to H'00 places all

blocks in the erase-protected state.
Emulation « Setting the RAMS bit 1 in RAMCR places Not Not Possible
protection all blocks in the program/erase-protected possible™  possible™”

state.

Notes: 1. The RAM area overlapping flash memory can be written to.

2. When not erasing, set EBR1 and EBR2 to H'00.

3. All blocks are unerasable and block-by-block specification is not possible.
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17.7.3  Error Protection

In error protection, an error is detected when MCU runaway occurs during flash memory
programming/erasing**, or operation is not performed in accordance with the program/erase
algorithm, and the program/erase operation is aborted. Aborting the program/erase operation
prevents damage to the flash memory due to overprogramming or overerasing.

If the MCU malfunctions during flash memory programming/erasing, the FLER bitissetto 1 in
the flash memory status register (FLM SR2) and the error protection state is entered. FLMCR1,
FLMCR2, EBR1, and EBR2 settings** are retained, but program mode or erase mode is aborted at
the point at which the error occurred. Program mode or erase mode cannot be re-entered by re-
setting the P or E bit in FLMCR. However, PV and EV bit setting is enabled, and atransition can
be made to verify mode*?.

FLER bit setting conditions are as follows:

1. When flash memory is read during programming/erasing (including a vector read or instruction
fetch)

2. Immediately after the start of exception handling during programming/erasing (excluding
reset, illegal instruction, trap instruction, and division-by-zero exception handling)

3. When a SLEEP instruction (including software standby) is executed during
programming/erasing

4. When the busis released during programming/erasing
Error protection is released only by aRES pin or WDT reset, or in hardware standby mode.

Notes. 1. Statein which the P bit or E bitin FLMCRL1 is set to 1. Note that NMI input is disabled
in this state.

2. Itispossibleto perform aprogram-verify operation on the 128 bytes being
programmed, or an erase-verify on the block being erased.

3. FLMCRL, EBR1, and EBR2 can be written to. However, the registers are initialized if
atransition is made to software standby mode while in the error protection state.

Figure 17.12 shows the flash memory state transition diagram.
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Program mode Reset or standby

Erase mode RES=00rSTBY =0 (hardware protection)
RD VF PR ER FLER = 0
E RES =0 or
fror occurrence STBY =0 FLMCR1, FLMCR2,
(software standby) EBR1. EBR?
Error RES =0 or initialization state
occurrence STBY =0
. Software Error protection mode
Error protection mode standby mode (software standby)
—_—
-

INIT FLER =

Software standby
mode release

FLMCR1, EBR1, EBR2
initialization state

RD: Memory read possible RD: Memory read not possible
VF: Verify-read possible VF: Verify-read not possible
PR: Programming possible PR: Programming not possible
ER: Erasing possible ER: Erasing not possible

INIT: Register initialization state

Figure17.12 Flash Memory State Transitions
(When High Leve isApplied to FWE Pinin Mode5 or 7 (On-Chip ROM Enabled))

The error protection function isinvalid for abnormal operations other than the FLER bit setting
conditions. Also, if acertain time has elapsed before this protection state is entered, damage may
already have been caused to the flash memory. Consequently, this function cannot provide
complete protection against damage to flash memory.

To prevent such abnormal operations, therefore, it is necessary to ensure correct operation in
accordance with the program/erase algorithm, with the flash write enable (FWE) voltage applied,
and to conduct constant monitoring for MCU errors, internally and externally, using the watchdog
timer or other means. There may also be cases where the flash memory isin an erroneous
programming or erroneous erasing state at the point of transition to this protection mode, or where
programming or erasing is not properly carried out because of an abort. In cases such asthese, a
forced recovery (program rewrite) must be executed using boot mode. However, it may also
happen that boot mode cannot be normally initiated because of overprogramming or overerasing.
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17.8  Flash Memory Emulation in RAM

Making a setting in the RAM control register (RAMCR) enables part of RAM to be overlapped
onto the flash memory area so that datato be written to flash memory can be emulated in RAM in
real time. After the RAMCR setting has been made, accesses can be made from the flash memory
area or the RAM area overlapping flash memory. Emulation can be performed in user mode and
user program mode. Figure 17.13 shows an example of emulation of realtime flash memory
programming.

C Start of emulation program >

v

Set RAMCR

Y
Write tuning data to overlap RAM

v

Execute application program

No

Tuning OK?

Yes

Clear RAMCR

v

Write to flash memory emulation block

Y

C End of emulation program )

Figure17.13 Flowchart of Flash Memory Emulation in RAM
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H'00000 ————————— -
EBO
H'01000 — -
EB1
H'02000
EB2
H'03000
EB3
H'04000
EB4
H'05000
EB5
H'06000
EB6
H'07000
EB7
H'08000
Flash memory
EBS8 to EB11
H'3FFFF

This area can be accessed
from both the RAM area
and flash memory area

' HFFE000
H'FFEFFF

On-chip RAM

HFFFF1F

Figure17.14 Example of RAM Overlap Operation
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Example of Flash Memory Block Area EBO Overlapping

1. Set bitsRAMSand RAM2to RAMO in RAMCR to 1,0, O, 0, to overlap part of RAM onto the

2,
3,
4,

area (EBO) for which realtime programming is required.

Realtime programming is performed using the overlapping RAM.

After the program data has been confirmed, the RAMS bit is cleared, releasing RAM overlap.
The data written in the overlapping RAM is written into the flash memory space (EBO).

Notes: 1. Whenthe RAMShit is set to 1, program/erase protection is enabled for al blocks

regardless of the value of RAM2 to RAMO (emulation protection). In this state, setting
the P or E bit in FLMCR1 will not cause atransition to program mode or erase mode.
When actually programming or erasing a flash memory area, the RAM S bit should be
cleared to 0.

. A RAM area cannot be erased by execution of software in accordance with the erase

algorithm while flash memory emulation in RAM is being used.

. Block area EBO contains the vector table. When performing RAM emulation, the

vector table is needed in the overlap RAM.

. Asin on-board programming mode, care is required when applying and releasing FWVE

to prevent erroneous programming or erasing. To prevent erroneous programming and
erasing due to program runaway during FWE application, in particular, the watchdog
timer should be set when the PSU, P, ESU, or E bit isset to 1 in FLMCR1, even while
the emulation function is being used.

. When the emulation function is used, NMI input is prohibited when the P bit or E bit is

setto 1 in FLMCRYL, in the same way as with normal programming and erasing.

The P and E bits are cleared by areset (including a watchdog timer reset), in standby
mode, when a high level is not being input to the FWE pin, or when the SWE bit in
FLMCRL1 is O while ahigh level is being input to the FWE pin.
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17.9 NMI Input Disabling Conditions

All interrupts, including NMI input, should be disabled while flash memory is being programmed
or erased (while the P bit or E bit is set in FLMCRL), and while the boot program is executing in
boot mode™?, to give priority to the program or erase operation. There are three reasons for this:

1. NMI input during programming or erasing might cause a violation of the programming or
erasing algorithm, with the result that normal operation could not be assured.

2. Inthe NMI exception handling sequence during programming or erasing, the vector would not
be read correctly*?, possibly resultingin MCU runaway.

3. If NMI input occurred during boot program execution, it would not be possible to execute the
normal boot mode sequence.

For these reasons, in on-board programming mode al one there are conditions for disabling NM|I
input, as an exception to the general rule. However, this provision does not guarantee normal
erasing and programming or MCU operation. All interrupt requests (exception handling and bus
release), including NMI, must therefore be restricted inside and outside the MCU during FWE
application. NMI input is also disabled in the error protection state and while the P or E bit
remains set in FLMCR1 during flash memory emulation in RAM.

Notes: 1. Thisistheinterval until abranch is made to the boot program areain the on-chip RAM
(This branch takes place immediately after transfer of the user program is compl eted).
Conseguently, after the branch to the RAM area, NMI input is enabled except during
programming and erasing. Interrupt requests must therefore be disabled inside and
outside the MCU until the user program has completed initial programming (including
the vector table and the NMI interrupt handling routine).

2. Thevector may not be read correctly in this case for the following two reasons:
 If flash memory is read while being programmed or erased (while the P bit or E bit
isset in FLMCR1), correct read datawill not be obtained (undetermined values will
be returned).
¢ |If theentry in the interrupt vector table has not been programmed yet, interrupt
exception handling will not be executed correctly.
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17.10 Flash Memory PROM Mode

The H8/3026F-ZTAT version have a PROM mode as well as the on-board programming modes
for programming and erasing flash memory. In PROM mode, the on-chip ROM can be freely
programmed using a general-purpose PROM writer that supports the Renesas Technology
microcomputer device type with 256-kbyte on-chip flash memory.

17.10.1 Socket Adaptersand Memory Map

In PROM mode using a PROM writer, memory reading (verification) and writing and flash
memory initialization (total erasure) can be performed. For these operations, a special socket
adapter is mounted in the PROM writer. The socket adapter product codes are given in table
17.10. In the H8/3026F-ZTAT version PROM mode, only the socket adapters shown in this table
should be used.

Table17.10 H8/3026F-ZTAT Version Socket Adapter Product Codes

Socket Adapter

Product Code Package Product Code Manufacturer
HD64F3026F 100-pin QFP (FP-100B) TBD MINATO
HD64F3026TE  100-pin TQFP (TFP-100B) TBD ELECTRONICS INC.
HD64F3026FP 100-pin QFP (FP-100A) TBD

HD64F3026F 100-pin QFP (FP-100B) TBD DATA I/O JAPAN CO.

HD64F3026TE  100-pin TQFP (TFP-100B) TBD
HD64F3026FP  100-pin QFP (FP-100A) TBD

Figure 17.15 shows the memory map in PROM mode.

H8/3026F-ZTAT

MCU mode version PROM mode
H'000000 H'00000
On-chip ROM
H'O3FFFF H'3FFFF

Figure17.15 Memory Map in PROM Mode
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17.10.2 Noteson Use of PROM Mode

1

A write to a 128-byte programming unit in PROM mode should be performed once only.
Erasing must be carried out before reprogramming an address that has already been
programmed.

When using a PROM writer to reprogram a device on which on-board programming/erasing
has been performed, it is recommended that erasing be carried out before executing
programming.

The memory isinitialy in the erased state when the device is shipped by Renesas Technology.
For samples for which the erasure history is unknown, it is recommended that erasing be
executed to check and correct the initialization (erase) level.

The H8/3026F-ZTAT version does not support a product identification mode as used with
genera-purpose EPROMS, and therefore the device name cannot be set automatically in the
PROM writer.

Refer to the instruction manual provided with the socket adapter, or other relevant
documentation, for information on PROM writers and associated program versionsthat are
compatible with the PROM mode of the H8/3026F-ZTAT version.

17.11 Flash Memory Programming and Erasing Precautions

Precautions concerning the use of on-board programming mode, the RAM emulation function, and
PROM mode are summarized below.

1

Use the specified voltages and timing for programming and erasing.

Applied voltages in excess of the rating can permanently damage the device. Use a PROM
programmer that supports the Renesas Technology microcomputer device type with 256-kbyte
on-chip flash memory.

Powering on and off (seefigures 17.16 t0 17.18)

Do not apply a high level to the FWE pin until V¢ has stabilized. Also, drive the FWE pin
low before turning of f Vcc.

When applying or disconnecting V cc power, fix the FWE pin low and place the flash memory
in the hardware protection state.

The power-on and power-off timing requirements should also be satisfied in the event of a

power failure and subsequent recovery. Failure to do so may result in overprogramming or
overerasing due to MCU runaway, and loss of normal memory cell operation.
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3. FWE application/disconnection
FWE application should be carried out when MCU operation is in a stable condition. If MCU
operation is not stable, fix the FWE pin low and set the protection state.

The following points must be observed concerning FWE application and disconnection to
prevent unintentional programming or erasing of flash memory:

Apply FWE when the V ¢ voltage has stabilized within its rated voltage range.

If FWE is applied when the MCU’ s V¢ power supply is not within its rated voltage range,
MCU operation will be unstable and flash memory may be erroneously programmed or
erased.

Apply FWE when oscillation has stabilized (after the elapse of the oscillation settling
time).

When V¢ power isturned on, hold theRES pin low for the duration of the oscillation
settling time before applying FWE. Do not apply FWE when oscillation has stopped or is
unstable.

In boot mode, apply and disconnect FWE during a reset.

In atransition to boot mode, FWE = 1 input and M D,-M D, setting should be performed
while the RES input is low. FWE and MD,MD, pin input must satisfy the mode
programming setup time (typs) with respect to the reset release timing. When making a
transition from boot mode to another mode, also, a mode programming setup time is
necessary with respect to the reset release timing.

In areset during operation, the RES pin must be held low for aminimum of 20 system
clock cycles.

In user program mode, FWE can be switched between high and low level regardless of
RES input.

FWE input can also be switched during execution of a program in flash memory.

Do not apply FWE if program runaway has occurred.

During FWE application, the program execution state must be monitored using the
watchdog timer or some other means.

Disconnect FWE only when the SWE, ESU, PSU, EV, PV, E, and P bitsin FLMCRL1 are
cleared.

Make sure that the SWE, ESU, PSU, EV, PV, E, and P bits are not set by mistake when
applying or disconnecting FWE.
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4.

Do not apply a constant high level tothe FWE pin.

T prevent erroneous programming or erasing due to program runaway, etc., apply a high level
to the FWE pin only when programming or erasing flash memory (including execution of flash
memory emulation using RAM). A system configuration in which a high level is constantly
applied to the FWE pin should be avoided. Also, while ahigh level is applied to the FWE pin,
the watchdog timer should be activated to prevent overprogramming or overerasing due to
program runaway, €etc.

Use the recommended algorithm when programming and erasing flash memory.

The recommended algorithm enables programming and erasing to be carried out without
subjecting the device to voltage stress or sacrificing program data reliability. When setting the
P or E bit in FLMCRL, the watchdog timer should be set beforehand as a precaution against
program runaway, €etc.

Also note that access to the flash memory space by means of a MOV instruction, €tc., is not
permitted while the P bit or E bit is set.

Do not set or clear the SWE bit during execution of a program in flash memory.

Clear the SWE bit before executing a program or reading data in flash memory. When the
SWE hit is set, datain flash memory can be rewritten, but flash memory should only be
accessed for verify operations (verification during programming/erasing).

Similarly, when using the RAM emulation function while a high level is being input to the
FWE pin, the SWE bit must be cleared before executing a program or reading datain flash
memory. However, the RAM area overlapping flash memory space can be read and written to
regardless of whether the SWE bit is set or cleared.

A wait time is necessary after the SWE bit is cleared. For details seetable 21.19 in section
21.2.6, Flash Memory Characteristics.

Do not useinterruptswhile flash memory isbeing programmed or erased.

All interrupt requests, including NMI, should be disabled during FWE application to give
priority to program/erase operations (including emulation in RAM).

Bus release must also be disabled.

Do not perform additional programming. Erase the memory beforereprogramming.

In on-board programming, perform only one programming operation on a 128-byte
programming unit block. Programming should be carried out with the entire programming unit
block erased.

Before programming, check that the chip is correctly mounted in the PROM writer.

Overcurrent damage to the device can result if the index marks on the PROM writer socket,
socket adapter, and chip are not correctly aligned.
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10. Do not touch the socket adapter or chip during programming.
Touching either of these can cause contact faults and write errors.

11. A wait time of 100 psor moreis necessary when performing aread after atransition to
normal mode from program, erase, or verify mode.

12. Use byte access on theregistersthat control the flash memory (FLMCR1, FLMCR2,
EBR1, EBR2, and RAMCR).

Program-
ming/
Wait time:  erasing Wait time:
X possible y

. i N

tosc1 Min 0 us

a/
Vee
|
FWE Y Min O ps \
7 N
Y
MD, to MDg*! L

tmbs

ES + X
SWE set

SWE cleared

SWE bit P

[ Period during which flash memory access is prohibited
(x: Wait time after setting SWE bit, y: Wait time after clearing SWE bit)*2

[ Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations
prohibited)

Notes: 1. Except when switching modes, the level of the mode pins (MD,—MDg) must be fixed until power-off
by pulling the pins up or down.
2. See section 21.2.6, Flash Memory Characteristics.

Figure 17.16 Power-On/Off Timing (Boot Mode)
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Program-
ming/
Wait time:  erasing  Wait time:
x possible 'y

0 4 )\
_ tosci Min 0 us
A
Vee
FWE 7/ \T
tmMDs
ES 7/
SWE set

SWE cleared

SWE bit 23

[ Period during which flash memory access is prohibited
(x: Wait time after setting SWE bit, y: Wait time after clearing SWE bit)*2

[ Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations
prohibited)

Notes: 1. Except when switching modes, the level of the mode pins (MD,—MDg) must be fixed until power-off
by pulling the pins up or down.
2. See section 21.2.6, Flash Memory Characteristics.

Figure 17.17 Power-On/Off Timing (User Program M ode)
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Q Q Q Q£
52 B2 52 B2
x £Q > < £8 > x £8 > < £6
g E2 u s E2u sESu s E8
Esp £ Espf Esof £ sp
Sagc = Sas= Sacsc = )
: AANRNANRNNE] R0 RNARNRIA AN 0 NNARRER D
tosca
Vee
[+ Min Ous
s N a \ a
FWE / N / N /
—_—
t *2
MDS tvps
N
MD, to MDgy m 7x'
tmps
fRESW
Bra +#
RES B4 N Y
SWE set SWE
4
SWE bit N cleared
z ) z Dl
Mode . Boot Mode ) User User program mode User User program
change™! mode change™! mode mode  mode

|:| Period during which flash memory access is prohibited
(x: Wait time after setting SWE bit, y: Wait time after clearing SWE bit)*3

Period during which flash memory can be programmed
(Execution of program in flash memory prohibited, and data reads other than verify operations prohibited)

Notes: 1. When entering boot mode or making a transition from boot mode to another mode, mode switching must be carried
out by means of RES input. The state of ports with multiplexed address functions and bus control output pins
(CSn, AS, RD, WR) will change during this switchover interval (the interval during which the RES pin input is low),
and therefore these pins should not be used as output signals during this time.
2. When making a transition from boot mode to another mode, the mode programming setup time ty,,g must be
satisfied with respect to RES clearance timing.
3. See section 21.2.6, Flash Memory Characteristics.

Figure17.18 Mode Transition Timing
(Example: Boot Mode —» User Mode « User Program Mode)
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17.12 Mask ROM (H8/3026 Mask ROM Version) Overview

17.12.1 Block Diagram

Figure 17.19 shows a block diagram of the ROM.

Internal data bus (upper 8 bits)

AlNA

Internal data bus (lower 8 bits)

) .

H'00000 H'00001
H'00002 H'00003
- On-chip ROM -
H'1FFFE H'1FFFF
Even addresses Odd addresses

Figure17.19 ROM Block Diagram (H8/3026 Mask ROM Version)
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17.13 Noteson Ordering Mask ROM Version Chip
When ordering H8/3026 with mask ROM, note the following.

1. When ordering by means of an EPROM, use a 512-kbyte one.

2. Fill al unused addresses with H'FF as shown in figure 17.20 to make the ROM data size 512-
kbytes for the H8/3026 mask ROM version. This applies to ordering by means of an EPROM
and by means of data transmission.

HD6433026
(ROM: 256 kbytes)
Addresses:
H'00000-7FFFF
H'00000

H'3FFFF
H'40000

Not used”

H7FFFF

Note: * Write H'FF in all addresses in these areas.

Figure17.20 Mask ROM Addressesand Data

3. Theflash memory control registers (FLMCR, EBR, RAMCR, FLM SR, FLMCR1, FLMCR2,
EBR1, and EBR2) used by the version with on-chip flash memory are not provided in the
mask ROM version. Reading the corresponding addresses in a mask ROM version will aways
return 1s, and writes to these addresses are disabled. This must be borne in mind when
switching from a flash memory version to a mask ROM version.

Rev. 2.00 Sep 20, 2005 page 527 of 800
REJ09B0260-0200
RENESAS




Section 17 Flash Memory [H8/3026F-ZTAT Version]

17.14 Noteswhen Converting the F-ZTAT Application Softwareto the
Mask ROM Versions

Please note the following when converting the F-ZTAT application software to the mask ROM
versions.

The values read from the internal registersfor the flash ROM or the mask ROM version and
F-ZTAT version differ asfollows.

Status
Register Bit Value F-ZTAT Version Mask ROM Version
FLMCR FWE 0 Application software running — (Is not read out)
1 Programming Application software running

(Always read as 1)

Note: This difference applies to all the F-ZTAT versions and all the mask ROM versions that have
different ROM size.
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Section 18 Flash Memory
[H8/3024F-ZTAT Version]

18.1 Overview

The H8/3024F-ZTAT version has 128 kbytes of on-chip flash memory. The flash memory is
connected to the CPU by a 16-bit data bus. The CPU accesses both byte data and word data in two

states, enabling rapid data transfer.

The on-chip ROM is enabled and disabled by setting the mode pins (MD; to MDy) as shown in

table 18.1.

The on-chip flash memory product (H8/3024F-ZTAT version) can be erased and programmed on-
board, aswell as with a specia-purpose PROM programmer.

Table18.1 Operating Modes and ROM

Mode Pins
Mode MD2 MD1 MDO On-Chip ROM
Mode 1 (expanded 1-Mbyte mode with on-chip ROM 0 0 1 Disabled (external
disabled) address area)
Mode 2 (expanded 1-Mbyte mode with on-chip ROM 0 1 0
disabled)
Mode 3 (expanded 16-Mbyte mode with on-chip ROM 0 1 1
disabled)
Mode 4 (expanded 16-Mbyte mode with on-chip ROM 1 0 0
disabled)
Mode 5 (expanded 16-Mbyte mode with on-chip ROM 1 0 1 Enabled
enabled)
Mode 6 (single-chip normal mode) 1 1 0
Mode 7 (single-chip advanced mode) 1
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18.2 Features

The H8/3024F-ZTAT version has 128 kbytes of on-chip flash memory.

The features of the flash memory are summarized below.

Four flash memory operating modes

O Program mode

0 Erase mode

0 Program-verify mode

0 Erase-verify mode

Programming/erase methods

The flash memory is programmed 128 bytes at atime. Erasing is performed in block units. To
erase the entire flash memory, each block must be erased in turn. In block erasing, 1-kbyte, 28-
kbyte, and 32-kbyte blocks can be set arbitrarily.

Programming/erase times

The flash memory programming time is 10 ms (typ.) for simultaneous 128-byte programming,
equivalent approximately to 80 us (typ.) per byte, and the erase time is 100 ms (typ.) per block.
Reprogramming capability

The flash memory can be reprogrammed up to 100 times.

On-board programming modes

There are two modes in which flash memory can be programmed/erased/verified on-board. A
function is also provided specially in boot mode for identifying a program transferred from the
host side:

0 Boot mode
0 User program mode
Automatic bit rate adjustment

For datatransfer in boot mode, the H8/3024F-ZTAT version chip’s bit rate can be
automatically adjusted to match the transfer bit rate of the host.

Flash memory emulation in RAM

Flash memory programming can be emulated in real time by overlapping a part of RAM onto
flash memory.

Protect modes

There are three protect modes—hardware, software, and error—which allow protected status
to be designated for flash memory program/erase/verify operations
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«  PROM mode
Flash memory can be programmed/erased in PROM mode, using a PROM programmer, as
well asin on-board programming mode.

18.21 Block Diagram

A

Internal address bus

Internal data bus (16 bits)

< [rRt]

< >|FLMCR2
Bus interface/controller -

%QQ

Operating FWE pin
mode Mode pins

Module bus

Flash memory
(128 kbytes)

Legend

FLMCR1: Flash memory control register 1
FLMCR2: Flash memory control register 2
EBR: Erase block register

RAMCR: RAM control register

Figure 18.1 Block Diagram of Flash Memory
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18.2.2  Pin Configuration
The flash memory is controlled by means of the pins shown in table 18.2.

Table18.2 Flash Memory Pins

Pin Name Abbreviation  1/O Function

Reset RES Input Reset

Flash write enable FWE Input Flash program/erase protection by hardware

Mode 2 MD; Input Sets H8/3024F-ZTAT version operating
mode

Mode 1 MD, Input Sets H8/3024F-ZTAT version operating
mode

Mode 0 MDg Input Sets H8/3024F-ZTAT version operating
mode

Transmit data TxD1 Output Serial transmit data output

Receive data RxD; Input Serial receive data input

18.2.3 Register Configuration
The registers used to control the on-chip flash memory when enabled are shown in table 18.3.

Table18.3 Flash Memory Registers

Register Name Abbreviation R/W Initial Value ~ Address™!
Flash memory control register 1 FLMCR1 R/W H'00*? H'EEO30
Flash memory control register 2 FLMCR2 R H'00 H'EEO31
Erase block register EBR R/W H'00 H'EE032
RAM control register RAMCR R/W HF1 H'EEQ77

Notes: FLMCR1, FLMCR2, EBR, and RAMCR are 8-bit registers, and should be accessed by byte
access. These registers are used only in the versions with on-chip flash memory, and are
not provided in the versions with on-chip mask ROM. Reading the corresponding
addresses in a mask ROM version will always return 1s, and writes to these addresses are
invalid.

1. Lower 20 bits of address in advanced mode.

2. When a high level is input to the FWE pin, the initial value is H'80.
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18.3 Register Descriptions

18.3.1 Flash Memory Control Register 1 (FLM CR1)

Bit 7 6 5 4 3 2 1 0

\ FWE \ SWE \ ESU \ PSU \ EV \ PV \ E \ P \
Initial value —* 0 0 0 0 0 0 0
Read/Write R R/W R/W R/W R/W R/W R/W R/W

Note: * Determined by the state of the FWE pin.

FLMCRL1 is an 8-hit register used for flash memory operating mode control.

Program-verify mode or erase-verify mode for addresses H'00000 to H'1FFFF is entered by setting
the SWE bit when FWE = 1, then setting the PV or EV bit. Program mode for addresses H'00000
to H'AFFFF is entered by setting the SWE bit when FWE = 1, then setting the PSU bit, and finally
setting the P bit. Erase mode for addresses H'00000 to H'1FFFF is entered by setting the SWE bit
when FWE = 1, then setting the ESU bit, and finally setting the E bit. FLMCRL1 isinitialized by a
reset, and in hardware standby mode and software standby mode. Itsinitial value is H'80 when a
high level isinput to the FWE pin, and H'00 when alow level isinput. In mode 6 the FWE pin
must be fixed low since flash memory on-board programming modes are not supported. When the
on-chip flash memory is disabled, aread accessto this register will return H'00, and writes are
invalid.

When setting bits 6 to 0 in this register, one bit must be set one a atime. Writes to the SWE bit in
FLMCRL are enabled only when FWE = 1; writes to bits ESU, PSU, EV, and PV only when FWE
=1 and SWE = 1; writesto the E bit only when FWE = 1, SWE = 1, and ESU = 1; and writesto
the P bit only when FWE =1, SWE = 1, and PSU = 1.

Notes: 1. The programming and erase flowcharts must be followed when setting the bitsin this
register to prevent erroneous programming or erasing.
2. Transitions are made to program mode, erase mode, program-verify mode, and erase-
verify mode according to the settings in this register. When reading flash memory as
normal on-chip ROM, bits 6 to 0 in thisregister must be cleared.
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Bit 7—Flash Write Enable (FWE): Sets hardware protection against flash memory
programming/erasing.

Bit 7

FWE Description

0 When a low level is input to the FWE pin (hardware-protected state)
1 When a high level is input to the FWE pin

Bit 6—Software Write Enable (SWE): Enables or disables flash memory programming and
erasing. (This bit should be set when setting bits 5 to 0 and EBR bits 7t0 0.)

Bit 6

SWE Description

0 Programming/erasing disabled (Initial value)
1 Programming/erasing enabled

[Setting condition]
When FWE =1

Note: Do not execute a SLEEP instruction while the SWE bit is set to 1.

Bit 5—Erase Setup (ESU): Prepares for atransition to erase mode. Set this bit to 1 before setting
the E bit to 1 in FLMCRL (do not set the SWE, PSU, EV, PV, E, or P bit at the same time).

Bit 5

ESU Description

0 Erase setup cleared (Initial value)
1 Erase setup

[Setting condition]
When FWE =1 and SWE =1
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Bit 4—Program Setup (PSU): Prepares for atransition to program mode. Set this bit to 1 before
setting the P bit to 1 in FLMCR1 (do not set the SWE, ESU, EV, PV, E, or P hit at the same time).

Bit 4

PSU Description

0 Program setup cleared (Initial value)
1 Program setup

[Setting condition]
When FWE =1 and SWE =1

Bit 3—Erase-Verify M ode (EV): Selects erase-verify mode transition or clearing. (Do not set the
SWE, ESU, PSU, PV, E, or P hit a the sametime.)

Bit 3

EV Description

0 Erase-verify mode cleared (Initial value)
1 Transition to erase-verify mode

[Setting condition]
When FWE =1 and SWE =1

Bit 2—Program-Verify M ode (PV): Selects program-verify mode transition or clearing. (Do not
set the SWE, ESU, PSU, EV, E, or P bit at the sametime.)

Bit 2
PV Description
0 Program-verify mode cleared (Initial value)

Transition to program-verify mode
[Setting condition]
When FWE =1 and SWE =1
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Bit 1—Erase Mode (E): Selects erase mode transition or clearing. (Do not set the SWE, ESU,
PSU, EV, PV, or P hit at the sametime.)

Bit 1

E Description

0 Erase mode cleared (Initial value)
1 Transition to erase mode

[Setting condition]
When FWE =1, SWE=1,and ESU =1

Note: Do not access the flash memory while the E bit is set.

Bit 0—Program (P): Selects program mode transition or clearing. (Do not set the SWE, ESU,
PSU, EV, PV, or E hit at the same time.)

Bit 0

P Description

0 Program mode cleared (Initial value)
1 Transition to program mode

[Setting condition]
When FWE=1,SWE=1,and PSU =1

Note: Do not access the flash memory while the P bit is set.

18.3.2 Flash Memory Control Register 2 (FLM CR2)

Bit 7 6 5 4 3 2 1 0

L T T T e T T
Initial value 0 0 0 0 0 0 0 0
Read/Write R R

FLMCR2 is an 8-hit register used for flash memory operating mode control. FLMCR2 is
initialized to H'00 by areset, and in hardware standby mode and software standby mode. When
the on-chip flash memory is disabled, aread will return H'0O.

Note: FLMCR2 isaread-only register, and should not be written to.
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Bit 7—Flash Memory Error (FLER): Indicatesthat an error has occurred during an operation on
flash memory (programming or erasing). When FLER is set to 1, flash memory goesto the error-
protection state.

Bit 7
FLER Description
0 Flash memory is operating normally
Flash memory program/erase protection (error protection) is disabled
[Clearing condition]
Reset (RES pin or WDT reset) or hardware standby mode (Initial value)
1 An error occurred during flash memory programming/erasing

Flash memory program/erase protection (error protection) is enabled

[Setting conditions]

* When flash memory is read during programming/erasing (including a vector read
or instruction fetch, but excluding a read of the RAM area overlapping flash
memory space)

* Immediately after the start of exception handling during programming/erasing
(excluding reset, illegal instruction, trap instruction, and division-by-zero exception
handling)

e When a SLEEP instruction (including software standby) is executed during
programming/erasing

« When the bus is released during programming/erasing

Bits 6 to 0—Reserved: These bits are always read as 0.
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18.3.3 EraseBlock Register (EBR)

EBR is an 8-hit register that designates the flash memory block for erasure. EBR isinitialized to
H'00 by areset, in hardware standby mode or software standby mode, when a high level is not
input to the FWE pin, or when the SWE bit in FLMCRL1 is 0 when a high level is applied to the
FWE pin. When abit is set in EBR, the corresponding block can be erased. Other blocks are erase-
protected. The blocks are erased block by block. Therefore, set only one bit in EBR; do not set bits
in EBR to erase two or more blocks at the same time.

Each bit in EBR cannot be set until the SWE bit in FLMCRL is set. The flash memory block
configuration is shown in table 18.4. To erase all the blocks, erase each block sequentially.

The H8/3024F-ZTAT version does not support the on-board programming mode in mode 6, so
bits in this register cannot be set to 1 in mode 6.

Bit 7 6 5 4 3 2 1 0
| EB7 | EB6 | EB5 | EB4 | EB3 | EB2 | EB1 | EBO ‘
Modes 1 Initial value 0 0 0 0 0 0 0 0
to4,and 6 { Read/Write R R R R R R R R
Modes 5 Initial value 0 0 0 0 0 0 0 0
and 7 { Read/Write  R/W RW RW RW RW  RW RW  RW

Bits 7 to 0—Block 7 to Block O (EB7 to EBO): Setting one of these bits specifiesthe
corresponding block (EB7 to EBOQ) for erasure.

Bits 7-0

EB7-EBO Description

0 Corresponding block (EB7 to EBO) not selected (Initial value)
1 Corresponding block (EB7 to EBO) selected

Note: When not performing an erase, clear all EBR bits to 0.
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Table18.4 Flash Memory Erase Blocks

Block (Size)

Address

EBO (1 kbyte)

H'000000-H'0003FF

EB1 (1 kbyte)

H'000400-H'0007FF

EB2 (1 kbyte)
EB3 (1 kbyte)
EB4 (28 kbytes)

H'000800—-H'000BFF
H'000CO0-H'000FFF
H'001000-H'007FFF

EB5 (32 kbytes)

H'008000—-H'00FFFF

EB6 (32 kbytes)

H'010000-H'017FFF

EB7 (32 kbytes)

H'018000-H'01FFFF

1834 RAM Control Register (RAMCR)

RAMCR selectsthe RAM areato be used when emulating real-time flash memory programming.

Bit

Modes 1 {Initial value
to 4 Read/Write

Modes 5 [ Initial value
to7 Read/Write

7 6 5 4 3 2 1 0

— | — | — | — | RAMS | RAM2 | RAM1 | — |
1 1 1 1 0 0 0 1

— — — — R R R —
1 1 1 1 0 0 0 1

— RIW* RIW* RIW* —

Reserved bits Reserved bit

RAM2, RAM1
Used together with bit 3 to select
a flash memory area

RAM select
Used together with bits 2 and 1 to select
a flash memory area

Note: * Cannot be set to 1 in mode 6.

Bits 7 to 4—Reserved: Read-only bits, aways read as 1.
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Bit 3—RAM Select (RAMS): Used with bits 2 to 1 to reassign an areato RAM (seetable 18.5).
Theinitial setting for thisbit is0in modes5, 6, and 7 (internal flash memory enabled) and
programming is enabled.” In modes other than 5to 7, 0 is always read and writing is disabled.
Thishit isinitialized by areset and in hardware standby mode. It is not initialized in software
standby mode.

When 1 iswritten to the RAM S bit, all flash memory blocks are protected from programming and
erasing.

Bits2 and 1—RAM 2 and RAM 1: These bits are used with bit 3 to reassign an areato RAM (see
table 18.5). Theinitial setting for this bit is0 in modes 5, 6, and 7 (internal flash memory enabled)
and programming is enabled.” In modes other than 5to 7, 0 is always read and writing is disabled.
These bits are initialized by areset and in hardware standby mode. They are not initialized in
software standby mode.

Bit 0—Reserved: This bit cannot be modified and is always read as 1.

Note: * Flash memory emulation by RAM is not supported for mode 6 (single chip normal mode),
SO programming is possible, but do not set 1.
When performing flash memory emulation by RAM, the RAME bit in SY SCR must be set
to 1.

Table18.5 RAM Area Setting

Bit 3 Bit 2 Bit 1
RAM Area RAMS RAM2 RAM1 RAM Emulation Status
H'FFFOO0-H'FFF3FF 0 0/1 0/1 No emulation
H'000000—-H'0003FF 1 0 0 Mapping RAM
H'000400-H'0007FF 1 0 1
H'000800—-H'000BFF 1 1 0
H'000C00-H'000FFF 1 1 1
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ROM area RAM area
H'000000 H'FFEF20
EBO
H'0003FF HFFEFFF  raM
H'000400 H'FFF000
ROM blocks EB1 ROM selection Actual RAM ov'erlap area
EBO-EB3 H'0007FF area H'FFF3FF / (H'FFF000-
(H'000000- | H'000800 | papping RAM H'EEF400 H'FFF3FF)
H'000FFF )
) H'000BEE EB2 RAM selection H'EEEF1E
H'000C00 area
EB3
H'000FFF

Figure 18.2 Example of ROM Area/RAM Area Overlap
184  Overview of Operation

18.4.1 Mode Transitions

When the mode pins and the FWE pin are set in the reset state and a reset-start is executed, the
H8/3024F-ZTAT version enters one of the operating modes shown in figure 18.3. In user mode,
flash memory can be read but not programmed or erased.

Flash memory can be programmed and erased in boot mode, user program mode, and PROM
mode.

Boot mode and user program mode cannot be used in the H8/3024F-ZTAT version's mode 6
(normal mode with on-chip ROM enabled).
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«3 Reset state

*1

User mode
with on-chip ROM
enabled

*5

‘, PROM mode
™~

User program
mode

Boot mode

On-board programming mode

Notes: Only make a transition between user mode and user program mode when the CPU is not
accessing the flash memory.
1. RAM emulation possible
2. The H8/3024F-ZTAT version is placed in PROM mode by means of a dedicated PROM
writer.
3. MD,, MD;, MDy=(1,0,1)(1,1,0) (1,1, 1)
FWE =0
4. MD,, MD;, MD, = (1,0, 1) (1, 1, 1)
FWE =1
5. MD,, MD4, MD, (0, 0, 1) (0, 1, 1)
FWE =1

Figure 18.3 Flash Memory Related State Transitions

State transitions between the normal and user modes and on-board programming mode are
performed by changing the FWE pin level from high to low or from low to high. To prevent
misoperation (erroneous programming or erasing) in these cases, the bitsin the flash memory
control register (FLMCRL) should be cleared to 0 before making such atransition. After the bits
are cleared, await timeis necessary. Normal operation is not guaranteed if thiswait timeis
insufficient.
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18.4.2 On-Board Programming M odes

Example of Boot M ode Oper ation

1. Initial state
The old program version or data remains
written in the flash memory. The user should
prepare the programming control program and
new application program beforehand in the
host.

Host

Programming control
program
New application )
program

H8/3024F-ZTAT version

N Boot program N
Flash memory RAM

Application
program
(old version)

3. Flash memory initialization
The erase program in the boot program area
(in RAM) is executed, and the flash memory is
initialized (to H'FF). In boot mode, total flash
memory erasure is performed, without regard

Host

New appll
program

H8/3024F-ZTAT version

Boot program scl

Flash memory RAM

Boot program area

prewrite-erase program

2. Programming control program transfer

When boot mode is entered, the boot program
in the H8/3024F-ZTAT version (originally
incorporated in the chip) is started and the
programming control program in the host is
transferred to RAM via SCI communication.
The boot program required for flash memory
erasing is automatically transferred to the RAM
boot program area.

program

H8/3024F-ZTAT version

N Boot program N sal ‘

Flash memory RAM

Boot program area

Application

Programming control
program

(old version)

Writing new application program

An identification check is carried out to see if
the programming control program is compatible
with the H8/3024F-ZTAT version.

The programming control program transferred
from the host to RAM is executed, and the new
application program in the host is written into

the flash memory.
Host

H8/3024F-ZTAT version

]
Boot program SC

Flash memory RAM

Boot program area

New application rogramming control \
program I\ program

Program execution state
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Example of User Program Mode Operation

1.

Initial state

The FWE assessment program that confirms
that user program mode has been entered, and
the program that will transfer the programming/
erase control program from flash memory to
on-chip RAM should be written into the flash
memory by the user beforehand. The
programming/erase control program should be
prepared in the host or in the flash memory.

Host
Programming/erase
control program
New appl n )
program

H8/3024F-ZTAT version

Boot program SCl

Flash memory RAM

FWE assessment program

Transfer program

Application program
(old version)

Flash memory initialization

The programming/erase program in RAM is
executed, and the flash memory is initialized (to
H'FF). Erasing can be performed in block units,
but not in byte units.

Host

New appl n )
program

H8/3024F-ZTAT version

SCI
Boot program

Flash memory RAM

FWE assessment program

Transfer program

Programming/erase \\]
k control program

Flash memory
erase

2. Programming/erase control program transfer

When user program mode is entered, user
software recognizes this fact, executes the
transfer program in the flash memory, and
transfers the programming/erase control
program to RAM.

New application )
program

H8/3024F-ZTAT version

SCI
Boot program

Flash memory RAM

FWE assessment program
A RAANARARRS
N\ Transfer program

Programming/erase
control program

Application program
(old version)

4. Writing new application program

Next, the new application program in the host is
written into the erased flash memory blocks.
Do not write to unerased blocks.

Host

H8/3024F-ZTAT version

SClI
Boot program /
RAM

Flash memory

FWE assessment program

Transfer program

Programming/erase \J
L\\  control program

New application
program

Program execution state
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18.4.3 Flash Memory Emulation in RAM

In the H8/3024F-ZTAT version, flash memory programming can be emulated in real time by
overlapping the flash memory with part of RAM (“overlap RAM"). When the emulation block set
in RAMCR is accessed while the emulation function is being executed, data written in the overlap
RAM isread.

Emulation should be performed in user mode or user program mode.

Flash memory RAM

Emulation block

Overlap RAM

(Emulation is performed on data written
in RAM)

Application program

Execution state

Figure 184 Reading Overlap RAM Data in User Mode/User Program Mode

When overlap RAM datais confirmed, clear the RAMS bit to cancel RAM overlap, and actually
perform writes to the flash memory in user program mode.

When the programming control program is transferred to RAM in on-board programming mode,
ensure that the transfer destination and the overlap RAM do not overlap, as thiswill cause datain
the overlap RAM to be rewritten.
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SCI
Flash memory RAM
Program data
L Overlap RAM
Application program (program data)
Programming control program
Execution state

Figure185 Writing Overlap RAM Datain User Program Mode

18.4.4 Block Configuration

The flash memory in the H8/3024F-ZTAT version is divided into three 32-kbyte blocks, one 28-
kbyte block, and four 1-kbyte blocks. Erasing can be carried out in block units.

Address H'00000 .

b 1 kbyte x4
28 kbytes
32 kbytes
128 kbytes
32 kbytes
32 kbytes
Address H'1FFFF Y-
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185 On-Board Programming Mode

When pins are set to on-board programming mode and a reset-start is executed, the chip entersthe
on-board programming state in which on-chip flash memory programming, erasing, and verifying
can be carried out. There are two operating modes in this mode—boot mode and user program
maode. The pin settings for entering each mode are shown in table 18.6. For adiagram of the
transitions to the various flash memory modes, see figure 18.3.

Boot mode and user program mode cannot be used in the H8/3024F-ZTAT version’s mode 6 (on-
chip ROM enabled).

Table18.6 On-Board Programming M ode Settings

Mode FWE MD; MD; MDg

Boot mode Mode 5 1** 0*? 0 1
Mode 7 0*? 1 1

User program mode Mode 5 1 0 1
Mode7 1 1 1

Notes: 1. For the High level input timing, see items 6 and 7 of Notes on Use of Boot Mode.
2. In boot mode, the MD; setting should be the inverse of the input.
In the boot mode in the H8/3024F-ZTAT version, the levels of the mode pins (MD; to
MDy) are reflected in mode select bits 2 to 0 (MDS2 to MDSO0) in the mode control
register (MDCR).
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18.5.1 Boot Mode

When boot mode s used, aflash memory programming control program must be prepared
beforehand in the host, and SCI channel 1, which isto be used, must be set to asynchronous mode.

When areset-gtart is executed after setting the H8/3024F-ZTAT version’ pinsto boot mode, the
boot program aready incorporated in the MCU is activated, and the programming control program
prepared beforehand in the hogt is transmitted sequentially to the H8/3024F-ZTAT version, using
the SCI. In the H8/3024F-ZTAT version, the programming control program received viathe SCI
is written into the programming control program areain on-chip RAM. After the transfer is
completed, control branchesto the start address (H'FFF520) of the programming control program
area and the programming control program execution state is entered (flash memory
programming/erasing can be performed).

Figure 18.6 shows a system configuration diagram when using boot mode, and figure 18.7 shows
the boot program mode execution procedure.

H8/3024F-ZTAT version

Flash memory

Host Reception of programming data

RxD1

Transmission of verify data SCi1 On-chip RAM
~ TxD1

Figure 18.6 System Configuration When Using Boot Mode
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Set pins to boot program mode and execute reset-start
I

Host transfers data (H'00) continuously at prescribed

bit rate

|
H8/3024F-ZTAT version measures low period of H'00
data transmitted by host

|
H8/3024F-ZTAT version calculates bit rate and sets
value in bit rate register

I
After bit rate adjustment, H8/3024F-ZTAT version
transmits one H'00 data byte to host to indicate end of
adjustment

I
Host confirms normal reception of bit rate adjustment
end indication (H'00), and transmits one H'55 data byte
I
After receiving H'55, H8/3024F-ZTAT version transmits
one H'AA byte to host

I
Host transmits number of programming control program
bytes (N), upper byte followed by lower byte

I
H8/3024F-ZTAT version transmits received number of
bytes to host as verify data (echo-back)

n=1

Host transmits programming control program
sequentially in byte units

I
H8/3024F-ZTAT version transmits received
programming control program to host as verify data EI'
(echo-back)

I
Transfer received programming control program to
on-chip RAM

No

| End of transmission |
|

Check flash memory data, and if data has already been

written, erase all blocks

I

| Confirm that all flash memory data has been erased |
|

Check ID code at beginning of user program transfer

area

(Mismatch)

[ (match) v

Transmit one H'AA byte to host | Transmit H'FF as

T error notification

Execute programming control program transferred to
on-chip RAM

Note: If a memory cell does not operate normally and cannot be erased, one H'FF byte is transmitted as an erase error
indication, and the erase operation and subsequent operations are halted.

Figure 18.7 Boot Mode Execution Procedure
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Automatic SCI Bit Rate Adjustment:

Start) 5y | b1 | p2 | D3 | D4 | D5 | D6 | D7 | SOP
bit bit
- Low period (9 bits) measured (H'00 data) B} T—th peric;J

(1 or more bits)

When boot modeis initiated, the H8/3024F-ZTAT version measures the low period of the
asynchronous SCI communication data (H'00) transmitted continuously from the host. The SCI
transmit/receive format should be set as 8-bit data, 1 stop bit, no parity. The H8/3024F-ZTAT
version calculates the bit rate of the transmission from the host from the measured low period, and
transmits one H'00 byte to the host to indicate the end of bit rate adjustment. The host should
confirm that this adjustment end indication (H'00) has been received normally, and transmit one
H'55 byte to the H8/3024F-ZTAT version. If reception cannot be performed normally, initiate boot
mode again (reset), and repeat the above operations. Depending on the host’ s transmission bit rate
and the H8/3024F-ZTAT version’s system clock frequency, there will be a discrepancy between
the bit rates of the host and the H8/3024F-ZTAT version. To ensure correct SCI operation, the
host’ s transfer bit rate should be set to 4800, 9600, or 19,200 bps®.

Table 18.7 shows typical host transfer bit rates and system clock frequencies for which automatic
adjustment of the H8/3024F-ZTAT version bit rate is possible. The boot program should be
executed within this system clock range.

Table18.7 System Clock Frequenciesfor which Automatic Adjustment of H8/3024F-ZTAT
Version Bit Rateis Possible

System Clock Frequency for which Automatic Adjustment of

Host Bit Rate (bps) H8/3024F-ZTAT Version Bit Rate is Possible (MHz)
19,200 16to 25

9,600 8t0 25

4,800 41025

Note: * Only use a setting of 4800, 9600, or 19200 for the host’s bit rate. No other settings can be
used.
Although the H8/3024F-ZTAT version may aso perform automatic bit rate adjustment
with bit rate and system clock combinations other than those shown in table 18.7, a degree
of error will arise between the bit rates of the host and the MCU, and subsequent transfer
will not be performed normally. Therefore, only a combination of bit rate and system
clock frequency within one of the ranges shown in table 18.7 can be used for boot mode
execution.
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On-Chip RAM AreaDivisonsin Boot Mode: In boot mode, the RAM areaiis divided into an
area used by the boot program and an areato which the user program is transferred viathe SCI, as
shown in figure 18.8. The boot program area becomes available when atransition is made to the
execution state for the user program transferred to RAM.

H'FFEF20
Boot program
area
H'FFF51F
User program
transfer area
H'FFFF1F

Note: The boot program area cannot be used until a transition is made to the execution state
for the user program transferred to RAM. Note also that the boot program remains in
this area in RAM even after control branches to the user program.

Figure18.8 RAM Areasin Boot Mode
Notes on Use of Boot M ode:

1. When the H8/3024F-ZTAT version chip comes out of reset in boot mode, it measures the low
period of the input at the SCI’s RxD; pin. Thereset should end with RxD; high. After the reset
ends, it takes about 100 states for the chip to get ready to measure the low period of the RxD;
input.

2. Inboot mode, if any data has been programmed into the flash memory (if al dataisnot 1), all
flash memory blocks are erased. Boot mode is for use when user program mode is unavailable,
such asthefirst time on-board programming is performed, or if the program activated in user
program mode is accidentally erased.

3. Interrupts cannot be used while the flash memory is being programmed or erased.

4. The RxD; and TxD; lines should be pulled up on the board.

5. Before branching to the user program the H8/3024F-ZTAT version terminates transmit and
receive operations by the on-chip SCI (channel 1) (by clearing the RE and TE bitsto 0 in the
serial control register (SCR)), but the adjusted bit rate value remains set in the bit rate register
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(BRR). The transmit data output pin, TxD;, goes to the high-level output state (P9;DDR = 1in
PODDR, P9;:DR = 1in PODR).

The contents of the CPU’s internal general registers are undefined at thistime, so these
registers must be initialized immediately after branching to the user program. In particular,
since the stack pointer (SP) is used implicitly in subroutine calls, etc., a stack area must be
specified for use by the user program.

Theinitial values of other on-chip registers are not changed.

6. Boot mode can be entered by setting pins MDg to MD, and FWE in accordance with the mode
setting conditions shown in table 18.6, and then executing a reset-start.

a. When switching from boot mode to normal mode, the boot mode state within the chip must
first be cleared by reset input viathe RES pin**. The RES pin must be held low for at least
20 system clock cycles.*?

b. Do not change the input levels of the mode pins (MD, to MDg) or the FWE pin in boot
mode. To change the mode, the RES pin must first be driven low to set the reset state. Also,
if awatchdog timer reset occurs in the boot mode state, the MCU’ s internal state will not
be cleared, and the on-chip boot program will be restarted regardless of the mode pin
States.

¢. The FWE pin must not be driven low while the boot program is running or flash memory is
being programmed or erased.”*

7. 1If the mode pin input levels are changed (for example, from low to high) during areset, the
state of ports with multiplexed address functions and bus control output signals (CSn, AS, RD,
LWR, HWR) may aso change according to the change in the MCU'’ s operating mode.
Therefore, care must be taken to make pin settings to prevent these pins from being used
directly as output signal pins during areset, or to prevent collision with signals outside the
MCU.

H8/3024F-ZTAT

version

CSn External

memory,
etc.

MD?2 |«

MD1 [« System

MDO : control

FWE unit

RES [+ @&
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Notes. 1. Mode pin and FWE pin input must satisfy the mode programming setup time (typs)
with respect to the reset release timing.

2. Seesection 4.2.2, Reset Sequence, and section 18.11, Flash Memory Programming and
Erasing Precautions. The H8/3024F-ZTAT version requires a minimum of 20 system
clock cyclesfor areset during operation.

3. For further information on FWE application and disconnection, see section 18.11,
Flash Memory Programming and Erasing Precautions.

18.5.2  User Program Maode

When set to user program mode, the H8/3024F-ZTAT version can program and erase its flash
memory by executing a user program/erase control program. Therefore, on-board reprogramming
of the on-chip flash memory can be carried out by providing on-board means of FWE control and
supply of programming data, and storing a program/erase control program in part of the program
area as necessary.

To select user program mode, select a mode that enables the on-chip ROM (mode 5 or 7), and
apply a high level to the FWE pin. In this mode, on-chip supporting modules other than flash
memory operate as they normally would in modes 5 and 7.

Flash memory programming/erasing should not be carried out in mode 6. When mode 6 is set, the
FWE pin must be driven low.

The flash memory itself cannot be read while being programmed or erased, so the program that
performs programming should be placed in external memory or transferred to RAM and executed
there.

Figure 18.9 shows the execution procedure when user program mode is entered during program
execution in RAM. It isalso possible to start from user